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(57) Abstract: A solar module and a method for fabricating a solar module comprising a plurality of rear contact solar cells are de-
scribed. Rear contact solar cells (1) are provided with a large size of e.g. 156 x 156 mm?. Soldering pad arrangements (13, 15) ap-
plied on emitter contacts (5) and base contacts (7) are provided with one or more soldering pads (9, 11) arranged linearly. The sol-
dering pad arrangements (13, 15) are arranged asymmetrically with respect to a longitudinal axis (17). Each solar cell (1) is then sep-
arated into first and second cell portions (19, 21) along a line (23) perpendicular to the longitudinal axis (17). Due to such cell separ -
ation and the asymmetrical design of the soldering pad arrangements (13, 15), the first and second cell portions (19, 21) may then be
arranged alternately along a line with each second cell portion (21) arranged in a 180°-orientation with respect to the first cell por -
tions (19) and such that emitter soldering pad arrangements (13) of a first cell portion (19) are aligned with base soldering pad ar -
rangements (15) of neighboring second cell portions (21), and vice versa. Simple linear ribbon-type connector strips (25) may be
used for interconnecting the cell portions (19, 21) by soldering onto the underlying aligned emitter and base soldering pad arrange-
ments (13, 15). The interconnection approach enables using standard ribbon-type connector strips (25) while reducing any bow as
well as reducing series resistance losses.
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Method for fabricating a solar module of rear contact solar cells using linear ribbon-type

connector strips and respective solar module

FIELD OF THE INVENTION

The present invention relates to a method for fabricating a solar module of rear contact
solar cell solar cells, particularly of metal wrap-through (MWT) solar cells, and to a

corresponding solar module.
TECHNICAL BACKGROUND

Solar cells are used to convert sunlight into electricity using a photovoltaic effect. A
general object is to achieve high conversion efficiency balanced by a need for low

production costs.

In a solar cell, emitter regions and base regions are comprised in a semiconductor substrate
and a junction between these oppositely doped regions serves for separating light-
generated charge couples. Therein, an emitter region comprises one of n-type and p-type

doping whereas a base region comprises the opposite doping type.

In conventional solar cells, the emitter region is typically arranged at a top surface directed
towards the impinging light and the base region is arranged at the opposite rear surface of

the semiconductor substrate. Accordingly, emitter contacts contacting the emitter region
RAK
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are arranged on the front side and base contacts contacting the base region are arranged on

the rear side of the semiconductor substrate.

Novel cell designs have been developed wherein both contact types are arranged on a rear
surface of the semiconductor substrate. Such solar cells are typically referred to as rear

contact solar cells.

One type of rear contact solar cells which will be mainly discussed herein is the metal
wrap-through (MWT) solar cell design in which an emitter region is formed at the front
side of the semiconductor substrate and small metal fingers are arranged on this front side
to form emitter contacts. However, in contrast to conventional solar cells, these small metal
fingers do not lead to larger fingers, arranged perpendicular to the small fingers and
typically referred to as busbars. Instead, these small fingers lead to through-holes generated
all over the area of the semiconductor substrate. These through-holes are filled with metal
thereby connecting the small front side fingers with an emitter contact region arranged on
the rear surface of the semiconductor substrate. Accordingly, the MWT-cell may have both
contact types on the rear surface such that no light-shading busbars are needed on the front

side.

On each of the emitter contacts and base contacts on the rear side surface, soldering pad
arrangements may be applied. These soldering pad arrangements may comprise one or
more soldering pads made with a solderable material such as e.g. silver. On top of such
soldering pads, interconnecting structures may be soldered for interconnecting neighboring
solar cells thereby forming interconnected strings of solar cells which may then be used for

finally forming a solar module.

Several concepts and interconnection schemes have been developed for electrically
interconnecting a plurality of rear contact solar cells. General requirements to be fulfilled
by such approaches and schemes are that no short-circuits shall occur between emitter
regions and base regions via the applied interconnection structures. Furthermore, the

inter_connecting structures shall be easy to be applied to the soldering pad arrangements



WO 2014/041413 PCT/IB2013/001964

without significant risk of damaging the solar cell by the interconnection procedure.
F urtherrhore, processing steps and materials used for interconnecting solar cells to a string

should be as simple and cheap as possible.
SUMMARY OF THE INVENTION

Embodiments of the present invention enable to fulfill the above-mentioned requirements

in an advantageous manner.

