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A system includes a first photovoltaic module and a second photovoltaic module, each having a first end, an opposite second end,
a first side extending from the first end to the second end, a second side opposite the first side and extending from the first end to
the second end, a first surface and a second surface opposite the first surface, at least one solar cell, an encapsulant
encapsulating the at least one solar cell, and a frontsheet juxtaposed with a first surface of the encapsulant. A second surface of
the first photovoltaic module proximate to a second side thereof is attached to the first surface of the second photovoltaic module
proximate to the first side thereof. A second surface of the first photovoltaic module proximate to a second end thereof is attached
to the first surface of the second photovoltaic module proximate to the first end thereof.
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Abstract:

A system includes a first photovoltaic module and a second photovoltaic module, each having a first
end, an opposite second end, a first side extending from the first end to the second end, a second side
opposite the first side and extending from the first end to the second end, a first surface and a second
surface opposite the first surface, at least one solar cell, an encapsulant encapsulating the at least one
solar cell, and a frontsheet juxtaposed with a first surface of the encapsulant. A second surface of the
first photovoltaic module proximate to a second side thereof is attached to the first surface of the
second photovoltaic module proximate to the first side thereof. A second surface of the first
photovoltaic module proximate to a second end thereof is attached to the first surface of the second
photovoltaic module proximate to the first end thereof.
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THREE-DIMENSIONAL LAMINATE PHOTOVOLTAIC MODULE

Cross-Reference to Related Applications

[0001] This application is a Section 111(a) application relating to and claiming the
benefit of commonly-owned, co-pending U.S. Provisional Patent Application Serial No.
63/007,570, filed April 9, 2020, entitled “THREE-DIMENSIONAL LAMINATE SOLAR
ROOF TILE,” U.S. Provisional Patent Application Serial No. 63/035,470, filed June 5, 2020,
10 entitled “THREE-DIMENSIONAL LAMINATE SOLAR ROOF TILE,” and U.S. Provisional
Patent Application Serial No. 63/117,172, filed November 23, 2020, entitled “THREE-
DIMENSIONAL LAMINATE SOLAR ROOF TILE,” the contents of which are incorporated

herein by reference in their entirety.

Field of the Invention

15
[0002] The present invention relates to roof-integrated photovoltaic modules. More
particularly, the present invention relates to roof-integrated photovoltaic modules having three-
dimensional elements, and roofing systems including such modules
Background

20  [0003] Solar modules can be placed on building roofs (e.g., residential roofs) to generate

electricity. One obstacle to mass-market adoption of solar roofing is poor aesthetics. Standard
rack-mounted photovoltaic (“PV”") systems have a very different appearance than traditional
roofing materials (e.g., asphalt shingles, wooden shingles, slate shingles, etc.), which can draw
unwanted attention. Even low-profile PV systems still receive poor aesthetic feedback from

25 consumers.
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[0004] Specifically, typical photovoltaic module materials and circuit formations are
planar and do not visually match the look of asphalt roofing shingles, which themselves have
multiple layers. Also, typical roof shingles overlap from one row to the next down the roof,
ensuring that nails and any gaps are covered and preventing water from reaching the roof deck.
5  photovoltaic modules that are larger than a single row do not have this overlapping and need to

be separately flashed in with the other roofing material.

Summary

[0005] In an embodiment, a system includes a first photovoltaic module and a second
photovoltaic module, each of the first photovoltaic module and second photovoltaic module
10 includes a first end, a second end opposite the first end, a first side extending from the first end
to the second end, a second side opposite the first side and extending from the first end to the
second end, a first surface and a second surface opposite the first surface; at least one solar cell;
an encapsulant encapsulating the at least one solar cell, wherein the encapsulant includes a first
surface and a second surface opposite the first surface of the encapsulant; and a frontsheet
15  juxtaposed with the first surface of the encapsulant, wherein the second surface of the first
photovoltaic module proximate to the second side of the first photovoltaic module is attached to
the first surface of the second photovoltaic module proximate to the first side of the second

photovoltaic module.

[0006] In an embodiment, the first photovoltaic module is ultrasonically welded to the
20  second photovoltaic module. In an embodiment, the first photovoltaic module is heat welded to
the second photovoltaic module. In an embodiment, the first photovoltaic module is thermally
bonded to the second photovoltaic module. In an embodiment, the first photovoltaic module is

attached to the second photovoltaic module by an adhesive. In an embodiment, the first
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photovoltaic module is attached to the second photovoltaic module by an adhesive tape.

[0007] In an embodiment, each of the first photovoltaic module and second photovoltaic
module includes a backsheet juxtaposed with the second surface of the encapsulant. In an
embodiment, the backsheet includes thermoplastic polyolefin (TPO). In an embodiment, each of

5  the first photovoltaic module and the second photovoltaic module includes a first electrical
bussing located proximate to the first end thereof, a second electrical bussing located proximate

to the second end thereof, a first solder pad extending outwardly from an upper surface of the
frontsheet and electrically connected to the first electrical bussing, and a second solder pad
extending outwardly from the upper surface of the frontsheet and electrically connected to the

10  second electrical bussing. In an embodiment, the first photovoltaic module includes a first power
optimizer, and the second photovoltaic module includes a second power optimizer. In an
embodiment, the system includes a junction box electrically connected to the first power

optimizer and the second power optimizer.

[0008] In an embodiment, the system includes a third electrical bussing electrically
15  connected to the first solder pad of the first photovoltaic module and a first terminal of the first
power optimizer, a fourth electrical bussing electrically connected to the second solder pad of the
first photovoltaic module and a second terminal of the first power optimizer, a fifth electrical
bussing electrically connected to the first solder pad of the second photovoltaic module and to a
first terminal of the second power optimizer, a sixth electrical bussing electrically connected to
20  the second solder pad of the second photovoltaic module and a second terminal of the second
power optimizer, a seventh electrical bussing electrically connected to the first terminal of the
first power optimizer and to the junction box, an eighth electrical bussing electrically connected

to the first terminal of the second power optimizer and the junction box, and a ninth electrical
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bussing electrically connected to the second terminal of the first power optimizer and the second

terminal of the second power optimizer.

[0009] In an embodiment, each of the first photovoltaic module and the second
photovoltaic module includes at least one side flap located at the first end. In an embodiment,
5 the system includes a first power optimizer and a first junction box electrically connected to the
first power optimizer, wherein the first power optimizer and the first junction box are juxtaposed

with the at least one side flap of the first photovoltaic module.

[0010] In an embodiment, a system includes a first photovoltaic module and a second
photovoltaic module, each of the first photovoltaic module and the second photovoltaic module
10 includes a first end, a second end opposite the first end, a first side extending from the first end
to the second end, a second side opposite the first side and extending from the first end to the
second end, a first surface and a second surface opposite the first surface; at least one solar cell;
an encapsulant encapsulating the at least one solar cell, wherein the encapsulant includes a first
surface and a second surface opposite the first surface of the encapsulant; and a frontsheet
15  juxtaposed with the first surface of the encapsulant, wherein the second surface of the first
photovoltaic module proximate to the second end of the first photovoltaic module is attached to
the first surface of the second photovoltaic module proximate to the first end of the second

photovoltaic module.

[0011] In an embodiment, the first photovoltaic module is ultrasonically welded to the
20  second photovoltaic module. In an embodiment, the first photovoltaic module is heat welded to
the second photovoltaic module. In an embodiment, the first photovoltaic module is thermally
bonded to the second photovoltaic module. In an embodiment, the first photovoltaic module is

attached to the second photovoltaic module by an adhesive. In an embodiment, the first
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photovoltaic module is attached to the second photovoltaic module by an adhesive tape.

[0012] In an embodiment, the system includes at least one side flap located at the first
end of the first photovoltaic module and at least one side flap located at the second end of the
second photovoltaic module. In an embodiment, the system includes a power optimizer and a
5 junction box electrically connected to the power optimizer, wherein the power optimizer and the

junction box are juxtaposed with one of the at least one side flap of the first photovoltaic module.

Brief Description of the Drawings

[0013] Figure 1 shows a perspective view of an exemplary photovoltaic module.

10  [0014] Figure 2A shows a schematic view of elements of a layered structure of an

exemplary photovoltaic module before lamination.

[0015] Figure 2B shows a schematic view of a layered structure of an exemplary

photovoltaic module formed by lamination of the elements shown in Figure 2A.

[0016] Figure 3A shows a first module segment of an exemplary photovoltaic module.
15 [0017] Figure 3B shows a second module segment of an exemplary photovoltaic module.
[0018] Figure 3C shows an exemplary photovoltaic module made by combining the first

module segment shown in Figure 3 A with the second module segment shown in Figure 3B.

[0019] Figure 4A shows an exemplary unfolded photovoltaic module.

[0020] Figure 4B shows an exemplary photovoltaic module made by folding the

20  exemplary unfolded photovoltaic module of Figure 4A.

[0021] Figure SA shows a first module segment of an exemplary photovoltaic module.
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[0022] Figure 5B shows a second module segment of an exemplary photovoltaic module.

[0023] Figure 5C shows a top view of an exemplary photovoltaic module made by
combining the first module segment shown in Figure 5A with the second module segment shown

in Figure 5B.

5 [0024] Figure 5D shows a perspective view of the exemplary photovoltaic module of
Figure 5C.
[0025] Figure 6A shows a top plan view of an embodiment of a photovoltaic module.
[0026] Figure 6B is a cross-sectional view, taken along line 6B-6B and looking in the

direction of the arrows, of the photovoltaic module of Figure 6A.

10 [0027] Figures 6C and 6D are top plan views of an embodiment of first and second

photovoltaic modulces shown in Figurc 6A attached to onc another.

[0028] Figure 7A shows a top plan view of an embodiment of a photovoltaic module.

[0029] Figure 7B is a cross-sectional view, taken along line 7B-7B and looking in the

direction of the arrows, of the photovoltaic module of Figure 7A.

15 [0030] Figure 7C is a top plan view of an embodiment of first and second photovoltaic

modules shown in Figure 7A attached to one another.

[0031] Figure 7D is a cross-sectional view, taken along line 7D-7D and looking in the

direction of the arrows, of the photovoltaic modules of Figure 7C.

[0032] Figure 7E is a top plan view of an embodiment the first and second photovoltaic

20  modules shown in Figure 7C.
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[0033] Figures 8A through 8D show another embodiment of the first and second

photovoltaic modules shown in Figure 7A attached to one another.
[0034] Figure 9A shows a top plan view of an embodiment of a photovoltaic module.

[0035] Figure 9B is a cross-sectional view, taken along line 9B-9B and looking in the

5 direction of the arrows, of the photovoltaic module of Figure 9A.

[0036] Figures 9C and 9D are top plan views of an embodiment of first and second

photovoltaic modules shown in Figure 9A attached to one another.

Detailed Description

10 [0037] The present invention will be further explained with reference to the attached
drawings, wherein like structures are referred to by like numerals throughout the several views.
The drawings shown are not necessarily to scale, with emphasis instead generally being placed
upon illustrating the principles of the present invention. Further, some features may be
exaggerated to show details of particular components.

15 [0038] The figures constitute a part of this specification and include illustrative
embodiments of the present invention and illustrate various objects and features thereof. Further,
the figures are not necessarily to scale, some features may be exaggerated to show details of
particular components. In addition, any measurements, specifications and the like shown in the
figures are intended to be illustrative, and not restrictive. Therefore, specific structural and

20  functional details disclosed herein are not to be interpreted as limiting, but merely as a
representative basis for teaching one skilled in the art to variously employ the present invention.
[0039] Among those benefits and improvements that have been disclosed, other objects

and advantages of this invention will become apparent from the following description taken in
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conjunction with the accompanying figures. Detailed embodiments of the present invention are
disclosed herein; however, it is to be understood that the disclosed embodiments are merely
illustrative of the invention that may be embodied in various forms. In addition, each of the
examples given in connection with the various embodiments of the invention which are intended
5  to beillustrative, and not restrictive.
[0040] Throughout the specification and claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dictates otherwise. The phrases “in one
embodiment” and “in some embodiments” as used herein do not necessarily refer to the same
embodiment(s), though they may. Furthermore, the phrases “in another embodiment” and “in
10  some other embodiments” as used herein do not necessarily refer to a different embodiment,
although they may. Thus, as described below, various embodiments of the invention may be
readily combined, without departing from the scope or spirit of the invention.
[0041] The term "based on" is not exclusive and allows for being based on additional
factors not described, unless the context clearly dictates otherwise. In addition, throughout the

15  specification, the meaning of "a," "an," and "the" include plural references. The meaning of "in"

includes "in" and "on."

[0042] The exemplary embodiments relate to layered photovoltaic (“PV”) modules that
include
[0043] In some embodiments, a photovoltaic module includes a single pair of external

20  connectors but and multiple layers of laminated circuits. In some embodiments, multiple layers
are connected by folding the laminate over on itself. In some embaodiments, layers are connected
through a permanent bond between two separately made laminates. In some embodiments, a

photovoltaic module includes a single electrical circuit with elements in different planes using a
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structured back surface within a single laminate. In some embodiments, a photovoltaic module
includes a single electrical circuit within a single plane, with the front surface of the laminate
structured to have different planes. In some embodiments including multiple layers, the upper
laminates or planes have gaps and cutouts such that light can be captured by lower laminates or
5  planes. In some embodiments including a single plane, the materials above the cells are optically
clear to allow light to the solar cells.
[0044] Figure 1 shows an embodiment of a photovoltaic module 100. In an embodiment,
the photovoltaic module 100 includes a headlap region 110 and a PV region 120. In some
embodiments, the headlap region 110 comprises thermoplastic olefin (“TPO”), polyvinyl
10 chloride (“PVC”), or asphalt. In some embodiments, the headlap region 110 includes embedded
granules. In some embodiments, the headlap region 110 defines a nailing line 112 extending
across the headlap region 110. In some embodiments, the nailing line 112 extends across the
headlap region 110 approximately midway between the end of the headlap region 110 that
borders the PV region and the opposite end of the headlap region 110. In some embodiments,
15  the nailing line 112 defines an area of the headlap region 110 through which mechanical
fasteners (e.g., nails, screws, etc.) can be driven to secure the photovoltaic module to a roof deck
in the standard manner.
[0045] In some embodiments, the PV region 120 includes a plurality of PV portions 122.
In some embodiments, each of the PV portions 122 includes a layered structure that is typical of
20  a laminate photovoltaic module, as discussed below with reference to Figures 2A and 2B. In
some embodiments, the PV region 120 includes grooves 124 separating adjacent ones of the PV
portions. In some embodiments, each of the PV portions 122 is separately formed from others of

the PV portions 122, and the grooves 124 are formed by spaces between adjacent ones of the PV
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portions 122. In some embodiments, the PV portions 122 forming the PV region 120 are
integrally formed with one another (e.g., form a single layered structure) and the grooves 124 are
formed in a superstrate layer thereof. In some embodiments, the grooves 124 between adjacent
ones of the PV portions 122 provide the appearance of discrete portions similar to those of
5  conventional shingles. In some embodiments, the PV region 120 is formed atop material of the
headlap region 110 (e.g., the substrate of the PV region 120 is deposited on the material of the
headlap region 110). In some embodiments, the PV region 120 and the headlap region 110 join
one another end-to-end.
[0046] In some embodiments, the photovoltaic module 100 includes a junction box 130.

10  In some embodiments, the junction box 130 is positioned at an end of the headlap region 110 that
is opposite the PV region 120. In some embodiments, the junction box 130 is positioned at a
center of an end of the headlap region 110 that is opposite the PV region 120. In some
embodiments, the junction box 130 is electrically connected to the PV region 120 by electrical
connectors (e.g., wires) that traverse (e.g., pass under or through) the headlap region 110.

15  [0047] In some embodiments, such as the photovoltaic module 100 discussed above with
reference to Figure 1, an exemplary photovoltaic module includes a layered structure. Figures
2A and 2B show an exemplary embodiment of a layered structure 200 that, in some
embodiments, forms part of an exemplary photovoltaic module
[0048] Figure 2A shows an exploded view of the layers of the layered structure 200

20  prior to lamination to form the layered structure 200. Figure 2B shows the layered structure
following lamination. It will be apparent to those of skill in the art that Figures 2A and 2B
present schematic views of the layered structure 200 and are not intended to provide a to-scale

representation.

