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(57) ABSTRACT

Processes and formulations for manufacturing a painted
circuit are disclosed. In some implementations, a painted
circuit can be manufactured using a process including pro-
viding a substrate and applying one or more paint layers on
a surface of the substrate, where the one or more paint layers
each form an electrical component of the painted circuit. A
given paint layer of the one or more paint layers can include
a conductive paint formulation having a resistance that is
defined by a concentration of conductive material that is

Int. CL included in the conductive paint formulation and a thickness
HOIL 51/00 (2006.01) of the given paint layer, and lower concentrations of the
HOIL 51/42 (2006.01) conductive material included in the conductive paint formu-
HOIL 51/44 (2006.01) lation provide a higher resistance than higher concentrations
HOIL 27/28 (2006.01) of conductive material.
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PAINT CIRCUITS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§ 119(e) of U.S. Patent Application No. 62/558,579, entitled
“PAINT CIRCUITS,” filed Sep. 14, 2017. The disclosure of
the foregoing application is incorporated herein by reference
in its entirety for all purposes.

BACKGROUND

[0002] Traditional solar cells use substrates with highly
regular crystalline structure, for example, crystalline silicon.
Newer technologies include thin-film, amorphous solar cells
to create discrete layers of individual material with highly
regular and predictable chemical structure. Commercial
solar cell fabrication, in general, requires highly specialized
equipment, which restricts fabricated solar cells to geo-
graphic locations with access to the complex manufacturing
equipment and/or specialized shipping and installation capa-
bilities.

SUMMARY

[0003] This specification relates to paint circuits that can
be formed using multiple layers of electrically conductive
paint, and can, for example, be used to form solar paint
circuit to convert sunlight into electricity.

[0004] In general, one innovative aspect of the subject
matter described in this specification can be embodied in a
painted circuit including a substrate and one or more paint
layers applied to the substrate, where the one or more paint
layers each form an electrical component of the painted
circuit. A first paint layer of the one or more paint layers
includes a conductive paint formulation having a resistance
that is defined by a concentration of conductive material that
is included in the conductive paint formulation and a thick-
ness of the given paint layer, and lower concentrations of the
conductive material included in the conductive paint formu-
lation provide a higher resistance than higher concentration
of conductive material. Other embodiments of this aspect
include corresponding systems, apparatus, and computer
programs, configured to perform the actions of the methods,
encoded on computer storage devices.

[0005] These and other embodiments can each optionally
include one or more of the following features. In some
implementations, the painted circuit has one or more paint
layers of conductive paint including a battery anode paint
layer applied to the substrate, an ion bridge paint layer
applied to less than all of the battery anode paint layer, a
battery cathode paint layer applied to the ion bridge layer, a
solar cell anode paint layer applied to less than all of the
battery cathode paint layer, a photosensitized layer applied
to the solar cell anode paint layer, a solar cell cathode paint
layer applied to the photosensitized paint layer, a diode paint
circuit that is formed between the battery anode paint layer
and the solar cell cathode paint layer, and a transparent
protective layer applied to the solar cell cathode paint layer.
The diode paint circuit is physically separated from each of
the photosensitized paint layer, the solar cell anode paint
layer, the battery cathode paint layer, and the ion bridge
paint layer and includes an electron conducting paint layer
and a hole conducting paint layer.
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[0006] In some implementations, the painted circuit
includes a transistor layer applied to less than all of the
battery cathode layer and in electrical contact with the solar
cell anode paint layer, a light-emitting circuit that is formed
between the transistor paint layer and the transparent pro-
tective layer, and a conductor paint layer that is formed
between the battery anode paint layer and the light-emitting
circuit, wherein the conductor paint layer is physically
separated from each of the ion bridge paint layer, the battery
cathode paint layer, and the transistor paint layer. The
light-emitting circuit is physically separated from the pho-
tosensitized paint layer and includes an electron conducting
paint layer, a hole conducting paint layer, and a phospho-
rescent or electroluminescent paint layer between the elec-
tron conducting paint layer and the hole conducting paint
layer.

[0007] In some implementations, the transistor paint layer
includes a composition having a dielectric material that has
a breakdown voltage that corresponds to a switching voltage
of the transistor paint layer.

[0008] Insome implementations, the phosphorescent paint
layer includes an aqueous composition having one or more
luminescent materials in an acrylic material.

[0009] In some implementations, the painted circuit has
one or more paint layers of conductive paint, including an
anode paint layer applied to the substrate, an ion bridge paint
layer applied to less than all of the anode paint layer, a
photosensitized/battery cathode paint layer applied to the ion
bridge paint layer, a solar cell cathode paint layer applied to
less than all of the photosensitized/battery cathode paint
layer, and a transparent protective layer applied to the solar
cell cathode paint layer.

[0010] In some implementations, the anode paint layer
includes an aqueous composition having an anionic fast ion
conductor and a salt in a weight ratio of water. The salt in the
weight ratio of water can be water:salt:anionic fast ion
conductor of 60:10:1.

[0011] In some implementations, the anode paint layer
includes an electron acceptor, where the salt in the weight
ratio of water:salt:electron acceptor:anionic fast ion conduc-
tor is 60:10:10:1. For example, the anode paint layer can
include an anionic polyacrylamide in a weight ratio of
water:titanium dioxide:potassium iodide:anionic polyacryl-
amide of 60:10:10:1.

[0012] In some implementations, the photosensitized/bat-
tery cathode paint layer includes an aqueous composition
having a cationic fast ion conductor in a weight ratio of
water, where the cationic fast ion conductor in the weight
ratio of water is 60:1.

[0013] In some implementations, the photosensitized/bat-
tery cathode paint layer includes a cationic polyacrylamide
in a weight ratio of water:cationic polyacrylamide of 60:1.
The photosensitized/battery cathode paint layer can be an
aqueous composition including a cationic fast ion conductor
and a dye in a weight ratio of water:cationic fast ion
conductor:dye of 6:1:1. For example, the photosensitized/
battery cathode paint layer includes a cationic polyacrylam-
ide and copper phthalocyanine in a weight ratio of water:
cationic polyacrylamide:copper phthalocyanine of 6:1:1.
[0014] Insome implementations, the ion bridge paint layer
includes an aqueous composition having an ionic material
and an ion-conducting polymer in a weight ratio of water.
[0015] In some implementations, the painted circuit has
two or more contacts, each contact including a metallic foil
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affixed to a battery anode paint layer or a battery cathode
paint layer and in electrical contact with the battery anode
paint layer or the battery cathode paint layer, respectively.
[0016] In some implementations, the one or more paint
layers of conductive paint include a solar cell anode paint
layer applied to the substrate, a photosensitized paint layer
applied to less than all of the solar cell anode paint layer, an
output regulator circuit that is formed on top of the solar cell
anode paint layer, a solar cell cathode paint layer applied to
the photosensitized paint layer and the transistor paint layer,
and a transparent protective paint layer applied to the solar
cell cathode paint layer. The output regulator circuit includes
a resistor paint layer and transistor paint layer, where the
resistor paint layer is applied to the solar cell anode paint
layer and is applied adjacent to the photosensitized layer,
and the transistor paint layer is applied to the resistor paint
layer.

[0017] In some implementations, the resistor paint layer
includes an aqueous composition having an acrylic material
and carbon black suspended in the acrylic material, where a
weight ratio of carbon black in the acrylic material deter-
mines, in part, a resistance of the resistor paint layer.
[0018] In some implementations, the transistor paint layer
includes a composition having a dielectric material that has
a breakdown voltage that corresponds to a switching voltage
of the transistor paint layer.

[0019] In some implementations, the solar cell cathode
paint layer includes an aqueous composition having a cat-
ionic fast ion conductor in a weight ratio of water, where the
cationic fast ion conductor in the weight ratio of water is
60:1.

[0020] Insome implementations, the photosensitized paint
layer includes an aqueous composition having an anionic
fast ion conductor and a dye in a weight ratio of water:
anionic fast ion conductor:dye of 6:1:1.

[0021] In general, another aspect of the subject matter
described in this specification can be embodied in methods
that include a process for manufacturing a painted circuit
including, providing a substrate and applying one or more
paint layers on a surface of the substrate, the one or more
paint layers each forming an electrical component of the
paint circuit element. A first paint layer of the one or more
paint layers includes a conductive paint formulation having
a resistance that is defined by a concentration of conductive
material that is included in the conductive paint formulation
and a thickness of the given paint layer, and where lower
concentrations of the conductive material included in the
conductive paint formulation provide a higher resistance
than higher concentrations of conductive material. Other
embodiments of this aspect include corresponding systems,
apparatus, and computer programs, configured to perform
the actions of the methods, encoded on computer storage
devices.

[0022] These and other embodiments can each optionally
include one or more of the following features. In some
implementations, a process for manufacturing a painted
circuit includes applying a battery anode paint to the sub-
strate to yield a layer of the battery anode paint in direct
contact with the substrate, applying an ion bridge paint to
less than all of the battery anode paint layer to yield a layer
of ion bridge paint in direct contact with the battery anode
paint layer, applying a battery cathode paint to the ion bridge
paint layer to yield a layer of battery cathode paint in direct
contact with the ion bridge paint layer, applying a solar cell
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anode paint to less than all of the battery cathode paint layer
to yield a layer of solar cell anode paint in direct contact with
the battery cathode paint layer, applying a photosensitized
paint to the solar cell anode paint layer to yield a layer of
photosensitized paint in direct contact with the solar cell
anode paint layer, applying a solar cell cathode paint to the
photosensitized paint layer to yield a layer of solar cell
cathode paint in direct contact with the photosensitized paint
layer, forming a diode paint circuit between the battery
anode paint layer and the solar cell cathode layer, and
applying a transparent protective paint to the solar cell
cathode paint layer to yield a layer of transparent protective
paint in direct contact with the solar cell cathode paint layer.
Forming a diode paint circuit includes applying an electron
conducting paint to less than all of the battery anode paint
layer to yield a layer of electron conducting paint in direct
contact with the battery anode paint layer, and applying a
hole conducting paint to the electron conducting paint layer
to yield a layer of hole conducting paint in direct contact
with the electron conducting paint layer, where the diode
paint circuit is formed and is physically separated from each
of the photosensitized paint layer, the solar cell anode paint
layer, the battery cathode paint layer, and the ion bridge
paint layer.