According to a first aspect of the present invention, a method for fabricating a solar module
is proposed. The method starts with providing a plurality of rear contact solar cells having
emitter contacts and base contacts on a rear surface of a semiconductor substrate and
soldering pad arrangements applied on emitter contacts and on base contacts. Each
soldering pad arrangement comprises one or more soldering pads arranged linearly. The
soldering pad arrangements are arranged on the rear surface of the semiconductor substrate
asymmetrically with respect to a longitudinal axis of the semiconductor substrate. As will
become clearer further below, such asymmetrical arrangement of the soldering pad
arrangements may be seen as an important idea for the inventive concept. The longitudinal
axis of the semiconductor substrate may be an axis which extends through a center of the
semiconductor substrate and which may be preferably parallel to or at least not crossing the
linear extension of the soldering pad arrangements.

After having prepared or provided such specifically designed rear contact solar cells, each
of the solar cells is separated into first and second cell portions along a line perpendicular
to the longitudinal axis of the semiconductor substrate.

Subsequently, the plurality of first and second cell portions of the rear contact solar cells is
arranged alternately along a line such that the second cell portions are arranged in a 180°-
orientation with respect to the first cell portions and such that soldering pad arrangements
of emitter contacts and of base contacts of first cell portions are aligned with soldering pad
arrangements of base contacts and emitter contacts of second cell portions, respectively. In
other words, after separating each solar cell into two portions, every second cell portion is

rotated by 180° and the cell portions are then arranged along a line.
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Due to the asymmetry of the arrangement of the soldering pad arrangements on the rear
surface of the semiconductor substrate, the first cell portions and the rotated second cell
pdrtions may be arranged such that each soldering pad arrangement applied on top of
emitter contacts of a first cell portion is linearly aligned with an associated soldering pad
arrangement applied on base contacts of a neighboring second cell portion. Similarly, each
soldering pad arrangement applied on base contacts of the first cell portion may be linearly
aligned with an associated soldering pad arrangement applied on emitter contacts of a

second cell portion neighboring on the other side.

Finally, the plurality of first and second cell portions is electrically connected in series. For
this purpose, a linear ribbon-type connector strip is arranged on top of a linear soldering
pad arrangement of an emitter contact of each first cell portion and on top of an aligned
linear soldering pad arrangement of a base contact of a second cell portion neighboring the
respective first cell portion on one side. Furthermore, a linear ribbon-type connector strip is
arranged on top of a linear soldering pad arrangement of a base contact of the respective
first cell portion and on top of an aligned linear soldering pad arrangement of an emitter
contact of a second cell portion neighboring the respective first cell portion on an opposite

side.

Finally, the connector strips are electrically connected to the underlying soldering pad

arrangements.

According to a second aspect of the present invention, a solar module is proposed. The
solar module may be fabricated by the above-described method. The solar module
comprises a plurality of first and second cell portions of rear contact solar cells arranged
along a longitudinal axis. Each of the first and second cell portions comprises soldering
pad arrangements on top of each of emitter contacts and base contacts which soldering pad
arrangements each comprise one or more soldering pads arranged linearly. The soldering
pad arrangements are arranged on the rear side of the semiconductor substrate
asymmetrically with respect to a longitudinal axis of the semiconductor substrate. The

plurality of first and second cell portions of the rear contact solar cells are arranged
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alternately along a line such that the second cell portions are arranged in a 180°-orientation
with respect to the first cell portions and such that soldering pad arrangements of emitter
contacts and of base contacts of the first cell portions are aligned with soldering pad
arrangements of base contacts and of emitter contacts of the second cell portions,
respectively. The plurality of first and second cell portions of the rear contact solar cells
are connected in series by linear ribbon-type connector strips each being arranged on top of
a linear soldering pad arrangement of an emitter contact of each first cell portion and on
top of an aligned linear soldering pad arrangement of a base contact of a second cell
portion neighboring the respective first cell portion on one side and by linear ribbon-type
connector strips each being arranged on top of a linear soldering pad arrangement of a base
contact of the respective first cell portion and on top of an aligned linear soldering pad
arrangement of an emitter contact of a second cell portion neighboring the respective first

cell portion on an opposite side.

As will become apparent in more details further below, the above aspects of the present

invention may be understood as relying on the following ideas and observations:

In prior approaches and schemes for interconnecting rear contact solar cells for fabricating
a solar module, the requirement of avoiding short-circuits and of easy and cheap

interconnection techniques have been fulfilled in various ways.

For example, complex metal interconnection structures have been provided by printing
metal pastes onto additional substrates such as flexible foils and subsequently applying
these additional substrates on top of the semiconductor substrate for interconnecting the
emitter and base contacts of neighboring solar cells in a suitable manner. However, such
approach requires the provision of additional substrates for carrying the printed metal
structures and furthermore requires substantial efforts and costs for printing the metal

structures onto such substrates.