10
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[0049] Referring now to Figure 2A, in some embodiments, the layered structure 200
includes a superstrate layer 210 that forms an upper surface of the layered structure 200 and of

the photovoltaic module 100 (i.e., the surface that, when the photovoltaic module 100 is installed

on a roof, faces away from the roof and toward the sun). In some embodiments, the superstrate

5  layer 210 has an upper surface 212 (i.e., the side of the superstrate layer 210 that faces toward
the sun when installed as described above) and a lower surface 214 opposite the upper surface

212. In some embodiments, the upper surface 212 of the superstrate layer 210 forms an upper
surface 202 of the layered structure 200. In some embodiments, the superstrate layer 210 is
optically transparent (e.g., it has a solar weighted transmittance of 80% or greater). In some

10  embodiments, the superstrate provides electrical insulation and moisture resistance. In some
embodiments, the superstrate layer 210 comprises a glass material, such as low-iron solar glass.

In some embodiments, the superstrate layer 210 comprises a polymeric material such as ethylene
tetrafluoroethylene (“ETFE”), polyethylene terephthalate (“PET”), or an acrylic such as
polymethyl methacrylate (“PMMA”). In some embodiments, the superstrate layer 210 has a

15  thickness of from 50 microns to 250 microns. In some embodiments, the superstrate layer 210
has a thickness of from 50 microns to 200 microns. In some embodiments, the superstrate layer

210 has a thickness of from 50 microns to 150 microns. In some embodiments, the superstrate
layer 210 has a thickness of from 50 microns to 100 microns. In some embodiments, the
superstrate layer 210 has a thickness of from 100 microns to 250 microns. In some embodiments,

20  the superstrate layer 210 has a thickness of from 100 microns to 200 microns. In some
embodiments, the superstrate layer 210 has a thickness of from 100 microns to 150 microns. In
some embodiments, the superstrate layer 210 has a thickness of from 150 microns to 250

microns. In some embodiments, the superstrate layer 210 has a thickness of from 150 microns to

11
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200 microns. In some embodiments, the superstrate layer 210 has a thickness of from 200
microns to 250 microns.

[0050] In some embodiments, the superstrate layer 210 has a thickness of from 200

microns to 500 microns. In some embodiments, the superstrate layer 210 has a thickness of from

5 200 microns to 450 microns. In some embodiments, the superstrate layer 210 has a thickness of

from 200 microns to 400 microns. In some embodiments, the superstrate layer 210 has a

thickness of from 200 microns to 350 microns. In some embodiments, the superstrate layer 210

has a thickness of from 200 microns to 300 microns. In some embodiments, the superstrate layer

210 has a thickness of from 250 microns to 500 microns. In some embodiments, the superstrate

10  layer 210 has a thickness of from 250 microns to 450 microns. In some embodiments, the

superstrate layer 210 has a thickness of from 250 microns to 400 microns. In some

embodiments, the superstrate layer 210 has a thickness of from 250 microns to 350 microns. In

some embodiments, the superstrate layer 210 has a thickness of from 250 microns to 300

microns. In some embodiments, the superstrate layer 210 has a thickness of from 300 microns to

15 500 microns. In some embodiments, the superstrate layer 210 has a thickness of from 300

microns to 500 microns. In some embodiments, the superstrate layer 210 has a thickness of from

300 microns to 450 microns. In some embodiments, the superstrate layer 210 has a thickness of

from 300 microns to 400 microns. In some embodiments, the superstrate layer 210 has a

thickness of from 300 microns to 350 microns. In some embodiments, the superstrate layer 210

20  has a thickness of from 350 microns to 500 microns. In some embodiments, the superstrate layer

210 has a thickness of from 350 microns to 450 microns. In some embodiments, the superstrate

layer 210 has a thickness of from 350 microns to 400 microns. In some embodiments, the

superstrate layer 210 has a thickness of from 400 microns to 500 microns. In some

12
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embodiments, the superstrate layer 210 has a thickness of from 400 microns to 450 microns. In
some embodiments, the superstrate layer 210 has a thickness of from 450 microns to 500
microns. In some embodiments, the superstrate layer 210 has a thickness of from 325 microns to
375 microns. In some embodiments, the superstrate layer 210 has a thickness of about 300
5  microns. In some embodiments, the superstrate layer 210 has a thickness of 300 microns.
[0051] In some embodiments, the superstrate layer 210 has a thickness of from 1.6
millimeters to 4.0 millimeters. In some embodiments, the superstrate layer 210 has a thickness
of from 1.6 millimeters to 3.2 millimeters. In some embodiments, the superstrate layer 210 has a
thickness of from 1.6 millimeters to 2.4 millimeters. In some embodiments, the superstrate layer
10 210 has a thickness of from 2.4 millimeters to 4.0 millimeters. In some embodiments, the
superstrate layer 210 has a thickness of from 2.4 millimeters to 3.2 millimeters. In some
embodiments, the superstrate layer 210 has a thickness of from 3.2 millimeters to 4.0
millimeters. In some embodiments, the superstrate layer 210 has a thickness of from 2.8
millimeters to 3.6 millimeters. In some embodiments, the superstrate layer 210 has a thickness
15  of from 3.0 millimeters to 3.4 millimeters. In some embodiments, the superstrate layer 210 has a
thickness of from 3.1 millimeters to 3.3 millimeters. In some embodiments, the superstrate
layer 210 has a thickness about 3.2 millimeters. In some embodiments, the superstrate layer 210
has a thickness of 3.2 millimeters.
[0052] Continuing to refer to Figure 2A, in some embodiments, the layered structure 200
20  includes an upper encapsulant layer 220. In some embodiments, the upper encapsulant layer 220
has an upper surface 222 and a lower surface 224 opposite the upper surface 222. In some
embodiments, the upper surface 222 of the upper encapsulant layer 220 contacts the lower

surface 214 of the superstrate layer 210. In some embodiments, the upper encapsulant layer 220

13

CA 03174671 2022-10-4



WO 2021/207238 PCT/US2021/026009

is optically transparent (e.g., it has a solar weighted transmittance of 80% or greater). In some
embodiments, the upper encapsulant layer provides electrical insulation. In some embodiments,
the upper encapsulant layer 220 comprises an encapsulating material such as ethylene-co-vinyl
acetate (“EVA”), polydimethyl siloxane (“PDMS”), a polyolefin elastomer (“POE”), polyvinyl
5  butyral (“PVB”), polyurethane epoxy, silicone, or an ionomer such as the series of ionomer-
based encapsulants commercialized by DuPont de Nemours, Inc. under the trade name PV5400.
In some embodiments, the thickness of the upper encapsulant layer 220 varies across the layered
structure 200, as will be discussed in greater detail hereinafter.
[0053] Continuing to refer to Figure 2A, in some embodiments, the layered structure 200
10  includes a PV layer 230 having an upper surtace 232 and a lower surtace 234 opposite the upper
surface 232. In some embodiments, the upper surface 232 of the PV layer 230 contacts the lower
surface 224 of the upper encapsulant layer 220. In some embodiments, the PV layer 230
includes at least one PV element 236. In some embodiments, the PV layer 230 includes an array
of the at least one PV element 236. In some embodiments in which the PV layer 230 includes a
15 plurality of the PV elements 236, the plurality of PV elements 236 are electrically interconnected
with one another. In some embodiments, the PV layer 230 includes an array of interconnected
ones of the PV elements 236. In some embodiments, gaps are formed between adjacent ones of
the PV elements 236. In some embodiments, the gaps are significantly smaller than the PV
elements 236, for example, in some embodiments, a width of each of the PV elements 236 is 160
20  millimeters and the gaps are from 2 millimeters to 5 millimeters in size. In some embodiments,
the PV layer 230 also includes other active and/or passive electronic components.
[0054] Continuing to refer to Figure 2A, in some embodiments, the layered structure 200

includes a lower encapsulant layer 240 having an upper surface 242 and a lower surface 244

14
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opposite the upper surface 242. In some embodiments, the upper surface 242 of the lower
encapsulant layer 240 contacts the lower surface 234 of the PV layer 230. In some
embodiments, the lower encapsulant layer 240 provides electrical insulation. In some
embodients, the lower encapsulant layer 240 is optically transparent. In some embodiments, the

5  lower encapsulant layer 240 is not optically transparent. In some embodiments, the thickness of
the lower encapsulant layer 240 is in the range of 100 to 1000 microns. In some embodiments,

the thickness of the lower encapsulant layer 240 is sufficiently large (e.g., greater than 100
microns) so as to prevent delamination between the PV layer 230 and the substrate 250. In some
embodiments, the thickness of the lower encapsulant layer 240 is consistent across the entirety of

10 the layered structure 200. In some embodiments, the lower encapsulant layer 240 comprises an

encapsulating material such as ethylene-co-vinyl acetate (“EVA”), polydimethyl siloxane

(“PDMS”), a polyolefin elastomer (“POE”), polyvinyl butyral (“PVB”), polyurethane epoxy,
silicone, or an ionomer such as the series of ionomer-based encapsulants commercialized by
DuPont de Nemours, Inc. under the trade name PV5400. In some embodiments, the lower
15  encapsulant layer 240 comprises the same encapsulating material as the upper encapsulant layer
220.
[0055] Continuing to refer to Figure 2A, in some embodiments, the layered structure 200
includes a substrate 250 having an upper surface 252 and a lower surface 254 opposite the upper
surface 252. In some embodiments, the upper surface 252 of the substrate 250 contacts the lower
20  surface 244 of the lower encapsulant layer 240. In some embodiments, the lower surface 254 of
the substrate 250 forms the lower surface 204 of the layered structure 200. In some

embodiments, the substrate 250 provides electrical insulation and moisture resistance. In some

embodiments, the substrate 250 is optically transparent. In some embodiments, the substrate 250
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is not optically transparent. In some embodiments, the substrate 250 comprises a glass material.
In some embodiments, the substrate 250 comprises a polymeric material such as ETFE, PET, an
acrylic such as PMMA  polypropylene, polyvinyl chloride (“PVC”), or a glass-reinforced or
fiber-reinforced composite such as a material meeting the National Electrical Manufacturers
5  Association (“NEMA”) grades FR-4 or G-10. In some embodiments, the substrate 250 has a

thickness in the range of 200 microns to 1/4 inch. In some embodiments, the substrate 250 is
sufficiently rigid to provide mechanical stiffening to the photovoltaic module 100.
[0056] Referring now to Figure 2B, the layered structure 200 is shown following
lamination. In some embodiments, during the lamination process, the encapsulating material of

10 the upper encapsulant layer 220 and the encapsulating material of the lower encapsulant layer
240 are melted and flow within the gaps between adjacent ones of the PV elements 236 shown in
Figure 2A, thereby encapsulating (e.g., surrounding on all sides) each of the PV elements 236
with encapsulating material. In some embodiments, as a result of this process, the PV layer 230
includes encapsulant portions 238 located between adjacent ones of the PV elements 236, and

15  providing continuity between the encapsulating material of the upper encapsulant layer 220 and
the encapsulating material of the lower encapsulant layer 240. In some embodiments, the
resulting region of the layered structure 200 (e.g., the upper encapsulant layer 220, the PV layer
230, and the lower encapsulant layer 240) resembles a single block of encapsulant material with
the PV elements positioned therein.

20  [0057] Figures 3A, 3B, and 3C show a further embodiment of a photovoltaic module
300. In some embodiments, the photovoltaic module 300 is formed by combining a first module
segment 310 (shown in Figure 3A) with a second module segment 330 (shown in Figure 3B).

[0058] In some embodiments, the first module segment 310 includes a headlap region
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312 and a PV region 314. In some embodiments, the headlap region 312 comprises TPO, PVC,
or asphalt. In some embodiments, the headlap region 312 comprises embedded granules. In
some embodiments, the PV region 314 includes a plurality of PV portions 316. In some
embodiments, each of the PV portions 316 includes a layered structure that is typical of a
5 laminate photovoltaic module, as discussed above with reference to Figures 2A and 2B. In some
embodiments, the PV region 314 includes spaces 318 separating adjacent ones of the PV
portions 316, such that no material (e.g., material of the headlap region 312, material of the
substrate layer of the PV portions 316, etc.) is present within the spaces 318. In some
embodiments, each of the PV portions 316 is deposited on a portion of material of the headlap
10  region 312 that extends between adjacent ones of the spaces 318 (e.g., the substrate of the PV
portion 316 is deposited on the material of the headlap region 312). In some embodiments,
intermittent ones of the PV portions 316 and spaces 318 form an arrangement that can be
referred to as a “dragontooth” arrangement. In some embodiments, the first module segment
310 includes a junction box 320 at a first end thereof and a connector 322 at an opposite second

15  end thereof.
[0059] In some embodiments, the second module segment 330 includes a headlap region
332 and a PV region 334. In some embodiments, the headlap region 332 comprises TPO, PVC,
or asphalt. In some embodiments, the headlap region 332 comprises embedded granules. In
some embodiments, the PV region 334 includes a plurality of PV portions 336. In some
20  embodiments, each of the PV portions 336 includes a layered structure that is typical of a
laminate photovoltaic module, as discussed above with reference to Figures 2A and 2B. In some
embodiments, the PV region 334 includes spaces 338 separating adjacent ones of the PV

portions 336. In some embodiments, each of the spaces 338 includes at least one layer of
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material (e.g., material of the headlap region 332) but does not include one of the PV portions
336. In some embodiments, each of the PV portions 336 is deposited on a portion of material of
the headlap region 332 that is positioned between adjacent ones of the spaces 338 (e.g., the
substrate of each of the PV portions 336 is deposited on the material of the headlap region 332).
5 In some embodiments, intermittent ones of the PV portions 336 and the spaces 338 form an
arrangement that can be referred to as a “dragontooth” arrangement. In some embodiments, the
second module segment 330 includes a junction box 340 at a first end thereof and a connector

342 at an opposite second end thereof.
[0060] In some embodiments, the first module segment 310 and the second module
10 segment 330 are configured to be combined by positioning the first module segment 310 atop the
second module segment 330 as shown in Figure 3C, thereby to form the photovoltaic module
300. In some embodiments, the first module segment 310 and the second module segment 330
are combined by adhering to one another. In some embodiments, the first module segment 310
and the second module segment 330 are adhered to one another by a heat-sensitive adhesive. In
15  some embodiments, the first module segment 310 and the second module segment 330 are
adhered to one another by a pressure-sensitive adhesive. In some embodiments, the connector
322 of the first module segment 310 and the connector 342 of the second module segment 330
are positioned such that, when the first module segment 310 is positioned atop the second
module segment 330, the connector 322 and the connector 342 contact one another. In some
20  embodiments, as part of the process of combining the first module segment 310 and the second
module segment 330 with one another, the connector 322 and the connector 342 are permanently
electrically joined to one another (e.g., by soldering or welding). In some embodiments, once the

connector 322 and the connector 342 are joined in this manner, a single circuit is created. In
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some embodiments, such a circuit extends through the photovoltaic module 300 from the
junction box 320 of the first module segment 310, through the first module segment 310, via the
electrical connection between the connector 322 and the connector 342, through the second
module segment 330, and exiting the photovoltaic module 300 through the junction box 340 of
5  the second module segment 330. In some embodiments, the junction box 320 of the first module
segment 310 and the junction box 340 of the second module segment 330 are positioned and
configured such that, when the first module segment 310 and the second module segment 330 are
joined together as described above, the junction box 320 and the junction box 340 form a single
junction box 304 for the photovoltaic module 300.
10 [0061] In some embodiments, the headlap region 302 (which comprises a combination of
the headlap regions 312, 332 of the first module segment 310 and the second module segment
330, respectively) defines a nailing line 306 extending across the headlap region 302. In some
embodiments, the nailing line 306 extends across the headlap region 302 approximately midway
between the end of the headlap region 302 that borders the PV regions 314 and 334 of the first
15  module segment 310 and the second module segment 330 respectively, and the opposite end of
the headlap region 302. In some embodiments, the nailing line 306 defines an area of the
headlap region 302 through which mechanical fasteners (e.g., nails, screws, etc.) can be driven to
secure the photovoltaic module 300 to a roof deck in the standard manner.
[0062] In some embodiments, when the first module segment 310 and the second module
20  segment 330 are combined in the manner described above, the headlap region 312 of the first
module segment 310 is positioned atop the headlap region 332 of the second module segment
330, and consequently is planarly offset from the headlap region 332 of the second module

segment 330 in a direction perpendicular to the generally planar structure of the second module
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segment 330. In some embodiments, due to this configuration, the PV regions 314 of the first
module segment 310 are similarly planarly offset from the PV regions 334 of the second module
segment 330, providing a layered “dragontooth” appearance to the photovoltaic module 300
resembling the appearance of a standard asphalt shingle.

