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(57) ABSTRACT

The present invention relates to a solar cell assembly that 
includes a solar cell attached to a bonding pad and a cooling 
substrate, wherein the bonding pad is attached to a surface 
of the cooling substrate by a thermally conductive adhesive 
and electrically contacted to the bonding pad and cooling 
substrate by a bonding wire. Alternatively, the bonding pad 
is attached to a surface of the cooling substrate by a 
thermally and electrically conductive adhesive.
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SOLAR CELL ASSEMBLY II

This application is a §371 filing of International Patent 
Application PCT/EP2011/000885, filed Feb. 23, 2011.

FIELD OF INVENTION

The present invention relates to a solar cell assembly and 
the manufacture of the same, and particularly the invention 
relates to a solar cell assembly comprising a cooling sub
strate and a bonding pad for the attachment of a solar cell.

BACKGROUND OF THE INVENTION

Photovoltaic or solar cells are designed for converting the 
solar radiation to electrical current. In concentrator solar 
photovoltaic applications the incoming sun light is optically 
concentrated before it is directed to solar cells. For example, 
the incoming sun light is received by a primary mirror that 
reflects the received radiation toward a secondary mirror 
that, in turn, reflects the radiation toward a solar cell, which 
converts the concentrated radiation to electrical current by 
the generation of electron-hole pairs in III-V semiconductor 
or single crystal silicon, for example.

The solar cell comprises a semiconductor integrated cir
cuit die and therefore requires some manner of integrated 
circuit package or solar cell assembly, wherein the solar cell 
is connected to one or more functional devices. The solar 
cell assembly (SCA) may particularly provide environmen
tal protection, heat dissipation and electrical connectivity to 
the solar cell.

In the art, SCAs are manufactured on a continuous single 
substrate base or comprise multiple components that are 
electrically isolated from each other. A critical issue is the 
backside contacting of the solar cell with the substrate of the 
SCA. Conventionally, a continuous single substrate func
tioning as a cooling substrate is contacted to the backside of 
a solar cell by means of a selective noble metal (e.g., gold) 
deposition that represents a tedious and time-consuming, as 
well as expensive processing step.

The provision of a number of electrically isolating mate
rial elements results in poor thermal conductivity and, thus, 
an inefficient overall thermal connection of the solar cell. 
Moreover, provision of materials of different material char
acteristics implies higher expenses and a plurality of con
nection regions and, therefore, results in a significant dete
rioration of the (long-life) reliability of the manufactured 
SCA.

Thus, despite the recent engineering progress there is still 
a need for providing an SCA that shows reliable electrical 
contacting, efficient thermal conductivity and resistance 
against aging without increasing costs and, moreover, taking 
into account production rationalization.

SUMMARY OF THE INVENTION

The present invention addresses the above-mentioned 
need and, accordingly, provides a method for the manufac
ture of a solar cell assembly (SCA) comprising the steps of 
providing a solar cell and a bonding pad for bonding of the

solar cell;
providing a cooling substrate; and
attaching the bonding pad to a surface of the cooling

substrate by means of a thermally conductive adhesive
means.
According to an embodiment, electrically contacting the 

bonding pad to the cooling substrate can be achieved by a

1
bonding wire. In this application, the term “bonding pad,” is 
used in the general meaning of a flat surface of an electri
cally conductive material intended to make electrical contact 
with a device. Alternatively, the bonding pad can be attached 
to the surface of the cooling substrate by means of an 
adhesive means that is both thermally and electrically con
ductive. This alternative example for the inventive method 
may further comprise electrically contacting the bonding 
pad to the cooling substrate by a bonding wire in order to 
obtain an improved electrical connection between the bond
ing pad and the cooling substrate.

The adhesive means may be provided in form of a solder, 
conductive adhesive, adhesive tape, glue, etc. In a particular 
example, a glue or an adhesive tape made of epoxy con
taining aluminum oxide is used as the adhesive means.

According to the present invention, there is no need for 
some additional electrical insulation layer provided between 
the bonding pad and the cooling substrate as it is necessary 
in the art. Electrical contacting of the bonding pad and the 
cooling substrate can reliably obtained by means of the 
adhesive means and by providing electrical contact by a 
bonding wire. In particular, with respect to SCAs of the art, 
the overall number of galvanic elements and the number of 
different processed materials, that result in the formation of 
galvanic elements, can effectively be reduced according to 
the present invention.

Thus, according to the present invention, the number of 
expensive materials for the contact area can be reduced and 
production costs can be kept low and good reliability and 
long lifetime of the SCA are guaranteed.