In an alternative approach, ribbon-type connector strips have been used for interconnecting

neighboring solar cells. However, in such approach, either no simple linear ribbon-type
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connector strips but connector strips with a complex shape had to be used or additional
insulating layers had to be interposed between each of the connector strips and underlying

emitter and base contacts for preventing local short-circuits.

Additionally, particularly in case of large solar cells, soldering a ribbon-type connector
strip to soldering pad arrangements on a semiconductor substrate may result in significant
bowing of the semiconductor substrate due to the differing thermal expansion coefficients
of the material of the connector strip and the material of the semiconductor substrate. Such

bowing may result in reduced yield of the fabrication process.

According to aspects of the present invention, a rear contact solar cell may be provided in a
large size. Preparing solar cells with large size is more efficient than preparing such solar
cells with smaller sizes. For example, at the moment, wafer-based solar cells are typically
prepared with sizes of 156 x 156 mm?. Such large sized rear contact solar cells are
provided with specific soldering pad arrangements wherein each soldering pad
arrangement comprises one or more soldering pads and has a linear shape. The soldering
pad arrangements are provided on the rear side of the semiconductor substrate such as to
be asymmetrical with respect to a longitudinal axis of the semiconductor substrate.
Specifically, the soldering pad arrangements are provided in a scheme such that, when
arranging a first solar cell next to a second solar cell in a 180°-orientation, the linear
soldering pad arrangement of one type, i.e. contacting emitter contacts or base contacts, of
the first cell is linearly aligned with an associated soldering pad arrangement of the other
type on the second cell. Due to such specific design of the soldering pad arrangements,
each solar cell may then be separated into first and second cell portions by cutting e.g.
along a line perpendicular to the longitudinal axis of the semiconductor substrate and,
subsequently, these first and second cell portions may be arranged alternately along a line
with each second cell portion being arranged at 180°-orientation with respect to first cell |
portions. Finally, the first and second cell portions may be interconnected using
conventional linear ribbon-type connector strips applied on top of a linear soldering pad
arrangement of a first type on a first cell portion and an aligned linear soldering pad

arrangement of an opposite second type on a neighboring second cell portion. Due to
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separating the large sized rear contact solar cell before interconnection, shorter ribbon-type

connector strips may be used resulting in reduced bow.

Accordingly, the approach presented herein allows using simple linear ribbon-type
connector strips for interconnecting rear contact solar cells and at the same time prevents
excessive bowing of the semiconductor substrates upon interconnection and, furthermore,
prevents any necessity for insulation layers interposed between connector strips and

contacts.

According to an embodiment of the present invention, no insulation layer is interposed
between each of the connector strips and the emitter and base contacts. The presented
interconnection concept allows preventing short-circuits without needing any insulation
layer between the connector strips and the underlying surface of the semiconductor
substrate. Accordingly, additional efforts and costs for providing such insulation layers

may be prevented.

According to another embodiment of the invention, before separating a rear contact solar
cell, the soldering pad arrangement of an emitter contact continuously extends from a first
end arranged close to a first edge of the semiconductor substrate via a center region of the
semiconductor substrate to a second end arranged close to a second edge of the
semiconductor substrate, wherein the first end and the second end are spaced apart from
the first edge and the second edge, respectively, by between 2 and 48%, preferably
between 4 and 20% of the distance between the first and second edges. Similarly, in the
finalized solar module, i.e. after separating the rear contact solar cell into first and second
portions, the soldering pad arrangement of an emitter contact continuously extends from a
first end arranged close but spaced to a first edge of a cell portion to a second end arranged
at an opposite second edge of the cell portion, wherein the first end is spaced apart from
the first edge by between 4 and 96%, preferably between 8 and 40° of the distance between