5 [0063] Figures 4A and 4B show a further embodiment of a photovoltaic module 400, In
some embodiments, the photovoltaic module 400 (shown in Figure 4B) is formed by folding
over an unfolded photovoltaic module 410 (shown in Figure 4A).

[0064] In some embodiments, the unfolded photovoltaic module 410 includes a shingle
layer 412. In some embodiments, the shingle layer 412 comprises a shingle material, such as
10 TPO, PVC, or asphalt. In some embodiments, the shingle layer 412 comprises embedded
granules. In some embodiments, the shingle layer 412 includes a first (e.g., upper) surface 414, a
second (e.g., lower) surface 416 opposite the first surface 414, a first side 418, a second side 420
opposite the first side 418, a first end 422 extending from the first side 418 to the second side
420, and a second end 424 extending from the first side 418 to the second side 420 opposite the
15  first end 422. A horizontal axis 426 is defined across the shingle layer 412 from the first side
418 to the second side 420 and parallel to the first end 422.
[0065] In some embodiments, the unfolded photovoltaic module 410 includes a first PV
region 430. In some embodiments, the first PV region 430 includes a plurality of PV cells 432
disposed on the first surface 414 of the shingle layer 412, positioned proximate to the first end
20 422 of the shingle layer 412, and spaced intermittently along the first end 422 so as to define
gaps 434 therebetween. In some embodiments, each of the gaps 434 is wider than one of the PV
cells 432 (e.g., as measured in the direction along the horizontal axis 426).

[0066] In some embodiments, the unfolded photovoltaic module 410 includes a second
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PV region 440. In some embodiments, the second PV region 440 includes a plurality of PV cells

442 disposed on the first surface 414 of the shingle layer 412, positioned proximate to the second

end 424 of the shingle layer 412, and spaced intermittently along the second end 424. In some

embodiments, gaps 444 are positioned between adjacent ones of the PV cells 442. In some

5  embodiments, the gaps 444 include cutout regions where material of the shingle layer 412 is

absent. In some embodiments, the cutout regions can be referred to as a “dragontooth”

arrangement. In some embodiments, each of the gaps 444 is wider than one of the PV cells 432
(e.g., as measured in the direction along the horizontal axis 426).

[0067] In some embodiments, the unfolded photovoltaic module 410 includes a fold line

10 450 extending across the shingle layer 412 from the first side 418 to the second side 420 parallel

to the horizontal axis 426 and intermediate the first end 422 and the second end 424. In some

embodiments, the fold line 450 comprises a region of the shingle layer 412 where the material of

the shingle layer 412 is sufficiently flexible such that the shingle layer 412 can be folded over

onto itself (e.g., as shown in Figure 4B). In some embodiments, flexibility is imparted to the

15  shingle layer 412 by inclusion of a region of the material of the shingle layer 412 that is thinner
than surrounding regions, which may be produced by thinning techniques such as embossing,
perforation, and the like. In some embodiments, flexibility is imparted to the shingle layer 412
by providing a gap in a rigid material (e.g., TPO) in which only a flexible polymeric material is
present. In some embodiments, the fold line 450 subdivides the shingle layer 412 into a first

20 region 452 between the fold line 450 and the first end 422, and a second region 454 between the
fold line 450 and the second end 424.

[0068] In some embodiments, the unfolded photovoltaic module 410 includes a first

junction box portion 460 adjacent to the first end 422, a second junction box portion 462
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adjacent to the second end 424, and electrical connections 464 extending around the shingle
layer 412 connecting the first junction box portion 460, the second junction box portion 462, the
PV cells 432, and the PV cells 432, thereby forming a single electrical circuit.
[0069] In some embodiments, the unfolded photovoltaic module 410 shown in Figure 4A
5  can be folded by folding the shingle layer 412 at the fold line 450 to produce the photovoltaic
module 400 shown in Figure 4B. In some embodiments, the folding of the unfolded photovoltaic
module 410 brings the portion of the first surface 414 that lies within the first region 452 into
contact with the portion of the first surface 414 that lies within the second region 454. In some
embodiments, the folding of the unfolded photovoltaic module includes adhering the portion of
10 the first end 422 that lies within the first region 452 to the portion of the first end 422 that lies
within the second region 454. In some embodiments, the adhering is performed using a heat-
sensitive adhesive. In some embodiments, the adhering is performed using a pressure-sensitive
adhesive.
[0070] In some embodiments, the fold line 450 of the shingle layer 412 is prepared so as
15  to ensure that the electrical connections 464 maintain at least a minimum radius of curvature
when the unfolded photovoltaic module 410 is folded to produce the photovoltaic module 400,
thereby preventing fracture of the electrical connections 464 at or near the fold line 450. In some
embodiments, a suitable minimum radius of curvature to maintain depends on the specific
material or materials used in the electrical connections 464. In some embodiments, the shingle
20  layer 412 includes a bead (e.g., of a polymeric material or another suitable material) at or near
the fold line 450 around which the shingle layer 412 is folded to produce a suitable minimum
radius of curvature. In some embodiments, the unfolded photovoltaic module 410 is folded over

a mandrel or other suitable tool to maintain a suitable minimum radius of curvature while
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producing the photovoltaic module 400.
[0071] In some embodiments, as a result of folding the second region 454 of the shingle
layer 412 over the first region 452 of the shingle layer 412, the plurality of PV cells 432 and the
plurality of PV cells 442, which are located on opposite sides of the unfolded photovoltaic
5 module 410, are oriented to face in the same “upward” direction (e.g., the direction that faces
toward the sun when the photovoltaic module 400 is installed on a roof), as shown in Figure 4B.
In some embodiments, due to the thickness of the shingle layer 412, the plurality of PV cells 442
are vertically offset from the plurality of PV cells 432. In some embodiments, such an offset
causes the photovoltaic module 400 to have a layered appearance similar to that of standard
10 asphalt roof shingles.
[0072] Figures 5A, 5B, 5C, and 5D show a further embodiment of a photovoltaic module
500. In some embodiments, the photovoltaic module 500 is formed by combining a first module
segment 510 (shown in Figure SA) with a second module segment 530 (shown in Figure 5B).
[0073] In some embodiments, the first module segment 510 includes a headlap region
15 512 and a PV region 514. In some embodiments, the headlap region 512 comprises TPO, PVC,
or asphalt. In some embodiments, the headlap region 512 comprises embedded granules. In
some embodiments, the PV region 514 includes one or more PV portions 516. In some
embodiments, each of the PV portions 516 includes a layered structure that is typical of a
laminate photovoltaic module, as discussed above with reference to Figures 2A and 2B. In some
20  embodiments, each of the PV portions 516 is deposited on a portion of material of the headlap
region 512 that extends into the PV region 514 (e.g., the substrate of the PV portion 516 is
deposited on the material of the headlap region 512). In some embodiments, the first module

segment 310 includes a first electrical connector 518 within the headlap region 512 at a first end
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thereof, a second electrical connector 520 within the headlap region 512 at a second end thereof,
and electrical conductors 522 extending from the first electrical connector 518, through the PV
portions 516, and to the second electrical connector 520 (i.e., the electrical conductors 522 do not
form a closed circuit).

5 [0074] In some embodiments, the second module segment 530 includes a headlap region
532 and a PV region 534. In some embodiments, the headlap region 532 comprises TPO, PVC,
or asphalt. In some embodiments, the headlap region 532 comprises embedded granules. In
some embodiments, the PV region 534 includes one or more PV portions 536. In some
embodiments, each of the PV portions 536 includes a layered structure that is typical of a

10  laminate photovoltaic module, as discussed above with reference to Figures 2A and 2B. In some
embodiments, each of the PV portions 536 is deposited on a portion of material of the headlap
region 532 (e.g., the substrate of each of the PV portions 536 is deposited on the material of the
headlap region 532). In some embodiments, the second module segment 530 includes a first
electrical connector 538 within the headlap region 532 at a first end thereof, a second electrical

15  connector 540 within the headlap region 532 at a second end thereof, and a junction box 542. In
some embodiments, the second module segment 530 includes electrical conductors 544
extending from the first electrical connector 538, through the junction box 542 and the PV
portions 536, and to the second electrical connector 540 (i.e., the electrical conductors 544 do not
form a closed circuit).

20 [0075] In some embodiments, the first module segment 510 and the second module
segment 530 are configured to be combined by positioning the first module segment 510 atop the
second module segment 530 as shown in Figures 5C and 5D, thereby to form the photovoltaic

module 500. In some embodiments, the first module segment 510 and the second module
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segment 530 are combined by adhering to one another. In some embodiments, the first module
segment 510 and the second module segment 530 are adhered to one another by a heat-sensitive
adhesive. In some embodiments, the first module segment 510 and the second module segment
530 are adhered to one another by a pressure-sensitive adhesive. In some embodiments, the
5  combining of the first module segment 510 and the second module segment 530 includes potting
for moisture sealing.
[0076] In some embodiments, the first electrical connector 518 of the first module
segment 510 and the first electrical connector 538 of the second module segment 530 are
positioned such that, when the first module segment 510 is positioned atop the second module
10  segment 530, the first electrical connector 518 and the first electrical connector 538 contact one
another. In some embodiments, the second electrical connector 520 of the first module segment
510 and the second electrical connector 540 of the second module segment 530 are positioned
such that, when the first module segment 510 is positioned atop the second module segment 530,
the second electrical connector 520 and the second electrical connector 540 contact one another.
15  In some embodiments, as part of the process of combining the first module segment 510 and the
second module segment 530 with one another, the first electrical connector 518 and the first
electrical connector 538 are permanently electrically joined to one another and the second
electrical connector 520 and the second electrical connector 540 are permanently electrically
joined to one another (e.g., by soldering or welding). In some embodiments, once the first
20  electrical connector 518 and the first electrical connector 538 are joined together in this manner
and the second electrical connector 520 and the second electrical connector 540 are joined in
together this manner, a single continuous circuit is created.

[0077] In some embodiments, such a circuit extends through the photovoltaic module
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500 from the junction box 542 of the second module segment 530, through a portion of the

electrical conductors 544 of the second module segment 530, through the PV portions 536 of the

second module segment 530, to the second electrical connector 540 of the second module

segment 530, through the electrical connection between the second electrical connector 540 to

5  the second electrical connector 520, from the second electrical connector 520 along the electrical

conductors 522, through the PV portions 516 of the first module segment 510, through the

electrical conductors 522 to the first electrical connector 518, through the connection between

the first electrical connector 518 to the first electrical connector 538, and along the electrical

conductors 544 to form a complete circuit at the junction box 542. Consequently, in some

10  embodiments, the junction box 542 provides a single electrical connection for the photovoltaic
module 500.

[0078] As shown in Figure 5C, in some embodiments, the photovoltaic module 500

includes a headlap region 502, which comprises a combination of the headlap regions 512, 532

of the first module segment 510 and the second module segment 530, respectively. In some

15  embodiments, the photovoltaic module 500 also includes a PV region 504, which comprises a

combination of the PV regions 514, 534 of the first module segment 510 and the second module

segment 530, respectively. In some embodiments, the headlap region 502 defines a nailing line

506 extending across the headlap region 502. In some embodiments, the nailing line 506 extends

across the headlap region 502 approximately midway between the end of the headlap region 502

20  that borders the PV region 504, and the opposite end of the headlap regiocn 502. In some

embodiments, the nailing line 506 defines an area of the headlap region 502 through which

mechanical fasteners (e.g., nails, screws, etc.) can be driven to secure the photovoltaic module

500 to a roof deck in the standard manner.
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[0079] In some embodiments, when the first module segment 510 and the second module
segment 530 are combined in the manner described above, the PV region 534 of the second
module segment 530 is positioned atop a portion of the headlap region 512 of the first module
segment 510, and consequently is planarly offset from the PV region 514 of the first module
5 segment 510 in a direction perpendicular to the generally planar structure of the first module
segment 510. In some embodiments, due to this offset, the offset between the PV region 534 and
the PV region 514 provides a layered appearance to the photovoltaic module 500 that is similar
to those of traditional shingles.
[0080] In some embodiments, an exemplary photovoltaic module (e.g., the photovoltaic
10 module 100, the photovoltaic module 300, the photovoltaic module 400, or the photovoltaic
module 500) fits both mechanically and aesthetically with standard asphalt roof shingles. In
some embodiments, the layered structure of an exemplary photovoltaic module mimics the three-
dimensional and water-shedding ability of a roof shingle, while providing a single electrical
circuit. In some embodiments, the laminate structures of an exemplary photovoltaic module have
15  space for in laminate bypass diodes or other module electronics without additional external
connectors. In some embodiments, an exemplary photovoltaic module provides the ability to
affix the photovoltaic module to a roof deck using typical roofing methods such as nails or
SCrews.
[0081] In some embodiments, a photovoltaic system including a plurality of the
20  photovoltaic module also includes at least one starter bar, a foot module, and a plurality of water
shedding layers. In some embodiments, the at least one photovoltaic module includes an upper
portion and a lower portion and is configured to be installed such that the upper portion is at a

higher elevation than the lower portion. In some embodiments, the at least one starter bar is
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configured to be installed to a roof deck and includes a foot base. In some embodiments, a first
one of the water shedding layers is configured to be installed over the foot base of the at least
one starter bar, and at least one other one of the water shedding layers is configured to overlap
and be installed over the first one of the plurality of water shedding layers. In some

5  embodiments, the foot module is configured to be attached to the upper portion of the at least one
solar module. In some embodiments, the lower portion of the at least one first photovoltaic
module is adapted to align with the foot base of the at least one starter bar, and the foot module is
configured to be affixed to a last overlapping layer of the at least one of another of the first
plurality of water shedding layers to the roof deck.

10  [0082] Referring to FIGS. 6A and 6B, in an embodiment, a photovoltaic module 600
includes a first end 602, a second end 604 opposite the first end 602, a first side 606 extending
from the first end 602 to the second end 604, a second side 608 opposite the first side 606 and
extending from the first end 602 to the second end 604, a first surface 603 extending from the
first end 602 to the second end 604 and from the first side 606 to the second side 608, and a

15  second surface 605 opposite the first surface 603 and extending from the first end 602 to the
second end 604 and from the first side 606 to the second side 608. In an embodiment, the
photovoltaic module 600 includes at least one solar cell 610. In an embodiment, the at least one
solar cell 610 includes a plurality of solar cells 610. In an embodiment, the photovoltaic module
600 includes an encapsulant 612 that encapsulates the at least one solar cell 610. In an

20  embodiment, the encapsulant 612 includes a first surface 614 and a second surface 616. As used
herein, the terms “encapsulating” and “encapsulates” mean to partially or fully envelope or
enclose, and with respect to certain embodiments of the photovoltaic module 600, the at least one

solar cell 610 is fully enveloped by or enclosed within the encapsulant 612, or partially
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enveloped by or enclosed within the encapsulant 612.
[0083] In an embodiment, the encapsulant 612 encapsulates 50% to 99.9% of an exterior
surface area of the at least one solar cell 610. In another embodiment, the encapsulant 612
encapsulates 55% to 99.9% of an exterior surface arca of the at least one solar cell 610. In
5  another embodiment, the encapsulant 612 encapsulates 60% to 99.9% of an exterior surface area
of the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 65%
to 99.9% of an exterior surface area of the at least one solar cell 610. In another embodiment,
the encapsulant 612 encapsulates 70% to 99.9% of an exterior surface area of the at least one
solar cell 610. In another embodiment, the encapsulant 612 encapsulates 75% to 99.9% of an
10 exterior surface area of the at least one solar cell 610. In another embodiment, the encapsulant
612 encapsulates 80% to 99.9% of an exterior surface area of the at least one solar cell 610. In
another embodiment, the encapsulant 612 encapsulates 85% to 99.9% of an exterior surface area
of the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates
90% to 99.9% of an exterior surface area of the at least one solar cell 610. In another
15  embodiment, the encapsulant 612 encapsulates 95% to 99.9% of an exterior surface area of the at
least one solar cell 610.
[0084] In another embodiment, the encapsulant 612 encapsulates 50% to 95% of an
exterior surface area of the at least one solar cell 610. In another embodiment, the encapsulant
612 encapsulates 55% to 95% of an exterior surface area of the at least one solar cell 610. In
20  another embodiment, the encapsulant 612 encapsulates 60% to 95% of an exterior surface area of
the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 65% to
95% of an exterior surface area of the at least one solar cell 610. In another embodiment, the

encapsulant 612 encapsulates 70% to 95% of an exterior surface area of the at least one solar cell
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610. In another embodiment, the encapsulant 612 encapsulates 75% to 95% of an exterior
surface area of the at least one solar cell 610. In another embodiment, the encapsulant 612
encapsulates 80% to 95% of an exterior surface area of the at least one solar cell 610. In another
embodiment, the encapsulant 612 encapsulates 85% to 95% of an exterior surface area of the at
5  least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 90% to 95%
of an exterior surface area of the at least one solar cell 610.
[0085] In another embodiment, the encapsulant 612 encapsulates 50% to 90% of an
exterior surface area of the at least one solar cell 610. In another embodiment, the encapsulant
612 encapsulates 55% to 90% of an exterior surface area of the at least one solar cell 610. In
10  another embodiment, the encapsulant 612 encapsulates 60% to 90% of an exterior surface area of
the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 65% to
90% of an exterior surface area of the at least one solar cell 610. In another embodiment, the
encapsulant 612 encapsulates 70% to 90% of an exterior surface area of the at least one solar cell
610. In another embodiment, the encapsulant 612 encapsulates 75% to 90% of an exterior
15  surface area of the at least one solar cell 610. In another embodiment, the encapsulant 612
encapsulates 80% to 90% of an exterior surface area of the at least one solar cell 610. In another
embodiment, the encapsulant 612 encapsulates 85% to 90% of an exterior surface area of the at
least one solar cell 610.
[0086] In another embodiment, the encapsulant 612 encapsulates 50% to 85% of an
20  exterior surface area of the at least one solar cell 610. In another embodiment, the encapsulant
612 encapsulates 55% to 85% of an exterior surface area of the at least one solar cell 610. In
another embodiment, the encapsulant 612 encapsulates 60% to 85% of an exterior surface area of

the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 65% to
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85% of an exterior surface area of the at least one solar cell 610. In another embodiment, the
encapsulant 612 encapsulates 70% to 85% of an exterior surface area of the at least one solar cell
610. In another embodiment, the encapsulant 612 encapsulates 75% to 85% of an exterior
surface areca of the at least one solar cell 610. In another embodiment, the encapsulant 612
5  encapsulates 80% to 85% of an exterior surface area of the at least one solar cell 610.

