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SOLAR CELL WITH WRAPAROUND FINGER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/739,064, filed on September 28, 2018, the entire contents of which are hereby

incorporated by reference herein.

TECHNICAL FIELD
[0002] This disclosure relates generally to the field of solar cells, such as photovoltaic
(PV) cells. In particular, this disclosure relates to solar cells having a wrap-around metal

finger.

BACKGROUND
[0003] Photovoltaic (PV) cells, commonly known as solar cells, are well known
devices for converting solar radiation into electrical energy. Generally, solar cells are
fabricated on a semiconductor wafer or substrate using semiconductor processing
techniques to form a p-n junction near a surface of the substrate. Solar radiation
impinging on the surface of the substrate creates electron and hole pairs in the bulk of
the substrate, which migrate to p-doped and n-doped regions in the substrate, thereby
generating a voltage differential between the doped regions. The doped regions are
coupled to metal contacts on the solar cell to direct an electrical current from the cell to
an external circuit coupled thereto.
[0004] Electrical conversion efficiency is an important characteristic of a solar cell
as it is directly related to the capability of the solar cell to generate power; with higher
efficiency providing additional value to the end customer; and, with all other things
equal, higher efficiency also reduces manufacturing cost per Watt. Likewise, simplified
manufacturing approaches provide an opportunity to lower manufacturing costs by
reducing the cost per unit produced. Accordingly, techniques for increasing the
efficiency of solar cells and techniques for simplifying the manufacturing of solar cells

are generally desirable.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] Embodiments will be readily understood by the following detailed

description in conjunction with the accompanying drawings and the appended claims.
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Embodiments are illustrated by way of example and not by way of limitation in the figures

of the accompanying drawings.

[0006] FIG. 1 is a schematic representation of an edge portion of an example solar
cell.
[0007] FIGS. 2A-2C are a schematic representations of another edge portion of a

solar cell having a wrap-around metal finger.

[0008] FIGS. 3A and 3B are a schematic representations of an edge portion of a
solar cell having a wrap-around metal contact finger connected to an interconnect.
[0009] FIG. 4 is a schematic representation of the edge portion of a solar cell
having a wrap-around metal finger and the interconnect shown in FIGS. 3A and 3B with
the interconnect depicted as transparent in dashed lines.

[0010] FIG. 5 is a schematic representation of an edge portion of a solar cell having
a wrap-around metal finger and an interconnect.

[0011] FIG. 6 is a schematic representation of an edge portion of a solar cell having
a wrap-around metal finger and the interconnect shown in FIG. 5 with the interconnect
depicted as transparent in dashed lines.

[0012] FIG. 7 is a schematic representation of a cross-section of an interconnect
connecting two solar cells.

[0013] FIG. 8A is a schematic representation of corners of a solar cell having a
wrap-around metal finger showing the position of blobs of a coating material impinging
on the wrap-around metal contact finger.

[0014] FIG. 8B is a schematic representation of corners of a solar cell having a
wrap-around metal finger showing the discontinuity in the wrap-around metal finger as a
result of the blobs of a coating material impinging on the wrap-around p-metal contact
finger.

[0015] FIGS. 9A-9B are a schematic representations of the corner negative edge
of a solar cell having a wrap-around metal finger showing the placement of increased
width metal plating to circumvent the blobs of a coating material impinging on the wrap-
around metal contact finger.

[0016] FIG. 10A is a schematic representation of a string of solar cells having a
wrap-around metal contact fingers and connected by interconnects.

[0017] FIG. 10B is a schematic representation of a string of solar cells having a

wrap-around metal contact fingers and connected by interconnects.
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[0018] FIG. 10C is a schematic representation of multiple strings of solar cells
having a wrap-around metal contact fingers and connected by interconnects and a busbar
to form a solar cell array.

[0019] FIG. 11 is a block diagram depicting an example flow for producing an

interconnected string of solar cells having wrap-around metal.

[0020] FIG. 12A is a schematic representation of interconnects.

[0021] FIG. 12B is a schematic representation of busbars.

[0022] FIG. 12C is a schematic representation of an interconnect.

[0023] FIG. 12D is a schematic representation of an interconnect.

[0024] FIGS. 13A and 13B illustrate cross-sectional views of an example solar cell
module.

DETAILED DESCRIPTION OF DISCLOSED EMBODIMENTS
[0025] The following detailed description is merely illustrative in nature and is not
intended to limit the embodiments of the subject matter or the application and uses of
such embodiments. As used herein, the word “exemplary” means “serving as an
example, instance, or illustration.” Any implementation described herein as exemplary is
not necessarily to be construed as preferred or advantageous over other
implementations. Furthermore, there is no intention to be bound by any expressed or
implied theory presented in the preceding technical field, background, brief summary or
the following detailed description.
[0026] References to “one embodiment” or “an embodiment” do not necessarily
refer to the same embodiment. Particular features, structures, or characteristics can be
combined in any suitable manner consistent with this disclosure.
[0027] Terminology. The following paragraphs provide definitions and/or context
for terms found in this disclosure (including the appended claims):
[0028] “Regions” or “portions” describe discrete areas, volumes, divisions or
locations of an object or material having definable characteristics but not always fixed
boundaries.
[0029] “Comprising” is an open-ended term that does not foreclose additional
structure or steps.
[0030] “Configured to” connotes structure by indicating a device, such as a unit or
a component, includes structure that performs a task or tasks during operation, and such
structure is configured to perform the task even when the device is not currently

operational (e.g., is not on/active). A device “configured to” perform one or more tasks is
3
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expressly intended to not invoke a means or step plus function interpretation under 35
U.S.C. §112, (f) or sixth paragraph.

[0031] “First,” “second,” etc. terms are used as labels for nouns that they precede,
and do not imply any type of ordering (e.g., spatial, temporal, logical, etc.). For example,
reference to a “first” solar cell does not necessarily mean such solar cell is the first solar
cell in a sequence; instead the term “first” is used to differentiate this solar cell from
another solar cell {(e.g., a “second” solar cell).

[0032] “Coupled” refers to elements, features, structures or nodes, unless
expressly stated otherwise, that are or can be directly or indirectly joined or in
communication with another element/node/feature, and not necessarily directly
mechanically joined together.

[0033] “Inhibit” describes reducing, lessening, minimizing or effectively or actually
eliminating something, such as completely preventing a result, outcome or future state
completely.

[0034] “Doped regions,” “semiconductor regions,” and similar terms describe
regions of a semiconductor disposed in, on, above or over a substrate. Such regions can
have a N-type conductivity or a P-type conductivity, and doping concentrations can vary.
Such regions can refer to a plurality of regions, such as first doped regions, second doped
regions, first semiconductor regions, second semiconductor regions, etc. The regions can
be formed of a polycrystalline silicon on a substrate or as portions of the substrate itself.
[0035] “Substrate” can refer to, but is not limited to, semiconductor substrates,
such as silicon, and specifically such as single crystalline silicon substrates, multi-
crystalline silicon substrates, wafers, silicon wafers and other semiconductor substrates
used for solar cells. In an example, such substrates can be used in micro-electronic
devices, photovoltaic cells or solar cells, diodes, photo-diodes, printed circuit boards, and
other devices. These terms are used interchangeably herein.