the first and second edges.
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In other words, the design of the soldering pad arrangements applied to emitter contacts
may be chosen such that, before separating the solar cell into two portions, the soldering
pad arrangements may extend close to but spaced apart from opposite edges of the
semiconductor substrate, i.e. there remains at least a small gap between an end of a
soldering pad arrangement and a neighboring edge of the semiconductor substrate. This
gap may serve for transmitting electrical currents from base regions arranged on one side
of the emitter soldering pad arrangement to base regions arranged on an opposite side of
this emitter soldering pad arrangement. The extension of the emitter soldering pad
arrangement on the rear surface of an MWT solar cell typically strongly depends on the
design of the front side emitter contacts and on the arrangements of through-holes for
interconnecting the front side emitter contacts with the rear side emitter soldering pad
arrangement. In an extreme design, the through-holes could be arranged only close to the
centre of solar cell substrate such that the emitter soldering pad arrangement may be
arranged only in a limited region near to the centre of the substrate and a gap between such
soldering pad arrangement and an edge of the substrate may be up to 48% of the entire
substrate width. Generally, the shorter the emitter soldering pad arrangements is and, thus,
the larger the gap to the substrate edge is the smaller a series resistance is for electrical
currents in the base to flow from a base region on the opposite side of the emitter soldering
pad arrangement towards a collecting base soldering pad arrangement. However, as short
emitter soldering pad arrangements may be only achieved in combination with longer
emitter contact fingers on the front side of the solar cell substrate, such longer emitter
contact fingers possibly resulting in increased series resistance, a trade-off may have to be
found with emitter soldering pad arrangements leaving a gap to a substrate edge with gap

dimensions of 4 — 20% of the cell substrate width.

However, as the emitter soldering pad arrangement extends continuously via the center
region of the semiconductor substrate and the semiconductor substrate will be separated
into two portions by cutting through this center region, in the resulting first and second cell
portions, the emitter soldering pad arrangement will reach directly up to the edge on one
side of the cell portions while leaving a gap to the edge on the other side of the cell

portions. Due to such design of the soldering pad arrangements on the cell portions, the
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cell portions may be interconnected with each other without needing any insulation layers

for preventing short-circuits.

Current collection from base regions towards a base soldering arrangement may be further
improved by providing additional metal fingers extending from a soldering pad
érrangement of a base contact arranged on one side of the continuous soldering pad
arrangement of an emitter contact via the gap between the continuous soldering pad
arrangement of the emitter contact and the edge to a region at an opposite side of the

continuous soldering pad arrangement of the emitter contact.

The proposed fabrication method and solar module may be particularly beneficial when
applied to rear contact solar cells having a square size of more than 100 x 100 mm?,
particularly a size of 156 x 156 mm?, which means that the separated first and second cell
portions are rectangular and have a size of preferably more than 50 x 100 mm?. Particularly
for such large size solar cells, the step of separating the solar cell into first and second cell
portions and then specifically orientating and aligning these first and second cell portions
is beneficial as without such process step, excessive bowing of the semiconductor substrate
upon soldering the ribbon-type connector strips to the soldering pad arrangements could

significantly reduce fabrication yield.

In order to separate the rear contact solar cells into first and second cell portions, a linear
trench may be laser-scribed into the semiconductor substrate and subsequently the
semiconductor substrate may be mechanically broken along this trench. While such
separation process may be easily realized for industrial scale production, other methods for

separating the rear contact solar cell into halves may also be applied.

It may be noted that possible features and advantages of embodiments of the present
invention are described herein with respect to the proposed fabrication method or with
respect to the proposed solar module. One skilled in the art will recognize that the various

features may be suitably combined or exchanged and features of the fabrication method
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may be realized in a corresponding manner in the solar module and vice versa in order to

implement further advantageous embodiments and possibly realize synergy effects.
BRIEF DESCRIPTION OF THE DRAWINGS

In the following, features and advantages of embodiments of the present invention will be
described with respect to the enclosed drawings. However, neither the drawings nor the

description shall be interpreted as limiting the invention.

Figs. 1 and 2 show top views on a rear side surface of rear contact solar.cells which may be
used for fabrication methods and solar modules according to embodiments of the present

invention.

Fig. 3 show a top view onto a rear side surface of specifically oriented cell portions for a

solar module to be fabricated according to an embodiment of the present invention.

Fig. 4 shows a top view on a rear side surface of interconnected solar cells of a solar

module according to an embodiment of the present invention.

Figs. 5 and 6 show top views on a rear side surface of cell portions to be used for a
fabrication method and a solar module according to alternative embodiments of the present

invention.

The figures are only schematically and not to scale. Same or similar features are designated

with same reference signs throughout the figures.
DESCRIPTION OF PREFERRED EMBODIMENTS

Embodiments of a fabrication method and a solar module according to the present
invention shall be described in the following with regard to an exemplary embodiment of

metal wrap-through (MWT) solar cells. However, the proposed method and solar module
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may also be applied to other rear contact solar cells such as e.g. emitter wrap-through

(EWT) solar cells, interdigitated back contact (IBC) solar cells, etc.

