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Description
FIELD
[0001] This application relates to solar cells and, more
particularly, to methods of bonding a thermoplastic polyimide directly to a solar cell.
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[0002] JP 2008 047815 A discloses a unit module for
a solar cell arrangement, wherein the unit module can
be obtained from a wafer in which a polyimide film is
laminated on at least one surface via a thermally fused
layer made of a thermoplastic polyimide resin. The polyimide film comprises a tensile elastic modulus of not less
than 4 GPa, and a linear expansion coefficient of not
more than 12 ppm.
[0003] US 4,542,257 A discloses an integral solar cell
panel and a method for manufacturing an integral solar
cell panel. The integral solar cell panel comprises a plurality of interconnected solar cells attached to a fiberreinforced polyimide film substrate, wherein said solar
cells are bonded to the surface of said polyimide film by
the final curing of said polyimide.
[0004] As shown in FIG. 1, a spacecraft 10 includes a
number of rigid solar panels 12, which are shown in their
deployed position. Solar arrays 14 which may include
hundreds or thousands of solar cells 16 bonded to each
solar panel 12 are used to provide electrical power to
drive a variety of spacecraft systems and to recharge its
batteries. The spacecraft rotates the solar panels 12 so
that they receive direct illumination from the sun 18 to
increase efficiency.
[0005] The solar cells 16 include a flat photovoltaic wafer made from n-type or p-type crystalline semiconductor
material, such as silicon, gallium-arsenide or germanium
in or on which a thin surface layer of the opposite conductivity type is formed. The interface between the surface layer and the main region of the wafer defines a
semiconductor junction. Illumination of the thin surface
layer causes liberation of charge carriers, including electrons and holes in the region of the semiconductor junction, which migrate toward opposite surfaces to establish
a potential across the solar cell.
[0006] The solar panel 12 has three primary functions.
First, the panel provides a rigid support structure with
sufficient axial and bending stiffness for carrying the solar
cell array 14 through a dynamically active launch environment into orbit and positioning it to receive illumination. Secondly, the front surface of the solar panel 12 to
which the cells are bonded is electrically inert so that the
individual solar cells 16 are electrically isolated. Lastly,
the solar panel 12 serves as a heat sink to the space
facing side (opposite sun 18) for the solar cell array. The
spacecraft 10 of FIG. 1 is a rigid array as described. Thin
film solar arrays are also possible that utilize a different
stowed structure during launch that is lighter and more
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load efficient than the rigid panels, which might include
a gossamer deployment structure that holds the solar
cells out in space on the thin film solar array.
[0007] There are a number of important issues associated with solar panel design regardless of being a rigid
array, a thin film array, or a flexible array. The heat sink
capabilities of the substrate must be sufficient to cool the
solar cell array to maintain power efficiency. The solar
panel should have low and/or matched thermal expansion properties compared to the solar cells. The temperature on the illuminated side of the array can be as high
as +70°C and can be as low as -180°C or lower for thin
film arrays on the back surface, which faces deep space.
Due to these thermal expansion properties, warping or
damage of the solar panel can occur.
[0008] A paramount concern in solar panel design is
weight. Existing spacecraft can have eight solar panels,
four per side, where the structural constituents weigh approximately 10 lbs (4.5 kg) per panel. Currently, the cost
of flying a spacecraft can be estimated as high as $25,000
or more per pound over the lifetime of the spacecraft.
Hence, the weight of the solar panel impacts the overall
cost of operating a spacecraft.
[0009] Solar cells are often supported by a graphite
facesheet and an insulating layer facesheet that are
bonded to the solar cell by a silicone-based adhesive
called "RTV" adhesive. The cross-section of such solar
cells, from top to bottom, typically include a solar cell CIC
(coverglass, interconnects, cell), a layer of the RTV adhesive, an insulative layer facesheet (e.g., a DuPont™
Tedlar® polyvinyl fluoride (PVF) film or a polyimide such
as a Dupont™ Kapton® polyimide film), and a graphite or
Kevlar® facesheet on a honeycomb substrate. The RTV
is acknowledged in the industry as a source of degradation over the life of the solar arrays. Attempts to reduce
the degradation of the solar arrays include the development of ultra low outgassing RTVs.
[0010] RTVs have a coefficient of thermal expansion
("CTE") in the range of 100-200ppm/C. A Kapton® polyimide film has a CTE around 17-20ppm/C and some solar
cells have CTEs around 3-8ppm/C. The mismatch in the
CTEs between the solar cell, RTV adhesive, and Kapton®
polyimide film is inherent in using this accepted adhesive
as the standard adhesive for constructing solar arrays.
One way to combat this mismatch has been to optimize
the thickness of the RTV. But, increasing the thickness
adds weight to the solar array, which depending upon
the application intended for the solar array may be undesirable.
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[0011] According to an aspect of the present disclosure, a method is disclosed that includes constructing a
solar cell panel by providing a solar cell that has a front
side and a back side (the front side faces the sun during
normal operation), heating a thermoplastic polyimide to
at least its reflow temperature, flowing the thermoplastic
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polyimide onto the back side of the solar cell while heated
to at least its reflow temperature, cooling the thermoplastic polyimide to a temperature below its reflow temperature to bond the thermoplastic polyimide directly to the
solar cell, and bonding a substrate to the thermoplastic
polyimide opposite the back side of the solar cell. The
substrate comprises graphite, aramid-based material,
carbon fibers, metal or metal alloys, and combinations
thereof. The thermoplastic polyimide comprises: at least
one diamine monomer and at least two dianhydride monomers, at least two diamine monomers and at least one
dianhydride monomer, or at least two diamine monomers
and two dianhydride monomers, wherein the diamine
monomers
are
selected
from
2,2bis[4-(4aminophenoxy)phenyl]-hexafluoropropane and
4,4’-diaminobenzanilide and the dianhydride monomers
are selected from 4,4’-(hexafluoroisopropylidene)diphthalicanhydride and 3,3’,4,4’-biphenyltetracarboxylic
acid dianhydride. The thermoplastic polyimide has a coefficient of thermal expansion of 6 1%-5% of a coefficient
of thermal expansion of the solar cell. The direct bonding
of the thermoplastic polyimide to the solar cell is accomplished without an adhesive such as RTV adhesives. The
methods may be used on thin film folded or flexible solar
arrays, therefore the same benefits would be provided
to rigid and flexible solar arrays. In particular, the elimination of the RTV adhesives reduces the overall weight
of the solar arrays and reduces the disparity in CTE values for adjacent layers, which ultimately reduces the thermal stresses during thermal cycles of the solar arrays
and provides for an increased life span of the arrays.
[0012] Advantageously the method further comprises
providing a plurality of solar cells, electrically connecting
each of the plurality of solar cells to at least one other
solar cell forming an array.
[0013] Preferably the thermoplastic polyimide has a
coefficient of thermal expansion that substantially matches a coefficient of thermal expansion of the solar cell.
[0014] Preferably the coefficient of thermal expansion
of the solar cell is about 3 to 8 ppm/°C.
[0015] Preferably the reflow temperature is greater
than about 300°C and less than about 400°C.
[0016] Preferably the heating includes heating the
thermoplastic polyimide to about 300°C to about 375°C.
[0017] Preferably the cooling of the thermoplastic polyimide includes cooling to an ambient temperature.
[0018] Preferably the method further comprises providing the thermoplastic polyimide as a polyimide sheet,
and placing the polyimide sheet on the solar cell before
heating, flowing, and cooling the thermoplastic polyimide.
[0019] The substrate is bonded to the thermoplastic
polyimide without an adhesive.
[0020] Preferably bonding the substrate to the thermoplastic polyimide includes applying heat and pressure
thereto after the cooling step.
[0021] Preferably the method further comprises placing the substrate on the thermoplastic polyimide prior to
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cooling the thermoplastic polyimide.
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[0022] Preferably the back side of the solar cell includes a metal or ceramic.
[0023] Preferably the method further comprises electrically connecting a harness to the back side of the solar
cell before flowing the thermoplastic polyimide, the harness being connectable to another solar cell, solar cell
panel, or harness.
[0024] According to another aspect of the present disclosure a solar cell panel is provided. The solar cell panel
comprises: a solar cell having a front side and a back
side, the front side of the solar cell facing the sun during
normal operation; a thermoplastic polyimide bonded directly on the back side of the solar cell; and a substrate
bonded to the thermoplastic polyimide opposite the back
side of the solar cell. The substrate comprises graphite,
aramid-based material, carbon fibers, metal or metal alloys, and combinations thereof. The thermoplastic polyimide comprises: at least one diamine monomer and at
least two dianhydride monomers, at least two diamine
monomers and at least one dianhydride monomer, or at
least two diamine monomers and two dianhydride monomers, wherein the diamine monomers are selected from
the group consisting of 2,2-bis[4-(4-aminophenoxy)phenyl]-hexafluoropropane and 4,4’-diaminobenzanilide,
and combinations thereof, and wherein the dianhydride
monomers are selected from the group consisting of
4,4’-(hexafluoroisopropylidene)di-phthalicanhydride
and 3,3’,4,4’-biphenyltetracarboxylic acid dianhydride,
and combinations thereof. The thermoplastic polyimide
has a coefficient of thermal expansion of 6 1%-5% of a
coefficient of thermal expansion of the solar cell..
[0025] According to a further aspect of the present disclosure a modular cell array is provided. The modular
cell array comprises the solar cell panel.
[0026] The method includes bonding a substrate directly to the thermoplastic polyimide opposite the solar
cell. This bonding step may occur subsequent to the flowing and cooling of the thermoplastic polyimide.
[0027] The features, functions, and advantages that
have been discussed can be achieved independently in
various embodiments or may be combined in yet other
embodiments, further details of which can be seen with
reference to the following drawings and description.
BRIEF DESCRIPTION OF THE DRAWINGS
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[0028]
FIG. 1 is a perspective view of a spacecraft with solar
panels in a deployed position.
55