[0023] In some implementations, a process for manufac-
turing a painted circuit includes applying a transistor paint to
less than all of the battery cathode layer to yield a layer of
transistor paint in direct contact with the battery cathode
layer and in electrical contact with the solar cell anode paint
layer, forming a light-emitting circuit between the transistor
paint layer and the transparent protective paint layer, and
applying a conductor paint to less than all of the battery
anode paint layer to yield a layer of conductor paint in direct
contact with the battery anode paint layer and the light-
emitting circuit and is physically separated from each of the
ion bridge paint layer, the battery cathode paint layer, and
the transistor paint layer. Forming a light-emitting circuit
includes applying an electron conducting paint to less than
all of the transistor paint layer to yield a layer of electron
conducting paint in direct contact with the transistor paint
layer, applying a phosphorescent paint to the electron con-
ducting paint layer to yield a layer of phosphorescent paint
in direct contact with the electron conducting paint layer,
applying a hole conducting paint to the phosphorescent paint
layer to yield a layer of hole conducting paint in direct
contact with the phosphorescent paint layer, where the
light-emitting circuit is formed and is physically separated
from the photosensitized paint layer.

[0024] In some implementations, a dielectric material is
combined with a paint binder to yield a mixture and yield a
transistor paint.

[0025] In some implementations, a phosphorescent mate-
rial is combined with water to yield a mixture, and a polymer
host material is dissolved in the mixture to yield a phos-
phorescent paint.

[0026] In some implementations, a process for manufac-
turing a painted circuit includes applying an anode paint to
the substrate to yield a layer of anode paint in direct contact
with the substrate, applying an ion bridge paint to less than
all of the anode paint layer to yield a layer of ion bridge paint
in direct contact with the anode paint layer, applying a
photosensitized/battery cathode paint to the ion bridge paint
layer to yield a layer of photosensitized/battery cathode
paint in direct contact with the ion bridge paint layer,
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applying a solar cell cathode paint to less than all of the
photosensitized/battery cathode paint layer to yield a layer
of solar cell cathode paint in direct contact with the photo-
sensitized/battery cathode paint layer, and applying a trans-
parent protective layer paint to the solar cell cathode paint
layer to yield a layer of transparent protective paint in direct
contact with the solar cell cathode paint layer.

[0027] In some implementations, a cationic fast ion con-
ductor is dissolved in water to yield a hole transport paint.
[0028] In some implementations, a salt is dissolved in
water to yield a salt solution, an electron acceptor is com-
bined with the salt solution to yield a mixture, and an anionic
fast ion conductor is dissolved in the mixture to yield an
electron transport paint.

[0029] In some implementations, a dye is combined with
water to yield a mixture, and an anionic fast ion conductor
is dissolved in the mixture to yield a photosensitizing paint.
[0030] In some implementations, an ionic material is
combined with water to yield a mixture, and an ionic-
conducting material is dissolved in the mixture to yield ion
bridge paint.

[0031] In some implementations, a process for manufac-
turing a painted circuit includes applying an electron trans-
port paint to the substrate to yield a layer of the electron
transport paint in direct contact with the substrate, applying
an electroluminescent paint to the electron transport paint
layer to yield a layer of the electroluminescent paint in direct
contact with the electron transport paint layer, and applying
a hole transport paint to the electroluminescent paint layer to
yield a layer of the hole transport paint in direct contact with
the electroluminescent paint in direct contact with the elec-
troluminescent paint layer.

[0032] In some implementations, an electroluminescent
material is combined with water to yield a mixture, and a
polymer host material is dissolved in the mixture to yield an
electroluminescent paint.

[0033] In some implementations, a process for manufac-
turing a painted circuit includes applying an anode paint to
the substrate to yield a layer of anode paint in direct contact
with the substrate, applying a photosensitized paint to less
than all of the solar cell anode paint layer to yield a layer of
photosensitized paint in direct contact with the solar cell
anode paint layer, forming an output regulator circuit on top
of the solar cell anode paint layer, applying a solar cell
cathode paint to the photosensitized paint layer and the
transistor paint layer to yield a layer of solar cell cathode
paint in direct contact with the photosensitized paint layer
and the transistor paint layer, and applying a transparent
protective paint to the solar cell cathode paint layer to yield
a layer of transparent protective paint in direct contact with
the solar cell cathode paint layer. Forming an output regu-
lator circuit includes applying a resistor paint to less than all
of the solar cell anode paint layer to yield a layer of resistor
paint in direct contact with the solar cell anode paint layer
and adjacent and in electrical contact to the photosensitized
paint layer, and applying a transistor paint to the resistor
paint layer to yield a layer or transistor paint in direct contact
with the resistor paint layer.

[0034] In some implementations, a conductive material is
combined with water to yield a mixture, and an acrylic
material is dissolved in the mixture to yield resistor/conduc-
tor paint.

[0035] In some implementations, a process for manufac-
turing a painted circuit includes applying an electron trans-
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port paint to the substrate to yield a layer of the electron
transport paint in direct contact with the substrate, applying
a photosensitizing paint to the electron transport paint layer
to yield a layer of the photosensitizing paint in direct contact
with the electron transport paint layer, and applying a hole
transport paint to the photosensitizing paint layer to yield a
layer of the hole transport paint in direct contact with the
photosensitizing paint in direct contact with the photosen-
sitizing paint layer.

[0036] Particular embodiments of the subject matter
described in this specification can be implemented to realize
one or more of the following advantages. Unlike traditional
commercial solar cell fabrication, solar paint circuits can be
fabricated with few tools (e.g., a hand mixer and a paint
brush) by individuals in any location (e.g., even in remote
regions that do not have access to electricity or other
resources required by conventional approaches). The solar
paint circuits discussed herein are created using combina-
tions of basic, inexpensive materials to form electronic
circuits, which reduces fabrication complexity and reduces
the cost to the manufacturer and end-user. In general, many
of the materials used in the solar paint circuits are less
hazardous and are less expensive to manufacture and ship
than materials used in traditional solar cells. The paint
circuits described here have a reduced upfront capital expen-
diture requirement relative to traditional circuit fabrication
and can be fabricated on-site as result, reducing import/
export tax or customs duty in countries where traditional
circuit fabrication facilities cannot be established. Addition-
ally, existing infrastructure in commonly found paint facto-
ries can be converted easily to produce solar paint circuits,
whereas traditional solar cell fabrication requires highly
specialized equipment. The relationship between the elec-
trically active material and its paint substrate enable the
electrical properties of the paint to be selected using rela-
tively simple mathematical analyses. Additionally, the abil-
ity to control the viscosity of the paint and/or the number of
layers applied enables the electrical characteristics to be
easily changed by changing the viscosity and/or the number
of layers of paint applied. This type of flexibility is typically
unavailable with more conventional, high-precision circuit
fabrication methods.

[0037] The details of one or more embodiments of the
subject matter described in this specification are set forth in
the accompanying drawings and the description below.
Other features, aspects, and advantages of the subject matter
will become apparent from the description, the drawings,
and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIGS. 1A and 1B are block diagrams of example
solar paint circuits.

[0039] FIG. 2 is a block diagram of another example solar
paint circuit.

[0040] FIG. 3 is a block diagram of another example solar
paint circuit.

[0041] FIG. 4 is a flow chart of an example process for
producing resistor/conductor paint.

[0042] FIG. 5 is a flow chart of another example process
for producing ion bridge paint.

[0043] FIG. 6 is a flow chart of another example process
for producing electroluminescent and/or phosphorescent
paint.
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[0044] FIG. 7 is a flow chart of another example process
for producing electron transport paint.

[0045] FIG. 8 is a flow chart of another example process
for producing photosensitizing paint.

[0046] FIG. 9 is a flow chart of another example process
for producing hole transport paint.

[0047] FIG. 10 is a flow chart of another example process
for producing photosensitized/battery cathode paint.

[0048] FIG. 11 is a flow chart of an example process for
painting a paint circuit.

[0049] FIG. 12 is a flow chart of another example process
for painting a paint circuit.

[0050] FIG. 13 is a flow chart of another example process
for painting a paint circuit.

[0051] FIG. 14 is a flow chart of another example process
for painting a paint circuit.

[0052] FIG. 15 is a flow chart of another example process
for painting a paint circuit.

[0053] FIG. 16 is a flow chart of another example process
for painting a paint circuit.

[0054] Like reference numbers and designations in the
various drawings indicate like elements.

DETAILED DESCRIPTION

Overview

[0055] Described below are devices, systems, and meth-
ods for producing solar paint and solar paint circuits. A paint
circuit (e.g., a solar paint circuit) is created through a
layer-by-layer application of electrically conductive paint
(e.g., solar paint) to a surface of a substrate. The substrate
can be, for example, a piece of wood, brick, plaster, stone,
metal surface, or another surface to which paint can be
applied. The application of layers of solar paint to the
substrate can be done by hand using a paintbrush or another
form of simple spreading tool.