[0087] In another embodiment, the encapsulant 612 encapsulates 50% to 80% of an
exterior surface area of the at least one solar cell 610. In another embodiment, the encapsulant
612 encapsulates 55% to 80% of an exterior surface area of the at least one solar cell 610. In
another embodiment, the encapsulant 612 encapsulates 60% to 80% of an exterior surface area of

10 the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 65% to
80% of an exterior surface area of the at least one solar cell 610. In another embodiment, the
encapsulant 612 encapsulates 70% to 80% of an exterior surface area of the at least one solar cell
610. In another embodiment, the encapsulant 612 encapsulates 75% to 80% of an exterior
surface area of the at least one solar cell 610.

15  [0088] In another embodiment, the encapsulant 612 encapsulates 50% to 75% of an
exterior surface area of the at least one solar cell 610. In another embodiment, the encapsulant
612 encapsulates 55% to 75% of an exterior surface area of the at least one solar cell 610. In
another embodiment, the encapsulant 612 encapsulates 60% to 75% of an exterior surface area of
the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 65% to

20  75% of an exterior surface area of the at least one solar cell 610. In another embodiment, the
encapsulant 612 encapsulates 70% to 75% of an exterior surface area of the at least one solar cell
610.

[0089] In another embodiment, the encapsulant 612 encapsulates 50% to 70% of an
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exterior surface area of the at least one solar cell 610. In another embodiment, the encapsulant
612 encapsulates 55% to 70% of an exterior surface area of the at least one solar cell 610. In
another embodiment, the encapsulant 612 encapsulates 60% to 70% of an exterior surface area of
the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 65% to
5 70% of an exterior surface area of the at least one solar cell 610.

[0090] In another embodiment, the encapsulant 612 encapsulates 50% to 65% of an
exterior surface area of the at least one solar cell 610. In another embodiment, the encapsulant
612 encapsulates 55% to 65% of an exterior surface area of the at least one solar cell 610. In
another embodiment, the encapsulant 612 encapsulates 60% to 65% of an exterior surface area of

10 the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 50% to
60% of an exterior surface area of the at least one solar cell 610. In another embodiment, the
encapsulant 612 encapsulates 55% to 60% of an exterior surface area of the at least one solar cell
610. In another embodiment, the encapsulant 612 encapsulates 55% to 60% of an exterior
surface area of the at least one solar cell 610.

15 [0091] In an embodiment, the encapsulant 612 encapsulates 50% of an exterior surface
area of the at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates
55% of the exterior surface area of the at least one solar cell 610. In another embodiment, the
encapsulant 612 encapsulates 60% of the exterior surface area of the at least one solar cell 610.
In another embodiment, the encapsulant 612 encapsulates 65% of the exterior surface area of the

20  at least one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 70% of the
exterior surface area of the at least one solar cell 610, In another embodiment, the encapsulant
612 encapsulates 75% of the exterior surface area of the at least one solar cell 610. In another

embodiment, the encapsulant 612 encapsulates 80% of the exterior surface area of the at least
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one solar cell 610. In another embodiment, the encapsulant 612 encapsulates 85% of the exterior
surface area of the at least one solar cell 610. In another embodiment, the encapsulant 612
encapsulates 90% of the exterior surface area of the at least one solar cell 610. In another
embodiment, the encapsulant 612 encapsulates 95% of the exterior surface area of the at least
5  one solar cell 610, In another embodiment, the encapsulant 612 encapsulates 100% of the
exterior surface area of the at least one solar cell 610.
[0092] In an embodiment, the encapsulant 612 may be made from polyolefins, ethyl
vinyl acetates, ionomers, silicones, poly vinyl butyral, epoxies, polyurethanes, or
combinations/hybrids thereof.

10 [0093] In an embodiment, the encapsulant 612 has a thickness of 0.4 mm to 1.8 mm. In
another embodiment, the encapsulant 612 has a thickness of 0.4 mm to 1.7 mm. In another
embodiment, the encapsulant 612 has a thickness of 0.4 mm to 1.6 mm. In another embodiment,
the encapsulant 612 has a thickness of 0.4 mm to 1.5 mm. In another embodiment, the
encapsulant 612 has a thickness of 0.4 mm to 1.4 mm. In another embodiment, the encapsulant

15 612 has a thickness of 0.4 mm to 1.3 mm. In another embodiment, the encapsulant 612 has a
thickness of 0.4 mm to 1.2 mm. In another embodiment, the encapsulant 612 has a thickness of
0.4 mm to 1.1 mm. In another embodiment, the encapsulant 612 has a thickness of 0.4 mm to
1.0 mm. In another embodiment, the encapsulant 612 has a thickness of 0.4 mm to 0.9 mm. In
another embodiment, the encapsulant 612 has a thickness of 0.4 mm to 0.8 mm. In another

20  embodiment, the encapsulant 612 has a thickness of 0.4 mm to 0.7 mm. In another embodiment,
the encapsulant 612 has a thickness of 0.4 mm to 0.6 mm. In another embodiment, the
encapsulant 612 has a thickness of 0.4 mm to 0.5 mm.

[0094] In an embodiment, the encapsulant 612 has a thickness of 0.5 mm to 1.8 mm. In
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another embodiment, the encapsulant 612 has a thickness of 0.5 mm to 1.7 mm. In another
embodiment, the encapsulant 612 has a thickness of 0.5 mm to 1.6 mm. In another embodiment,
the encapsulant 612 has a thickness of 0.5 mm to 1.5 mm. In another embodiment, the
encapsulant 612 has a thickness of 0.5 mm to 1.4 mm. In another embodiment, the encapsulant
5 612 has a thickness of 0.5 mm to 1.3 mm. In another embodiment, the encapsulant 612 has a
thickness of 0.5 mm to 1.2 mm. In another embodiment, the encapsulant 612 has a thickness of
0.5 mm to 1.1 mm. In another embodiment, the encapsulant 612 has a thickness of 0.5 mm to
1.0 mm. In another embodiment, the encapsulant 612 has a thickness of 0.5 mm to 0.9 mm. In
another embodiment, the encapsulant 612 has a thickness of 0.5 mm to 0.8 mm. In another
10  embodiment, the encapsulant 612 has a thickness of 0.5 mm to 0.7 mm. In another embodiment,
the encapsulant 612 has a thickness of 0.5 mm to 0.6 mm.
[0095] In an embodiment, the encapsulant 612 has a thickness of 0.6 mm to 1.8 mm. In
another embodiment, the encapsulant 612 has a thickness of 0.6 mm to 1.7 mm. In another
embodiment, the encapsulant 612 has a thickness of 0.6 mm to 1.6 mm. In another embodiment,
15  the encapsulant 612 has a thickness of 0.6 mm to 1.5 mm. In another embodiment, the
encapsulant 612 has a thickness of 0.6 mm to 1.4 mm. In another embodiment, the encapsulant
612 has a thickness of 0.6 mm to 1.3 mm. In another embodiment, the encapsulant 612 has a
thickness of 0.6 mm to 1.2 mm. In another embodiment, the encapsulant 612 has a thickness of
0.6 mm to 1.1 mm. In another embodiment, the encapsulant 612 has a thickness of 0.6 mm to
20 1.0 mm. In another embodiment, the encapsulant 612 has a thickness of 0.6 mm to 0.9 mm. In
another embodiment, the encapsulant 612 has a thickness of 0.6 mm to 0.8 mm. In another
embodiment, the encapsulant 612 has a thickness of 0.6 mm to 0.7 mm.

[0096] In an embodiment, the encapsulant 612 has a thickness of 0.7 mm to 1.8 mm. In

34

CA 03174671 2022-10-4



WO 2021/207238 PCT/US2021/026009

another embodiment, the encapsulant 612 has a thickness of 0.7 mm to 1.7 mm. In another
embodiment, the encapsulant 612 has a thickness of 0.7 mm to 1.6 mm. In another embodiment,
the encapsulant 612 has a thickness of 0.7 mm to 1.5 mm. In another embodiment, the
encapsulant 612 has a thickness of 0.7 mm to 1.4 mm. In another embodiment, the encapsulant

5 612 has a thickness of 0.7 mm to 1.3 mm. In another embodiment, the encapsulant 612 has a
thickness of 0.7 mm to 1.2 mm. In another embodiment, the encapsulant 612 has a thickness of
0.7 mm to 1.1 mm. In another embodiment, the encapsulant 612 has a thickness of 0.7 mm to
1.0 mm. In another embodiment, the encapsulant 612 has a thickness of 0.7 mm to 0.9 mm. In
another embodiment, the encapsulant 612 has a thickness of 0.7 mm to 0.8 mm.

10 [0097] In an embodiment, the encapsulant 612 has a thickness of 0.8 mm to 1.8 mm. In
another embodiment, the encapsulant 612 has a thickness of 0.8 mm to 1.7 mm. In another
embodiment, the encapsulant 612 has a thickness of 0.8 mm to 1.6 mm. In another embodiment,
the encapsulant 612 has a thickness of 0.8 mm to 1.5 mm. In another embodiment, the
encapsulant 612 has a thickness of 0.8 mm to 1.4 mm. In another embodiment, the encapsulant

15 612 has a thickness of 0.8 mm to 1.3 mm. In another embodiment, the encapsulant 612 has a
thickness of 0.8 mm to 1.2 mm. In another embodiment, the encapsulant 612 has a thickness of
0.8 mm to 1.1 mm. In another embodiment, the encapsulant 612 has a thickness of 0.8 mm to
1.0 mm. In another embodiment, the encapsulant 612 has a thickness of 0.8 mm to 0.9 mm.
[0098] In an embodiment, the encapsulant 612 has a thickness of 0.9 mm to 1.8 mm. In

20  another embodiment, the encapsulant 612 has a thickness of 0.9 mm to 1.7 mm. In another
embodiment, the encapsulant 612 has a thickness of 0.9 mm to 1.6 mm. In another embodiment,
the encapsulant 612 has a thickness of 0.9 mm to 1.5 mm. In another embodiment, the

encapsulant 612 has a thickness of 0.9 mm to 1.4 mm. In another embodiment, the encapsulant
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612 has a thickness of 0.9 mm to 1.3 mm. In another embodiment, the encapsulant 612 has a
thickness of 0.9 mm to 1.2 mm. In another embodiment, the encapsulant 612 has a thickness of
0.9 mm to 1.1 mm. In another embodiment, the encapsulant 612 has a thickness of 0.9 mm to
1.0 mm.

5 [0099] In an embodiment, the encapsulant 612 has a thickness of 1.0 mm to 1.8 mm. In
another embodiment, the encapsulant 612 has a thickness of 1.0 mm to 1.7 mm. In another
embodiment, the encapsulant 612 has a thickness of 1.0 mm to 1.6 mm. In another embodiment,
the encapsulant 612 has a thickness of 1.0 mm to 1.5 mm. In another embodiment, the
encapsulant 612 has a thickness of 1.0 mm to 1.4 mm. In another embodiment, the encapsulant

10 612 has a thickness of 1.0 mm to 1.3 mm. In another embodiment, the encapsulant 612 has a
thickness of 1.0 mm to 1.2 mm. In another embodiment, the encapsulant 612 has a thickness of
1.0mmto 1.1 mm.

[00100] In an embodiment, the encapsulant 612 has a thickness of 1.1 mm to 1.8 mm. In
another embodiment, the encapsulant 612 has a thickness of 1.1 mm to 1.7 mm. In another

15  embodiment, the encapsulant 612 has a thickness of 1.1 mm to 1.6 mm. In another embodiment,
the encapsulant 612 has a thickness of 1.1 mm to 1.5 mm. In another embodiment, the
encapsulant 612 has a thickness of 1.1 mm to 1.4 mm. In another embodiment, the encapsulant
612 has a thickness of 1.1 mm to 1.3 mm. In another embodiment, the encapsulant 612 has a
thickness of 1.1 mm to 1.2 mm.

20 [00101] In an embodiment, the encapsulant 612 has a thickness of 1.2 mm to 1.8 mm. In
another embodiment, the encapsulant 612 has a thickness of 1.2 mm to 1.7 mm. In another
embodiment, the encapsulant 612 has a thickness of 1.2 mm to 1.6 mm. In another embodiment,

the encapsulant 612 has a thickness of 1.2 mm to 1.5 mm. In another embodiment, the
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encapsulant 612 has a thickness of 1.2 mm to 1.4 mm. In another embodiment, the encapsulant
612 has a thickness of 1.2 mm to 1.3 mm.
[00102] In an embodiment, the encapsulant 612 has a thickness of 1.3 mm to 1.8 mm. In
another embodiment, the encapsulant 612 has a thickness of 1.3 mm to 1.7 mm. In another
5  embodiment, the encapsulant 612 has a thickness of 1.3 mm to 1.6 mm. In another embodiment,
the encapsulant 612 has a thickness of 1.3 mm to 1.5 mm. In another embodiment, the
encapsulant 612 has a thickness of 1.3 mm to 1.4 mm.
[00103] In an embodiment, the encapsulant 612 has a thickness of 1.4 mm to 1.8 mm. In
another embodiment, the encapsulant 612 has a thickness of 1.4 mm to 1.7 mm. In another
10  embodiment, the encapsulant 612 has a thickness of 1.4 mm to 1.6 mm. In another embodiment,
the encapsulant 612 has a thickness of 1.4 mm to 1.5 mm.
[00104] In an embodiment, the encapsulant 612 has a thickness of 1.5 mm to 1.8 mm. In
another embodiment, the encapsulant 612 has a thickness of 1.5 mm to 1.7 mm. In another
embodiment, the encapsulant 612 has a thickness of 1.5 mm to 1.6 mm. In an embodiment, the
15  encapsulant 612 has a thickness of 1.6 mm to 1.8 mm. In another embodiment, the encapsulant
612 has a thickness of 1.6 mm to 1.7 mm. In an embodiment, the encapsulant 612 has a
thickness of 1.7 mm to 1.8 mm. In an embodiment, the encapsulant 612 has a thickness of 0.4
mm. In an embodiment, the encapsulant 612 has a thickness of 0.5 mm. In an embodiment, the
encapsulant 612 has a thickness of 0.6 mm. In an embodiment, the encapsulant 612 has a
20  thickness of 0.7 mm. In an embodiment, the encapsulant 612 has a thickness of 0.8 mm. In an
embodiment, the encapsulant 612 has a thickness of 0.9 mm. In an embodiment, the encapsulant
612 has a thickness of 1.0 mm. In an embodiment, the encapsulant 612 has a thickness of 1.1

mm. In an embodiment, the encapsulant 612 has a thickness of 1.2 mm. In an embodiment, the
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encapsulant 612 has a thickness of 1.3 mm. In an embodiment, the encapsulant 612 has a
thickness of 1.4 mm. In an embodiment, the encapsulant 612 has a thickness of 1.5 mm. In an
embodiment, the encapsulant 612 has a thickness of 1.6 mm. In an embodiment, the encapsulant
612 has a thickness of 1.7 mm. In an embodiment, the encapsulant 612 has a thickness of 1.8
5 mm.