Various techniques and approaches for fabricating MWT solar cells and interconnecting a
plurality of such MWT solar cells for fabricating a solar module have been developed. An
overview may be found for example in Florian Clement: “Die Metal Wrap Through
Solarzelle — Entwicklung und —Charakterisierung” (electronically published on

http://www.freidok.uni-freiburg.de/volltexte/6832/).

One of the main problems of state-of-the-art MWT solar cell technology is the complexity
and cost of manufacturing a module. Frequently, additional foils carrying complex patterns
of printed metal structures thereon are used for interconnecting neighboring solar cells
within a solar module. For conventional ribbon-type interconnection, either additional
process steps such as application of insulating layers have to be applied or specific non-
linear ribbons have to be used or an amount of ribbons for interconnecting emitter and base
contacts is uneven. While applying additional insulating layers or using complex shaped
ribbon-type interconnectors may add to processing complexity and costs, the provision of
an uneven number of ribbons interconnecting emitter and base contacts may result in non-
homogeneous distribution of electrical current flow within the solar cell, finally resulting

in reduced solar cell efficiency.

Furthermore, while using ribbon-type connector strips for interconnecting solar cells in a
module in principle may include many advantages like using well-established technology
for soldering such connector strips to soldering pads of the solar cell, cheap availability of
simple connector strips, etc., using ribbon-type connector strips on rear contact solar cells
of a large size such as the currently common standard size of 156 mm x 156 mm may
result in tremendous bow induced by the ribbons. The metal material of the ribbons and the
semiconductor material of the solar cell significantly differ in their thermal expansion
coefficient. During a soldering process, temperatures of around 200°C may be reached,
resulting in thermally induced stress when cooling down. Due to such mechanical stress,

the semiconductor substrate may significantly bend to a concave form. The induced
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bowing is proportional, inter alia, to the length of the ribbon-type connector strips, their
cross-section and to a contact area between the strips and the solar cell. The induced
bowing may be mainly responsible for mechanical yield losses during solar module
fabrication. For example, in standard size solar cells of 156 x 156 mm?, using ribbon-type
connector strips of dimensions of 2 mm x 0.1 mm may result in an excessive bow of more
than 4 mm. For connector strips having even larger cross-section of 3.5 mm x 0.3 mm, as
they can be beneficially used for reducing serial resistances in the connector strips,
excessive bowing of even more than 9 mm may be observed. However, in standard solar
module fabrication, a bow of 2 — 3 mm is regarded to be the maximum allowable in mass

production to avoid yield loss due to breakage during ribbon stringing and lamination.

Accordingly, prior to the present invention, is was assumed that using ribbon-type
connector strips for interconnecting rear contact solar cells was no option for solar module
fabrication from large sized solar cells. This is particularly true as MWT solar cells
typically provide 2 — 3% higher electrical currents compared to standard solar cells with
busbars on the front side such that any reduction of the cross-section of the ribbon-type

connector strips would result in even severe series resistance problems.

With the fabrication method as well as the solar module proposed herein, the above-
mentioned problems may be solved or at least significantly relaxed. The proposed
approach allows using simple linear ribbon-type connector strips for interconnecting rear
contact solar cells. While the entire solar cell may be produced with a‘large size thereby
enabling using established high-through-put industrial solar cell processing, it is proposed
to applying a specific asymmetrical pattern of soldering pad arrangements on the rear side
surface of a semiconductor substrate and separating each rear contact solar cell into at least
two cell portions before arranging the cell portions in an alternating manner and in an
alternating orientation and finally soldering linear ribbon-type connector strips onto the
aligned soldering pad arrangements of neighboring cell portions. Thereby, both the number
of connector strips per cell portion as well as the length of connector strips may be reduced
thereby reducing any bowing of the semiconductor substrate upon cooling-off after

soldering the connector strips to the soldering pad arrangements.
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Furthermore, as the size of the cell portions is significantly smaller, preferably half the size
of the non-separated rear contact solar cells, the electrical current produced by each cell
portion is smaller than in entire rear contact solar cells. Accordingly, power losses due to

serial resistance within the connector strips may be reduced by a factor of 4.

Figs. 1 and 2 are top views onto rear surfaces of rear contact solar cells with a 2-busbar and
3-busbar design as they may be used for fabricating a solar module according to an

embodiment of the present invention.

A square semiconductor substrate 3 of an MWT rear contact solar cell 1 has a size of 156
mm x 156 mm. Such MWT solar cell 1 comprises emitter contacts not only on a front
surface but emitter contacts are also lead through through-holes S to the rear surface of the
semiconductor substrate 3. In small areas adjacent to these through-holes 5, soldering pads
9 are arranged on the rear surface of the semiconductor substrate 3. Both the front side
emitter contacts as well as the soldering pads 9 contacting the emitter contacts 5 lead
through the through-holes towards the rear side of the substrate 3 niay be applied using e.g.

screen-printing technologies and using e.g. silver-containing screen-printing pastes.