[0056] Though the term “solar paint circuit,” and “solar
paint” are used in the context of describing particular
embodiments of the subject matter, it is not meant to be
limiting. Other paint circuits can be implemented which do
not integrate solar energy (e.g., a battery, a light-emitting
diode, an antenna, or other circuit elements), as well as paint
layers that are not directly involved in forming solar-inte-
grating circuits.

[0057] In some implementations, a painted circuit can be
created by applying a single paint layer to a substrate. For
example, a simple resistive circuit can be created by apply-
ing a single paint layer to the substrate. As discussed in more
detail below, the paint layer applied to the substrate can be
a conductive paint formulation having a resistance that is
defined by a concentration of conductive material that is
included in the conductive paint formulation and thickness
of the paint layer. In some implementations, when lower
concentrations of the conductive material are included in the
paint formulation, the resistance of the paint formulation
will be higher than when higher concentrations of the
conductive material are included in the paint formulation.
[0058] In some implementations, a paint layer is applied
through a template (e.g., a mask, stencil, and/or screen
printing tool), such that paint is applied to a substrate in a
portion of the template but is prevented from being applied
to the substrate in a second, different portion of the template.
[0059] In some implementations, multiple paint layers are
applied to the substrate to create a painted circuit. For
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example, after a first layer of paint is applied to the portion
of' the substrate, other layers can be applied to other portions
of the substrate (e.g., adjacent to the first layer) and/or
applied to already painted portions of the substrate (e.g.,
applied over the first layer of paint). Each layer of paint
forms an electrical component of the painted circuit (e.g., an
electron transport layer, a hole transport layer, etc.).

[0060] A paint layer can include a conductive paint for-
mulation where a resistance of the paint layer is defined by
a concentration of conductive material (e.g., carbon black)
that is incorporated into the conductive paint formulation,
and a thickness of the given paint layer. Paint layers with
lower concentrations of conductive material in the conduc-
tive paint formulation will have higher resistances than paint
layers with higher concentrations of the conductive material.
Adjusting a viscosity of the paint layer can change a
thickness of the paint layer applied to the substrate, which in
turn will affect the resistance of the paint layer. For example,
a paint formulation with a higher viscosity will result in a
thicker paint layer than a paint formulation with a lower
viscosity, and thicker layers of paint will generally have
higher resistance in a direction perpendicular to the plane of
the layer than thinner layers of similar formulation.

[0061] As described in more detail below, various types of
circuits and devices can be fabricated using solar paint.
Several examples circuits are described below, but other
circuits can be created using the techniques described below.
Examples of solar paint circuits described below include, a
solar battery, where a solar cell charges a battery. Another
example of a solar paint circuit is a solar-powered street-
light, including a solar cell, a battery, and a light-emitting
circuit. Another example of a solar paint circuit is a solar cell
including an output regulator to regulate the solar cell to a
maximum power point of the solar cell, which can be used
as part of a cell phone charging circuit. As described in more
detail below, various circuit elements, such as resistors,
capacitors, diodes, and transistors, can be fabricated using
the solar paint described herein.

[0062] Though the example circuits described below are
depicted in block diagram form as single layers of each
respective paint layer, multiple applications (e.g., multiple
layers) of particular paint layers can be used to achieve
desirable electrical and/or functional properties. Addition-
ally, though the examples depicted below describe single
sub-circuits (e.g., a single solar cell, a single solar battery)
integrated and/or painted on one paint circuit, multiple
sub-circuits may be incorporated and/or painted to form a
larger paint circuit (e.g., multiple solar cells) to achieve
desired device performance).

[0063]

[0064] FIG. 1A is a block diagram of an example solar
paint circuit 100. The solar paint circuit 100 includes a solar
battery 102, a solar cell 104, a transparent protective layer
124, and a diode paint circuit 118. The solar battery 102 is
formed by a battery anode paint layer 106, an ion bridge
paint layer 108, and a battery cathode paint layer 110. The
battery anode paint layer 106 can be created using a painted
layer that is applied to a substrate 111 (e.g., a surface
composed of wood, metal, plaster, stone, brick, or another
paintable material). The battery anode paint layer 106 forms
an anode for the solar battery 102. The battery anode paint
layer 106 can be formed by an aqueous paint composition
including an anionic fast conductor and an electron acceptor.

Example Solar Paint Circuits
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Formulations for the battery anode paint layer 106 are
discussed in further detail below.

[0065] In some implementations, rather than using a paint
layer to form the battery anode paint layer 106, an electri-
cally conductive substrate 111 (e.g., a metal surface) can be
used as the battery anode. In some implementations, rather
than using a paint layer to form the battery anode paint layer
106, an electrically conductive mesh and/or foil (e.g., a wire
mesh) is affixed to the substrate 111 and can be used as the
battery anode.

[0066] The ion bridge paint layer 108 is applied to a
portion of the battery anode paint layer 106. The ion bridge
paint layer 108 forms an ion bridge for the solar battery 102
as a pathway for ions to move between the battery anode
paint layer 106 to the battery cathode paint layer 110. The
ion bridge paint layer 108 can be formed by an aqueous paint
composition including an ion-conductive polymer and an
ionic material. Formulations for the ion bridge paint layer
108 are discussed in further detail below. In some imple-
mentations, the ion bridge paint layer 108 is applied in a
manner such that less than all of the battery anode paint layer
106 is covered by the ion bridge paint layer 108. For
example, as shown in FIG. 1A, the ion bridge paint layer 108
does not cover the entirety of the battery anode paint layer
106.

[0067] The battery cathode paint layer 110 is applied to the
ion bridge paint layer 108. The battery cathode paint layer
110 forms a cathode for the solar battery 102. The battery
cathode paint layer 110 can be formed by an aqueous paint
composition including a cationic fast ion conductor. Formu-
lations for the battery cathode paint layer 110 are discussed
in further detail below. As shown, the top surface of the
battery cathode paint layer 110 is in physical and electrical
contact with the solar cell 104, which is described in more
detail below.

[0068] The solar cell 104 includes a solar cell anode paint
layer 112, a photosensitized paint layer 114, and a solar cell
cathode layer 116. Solar cell 104 is an electrical device that
converts the energy of light (e.g., sunlight) into electricity.
Photons (e.g., sunlight) are absorbed in the photosensitized
paint layer 114, and charge generation of electrons and holes
occurs. The generated charges are then separated and the
electrons move towards the cathode and holes move towards
the anode, respectively, to generate electricity.

[0069] The solar cell anode paint layer 112 is applied to at
least a portion of the battery cathode paint layer 110. The
solar cell anode paint layer 112 forms an anode for the solar
cell 104. In some implementations, the solar cell anode paint
layer 112 is applied in a manner such that less than the
entirely of the battery cathode paint layer 110 is covered by
the solar cell anode paint layer 112. The photosensitized
paint layer 114 is applied to the solar cell anode paint layer
112.

[0070] The photosensitized paint layer 114 forms a layer
where photons can be absorbed and charge generation takes
place in the solar cell 104. The photosensitized paint layer
114 can be formed from a paint composition including a dye
and an anionic fast ion conductor. Formulations for the
photosensitized paint layer 114 are discussed in further
detail below.

[0071] The solar cell cathode paint layer 116 is applied to
the photosensitized paint layer 114. The solar cell cathode
paint layer 116 forms a cathode for solar cell 104. The solar
cell cathode paint layer 116 can be transparent or semi-
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transparent to allow light to reach the photosensitized paint
layer 114 below. In some implementations, rather than a
solar cell cathode paint layer 116, an electrically conductive
mesh (e.g., a wire mesh) is used as a cathode layer for solar
cell 104.

[0072] A diode paint circuit 118 is formed between the
battery anode paint layer 106 and the solar cell cathode paint
layer 116. The diode paint circuit 118 forms a diode in which
the flow of current is only allowed in a single direction under
normal operation, for example, a forward direction from the
solar cell 104 to the solar battery 102. The diode paint circuit
118, under normal operations, prevents electricity from
flowing “backwards” from the solar battery 102 to the solar
cell 104. The diode paint circuit 118 includes a p-type diode
paint layer 120, which is applied to a portion of the battery
anode paint layer 106, and an n-type diode paint layer 122,
which is applied to the p-type diode paint layer 120. The
p-type diode paint layer 120 and the n-type diode paint layer
122 form a p-n junction for the diode paint circuit 118. A top
surface of the n-type diode paint layer 122 is in physical and
electrical contact with the solar cell cathode paint layer 116,
e.g., the solar cell cathode paint layer is applied to the n-type
diode paint layer 122. The diode paint circuit 118 is physi-
cally separated from the ion bridge paint layer 108, the
battery cathode paint layer 110, the solar cell anode paint
layer 112, and the photosensitized paint layer 114. The
physical separation between the diode paint circuit 118 and
the ion bridge paint layer 108, the battery cathode paint layer
110, the solar cell anode paint layer 112, and the photosen-
sitized paint layer 114 can be an air gap and/or filled with an
electrically insulating material (e.g., a resin). Formulations
for the p-type diode paint layer 120 and the n-type diode
paint layer 122 are discussed in further detail below.
[0073] In one example, a standalone diode paint circuit
118 is formed by applying three layers of a p-type diode
paint on top of an electrically conductive substrate (e.g.,
aluminum foil) to form a p-type diode paint layer 120
followed by applying two layers of an n-type diode paint on
top of the p-type diode paint layer 120 to form a n-type diode
paint layer 122. A top contact including a protective coating
layer (e.g., a layer of indium tin oxide coated on a sheet of
clear plastic film) is brought into electrical and physical
contact with the n-type diode paint layer 122.