The above-described examples for the inventive method 
may further comprise forming a contacting surface on at 
least a part of the bonding pad, for example, in a rectangular 
shape, and attaching the solar cell to the contacting surface. 
The solar cell may be contacted to the contacting surface by 
means of a thermally and/or electrically conductive adhesive 
or solder. The contacting surface may comprise or consist of 
a plating of a noble metal (e.g., gold, silver) or a non-noble 
metal (e.g., copper, tin, nickel or nickel-phosphorous). In 
particular, an electro-plated layer of a noble metal (e.g., 
gold, silver) or a non-noble metal (e.g., copper, tin, nickel or 
nickel-phosphorous) can be provided as the contact surface.

The bonding pad in the above-described embodiments 
may be provided in a geometric shape that (in a top view) 
comprises a superposition of a tetragon and an octagon such 
that one of two parallel sides of the octagon that are equally 
sized and longer than each of the other six sides of the 
octagon (that may be equally sized) is superposed with one 
of two equally sized parallel sides of the tetragon that are 
longer than the other two parallel equally sized sides of the 
tetragon. The other one of the equally sized parallel sides of 
the tetragon does not lie within the shape of the octagon.

According to an alternative embodiment, the bonding pad 
in the above-described embodiments may be provided in a 
geometric shape that (in a top view) comprises 
a superposition of two trapezoids (that can be isosceles 

trapezoids) and a tetragon, wherein the longer one of the 
sides of the upper isosceles trapezoid that are perpendicu
lar to the symmetry axis of the upper (isosceles) trapezoid 
is superposed on an upper side of the tetragon that is laiger 
than that side (i.e., the longer one of the sides of the upper 
(isosceles) trapezoid that are perpendicular to the sym
metry axis of the upper (isosceles) trapezoid) and the 
longer one of the sides of the lower (isosceles) trapezoid 
that are perpendicular to the symmetry axis of the lower 
(isosceles) trapezoid is superposed on the lower side of 
the tetragon that is larger than that side (the longer one of

2

5

10

15

20

25

30

35

40

45

50

55

60

65



US 9,590,126 Β2

the sides of the lower (isosceles) trapezoid that are 
perpendicular to the symmetry axis of the lower (isosce
les) trapezoid). The two (isosceles) trapezoids are super
posed on the tetragon such that the smaller sides parallel 
to the ones superposed on the respective sides of the 
tetragon do not lie within the shape of the tetragon.
In alternative embodiments, the bonding pad has a hex

agonal or rectangular shape.
In all alternative embodiments, the bonding pad is inte

grally formed in one single piece of these geometric shapes. 
Particular examples of the shapes are illustrated in FIGS. 3a 
and 3b as well as FIGS. 6a and 6b.

Also provided is a solar cell assembly, comprising 
a solar cell attached to a bonding pad; 
a cooling substrate;
wherein the bonding pad is attached to a surface of the 

cooling substrate by means of a thermally conductive 
adhesive means. The bonding pad may be, furthermore, 
electrically contacted to the cooling substrate by a bond
ing wire.
According to an alternative embodiment, a solar cell 

assembly is provided, comprising 
a solar cell attached to a bonding pad; 
a cooling substrate;
wherein the bonding pad is attached to a surface of the 

cooling substrate by means of a thermally and electrically 
conductive adhesive means.
In this alternative embodiment, the boding pad may 

furthermore be electrically contacted to the cooling substrate 
by a bonding wire.

In the above-mentioned examples of the inventive solar 
cell, the bonding pad may be provided in a geometric shape 
that comprises (in a top view)
a superposition of a tetragon, in particular, a rectangle, and 

an octagon such that one of two parallel sides of the 
octagon that are equally sized and longer than each of the 
other six sides of the octagon is superposed with one of 
two equally sized parallel sides of the tetragon that are 
longer than the other two parallel equally sized sides of 
the tetragon;

or a superposition of two (isosceles) trapezoids and a 
tetragon, wherein the longer one of the sides of the upper 
(isosceles) trapezoid that are perpendicular to the sym
metry axis of the upper (isosceles) trapezoid is superposed 
on an upper side of the tetragon that is larger than that side 
and the longer one of the sides of the lower (isosceles) 
trapezoid that are perpendicular to the symmetry axis of 
the lower (isosceles) trapezoid is superposed on the lower 
side of the tetragon that is larger than that side.
Again, the other one of the equally sized parallel sides of 

the tetragon does not lie within the shape of the octagon and 
the two (isosceles) trapezoids are superposed on the tetragon 
such that the smaller sides parallel to the ones superposed on 
the respective sides of the tetragon do not lie within the 
shape of the tetragon.