The remainder of the rear surface of the semiconductor substrate 3 apart from the areas of
the soldering pads 9 contacting the emitter contacts 5 is covered with a base contact 7
and/or a back surface field layer (BSF). Both the base contacts 7 as well as the back
surface field layer may be applied e.g. by screen-printing an aluminium-containing paste
onto the entire rear surface of the semiconductor substrate 3 except for the regions of the
emitter soldering pads 9. As an aluminium layer may not be soldered, soldering pads 11
comprising a solderable material such as a silver-aluminum compound are arranged on the

base contacts 7 locally.

Both the single soldering pad 9 contacting the emitter contacts 5 as well as the multiple
soldering pads 11 contacting the base contact 7 form soldering pad arrangements 13, 15

having a linear geometry, i.e. extending along a straight line. Furthermore, as shown in the
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figures, the linear soldering pad arrangements 13, 15 may extend parallel to a longitudinal

axis 17 running through the center of the semiconductor substrate 3.

The soldering pad arrangements 13, 15 are arranged asymmetrical with respect to the
longitudinal axis 17. In other words, when mirroring one of the soldering pad arrangements
13, 15 at the longitudinal axis 17, there is no corresponding soldering pad arrangement 13,
15 at the mirrored position but, to the contrary, there is a soldering pad arrangement 15, 13

of the other type at this position.

When fabricating a solar module from a plurality of rear contact solar cells 1 as shown in
Figs. 1 or 2, after processing the entire solar cell 1 in its original large size and applying
soldering pads 9, 11 at the desired locations, each solar cell 1 is separated into two cell
portions 19, 21 along a line 23 perpendicular to the longitudinal axis 17 of the
semiconductor substrate 3. Preferably, the separating line 23 is positioned at the middle of
the semiconductor substrate 3 such that the two cell portions 19, 21 are halves of the

original solar cell 1 and have same sizes.

The solar cell 1 may be separated by first generating a linear trench along the separating
line 23 using e.g. a laser. Such separating trench may not go through the entire thickness of
the semiconductor substrate 3 but may have a depth of e.g. between 10 and 100 um.
Subsequently, the solar cell 1 may be broken along this trench wherein the trench serves as

a predetermined breaking line.

While such separation process using a laser-scribed trench and subsequently mechanically
breaking the substrate 3 along this trench appears to provide advantages when incorporated
into an industrial scale fabrication procedure, other techniques for separating the solar cell

1 such as sawing, etching, etc. may be applied.

After having separated the solar cell 1 into first and second cell portions 19, 21, these first
and second cell portions are alternately arranged along a line as schematically shown in

Figs. 3 and 4. Therein, every first cell portion 19 is arranged in a first orientation and the
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second cell portions 21 arranged at opposite sides of the first cell portion 19 are arranged in

an opposite orientation, i.e. rotated by 180°.

Due to such alternating arrangement and orientation of first and second cell portions 19, 21
and due to the specific asymmetrical design of the soldering pad arrangements 13, 15
arranged on the emitter contacts 5 and the base contacts 7, respectively, the cell portions
19, 21 may be arranged such that a soldering pad arrangement 13 of emitter contacts on a
first cell portion 19 may be linearly aligned with a soldering pad arrangement 15 of base

contacts on a neighboring second cell portion 21, and vice versa, as shown in Fig. 3.

Accordingly, as shown in Fig. 4, linear ribbon-type connector strips 25 may be arranged on
top of the aligned soldering pad arrangements 13, 15 of neighboring first and second cell
portions 19, 21 and electrically connected thereto for example by a soldering procedure.
The connector strip 25 may be a simple linear ribbon as used conventionally for
interconnecting solar cells having emitter contacts on a front side and base contacts on a
rear side. The ribbons may have a highly conductive copper core enclosed by a solderable

material such as silver.

Figs. § and 6 visualize electrical current flow densities within the base on the rear side of a

cell portion 17, 19.