[0036] In addition, certain terminology can also be used in the following description
for the purpose of reference only, and thus are not intended to be limiting. For example,
terms such as “upper”, “lower”, “above”, and “below” refer to directions in the drawings to
which reference is made. Terms such as “front”, “back”, “rear”, “side”, “outboard”, and
“‘inboard” describe the orientation and/or location of portions of the component within a
consistent but arbitrary frame of reference which is made clear by reference to the text
and the associated drawings describing the component under discussion. Such
terminology can include the words specifically mentioned above, derivatives thereof, and

words of similar import.
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[0037] In the following description, numerous specific details are set forth, such as
specific operations, in order to provide a thorough understanding of embodiments of the
present disclosure. It will be apparent to one skilled in the art that embodiments of the
present disclosure can be practiced without these specific details. In other instances,
well-known techniques are not described in detail in order to not unnecessarily obscure
embodiments of the present disclosure.

[0038] The approaches described herein can be applicable for interdigitated back
contact (IBC) solar cells as well as other types of solar cells. The approaches described
herein can be applicable to a continuous emitter back contact solar, back contact solar
cell and/or a front contact solar cell. In an example, approaches described herein can be
applicable to back contact solar cells where the n-type and p-type doped polysilicon
regions are separated. In an example, approaches described herein can be applicable to
Heterojunction with Intrinsic Thin layer (HIT) Solar cells, Tunnel Oxide Passivated
Contact (TOPCon) Solar Cells, organic and front-contact solar cells, front contact cells
having overlapping cell sections, Passivated Emitter and Rear Cell (PERC) solar cells,
mono-PERC solar cells, Passivated Emitter with Rear Locally-Diffused (PERL) cells, 3 or
4 terminal tandem cells, and other types of solar. The approaches described herein can
be applicable for solar cells having a plurality of subcells coupled by metallization
structures. In an embodiment, a groove can be located between adjacent sub-cells and
a metallization structure can connect the adjacent sub-cells together. In an embodiment,
the groove can singulate and physically separate one sub-cell from another, e.g.,
adjacent, sub-cell. In an embodiment, the metallization structure can physically and
electrically connect the sub-cells, where the metallization structure can be located over
the groove. The approaches described herein are applicable to solar cells of various
shapes and/or sizes, such as square or rectangular cells having sharp, e.g. approximately
90 degrees, or chamfered, e.g. approximately 90 degree corners with an approximately
45 degree chamfer, round corners and the like. Other shapes include round, ovoid,
polygon, and the like.

[0039] FIG. 1 shows a bottom edge portion of the backside of an example solar
cell 10. As shown in FIG. 1 the solar cell includes first plurality of metal contact fingers
20 and a second plurality of metal contact fingers 30 that are substantially interdigitated.
In an example, the first plurality of metal contact fingers 20 can be n-metal contact fingers
and the second plurality of metal contact fingers 30 can be p-metal contact fingers.
Alternatively, the first plurality of metal contact fingers 20 can be p-metal contact fingers
and the second plurality of metal contact fingers 30 can be n-metal contact fingers. Also
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shown in this view is one of a plurality of, such as at least one, contact pads 25 that can
be used to connect one solar cell 10 to another solar cell, for example in series with an
interconnect (not shown in this view). When multiple contact pads are used they are
typically along an edge (e.g. top edge, bottom edge, positive edge and/or negative edge
of a solar cell). In the view shown, the contact pad 25 can be an n-doped region (which
can be referred to herein as an n-pad) and is conductively coupled to the n-metal contact
fingers 20. As shown in FIG. 1, on the bottom end or negative end of the conventional
solar cell 10 the finger closest to edge 50 of the solar cell 10 can be an n-metal contact
finger 22. The n-metal contact finger 22 is separated from edge 50 by a non-metalized
region 40. On the opposite end of the solar cell 10 (not shown in this view) the solar cell
includes p-doped contact pads that are conductively coupled to the p-metal contact
fingers 30. In an embodiment, the contact pad can also be referred to as a solder pad
(e.g., contact pad and solder pad, as used herein, can be used interchangeably). In an
example, the distance between an n-pad edge 50 to a closest p-metal finger 22 can be
greater than or equal to approximately 0.3 mm to avoid shorting between the solar cell
grid and an interconnect.

[0040] The amount of current that can be collected from an interdigitated back
contact solar cell can be affected by the patterning of metal at the back side of the solar
cell. For example, the contact pad size, finger pitch, busbar width, metal edge exclusion,
and edge to metal finger distance can all have an effect on current loss and can all be
dictated by the metal patterning at the back side. In one example, a solar cell can have
a first polarity of contact pads (e.g., positive polarity or p-metal contact pad) on a first
edge and a second polarity (e.g., negative polarity or n-metal contact pad) on a second,
opposite, edge of the solar cell. Depending on the type of substrate of the solar cell, e.g.,
an n-type or p-type silicon substrate, the distance of one edge, located adjacent to an n-
metal or p-metal contact pad, to an opposite polarity contact finger, a p-metal or n-metal
finger, can affect the current loss of the solar cell.

[0041] For example, for a solar cell having an n-type silicon substrate, typically, to
maximize the current output of the solar cell, it would be desirable to construct the solar
cell so that the finger closest to the edge adjacent to the n-type contact pads is p-type,
i.e. a p-metal contact finger. In one such example, on three edges of the solar cell, the
edge to p-metal distance can be decreased enough such that it causes no additional
current loss. Thus, for a solar cell having an n-type silicon substrate, there is significant
potential to increase the current collection at the edges of a solar cell at the n-pad side
by forming a p-metal finger close to the n-pad edge. Similarly, in another example, for a

6
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solar cell having an p-type silicon substrate, to maximize the current output of the solar
cell, it would be desirable to construct the solar cell so that the finger closest to the edge
adjacent to the p-type contact pads is n-type, i.e. a n-metal contact finger.

[0042] As disclosed herein, a solar cell that can maximize the amount of current
that can be collected from an edge of the solar cell by placing a p-finger along all four
edges of the solar cell is presented. For example, placing a wrap-around p-metal contact
finger close to the n-pad edge can result in substantial gain in overall efficiency, e.g. the
solar cell efficiency can increase between approximately 0.05% and 0.25%. However,
placement of a p-finger against the n-pad edge could cause shorting when the
interconnect is soldered to the solar cell (see FIG. 2A). To overcome the problem of
shorting, an interconnect having an electrically insulating material placed between the p-
metal contact finger and the n-side of the interconnect (see FIGS. 3A, 3B, 4, 5 and 6) is
presented. As discussed above, although embodiments used herein can include placing
a p-finger along the edges of the solar cell (e.g., for a n-type silicon substrate), other
embodiments can include placing a n-finger along the edges of the solar cell {e.g., for an
p-type silicon substrate). Thus, it is contemplated that the configuration as described
below can be reversed, for example by swapping n-metal for p-metal and vice versa. A
disclosed solar cell can include a wrap-around metal contact finger that passes between
a first edge of the first solar cell and at least one first contact pad of the first solar cell,
wherein the first contact pad is of opposite polarity to the wrap-around metal contact
finger.