FIG. 2 is a cross-sectional illustration of one embodiment of a solar cell panel having a solar cell directly
laminated to a thermoplastic polyimide.

3

5

EP 2 652 796 B1

FIG. 3 is a cross-sectional illustration of one embodiment of a solar cell panel having a solar cell directly
laminated to a support structure by a thermoplastic
polyimide.
5

FIG. 4 is a perspective and exploded view of rigid
solar cell panel of FIG. 3
FIG. 5 is a cross-sectional illustration of one embodiment of a solar cell panel having a harness embedded in the thermoplastic polyimide.
FIG. 6 is a cross-sectional illustration of another embodiment of a solar cell panel having a harness embedded in the thermoplastic polyimide.
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FIG. 7 is a flow chart of one embodiment of a method
disclosed herein.
FIG. 8 is a flow chart of another embodiment of a
method disclosed herein.
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DESCRIPTION
[0029] The following detailed description will illustrate
the general principles of the invention, examples of which
are additionally illustrated in the accompanying drawings. In the drawings, like reference numbers indicate
identical or functionally similar elements.
[0030] Referring to FIG. 2, an example of a solar cell
panel, generally designated 100, is illustrated in crosssection. The solar cell panel 100 includes a solar cell 112
having a front side 111 and a back side 113 with a thermoplastic polyimide 114 directly bonded to the back side
113 of the solar cell 112 (without an adhesive). In normal
operation, the front side 111 of the solar cell 112 faces
the sun and the thermoplastic polyimide 114 acts as an
insulating layer within the solar cell panel 100. As shown
in FIG. 2, solar cell panel 100 does not include a substrate
or facesheet beneath the polyimide. In this example, panel 100 is suitable for inclusion in a flexible array.
[0031] In an embodiment, panel 100 includes a substrate as shown in FIG. 3 and be suitable for inclusion in
a rigid array. Referring to FIG. 3, a solar cell panel, designated 100’ and illustrated in cross-section, is shown
that has a solar cell 112 with a thermoplastic polyimide
114 directly bonded to the back side 113 and that has a
substrate 116 directly bonded to the thermoplastic polyimide 114 opposite the solar cell 112. The thermoplastic
polyimide 114 has a first major surface 118 and a second
major surface 120 with the first major surface 118 laminated to the solar cell 112 and the second major surface
120 laminated to the substrate 116. Similarly to FIG. 2,
no adhesives are used between any of the layers of solar
cell panel 100’. Instead, the thermoplastic polyimide 114
acts as an insulating layer and as an adherent to bond
the components of the solar cell panel 100’ together.
[0032] The elimination of the adhesive between the so-
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lar cell 112 and the polyimide 114 and between the polyimide 114 and the substrate 116, if present, reduces the
mass of the solar panel and reduces its manufacturing
cycle, which can provide higher production volume with
lower production costs. The elimination of the adhesive
may reduce the overall mass of a rigid solar array by
about 6-10% and the mass of a flexible array by about
33-38%. Eliminating the RTV adhesives also improves
the solar array by providing adjacent layers (the solar cell
and the polyimide) that have CTEs that are more closely
aligned (i.e., that have less disparity between them). Having the polyimide directly bonded to the solar cell decreases fatigue during thermal cycling, increases thermal
and power efficiency of the solar panel, and enables multiple terrestrial, aeronautical, and aerospace applications. A further benefit of bonding the solar cell 112 directly to the polyimide 114 is a more direct thermal path
for the solar cell 112, which reduces the temperature of
the solar cell 112 and inversely increases the efficiency
thereof.
[0033] The solar cell 112 of FIGS. 2 and 3 may be any
type of solar cell. In one embodiment, the solar cell 112
has a backside 113 that includes a metal or ceramic (i.e.
silicon (Si), germanium (Ge), gallium arsenide (GaAs)).
The metal or ceramic may cover the entire backside 113
of the solar cell 112 for more uniform bonding to the polyimide layer 114. In another embodiment, the metal or
ceramic may covers only part of the backside 113. The
metal may include, but is not limited to, silver, gold, and/or
zinc. "Metal" as used herein includes metals or metal
alloys or compounds or composites including at least one
metal or metal alloy.
[0034] The type of solar cell 112 that the polyimide is
directly bonded to is generally not limited. Suitable solar
cells include advanced triple junction solar cells, singlejunction or multi-junction or multicrystalline silicon solar
cells, dual-junction solar cells, inverted metamorphic
(IMM) solar cells, amorphous silicon solar cells, organic
or inorganic solar cells, CIGS solar cells, single junction
GaAs solar cell, and CdTe solar cells, and hereinafter
developed solar cells.
[0035] In one embodiment, the solar cells may have a
CTE of about 3 to 8 ppm/°C depending on the temperature.
[0036] In one embodiment, the thermoplastic polyimide has a CTE that substantially matches the CTE of the
solar cell. Substantially matched CTEs provide a superior
solar cell panel that has improved longevity because it
will experience less fatigue during thermal cycling. To be
substantially matched the CTE of the polyimide is 6
about 1%-5% of the CTE value of the solar cell in the
embodiments. For example, if the solar cell has a CTE
of 8 ppm/°C, then the CTE of the polyimide is 8 ppm/°C
6 0.08-0.4 ppm/C.
[0037] The thermoplastic polyimide may have a CTE
of about 3 to 8 ppm/°C. In one embodiment, the solar cell
has a CTE of about 3 ppm/°C and the thermoplastic polyimide has a CTE of about 3 ppm/°C. In another embod-
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iment, the solar cell has a CTE of about 4 ppm/°C and
the thermoplastic polyimide has a CTE of about 4
ppm/°C. In another embodiment, the solar cell has a CTE
of about 5 ppm/°C and the thermoplastic polyimide has
a CTE of about 5 ppm/°C. In another embodiment, the
solar cell has a CTE of about 6 ppm/°C and the thermoplastic polyimide has a CTE of about 6 ppm/°C. In another
embodiment, the solar cell has a CTE of about 7 ppm/°C
and the thermoplastic polyimide has a CTE of about 7
ppm/°C. In another embodiment, the solar cell has a CTE
of about 8 ppm/°C and the thermoplastic polyimide has
a CTE of about 8 ppm/°C.
[0038] The thermoplastic polyimides may also be characterized as being reflowable and have a reflow temperature of about 300°C or greater, but below a temperature
that would liquefy or decompose the thermoplastic polyimide and/or a temperature that would damage the selected solar cell (typically greater than 400°C). In one
embodiment, the reflow temperature of the thermoplastic
polyimide is at or between about 300°C to about 375°C.
In another embodiment, the reflow temperature of the
thermoplastic polyimide is at or between about 315°C to
about 350°C. A reflowable thermoplastic polyimide allows flexibility in the design of solar panels and solar arrays because the thermoplastic polyimide can be flowed
to and/or over irregular shapes. It also enables fabrication
of layers of uniform or non-uniform thickness.
[0039] The thermoplastic polyimides may also be characterized as being insulative. Suitable insulative thermoplastic polyimides for solar panel applications may have
a dielectric strength of about or greater than 1000 V/mil.
In one embodiment, the insulative thermoplastic polyimides may have a dielectric strength of about or greater
than 1800 V/mil or 2000 V/mil.
[0040] Once bonded to the solar cell, the thermoplastic
polyimide may be present as a layer having a thickness
of about © mil (0.0005 in) to about 10 mil (0.01 in). In
one embodiment, the thickness of the thermoplastic polyimide layer may be about 1 mil (0.001 in) to about 2 mil
(0.002 in).
[0041] In one embodiment, the thermoplastic polyimide may be a Novastrat® polyimide available from ManTech SRS Technologies, Inc. of Huntsville, Alabama.
The Novastrat® polyimide product line provides polyimides with adjustable CTEs. The Novastrat® polyimide
may be adjusted to exhibit CTEs between -16 ppm/°C
and 53 ppm/°C, including 0 ppm/°C, 10 ppm/°C, 17
ppm/°C, and 25 ppm/°C corresponding with CTE matches of graphite/epoxy, carbon steel, copper, and aluminum (respectively). The thermoplastic polyimides is a
polyimide composition comprising a combination of diamine and dianhydride components that are specifically
engineered to have a desired property, such as a CTE.
In one embodiment, the polyimide composition comprises at least one diamine monomer and at least two dianhydride monomer types, said polyimide composition engineered to have a desired property by varying the molar
ratio of the at least two dianhydride components with re-
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spect to one another. In an alternate embodiment, the
polyimide composition comprises at least two diamine
monomer types and at least one dianhydride monomer,
said polyimide composition engineered to have a desired
property by varying the molar ratio of the at least two
diamine components with respect to one another. In yet
another embodiment, the polyimide composition comprises at least two diamine monomer types and at least
two dianhydride monomer types, said polyimide composition engineered to have a desired property by varying
the molar ratio of the at least two dianhydride components
with respect to one another, by varying the molar ratio of
the at least two diamine components with respect to one
another or by varying the molar ratio of the at least two
dianhydride components with respect to one another and
varying the molar ratio of the at least two diamine components with respect to one another.
[0042] The diamine and dianhydride components may
