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INTERCONNECTION OF SOLAR CELLS INASOLAR CELL
MODULE

Inventors; Peter Aschenbrenner, Douglas H. Rose, Shandor Daroczi, Stephen J.
Coughlin, and Charles F. Gay

CROSS-REFERENCE TO RELATED APPLICATION(S)

This application claims the benefit of U.S. Provisional Application No.
60/577,056, filed on June 4, 2004, entitled “Solar Cell Interconnect Shield,”

which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The presenf invention relates generally to solar cells, and more
particularly but not exclusively to methods and structures for interconnecting

solar cells in a solar cell module.
2. Description of the Background-Art

Solar cells, also referred to as “photovoltaic cells,” are well known devices
for converting solar radiation to electrical energy. They may be fabricated on a
semiconductor wafer using semiconductor processing technology. Generally
speaking, a solar cell may be fabricated by forming p-doped and n-doped
regions in a silicon substrate. Solar radiation impinging on the solar cell creates
electrons and holes that migrate to the p-doped and n-doped regions, thereby
creating voltage differentials between the doped regions. In a backside-contact

solar cell, the doped regions are coupled to conductive leads on the backside of

-1-
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the solar ¢ell to allow an external electrical circuit to be coupled to and be
powered by the solar cell. Backside-contact solar cells are disclosed in U.S.
Patent Nos. 5,053,083 and 4,927,770, which are both incorporated herein by

reference in their entirety.

Several solar cells may be connected together to form a solar cell array.
In a solar cell array, a conductive area coupled to a p-doped region (hereinafter
“positive area”) of one solar cell is connected to a conductive area coupled to an
n-doped region (hereinafter “negative area”) of an adjacent solar cell. The
positive area of the adjacent solar cell is then connected to a negative area of a
next adjacent solar cell and so on. This chaining of solar cells may be repeated
to connect several solar cells in series to increase the output voltage of the solar
cell array. Backside-contact solar cells have been connected together using a
relatively long, sivngle strip of perforated conductive material. U.S. Patent No.
6,313,395, which is incorporated herein by reference in its entirety, also
discloses the interconnection of several backside-contact solar cells to form a

solar cell array.

Attempts have been made to visually shield front-side electrical
connections of traditional (i.e., front side contact) solar cells. For example,
Webasto Roof Systems, Inc. has introduced a traditional solar cell array with bus
bars that are covered with paint or tape to make the solar cell array visually
appealing for use in the roofs of automobiles. Electrical connections to a
traditional solar cell are made to contact portions on the front side (i.e., the side
facing the sun) of the solar cell. Because backside-contact solar cells have all

the electrical connections on the backside, conventional approaches to shielding

-2
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" Blettrical Coririectistis ifi traditional solar celis are not readily applicaple 10

backside-contact solar cells.

SUMMARY

In one embodiment, a solar cell module comprises a plurality of solar cells
interconnected as a solar cell array. An interconnect assembly electrically
connects the backsides of two adjacent solar cells. The interconnect assembly
may have an interconnect that electrically connects a contact point on a
backside of a solar cell to a contact point on a backside of another solar cell.
The interconnect assembly may further include an interconnect shield placed

between the solar cells and the interconnect.

These and other features of the present invention will be readily apparent
to persons of ordinary skill in the art upon reading the entirety of this disclosure,

which includes the accompanying drawings and claims.

DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a solar cell module in accordance with an

embodiment of the present invention.

FIGS. 2(a) and 2(b) schematically show the backsides and front sides,
respectively, of solar cells interconnected using an interconnect assembly in

accordance with an embodiment of the present invention.
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F1G. 3(a) 'scriemdtically shows an interconnect In accordance with an

embodiment of the present invention.

FIG. 3(b) schematically shows an interconnect shield over an

interconnect, in accordance with an embodiment of the present invention.

5 FIG. 4 schematically shows a close up view of an interconnect, an
interconnect shield, and solar cells in accordance with an embodiment of the

present invention.

FIGS. 5(a) and 5(b) schematically show the backsides and front sides,
respectively, of solar cells interconnected using an interconnect assembly in

10 accordance with an embodiment of the present invention.