[00105] In an embodiment, the photovoltaic module 600 includes a frontsheet 618
juxtaposed with the first surface 614 of the encapsulant 612, and a backsheet 620 juxtaposed
with the second surface 616 of the encapsulant 612. In an embodiment, each of the frontsheet
618 and the backsheet 620 includes a polymer. In an embodiment, each of the frontsheet 618

10  and the backsheet 620 includes thermoplastic polyolefin (TPO). In other embodiments, each of
the frontsheet 618 and the backsheet 620 includes polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), polyetheretherketone (PEEK), polyaryletherketone (PAEK),
polyarylate (PAR), polyetherimide (PEI), polyarylsulfone (PAS), polyethersulfone (PES),
polyamideimide (PAI), or polyimide; polyvinyl chloride (PVC); cthylene propylene diene

15  monomer (EPDM} rubber, silicone rubber; fluoropolymers - ethylene tetrafluoroethylene
(ETFE), polyvinylidene fluoride (PVIDF), tetrafluoroethylene-hexafluoropropylene copolymers
(FEP), and tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride copolymers (THV), or
blends thereof. In an embodiment, each of the frontsheet 618 and the backsheet 620 is made
from a polymer-based dielectric material.

20 [00106] In an embodiment, the frontsheet 618 includes a glass layer 611 and a polymer
layer 613 attached to a first surface of the glass layer 611. In an embodiment, the frontsheet 618
is juxtaposed with the first surface 614 of the encapsulant 612. In an embodiment, each of the

encapsulant 612, the glass layer 611, and the polymer layer 613 is transparent. In an
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embodiment, the polymer layer 613 is attached to the glass layer 611 by an adhesive layer 615.
In an embodiment, the adhesive layer 615 may include polyvinyl butyrate, acrylic, silicone, or
polycarbonate. In ancther embediment, the adhesive layer 615 may include pressure sensitive
adhesives. In another embodiment, the polymer layer 613 is attached to the glass layer 611 by

5  thermal bonding. In another embodiment, the frontsheet 618 includes at least one of the glass
layer 611 or the polymer layer 613. In an embodiment, the adhesive layer 615 is transparent. As
used herein, the term “transparent” means having a solar weighted transmittance of 80% or
greater, and with respect to certain embodiments of the photovoltaic module 600, a transparent
layer of the photovoltaic module has a solar weighted transmittance of 80% or greater.

10 [00107] In an embodiment, the glass layer 611 has a thickness of 2.5 mm to 4 mm. In
another embodiment, the glass layer 611 has a thickness of 2.5 mm to 3.5 mm. In another
embodiment, the glass layer 611 has a thickness of 2.5 mm to 3 mm. In another embodiment, the
glass layer 611 has a thickness of 3 mm to 4 mm. In another embodiment, the glass layer 611
has a thickness of 3.5 mm to 4 mm. In another embodiment, the glass layer 611 has a thickness

15  of 2.6 mm to 3.5 mm. In another embodiment, the glass layer 611 has a thickness of 2.7 mm to
3.5 mm. In another embodiment, the glass layer 611 has a thickness of 2.8 mm to 3.5 mm. In
another embodiment, the glass layer 611 has a thickness of 2.9 mm to 3.5 mm.  In another
embodiment, the glass layer 611 has a thickness of 3 mm to 3.5 mm. In another embodiment, the
glass layer 611 has a thickness of 3.1 mm to 3.5 mm. In another embodiment, the glass layer

20 611 has a thickness of 3.2 mm to 3.5 mm. In another embodiment, the glass layer 611 has a
thickness of 3.3 mm to 3.5 mm. In another embodiment, the glass layer 611 has a thickness of
3.4 mm to 3.5 mm. In another embodiment, the glass layer 611 has a thickness of 2.5 mm to 3.4

mm. In another embodiment, the glass layer 611 has a thickness of 2.5 mm to 3.3 mm. In
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another embodiment, the glass layer 611 has a thickness of 2.5 mm to 3.2 mm. In another
embodiment, the glass layer 611 has a thickness of 2.5 mm to 3.1 mm. In another embodiment,
the glass layer 611 has a thickness of 2.5 mm to 2.9 mm. In another embodiment, the glass layer
611 has a thickness of 2.5 mm to 2.8 mm. In another embodiment, the glass layer 611 has a
5 thickness of 2.5 mm to 2.7 mm. In another embodiment, the glass layer 611 has a thickness of
2.5 mm to 2.6 mm.
[00108] In another embodiment, the glass layer 611 has a thickness of 2.5 mm. In another
embodiment, the glass layer 611 has a thickness of 2.6 mm. In another embodiment, the glass
layer 611 has a thickness of 2.7 mm. In another embodiment, the glass layer 611 has a thickness
10 of 2.8 mm. In another embodiment, the glass layer 611 has a thickness of 2.9 mm. In another
embodiment, the glass layer 611 has a thickness of 3 mm. In another embodiment, the glass
layer 611 has a thickness of 3.1 mm. In another embodiment, the glass layer 611 has a thickness
of 3.2 mm. In another embodiment, the glass layer 611 has a thickness of 3.3 mm. In another
embodiment, the glass layer 611 has a thickness of 3.4 mm. In another embodiment, the glass
15  layer 611 has a thickness of 3.5 mm. In another embodiment, the glass layer 611 has a thickness
of 3.6 mm. In another embodiment, the glass layer 611 has a thickness of 3.7 mm. In another
embodiment, the glass layer 611 has a thickness of 3.8 mm. In another embodiment, the glass
layer 611 has a thickness of 3.9 mm. In another embodiment, the glass layer 611 has a thickness
of 4 mm.
20 [00109] In an embodiment, the adhesive layer 615 includes thermosetting polyolefin,
thermosetting polyolefin encapsulant material, thermosetting ethylene-vinyl acetate (EVA), EVA
encapsulants, thermoplastic olefin, thermoplastic polyolefin (TOP) or hybrids/combinations

thereof.
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[00110] In an embodiment, the adhesive layer 615 has a thickness of 1 um to 900 um. In

an embodiment, the adhesive layer 615 has a thickness of 1 um to 900 pm. In an embodiment,

the adhesive layer 615 has a thickness of 1 um to 850 um. In an embodiment, the adhesive layer

615 has a thickness of 1 pm to 800 uym. In an embodiment, the adhesive layer 615 has a

5  thickness of 1 pm to 750 um. In an embodiment, the adhesive layer 615 has a thickness of 1 pm

to 700 pm. In an embodiment, the adhesive layer 615 has a thickness of 1 pm to 650 pm. In an

embodiment, the adhesive layer 615 has a thickness of 1 pm to 600 pm. In an embodiment, the

adhesive layer 615 has a thickness of 1 um to 550 um. In an embodiment, the adhesive layer

615 has a thickness of 1 um to 500 um. In an embodiment, the adhesive layer 615 has a

10 thickness of 1 pum to 450 pm. In an embodiment, the adhesive layer 615 has a thickness of 1 pm

to 400 um. In an embodiment, the adhesive layer 615 has a thickness of 1 pm to 350 pm. In an

embodiment, the adhesive layer 615 has a thickness of 1 um to 300 um. In an embodiment, the

adhesive layer 615 has a thickness of 1 um to 250 um. In an embodiment, the adhesive layer

615 has a thickness of 1 um to 200 pm. In an embodiment, the adhesive layer 615 has a

15  thickness of 1 pm to 150 um. In an embodiment, the adhesive layer 615 has a thickness of 1 pm
to 100 um. In an embodiment, the adhesive layer 615 has a thickness of 1 um to 50 um.

[00111] In an embodiment, the adhesive layer 615 has a thickness of 50 um tc 900 um. In

an embodiment, the adhesive layer 615 has a thickness of 50 pm to 850 um. In an embodiment,

the adhesive layer 615 has a thickness of 50 pm to 800 pm. In an embodiment, the adhesive

20  layer 615 has a thickness of 50 um to 750 um. In an embodiment, the adhesive layer 615 has a

thickness of 50 um to 700 um. In an embodiment, the adhesive layer 615 has a thickness of 50

um to 650 um. In an embodiment, the adhesive layer 615 has a thickness of 50 um to 600 um.

In an embodiment, the adhesive layer 615 has a thickness of 50 uym to 550 pm. In an
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embodiment, the adhesive layer 615 has a thickness of 50 um to 500 um. In an embodiment, the
adhesive layer 615 has a thickness of 50 um to 450 pm. In an embodiment, the adhesive layer
615 has a thickness of 50 pm to 400 um. In an embodiment, the adhesive layer 615 has a
thickness of 50 um to 350 um. In an embodiment, the adhesive layer 615 has a thickness of 50
5 um to 300 um. In an embodiment, the adhesive layer 615 has a thickness of 50 um to 250 um.
In an embodiment, the adhesive layer 615 has a thickness of 50 pm to 200 pym. In an
embodiment, the adhesive layer 615 has a thickness of 50 um to 150 um. In an embodiment, the
adhesive layer 615 has a thickness of 50 pm to 100 pm.
[00112] In an embodiment, the adhesive layer 615 has a thickness of 100 um to 900 pm.
10 In an embodiment, the adhesive layer 615 has a thickness of 100 um to 850 um. In an
embodiment, the adhesive layer 615 has a thickness of 100 um to 800 pm. In an embodiment,
the adhesive layer 615 has a thickness of 100 um to 750 um. In an embodiment, the adhesive
layer 615 has a thickness of 100 pm to 700 pm. In an embodiment, the adhesive layer 615 has a
thickness of 100 pm to 650 pm. In an embodiment, the adhesive layer 615 has a thickness of
15 100 pm to 600 pm. In an embodiment, the adhesive layer 615 has a thickness of 100 um to 550
um. In an embodiment, the adhesive layer 615 has a thickness of 100 um to 500 pm. In an
embodiment, the adhesive layer 615 has a thickness of 100 um to 450 pm. In an embodiment,
the adhesive layer 615 has a thickness of 100 um to 400 um. In an embodiment, the adhesive
layer 615 has a thickness of 100 um to 350 pm. In an embodiment, the adhesive layer 615 has a
20  thickness of 100 pm to 300 um. In an embodiment, the adhesive layer 615 has a thickness of
100 um to 250 um. In an embodiment, the adhesive layer 615 has a thickness of 100 um to 200
um. In an embodiment, the adhesive layer 615 has a thickness of 100 um to 150 um.

[00113] In an embodiment, the adhesive layer 615 has a thickness of 150 pm to 900 pm.
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In an embodiment, the adhesive layer 615 has a thickness of 150 pm to 850 pm. In an
embodiment, the adhesive layer 615 has a thickness of 150 um to 800 um. In an embodiment,
the adhesive layer 615 has a thickness of 150 pm to 750 um. In an embodiment, the adhesive
layer 615 has a thickness of 150 um to 700 pm. In an embodiment, the adhesive layer 615 has a
5  thickness of 150 um to 650 um. In an embodiment, the adhesive layer 615 has a thickness of
150 pm to 600 pm. In an embodiment, the adhesive layer 615 has a thickness of 150 um to 550
um. In an embodiment, the adhesive layer 615 has a thickness of 150 pm to 500 uym. In an
embodiment, the adhesive layer 615 has a thickness of 150 pum to 450 pm. In an embodiment,
the adhesive layer 615 has a thickness of 150 um to 400 um. In an embodiment, the adhesive
10 layer 615 has a thickness of 150 pm to 350 um. In an embodiment, the adhesive layer 615 has a
thickness of 150 pm to 300 um. In an embodiment, the adhesive layer 615 has a thickness of
150 pm to 250 um. In an embodiment, the adhesive layer 615 has a thickness of 150 um to 200

pum.
[00114] In an embodiment, the adhesive layer 615 has a thickness of 200 pm to 900 um.
15 In an embodiment, the adhesive layer 615 has a thickness of 200 pm to 850 pm. In an
embodiment, the adhesive layer 615 has a thickness of 200 um to 800 um. In an embodiment,
the adhesive layer 615 has a thickness of 200 um to 750 um. In an embodiment, the adhesive
layer 615 has a thickness of 200 pum to 700 pm. In an embodiment, the adhesive layer 615 has a
thickness of 200 pm to 650 pm. In an embodiment, the adhesive layer 615 has a thickness of
20 200 um to 600 pm. In an embodiment, the adhesive layer 615 has a thickness of 200 um to 550
um. In an embodiment, the adhesive layer 615 has a thickness of 200 um to 500 um. In an
embodiment, the adhesive layer 615 has a thickness of 200 um to 450 um. In an embodiment,

the adhesive layer 615 has a thickness of 200 pm to 400 um. In an embodiment, the adhesive
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layer 615 has a thickness of 200 pm to 350 pm. In an embodiment, the adhesive layer 615 has a
thickness of 200 pm to 300 pm. In an embodiment, the adhesive layer 615 has a thickness of
200 pm to 250 um.
[00115] In an emboediment, the adhesive layer 615 has a thickness of 250 um to 900 um.
5 In an embodiment, the adhesive layer 615 has a thickness of 250 um to 850 um. In an
embodiment, the adhesive layer 615 has a thickness of 250 pm to 800 um. In an embodiment,
the adhesive layer 615 has a thickness of 250 pm to 750 um. In an embodiment, the adhesive
layer 615 has a thickness of 250 um to 700 pm. In an embodiment, the adhesive layer 615 has a
thickness of 250 um to 650 um. In an embodiment, the adhesive layer 615 has a thickness of
10 250 pm to 600 pm. In an embodiment, the adhesive layer 615 has a thickness of 250 pum to 550
um. In an embodiment, the adhesive layer 615 has a thickness of 250 pum to 500 pm. In an
embodiment, the adhesive layer 615 has a thickness of 250 um to 450 um. In an embodiment,
the adhesive layer 615 has a thickness of 250 pm to 400 um. In an embodiment, the adhesive
layer 615 has a thickness of 250 um to 350 pm. In an embodiment, the adhesive layer 615 has a
15 thickness of 250 pm to 300 pm.
[00116] In an embodiment, the adhesive layer 615 has a thickness of 300 um to 900 um.
In an embodiment, the adhesive layer 615 has a thickness of 300 uym to 850 pm. In an
embodiment, the adhesive layer 615 has a thickness of 300 pm to 800 pm. In an embodiment,
the adhesive layer 615 has a thickness of 300 pm to 750 pm. In an embodiment, the adhesive
20  layer 615 has a thickness of 300 um to 700 um. In an embodiment, the adhesive layer 615 has a
thickness of 300 um to 650 um. In an embodiment, the adhesive layer 615 has a thickness of
300 um to 600 um. In an embodiment, the adhesive layer 615 has a thickness of 300 um to 550

pm. In an embodiment, the adhesive layer 615 has a thickness of 300 pm to 500 pm. In an
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embodiment, the adhesive layer 615 has a thickness of 300 um to 450 pm. In an embodiment,
the adhesive layer 615 has a thickness of 300 um to 400 pm. In an embodiment, the adhesive
layer 615 has a thickness of 300 pm to 350 um.
[00117] In an emboediment, the adhesive layer 615 has a thickness of 350 um to 900 um.
5 In an embodiment, the adhesive layer 615 has a thickness of 350 um to 850 um. In an
embodiment, the adhesive layer 615 has a thickness of 350 um to 800 um. In an embodiment,
the adhesive layer 615 has a thickness of 350 pm to 750 pum. In an embodiment, the adhesive
layer 615 has a thickness of 350 um to 700 pm. In an embodiment, the adhesive layer 615 has a
thickness of 350 um to 650 um. In an embodiment, the adhesive layer 615 has a thickness of
10 350 pm to 600 pm. In an embodiment, the adhesive layer 615 has a thickness of 350 pum to 550
um. In an embodiment, the adhesive layer 615 has a thickness of 350 um to 500 pm. In an
embodiment, the adhesive layer 615 has a thickness of 350 um to 450 um. In an embodiment,
the adhesive layer 615 has a thickness of 350 pm to 400 pm.
[00118] In an embodiment, the adhesive layer 615 has a thickness of 400 pm to 900 um.
15 In an embodiment, the adhesive layer 615 has a thickness of 400 pm to 850 pm. In an
embodiment, the adhesive layer 615 has a thickness of 400 um to 800 um. In an embodiment,
the adhesive layer 615 has a thickness of 400 um to 750 um. In an embodiment, the adhesive
layer 615 has a thickness of 400 pum to 700 pm. In an embodiment, the adhesive layer 615 has a
thickness of 400 pm to 650 pm. In an embodiment, the adhesive layer 615 has a thickness of
20 400 um to 600 pm. In an embodiment, the adhesive layer 615 has a thickness of 400 pum to 550
um. In an embodiment, the adhesive layer 615 has a thickness of 400 um to 500 um. In an
embodiment, the adhesive layer 615 has a thickness of 400 um to 450 um.