[0074] Insome implementations, respective thicknesses of
the p-type diode paint layer 120 and the n-type diode paint
layer 122 exceed respective threshold thicknesses such that
the two layers form a p-n junction. For example, if the
thickness of the p-type diode paint layer 120 and/or the
thickness of the n-type diode paint layer 122 is below
respective threshold, then a p-n junction is not formed (e.g.
the diode 118 does not function as a p-n junction). In some
implementations, a threshold thickness is determined in part
by the materials forming the n-type diode paint layer 122
and/or the p-type diode paint layer 120, as well as an
operating voltage for the p-n junction formed. In general, the
threshold thickness depends, in part, on a quantum tunneling
limit of the layer, where above the threshold thickness
quantum tunneling becomes highly improbable. For
example, a threshold thickness is on the order of a few
nanometers of paint layer in a direction normal to the
substrate 111.

[0075] Insome implementations, respective thicknesses of
the paint layers in contact with the diode 118 (e.g., battery
anode paint layer 106 and solar cell cathode paint layer 116)
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are below respective threshold thicknesses such that a p-n
junctions are not formed between the paint layers in contact
with the diode 118. For example, a p-n junction is not
formed between the p-type diode paint layer 122 and the
battery anode paint layer 106 and a p-n junction is not
formed between the n-type diode paint layer 122 and the
solar cell cathode paint layer 116 in part, because the battery
anode paint layer 106 and the solar cell cathode paint layer
116 are below respective threshold thicknesses for forming
a p-n junction.

[0076] A transparent protective paint layer 124 is applied
to the solar cell cathode paint layer 116. The transparent
protective paint layer 124 can be a transparent protecting
coating and can also be electrically insulating (e.g., lami-
nate, polyurethane finish, shellac). In some implementa-
tions, the transparent protective paint layer 124 encapsulates
a portion or all of the exposed surfaces of the solar circuit
100. The transparent protective paint layer 124 forms a
protective layer over part or all of the solar circuit 100 to
protect the solar circuit 100 paint layers from environmental
effects (e.g., UV radiation, weather, water/humidity). In
some implementations, the transparent protective paint layer
124 is semi-transparent, and/or only transparent to certain
wavelengths ranges (e.g., transparent to visible wave-
lengths). In some implementations, the transparent protec-
tive layer 216 is omitted, depending in part on application
and/or environmental factors (e.g., level of exposure to
weather). When the transparent protective layer 216 is
omitted, the solar cell cathode paint layer 116 can function
as a conductive protective layer (e.g., indium tin oxide).
[0077] The solar cell 104 operates to absorb photons from
the ambient environment (e.g., solar rays) in the photosen-
sitized paint layer 114, such that electron-hole pairs are
formed within the photosensitized paint layer 114, and
charge separation occurs between the solar cell anode paint
layer 112 and the solar cell cathode paint layer 116. The
separated charges are then used to charge (e.g., trickle
charge) the solar battery 102 by producing a charge imbal-
ance across the ion bridge 108, and using the diode paint
circuit 118 as a blocking diode where the diode paint circuit
118 allows the solar cell 104 to charge the solar battery 102
without allowing the solar battery 102 to discharge when a
discharge voltage of the solar battery 102 is higher than a
voltage across the solar cell 104 (e.g., in the dark).

[0078] The solar circuit 100 can be combined with other
circuit elements to produce a solar-powered light (e.g., a
solar-powered streetlight). FIG. 1B is block diagram of an
example solar paint circuit 150. The solar circuit 150
includes a solar battery 102, a solar cell 104, and a light-
emitting circuit 152. The solar cell 104 can be used to
generate electricity from sunlight to charge (e.g., trickle
charge) the solar battery 102, which can then be used to
power a light-emitting circuit 152. The powered light-
emitting circuit 152 can emit light in a particular range of
wavelengths (e.g., visible light).

[0079] The light-emitting circuit 152 is electrically con-
nected to the battery cathode paint layer 110 by a transistor
paint layer 154, which functions as a transistor. In some
implementations, the transistor paint layer 154 is applied to
less than the entire battery cathode paint layer 110. For
example, as shown in FIG. 1B, the transistor paint layer 154
is applied to the portion of the battery cathode paint layer
110 that is not covered by the solar cell anode paint layer
112. As shown, the transistor paint layer 154 is in physical
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contact with the solar cell anode paint layer 112. That is, the
transistor paint layer 154 and the solar cell anode paint layer
112 are both applied to the battery cathode paint layer 110
in adjacent layers (e.g., painted side-by-side).

[0080] The light-emitting circuit 152 is formed between
the transistor paint layer 154 and the transparent protective
layer 124. The light-emitting circuit 152 is physically sepa-
rated from the photosensitized paint layer 114 (e.g., an air
gap or insulating materials is between the photosensitized
paint layer and the light-emitting circuit 152). The light-
emitting circuit 152 can include an electron conducting paint
layer (e.g., an anode), a hole conducting paint layer (e.g., a
cathode), and a light-emitting paint layer and/or electrolu-
minescent paint layer (e.g., a light-emitting polymer)
between the electron conducting paint layer and the hole
conducting paint layer.

[0081] The electron conducting paint layer, hole conduct-
ing paint layer and light-emitting paint layer form a light-
emitting diode, where electrons are provided into the light-
emitting circuit 152 through the electron conducting paint
layer and holes are provided into the light-emitting circuit
152 through the hole conducting paint layer. Electrons and
holes from the electron conducting paint layer and hole
conducting paint layers, respectively, recombine in the light-
emitting layer and generate photons of a particular wave-
length. In some implementations, the light-emitting paint
layer is a phosphorescent paint layer. The light-emitting
paint layer can be a fluorescent paint layer.

[0082] The light-emitting paint layer of the light-emitting
circuit 152 can emit light vertically through a transparent
hole conducting paint layer and the transparent protective
layer 124, and/or laterally through one or more edges of the
light-emitting paint layer of the light-emitting circuit 152.

[0083] A conductor paint layer 156 (or multiple conductor
layers applied on top of each other) is formed between the
battery anode paint layer 106 and the light-emitting circuit
152. The conductor paint layer 156 forms a conductive path
for a flow of current between the battery anode paint layer
106 and the light-emitting circuit 152. The conductor paint
layer 156 can be formed from a paint composition including
an acrylic material and a conductive material (e.g., carbon
black). Formulations for conductive paint is discussed in
further detail below. The conductor paint layer 156 is
physically separated from the ion bridge paint layer 108, the
battery cathode paint layer 110, and the transistor paint layer
154.

[0084] The conductor paint layer 156 acts as an electrical
bridge between the battery anode paint layer 106 and the
light-emitting circuit 152, such that the solar battery 102
provides electrical charge to the light-emitting circuit 152 to
operate the light-emitting circuit 152 (e.g., emit light). The
transistor paint layer 154 electrically connects the light-
emitting circuit 152 to the battery cathode paint layer 110 to
complete the electrical circuit 158. The transistor paint layer
154 can operate as a “switch” where the layer of transistor
paint can be switched “off”” when a sum of voltages of a
high-voltage side (e.g., a voltage at the battery anode 106)
exceeds a certain application specific value, or can be
switched “on” by applying an additional “base” voltage on
a low-voltage side (e.g., a voltage at the battery cathode
110).

[0085] FIG. 2 is a block diagram of another example solar
paint circuit 200. The output-regulated solar cell 200
includes a solar cell 202, similar to solar cell 104 described
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with reference to FIG. 1A, and an output regulator circuit
204. Solar cell 202 includes a solar cell anode paint layer
206 applied to a bottom contact 205 (e.g., a wire mesh or
foil) on a surface of a substrate 207 (e.g., wood, fabric,
plaster, etc.). In some implementations, the solar cell anode
paint layer 206 is applied directly to the substrate 207. In
some implementations, rather than a solar cell anode paint
layer 206, the substrate 207 is an electrically conductive
substrate (e.g., a metal foil or shingle), and a photosensitized
layer 208 is a first layer applied to the substrate 207.
[0086] A photosensitized paint layer 208 is applied to a
portion of the solar cell anode paint layer 206. The photo-
sensitized paint layer 208 can be applied to less than the
entirety of the solar cell anode paint layer 206, such that a
part of a top surface of the solar cell anode paint layer 206
is exposed. The photosensitized paint layer 208 forms a
layer where photons can be absorbed and charge generation
takes place in the solar cell 202.

[0087] A solar cell cathode paint layer 210 is applied to the
photosensitized paint layer 208. The solar cell cathode paint
layer 210 forms a cathode for the solar cell 202. The solar
cell cathode paint layer 210 can be transparent or semi-
transparent to allow light to reach the photosensitized paint
layer 208 below. In some implementations, rather than a
solar cell cathode paint layer 210, an electrically conductive
mesh (e.g., a wire mesh) is used as a cathode layer for solar
cell 202.

[0088] The output regulator circuit 204 is formed between
an exposed surface of the solar cell anode paint layer 206
and the solar cell cathode paint layer 210. The output
regulator circuit 204 is formed to regulate the output of the
solar cell 202 to its maximum power point (MPP). The
output regulator circuit 204 includes a resistor paint layer
212 and transistor paint layer 214. The resistor paint layer
212 is applied to the solar cell anode paint layer 206, such
that the resistor layer 212 is in physical and/or electrical
contact with the photosensitized layer (e.g., the resistor paint
layer 212 and photosensitized paint layer 208 are applied
adjacent to each other). The resistor paint layer 212 forms a
resistor in the output regulator circuit 204.