FIGS. 6(a)-6(c) schematically show various views of an interconnect in

accordance with an embodiment of the present invention.

FIG. 7 schematically shows a cross-section of a solar cell module in

accordance with an embodiment of the present invention.

15 FIG. 8 schematically shows a cross-section of a solar cell module in

accordance with another embodiment of the present invention.

The use of the same reference label in different drawings indicates the
same or like components. Drawings are not necessarily to scale unless

otherwise noted.
20

DETAILED DESCRIPTION
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......

examples of apparatus, components, and methods, to provide a thorough
understanding of embodiments of the invention. Persons of ordinary skill in the
art will recognize, however, that the invention can be practiced without one or
more of the specific details. In other instances, well-known details are not shown

or described to avoid obscuring aspects of the invention.

FIG. 1 schematically shows a solar cell module 150 in accordance with an
embodiment of the present invention. The solar cell module 150 includes solar
cells 100, interconnect assemblies 110, and one or more bus bars 120. Other
components of the solar cell module 150, such as back sheets, protective layers,
additional solar cells, additional bus bars and interconnect assemblies, are not
shown in FIG. 1 for clarity of illustration. FIG. 1 shows the backsides of the solar

cells 100. The side opposite to the backside of a solar cell is referred to as the

“front ‘side." As installed in the field, the front sides of the solar cells 100 are

oriented to face the sun.

In one embodiment, the solar cells 100 comprise backside-contact solar
cells. That is, electrical connections to the solar cells 100 are made from their
backsides. An interconnect assembly 110 electrically connects a solar cell 100
to an adjacent solar cell 100 or to a bus bar 120. Interconnected solar cells are
also collectively referred to as a “solar cell array.” In the example of FIG. 1, an
interconnect assembly 110 electrically connects the positive contact points of a
solar cell 100 to corresponding negative contact points of another solar cell 100.
Interconnecting the solar cells 100 together increases the output voltage of the

solar cell array.
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FIG. 2(a) schefatically shows the backsides of solar cells 100 that are
electrically connected together using an interconnect assembly 110A, in
accordance with an embodiment of the present invention. The interconnect
assembly 110A is a specific embodiment of the interconnect assemblies 110
shown in FIG. 1. In the example of FIG. 2(a), the interconnect assembly 110A
comprises an interconnect 210 and an interconnect shield 220. The interconnect
shield 220 may be applied to the interconnect 210 prior to electrically connecting
(e.g., by soldering) the interconnect 210 to contact points (e.g., soldering pads)
on the backsides of the solar cells 100. In one embodiment, the interconnect
shield 220 is attached to the interconnect 210 to form the interconnect assembly
110A. The interconnect assembly 110A is pressed onto the backsides of the
solar cells 100, with the interconnect shield 220 pressing against the solar cells
100. The interconnect 210 is then soldered onto soldering pads on the
backsides of the solar cells 100. It is to be noted that since the interconnect
shield 220 is between the iﬁterconnect 210 and the solar cells 100, the
interconnect shield 220 is an integral part of the solar cell array and is preferably
applied to either the solar cells 100 or the interconnect 210 prior to assembling

the solar cell array together.

The interconnect shield 220 advantageously provides electrical isolation
between the interconnect 210 and the edges of the solar cells 100 in areas other
than soldering pads, thereby preventing efficiency reducing electrical paths in
cells susceptible to these paths. That is, the interconnect shield 220 helps
improve conversion efficiency by preventing electrical contact between material

that is used to electrically connect the solar cells 100 and areas of the solar cells
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100 that would forifi uhiwaiited shunt paths. The interconnect shield 220 also
advantageously prevents substances from migrating to the front sides of the
solar cells 100 during and after the manufacturing process. For example, the
interconnect shield 220 prevents solder flux from migrating to the front sides of
the solar cells 100 during soldering. Furthermore, as illustrated in FIG 8, the
interconnect shield 220 may be used as reference in spacing solar cells 100 in
the solar cell array. In other words, the interconnect shield 220 may be used as
a cell-to-cell gap spacer for assembly symmetry and aesthetics and for long-term

reliability control by regulating solar cell spacing to high tolerances.