[0043] Turning to FIGS. 2A-2C, close ups of a middle portion of a first edge portion
of the backside of an example solar cell having a first wrap-around finger is shown,
according to some embodiments. In an embodiment, the first edge portion can be a n-
type edge and the first wrap-around finger can be a first wrap around p-metal finger. As
shown in FIGS. 2A-2C, the solar cell can include a first plurality of metal contact fingers
20 (e.g., interdigitated n-metal contact fingers) and a second plurality of metal contact
fingers 30 (e.g., interdigitated p-metal contact fingers). A unique feature of the solar cell
10, as disclosed herein, is the placement of the first wrap-around metal finger 60 between
a contact finger 22 (e.g., n-metal finger) closest to the edge 50 of the solar cell 10. In an
embodiment, as shown, a wrap-around metal finger 60 can be separated from the edge
50 by a non-metalized region 45. Additionally, shown in FIG. 2A, the bottom end or edge
side 75 of the contact pad 25 adjacent to the contact finger 22 can be straight. Also shown
in this view is one of the plurality of contact pads 25 that can be used to connect one solar

cell 10 to another solar cell in series with an interconnect (see, for example, FIGS. 10A
7
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and 10B). In an embodiment, the distance between the wrap-around metal finger 60 to
edge can be in a range between approximately, 0.2 mm to 1.2 mm, such as 0.2, 0.3, 0.4,
0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1 or 1.2 mm, or any range or subrange there between. In
one example, the distance between the wrap-around metal finger 60 to edge 75 can be
in a range between approximately 0.5 mm to 0.8 mm, such as 0.5, 0.6, 0.7, or 0.8 mm,
or any range or subrange there between (see, for example, the distance between the
edges 50 and the wrap-around metal finger 60 shown in FIGS. 2A-2C). In contrast, in an
example, prior to the addition of the wrap-around metal finger, the distance between a n-
pad edge to the closest p-metal finger can be 1.0-2.0 mm, such as 1.0, 1.1, 1.2, 1.3, 1.4,
1.5,1.6,1.7, 1.8, 1.9, or 2.0 mm, or any range or subrange there between.

[0044] Referring again to FIG. 2A-2C, in an embodiment, the contact pad 25 can
be conductively coupled to the second plurality of contact fingers 20. In an example, the
contact pad 25 can be conductively coupled to the n-metal contact fingers 20. In some
examples, the n-metal contact can instead be a p-metal contact. In one example, the
second plurality of metal contact fingers 20 can electrically connect to diffusion regions
(e.g., n-type diffusion regions) of the solar cell to the contact pad 25 on the first edge
portion. While only a single contact pad is depicted, it is contemplated that the contact
pad 25, e.g., at a negative edge of the solar cell, can contain or be adjacent to other
contact pads. In an example, the solar cell can have from 1t0 10 (e.g. 1, 2, 3,4, 5, 6, 7,
8, 9 or 10), or even more contact pads. On the opposite end of the solar cell (not shown
in this view) the solar cell can include contact pads of an opposite conductivity type to the
contact pad 25. These other contact pads can be conductively coupled to a second
plurality of metal contact fingers 30 and wrap-around metal finger 60. In an example, the
conductively type of the other, opposite, contact pad can be p-type. In one example, the
second plurality of metal contact fingers 30 can be p-metal contact fingers 30. Thus, in
an example, the second plurality of metal contact fingers 30 and 60 can electrically
connect to p-type diffusion regions of the solar cell to the other, opposite, contact pads
on the positive edge portion of the solar cell. The contact pad 25 can be electrically
coupled, such as soldered, to an electrically conductive connector, such as interconnect
or busbar, for example with fingers or tabs extending form the body of the electrically
conductive connector (see FIGS. 12A-12D for examples of interconnects and busbars).
Likewise, contact pads of an opposite conductivity type (e.g., p-type) can be electrically
coupled, such as soldered, to an electrically conductive connector, such as an

interconnect. Although specific examples, of interconnects and busbars are shown in
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FIGS. 12-12D, it is contemplated that other types can be used in the disclosed devices,
methods and system.

[0045] With reference to FIG. 2B and 2C the bottom end or edge side 75 of the
contact pad 25 need not be straight. For example, as shown in FIG. 2B and 2C, the edge
side 75 of the contact pad 25 can be pinched away from the edge 50 of the solar cell. In
an embodiment, there can be an additional space and/or a gap 76 between the edge side
75 of the contact pad 25 and the edge 50 of the solar cell (between the bottom edge side
75 and the dashed line 77). In an example, the gap 76 between the edge side 75 of the
contact pad 25 and the edge 50 of the solar cell can further decrease the possibility of
shorting between opposite polarity contact fingers. In one example, the additional the
gap 76 between the edge side 75 and the edge 50 can prevent misplacement or
misalignment of a solder material, or a flow of solder material at the contact pad 25 and
the edge 50 as heat is applied. In an example, increasing the distance between the edge
side 75 and the edge 50, e.g., through the gap 76, can prevent solder material, or a flow
of solder having a width less than 1.0 mm from bridging the edge side 75 or and the edge
50. In an example, the bottom edge 75 of the contact pad 25 can be in a range from
approximately 0.3 mm to 1.0 mm from the edge of the solar cells, such as 0.3, 0.4, 0.5,
0.6,0.7,0.8, 0.9, or 1.0, or any range or subrange there between. In an embodiment, the
edge 75 of the contact pad 25 closest to the edge 50 of the solar cell can be further from
the edge 50 of the solar cell than an edge-most of the metal contact fingers 22. As shown
in FIG. 2B the bottom edge 75 of the contact pad can be positioned or configured to angle
away from the wrap-around metal finger 60 and meet at a straight rounded or other shape
for the edge 75 of the contact pad 25. Alternatively, as shown in FIG. 2C, the bottom edge
75 of the solder contact 25 can include a curved edge (single and/or compound curve)
going inward and away from the bottom edge 75.

[0046] Turning to FIGS. 3A-6, as discussed above, while the presence of a wrap-
around metal finger 60 can provide for an increase in the performance of the solar cell
10, the presence on the wrap-around metal finger 60 can cause a short between an
interconnect 80 and the wrap-around metal finger 60 when a tab 85 of the interconnect
80 is connected to a contact pad 25. To address this, FIGS 3A-6 presents examples
where an insulating material 95 can be placed between the wrap-around metal finger 60
and a portion of the interconnect 80 that would contact the wrap-around metal finger 60
in the absence of the insulating material 95. As discussed below, with respect to coupling
an electrically conductive connector to a solar cell, laser soldering can be used. Thus, in

an embodiment, the electrically conductive connector includes a laser solder artifact, for
9
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example a laser solder artifact 87 on the tab 85 of the interconnect 80. FIG. 3B illustrates
that the insulating material 95 can extend along the edge of the solar cell 10 and need
not be just covering the area where the tab 85 is positioned. This is not limited to the
embodiment shown in FIG. 3B, as the insulating material can extend along the edge of
any solar cell 10, such as in FIG. 6, for example, to the edge before the chamfer, or even
past the chamfer, or in the case of the cell shown in FIG. 9B to the edge of a square cell.
[0047] Referring again to FIGS. 3A-6, an interconnect 80 placed on a contact pad
25 is shown, according to some embodiments. In an example, referring to FIGS 3 and 4,
an interconnect 80 can be placed on a middle contact pad 25. In another example,
referring to FIGS 5. and 6, an interconnect 80 can be placed on a corner contact pad 25.
As shown in FIG. 4 and 6, dashed lines indicate the position of the interconnect 80 of
FIG. 3A and 3B and 5, respectively, which has been rendered transparent for clarity of
the view. Also shown in FIG. 4 and 6 is a solder material 90 disposed between the contact
pad 25 and the interconnect tab 85. To address the potential shorting between the wrap-
around metal finger 60 and the interconnect 80, an insulating material 95 can be placed
between the wrap-around metal finger 60 and a portion of the interconnect 80 that would
contact the wrap-around metal finger 60 in the absence of the insulating material 95.