As may be seen in Figs. 1 and 2, the soldering pad arrangements 13 of emitter contacts
continuously extend from a first end arranged close to a first edge 27 of the semiconductor
substrate 3 to a second end close to a second edge 31 of the semiconductor substrate 3.
However, the soldering pad arrangement 13 does not reach directly to the first and second
edges 27, 31 but the first and second ends of the soldering pad arrangement 13 is spaced
apart from these edges 27, 31 by a certain distance thereby forming a gap 33 between the
end of the soldering pad arrangement 13 and the associated edge 27, 31. However, the
soldering pad arrangement 13 extends from the first end continuously via a center region to

the second end such that it crosses the separation line 23.
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Accordingly, as shown in Figs. 5 and 6, the soldering pad arrangement 13 of the emitter
contacts has one end thereof spaced apart from an upper first edge 23 by a gap 33, but
reaches a lower opposite edge 29 of the cell portion 17, 19 directly, i.e. without any gap.

Such design of the emitter soldering pad arrangement 13 may have two effects. First, a
connector strip 25 arranged on top of the emitter soldering pad arrangement 13 as shown in
Fig. 4 has no risk of getting into electrical contact with portions of the base or base contact
of the respective cell portion. Thus, there is no risk of short-circuiting. Second, electrical
current generated within an area adjacent to the emitter soldering pad arrangement 13
where there are no base soldering pads 11 may flow through the gap 33 towards the base
soldering pad arrangement 15 as shown with the arrows 37 in Fig. 5. Accordingly, there is
no need of providing base soldering pad arrangements 15 on both sides of an emitter

soldering pad arrangement 13.

In order to further improve current collection within the base of the solar cell, additional
metal fingers 39 extending from a soldering pad arrangement. 15 of a base contact into an
area 35 may be provided. Accordingly, these metal fingers 39 extend from the base
soldering pad arrangement 15 arranged on the right side of the continuous emitter
soldering pad arrangement 13 via the gap 33 into the region 35 at the opposite left side of
the continuous emitter soldering pad arrangement 13, thereby shortening any current paths
as visualized with the arrows 41. The metal fingers 39 may have a significantly higher
electrical conductivity than the base contact or the back surface field provided at the rear

surface of the semiconductor substrate 3.

Summarized, the proposed fabrication method and solar module enables cheap and simple
cell interconnection using standard linear ribbon-type connector strips while minimizing
any bowing of the semiconductor substrate 3 as well as minimizing series resistance losses.
A key feature of embodiments of the present invention may be seen in separating a large
size rear contact solar cell 1 into.portions 17, 19, e.g. by cutting into halves, and providing
a specific asymmetrical design for soldering pad arrangements thereby enabling that

resulting first and second cell portions 17, 19 may be arranged alternately and aligned with
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each other such that linear ribbon-type connector strips 25 may be soldered onto associated

soldering pad arrangements 13, 15.

It shall be noted that embodiments of the present invention are described herein only with
respect to the substantial features and processing steps. One skilled in the art realizes that,
in a fabrication method, further processing steps may be added or some of the described
processing steps may be replaced by equivalent processing steps for fabricating the solar
c.ell. Similarly, one skilled in the art realizes that the proposed solar cell module may
comprise further features and components additional to the features described herein or as

equivalent replacements.

Finally, it should be noted that the term “comprising” does not exclude other elements or
steps and the “a” or “an” does not exclude a plurality. Also elements described in
association with different embodiments may be combined. It should also be noted that

reference signs in the claims should not be construed as limiting the scope of the claims.
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CLAIMS

1. A method for fabricating a solar module, the method comprising:
- providing a plurality of rear contact solar cells (1) having emitter contacts and base
contacts on a rear surface of a semiconductor substrate (3) and soldering pad arrangements
(13, 15) applied on emitter contacts and on base contacts,
wherein each soldering pad arrangement (13, 15) comprises one or more soldering pads (9,
11) arranged linearly and
wherein the soldering pad arrangements (13, 15) are arranged on the rear surface of the
semiconductor substrate (3) asymmetrically with respect to a longitudinal axis (17) of the
semiconductor substrate (3);
- separating each of the rear contact solar cells (1) into first and second cell portions (19,
21) along a line (23) perpendicular to the longitudinal axis (17) of the semiconductor
substrate (3);
- arranging the plurality of first and second cell portions (19, 21)of the rear contact solar
cells (1) alternately along a line such that the second cell portions (21) are arranged in a
180° orientation with respect to the first cell portions (19) and such that soldering pad
arrangements (13, 15) of emitter contacts and of base contacts of first cell portions (19) are
aligned with soldering pad arrangements (15, 13) of base contacts and of emitter contacts
of second cell portions (21), respectively;
- electrically connecting the plurality of first and second cell portions (19, 21) of the rear
contact solar cells (1) in series by

arranging a linear ribbon-type connector strip (25) on top of a linear soldering pad
arrangement (13) of an emitter contact of each first cell portion (19) and on top of an
aligned linear soldering pad arrangement (15) of a base contact of a second cell portion
(21) neighboring the respective first cell portion (19) on one side, and by

arranging a linear ribbon-type connector strip (15) on top of a linear soldering pad
arrangement (15) of a base contact of the respective first cell portion (19) and on top of an

aligned linear soldering pad arrangement (13) of an emitter contact of a second cell
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portion (21) neighboring the respective first cell portion (19) on an opposite side, and by
electrically connecting the connector strips (25) to the underlying soldering pad

arrangements (13, 15).