be any diamine or dianhydride components that are
known in the art. The diamine monomers are 2,2bis[4-(4aminophenoxy)phenyl]-hexafluoropropane
(BDAF) or 4,4’-diaminobenzanilide (DABA) or combinations of the foregoing and the dianhydride monomers are
4,4’-(hexafluoroisopropylidene)di-phthalicanhydride (6FDA) and 3,3’,4,4’-biphenyltetracarboxylic acid dianhydride (s-BDPA) or combinations of the foregoing. In one
embodiment, increasing the mole percentage of BDAF
in a polyimide composition comprising DABA (89 to 50
mole %) and s-BPDA as the dianhydride (100 mole %)
increases the CTE value (determined at 25 to 200°C) of
the polyimide composition from - 15.1 ppm/K (11 mole
% BDAF) to 26.6 ppm/K (50 mole % BDAF). In another
embodiment, increasing the mole percentage of 6-FDA
in a polyimide composition comprising DABA (100 mole
%) and s-BPDA (89 and 55 mole %) increases the CTE
value (determined at 25 to 200°C) of the polyimide composition from -16.5 ppm/K (11 mole % 6-FDA) to 12.3
ppm/K (45 mole % 6-FDA). In another embodiment, increasing the mole percentage of 6-FDA in a polyimide
composition comprising DABA (67 mole %), BDAF (33
mole %) and s-BPDA (11 to 33 mole %) increases the
CTE value (determined at 25 to 200°C) of the polyimide
composition from 15.6 ppm/K (11 mole % 6-FDA) to 31.8
ppm/K (33 mole % 6-FDA). In yet another embodiment,
increasing the mole percentage of BDAF in a polyimide
composition comprising DABA (100 and 67 mole %), sBPDA (89 mole %) and 6-FDA (89 mole %) increases
the CTE value (determined at 25 to 200°C) of the polyimide composition from -16.5 ppm/K (0 mole % BDAF)
to 15.6 ppm/K (33 mole % 6-FDA).
[0043] The polyimide compositions may be prepared
as is generally known in the art (for example, see U.S.
Pat. Nos. 3,179,630 and 3,179,634, "Polyimides-Thermally Stable Polymers", Plenum Publishing (1987), "Synthesis and Characterization of Thermosetting polyimide
Oligomers for Microelectronics Packaging, Dunson D. L.,
(Dissertation submitted to faculty of the Virginia Polytechnic Institute and State University, Apr. 21, 2000) and as
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described in as described in U.S. Published Patent Application No. 2008/0214777 to Poe (assigned to SRS
Technologies).
[0044] The thermoplastic polyimides may be a bulk
source that is heated to its reflow temperature and poured
over the solar cells to form a polyimide layer. Alternately,
the thermoplastic polyimides may be a polyimide sheet
that may be laid onto the solar cells and heated to a reflow
temperature such that the polyimides flows onto and/or
over the solar cells. The "sheet" may come in many different forms, for example but not limited thereto, a mesh
or scrim, strips, or a film having a uniform or non-uniform
major surface. The thermoplastic polyimide sheet may
be "B-stage" cured such that the polyimide is handleable
as a sheet, but is still reflowable once heated to the reflow
temperature of the particular polyimide.
[0045] Substrate 116 may be any suitable material and
hereinafter developed material for aerospace, aeronautical, and/or terrestrial applications. Depending upon the
application, the properties of the substrate may vary. In
aerospace applications, for example, a suitable substrate
may be a one that provides high stiffness and is light
weight. When the substrate 116 is present and provides
stiffness, a rigid solar array may be formed using a plurality of solar cell panels, such as solar cell panel 110’.
In aeronautical applications, a suitable substrate may be
any material suitable for the skin of an aircraft or other
aeronautical apparatus or device. In terrestrial applications, a suitable substrate may be one that draws heat
away from the solar cells. The substrate may also provides a solid surface for mounting the solar cell-polyimide
composite thereto and/or into a solar array.
[0046] The substrate 116 is or includes graphite, aramid-based materials, carbon fiber materials, metal or
metal alloys, and/or composites containing one or more
of these materials. In one example where the solar cell
panel is for an aerospace application, the substrate may
be or include graphite and/or aramid-based materials. In
one example where the solar cell panel is for an aeronautical application, the substrate may be or include
graphite, aramid-based, carbon fiber and/or aluminum
metal or metal alloy materials. In another example for an
aeronautical application, the substrate may be or include
a composite material, for example, a carbon fiber/epoxy
composite or a ceramic composite. In one example
where the solar cell panel is for a terrestrial application,
the substrate may be or include copper and/or aluminum
metals or metal alloys.
[0047] In another embodiment, as shown in FIG. 4, a
solar panel 110’ includes the polyimide 114 bonded to a
substrate 116, which may be a honeycomb composite
substrate. The honeycomb composite substrate 116 may
include a facesheet 132 and a honeycomb core 130 that
are co-cured, laminated, or directly bonded to the polyimide layer 114. In one embodiment, a graphite or an
aramid-based material is the facesheet 132 of the honeycomb composite substrate 116. The honeycomb core
130 functions as a heat sink and stiffener structure. As
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used herein the term honeycomb refers to any non-solid
pattern. The preferred pattern has hexagonal, i.e. "honeycomb", shaped cells. Alternately, the pattern could be
squares or some other geometric shape. The core is preferably formed from a light weight, high thermally conductive material such as aluminum.
[0048] Now turning to FIGS. 5-6, the solar cells 112
may be interconnected to at least one other solar cell by
traditional interconnections. In addition or as an alternative to the solar cell interconnections, the solar cell panels, generally designated 120 and 120’ in FIGS. 5-6 may
include at least one embedded harness 122, 123, respectively, for interconnecting the solar cells and/or solar
cell panels to one another. Solar cell panel 120 (FIG. 5)
is similar to solar cell panel 100 of FIG. 2 except that a
harness 122 is included. The harness 122 is embedded
in the polyimide layer 114 such that the harness is in
electrical contact with the solar cell 112. The harness 122
may include first leads 124 that extend through the polyimide layer 114 and exit a major surface of the polyimide
114 or the panel 120 opposite the solar cell 112. In another embodiment, second leads 126 may be present
that extend out of an edge (left or right side relative to
the illustration on the page) of the polyimide layer 114.
In another embodiment, the harness 122 may include
both the first and second leads 124, 126. While two leads
have been illustrated for each of the first leads 124 and
the second leads 126, the harness is not limited thereto.
One of skill in the art will appreciate that any number of
leads may be appropriate for connecting a plurality of
solar cells 112 and/or solar panels 120 together.
[0049] The harness 122 of FIG. 5 may have any shape
or configuration that allows for embedding the harnesses
in the thermoplastic polyimide 114 or for flowing the thermoplastic polyimide around the harness 122 and over
the solar cell 112. For example, the harness 122 may be
in the form of a mesh or scrim that has leads such as
leads 124, 126 extending therefrom. The harness 122
may be a flat flexible copper or aluminum harness or
other thin wire harness materials/alloys. The material for
the harness is preferably selected to be substantially CTE
matched to the CTE values of the solar cell and/or the
thermoplastic polyimide.
[0050] Now referring to FIG. 6, solar cell panel 120’ is
similar to solar cell panel 100’ of FIG. 3 having substrate
116, but including harness 123. Similar to harness 122
of FIG.5, harness 123 in FIG. 6 is embedded in the polyimide layer 114 such that the harness 123 is in electrical
contact with the solar cell 112. The harness 123 may
include first leads 124 that exit a major surface of the
substrate 116 opposite the solar cell 112, second leads
126 that extend out of an edge (left or right side relative
to the illustration on the page) of polyimide layer 114,
and/or third leads 128 exiting or extending out of an edge
of the substrate 116. The position of the leads 124, 126,
and 128 are not limited and may be anywhere along the
edge of polyimide 114 for leads 126, 128 and anywhere
along the major surface of the substrate 116 for leads
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124. While two leads have been illustrated for each of
first leads 124, second leads 126, and third leads of harness 123, the harness is not limited thereto. One of skill
in the art will appreciate that any number of leads may
be appropriate for connecting a plurality of solar cells 112
and/or solar cell panel 120’ together.
[0051] Similarly to harness 122, harness 123 may have
any shape or configuration that allows for embedding the
harnesses in the thermoplastic polyimide 114 or for flowing the thermoplastic polyimide around the harness 123
and over the solar cell 112. For example, the harness
123 may be in the form of a mesh or scrim that has leads
such as leads 124, 126 extending therefrom. The harness 123 may be a flat flexible copper or aluminum harness or other thin wire harness materials/alloys.
[0052] In the present invention, to make repairs easier
and to minimize cost, the solar cell panels may be formed
in modular units having from one solar cell to about 20
solar cells bonded together by the thermoplastic polyimide. In one embodiment, the modular unit includes one
to eight solar cells. Accordingly, the modular unit may
include eight solar cells, seven solar cells, six solar cells,
five solar cells, four solar cells, three solar cells, two solar
cells, or one solar cell. In an array having hundreds of
solar cells, when one modular unit is damaged or defective it may be replaced. The harnesses described above
can provide connectability for the modular units that also