[00119] In an embodiment, the adhesive layer 615 has a thickness of 450 pm to 900 pm.

45

CA 03174671 2022-10-4



WO 2021/207238 PCT/US2021/026009

In an embodiment, the adhesive layer 615 has a thickness of 450 pm to 850 pm. In an
embodiment, the adhesive layer 615 has a thickness of 450 um to 800 um. In an embodiment,
the adhesive layer 615 has a thickness of 450 pm to 750 um. In an embodiment, the adhesive
layer 615 has a thickness of 450 um to 700 pm. In an embodiment, the adhesive layer 615 has a
5  thickness of 450 um to 650 um. In an embodiment, the adhesive layer 615 has a thickness of
450 um to 600 pm. In an embodiment, the adhesive layer 615 has a thickness of 450 um to 550
um. In an embodiment, the adhesive layer 615 has a thickness of 450 pm to 500 pm.
[00120] In an emboediment, the adhesive layer 615 has a thickness of 500 um to 900 um.
In an embodiment, the adhesive layer 615 has a thickness of S00 um to 850 um. In an
10  embodiment, the adhesive layer 615 has a thickness of 500 um to 800 um. In an embodiment,
the adhesive layer 615 has a thickness of 500 pm to 750 uym. In an embodiment, the adhesive
layer 615 has a thickness of 500 um to 700 pm. In an embodiment, the adhesive layer 615 has a
thickness of 500 pm to 650 um. In an embodiment, the adhesive layer 615 has a thickness of
500 pm to 600 um. In an embodiment, the adhesive layer 615 has a thickness of 500 um to 550
15 pm.
[00121] In an embodiment, the adhesive layer 615 has a thickness of 550 um to 900 um.
In an embodiment, the adhesive layer 615 has a thickness of 550 uym to 850 pm. In an
embodiment, the adhesive layer 615 has a thickness of 550 um to 800 pm. In an embodiment,
the adhesive layer 615 has a thickness of 550 pm to 750 pm. In an embodiment, the adhesive
20  layer 615 has a thickness of 550 um to 700 um. In an embodiment, the adhesive layer 615 has a
thickness of 550 um to 650 um. In an embodiment, the adhesive layer 615 has a thickness of
550 pm to 600 um.

[00122] In an embodiment, the adhesive layer 615 has a thickness of 600 pm to 900 pm.
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In an embodiment, the adhesive layer 615 has a thickness of 600 pm to 850 pm. In an
embodiment, the adhesive layer 615 has a thickness of 600 um to 800 um. In an embodiment,
the adhesive layer 615 has a thickness of 600 pm to 750 um. In an embodiment, the adhesive
layer 615 has a thickness of 600 um to 700 pm. In an embodiment, the adhesive layer 615 has a
5 thickness of 600 pm to 650 um.

[00123] In an embodiment, the adhesive layer 615 has a thickness of 650 pm to 900 um.
In an embodiment, the adhesive layer 615 has a thickness of 650 um to 850 pum. In an
embodiment, the adhesive layer 615 has a thickness of 650 um to 800 pm. In an embodiment,
the adhesive layer 615 has a thickness of 650 um to 750 um. In an embodiment, the adhesive

10 layer 615 has a thickness of 650 pm to 700 um. In an embodiment, the adhesive layer 615 has a
thickness of 700 pm to 900 um. In an embodiment, the adhesive layer 615 has a thickness of
700 pm to 850 um. In an embodiment, the adhesive layer 615 has a thickness of 700 um to 800
pm. In an embodiment, the adhesive layer 615 has a thickness of 700 um to 750 pm. In an
embodiment, the adhesive layer 615 has a thickness of 750 um to 900 um. In an embodiment,

15  the adhesive layer 615 has a thickness of 750 um to 850 pm. In an embodiment, the adhesive
layer 615 has a thickness of 750 um to 800 pm. In an embodiment, the adhesive layer 615 has a
thickness of 800 um to 900 um. In an embodiment, the adhesive layer 615 has a thickness of
800 um to 850 um. In an embodiment, the adhesive layer 615 has a thickness of 850 um to 900
pm.

20 [00124] In an embodiment, the adhesive layer 615 has a thickness of 1 um. In an
embodiment, the adhesive layer 615 has a thickness of 50 um. In an embodiment, the adhesive
layer 615 has a thickness of 100 um. In an embodiment, the adhesive layer 615 has a thickness

of 1 pym. In an embodiment, the adhesive layer 615 has a thickness of 150 pm. In an
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embodiment, the adhesive layer 615 has a thickness of 200 um. In an embodiment, the adhesive
layer 615 has a thickness of 250 um. In an embodiment, the adhesive layer 615 has a thickness
of 300 um. In an embodiment, the adhesive layer 615 has a thickness of 350 pm. In an
embodiment, the adhesive layer 615 has a thickness of 400 um. In an embodiment, the adhesive
5 layer 615 has a thickness of 450 pm. In an embodiment, the adhesive layer 615 has a thickness
of 500 pm. In an embodiment, the adhesive layer 615 has a thickness of 550 pm. In an
embodiment, the adhesive layer 615 has a thickness of 600 um. In an embodiment, the adhesive
layer 615 has a thickness of 650 pm. In an embodiment, the adhesive layer 615 has a thickness
of 700 um. In an embodiment, the adhesive layer 615 has a thickness of 750 um. In an
10  embodiment, the adhesive layer 615 has a thickness of 800 pm. In an embodiment, the adhesive
layer 615 has a thickness of 850 pm. In an embodiment, the adhesive layer 615 has a thickness

of 900 pum.
[00125] In an embodiment, the polymer layer 613 includes a fluoropolymer. In certain
embodiments, the fluoropolymer may be ethylene tetrafluoroethylene (ETFE), fluoropolymer is
15  polyvinylidene fluoride (PVDF), tetrafluoroethylene-hexafluoropropylene copolymers (FEP),
and tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride copolymers (THV), polyvinyl
fluoride (PVF), or blends thereof. In an embodiment, the frontsheet includes fluoropolymers,
acrylics, polyesters, silicones, polycarbonates, or combinations thereof. In other embodiments,
the polymer layer 613 includes polyethylene terephthalate (PET), polyethylene naphthalate
20  (PEN), polyetheretherketone (PEEK), polyaryletherketone (PAEK), polyarylate (PAR),
polyetherimide (PEI), polyarylsulfone (PAS), polyethersulfone (PES), polyamideimide (PAI),
polyphenylsulfone (PPSU), polyolefin, cyclic olefin copolymers (CPCs), or polyimide. In an

embodiment, the polymer layer 613 includes a crosslinked polymeric material. In an
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embodiment, 50% to 99% of the polymer chains of the polymeric material are crosslinked.

[00126] In an embodiment, the polymer layer 613 has a thickness of 0.01 mm to 0.5 mm.

In another embodiment, the polymer layer 613 has a thickness of 0.01 mm to 0.4 mm. In another

embodiment, the polymer layer 613 has a thickness of 0.01 mm to 0.3 mm.
5  embodiment, the polymer layer 613 has a thickness of 0.01 mm to 0.2 mm.

embodiment, the polymer layer 613 has a thickness of 0.01 mm to 0.1 mm.
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embodiment, the polymer layer 613 has a thickness of 0.1 mm to 0.4 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.15 mm to 0.4 mm. In another
embodiment, the pelymer layer 613 has a thickness of 0.2 mm to 0.4 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.25 mm to 0.4 mm. In another
5  embodiment, the polymer layer 613 has a thickness of 0.3 mm to 0.4 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.35 mm to 0.4 mm.
[00128] In another embodiment, the polymer layer 613 has a thickness of 0.025 mm to 0.1
mm. In another embodiment, the polymer layer 613 has a thickness of 0.03 mm to 0.1 mm. In
another embodiment, the polymer layer 613 has a thickness of 0.035 mm to 0.1 mm. In another
10 embodiment, the polymer layer 613 has a thickness of 0.04 mm to 0.1 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.045 mm to 0.1 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.05 mm to 0.1 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.06 mm to 0.1 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.065 mm to 0.1 mm. In another
15  embodiment, the polymer layer 613 has a thickness of 0.07 mm to 0.1 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.075 mm to 0.1 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.08 mm to 0.1 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.085 mm to 0.1 mm. In another
embodiment, the polymer layer 613 has a thickness of 0.09 mm to 0.1 mm. In another
20  embodiment, the polymer layer 613 has a thickness of 0.095 mm to 0.1 mm.
[00129] In an embodiment, the frontsheet 618 is transparent. In another embodiment, the
backsheet 620 is made from glass. In an embodiment, the backsheet 620 is transparent. In

another embodiment, the backsheet 620 is non-transparent (opaque). As used herein, the term
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“transparent” means having a solar weighted transmittance of 80% or greater, and with respect to
certain embodiments of the photovoltaic modules, a transparent layer of the photovoltaic module
has a solar weighted transmittance of 80% or greater.
[00130] In an embodiment, the backsheet 620 includes a flame retardant additive. In some
5 embodiments, the flame retardant additive may be clays, nanoclays, silicas, carbon black, metal
hydroxides such as aluminum hydroxide, metal foils, graphite, and combinations thereof.
[00131] In an embodiment, the frontsheet 618 has a thickness of 2.5 mm to 4 mm. In
another embodiment, the frontsheet 618 has a thickness of 2.5 mm to 3.5 mm. In another
embodiment, the frontsheet 618 has a thickness of 2.5 mm to 3 mm. In another embodiment, the
10  frontsheet 618 has a thickness of 3 mm to 4 mm. In another embodiment, the frontsheet 618 has
a thickness of 3.5 mm to 4 mm. In another embodiment, the frontsheet 618 has a thickness of
2.6 mm to 3.5 mm. In another embodiment, the frontsheet 618 has a thickness of 2.7 mm to 3.5
mm. In another embodiment, the frontsheet 618 has a thickness of 2.8 mm to 3.5 mm. In
another embodiment, the frontsheet 618 has a thickness of 2.9 mm to 3.5 mm. In another
15  embodiment, the frontsheet 618 has a thickness of 3 mm to 3.5 mm. In another embodiment, the
frontsheet 618 has a thickness of 3.1 mm to 3.5 mm. In another embodiment, the frontsheet 618
has a thickness of 3.2 mm to 3.5 mm. In another embodiment, the frontsheet 618 has a thickness
of 3.3 mm to 3.5 mm. In another embodiment, the frontsheet 618 has a thickness of 3.4 mm to
3.5 mm. In another embodiment, the frontsheet 618 has a thickness of 2.5 mm to 3.4 mm. In
20  another embodiment, the frontsheet 618 has a thickness of 2.5 mm to 3.3 mm. In another
embodiment, the frontsheet 618 has a thickness of 2.5 mm to 3.2 mm. In another embodiment,
the frontsheet 618 has a thickness of 2.5 mm to 3.1 mm. In another embodiment, the frontsheet

618 has a thickness of 2.5 mm to 2.9 mm. In another embodiment, the frontsheet 618 has a
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thickness of 2.5 mm to 2.8 mm. In another embodiment, the frontsheet 618 has a thickness of
2.5 mm to 2.7 mm. In another embodiment, the frontsheet 618 has a thickness of 2.5 mm to 2.6
mm.
[00132] In another embodiment, the frontsheet 618 has a thickness of 2.5 mm. In another
5 embodiment, the frontsheet 618 has a thickness of 2.6 mm. In another embodiment, the
frontsheet 618 has a thickness of 2.7 mm. In another embodiment, the frontsheet 618 has a
thickness of 2.8 mm. In another embodiment, the frontsheet 618 has a thickness of 2.9 mm. 1In
another embodiment, the frontsheet 618 has a thickness of 3 mm. In another embodiment, the
frontsheet 618 has a thickness of 3.1 mm. In another embodiment, the frontsheet 618 has a
10  thickness of 3.2 mm. In another embodiment, the frontsheet 618 has a thickness of 3.3 mm. In
another embodiment, the frontsheet 618 has a thickness of 3.4 mm. In another embodiment, the
frontsheet 618 has a thickness of 3.5 mm. In another embodiment, the frontsheet 618 has a
thickness of 3.6 mm. In another embodiment, the frontsheet 618 has a thickness of 3.7 mm. In
another embodiment, the frontsheet 618 has a thickness of 3.8 mm. In another embodiment, the
15  frontsheet 618 has a thickness of 3.9 mm. In another embodiment, the frontsheet 618 has a
thickness of 4 mm.
[00133] In an embodiment, the backsheet 620 has a thickness of 10 mil tc 100 mil. In an
embodiment, the backsheet 620 has a thickness of 10 mil to 90 mil. In an embodiment, the
backsheet 620 has a thickness of 10 mil to 80 mil. In an embodiment, the backsheet 620 has a
20  thickness of 10 mil to 70 mil. In an embodiment, the backsheet 620 has a thickness of 10 mil to
60 mil. In an embodiment, the backsheet 620 has a thickness of 10 mil to 50 mil. In an
embodiment, the backsheet 620 has a thickness of 10 mil to 40 mil. In an embodiment, the

backsheet 620 has a thickness of 10 mil to 30 mil. In an embodiment, the backsheet 620 has a
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thickness of 10 mil to 20 mil.

[00134] In an embodiment, the backsheet 620 has a thickness of 20 mil to 100 mil. In an

embodiment, the backsheet 620 has a thickness of 20 mil to 90 mil. In an embodiment, the

backsheet 620 has a thickness of 20 mil to 80 mil. In an embodiment, the backsheet 620 has a
5  thickness of 20 mil to 70 mil. In an embodiment, the backsheet 620 has a thickness of 20 mil to

60 mil. In an embodiment, the backsheet 620 has a thickness of 20 mil to 50 mil. In an

embodiment, the backsheet 620 has a thickness of 20 mil to 40 mil. In an embodiment, the

backsheet 620 has a thickness of 20 mil to 30 mil.

[00135] In an embodiment, the backsheet 620 has a thickness of 30 mil to 100 mil. In an

10 embodiment, the backsheet 620 has a thickness of 30 mil to 90 mil. In an embodiment, the
backsheet 620 has a thickness of 30 mil to 80 mil. In an embodiment, the backsheet 620 has a
thickness of 30 mil to 70 mil. In an embodiment, the backsheet 620 has a thickness of 30 mil to
60 mil. In an embodiment, the backsheet 620 has a thickness of 30 mil to 50 mil. In an
embodiment, the backsheet 620 has a thickness of 30 mil to 40 mil.

15 [00136] In an embodiment, the backsheet 620 has a thickness of 40 mil to 100 mil. In an
embodiment, the backsheet 620 has a thickness of 40 mil to 90 mil. In an embodiment, the
backsheet 620 has a thickness of 40 mil to 80 mil. In an embodiment, the backsheet 620 has a
thickness of 40 mil to 70 mil. In an embodiment, the backsheet 620 has a thickness of 40 mil to
60 mil. In an embodiment, the backsheet 620 has a thickness of 40 mil to 50 mil. In an

20  embodiment, the backsheet 620 has a thickness of 50 mil to 100 mil. In an embodiment, the
backsheet 620 has a thickness of 50 mil to 90 mil. In an embodiment, the backsheet 620 has a
thickness of 50 mil to 80 mil. In an embodiment, the backsheet 620 has a thickness of 50 mil to

70 mil. In an embodiment, the backsheet 620 has a thickness of 50 mil to 60 mil.
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[00137] In an embodiment, the backsheet 620 has a thickness of 60 mil to 100 mil. In an
embodiment, the backsheet 620 has a thickness of 60 mil to 90 mil. In an embodiment, the
backsheet 620 has a thickness of 60 mil to 80 mil. In an embodiment, the backsheet 620 has a
thickness of 60 mil to 70 mil. In an embodiment, the backsheet 620 has a thickness of 70 mil to

5 100 mil. In an embodiment, the backsheet 620 has a thickness of 70 mil to 90 mil. In an
embodiment, the backsheet 620 has a thickness of 70 mil to 80 mil. In an embodiment, the
backsheet 620 has a thickness of 80 mil to 100 mil. In an embodiment, the backsheet 620 has a
thickness of 80 mil to 90 mil. In an embodiment, the backsheet 620 has a thickness of 90 mil to
100 mil.