2. The method of claim 1, wherein no insulation layer is interposed between each of

the connector strips (25) and the emitter and base contacts.

3. The method of one of claims 1 to 2, wherein, before separating a rear contact solar
cell (1), the soldering pad arrangement (13) of an emitter contact continuously extends
from a first end arranged close to a first edge (27) of the semiconductors substrate (3) via a
centre region of the semiconductor substrate (3) to a second end arranged close to a second
edge (31) of the semiconductors substrate, wherein the first end and the second end are
spaced apart from the first edge (27) and the second edge (31), respectively, by between 2
and 48% of the distance between the first and second edges (27, 31).

4. The method of one of claims 1 to 3, wherein the rear contact solar cells (1) are
separated into first and second cell portions (19, 21) by laser scribing a linear trench into
the semiconductor substrate (3) and then mechanically breaking the solar cell (1) along the

trench.

5. The method of one of claims 1 to 4, wherein each rear contact solar cell (1) has a

size of more than 100 x 100 mm?>.

6. The method of one of claims 1 to 5, wherein the connector strips (25) are soldered

to the underlying soldering pad arrangements (13, 15).

7. A solar module comprising a plurality of first and second cell portions (19, 21) of
rear contact solar cells (1) arranged along a longitudinal axis,

wherein each of the first and second cell portions (19, 21) comprises soldering pad
afrangements (13, 15) on top of each of emitter contacts and base contacts which soldering

pad arrangements (13, 15) each comprise one or more soldering pads (9, 11) arranged
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linearly and the soldering pad arrangements (13, 15) being arranged on the rear surface of
the semiconductor substrate (3) asymmetrically with respect to a longitudinal axis (17) of
the semiconductor substrate (3);

wherein the plurality of first and second cell portions (19, 21) of the rear contact solar cells
(1) are arranged alternately along a line such that the second cell portions (21) are arranged
in a 180° orientation with respect to the first cell portions (19) and such that soldering pad
arrangements (13, 15) of emitter contacts and of base contacts of the first cell portions (19)
are aligned with soldering pad arrangements (15, 13) of base contacts and of emitter
contacts of the second cell portions (21), respectively; and

wherein the plurality of first and second cell portions (19, 21) of the rear contact solar cells
(1) are connected in series by linear ribbon-type connectors strips (25) each being arranged
on top of a linear soldering pad arrangement (13) of an emitter contact of each first cell
portion (19) and on top of an aligned linear soldering pad arrangement (15) of a base
contact of a second cell portion (21) neighboring the respective first cell portion (19) on
one side and by linear ribbon-type connector strips (25) each being arranged on top of a
linear soldering pad arrangement (15) of a base contact of the respective first cell portion
(19) and on top of an aligned linear soldering pad arrangement (13) of an emitter contact
of a second cell portion (21) neighboring the respective first cell portion (19) on an

opposite side.

8. The solar module of claim 7, wherein the rear contact solar cell (1) is a metal wrap-
through solar cell.
9. The solar module of one of claims 7 and 8, wherein no insulation layer is interposed

between each of the connector strips (25) and the emitter and base contacts.

10. The solar module of one of claims 7 to 9, wherein each of the first and second cell

portions (19, 21) is rectangular and has a size of more than 50 x 100 mm?.

11.  The solar module of one of claims 7 to 10, wherein the soldering pad arrangement

(13) of an emitter contact continuously extends from a first end arranged close but spaced
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to a first edge (27) of a cell portion (19, 21) to a second end arranged at an opposite second
- edge (29) of the cell portion(19, 21), wherein the first end is spaced apart from the first
edge (27) by between 4 and 96% of the distance between the first and second edges (27,
29). '

12.  The solar module of claim 11, wherein metal fingers (39) extend from a soldering
pad arrangement (15) of a base contact arranged on one side of the continuous soldering
pad arrangement (13) of an emitter contact via a gap (33) between the continuous soldering
pad arrangement (13) of the emitter contact and the first edge (27) to an region (35) at an

opposite side of the continuous soldering pad arrangement (13) of the emitter contact.
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