contributes to the replaceability thereof.
[0053] Referring now to FIG. 7, a flow chart is shown
that depicts a method 200 of constructing solar cell panels having the following steps: step 202 - providing a solar
cell that has a front side and a back side where the front
side faces the sun during normal operation; step 204 heating a thermoplastic polyimide to at least its reflow
temperature; step 206 - flowing the thermoplastic polyimide onto the back side of the solar cell; step 208 - cooling the thermoplastic polyimide to a temperature below
its reflow temperature to bond the thermoplastic polyimide directly to the solar cell. The solar cell provided may
be any type of solar cell, as described above.
[0054] Step 204 may include heating the thermoplastic
polyimide to a reflow temperature of greater than about
300°C, but below a temperature that would liquefy or decompose the thermoplastic polyimide and/or a temperature that would damage the selected solar cell. As such,
the temperatures may vary depending upon the melting,
or reflow, temperature of the thermoplastic being used.
For example, appropriate thermoplastics may have melting points ranging from about 100°C to about 400°C, and
the temperature for the heating step may vary from about
100°C to about 400°C. In one embodiment, the reflow
temperature of the thermoplastic polyimide is at or between about 300°C to about 375°C. Accordingly, step
204 includes heating to a temperature at or between
about 300°C to about 375°C. In another embodiment,
the reflow temperature of the thermoplastic polyimide is
at or between about 315°C to about 350°C. In addition,
the thermoplastic should have a reflow temperature
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above temperatures at which the solar cell panel may be
subsequently processed and/or used. In this manner, the
thermoplastic may not reflow subsequent to attachment.
[0055] It is understood that the heating step 204 may
be performed in or by any suitable apparatus or mechanisms for controlling the heat applied to the thermoplastic
polyimide. In one embodiment, the heating step may be
performed by an oven, microwave or other forms of radiation, a hot water bath, or other apparatus or methods.
The application of pressure is generally not necessary
for the steps of method 200 and as such the steps may
be performed at ambient pressure. If changing or controlling the pressure is desired, it may be applied by any
suitable means.
[0056] The step 206 of flowing the thermoplastic polyimide may be by any known or herein after developed
mechanism or method. In one embodiment, a solar cell,
plurality of solar cells, and/or sheet of solar cells may be
placed on a casting table (optionally treated with a release agent) with the back side of the solar cells facing
up and the thermoplastic polyimide after being heated to
a reflow temperature may be poured or flowed over the
solar cells. The thermoplastic polyimide is then cooled
to ambient temperature. Thereafter, the solar panel(s)
may be removed from the casting table. In another embodiment, the solar cell, plurality of solar cells, and/or
sheet of solar cells may be suspended or transported for
continuous or discontinuous application of the flowable
thermoplastic polyimide using known or herein after developed coating techniques. After coating the solar cell(s)
with the flowable thermoplastic polyimide, the polyimide
is allowed to cool to ambient temperature.
[0057] As a result of carrying out steps 202 to 208, a
solar cell panel having a cross section similar to that depicted in FIG. 2 is formed. These solar cell panels may
be included in a flexible array of solar panels.
[0058] In order to provide a rigid array, the method 200
includes the step 210 of bonding a substrate to thermoplastic polyimide opposite the back side of the solar cell.
Step 210 may be performed subsequent to the bonding
of the thermoplastic polyimide to the solar cell (steps 204
through 206) or contemporaneously therewith. If bonded
subsequently, step 210 may include the application of
heat and pressure to bond the substrate to the thermoplastic polyimide. It is understood that the bonding step
210 may be performed in or by any suitable apparatus
or mechanisms, including but not limited to an autoclave
or other similar apparatus for controlling the heat and
pressure applied to the solar cell and polyimide. In one
embodiment, the heating step may be performed by an
oven, a hot water bath, microwaves or other forms of
radiation, or other apparatus or methods. If the substrate
is bonded contemporaneously with the solar cell, the substrate may be placed on the thermoplastic polyimide prior
to the cooling step 208, preferably after the flowing step
206.
[0059] Still referring to FIG. 7, the solar cell provided
in step 202 may include a harness electrically connected
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to the solar cell, typically to the back side of the solar cell.
Thus, the method may include a step of electrically connecting the harness to the solar cell. The harness is preferably electrically connected to the solar cell before flowing the thermoplastic polyimide thereover. The harness
is characterized as being connectable to another solar
cell, solar cell panel, or harness.
[0060] Suitable solar cells, thermoplastic polyimides,
substrates, and harnesses for use in the method 200 are
discussed above with respect to FIGS. 2-6.
[0061] Referring now to FIG. 8, a flow chart is shown
that depicts a method 300 of constructing a modular solar
cell array having the following steps: step 302 - providing
a plurality of solar cells that each have a front side and
a back side where the front side faces the sun during
normal operation; step 304 - heating a thermoplastic
polyimide to at least its reflow temperature; step 306 flowing the thermoplastic polyimide onto the back sides
of the plurality of solar cells; step 308 - cooling the thermoplastic polyimide to a temperature below its reflow
temperature to bond the thermoplastic polyimide directly
to the plurality of solar cells; and step 309 - electrically
connecting the plurality of solar cells to at least one other
solar cell within the array.
[0062] The solar cells provided may be any suitable
solar cell 112 as described above. In one embodiment,
each solar cell 112 may include a harness 120 or 120’
electrically connected thereto. Typically, the harness
120, 120’ is electrically connected to the back side of the
solar cell 112. Thus, the method 300 may include a step
of electrically connecting a harness to each of the solar
cells. The harness 120, 120’ is preferably electrically connected to the solar cell 112 before flowing the thermoplastic polyimide 114 thereover. The harness is characterized as being connectable to another solar cell, solar
cell panel, or harness. In one embodiment, as shown in
FIGS. 5-6, the harness 120, 120’ may be an extension
harness that connects a solar cell panel 100 or 100’ to
at least one other solar cell panel 100 or 100’. A separate
connection may be provided for solar cell 112 to solar
cell 112 interconnection. The harness 120, 120’ may carry power back to the platform upon which the panels are
mounted such as a spacecraft, aircraft, or terrestrial
structure. In another embodiment, the harness 120, 120’
may provide both the solar cell 112 to solar cell 112 interconnection and the interconnection that interconnects
a plurality of solar cell panels to carry power back to the
platform upon which the panels are mounted.
[0063] The heating step 304, the flowing step 306, and
the cooling step 308 may be similar to steps 204 through
208 described above for method 200.
[0064] Still referring to FIG. 8, method 300 also includes step 309 where the plurality of solar cells are each
electrically connected to at least one other solar cell within the array. Step 309 may include any method of electrically connecting the leads of the harness, described
above with respect to FIGS. 5 and 6, to a harness of
another solar cell panel or directly to another solar cell
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or solar cell panel. In one embodiment, step 309 may
include soldering the leads together or to another solar
cell or solar cell panel. In another embodiment, step 309
may include twisting the leads of two or more solar cell
panels together using a wire cap. In another embodiment,
step 309 may include plugging a lead from a harness of
a first solar cell panel into a receptacle on another harness or a second solar cell panel.
[0065] Method 300 also includes a step, step 310, similar to step 210 of FIG. 7, of bonding a substrate to a face
of the multilayer polyimide such as the face opposite the
solar cell. Similarly to method 200, the bonding of the
substrate may occur subsequent to the bonding of the
solar cell to the thermoplastic polyimide or contemporaneously therewith.
[0066] The application of pressure is generally not necessary for the steps of method 300 and as such the steps
may be performed at ambient pressure. If changing or
controlling the pressure is desired, it may be applied by
any suitable means. In one embodiment, the substrate
includes a composite matrix and pressure may be applied
during the flowing step 306 to ensure that the thermoplastic polyimide flows into any voids present on/in the
composite matrix.
[0067] Suitable solar cells, thermoplastic polyimides,
substrates, and harnesses for use in the method 300 are
discussed above with respect to FIGS. 2-6.
[0068] The embodiments of this invention described in
detail and by reference to specific exemplary embodiments of the solar cell panels and methods are within the
scope of the appended claims. It is contemplated that
numerous other modifications and variations of the solar
cell panels and methods may be created taking advantage of the disclosed approach. In short, it is the applicants’ intention that the scope of the patent issuing herefrom be limited only by the scope of the appended claims.