[0048] Referring once again to FIGS. 3A-6, in an example, the insulating material
95 can be selected from any type of material, such as a polymer or mixture of polymers,
that do not readily conduct electrical current. In one embodiment, the insulating material
can include a cloaking tape or insulating coating with adhesive property to maintain
position with the interconnect and/or the solar cell. In certain embodiments, the insulating
material can be pre-patterned or patterned as part of the assembly process, for example
to align with the tabs of an electrically conductive connector, such as interconnect or
busbar. In an embodiment, the insulating material is applied to the solar cell prior to
placement and/or soldering of the an electrically conductive connector, such as
interconnect or busbar, to the solar cell. In one embodiment, the insulating material is
applied to the electrically conductive connector, such as interconnect or busbar, prior to
placement and/or soldering of the an electrically conductive connector. In some
embodiments, portions of the electrically conductive connector, such as interconnect or
busbar, for example the tabs, can be painted with insulating material. In an embodiment,
the insulating material can be applied as a tape (e.g., insulating tape) to the an electrically
conductive connector, such as interconnect or busbar, for example either before or after
the an electrically conductive connector, such as interconnect or busbar, is formed, for
example stamped or cut. In other embodiments, the insulating material is applied directly

10
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to the solar cell. In some embodiments, the insulating material can be applied directly to
the solar cell with the contact pad masked or otherwise excluded from coverage during
the solar cell manufacturing process. In some embodiments, the insulating material can
be applied over the entire back side of the solar cell. Inan example, applying an insulating
material over the entire backside can prevent shorts or electrical defects by insulating the
entire back side of the solar cell. In an example, the insulating material 95 can be selected
from any type of material, such as a polymer or mixture of polymers, that do not readily
conduct electrical current. In one example, the insulating material can include solder
masks, solder resist, (e.g., polymer, epoxy), silicone and polyimide. In some embodiment,
the interconnects can be part of a metalized back sheet, for example used to cover a
string and/or an array of solar cells. The insulating material can also assist in alignment
of the solar cells, and/or holding the solar cells together. Examples, of insulating materials
include polypropylene or polyethylene, which can further include an adhesive layer like
an acrylate. An encapsulant material can also serve as an insulating material. An
exemplary encapsulant includes one of the same material used to form a solar module
from the solar cells described herein, including but not limited to polyolefin, EVA, PVA
and PVB encapsulants.

[0049] Referring to FIGS. 2A-6, the reference numbers of FIGS. 2A-6 refer to
similar elements throughout the figures. In an embodiment, the structure described of
the solar cell 10 of FIGS. 2A-6 are substantially similar to the elements of the solar cell
10 of each of FIGS. 2A-6, except as described above. Therefore, the description of
corresponding portions of FIGS. 2A-6 applies to the description to each figure of FIGS.
2A-6. In an example, the solar cell 10 of FIG. 6 can correspond to the solar cell of each
of FIGS. 2A-6. In one example, the contact pad 25 of FIG. 6 can correspond to the
contact pad 25 of each of FIGS. 2A-5.

[0050] FIG. 7 depicts a cross-section of an example interconnect 80 connecting
two solar cells 10. In the embodiment shown the insulating material 95 extends beyond
the end of the interconnect 80. Also shown in this view is a gap on the insulating material
95 that allows for placement of the solder material 90 between the solar cells 10 and the
interconnect 80. The solder material 90 can be any type of solder paste/flux/ECA/etc.
that can be used to facilitate the electrical and/or physical coupling of the interconnect or
busbar to the solder pad of the solar cell. In embodiments the solder material is applied
to gaps or holes in the insulating material, such as cloaking tape, after the insulating
material is applied in alignment with the tab interconnect. In certain embodiments, a

release sheet is used over the solder material to prevent contamination, and/or wear
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during shipping and handling of the individual parts. In some embodiments, the solder
material is stencil printed to more precisely place the paste shape and location of the
solder material. Other methods of placing the solder material include jet printing solder
paste, pre-applying solder to the tabs in the form of printed paste, or a general or targeted
plating of solder and optionally the addition of flux, for example by spraying, dispensing,
or stencil printing.

[0051] Turning to FIG. 8A and FIG. 8B, during manufacture of the solar cells a
coating process can result in small blobs 51 of coating deposited at the corners near an
edge 50 of the solar cell. These blobs 51 have the potential of impinging on a corner of
the wrap-around metal finger 60. As shown in FIG. 8B this can lead to a discontinuity on
the electrical continuity of the wrap-around metal finger 60 from the rest of the wafer,
thereby rendering the wrap-around metal finger 60 unable to conduct electrical current.
[0052] Referring to FIG. 9A and 9B, to address the potential electrical discontinuity
presented in FIG. 8A and FIG. 8B, a corner blob 70 can be formed, according to some
embodiments. |In an embodiment, the corner blob 70 can increase the width of the p-
metal disposed at a corner of the wrap-around metal finger 50. For example, as shown,
the corner blob 70 can be have a thickness greater than a potential blob 51 (e.g., ink
formed during a coating process) at the corner. In an embodiment, the corner blob 70
can be formed during a metal deposition process, for example such that corner blob 70
can effectively increase the width of the p-metal disposed at a corner of the wrap-around
metal finger 50 for a solar cell having it the corners, such as rounded, chamfered, or
corners of any degree, such as from 30 degrees to 90 degrees. In an example, referring
to FIG. 9B, the corner blob 70 can increase the width of the p-metal disposed at a corner
of the wrap-around metal finger 50 for a solar cell having angled corners (as in an
approximately 90-degree angled corner for a square solar cell, e.g. FIG. 9A). As shown
in FIGS. 9A and 9B, embodiments disclosed herein are applicable to solar cells with
rounded corners (not shown) and/or square solar cells with substantially sharp angled
corners (e.g., FIG. 9B).

[0053] As shown, the solar cell of FIGS. 8A, 8B, 9A, and 9B (a square cell) have
similar reference numbers to elements of the solar cell of FIGS. 2-6, where like reference
numbers refer to similar elements throughout the figures. In an embodiment, the structure
described of the solar cell 10 of FIGS. 8A, 8B, 9A, and 9B are substantially similar to the
elements of the solar cell 10 of each of FIGS. 2-6, except as described above. Therefore,
the description of corresponding portions of FIGS. 2-6 applies to the description to each