10 [00138] In an embodiment, the backsheet 620 has a thickness of 10 mil. In an
embodiment, the backsheet 620 has a thickness of 20 mil. In an embodiment, the backsheet 620
has a thickness of 30 mil. In an embodiment, the backsheet 620 has a thickness of 40 mil. In an
embodiment, the backsheet 620 has a thickness of 50 mil. In an embodiment, the backsheet 620
has a thickness of 60 mil. In an embodiment, the backsheet 620 has a thickness of 10 mil. In an

15  embodiment, the backsheet 620 has a thickness of 70 mil. In an embodiment, the backsheet 620
has a thickness of 80 mil. In an embodiment, the backsheet 620 has a thickness of 90 mil. In an
embodiment, the backsheet 620 has a thickness of 100 mil.

[00139] In an embodiment, the frontsheet 618 and the backsheet 620 are laminated. In an
embodiment, the backsheet 620 is ultrasonically welded to the frontsheet 618. In an

20  embodiment, the backsheet 620 is heat welded to the frontsheet 618. In an embodiment, the
backsheet 620 is thermally bonded to the frontsheet 618.

[00140] Still referring to FIGS. 6A and 6B, in an embodiment, the photovoltaic module

600 includes a first electrical bussing 622 located proximate to the first end 602, and a second
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electrical bussing 624 located proximate to the second end 604. In an embodiment, the first
electrical bussing 622 extends proximately from the first side 606 and proximately to the second
side 608. In an embediment, the second electrical bussing 624 extends proximately from the
first side 606 and proximately to the second side 608. In an embodiment, the first electrical
5  bussing 622 and the second electrical bussing 624 are encapsulated within the encapsulant 612.
In an embodiment, each of the first electrical bussing 622 and the second electrical bussing 624
are made of an electrically conductive material. In an embodiment, each of the first electrical
bussing 622 and the second electrical bussing 624 is made of copper. In an embodiment, each of
the first electrical bussing 622 and the second electrical bussing 624 is made of aluminum. In an
10 embodiment, a first solder pad 626 extends outwardly from an upper surtace 619 of the
frontsheet 618 and is electrically connected to the first electrical bussing 622. In an embodiment,
a second solder pad 628 extends outwardly from the upper surface 619 of the frontsheet 618 and

is electrically connected to the second electrical bussing 624.
[00141] Referring to FIGS. 6C and 6D, in an embodiment, a first photovoltaic module
15  600a is attached to a second photovoltaic module 600b. In an embodiment, each of the first
photovoltaic module 600a and the second photovoltaic module 600b includes the same features
and structure as the photovoltaic module 600. In an embodiment, the second side 608 of the first
photovoltaic module 600a is attached to the first side 606 of the second photovoltaic module
600b. In an embodiment, the second surface 605 of the first photovoltaic module 600a
20  proximate to the second side 608 thereof is attached to the first surface 603 of the second
photovoltaic module 600b proximate to the first side 606 thereof. In an embodiment, backsheet
620 of the first photovoltaic module 600a proximate to the second side 608 thereof is attached to

the frontsheet 618 of the second photovoltaic module 600b proximate to the first side 606
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thereof. In an embodiment, the first photovoltaic module 600a is ultrasonically welded to the
second photovoltaic module 600b. In an embodiment, the first photovoltaic module 600a is heat
welded to the second photovoltaic module 600b. In an embodiment, the first photovoltaic
module 600a is thermally bonded to the second photovoltaic module 600b. In an embodiment,
5  the first photovoltaic module 600a is attached to the second photovoltaic module 600b by an
adhesive 601. In an embodiment, the first photovoltaic module 600a is attached to the second
photovoltaic module 600b by an adhesive tape. In an embodiment, the first photovoltaic module
600a is attached to the second photovoltaic module 600b by butyl tape.
[00142] In an embodiment, the first photovoltaic module 600a is laminated. In an
10  embodiment, the second photovoltaic module 600b is laminated. In an embodiment, the first
photovoltaic module 600a is attached to the second photovoltaic module 600b after each of them
is laminated. In another embodiment, the first photovoltaic module 600a and the second
photovoltaic module 600b are attached to one another during the lamination of each of the first
photovoltaic module 600a and the second photovoltaic module 600b. In an embodiment, the first
15  photovoltaic module 600a is laminated, and subsequently the first photovoltaic module 600a is
attached to the second photovoltaic module 600b during lamination of the second photovoltaic
module 600b. In an embodiment, the second photovoltaic module 600b is laminated, and
subsequently the second photovoltaic module 600b is attached to the first photovoltaic module
600a during lamination of the first photovoltaic module 600a.
20 [00143] In an embodiment, a method comprising the steps of:
(i) laminating the first photovoltaic module 600a;
(i1) laminating the second photovoltaic module 600b; and

(iii) attaching the first photovoltaic module 600a and the second photovoltaic
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module 600b to one another.

[00144] In an embodiment, a method comprising the steps of:
) obtaining an unlaminated first photovoltaic module 600a;
(i) obtaining an unlaminated second photovoltaic module 600b;
5 (iii)  laminating the first photovoltaic module 600a and the second photovoltaic

module 600b; and
(iv)  attaching the first photovoltaic module 600a to the second photovoltaic

module 600b during the laminating step.

[00145] In an embodiment, a method comprising the steps of:
10 @ laminating the first photovoltaic module 600a;
(i) obtaining an unlaminated second photovoltaic module 600b;
@i11)  laminating the second photovoltaic module 600b; and

(iv)  attaching the first photovoltaic module 600a to the second photovoltaic

module 600b during the lamination of the second photovoltaic module 600b step.

15 [00146] In an embodiment, a method comprising the steps of:
) laminating the second photovoltaic module 600b;
(i) obtaining an unlaminated first photovoltaic module 600a;

(iii)  laminating the first photovoltaic module 600a; and
(iv)  attaching the first photovoltaic module 600a to the second photovoltaic
20 module 600b during the lamination of the first photovoltaic module 600a step.
[00147] In an embodiment, the first solder pad 626 of the first photovoltaic module 600a
is a positive terminal, while the second solder pad 628 of the first photovoltaic module 600a is a

negative terminal. In an embodiment, the first solder pad 626 of the second photovoltaic module
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600D is a negative terminal, while the second solder pad 628 of the second photovoltaic module
600b is a positive terminal.
[00148] In another embodiment, the first solder pad 626 of the first photovoltaic module
600a is a negative terminal, while the second solder pad 628 of the first photovoltaic module
5 600a is a positive terminal. In an embodiment, the first solder pad 626 of the second
photovoltaic module 600b is a positive terminal, while the second solder pad 628 of the second
photovoltaic module 600b is a negative terminal.
[00149] In an embediment, the first solder pad 626 of the first photovoltaic module 600a
is a positive terminal, while the second solder pad 628 of the first photovoltaic module 600a is a
10  negative terminal. In an embodiment, the first solder pad 626 of the second photovoltaic module
600b is a positive terminal, while the second solder pad 628 of the second photovoltaic module
600b is a negative terminal.
[00150] In another embodiment, the first solder pad 626 of the first photovoltaic module
600a is a negative terminal, while the second solder pad 628 of the first photovoltaic module
15 600a is a positive terminal. In an embodiment, the first solder pad 626 of the second
photovoltaic module 600b is a negative terminal, while the second solder pad 628 of the second
photovoltaic module 600b is a positive terminal.
[00151] Referring to FIG. 6D, in an embodiment, the first photovoltaic module 600a
includes a first power optimizer 630. In an embodiment, the second photovoltaic module 600b
20  includes a second power optimizer 632. In an embodiment, the first power optimizer 630 is
encapsulated by the encapsulant 612 of the first photovoltaic module 600a. In an embodiment,
the second power optimizer 632 is encapsulated by the encapsulant 612 of the second

photovoltaic module 600b. In an embodiment, the first photovoltaic module 600a includes a
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junction box 634. In an embodiment, the junction box 634 is encapsulated by the encapsulant
612 of the first photovoltaic module 600a. In another embodiment, the second photovoltaic
module 600b includes the junction box 634. In an embodiment, the junction box 634 is
encapsulated by the encapsulant 612 of the second photoveltaic module 600b.

5 [00152] In an embodiment, one end of a third electrical bussing 636 is electrically
connected to the first solder pad 626 of the first photovoltaic module 600a and an opposite end of
the third electrical bussing 636 is electrically connected to a first terminal 640 of the first power
optimizer 630. In an embodiment, one end of a fourth electrical bussing 638 is electrically
connected to the second solder pad 628 of the first photovoltaic module 600a and an opposite

10  end of the fourth electrical bussing 638 is electrically connected to a second terminal 642 of the
first power optimizer 630. In an embodiment, the first terminal 640 is a positive terminal and the
second terminal 642 is a negative terminal. In another embodiment, the first terminal 640 is a
negative terminal and the second terminal 642 is a positive terminal.

[00153] In an embodiment, one end of a fifth electrical bussing 644 is electrically

15  connected to the first solder pad 626 of the second photovoltaic module 600b and an opposite
end of the fifth electrical bussing 644 is electrically connected to a first terminal 648 of the
second power optimizer 632. In an embodiment, one end cof a sixth electrical bussing 646 is
electrically connected to the second solder pad 628 of the second photovoltaic module 600b and
an opposite end of the sixth electrical bussing 646 is electrically connected to a second terminal

20 650 of the second power optimizer 632. In an embodiment, the first terminal 648 is a negative
terminal and the second terminal 650 is a positive terminal. In an embodiment, the first terminal
648 is a positive terminal and the second terminal 650 is a positive terminal.

[00154] In an embodiment, one end of a seventh electrical bussing 652 is electrically
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connected to the first terminal 640 of the first power optimizer 630 and an opposite end of the
seventh electrical bussing 652 is electrically connected to the junction box 634. In an
embodiment, one end of an eighth electrical bussing 654 is electrically connected to the first
terminal 648 of the second power optimizer 632 and an opposite end of the eighth electrical
5  bussing 654 is electrically connected to the junction box 634. In an embodiment, one end of a

ninth electrical bussing 656 is electrically connected to the second terminal 642 of the first power
optimizer 630 and an opposite end of the ninth electrical bussing 656 is electrically connected to
the second terminal 650 of the second power optimizer 632.
[00155] In an embodiment, each of the first and second photovoltaic modules 600a, 600b

10  is adapted to be affixed to a roof deck by a plurality of fasteners. In an embodiment, the plurality
of fasteners includes a plurality of nails. In another embodiment, the plurality of fasteners
includes a plurality of screws. In another embodiment, the plurality of fasteners includes a
plurality of staples. In another embodiment, the plurality of fasteners includes a plurality of
rivets. In another embodiment, each of the first and second photovoltaic modules 600a, 600b is

15 adapted to be affixed to the roof deck by an adhesive.
[00156] In an embodiment, more than two of the photovoltaic module 600 may be
attached to one another in a manner as described above with respect to the first and second
photovoltaic modules 600a, 600b. For example, a third one of the photovoltaic module 600 may
be attached to either the first and second photovoltaic modules 600a, 600b.

20 [00157] Reterring to FIGS. 7A through 7D, in an embodiment, a photovoltaic module 700
includes at least one solar cell 710, an encapsulant 712 encapsulating the at least one solar cell
710, a frontsheet 718 juxtaposed with a first surface 714 of the encapsulant 712, and a backsheet

720 juxtaposed with a second surface 716 of the encapsulant 712. In an embodiment, the

60

CA 03174671 2022-10-4



WO 2021/207238 PCT/US2021/026009

photovoltaic module 700 includes a structure and features similar to those of the photovoltaic
module 600, but includes certain differences as described hereinafter.

[00158] In an embodiment, the photovoltaic module 700 includes a first electrical bussing

722 located proximate to a first end 702 thereof, and a second electrical bussing 724 located

5  proximate to a second end 704 thereof. In an embodiment, the first electrical bussing 722

extends proximately from a first side 706 and proximately to a second side 708. In an

embodiment, the first electrical bussing 722 and the second electrical bussing 724 are

encapsulated within the encapsulant 712. In an embodiment, a first solder pad 726 extends

outwardly from an upper surface 719 of the frontsheet 718 and is electrically connected to the

10  first electrical bussing 722. In an embodiment, a second solder pad 728 extends outwardly from

the upper surface 719 of the frontsheet 718 and is electrically connected to the secend electrical

bussing 724. In an embodiment, each of the first solder pad 726 and the second solder pad 728 is

located proximate to the first side 706. In an embodiment, a third electrical bussing 725 includes

a first end 727 and second end 729 opposite the first end 727. In an embodiment, the first end

15 727 is located proximate to the first end 702 and the second end 729 is located proximate to the

second end 704. In an embodiment, the third electrical bussing 725 is located proximate to the

first side 706. In another embodiment, the third electrical bussing 725 is located proximate to the

second side 708. In an embodiment, a third solder pad 731 extends outwardly from the upper

surface 719 of the frontsheet 718 and is electrically connected to the first end 727 of the third

20  electrical bussing 725. In an embodiment, a fourth solder pad 733 extends outwardly from the

upper surface 719 of the frontsheet 718 and is electrically connected to the second end 729 of the

third electrical bussing 725. In an embodiment, the third solder pad 731 is located proximate to

the first solder pad 726, while the fourth solder pad 733 is located proximate to the second solder
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pad 728.
[00159] Referring to FIGS. 7C through 7E, in an embodiment, a first photovoltaic module
700a is attached to a second photovoltaic module 700b. In an embodiment, the second end 704
of the first photovoltaic module 700a is attached to the first end 702 of the second photovoltaic
5  module 700b. In an embodiment, a second surface 705 of the first photovoltaic module 700a
proximate to the second end 704 of the first photovoltaic module 700a is attached to a first
surface 703 of the second photovoltaic module 700b proximate to the first end 702 of the second
photovoltaic module 700b. In an embodiment, the first photovoltaic module 700a is
ultrasonically welded to the second photovoltaic module 700b. In an embodiment, the first
10  photovoltaic module 700a is heat welded to the second photovoltaic module 700b. In an
embodiment, the first photovoltaic module 700a is thermally bonded to the second photovoltaic
module 700b. In an embodiment, the first photovoltaic module 700a is attached to the second
photovoltaic module 700b by an adhesive 701. In an embodiment, the first photovoltaic module
700a is attached to the second photovoltaic module 700b by an adhesive tape. In an
15  embodiment, the first photovoltaic module 700a is attached to the second photovoltaic module
700b by butyl tape.
[00160] In an embodiment, the first photovoltaic module 700a is laminated. In an
embodiment, the second photovoltaic module 700b is laminated. In an embodiment, the first
photovoltaic module 700a is attached to the second photovoltaic module 700b after each of them
20  is laminated. In another embodiment, the first photovoltaic module 700a and the second
photovoltaic module 700b are attached to one another during the lamination of each of the first
photovoltaic module 700a and the second photovoltaic module 700b. In an embodiment, the first

photovoltaic module 700a is laminated, and subsequently the first photovoltaic module 700a is
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attached to the second photovoltaic module 700b during lamination of the second photovoltaic
module 700b. In an embodiment, the second photovoltaic module 700b is laminated, and
subsequently the second photovoltaic module 700b is attached to the first photovoltaic module
700a during lamination of the first photovoltaic module 700a.
5 [00161] In an embodiment, a method comprising the steps of:

(1) laminating the first photovoltaic module 700a;

(i1) laminating the second photovoltaic module 700b; and

(iii) attached the first photovoltaic module 700a and the second photovoltaic

module 700b to one another.

10 [00162] In an embodiment, a method comprising the steps of:
6)) obtaining an unlaminated first photovoltaic module 700a;
) obtaining an unlaminated second photovoltaic module 700b;

(iii)  laminating the first photovoltaic module 700a and the second photovoltaic
module 700b; and
15 (iv)  attaching the first photovoltaic module 700a to the second photovoltaic

module 700b during the laminating step.