[0089] The transistor paint layer 214 is applied to the
resistor paint layer. The transistor paint layer 214 is in
physical and electrical contact with the solar cell cathode
paint layer 210. The transistor paint layer 214 forms a
transistor in the output regulator circuit 204. In some imple-
mentations, a portion of the solar cell cathode paint layer
210 is adjacent to the transistor paint layer 214. The solar
cell cathode paint layer 210 can be applied to a top surface
of the transistor paint layer 214.

[0090] In some implementations, a top contact 215 is
formed on a top surface of the solar cell cathode paint layer
210. A top contact can include a metallic mesh (e.g., copper,
tin, steel), or indium tin oxide.

[0091] A transparent protective layer 216 is applied to the
top contact 215 or the solar cell cathode paint layer 210. In
some implementations, the transparent protective layer 216
encapsulates a portion or all of the exposed surfaces of the
output-regulated solar cell 200. In some implementations,
the top contact (e.g., indium tin oxide layer) is the transpar-
ent protective layer. The transparent protective paint layer
216 forms an electrically insulating and protective layer over
part or all of the output-regulated solar cell 200 to protect the
paint layers from environmental effects (e.g., UV radiation,
weather, water/humidity). In some implementations, the
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transparent protective paint layer 216 is semi-transparent,
and/or only transparent to certain wavelengths ranges (e.g.,
transparent to visible wavelengths). In some implementa-
tions, the transparent protective layer 216 is omitted,
depending in part on application and/or environmental fac-
tors (e.g., level of exposure to weather).

[0092] The output-regulated solar cell 200 is designed to
regulate the output of the solar cell 202 to its maximum
power point (MPP). This can be accomplished by selecting
a formulation of the transistor paint layer 214 such that a
breakdown voltage of the transistor paint layer is equal to the
solar cell 202 MPP. Additionally, the formulation of the
resistor paint layer 212 is selected such that the output
voltage of the solar cell 202 remains equal to the breakdown
voltage of the transistor paint layer 214 during the operation
of the output-regulated solar cell 200. Particular formula-
tions for the respective layers are described in more detail
below.

[0093] In some implementations, multiple solar cells 202
are connected together in series with a single output regu-
lator circuit 204 to control the output between the multiple
solar cells 202. Connecting multiple solar cells 202 together
in series can increase the amount of electricity generated and
available to power another circuit (e.g., a light-emitting
circuit, a cell phone device, etc.) or charge a solar battery.
[0094] FIG. 3 is a block diagram of another example solar
paint circuit. The condensed solar circuit 300 shown in FIG.
3 includes a solar battery 302 and a solar cell 304, similarly
to the solar circuit 100 described with reference to FIG. 1A,
where the solar cell 304 can absorb photons (e.g., sunlight)
to generate electricity to charge solar battery 302. The
condensed solar battery 300 includes multi-functional paint
layers, where each of the paint layers can perform a function
(e.g., is an component of a circuit element) for both the solar
battery 302 and the solar cell 304. For example, an anode
paint layer 306 is applied to a surface of a substrate (e.g.,
metal surface). The anode paint layer 306 can function as an
electrical anode for both the solar battery 302 and the solar
cell 304.

[0095] An ion bridge paint layer 308 is applied to the
anode paint layer 306. In some implementations, the ion
bridge paint layer 308 is applied to less than all of the anode
paint layer 306, such that part of a top-surface of the anode
paint layer 306 is exposed after the ion bridge paint layer
308 is applied. In some implementations, the ion bridge
paint layer 308 can entirely cover one side of the anode paint
layer 306.

[0096] A photosensitized/battery cathode paint layer 310
is applied to the ion bridge paint layer 308. The photosen-
sitized/battery cathode paint layer 310 can have multiple
functions, including serving as a photosensitized layer for
absorbing photons and generating electron-hole pairs for the
solar cell 304, as well as serving as a battery cathode layer
for the solar battery 302.

[0097] A solar cell cathode paint layer 312 is applied to the
photosensitized/battery cathode paint layer 310. The solar
cell cathode paint layer 312 forms a cathode for the solar cell
304. In some implementations, the solar cell cathode paint
layer 312 is applied to less than the entire photosensitized/
battery cathode paint layer 310, such that a part of a
top-surface of the photosensitized/battery cathode paint
layer 310 is exposed. The solar cell cathode paint layer 312
can be semi-transparent or transparent to allow light to reach
the photosensitized/battery cathode paint layer 310.
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[0098] A transparent protective layer 314 is applied to the
solar cell cathode paint layer 312. In some implementations,
the transparent protective layer 314 encapsulates a portion or
all of the exposed surfaces of the output-regulated solar cell
300, and can be electrically insulating. The transparent
protective paint layer 314 forms a protective layer over part
or all of the condensed solar circuit 300 to protect the paint
layers from environmental effects (e.g., UV radiation,
weather, water/humidity). In some implementations, the
transparent protective paint layer 314 is semi-transparent,
and/or only transparent to certain wavelengths ranges (e.g.,
transparent to visible wavelengths). In some implementa-
tions, the transparent protective layer 314 is omitted,
depending in part on application and/or environmental fac-
tors (e.g., level of exposure to weather). When the transpar-
ent protective layer 314 is omitted, the solar cell cathode
paint layer 312 can function as a conductive protect layer
(e.g., indium tin oxide).

[0099] In some implementations, multiple solar circuits
are electrically connected together to form larger systems of
circuits. The multiple solar circuits can be of a same or of
different types, and can be connected together in series
and/or in parallel, depending on functionality of the larger
system. For example, multiple solar cells can be connected
in series to one or more solar batteries such that multiple
solar cells can be used to charge a solar battery, increasing
throughput.

[0100] Insome implementations, electrical contacts can be
included in any of the solar circuits (e.g., solar circuits 100,
150, 200, 300) discussed herein. The electrical contacts can
include a first contact (e.g., metallic foil, metallic mesh, cold
weld bonding compound, solder ball, alligator clip, or the
like) affixed to an anode paint layer (e.g., battery anode paint
layer 206, anode paint layer 306, battery anode paint layer
106). A second contact (e.g., metallic foil, metallic mesh,
cold weld bonding compound, solder ball, alligator clip, or
the like) can be affixed to a cathode paint layer (e.g., battery
cathode paint layer 110, solar cell cathode paint layer 210,
photosensitized/battery cathode paint layer 310). The elec-
trical contacts can be used to connect to the solar circuit to
an external device (e.g., a mobile phone, computer, or other
battery-operated device). The electrical contacts can also be
used to connect the solar circuit to other solar circuits, for
example, to daisy-chain a set of solar cell painted circuits, to
increase throughput for powering and/or charging a user
device (e.g., a cell phone or computer), or charging a solar
battery.

[0101] Example Process for Producing Solar Paint For-
mulations
[0102] Solar circuits and devices, including those

described herein with reference to FIGS. 1-3, include mul-
tiple layers of solar paint. Solar paint can include various
formulations selected to give the solar paint layers applied
with the particular solar paint different electrical (e.g.,
resistive/conductive), reactive (e.g., photo-reactive), dielec-
tric (e.g., voltage breakdown) and physical properties (e.g.,
viscosity). In some implementations, paint formulations are
aqueous and include water, a solvent (e.g., ethanol), and/or
an emulsifier.

[0103] Implementations of solar paints include resistor/
conductor paint (e.g., for resistor paint layers and conductor
paint layers) and transistor paint (e.g., for transistor paint
layers). The resistor paint can be an aqueous composition
including an acrylic material mixed with one or more
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conductive materials. Examples of suitable acrylic materials
include polyacrylic acid (PAA), polymethyl acrylate (PMA),
and polymethyl methacrylate (PMMA). Examples of suit-
able conductive materials include aluminum, graphite, acti-
vated carbon, amorphous carbon, tungsten, zinc, carbon
black, conductive nanomaterial such as nanoparticles (e.g.,
copper(ll) oxide), and conductive polymers (e.g., polyani-
line, spiro-OMeTAD, polyphenylene, poly(flurorene), poly-
pyrene, polyazulene, polynapthalene, poly(pyrrole), poly-
carbazole, polyindole, polyazepine, poly(theiophene), poly
(3,4-ethylenedioxythiophene), poly(p-phenylene sulfide),
poly(acetylene), poly(p-phenylene vinylene)).

[0104] In some implementations, conductive nanomateri-
als (e.g., nanoparticles) are selected based in part on a
transparency of the resulting resistor/conductor paint includ-
ing the conductive nanomaterials. Additionally, defloccu-
lants (e.g., sodium lauryl dodecasulfide or a basic salt like
sodium carbonate or potassium carbonate) can be added to
the resist/conductor paint including the conducting nanoma-
terials to prevent flocculation, minimize surface energy of
the dispersed nanoparticles, and assist in dispersion of the
nanomaterials and improve transparency.

[0105] FIG. 4 is a flow chart of an example process for
producing solar paint. Referring to FIG. 4, resistor/conduc-
tor paint can be prepared by process 400. In 402, a suitable
conductive material is combined with water to yield a
mixture. In 404, a suitable acrylic material is combined with
the mixture and agitated gently, avoiding introduction of air
bubbles, to yield the resistor/conductor paint. A weight ratio
of'the conductive material in the acrylic material determines,
in part, a resistance of the resistor paint layer. For weight
ratios of conductive material above a conductivity threshold,
the weight ratio of the conductive material in the acrylic
material determines, in part, the conductivity of the conduc-
tor paint layer.