figure of FIGS. 8A, 8B 9A, and 9B. In an example, the solar cell 10 of FIG. 8A, 8B 9A,
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and 9B can correspond to the solar cell of each of FIGS. 2-6. In one example, the solar
cell 10 of FIGS. 8A, 8B 9A, and 9B can correspond to the solar cell 10 of each of FIGS.
2-6.
[0054] Turning to FIGS. 10A and 10B, a string of solar cells is shown, according to
some embodiments. In an embodiment, as shown, individual solar cells 10 can be
connected by interconnects 80 to form a string of solar cells. As shown in FIG. 10D,
these strings of solar cells 10 can be connected to a busbar 100 to create a solar cell
matrix or an array of solar cells. Thus, several solar cells 10 can be connected together
to form a solar cell array. As shown in FIGS. 10A and 10B, in a solar cell array, a
conductive area coupled to a p-doped of one solar cell 10 is connected to a conductive
area coupled to an n-doped region of an adjacent solar cell 10, for example, with an
interconnect 80, which is positioned over an insulating material 95, such as an insulating
tape. The positive area of the adjacent solar cell 10 is then connected to a negative area
of a next adjacent solar cell 10 and so on. This stringing of solar cells 10 can be repeated
to connect several solar cells in series to increase the output voltage of the solar cell
array.
[0055] Referring to FIG. 10C, there is shown a solar cell matrix. In an embodiment,
a solar cell matrix 101 can include a plurality of solar cell strings 103A, 103B electrically
connected by a busbar 100. As shown the bus bar can extend in either direction, for
example, so that multiple solar cell strings can be connected in parallel. In other
examples the solar cell strings can be connected in series, for example through the
bottom and/top of the strings. In other examples the solar cell strings can be connected
in a mixture of parallel and series arrangements. The individual solar cell strings can be
of any length, for example is shown in FIG. 10C extending downward. In an example,
the solar cell strings 103A and 103B can include the solar cell strings described in FIG.
10A and 10B. Thus, the embodiments described herein can be used in a solar cell matrix.
In an embodiment, the solar cell matrix can also be referred to as an array of solar cells.
[0056] Aspects of the present disclosure further concern a method of coupling a
solar cell and an interconnect. An exemplary flow 1100 for coupling a solar cell and an
interconnect and optionally a second solar cell is given in FIG. 11. While the method is
discussed in FIG. 11 is with respect to an interconnect, it understood that this method is
applicable to electrically conductive connector, examples of which are an interconnect
and a busbar.
[0057] Turning to Figure 11, a flowchart 1100 illustrating a method of coupling a
solar cell and an interconnect is shown, according to some embodiments. In various
13
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embodiments, the method described in Figure 11 can include additional (or fewer) blocks
than illustrated. In an example, positioning a solder material over the contact pad of a
first solar cell {e.g., block 1140) is optional and need not be performed. In one such
example, the solder material can already be positioned or pre-formed on an interconnect.
[0058] With reference to block 1120 of flowchart 1100, a method of coupling a solar
cell and an interconnect can include providing a first solar cell that includes a wrap-around
metal finger and at least one or more of contact pads, according to some embodiments.
In embodiments, the first solar cell includes a wrap-around metal finger that passes
between a first edge of the solar cell and a first contact pad of the first solar, such as
described herein. In embodiments, the first solar cell includes a wrap-around metal
contact finger that passes between a first edge of the first solar cell and at least one first
contact pad of the first solar cell, wherein the first contact pad is of opposite polarity to
the wrap-around metal contact finger. In an embodiment, the wrap-around metal finger
can be a wrap-around positive metal contact finger. In an example, the solar cell can
include a plurality of negative metal contact fingers, each of the negative metal contact
fingers being coupled to one or more n-type diffusion regions on a backside of the solar
cell. Inan embodiment, the one or more contact pads can also be referred to as a plurality
of contact pads. In one embodiment, the solar cell can include a first plurality of contact
pads on an edge of the solar cell. In an example, the first plurality of contact pads can
be negative contact pads and the edge can be a negative edge, e.g., an edge adjacent
to the negative contact pad. In an embodiment, each of the first plurality of contact pads
can provide a surface on which an interconnect can be attached to electrically couple to
a n-type diffusion region by way of the negative metal contact fingers. In an embodiment,
the solar cell can include a first plurality of metal contact fingers (e.g., positive metal
contact fingers) interdigitated with a second plurality of metal contact fingers (e.g.,
negative metal contact fingers), wherein at least one of the first plurality of metal contact
fingers includes the wrap-around metal finger that passes between the edge of the solar
cell and at least one of the first plurality of contact pads.

[0059] Referring to block 1130 of flowchart 1100, the method of coupling a solar
cell and an interconnect can include positioning an insulating material over the wrap-
around metal finger. The insulating material is positioned so that an interconnect coupled
to the first solar will not come in physical or electrical contact with the wrap-around metal
finger. In an embodiment, positioning the insulating material includes applying the
insulating material to the interconnect. In some embodiments, positioning the insulating

material includes applying the insulating material to the solar cell. In one embodiment,
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the insulating material includes a cloaking tape or insulating coating with adhesive
property to maintain position with the interconnect and/or the solar cell. In an
embodiment, the insulating material is pre-patterned or patterned as part of the assembly
process to align with the tabs of the interconnect. In an embodiment, the insulating
material is applied to the solar cell prior to placement and/or soldering of the interconnect
to the solar cell. In one embodiment, the insulating material is applied to the interconnect
prior to placement and/or soldering of the interconnect to the solar cell. In an
embodiment, portions of the interconnect, such as the tabs, can be painted with insulating
material. In an embodiment, the insulating material can be applied as a tape to the
interconnect, for example either before or after the interconnect is formed, for example
stamped or cut. In an embodiment, the insulating material is applied directly to the solar
cell. In an embodiment, the insulating material is applied directly to the solar cell with the
contact pad areas masked or otherwise excluded from coverage during the solar cell
manufacturing process. In some embodiments, the insulating material can be applied
over the entire back side of the solar cell. In an example, applying an insulating material
over the entire backside can prevent shorts or electrical defects by insulating the entire
back side of the solar cell.

[0060] Referring to block 1140 of flowchart 1100, the method of coupling a solar cell and
an interconnect can include positioning a solder material between a tab of the
interconnect and one or more contact pads. In embodiments, the solder material is
applied to the interconnect tab. In embodiments, the solder material is applied to the
solar cell. The solder material can be any type of solder paste/flux/ECA/etc. that can be
used to facilitate the electrical and/or physical coupling of the interconnect to the contact
pad of the solar cell. In embodiments the solder material is applied to gaps or holes in
the in the insulating material, such as cloaking tape, after the insulating material is applied
in alignment with the tab interconnect. In certain embodiments, a release sheet is used
over the solder material to prevent contamination, and/or wear during shipping and
handling of the individual parts. In some embodiments, the solder material is stencil
printed, for example, to more precisely place the paste shape and location. Methods of
placing the solder include jet printing solder paste, pre-applying solder to the tabs in the
form of printed paste, or a general or targeted plating of solder plus and optionally the
addition of flux, for example by spraying, dispensing, or stencil printing. As shown, block
1140 can be an optional step, e.g., block 1140 need not be performed. In an embodiment,

the interconnect can be dispensed from a reel or a spool and placed on or over the contact
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pad of the solar cell. In some embodiments, the interconnect can be interchanged with a
busbar and also dispensed from a reel or a spool.

[0061] Referring to block 1150 of flowchart 1100, the method of coupling a solar
cell and an interconnect can include coupling an interconnect to one or more of the
contact pads. In an embodiment, coupling an interconnect can include soldering the
interconnect. In an example, some methods of coupling an interconnect to a solar cell
can include induction soldering. However, induction soldering can lead to non-localized
heating damage to the insulating material. Alternatively, laser soldering can have much
less non-localized heat damage. In one embodiment, coupling an interconnect can
include laser soldering. In an example, performing a laser soldering process can increase
the speed at which the soldering process and provide for a more accurate and precise
heating at the interconnect and minimize the spread of the solder paste at the contact
pad (e.g., at a negative solder pad). In an embodiment the interconnect can be coupled
by welding. As described above, in an embodiment, the one or more contact pads can
also be referred to as a plurality of contact pads. In an example, a laser welding process
can be used to couple the interconnect to one of the plurality of contact pads. In an
embodiment, performing a laser soldering process can mark or leave a visible indentation
and/or mark on the interconnect. In an example, the laser soldering can provide for a
laser solder artifact on the interconnect. In an example, as used in FIG. 11, interconnect
and busbar can be used interchangeably, thus descriptions which apply to an
interconnect also apply to a busbar. Thus, in some embodiments, the laser soldering
allows for a laser solder artifact on a busbar. In one embodiment, the interconnect and
busbar can be referred to as an electrically conductive connector.