[00163] In an embodiment, a method comprising the steps of:
6y laminating the first photovoltaic module 700a;
(i1) obtaining an unlaminated second photovoltaic module 700b;
20 (ii1)  laminating the second photovoltaic module 700b; and

(iv)  attaching the first photovoltaic module 700a to the second photovoltaic
module 600b during the lamination of the second photovoltaic module 700b step.

[00164] In an embodiment, a method comprising the steps of:
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6y laminating the second photovoltaic module 700b;
(1) obtaining an unlaminated first photovoltaic module 700a;
(ii1)  laminating the first photovoltaic module 700a; and
(iv)  attaching the first photovoltaic module 700a to the second photovoltaic
5 module 700b during the lamination of the first photovoltaic module 700a step.
[00165] In an embodiment, each of the first solder pad 726 and the third solder pad 731 of
each of the first photovoltaic module 700a and the second photovoltaic module 700b is a positive
terminal, while each of the second solder pad 728 and the fourth solder pad 733 of each of the
first photovoltaic module 700a and the second photovoltaic module 700b is a negative terminal.
10  In another embodiment, each of the first solder pad 726 and the third solder pad 731 of each of
the first photovoltaic module 700a and the second photovoltaic module 700b is a negative
terminal, while each of the second solder pad 728 and the fourth solder pad 733 of each of the
first photovoltaic module 700a and the second photovoltaic module 700b is a positive terminal.
[00166] In an embodiment, one end of a first bridge 735 is electrically connected to the
15  second solder pad 728 of the first photovoltaic module 700a and an opposite end of the first
bridge 735 is electrically connected to the first solder pad 726 of the second photovoltaic module
700b. In an embodiment, one end of a second bridge 737 is electrically connected tc the fourth
solder pad 733 of the first photovoltaic module 700a and an opposite end of the second bridge
737 is electrically connected to the third solder pad 731 of the second photovoltaic module 700b.
20 [00167] In an embodiment, at least one fold line 755 is located intermediate the first
photovoltaic module 700a and the second photovoltaic module 700b. In an embodiment, the
connected first photovoltaic module 700a and second photovoltaic module 700b are foldable

relative to one another at the at least one told line 755. In other embodiments, additional fold
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lines may be incorporated.

[00168] In an embodiment, each of the first bridge 735 and the second bridge 737 is made

from a flexible material. In an embodiment, each of the first bridge 735 and the second bridge

737 is made from copper. In an embodiment, each of the first bridge 735 and the second bridge

5 737 is made from aluminum.

[00169] Referring to FIG. 7E, in an embodiment, a power optimizer 730 is electrically

connected to the first solder pad 726 of the first photovoltaic module 700a and the third soldering

paid 731 of the first photovoltaic module 700a. In an embodiment, a junction box 734 is

electrically connected to the power optimizer 730. In an embodiment, a jumper 739 electrically
10  connects the second solder pad 728 of the second photovoltaic module 700b and the fourth

solder pad 733 of the second photovoltaic module 700b.

[00170] In another embodiment, the power optimizer 730 is electrically connected to the

second solder pad 728 of the second photovoltaic module 700b and the fourth soldering paid 733

of the second photovoltaic module 700b. In an emboediment, the junction box 734 is electrically
15  connected to the power optimizer 730. In another embodiment, the jumper 739 electrically

connects the first solder pad 726 of the first photovoltaic module 700a and the third solder pad

731 of the first photovoltaic module 700a.

[00171] Still referring to FIGS. 7A through 7C, in an embodiment, each of the first bridge

735 and the second bridge 737 extends inwardly (i.e., towards the second sides 708) such that it
20  1islocated within the boundaries of and intermediate the first side 706 and the second side 708 of

each of the first photovoltaic module 700a and the second photovoltaic module 700b.

[00172] Referring to FIGS. 8A through 8C, in another embodiment, each of the first

bridge 735 and the second bridge 737 is inverted and extends outwardly (i.e., towards the first
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side 706). In an embodiment, the second bridge 737 extends outwardly from the first side 706 of
each of the first photovoltaic module 700a and the second photovoltaic module 700b. In an
embodiment, a flap 741 is located intermediate the second end 704 of the first photovoltaic
module 700a and the first end 702 of the second photovoltaic module 700b. In an embodiment,
5  the flap 741 is attached to the backsheet 720. In an embodiment, the second bridge 737 is
juxtaposed with the flap 741. In an embodiment, the flap 741 includes a polymer. In an
embodiment, the flap includes thermoplastic polyolefin (TPO). In an embodiment, the flap 741
is made from the same material as the backsheet 720.
[00173] In an embodiment, the connected first and second photovoltaic modules 700a,

10 700b is adapted to bend in three degrees of freedom (i.e., X direction, Y direction and Z
direction). In a embodiment, more than two of the photovoltaic module 700 may be attached to
one another in a manner as described above with respect to the first and second photovoltaic
modules 700a, 700b. For example, a third one of the photovoltaic module 700 may be attached
to either the first and second photovoltaic modules 700a, 700b.

15 [00174] Referring to FIG. 8C, in an embodiment, a side flap 743 is located at the first end
702 of the first photovoltaic module 700a. In an embodiment, the side flap 743 is attached to the
backsheet 720. In an embodiment, the power optimizer 730 is juxtaposed with the side flap 743.
In an embodiment, the junction box 734 is juxtaposed with the side flap 743. In another
embodiment, the side flap 743 is located at the second end 704 of the second photovoltaic

20  module 700b. In an embodiment, the side flap 743 includes a polymer. In an embodiment, the
side flap 743 includes thermoplastic polyolefin (TPO). In an embodiment, the side flap 743 is
made from the same material as the backsheet 720.

[00175] Referring to FIG. 8D, in an embodiment, a headlap 745 extends from the side flap
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743 to the second end 704 of the second photovoltaic module 700b. In an embodiment, one pair

of the first and second photovoltaic modules 700a, 700b overlap the headlap 745 of another pair

of the first and second photovoltaic modules 700a, 700b. In an embodiment, the headlap 745

includes a polymer. In an embodiment, the headlap 745 includes thermoplastic polyolefin

5 (TPO). In an embodiment, the headlap 745 is made from the same material as the backsheet 720.

[00176] Referring to FIGS. 9A through 9D, in an embodiment, a photovoltaic module 800

includes at least one solar cell 810, an encapsulant 812 encapsulating the at least one solar cell

810, a frontsheet 818 juxtaposed with a first surface 814 of the encapsulant 812, and a backsheet

820 juxtaposed with a second surface 816 of the encapsulant 812. In an embodiment, the

10  photovoltaic module 800 includes a structure and features similar to those of the photovoltaic
module 700, but includes certain differences as described hereinafter.

[00177] In an embodiment, the photovoltaic module 800 includes a first side flap 803

located at a first end 802 thereof, and a second side flap 805 located at a second end 804 thereof.

In an embodiment, each of the first and second side flaps 803, 805 includes a polymer. In an

15  embodiment, each of the first and second side flaps 803, 805 includes thermaplastic polyolefin

(TPO). In an embodiment, each of the first and second side flaps 803, 805 is made from the

same material as the backsheet 820. In an embodiment, a first electrical bussing 822 includes a

first portion 823 having a first end 825 and a second portion 827 having a second end 829. In an

embodiment, the first end 825 is juxtaposed with the first side flap 803, and second end 829 is

20  located proximate to the second side flap 805. In an embodiment, the first portion 823 is located

proximate to a first side 806 of the photovoltaic module 800. In an embodiment, the second end

829 is located proximate to a second side 808. In an embodiment, the first electrical bussing 822

runs adjacent to the at least one solar cell 810. In an embodiment, the first portion 823 and the
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second portion 827 are substantially perpendicular to one another.
[00178] In an embodiment, a second electrical bussing 824 includes a first portion 835
having a first end 837 and a second portion 839 having a second end 841. In an embodiment, the
first end 837 is juxtaposed with the first side flap 803, while the second end 841 is located
5  proximate to the second side 808. In an embodiment, the first portion 835 and the second
portion 839 are substantially perpendicular to one another. In an embodiment, the first portion
835 is substantially parallel to the first portion 823. In an embodiment, the second portion 839
runs adjacent to the at least one solar cell 710. In an embodiment, each of the first ends 825, 837
is a positive terminal, while each of the second ends 829, 841 is a negative terminal. It should be
10 understood that the configuration of the photovoltaic module 800 may be inverted, such that the
first ends 825, 837 of the first and second electrical bussings 822, 824 are juxtaposed with the
second side flap 805. In an embodiment, more than two rows of the photovoltaic modules 700a,
700b may be attached to one another in a manner as described above with respect to the first and
second photovoltaic modules 700a, 700b. For example, a third row, fourth row, fifth row, six

15  row, etc. of the photovoltaic modules 700a, 700b may be included.
[00179] Referring to FIG. 9C, a first photovoltaic module 800a is attached to a second
photovoltaic module 800b. In an embodiment, the second side 808 of the first photovoltaic
module 800a is attached to the first side 806 of the second photovoltaic module 800b. In an
embodiment, a second surface 821 of the first photovoltaic module 800a proximate to the second
20  side 808 thereof is attached to a first surface 819 of the second photovoltaic module 800b
proximate to the first side 806 thereof. In an embodiment, a backsheet 820 of the first
photovoltaic module 800a proximate to the second side 808 thereof is attached to the frontsheet

818 of the second photavoltaic module 800b proximate to the first side 806 thereof. In certain
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embodiments, the first photovoltaic module 800a is attached to a second photovoltaic module

800b as described above with respect to the first and second photovoltaic modules 600a, 600b.
[00180] Referring to FIG. 9D, in an embodiment, a first power optimizer 830 is
electrically connected to the first ends 825, 837 of the first and second electrical bussings 822,
5 824 of the first photovoltaic module 800a. In an embodiment, the first power optimizer 830 is
juxtaposed with the first side flap 803 of the first photovoltaic module 800a. In an embodiment,
a first junction box 834a is electrically connected to the first ends 825, 837 of the first and
second electrical bussings 822, 824 of the first photovoltaic module 800a. In an embodiment, the
first junction box 834a is juxtaposed with the first side flap 803. In an embodiment, a second
10  power optimizer 832 is electrically connected to the first ends 825, 837 of the first and second
electrical bussings 822, 824 of the second photovoltaic module 800b. In an embodiment, the
second power optimizer 832 is juxtaposed with the first side flap 803 of the first photovoltaic
module 800a. In an embodiment, a second junction box 834b is electrically connected to the first
ends 825, 837 of the first and second electrical bussings 822, 824 of the second photovoltaic
15  module 800b. In an embodiment, the second junction box 834b is juxtaposed with the first side
flap 803 of the second photovoltaic module 800b. In an embodiment, the first junction box 834a
is electrically connected to the second junction box 834b. Once again, it should be understood
that the configuration may be inverted such that the such that the first ends 825, 837 of the first
and second electrical bussings 822, 824 are juxtaposed with the second side flap 805, and the
20  first and second power optimizers 830, 832 and the junction boxes 834a, 834b are juxtaposed
with the second side flap 805, of each of the first and second photovoltaic modules 800a, 800b,
respectively. In an embodiment, a headlap may be attached to the photovoltaic modules 800a,

800b.
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CLAIMS

What is claimed is:

10

20 2.

A system, comprising:
a first photovoltaic module and a second photovoltaic module, each of the first
photovoltaic module and second photovoltaic module includes
a first end, a second end opposite the first end, a first side extending from
the first end to the second end, a second side opposite the first side and extending from
the first end to the second end, a first surface and a second surface opposite the first
surface;
at least one solar cell;
an encapsulant encapsulating the at least one solar cell,
wherein the encapsulant includes a first surface and a second surface opposite the
first surface of the encapsulant; and
a frontsheet juxtaposed with the first surface of the encapsulant,
wherein the second surface of the first photovoltaic module proximate to the
second side of the first photovoltaic module is attached to the first surface of the second

photovoltaic module proximate to the first side of the second photovoltaic module.

The system of Claim 1, wherein the first photovoltaic module is ultrasonically welded to

the second photovoltaic module.

3.

The system of Claim 1, wherein the first photovoltaic module is heat welded to the

second photovoltaic module.

CA 03174671 2022-10-4
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4, The system of Claim 1, wherein the first photovoltaic module is thermally bonded to the

second photovoltaic module.

5 5. The system of Claim 1, wherein the first photovoltaic module is attached to the second

photovoltaic module by an adhesive.

6. The system of Claim 1, wherein the first photovoltaic module is attached to the second

photovoltaic module by an adhesive tape.

10
7. The system of Claim 1, wherein each of the first photovoltaic module and second
photovoltaic module includes a backsheet juxtaposed with the second surface of the encapsulant.
15 8. The system of Claim 7, wherein the backsheet includes thermoplastic polyolefin (TPO).

9. The system of Claim 1, wherein each of the first photovoltaic module and the second
photovoltaic module includes a first electrical bussing located proximate to the first end thereof,
20 a second electrical bussing located proximate to the second end thereof, a first solder pad
extending outwardly from an upper surface of the frontsheet and electrically connected to the
first electrical bussing, and a second solder pad extending outwardly from the upper surface of

the frontsheet and electrically connected to the second electrical bussing.

25 10. The system of Claim 9, wherein the first photovoltaic module includes a first power

optimizer, and the second photovoltaic module includes a second power optimizer.
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11. The system of Claim 10, further comprising a junction box electrically connected to the

first power optimizer and the second power optimizer.

5 12. The system of Claim 11, further comprising a third electrical bussing electrically
connected to the first solder pad of the first photovoltaic module and a first terminal of the first
power optimizer, a fourth electrical bussing electrically connected to the second solder pad of the
first photovoltaic module and a second terminal of the first power optimizer, a fifth electrical
bussing electrically connected to the first solder pad of the second photovoltaic module and to a

10  first terminal of the second power optimizer, a sixth electrical bussing electrically connected to
the second solder pad of the second photovoltaic module and a second terminal of the second
power optimizer, a seventh electrical bussing electrically connected to the first terminal of the
first power optimizer and to the junction box, an eighth ¢lectrical bussing electrically connected
to the first terminal of the second power optimizer and the junction box, and a ninth electrical

15  bussing electrically connected to the second terminal of the first power optimizer and the second

terminal of the second power optimizer.

13. The system of Claim 1, wherein each of the first photovoltaic module and the second

photovoltaic module includes at least one side flap located at the first end.

20
14. The system of Claim 13, further comprising a first power optimizer and a first junction
box electrically connected to the first power optimizer, wherein the first power optimizer and the
first junction box are juxtaposed with the at least one side flap of the first photovoltaic module.
25
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15. A system, comprising:
a first photovoltaic module and a second photovoltaic module, each of the first
photovoltaic module and the second photovoltaic module includes
5 a first end, a second end opposite the first end, a first side extending from
the first end to the second end, a second side opposite the first side and extending from
the first end to the second end, a first surface and a second surface opposite the first
surface;
at least one solar cell;
10 an encapsulant encapsulating the at least one solar cell,
wherein the encapsulant includes a first surface and a second surface
opposite the first surface of the encapsulant; and
a frontsheet juxtaposed with the first surface of the encapsulant,
wherein the second surface of the first photovoltaic module proximate to the
15 second end of the first photovoltaic module is attached to the first surface of the second

photovoltaic module proximate to the first end of the second photovoltaic module.

16. The system of Claim 15, wherein the first photovoltaic module is ultrasonically welded to
the second photovoltaic module.

20
17. The system of Claim 15, wherein the first photovoltaic module is heat welded to the

second photovoltaic module.

18. The system of Claim 15, wherein the first photovoltaic module is thermally bonded to the

25  second photovoltaic module.
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19. The system of Claim 15, wherein the first photovoltaic module is attached to the second

photovoltaic module by an adhesive.

5 20 The system of Claim 15, wherein the first photovoltaic module is attached to the second

photovoltaic module by an adhesive tape.

21. The system of Claim 15, further comprising a fold line located intermediate the first
photovoltaic module and the second photovoltaic module, and wherein the first photovoltaic

10 module and the second photovoltaic module are foldable relative to one another at the fold line.

22. The system of Claim 15, further comprising at least one side flap located at the first end
of the first photovoltaic module and at least one side flap located at the second end of the second

photovoltaic module.

15
23. The system of Claim 22, further comprising a power optimizer and a junction box
electrically connected to the power optimizer, wherein the power optimizer and the junction box
are juxtaposed with one of the at least one side flap of the first photovoltaic module.

20
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