[0106] The transistor paint can be a composition including
a dielectric material, where the dielectric material has a
breakdown voltage that corresponds to a desired switching
voltage of the transistor paint layer, and a paint binder. The
breakdown voltage is a minimum voltage that causes a
portion of an insulating material to become electrically
conductive. Examples of suitable dielectric materials for
transistor paint layers include low-k dielectric materials such
as silicon dioxide, or silicon dioxide doped with carbon
and/or fluorine. Acrylic or polyurethane can be used as a
paint binder material for the transistor paint.

[0107] Conductor paints prepared according to the process
of FIG. 4 can include n-type semiconductive materials as the
conductive material, e.g., for use as an electron conducting
diode paint layer. Examples of n-type semiconductive mate-
rials include carbon-based materials, such as graphite pow-
der, activated charcoal, and n-type carbon nanomaterials
such as nanoparticles or nanotubes. The n-type semiconduc-
tive materials can be doped with an n-type dopant, such as
nitrogen, to reduce the work function of the semiconductive
material, thus decreasing the forward voltage drop of the
diode. For instance, graphite powder having a diameter of
50-800 pm can be used. The mass ratio of graphite can affect
the conductivity of the paint layer prepared using the con-
ductor paint. In a specific example, the ratio of graphite
powder to acrylic material to water can be 4:1:1.

[0108] Conductor paints prepared according to the process
of FIG. 4 can include p-type semiconductive materials as the
conductive material, e.g., for use as a hole conducting diode
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paint layer. Examples of p-type semiconductive materials
include p-type polymers (e.g., poly(3,4-ethylenedioxythio-
phene) polystyrene sulfonate (PEDOT:PSS)), hole-conduct-
ing nanomaterials (e.g., copper(Il) oxide nanoparticles, cop-
per(I) oxide nanoparticles, and nickel(Il) oxide
nanoparticles). In some examples, a dispersant material,
such as benzenesulfonic acid, can be added to the water
phase of the conductor paint to facilitate dispersion of the
p-type semiconductive material in the water.

[0109] Implementations of solar paints can also include
ion bridge paint (e.g., for an ion bridge paint layer in a solar
battery). Examples of suitable ion bridge material include
potassium ions mixed in an ion-conducting material.
Examples of suitable ion-conducting materials include poly-
mer electrolytes such as polyethylene oxide (PEO), poly-
acrylonitrile (PAN), polymethyl methacrylate (PMMA), and
polyvinylidene fluoride (PVdF).

[0110] FIG. 5 is a flow chart of another example process
for producing solar paint. Referring to FIG. 5, ion bridge
paint can be prepared by process 500. In 502, a suitable ionic
material is combined with water to yield a mixture. In 504,
a suitable ion-conducting material is combined with the
mixture and agitated gently, avoiding introduction of air
bubbles, to yield the ion bridge paint.

[0111] Implementations of solar paints can also include
electroluminescent or electro-phosphorescent paint (e.g., for
phosphorescent paint layers). Examples of suitable elec-
troluminescent  material  include  poly(p-phenylene
vinylene), polyflurorene, zinc sulfide doped with copper,
gallium arsenide, gallium nitride, rubidium polypyridine,
and aluminum gallium indium phosphide. Examples of
suitable electro-phosphorescent materials include a polymer
host such as poly(N-vinylcarbazole) with an organometallic
complex dopant such as Ir(mppy)3, platinum, and other
heavy metal complexes.

[0112] FIG. 6 is a flow chart of another example process
for producing solar paint. Referring to FIG. 6, electrolumi-
nescent/electro-phosphorescent paint can be prepared by
process 600. In 602, a suitable electroluminescent or electro-
phosphorescent material is combined with water to yield a
mixture. In an optional step 604, a suitable polymer host is
combined with the mixture and agitated gently, avoiding
introduction of air bubbles, to yield the electroluminescent/
electro-phosphorescent paint.

[0113] Implementations of solar paints can also include
electron (anion) transport paint (e.g., for anode paint layers),
photosensitizing paint (e.g., for photosensitized paint lay-
ers), and hole (cation) transport paint (e.g., for cathode paint
layers). These solar paints include one or more of a fast ion
conductor, an electron acceptor, a salt, and a dye.

[0114] The fast ion conductor can be an anionic fast ion
conductor (e.g., for electron transport paint or photosensi-
tizing paint) or a cationic fast ion conductor (e.g., for hole
transport paint). Examples of suitable fast ion conductors
include anionic and cationic polyacrylamides, yttria-stabi-
lized zirconia, beta-alumina, lanthanum trifluoride, beta-
lead fluoride, silver iodide, copper(I) iodide, rubidium silver
iodide, silver mercury iodide, silver sulfide, lead(Il) chlo-
ride, strontium titanate, strontium stannate, hydrogen uranyl
phosphate tetrahydrate, cerium(IV) oxide, zirconium hydro-
gen phosphate, lithium perchlorate in polyethylene oxide,
polyelectrolytes, and ionomers.

[0115] An electron acceptor for a particular paint layer can
be selected, in part, based on an injection efficiency of the
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electron acceptor relative to a photosensitizer used in the
particular paint layer. Examples of suitable electron accep-
tors include titanium dioxide (e.g., rutile or anatase titanium
dioxide nanoparticles), zinc oxide, benzothiadiazole, benzo-
triazole, quinoxaline, phthalimide, diketopyrrolopyrrole,
thienopyrazine, thiazole, triazine, cyanovinyl, cyano- and
fluoro-substituted phenyl, iodine, rhodanine, naphthalamide,
and acrylic acids.

[0116] Various different dyes can be used to create elec-
tronic solar paint. Selection of the dyes used to create
electronic solar paint can depend in part on an optimal
absorption spectrum for a particular application (e.g., tropi-
cal vs. arctic latitude, indoor vs. outdoor use). Additionally,
an electronic solar paint can include one or more different
dyes for multiple-peak absorption spectra functionality. In
some implementations, the dye has high absorption (e.g., in
the 500 nm range, which corresponds to a dark bluish-green
color), and has at least one chromophore (functional group
which is the source of the color/photoactive response) which
undergoes excitation from a p to a p* highest-occupied
molecular orbital (HOMO) on illumination. Examples of
suitable dyes include copper phthalocyanine, zinc phthalo-
cyanine, merocyanine, ruthenium-polypyridine, iron
hexacyanoferrate, Ru-polypyridyl-complex sensitizers (e.g.,
cis-dithiocyanato  bis(4,4'-dicarboxy-2,2'-bipyridine)ruthe-
nium(ID)).

[0117] In an electrolytic cell (meaning an aqueous cell or
a cell in which a solid-state electrolyte mediates charge
transfer) an electron acceptor can be any oxidizing agent
whose reduced state can itself be oxidized by the photosen-
sitizer (i.e. the dye or pigment) in an energetically favorable
way, and does not cause or accelerate irreversible chemical
degradation of the cell. Salts of lithium, potassium, and
iodine can be used. In some implementations, the charge can
be mediated entirely by the salt (e.g. reduction from AI2 to
2]—and oxidation from 2I—to AlI2), and can be galvanically
favorable in the absence of water. Examples of suitable salts
include potassium iodide.

[0118] The electron transport paint is an aqueous compo-
sition that includes an anionic fast ion conductor and a salt
in a weight ratio of water:salt:anionic fast ion conductor. In
some implementations the electron transport paint includes
an anionic fast ion conductor and a salt in a weight ratio of
water:salt:anionic fast ion conductor of 60:10:1. In some
implementations, the electron transport paint is an aqueous
composition that includes an anionic fast ion conductor, an
electron acceptor, and a salt in a weight ratio of water:
electron acceptor:salt:anionic fast ion conductor of 60:10:
10:1. A specific mass ratio of salt and/or an electron acceptor
in the electron transport paint is based, in part, on a molar
mass of the specific salt and/or electron acceptor used in the
composition.

[0119] In some implementations, the electron transport
paint is an aqueous composition that includes an anionic fast
ion conductor and a conductive material (e.g., graphite), for
example, for a battery anode paint layer.

[0120] FIG. 7 is a flow chart of another example process
for producing solar paint. Referring to FIG. 7, an electron
transport paint can be prepared by process 400. In 702, a
suitable salt is dissolved in water to yield a salt solution. In
704, which is optional, a suitable electron acceptor is
combined with the salt solution to yield a mixture. The
mixture can be agitated (e.g., stirred) to remove clumps. The
mixture is allowed to sit, such that the electron acceptor
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settles to the bottom of the container. After all of the air
bubbles have dissipated from the mixture, the anionic fast
ion conductor is combined with the mixture in 706 and
dissolved to yield electron transport paint. The electron
transport paint is in the form of a suspension, with the
electron acceptor particles suspended in the paint. In one
example, an electron transport paint is an aqueous suspen-
sion that includes titanium dioxide, potassium iodide, and
anionic polyacrylamide in a weight ratio of water:titanium
dioxide:potassium iodide:anionic polyacrylamide of 60:10:
10:1. For a small cell (e.g., less than 100 cm?), 1 mL of water
is sufficient to cover 8 cm? of the cell.

[0121] The photosensitizing paint is an aqueous compo-
sition that includes an anionic fast ion conductor and a dye
in a weight ratio of water:anionic fast ion conductor:dye of
6:1:1.

[0122] FIG. 8 is a flow chart of another example process
for producing solar paint. Referring to FIG. 8, photosensi-
tizing paint can be prepared by process 800. In 802, a
suitable dye is combined with water to yield a mixture. In
804, a suitable anionic fast ion conductor is combined with
the mixture and agitated gently, avoiding introduction of air
bubbles, to yield the photosensitizing paint. The consistency
and color of the photosensitizing paint changes as the
anionic fast ion conductor dissolves. The photosensitizing
paint is in the form of a suspension, with dye suspended in
the paint. In one example, a photosensitizing paint is an
opaque dark greenish-blue aqueous suspension that includes
anionic polyacrylamide and copper phthalocyanine in a
weight ratio of water:anionic polyacrylamide:copper phtha-
locyanine of 6:1:1.