[0062] Referring to block 1160 of flowchart 1100, the method of coupling the first
solar cell and an interconnect can include coupling an interconnect to one or more contact
pads of a second, different, solar cell. In some embodiments, the method includes
providing a second solar cell comprising at least one second contact pad of opposite
polarity to the first contact pad of the first solar cell. In an embodiment, the one or more
contact pads can also be referred to as a plurality of contact pads. In an example,
coupling the first solar cell and the interconnect to one or more contact pads can include
coupling the first solar cell and an interconnect to one or more of a first plurality of contact
pads of a second, different, solar cell. In an embodiment, coupling the first solar cell and
an interconnect to one or more of the first plurality of contact pads of a second, different,
solar cell can include connecting the first solar cell and second solar cell in series. In an
embodiment, the second plurality of contact pads can be a second plurality of positive
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contact pads. As shown, block 1160 can be an optional step, e.g., block 1160 need not
be performed. In an embodiment, the method can further include electrically coupling a
busbar to at least one third contact pad, for example a contact of the first solar cell or
second solar cell. In one example, the third contact pad is of opposite polarity to the first
contact pad. In another example, the third contact pad is of opposite polarity to the
second contact pad.

[0063] Referring to blocks 1130-1160 of flowchart 1100, the process can be
repeated. In an embodiment, blocks 1130-1160 can repeated to create strings of solar
cells. In an embodiment, there is no limit the length of a string of solar cells created in
this way. In an example, a string of solar cells including 2 or more cells can be created.
[0064] Referring to FIG. 12A, an example of a plurality of interconnects 1200 is shown,
according to some embodiments. As shown, the plurality of interconnects 1200 can be
connected at ends 1224 of each individual interconnect 1210, 1212, 1214. In one
embodiment, connecting the plurality of interconnects at ends 1224 can allow for the
plurality of interconnects 1200 to be collected in a reel or a spool. In an embodiment, the
plurality of interconnects 1200 can have tabs 1222 for connecting to a conductive pad
(e.g., solder pad) of a solar cell. In an example, the tabs 1222 can extend outward from
each individual interconnect 1210, 1212, 1214. In one example, the tabs 1222 can extend
perpendicular to each of the individual interconnects 1210, 1212, 1214. Referring to FIG.
12A and flowchart 1100 of FIG. 11, in an embodiment, the interconnect 1200 can be
dispensed from a reel or a spool and placed on or over a contact pad of a solar cell.
[0065] Referring to FIG. 12B, an example of a plurality of busbars 1300 is shown,
according to some embodiments. As shown, the plurality of busbars can be connected
at the ends 1324 of each individual busbar 1310, 1312, 1314. In one embodiment,
connecting the plurality of busbars at ends 1324 can allow for the plurality of busbars
1300 to be collected in a reel or a spool. In an embodiment, the plurality of busbars 1300
can have tabs 1322 for connecting to a conductive pad (e.g., solder pad) of a solar cell.
In an example, the tabs 1322 can extend outward from each individual busbars 1310,
1312, 1314. In one example, the tabs 1322 can extend perpendicular to each of the
individual busbars 1310, 1312, 1314. Referring to FIG. 12B and flowchart 1100 of FIG.
11, in an embodiment, the interconnect 1300 can be dispensed from a reel or a spool and
placed on or over a contact pad of a solar cell.

[0066] Referring to FIG. 12C, an example of an interconnect is shown. In an
embodiment, the interconnect 1400 can have tabs 1422 for connecting to a conductive

pad (e.g., solder pad) of a solar cell. In an example, the tabs 1422 can extend outward
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from each individual interconnect 1400. In one example, the tabs 1422 can extend
perpendicular to each of the interconnect 1400. In embodiments, the interconnect 1400
can include strain relief features 1425.

[0067] Referring to FIG. 12D, an example of an interconnect is shown. In an
embodiment, the interconnect 1500 can have tabs 1522 for connecting to a conductive
pad (e.g., solder pad) of a solar cell. In an example, the tabs 1522 can extend outward
from each individual interconnect 1500. In one example, the tabs 1522 can extend
perpendicular to each of the interconnect 1500. In embodiments, the interconnect 1500
can include strain relief features 1525. Examples of interconnects can be found in US
Patent No. 9,691,924, issued June 27, 2017, which is hereby incorporated herein by
reference in its entirety.

[0068] The solar cell stings and arrays as described herein can be included in a solar
panel, solar module, solar laminate and/or a flexible type solar panel. Referring again to
Figure 13A, in an embodiment, top and bottom encapsulants 1634 can surround the solar
cells 1610, e.g., encapsulate the solar cells 1610. In an embodiment, a cover layer 1633
can be placed over the encapsulant 1634, the solar cells 1610, interconnects 1680, and
backsheet 1635. In an embodiment, placing the cover layer 1633 over the encapsulant
1634 can include placing glass over the encpasulant 1634. In an embodiment, the cover
layer 1633 can include glass or a polymer material (e.g., a clear, opaque or transparent
polymer material). In an embodiment, the encapsulant 1634 can include ethylene vinyl
acetate (EVA), polyolefin and/or other encapsulant materials. In an embodiment, a
lamination process and/or a thermal process can be performed to form a solar laminate
1636. In an embodiment, the solar laminate 1636 can include the cover layer 1633,
encapsulant 1634, the solar cells 1610, interconnects 1680 and backsheet 1635. In one
example, the lamination process and/or a thermal process can include heating the
encapsulant 1634 the solar cells 1610. In an example, the cover layer 1633, encapsulant
1634, the solar cells 1610, interconnects 1680 and backsheet 1635 can undergo a
lamination and/or a thermal process to form the solar laminate 1636. In an embodiment,
the solar laminate can be placed in a frame 1637. In an embodiment, a junction box 1645,
e.g., a box including bypass diodes, micro-inverters and/or other electronics can be
attached to the frame 1637. Thus, in an embodiment a solar module 1640 can be formed.
In an embodiment, the solar module 1640 can have a front side 1631, e.g., which faces
the sun during normal operation, and back side 1632 which is opposite the front side
1631. Although as shown, a solar laminate is enclosed or is part of the solar module 1640,

in some products the solar laminate can be formed on its own (e.g., the solar laminate
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can be its own product). In an example, a flexible type solar panel can include the solar
laminate 1636 (e.g., without the frame 1637). In some embodiments, the solar panel,
solar module, solar laminate and/or a flexible type solar panel can also be referred to as
a photovoltaic panel, photovoltaic module, photovoltaic laminate and/or a flexible type
photovoltaic panel, respectively.