FIG. 2(b) schematically shows the front sides of the solar cells 100 of FIG.
2(a). As mentioned, the front sides of the solar cells 100 face the sun in a typical
installation, and thus are visible portions of the solar cell module. As shown in
FIG. 2(b), the interconnect shield 220 visually hides the interconnect 210 (see
FIG. 2(a)) from the front sides of the solar cells 100. That is, without the
interconnect shield 220, the interconnect 210 would be visible between gaps on
the front sides of the solaf cells 1-00. This nét only makes the solar cell array
more visually appealing, but also advantageously helps improve conversion
efficiency by providing a light-scattering surface that directs light into adjacent
solar cells 100 where the light may be captured and converted to electricity. The
interconnect shield also visually blocks EVA that might have become brown from
interaction with the Cu interconnect or other materials between cells.
Furthermore, selection of colors of the interconnect shield and backsheet allow

for a range of visual appearances.
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FIG. 3(8) schenétically shows an interconnect 210 In accorgance witn an
embodiment of the present invention. In the example of FIG. 3(a), the
interconnect 210 comprises a single continuous electrically conductive material
having several regions. Each region of the interconnect 210 may have a
diamond-shaped body, tabs 301 and an in-plane slit 302 or other strain-relief
features. Tabs 301 may be soldered onto contact points on the solar cells 100.
Slits 302 advantageously provide strain relief, which is particularly important in
solar cell applications because components of the solar cell module may expand
and contract due to heat exposure. As is evident from FIG. 3(a), the
interconnect 210 is a single-piece design, making the interconnect 210 more
robust and durable for field use and easier to attach to solar cells 100 by

automated assembly.

FIG. 3(b) schematically shows an interconnect shield 220 over an
interconnect 210, in accordance with an embodiment of the present invention.
The interconnect shield 220 is preferably less than about 0.004” thick to
rﬁinimize the bending of the tabs 301 for attachment to cdntaét points on the
solar cells 100. For aesthetic reasons, the interconnect shield 220 is preferably
of the same or similar color as the back sheets (e.g., see back sheet 703 in
FIGS. 7 and 8) of the solar cell module (e.g., white interconnect shield 220 with
white back sheets, black interconnect shield 220 with black back sheets). The
interconnect shield 220 also preferably provides relatively good electrical
isolation to minimize the occurrence of electrical shorts due to misaligned tabs
301. The interconnect shield 220 preferably comprises a single-sided tape that

is placed adhesive-side toward the cells to produce a viéually—appealing surface
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" 6f the tape toward thé frorit side of the module and to act as a cell locator prior to

attachment of the interconnect. An equally-preferred embodiment is the use of a
double-sided tape to allow the interconnect shield to be attached to the
interconnect 210 and still provide an outward facing adhesive surface for
attachment to the solar cells 100. Thus, the interconnect shield 220 may
comprise a single-sided or double-sided tape depending on the application. The
interconnect shield 220 may have an integral coating that visually blocks the
interconnect. The interconnect shield 220 may comprise a 6.2mm wide
polyester tape with an acrylic-based adhesive, for example. In one embodiment,

the interconnect shield 220 comprises a 3M 850 tape from the 3M company.

FIG. 4 schematically shows a close up view of an interconnect shield 220

‘pressed onto the backsides of the solar cells 100, and an interconnect 210

pressed onto the interconnect shield 220. In the example of FIG. 4, the bodies
of the outer regions of the interconnect 210 (compare slit 302-3 to slits 302-1 and
302-2) are cut for proper fit with the solar cells 100. Dashed regions 401
generally show the areas df the solar cells 100 haviﬁg contaét points for tébs |

301.