The solar cell assembly may further comprise an electrical 
device, as, for example, a bypass diode or any device with 
a conductive surface insulated against the cooling substrate, 
that is connected to a surface of the solar cell by wires and 
positioned on a region of the bonding pad or the cooling 
substrate.

The present invention, furthermore, provides a bonding 
pad for bonding a solar cell and suitable for connection with 
a cooling substrate, wherein the bonding pad shows the 
geometric shape (in a top view) of
a superposition of a tetragon, in particular, a rectangle, and 

an octagon such that one of two parallel sides of the

3
octagon that are equally sized and longer than each of the 
other six sides of the octagon is superposed with one of 
two equally sized parallel sides of the tetragon that are 
longer than the other two parallel equally sized sides of 
the tetragon;

or a superposition of two (isosceles) trapezoids and a 
tetragon wherein the longer one of the sides of the upper 
(isosceles) trapezoid that are perpendicular to the sym
metry axis of the upper (isosceles) trapezoid is superposed 
on an upper side of the tetragon that is larger than that side 
and the longer one of the sides of the lower (isosceles) 
trapezoid that are perpendicular to the symmetry axis of 
the lower (isosceles) trapezoid is superposed on the lower 
side of the tetragon that is larger than that side.
Again, the other one of the equally sized parallel sides of 

the tetragon does not lie within the shape of the octagon and 
the two (isosceles) trapezoids are superposed on the tetragon 
such that the smaller sides parallel to the ones superposed on 
the respective sides of the tetragon do not lie within the 
shape of the tetragon.

Alternatively, the bonding pad may show the geometric 
shape of a hexagon or a rectangle.

The bonding pad may further comprise a contact surface 
for contacting the back side of a solar cell that is to be 
attached to the bonding pad, wherein the contact surface, in 
particular, consists of a plating of a noble metal (e.g., gold, 
silver) or a non-noble metal (e.g., copper, tin, nickel or 
nickel-phosphorous). In particular, an electro-plated layer of 
a noble metal (e.g., gold, silver) or a non-noble metal (e.g., 
copper, tin, nickel or nickel-phosphorous) can be provided 
as the contact surface.

In addition, a leadframe is provided comprising a plurality 
of the above-described bonding pads, wherein the bonding 
pads are densely packed in one plane. In particular, the 
leadframe may comprise the arrangement of bonding pads as 
illustrated in FIG. 5. Such a leadframe allows for very 
efficient processing by standard semiconductor technology.

In all of the above exemplary methods and devices the 
bonding pad and/or the cooling substrate may comprise or 
consist of an aluminum alloy, for example, of a 99.5% 
aluminum alloy. In particular, a cooling substrate of a 99.5% 
aluminum alloy and a bonding pad of a 99.5% aluminum 
alloy and comprising a contacting surface with an uppermost 
silver layer for contacting the backside of the solar cell in 
combination with attachment of the bonding pad to the 
cooling substrate by an epoxy glue comprising aluminium 
oxide and electrically contacting the bonding pad with the 
cooling substrate by aluminium wiring represents a particu
larly cost-effective configuration when used in the above- 
described examples.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional features and advantages of the present inven
tion will be described with reference to the drawings. In the 
description, reference is made to the accompanying figures 
that are meant to illustrate preferred embodiments of the 
invention. It is understood that such embodiments do not 
represent the full scope of the invention.

FIGS, la and lb illustrate an example of an SCA com
prising a cooling substrate, a bonding pad, a solar cell and 
an electrical device contacted with the solar cell according 
to the invention.

FIGS. 2a and 2b illustrate another example of an SCA 
comprising a cooling substrate, a bonding pad, a solar cell 
and an electrical device contacted with the solar cell accord
ing to the invention.
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FIGS. 3a and 3b illustrate exemplary geometric shapes of 
bonding pads according to examples of the present inven
tion.

FIG. 4 illustrates thick-wire wiring of individual SCAs 
formed according to examples of the present invention.

FIG. 5 illustrates a leadframe comprising bonding pads 
according to an example of the present invention.

FIGS. 6a and 6b illustrate further exemplary geometric 
shapes of bonding pads arranged in leadframes according to 
examples of the present invention.