[0123] The hole transport paint is an aqueous composition
that includes a cationic fast ion conductor in a weight ratio
of water:cationic fast ion conductor of 60:1. FIG. 9 is a flow
chart of another example process for producing solar paint.
Referring to FIG. 9, hole transport paint can be prepared by
process 900. In 902, a suitable cationic fast ion conductor is
dissolved in water to yield the hole transport paint. In one
example, a hole transport paint is an aqueous composition
that includes cationic polyacrylamide in a weight ratio of
water:cationic polyacrylamide 60:1.

[0124] In some implementations, a hole transport paint
formulation can include a cationic fast ion conductor and a
dye (e.g., Prussian blue), for example, for a battery cathode
paint layer.

[0125] In some implementations, a solar paint can be
formulate such that a paint layer applied with the solar paint
has multiple functionality. For example, a photosensitized/
battery cathode paint formulated to apply a photosensitized/
battery cathode paint layer, as discussed with reference to
FIG. 3, includes one or more of a cationic fast ion conductor
and a dye.

[0126] FIG. 10 is a flow chart of another example process
for producing solar paint. Referring to FIG. 10, photosen-
sitizing/battery cathode paint can be prepared by process
1000. In 1002, a suitable dye is combined with water to yield
a mixture. In 1004, a suitable cationic fast ion conductor is
combined with the mixture and agitated gently, avoiding
introduction of air bubbles, to yield the photosensitizing/
battery cathode paint. The consistency and color of the
photosensitizing paint changes as the cationic fast ion con-
ductor dissolves. The photosensitizing paint is in the form of
a suspension, with dye suspended in the paint. In one
example, a photosensitizing paint is an opaque dark green-
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ish-blue aqueous suspension that includes cationic polyacry-
lamide and copper phthalocyanine in a weight ratio of
water:cationic polyacrylamide:copper phthalocyanine of
6:1:1.

[0127] Example Process for Producing Solar Paint Circuit
[0128] FIG. 11 is a flow chart of an example process for
painting a solar paint circuit. In general, a solar circuit (e.g.,
solar circuit 100, 150, 200, 300) can be fabricated according
to process 1100, as shown in the flow diagram in FIG. 11. In
1102, a substrate is provided. Substrates can include metal,
wood, plaster, fabric, or the like. A substrate can further
include a wire mesh or foil affixed to a base structural
material, to provide electrical conductivity. In 1104, one or
more paint layers are applied to a surface of the substrate,
where each paint layer includes a conductive paint formu-
lation. In some implementations, each applied paint layer is
allowed to dry prior to the application of a subsequent layer.
[0129] The conductive paint formulation has a resistance
defined, in part, by a concentration of conductive material
included in the conductive paint formulation. For example,
a lower concentration of the conductive material (e.g.,
carbon black) included in the conductive paint formulation
provides a higher resistance than a conductive paint formu-
lation having a higher concentration of the same conductive
material.

[0130] In some implementations, multiple coatings of a
same conductive paint formulation can be applied to form a
layer of a desired thickness, where the desired thickness is
greater than a thickness of a single applied layer.

[0131] FIG. 12 is a flow chart of another example process
for painting a paint circuit. Referring to FIG. 12, a paint
circuit (e.g., solar cell 202, or solar cell 104) can be
fabricated according to process 1200. In 1202, electron
transport paint is applied to a substrate and allowed to dry to
yield a layer of the electron transport paint in direct contact
with the substrate. Substrates can be electrically conducting
or electrically non-conducting. Suitable electrically insulat-
ing substrates include wood, plaster, and plastic. Electrically
conducting substrates can include substrates having rela-
tively low work-function, low financial cost, low suscepti-
bility to oxidation, and high physical strength relative to the
one or more paint layers. Suitable electrically conducting
substrates include aluminum mesh, aluminum foil, as well as
zinc, magnesium, nickel, copper, silver, gold, and platinum.
In some implementations, one or more additional layers of
the electron transport paint can be subsequently applied. In
1204, photosensitizing paint is applied to the to the electron
transport paint layer and allowed to dry to yield a layer of the
photosensitizing paint in direct contact with the layer of the
electron transport paint. In some implementations, one or
more additional layers of the photosensitizing paint can be
subsequently applied. In 1206, hole transport paint is applied
to the photosensitizing paint layer and allowed to dry to
yield a layer of the hole transport paint in direct contact with
the layer of the photosensitizing paint layer. The hole
transport layer is typically transparent. In some implemen-
tations, the electron transport layer is transparent in addition
to or in place of the hole transport layer being transparent.
[0132] FIG. 13 is a flow chart 1300 of another example
process for painting a paint circuit, for example, solar paint
circuit 100 depicted in FIG. 1A. A battery anode paint is
applied to the substrate to yield a layer of the battery anode
paint in direct contact (e.g., physical and/or electrical) with
the substrate (1302). An ion bridge paint is applied to less
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than all of the battery anode paint layer to yield a layer of ion
bridge paint in direct contact with the battery anode paint
layer (1304). A battery cathode paint is then applied to the
ion bridge paint layer to yield a layer of battery cathode paint
in direct contact with the ion bridge paint layer (1306). A
solar cell anode paint is applied to less than all of the battery
cathode paint layer to yield a layer of solar cell anode paint
in direct contact with the battery cathode paint layer (1308).
A photosensitized paint is applied to the solar cell anode
paint layer to yield a layer of photosensitized paint in direct
contact with the solar cell anode paint layer (1310). A solar
cell cathode paint is applied to the photosensitized paint
layer to yield a layer of solar cell cathode paint in direct
contact with the photosensitized paint layer (1312). A diode
paint circuit is formed between the battery anode paint layer
and the solar cell cathode layer (1314). The diode paint
circuit is formed by applying an electron conducting paint to
less than all of the battery anode paint layer to yield a layer
of electron conducting paint in direct contact with the
battery anode paint layer. A hole conducting paint layer is
applied to the electron conducting paint layer to yield a layer
of hole conducting paint in direct contact with the electron
conducting paint layer. The diode paint circuit is formed and
physically separated from the photosensitized paint layer,
the solar cell anode paint layer, the battery cathode paint
layer, and the ion bridge paint layer. A transparent protective
paint is applied to the solar cell cathode paint layer to yield
a layer of transparent protective paint in direct contact with
the solar cell cathode paint layer (1316).

[0133] FIG. 14 is a flow chart 1400 of another example
process for painting a paint circuit, for example, solar paint
circuit 150 depicted in FIG. 1B. A transistor paint is applied
to less than all of the battery cathode layer to yield a layer
of transistor paint in direct contact with the battery cathode
layer and in electrical contact with the solar cell anode paint
layer (1402). A light-emitting circuit is formed between the
transistor paint layer and the transparent protective paint
layer (1404). Forming the light-emitting circuit includes
applying an electron conducting paint (e.g., an anode paint)
to less than all of the transistor paint layer to yield a layer of
electron conducting paint in direct contact with the transistor
paint layer. A phosphorescent paint is applied to the electron
conducting paint layer to yield a layer of phosphorescent
paint in direct contact with the electron conducting paint
layer. A hole conducting paint (e.g., a cathode paint) is
applied to the phosphorescent paint layer to yield a layer of
hole conducting paint in direct contact with the phospho-
rescent paint layer. The light-emitting circuit is formed and
is physically separated from the photosensitized paint layer.
A conductor paint is applied to less than all of the battery
anode paint layer to yield a layer of conductor paint in direct
contact with the battery anode paint layer and the light-
emitting circuit and is physically separated from each of the
ion bridge paint layer, the battery cathode paint layer, and
the transistor paint layer (1406).

[0134] FIG. 15 is a flow chart 1500 of another example
process for painting a paint circuit, for example, solar paint
circuit 200 depicted in FIG. 2. An anode paint is applied to
the substrate to yield a layer of anode paint in direct contact
with the substrate (1502). An ion bridge paint is applied to
less than all of the anode paint layer to yield a layer of ion
bridge paint in direct contact with the anode paint layer
(1504). A photosensitized/battery cathode paint is applied to
the ion bridge paint layer to yield a layer of photosensitized/
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battery cathode paint in direct contact with the ion bridge
paint layer (1506). A solar cell cathode paint to less than all
of the photosensitized/battery cathode paint layer to yield a
layer of solar cell cathode paint in direct contact with the
photosensitized/battery cathode paint layer (1508). A trans-
parent protective layer paint is applied to the solar cell
cathode paint layer to yield a layer of transparent protective
paint in direct contact with the solar cell cathode paint layer
(1510).

[0135] FIG. 16 is a flow chart 1600 of another example
process for painting a paint circuit, for example, solar paint
circuit 300 depicted in FIG. 3. An anode paint is applied to
the substrate to yield a layer of anode paint in direct contact
with the substrate (1602). A photosensitized paint is applied
to less than all of the solar cell anode paint layer to yield a
layer of photosensitized paint in direct contact with the solar
cell anode paint layer (1604). An output regulator circuit is
formed on top of the solar cell anode paint layer (1606). The
output regulator circuit is formed by a process including
applying a resistor paint to less than all of the solar cell
anode paint layer to yield a layer of resistor paint in direct
contact with the solar cell anode paint layer and adjacent and
in electrical contact to the photosensitized paint layer. A
transistor paint is applied to the resistor paint layer to yield
a layer or transistor paint in direct contact with the resistor
paint layer. A solar cell cathode paint is applied to the
photosensitized paint layer and the transistor paint layer to
yield a layer of solar cell cathode paint in direct contact with
the photosensitized paint layer and the transistor paint layer
(1608). A transparent protective paint is applied to the solar
cell cathode paint layer to yield a layer of transparent
protective paint in direct contact with the solar cell cathode
paint layer (1610).