FIG. 5(a) schematically shows the backsides of solar cells 100 that are
electrically connected together using an interconnect assembly 110B, in
accordance with an embodiment of the present invention. The interconnect
assembly 110B is a specific embodiment of the interconnect assemblies 110
shown in FIG. 1. In the example of FIG. 5(a), the interconnect assembly 110B
comprises interconnects 510 and an interconnect shield 220. The interconnects

510, which are also referred to as “ribbons,” are regarded as a multi-piece

-9-
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" gesign in that severaliriterconnects 510 are needed to electrically connect one

solar cell 100 to another solar cell 100. The interconnect shield 220 may be
applied to the backsides of the solar cells 100 prior to attaching each
interconnect 510 to corresponding contact points on the backsides of the solar
cells 100. In one embodiment, the interconnects 510 are soldered to solder
pads on the backsides of the solar cells 100. FIG. 5(b) schematically shows the
front sides of the solar cells 100 of FIG. 5(a). The interconnect shield 220 serves
the same purpose and provides the same advantages in interconnect

assemblies 110B and 110A.

FIGS. 6(a)-6(b) schematically show various views of an interconnect 510
in accordance with an embodiment of the present invention. FIG. 6(a) shows a
top view of the interconnect 510, which may comprise a strip of electrically
conductive material. In one embodiment, the interconnect 510 includes portions
512 that are curved for strain relief. FIG. 6(b) shows a side view of the
interconnect 510 illustrating the curved portions 512. FIG. 6(c) shows a

perspective view of the interconnect 510.

FIG. 7 schematically shows a cross-section of a solar cell module 150A in
accordance with an embodiment of the present invention. The solar cell module
150A is a specific embodiment of the solar cell module 150 shown in FIG. 1. In
the example of FIG. 7, the solar cell module 150A includes a transparent cover
701, encapsulants 702 (i.e., 702-1, 702-2), solar cells 100, an interconnect shield
220, a back sheet 703, and one or more interconnects 710. Interconnect(s) 710
may be a single interconnect 210 or several interconnects 510. The interconnect

shield 220 has already been described above.

-10 -
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Ity 6hé& Ebodithént; the solar cell module 150A is a so-called “terrestrial
solar cell module” in that it is typically used in stationary applications, such as on
residential or commercial building rooftops. As such, the solar cell module 150A
is installed with the transparent cover 701 facing the sun. In one embodiment,
the transparent cover 701 comprises glass. The front sides 721 of the solar cells
100 face towards the sun by way of the transparent cover 701. Encapsulants
702 crosslink and bond the solar cells 100, the cover 701, and the back sheet
703 to form a protective package. In one embodiment, the encapsulants 702

comprise poly-ethyl-vinyl acetate (“EVA”).

The backsides 722 of the solar cells 100 face the back sheet 703, which
is attached to the encapsulant 702-2. In one embodiment, the back sheet 703
comprises Tedlar/Polyester/EVA (“TPE”) from the Madico company. In the TPE,
the Tedlar is the outermost layer that protects against the environment, the
polyester provides additional electrical isolation, and the EVA is non-crosslinked
thin layer that promotes adhesion to the encapsulant 702-2. Alternatives to TPE

for use as the back sheet 703 include Tedlar/Polyester/Tedlar (“TPT").

As shown in FIG. 7, the solar cell module 150A provides several layers of
protection for the solar cells 100, with the cover 701 being the front layer, the
encapsulant 702-1 being the layer between the front sides 721 and the cover
701, the encapsulant 702-2 being the layer between the backsides 722 and the
back sheet 703, and the back sheet 703 being the back layer. The cover 701
and the encapsulant 702-1 form a front protective and isolating layer, while the
encapsulant 702-2 and the back sheet 703 form a back protective and isolating

layer. These layers of protection advantageously allow the solar cell module

-11 -
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" 50A t6'Bé éXposed to the énvironment for many years (e.g., greater than 25
years) without forming a low resistance path from the relatively high voltages

(e.g., 600-1000V relative to ground) of the solar cell array to ground.

Referring to FIG. 8, there is schematically shown a cross-section of a
solar cell module 150B in accordance with an embodiment of the present
invention. The solar cell module 150B is the same as the solar cell module 150A
except for the use of an interconnect shield 220A rather than an interconnect
shield 220. The interconnect shield 220A is a specific embodiment of the
interconnect shield 220. In the example of FIG. 8, the interconnect shield 220A
has a three-dimensional shape to allow it to press on the backsides 722 and to
fill the gap between solar cells 100. This advantageously makes the
interconnect shield 220A even more effective as a cell-to-cell spacer for solar

cell alignment and spacing control.