Claims
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A method of constructing a solar cell panel (100),
the method comprising:
providing a solar cell (112) having a front side
(111) and a back side (113), the front side (111)
of the solar cell (112) facing the sun during normal operation;
heating a thermoplastic polyimide (114) to at
least its reflow temperature;
flowing the thermoplastic polyimide (114) onto
the back side (113) of the solar cell (112) while
heated to at least its reflow temperature;
cooling the thermoplastic polyimide (114) to a
temperature below its reflow temperature to
bond the thermoplastic polyimide (114) directly,
without an adhesive, to the solar cell (112)
bonding, without an adhesive, a substrate (116)
to the thermoplastic polyimide (114) opposite
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the back side (113) of the solar cell (112), the
substrate (116) comprising graphite, aramidbased material, carbon fibers, metal or metal alloys, and/or combinations thereof;
wherein the thermoplastic polyimide (114) comprises:
at least one diamine monomer and at least two
dianhydride monomers, at least two diamine
monomers and at least one dianhydride monomer, or at least two diamine monomers and two
dianhydride monomers, wherein the diamine
monomers are selected from the group consisting of 2,2-bis[4-(4aminophenoxy)phenyl]-hexafluoropropane and 4,4’-diaminobenzanilide,
and combinations thereof, and wherein the dianhydride monomers are selected from the
group consisting of 4,4’-(hexafluoroisopropylidene)di-phthalicanhydride and 3,3’,4,4’-biphenyltetracarboxylic acid dianhydride, and combinations thereof, wherein the thermoplastic polyimide (114) has a coefficient of thermal expansion of 6 1%-5% of a coefficient of thermal expansion of the solar cell (112).