[0136] In some implementations, a capacitor circuit ele-
ment can be formed by painting a dielectric paint layer
between two conductive paint layers (e.g., a cathode paint
layer and an anode paint layer), such that a specific capaci-
tance and breakdown voltage of the capacitor depends, in
part, on the dielectric breakdown of the dielectric paint layer
and the dielectric paint layer thickness.

[0137] In some implementations, perovskite-based solar
paint can be used. Perovskites are lead-based, and therefore
could be used to create a high-performing solar paint for
circumstances in which the use of a lead-based paint may be
appropriate.

[0138] While this specification contains many specific
implementation details, these should not be construed as
limitations on the scope of any features or of what can be
claimed, but rather as descriptions of features specific to
particular embodiments of the described painted circuits and
painted circuit elements. Though the painted circuits and
painted circuit elements examples are described herein as
having particular layer structures, they should not be read as
limiting. For example, the painted circuits and painted
circuit elements are described as operating in a “top-down”
fashion where the devices are painted layer-by-layer such
that the top layer is the top of the device. While processes are
depicted in the drawings in a particular order, this should not
be understood as requiring that such processes be performed
in the particular order shown or in sequential order, or that
all illustrated processes be performed, to achieve desirable
results. For example, the painted circuits and painted circuit
elements may also be painted in a “bottom-up” fashion
where the function of the devices is upside relative to their
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fabrication order. Additionally, “flip-chip” configurations
can be imagined where two substrates are individually
painted with paint layers and then combined.
[0139] Other complex painted circuit elements can be
created using the techniques and compositions described
herein. For example, painted antenna elements. Addition-
ally, active matrices of multiple smaller sub-clements (e.g.,
embedded painted circuit elements) can be created using the
techniques and compositions described herein.
[0140] Thus, particular embodiments of the subject matter
have been described. Other embodiments are within the
scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order
and still achieve desirable results. In addition, the processes
depicted in the accompanying figures do not necessarily
require the particular order shown, or sequential order, to
achieve desirable results. In certain implementations, mul-
titasking and parallel processing may be advantageous.
What is claimed is:
1. (canceled)
2. A process for manufacturing a painted circuit, the
process comprising:
applying a battery anode paint to a substrate to yield a
layer of the battery anode paint in direct contact with
the substrate;
applying an ion bridge paint to less than all of the battery
anode paint layer to yield a layer of the ion bridge paint
in direct contact with the battery anode paint layer;
applying a battery cathode paint to the ion bridge paint
layer to yield a layer of the battery cathode paint in
direct contact with the ion bridge paint layer;
applying a solar cell anode paint to less than all of the
battery cathode paint layer to yield a layer of the solar
cell anode paint in direct contact with the battery
cathode paint layer;
applying a photosensitized paint to the solar cell anode
paint layer to yield a layer of the photosensitized paint
in direct contact with the solar cell anode paint layer;
applying a solar cell cathode paint to the photosensitized
paint layer to yield a layer of the solar cell cathode paint
in direct contact with the photosensitized paint layer;
forming a diode paint circuit between the battery anode
paint layer and the solar cell cathode layer, the forming
including:
applying an electron conducting paint to less than all of
the battery anode paint layer to yield a layer of the
electron conducting paint in direct contact with the
battery anode paint layer;
applying a hole conducting paint to the electron con-
ducting paint layer to yield a layer of the hole
conducting paint in direct contact with the electron
conducting paint layer; and
wherein the diode paint circuit is formed and is physi-
cally separated from each of the photosensitized
paint layer, the solar cell anode paint layer, the
battery cathode paint layer, and the ion bridge paint
layer; and
applying a transparent protective paint to the solar cell
cathode paint layer to yield a layer of the transparent
protective paint in direct contact with the solar cell
cathode paint layer.
3. The process of claim 2, further comprising:
applying a transistor paint to less than all of the battery
cathode layer to yield a layer of transistor paint in direct
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contact with the battery cathode layer and in electrical
contact with the solar cell anode paint layer;

forming a light-emitting circuit between the transistor

paint layer and the transparent protective paint layer,

the forming including:

applying the electron conducting paint to less than all
of the transistor paint layer to yield a layer of the
electron conducting paint in direct contact with the
transistor paint layer;

applying a phosphorescent paint to the electron con-
ducting paint layer to yield a layer of phosphorescent
paint in direct contact with the electron conducting
paint layer;

applying the hole conducting paint to the phosphores-
cent paint layer to yield a layer of the hole conduct-
ing paint in direct contact with the phosphorescent
paint layer; and

wherein the light-emitting circuit is formed and is
physically separated from the photosensitized paint
layer; and

applying a conductor paint to less than all of the battery

anode paint layer to yield a layer of conductor paint in
direct contact with the battery anode paint layer and the
light-emitting circuit and is physically separated from
each of the ion bridge paint layer, the battery cathode
paint layer, and the transistor paint layer.

4. The process of claim 3, further comprising combining
a dielectric material with a paint binder to yield the transistor
paint.

5. The process of claim 3, further comprising:

combining a phosphorescent material with water to yield

a mixture; and

dissolving a polymer host material in the mixture to yield

the phosphorescent paint.
6. A process for manufacturing a painted circuit, the
process comprising:
applying an anode paint to a substrate to yield a layer of
the anode paint in direct contact with the substrate;

applying an ion bridge paint to less than all of the anode
paint layer to yield a layer of ion bridge paint in direct
contact with the anode paint layer;

applying a photosensitized/battery cathode paint to the ion

bridge paint layer to yield a layer of the photosensi-
tized/battery cathode paint in direct contact with the ion
bridge paint layer;

applying a solar cell cathode paint to less than all of the

photosensitized/battery cathode paint layer to yield a
layer of the solar cell cathode paint in direct contact
with the photosensitized/battery cathode paint layer;
and

applying a transparent protective layer paint to the solar

cell cathode paint layer to yield a layer of the trans-
parent protective paint in direct contact with the solar
cell cathode paint layer.

7. The process of claim 6, further comprising dissolving
a cationic fast ion conductor in water to yield the solar cell
cathode paint.

8. The process of claim 6, further comprising:

dissolving a salt in water to yield a salt solution;

combining an electron acceptor with the salt solution to
yield a mixture; and

dissolving an anionic fast ion conductor in the mixture to

yield the anode paint.



US 2019/0165274 Al

9. The process of claim 6, further comprising:

combining a dye with water to yield a mixture; and

dissolving an anionic fast ion conductor in the mixture to
yield photosensitized/battery cathode paint.

10. The process of claim 6, further comprising:

combining an ionic material with water to yield a mixture;
and

dissolving an ionic-conducting material in the mixture to
yield the ion bridge paint.

11. A process for manufacturing a painted circuit, the

process comprising:

applying an electron transport paint to a substrate to yield
a layer of the electron transport paint in direct contact
with the substrate;

applying an electroluminescent paint or a photosensitiz-
ing paint to the electron transport paint layer to yield a
layer of the electroluminescent paint or the photosen-
sitizing paint, respectively, in direct contact with the
electron transport paint layer; and

applying a hole transport paint to the electroluminescent
paint layer or to the photosensitizing paint layer to yield
a layer of the hole transport paint in direct contact with
the electroluminescent paint layer or the photosensitiz-
ing paint layer, respectively.

12. The process of claim 11, further comprising:

combining an electroluminescent material with water to
yield a mixture; and

dissolving a polymer host material in the mixture to yield
the electroluminescent paint.

13. A process for manufacturing a painted circuit, the

process comprising:

applying a solar cell anode paint to a substrate to yield a
layer of the solar cell anode paint in direct contact with
the substrate;

applying a photosensitized paint to less than all of the
solar cell anode paint layer to yield a layer of photo-
sensitized paint in direct contact with the solar cell
anode paint layer;
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forming an output regulator circuit on top of the solar cell
anode paint layer, the forming including:
applying a resistor paint to less than all of the solar cell
anode paint layer to yield a layer of resistor paint in
direct contact with the solar cell anode paint layer
and adjacent and in electrical contact to the photo-
sensitized paint layer;
applying a transistor paint to the resistor paint layer to
yield a layer or transistor paint in direct contact with
the resistor paint layer;
applying a solar cell cathode paint to the photosensitized
paint layer and the transistor paint layer to yield a layer
of solar cell cathode paint in direct contact with the
photosensitized paint layer and the transistor paint
layer; and
applying a transparent protective paint to the solar cell
cathode paint layer to yield a layer of transparent
protective paint in direct contact with the solar cell
cathode paint layer.
14. The process of claim 13, further comprising:
combining the conductive material with water to yield a
mixture; and
dissolving an acrylic material in the mixture to yield the
resistor paint.
15. The process of claim 14, wherein the resistor paint is
an electron conducting paint.
16. The process of claim 14, wherein the conductive
material comprises a carbon-containing material.
17. The process of claim 16, wherein the carbon-contain-
ing material is doped with an n-type dopant.
18. The process of claim 14, wherein the resistor paint is
a hole conducting paint.
19. The process of claim 14, wherein the conductive
material comprises p-type nanoparticles.
20. The process of claim 14, wherein the conductive
material comprises a p-type polymer.
21. (canceled)