While specific embodiments of the present invention have been provided,
it is to be understood that these embodiments are for illustration purposes and
not limiting. Many additional embodiments will be apparent to persons of

ordinary skill in the art reading this disclosure.

-12-
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CLAIMS
What is claimed is:
1. A solar cell module comprising:
a first backside-contact solar cell;

a second backside-contact solar cell;

an interconnect electrically coupling a backside of the first backside-

contact solar cell to a backside of the second backside-contact solar cell; and

a shield placed between the interconnect and the first and second
backside contact solar cells, the shield comprising a material which visually

blocks the interconnect .
2. The solar cell module of claim 1 wherein the shield comprises a tape.

3. The solar cell module of claim 1 wherein the shield comprises a coating

integral to the interconnect.

4, The solar cell module of claim 1 wherein the shield comprises a three-
dimensional body that presses on the backsides of the first and second backside
contact solar cells and fills a gap between the first and second backside contact

solar cells.

5. The solar cell module of claim 1 wherein the interconnect comprises a first
strip of interconnect material electrically coupling a first contact point on the
backside of the first backside-contact solar cell to a first contact point on the

backside of the second backside-contact solar cell.

-13-
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6. The solar cell madule of claim 1 wherein the interconnect comprises a

single continuous interconnect having a plurality of strain relief features.

7. The solar cell module of claim 6 wherein the interconnect comprises a
plurality of tabs extending from the body of the interconnect to electrically couple
contact points on the backside of the first backside-contact solar cell to

corresponding contact points on the backside of the second backside-contact

solar cell.
8. The solar cell module of claim 1 further comprising:

a first protection layer placed over front sides of first and second backside
contact solar cells, the first protection layer being configured to allow solar
energy to reach the front sides of the first and second backside-contact solar

cells.
9. The solar cell module of claim 8 further comprising:

a second protection layer over the first protection layer, the second
protectioh layer being configured to protect from environmental elements while

allowing solar energy to reach the first and second backside-contact solar cells.
10.  The solar cell module of claim 9 further comprising:
a third protection layer placed over the interconnect.

11.  The solar cell module of claim 10 wherein the first and third protection
layers comprise poly-ethyl-vinyl-acetate (EVA) and the second protection layer

comprises glass.

-14 -
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12" The solar’céil médule of claim 10 further comprising a back sheet on a

side of the third protection layer away from the interconnect.
13. A solar cell module comprising:

a first solar cell;

a second solar cell; and

an interconnect assembly electrically coupling a backside of the first solar
cell td a backside of the second solar cell, the interconnect assembly including
an interconnect and an interconnect shield, the interconnect shield being
configured to block from view the interconnect as viewed from front sides of the

first and second solar cells.

14.  The solar cell module of claim 13 wherein the interconnect comprises a
single continuous piece of electrically conducting material having a plurality of
tabs for contacting contact points on the backsides of the first and second solar

cells.

15.  The solar cell module of claim 14 wherein the interconnect further

comprises:
a plurality of slits for providing strain relief to the interconnect.
16.  The solar cell module of claim 13 further comprising:
a first encapsulant over front sides of the first and second solar cells;

a second encapsulant over the backsides of the first and second solar

cells;

a transparent cover over the first encapsulant; and

-15-



10

15

WO 2005/122282 PCT/US2005/019197

3 Back ghest over thé second encapsulant.

17.  The solar cell module of claim 13 wherein the interconnect shield fills a
gap between the first and second solar cells to control spacing between the first

and second solar cells.
18. A solar cell module comprising:

interconnect means for electrically coupling a backside of a first backside-

contact solar cell to a backside of a second backside-contact solar cell; and

shielding means for covering the interconnect means such that the
interconnect means are not visible through a gap between the first and second

backside-contact solar cells.

19.  The solar cell module of claim 18 wherein the shielding means comprises

a an electrically insulating double-sided tape.

20. The solar cell module of claim 18 wherein the interconnect means
comprises a single continuous interconnect having a plurality of tabs for
contacting contact points on the backsides of the first and second backside-

contact solar cells.

-16 -
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