[0069] Referring to Figure 13B, a solar panel, solar module, solar laminate and/or
a flexible type solar panel and/or laminate formed is presented. In an embodiment, the
solar module 1640 can have a front side 1631, e.g., which faces the sun during normal
operation, and back side 1632 which is opposite the front side 1631. In an embodiment,
the solar module 1640 can include a solar laminate 1636. In an embodiment, the solar
laminate can include a cover layer 1633, encapsulant 1634, the solar cells 1610,
interconnects 1680 and backsheet 1635. In an embodiment, the interconnect portions
can be disposed over the back sides of the solar cells 1610. In an embodiment, at least
a portion of the solar cells 1610 are arranged in parallel or in series. In an embodiment,
at least a portion of the solar cells 1610 are arranged as a string of solar cells. In an
embodiment, at least a portion of the solar cells 1610 are arranged as an array of solar
cell strings. In an embodiment, the encapsulant 1634 can include ethylene vinyl acetate
(EVA), polyolefin and/or other encapsulant materials. Although as shown, a solar
laminate 1636 is enclosed or part of the solar module 1640, in some products the solar
laminate 1636 can formed and sold separately (e.g., as a separate product). In an
example, a flexible type solar panel can include the solar laminate 1636 (e.g., without the
frame 1637). Also, although not shown, one or more junction boxes can be located as
part of the solar module 140, connected to the frame 1637 or connected to the solar

laminate 1636.

EXAMPLES
[0070] The following examples are set forth to exemplify certain embodiments of
this disclosure.
[0071] Example A1 is a solar cell comprising:
[0072] a first plurality of metal contact fingers, each of the first plurality of metal

contact fingers coupled to one or more first diffusion regions on the backside of the solar
cell;
[0073] at least one contact pad on a first edge of the solar cell electrically coupled

to the first plurality of metal contact fingers; and
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[0074] a second plurality of metal contact fingers interdigitated with the first
plurality of metal contact fingers, each of the second plurality of metal contact fingers
being coupled to one or more second diffusion regions on the backside of the solar cell,
wherein at least one of the first plurality of metal contact fingers comprises a wrap-around
metal finger that passes between the first edge of the solar cell and the at least one
contact pad.
[0075] Example A2 includes the subject matter of example A1, or any other
example herein, further comprising: an electrically conductive connector soldered to the
at least one contact pad; and an insulating material positioned between the electrically
conductive connector and the wrap-around metal finger and configured to prevent a short
between the electrically conductive connector and the wrap-around metal finger.
[0076] Example A3 includes the subject matter of example A2, or any other
example herein, wherein the electrically conductive connector comprises an interconnect
or a busbar.
[0077] Example A4 includes the subject matter of example A2, or any other
example herein, wherein the electrically conductive connector further comprises a laser
solder artifact.
[0078] Example A5 includes the subject matter of example A1, or any other
example herein, wherein the first plurality of metal contact fingers comprises a first
plurality of p-metal contact fingers.
[0079] Example A6 includes the subject matter of example A1, or any other
example herein, wherein the distance between the wrap-around metal finger and the first
edge is within a range of approximately 0.2 mm to 1.2 mm.
[0080] Example A7 includes the subject matter of example A1, or any other
example herein, wherein the distance between the wrap-around metal finger and the first
edge is within a range of approximately 0.6 mm to 0.8 mm.
[0081] Example A8 includes the subject matter of example A1, or any other
example herein, further comprising an adhesive adhered to the insulating material.
[0082] Example A9 includes the subject matter of example A1, or any other
example herein, wherein the insulating material comprises an insulating tape.
[0083] Example A10 includes the subject matter of example A1, or any other
example herein, wherein an edge of the at least one contact pad closest to the first edge
of the solar cell is further from the edge of the solar cell than an edge-most of the first
plurality of metal contact fingers.
[0084] Example B1 is a photovoltaic (PV) string comprising:
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[0085] a first solar cell comprising:
[0086] at least one first contact pad on a first edge of the solar cell; and
[0087] a first plurality of metal contact fingers interdigitated with a second plurality

of metal contact fingers, wherein at least one of the first plurality of metal contact fingers
comprises a wrap-around metal finger that passes between the first edge of the solar cell
and the at least one first contact pad;

[0088] a second solar cell;

[0089] an interconnect that electrically connects the at least one first contact pad
of the first solar cell to a contact pad of the second solar cell; and

[0090] an insulating material positioned between the interconnect and the wrap-
around metal finger, the insulating material configured to prevent a short between the
interconnect and the wrap-around metal finger.

[0091] The solar array of claim 10, further comprising an adhesive adhered to the
insulating material.

[0092] Example B2 includes the subject matter of example B1, or any other
example herein, wherein the insulating material comprises an insulating tape.

[0093] Example B3 includes the subject matter of example B1, or any other
example herein, wherein the interconnect further comprise a laser solder artifact.

[0094] Example B4 includes the subject matter of example B1, or any other
example herein, further comprising a busbar electrically connected to a contact pad of
the first solar cell.

[0095] Example B5 includes the subject matter of example B1, or any other
example herein, wherein the first plurality of metal contact fingers comprises a first
plurality of p-metal contact fingers.

[0096] Example C1 is a method of coupling a solar cell and an electrically
conductive connector, comprising:

[0097] providing a first solar cell comprising a wrap-around metal finger that

passes between a first edge of the solar cell and a first contact pad of the first solar cell;

[0098] positioning an insulating material over the wrap-around metal finger; and
[0099] electrically coupling an electrically conductive connector to the first contact
pad.

[00100] Example C2 includes the subject matter of example C1, or any other

example herein, wherein positioning the insulating material comprises applying the
insulating material to the electrically conductive connector.
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[00101] Example C3 includes the subject matter of example C2, or any other
example herein, wherein applying the insulating material to the electrically conductive
connector comprises painting the insulating material on the electrically conductive
connector.

[00102] Example C4 includes the subject matter of example C1, or any other
example herein, wherein positioning the insulating material comprises applying the
insulating material to the solar cell.

[00103] Example C5 includes the subject matter of example C4, or any other
example herein, wherein applying the insulating material to the solar cell comprises
applying an adhesive to the electrically conductive connector.

[00104] Example C6 includes the subject matter of example C4, or any other
example herein, wherein applying the insulating material to the solar cell comprises
applying an insulating tape over the solar cell.

[00105] Example C7 includes the subject matter of example C1, or any other
example herein, wherein electrically coupling an electrically conductive connector
comprises soldering.

[00106] Example C8 includes the subject matter of example C7, or any other
example herein, wherein soldering comprises laser soldering.

[00107] Example C9 includes the subject matter of example C1, or any other
example herein, further comprising positioning a solder material between a tab of the
electrically conductive connector and the first contact pad.

[00108] Example C10 includes the subject matter of example C9, or any other
example herein, wherein positioning a solder material between a tab of the electrically
conductive connector and the first contact pad comprises applying the solder material to
a tab of an interconnect.

[00109] Example C11 includes the subject matter of example C9, or any other
example herein, wherein positioning a solder material between a tab of the electrically
conductive connector and the first contact pad comprises applying the solder material to
the solar cell.

[00110] Example C12 includes the subject matter of example C9, or any other
example herein, wherein positioning a solder material comprises applying one or more of
stencil printed solder paste, jet printing solder paste, pre-applying solder as a printed

paste, or plating of solder.
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[00111] Example C13 includes the subject matter of example C9, or any other

example herein, wherein the electrically conductive connector comprises an interconnect

or a busbar.
[00112] Example D1 is a method of coupling two solar cells, comprising:
[00113] providing a first solar cell comprising a wrap-around metal contact finger

that passes between a first edge of the first solar cell and at least one first contact pad of
the first solar cell, wherein the first contact pad is of opposite polarity to the wrap-around
metal contact finger;

[00114] providing a second solar cell comprising at least one second contact pad of

opposite polarity to the first contact pad of the first solar cell;

[00115] positioning an insulating material over the wrap-around metal contact
finger;
[00116] electrically coupling an interconnect to the at least one first contact pad on

the first solar cell; and

[00117] electrically coupling the interconnect to the at least one second contact pad
on the second solar cell.