5
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11. The method of any of claims 1-10 wherein the back
side (113) of the solar cell includes a metal or ceramic.
15
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3.

The method of claim 1 or 2, wherein the thermoplastic polyimide (114) has a coefficient of thermal expansion that substantially matches a coefficient of
thermal expansion of the solar cell (112).

30

4.

The method of claim 3 wherein the coefficient of thermal expansion of the solar cell (112) is about 3 to 8
ppm/°C.

35

5.

The method of claim 1 or 2 wherein the reflow temperature is greater than about 300 °C and less than
about 400 °C.

7.

The method of any of claims 1-6 wherein the cooling
of the thermoplastic polyimide (114) includes cooling
to an ambient temperature.

8.

The method of any of claims 1-7 further comprising
providing the thermoplastic polyimide (114) as a
polyimide sheet, and placing the polyimide sheet on
the solar cell (112) before heating, flowing, and cooling the thermoplastic polyimide (114).
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9.

12. The method of any of claims 1-11 further comprising
electrically connecting a harness (122, 123) to the
back side of the solar cell (112) before flowing the
thermoplastic polyimide (114), the harness (122,
123) being connectable to another solar cell (112),
solar cell panel (100), or harness (122, 123).
13. A solar cell panel, comprising

The method of claim 1, further comprising providing
a plurality of solar cells (112), electrically connecting
each of the plurality of solar cells (112) to at least
one other solar cell forming an array.

The method of any of claims 1-5 wherein heating
includes heating the thermoplastic polyimide (114)
to about 300 °C to about 375 °C.

bonding the substrate (116) to the thermoplastic
polyimide (114) including applying heat and
pressure thereto after the cooling step; and
placing the substrate (116) on the thermoplastic
polyimide (114) prior to cooling the thermoplastic polyimide (114).
10. The method of any of claims 1-9 wherein the substrate (116) is a composite material.

2.

6.

16

55

The method of any of claims 1-8 further comprising
at least one of the following steps:

a solar cell (112) having a front side (111) and
a back side (113), the front side (111) of the solar
cell (112) facing the sun during normal operation;
a thermoplastic polyimide (114) bonded directly,
without an adhesive, on the back side (113) of
the solar cell (112); and
a substrate (116) bonded to the thermoplastic
polyimide (114) , without an adhesive, opposite
the back side (113) of the solar cell (112);
wherein the substrate (116) is a composite material, the composite material comprising graphite, aramid-based material, carbon fibers, metal
or metal alloys, and/or combinations thereof;
wherein the thermoplastic polyimide (114) comprises:
at least one diamine monomer and at least two
dianhydride monomers, at least two diamine
monomers and at least one dianhydride monomer, or at least two diamine monomers and two
dianhydride monomers, wherein the diamine
monomers are selected from the group consisting of 2,2-bis[4-(4-aminophenoxy)phenyl]-hexafluoropropane and 4,4’-diaminobenzanilide,
and combinations thereof, and wherein the dianhydride monomers are selected from the
group consisting of 4,4’-(hexafluoroisopropylidene)di-phthalicanhydride and 3,3’,4,4’-biphenyltetracarboxylic acid dianhydride, and combinations thereof, wherein the thermoplastic polyimide (114) has a coefficient of thermal expansion of 6 1%-5% of a coefficient of thermal expansion of the solar cell (112).
14. A modular solar array comprising the solar cell panel

9
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moplastische Polyimid (114) einen Wärmeausdehnungskoeffizienten aufweist, der im Wesentlichen
dem Wärmeausdehnungskoeffizienten der Solarzelle (112) entspricht.

according to claim 13.