[00118] Example D2 includes the subject matter of example D1, or any other
example herein, wherein positioning the insulating material comprises applying the
insulating material to the interconnect.

[00119] Example D3 includes the subject matter of example D1, or any other
example herein, wherein applying the insulating material to the interconnect comprises
painting the insulating material on the interconnect.

[00120] Example D4 includes the subject matter of example D3, or any other
example herein, wherein positioning the insulating material comprises applying the
insulating material to the solar cell.

[00121] Example D5 includes the subject matter of example D4, or any other
example herein, wherein positioning the insulating material comprises applying the
insulating material to an entire back side of the solar cell.

[00122] Example D6 includes the subject matter of example D1, or any other
example herein, wherein positioning an insulating material over the wrap-around positive
metal contact finger comprises positioning an adhesive over the wrap-around metal
contact finger.

[00123] Example D7 includes the subject matter of example D1, or any other

example herein, wherein positioning an insulating material over the wrap-around positive
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metal contact finger comprises positioning an insulating tape over the wrap-around metal
contact finger.

[00124] Example D8 includes the subject matter of example D1, or any other
example herein, wherein electrically coupling an electrically conductive connector
comprises soldering.

[00125] Example D9 includes the subject matter of example D8, or any other
example herein, wherein soldering comprises laser soldering.

[00126] Example D10 includes the subject matter of example D1, or any other
example herein, further comprising positioning a solder material between a contact tab of
the electrically conductive connector and the at least one first contact pad.

[00127] Example D11 includes the subject matter of example D10, or any other
example herein, wherein positioning the solder material comprises applying the solder
material to the interconnect tab.

[00128] Example D12 includes the subject matter of example D10, or any other
example herein, wherein positioning the solder material comprises applying the solder
material to the solar cell.

[00129] Example D13 includes the subject matter of example D10, or any other
example herein, wherein positioning the solder material comprises one or more of stencil
printing solder paste, jet printing solder paste, or plating of solder.

[00130] Example D14 includes the subject matter of example D10, or any other
example herein, further comprising electrically coupling a busbar to at least one third
contact pad.

[00131] Example D15 includes the subject matter of example D1, or any other
example herein, wherein the wrap-around metal contact finger comprises a p-metal wrap-
around contact finger.

[00132] Although specific embodiments have been described above, these
embodiments are not intended to limit the scope of the present disclosure, even where
only a single embodiment is described with respect to a particular feature. Examples of
features provided in the disclosure are intended to be illustrative rather than restrictive
unless stated otherwise. The above description is intended to cover such alternatives,
modifications, and equivalents as would be apparent to a person skilled in the art having
the benefit of this disclosure.

[00133] The scope of the present disclosure includes any feature or combination of
features disclosed herein (either explicitly or implicitly), or any generalization thereof,

whether or not it mitigates any or all of the problems addressed herein. Accordingly, new
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claims can be formulated during prosecution of this application (or an application claiming
priority thereto) to any such combination of features. In particular, with reference to the
appended claims, features from dependent claims can be combined with those of the
independent claims and features from respective independent claims can be combined
in any appropriate manner and not merely in the specific combinations enumerated in the

appended claims.
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CLAIMS

What is claimed is:

1. A solar cell comprising:

a first plurality of metal contact fingers, each of the first plurality of metal
contact fingers coupled to one or more first diffusion regions on the backside of
the solar cell;

at least one contact pad on a first edge of the solar cell electrically
coupled to the first plurality of metal contact fingers; and
a second plurality of metal contact fingers interdigitated with the first plurality of
metal contact fingers, each of the second plurality of metal contact fingers being
coupled to one or more second diffusion regions on the backside of the solar cell,
wherein at least one of the first plurality of metal contact fingers comprises a
wrap-around metal finger that passes between the first edge of the solar cell and

the at least one contact pad.

2. The solar cell of claim 1, further comprising:

an electrically conductive connector soldered to the at least one contact
pad; and

an insulating material positioned between the electrically conductive
connector and the wrap-around metal finger and configured to prevent a short

between the electrically conductive connector and the wrap-around metal finger.

3. The solar cell of claim 2, wherein the electrically conductive connector

comprises an interconnect or a busbar.

4, The solar cell of claim 2, wherein the electrically conductive connector

further comprises a laser solder artifact.

5. The solar cell of claim 1, wherein the first plurality of metal contact fingers

are a first plurality of p-metal contact fingers.
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6. The solar cell of claim 1, wherein the distance between the wrap-around
metal finger and the first edge is within a range of approximately 0.2 mm to 1.2

mm.

7. The solar cell of claim 1, wherein the insulating material comprises an

insulating tape.

8. The solar cell of claim 1, wherein an edge of the at least one contact pad
closest to the first edge of the solar cell is further from the edge of the solar cell

than an edge-most of the first plurality of metal contact fingers.

9. A photovoltaic (PV) string comprising:
a first solar cell comprising:
at least one first contact pad on a first edge of the solar cell; and
a first plurality of metal contact fingers interdigitated with a second
plurality of metal contact fingers, wherein at least one of the first plurality of metal
contact fingers comprises a wrap-around metal finger that passes between the
first edge of the solar cell and the at least one first contact pad;
a second solar cell,
an interconnect that electrically connects the at least one first contact pad
of the first solar cell to a contact pad of the second solar cell; and
an insulating material positioned between the interconnect and the wrap-
around metal finger, the insulating material configured to prevent a short

between the interconnect and the wrap-around metal finger.

10.  The PV string of claim 9, wherein the insulating material comprises an

insulating tape.

11.  The PV string of claim 9, further comprising a busbar electrically

connected to a contact pad of the first solar cell.

12.  The PV string of claim 9, further comprising one or more additional solar

cells coupled to the first and/or second solar cell.

27



WO 2020/069419 PCT/US2019/053621

13. A solar cell array, comprising two or more PV strings of claim 9 coupled

together with a busbar.

14. A photovoltaic laminate comprising the solar cell array of claim 13.

15. A method of coupling a solar cell and an electrically conductive connector,
comprising:

providing a first solar cell comprising a wrap-around metal finger that
passes between a first edge of the solar cell and a first contact pad of the first
solar cell;

positioning an insulating material over the wrap-around metal finger; and

electrically coupling an electrically conductive connector to the first contact

pad.

16.  The method of claim 15, wherein positioning the insulating material
comprises applying the insulating material to the electrically conductive

connector.

17.  The method of claim 15, wherein positioning the insulating material

comprises applying the insulating material to the solar cell.

18.  The method of claim 15, further comprising positioning a solder material

between a tab of the electrically conductive connector and the first contact pad.

19.  The method of claim 15, wherein the electrically conductive connector

comprises an interconnect or a busbar.

20.  The method of claim 15, further comprising:
providing a second solar cell comprising at least one second contact pad
of opposite polarity to the first contact pad of the first solar cell; and
electrically coupling the interconnect to the at least one second contact

pad on the second solar cell.
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