Patentansprüche
5

1.

Verfahren zur Herstellung eines Solarzellenpaneels
(100), wobei das Verfahren aufweist:
Bereitstellen einer Solarzelle (112) mit einer
Vorderseite (111) und einer Rückseite (113),
wobei die Vorderseite (111) der Solarzelle (112)
im Normalbetrieb der Sonne zugewandt ist;
Erhitzen eines thermoplastischen Polyimids
(114) auf mindestens seine Reflow-Temperatur;
Fließenlassen des thermoplastischen Polyimids
(114) auf die Rückseite (113) der Solarzelle
(112), während es auf mindestens seine ReflowTemperatur erhitzt ist;
Abkühlen des thermoplastischen Polyimids
(114) auf eine Temperatur unterhalb seiner Reflow-Temperatur, um das thermoplastische Polyimid (114) direkt, ohne einen Klebstoff, mit der
Solarzelle (112) zu verbinden
Kleben eines Substrats (116) ohne Klebstoff an
das thermoplastische Polyimid (114) gegenüber
der Rückseite (113) der Solarzelle (112), wobei
das Substrat (116) Graphit, Material auf Aramidbasis, Kohlenstofffasern, Metall oder Metalllegierungen und/oder Kombinationen davon aufweist;
wobei das thermoplastische Polyimid (114) aufweist:
mindestens ein Diaminmonomer und mindestens zwei Dianhydridmonomere, mindestens
zwei Diaminmonomere und mindestens ein Dianhydridmonomer oder mindestens zwei Diaminmonomere und zwei Dianhydridmonomere,
wobei die Diaminmonomere ausgewählt sind
aus der Gruppe bestehend aus 2,2Bis[4-(4aminophenoxy)phenyl]-hexafluorpropan und 4,4’-Diaminobenzanilid und Kombinationen davon, und wobei die Dianhydridmonomere aus der Gruppe ausgewählt sind, die aus
4,4’-(Hexafluorisopropyliden)di-Phthalicanhydrid und 3,3’,4,4’-Biphenyltetracarbonsäuredianhydrid und Kombinationen davon besteht, wobei
das thermoplastische Polyimid (114) einen Wärmeausdehnungskoeffizienten von 6 1 % bis 5
% eines Wärmeausdehnungskoeffizienten der
Solarzelle (112) aufweist.

2.

3.

Verfahren nach Anspruch 1, des Weiteren aufweisend das Bereitstellen einer Vielzahl von Solarzellen
(112), das elektrische Verbinden jeder der Vielzahl
von Solarzellen (112) mit mindestens einer anderen
Solarzelle zur Bildung einer Anordnung.

10

4.

Verfahren nach Anspruch 3, wobei der Wärmeausdehnungskoeffizient der Solarzelle (112) etwa 3 bis
8 ppm/°C beträgt.

5.

Verfahren nach Anspruch 1 oder 2, wobei die Reflow-Temperatur größer als etwa 300 °C und kleiner
als etwa 400 °C ist.

6.

Verfahren nach einem der Ansprüche 1 bis 5, wobei
das Erhitzen das Erhitzen des thermoplastischen
Polyimids (114) auf etwa 300 °C bis etwa 375 °C
aufweist.

7.

Verfahren nach einem der Ansprüche 1 bis 6, wobei
das Abkühlen des thermoplastischen Polyimids
(114) das Abkühlen auf Umgebungstemperatur aufweist.

8.

Verfahren nach einem der Ansprüche 1 bis 7, des
Weiteren mit dem Bereitstellen des thermoplastischen Polyimids (114) als Polyimidfolie und dem Anbringen der Polyimidfolie auf der Solarzelle (112) vor
dem Erhitzen, Fließenlassen und Abkühlen des thermoplastischen Polyimids (114).

9.

Verfahren nach einem der Ansprüche 1 bis 8, des
Weiteren mit mindestens einen der folgenden Schritte:
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Verbinden des Substrats (116) mit dem thermoplastischen Polyimid (114) einschließlich dem
Aufbringens von Wärme und Druck darauf nach
dem Kühlschritt; und
Platzieren des Substrats (116) auf dem thermoplastischen Polyimid (114) vor dem Abkühlen
des thermoplastischen Polyimids (114).
10. Verfahren nach einem der Ansprüche 1 bis 9, wobei
das Substrat (116) ein Verbundmaterial ist.

45

11. Verfahren nach einem der Ansprüche 1 bis 10, wobei
die Rückseite (113) der Solarzelle ein Metall oder
eine Keramik aufweist.
50

55

Verfahren nach Anspruch 1 oder 2, wobei das ther-

10

12. Verfahren nach einem der Ansprüche 1 bis 11, des
Weiteren mit dem elektrischen Verbinden eines Leitungssatzes (122, 123) mit der Rückseite der Solarzelle (112), bevor das thermoplastische Polyimid
(114) fließt, wobei der Leitungssatz (122, 123) mit
einer anderen Solarzelle (112), dem Solarzellenpaneel (100) oder einem Leitungssatz (122, 123) verbunden werden kann.
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13. Solarzellenpaneel, aufweisend
eine Solarzelle (112) mit einer Vorderseite (111)
und einer Rückseite (113), wobei die Vorderseite (111) der Solarzelle (112) im Normalbetrieb
der Sonne zugewandt ist;
ein thermoplastisches Polyimid (114), das ohne
Klebstoff direkt auf die Rückseite (113) der Solarzelle (112) geklebt ist; und
ein Substrat (116), das entgegengesetzt zu der
Rückseite (113) der Solarzelle (112) ohne Klebstoff mit dem thermoplastischen Polyimid (114)
verbunden ist;
wobei das Substrat (116) ein Verbundwerkstoff
ist, wobei der Verbundwerkstoff Graphit, Material auf Aramidbasis, Kohlenstofffasern, Metall
oder Metalllegierungen und/oder Kombinationen davon aufweist;
wobei das thermoplastische Polyimid (114) aufweist:
mindestens ein Diaminmonomer und mindestens zwei Dianhydridmonomere, mindestens
zwei Diaminmonomere und mindestens ein Dianhydridmonomer oder mindestens zwei Diaminmonomere und zwei Dianhydridmonomere,
wobei die Diaminmonomere ausgewählt sind
aus der Gruppe bestehend aus 2,2-Bis[4-(4aminophenoxy)phenyl]-hexafluorpropan und
4,4’-Diaminobenzanilid und Kombinationen davon, und wobei die Dianhydridmonomere aus
der Gruppe ausgewählt sind, die aus 4,4’-(Hexafluorisopropyliden)di-Phthalicanhydrid und
3,3’,4,4’-Biphenyltetracarbonsäuredianhydrid
und Kombinationen davon besteht, wobei das
thermoplastische Polyimid (114) einen Wärmeausdehnungskoeffizienten von 61 % bis 5 %
des Wärmeausdehnungskoeffizienten der Solarzelle (112) aufweist.
14. Modulare Solaranordnung mit dem Solarzellenpaneel nach Anspruch 13.

pérature de refusion ;
le refroidissement du polyimide thermoplastique
(114) à une température inférieure à sa température de refusion pour lier le polyimide thermoplastique (114) directement, sans adhésif, à la
cellule solaire (112)
la liaison, sans adhésif, d’un substrat (116) au
polyimide thermoplastique (114) à l’opposé de
la face arrière (113) de la cellule solaire (112),
le substrat (116) comprenant du graphite, un
matériau à base d’aramide, des fibres de carbone, un métal ou des alliages métalliques,
et/ou des combinaisons correspondantes ;
le
polyimide
thermoplastique
(114)
comprenant :
au moins un monomère de type diamine et au
moins deux monomères de type dianhydride, au
moins deux monomères de type diamine et au
moins un monomère de type dianhydride, ou au
moins deux monomères de type diamine et deux
monomères de type dianhydride, les monomères de type diamine étant choisis dans le groupe
constitué par le 2,2-bis [4-(4-aminophénoxy)phényl]-hexafluoropropane et le 4,4’-diaminobenzanilide, et des combinaisons correspondantes, et les monomères de type dianhydride étant choisis dans le groupe constitué par
l’anhydride
4,4’-(hexafluoroisopropylidène)diphtalique et le dianhydride de l’acide
3,3’,4,4’-biphényltétracarboxylique, et des combinaisons correspondantes, le polyimide thermoplastique (114) possédant un coefficient
d’expansion thermique de 6 1 % à 5 % d’un
coefficient d’expansion thermique de la cellule
solaire (112).
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2.

Procédé selon la revendication 1, comprenant en
outre la mise à disposition d’une pluralité de cellules
solaires (112), la connexion électrique de chacune
parmi la pluralité de cellules solaires (112) à au
moins une autre cellule solaire formant un réseau.

3.

Procédé selon la revendication 1 ou 2, le polyimide
thermoplastique (114) possédant un coefficient d’expansion thermique qui correspond sensiblement à
un coefficient d’expansion thermique de la cellule
solaire (112).

4.

Procédé selon la revendication 3, le coefficient d’expansion thermique de la cellule solaire (112) étant
d’environ 3 à 8 ppm/°C.

5.

Procédé selon la revendication 1 ou 2, la température de refusion étant supérieure à environ 300 °C
et inférieure à environ 400 °C.

6.

Procédé selon l’une quelconque des revendications
1 à 5, le chauffage comprenant le chauffage du po-

40

Revendications
45

1.

Procédé de construction d’un panneau de cellules
solaires (100), le procédé comprenant :
la mise à disposition d’une cellule solaire (112)
possédant une face avant (111) et une face arrière (113), la face avant (111) de la cellule solaire (112) faisant face au soleil pendant un fonctionnement normal ;
le chauffage d’un polyimide thermoplastique
(114) au moins à sa température de refusion ;
l’écoulement du polyimide thermoplastique
(114) sur la face arrière (113) de la cellule solaire
(112) tout en étant chauffé au moins à sa tem-
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lyimide thermoplastique (114) à environ 300 °C jusqu’à environ 375 °C.
7.

8.

9.

Procédé selon l’une quelconque des revendications
1 à 6, le refroidissement du polyimide thermoplastique (114) comprenant un refroidissement à une température ambiante.
Procédé selon l’une quelconque des revendications
1 à 7, comprenant en outre la mise à disposition du
polyimide thermoplastique (114) en tant qu’une
feuille de polyimide, et le placement de la feuille de
polyimide sur la cellule solaire (112) avant chauffage, écoulement, et refroidissement du polyimide
thermoplastique (114).
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Procédé selon l’une quelconque des revendications
1 à 8, comprenant en outre au moins l’une des étapes
suivantes :
20

liaison du substrat (116) au polyimide thermoplastique (114), y compris l’application de chaleur et de pression à ceux-ci après l’étape de
refroidissement ; et
le placement du substrat (116) sur le polyimide
thermoplastique (114) avant de refroidir le polyimide thermoplastique (114).
10. Procédé selon l’une quelconque des revendications
1 à 9, le substrat (116) étant un matériau composite.
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13. Panneau de cellules solaires, comprenant
une cellule solaire (112) possédant une face
avant (111) et une face arrière (113), la face
avant (111) de la cellule solaire (112) faisant face au soleil pendant un fonctionnement normal ;
un polyimide thermoplastique (114) lié directement, sans adhésif, à la face arrière (113) de la
cellule solaire (112) ; et
un substrat (116) lié au polyimide thermoplastique (114), sans adhésif, à l’opposé de la face
arrière (113) de la cellule solaire (112) ;
le substrat (116) étant un matériau composite,
le matériau composite comprenant du graphite,

un matériau à base d’aramide, des fibres de carbone, un métal ou des alliages métalliques,
et/ou des combinaisons correspondantes ;
le
polyimide
thermoplastique
(114)
comprenant :
au moins un monomère de type diamine et au
moins deux monomères de type dianhydride, au
moins deux monomères de type diamine et au
moins un monomère de type dianhydride, ou au
moins deux monomères de type diamine et deux
monomères de type dianhydride, les monomères de type diamine étant choisis dans le groupe
constitué par le 2,2-bis [4-(4-aminophénoxy)phényl]-hexafluoropropane et le 4,4’-diaminobenzanilide, et des combinaisons correspondantes, et les monomères de type dianhydride étant choisis dans le groupe constitué par
l’anhydride
4,4’-(hexafluoroisopropylidène)diphtalique et le dianhydride de l’acide
3,3’,4,4’-biphényltétracarboxylique, et des combinaisons correspondantes, le polyimide thermoplastique (114) possédant un coefficient
d’expansion thermique de 6 1 % à 5 % d’un
coefficient d’expansion thermique de la cellule
solaire (112).
14. Réseau solaire modulaire comprenant le panneau
de cellules solaires selon la revendication 13.

11. Procédé selon l’une quelconque des revendications
1 à 10, la face arrière (113) de la cellule solaire comprenant un métal ou une céramique.
12. Procédé selon l’une quelconque des revendications
1 à 11, comprenant en outre la connexion électrique
d’un harnais (122, 123) à la face arrière de la cellule
solaire (112) avant l’écoulement du polyimide thermoplastique (114), le harnais (122, 123) pouvant
être connecté à une autre cellule solaire (112), un
autre panneau de cellules solaires (100), ou un autre
harnais (122, 123).
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