DETAILED DESCRIPTION OF THE 
INVENTION

An SCA configuration manufactured in accordance with 
the present invention is illustrated in FIGS, la (top view) 
and lb (side view). According to the shown example, the 
SCA comprises a solar cell 1, a bonding pad 2, a separate 
electronic device 3 (for example, a bypass diode or any 
device with a conductive surface insulated against a cooling 
substrate) that is electrically contacted with the upper sur
face of the solar cell 1 by means of bonding wires 4 and a 
cooling substrate 5. It is noted that a pad, for example, an 
aluminium pad can be provided in place of the electronic 
device 3. It is preferred that the bonding pad 2 and the 
cooling substrate 5 are made of the same material. Accord
ing to an example, this material is an aluminum alloy, in 
particular, a 99.5% aluminum alloy. Thermal stresses and 
galvanic elements between the bonding pad 2 and the 
cooling substrate 5 are largely avoided by the choice of the 
same material.

In principle, the cooling substrate 5 consists of a plane 
metal and shall provide thermal cooling and may also serve 
as an electrical conductor. The dimensions and, particularly, 
the thickness of the plane metal (as the thickness of the 
bonding pad 2) can be selected in accordance with the 
desired cooling performance. The choice of a 99.5% alumi
num alloy for the cooling substrate 5 allows for reliably 
contacting to thin-wire or thick-wire or ribbon bond con
nections as well as connecting to a secondary optics of a 
concentrator solar photovoltaic application made of alu
minium.

The bonding pad 2 comprises a contact surface 6 covering 
completely or partly the bonding pad 2. The contact surface 
6 consists of a material that is suitable for contacting the 
back side of the solar cell 1. For example, the contact surface 
6 may consist of a plating of a noble metal (e.g., gold, silver) 
or a non-noble metal (e.g., copper, tin, nickel or nickel- 
phosphorous). In particular, an electro-plated layer of a 
noble metal (e.g., gold, silver) or a non-noble metal (e.g., 
copper, tin, nickel or nickel-phosphorous) can be provided 
as the contact surface 6. The contact surface 6 can particu
larly be provided in a rectangular shape. Alternatively, the 
solar cell 1 may be directly connected to the aluminium 
bonding pad 2. Furthermore, electrical contact between the 
bonding pad 2 and the cooling substrate 5 is provided by a 
bonding wire 7.

The bonding pad 2 is attached to the cooling substrate 5 
by means of a thermally conductive adhesive means 9 (see 
FIG. lb). The adhesive means 9 can be a thermally conduc
tive glue, solder or adhesive tape or foil, for example. The 
thermally conductive adhesive means 9 may also provide for 
electrical conductivity. However, in order to save manufac
turing costs, an electrically non-conducting adhesive means 
9 may be provided, for instance, glue or an adhesive tape 
made of epoxy containing aluminum oxide. In this case,

5
electrical connection can be provided by bond wiring 7, in 
particular, by means of an aluminum wire, as it is illustrated 
in FIGS, la and lb.

The bonding pad 2 shows a geometric shape that facili
tates thermal cooling and may comprise a portion that is 
appropriate for positioning a device 3, for example, a bypass 
diode or an electrically isolated contact pad, to be electri
cally contacted with the upper surface of the solar cell 1 by 
means of bonding wires 4. In the shown example (see FIG. 
la) the bonding pad 2 has a shape of an octagon superim
posed by a tetragon such that one of two parallel sides of the 
octagon that are equally sized and longer than each of the 
other six sides of the octagon is superposed with one of two 
equally sized parallel sides of the tetragon that are longer 
than the other two parallel equally sized sides of the 
tetragon.

Contacting of the solar cell 1 with the bonding pad 2 can 
be realized by means of a solder 8 or thermally and/or 
electrically conductive adhesive 8 as it is shown in FIG. lb. 
According to the present example, device 3 is similarly 
contacted by the solder 8 or conductive adhesive 8 to the 
bonding pad 2. A preferred example for the adhesive 8 is a 
silver glue for the case that the uppermost layer of the 
contact surface 6 comprises silver.

According to a particular embodiment, at least one of the 
bonding pad 2 and the cooling substrate 5 consists of a 
99.5% aluminum alloy and the bonding pad 2 comprises a 
galvanic layer or plating with an exposed silver surface at 
the top. On the silver surface, a conductive silver adhesive 
is formed for electrical and thermal connection with the 
backside of the solar cell 1. The same or a different con
ductive silver adhesive is used for the electrical and thermal 
connection of the bonding pad 2 and device 3.

FIGS. 2a and 2b illustrate another embodiment of an SCA 
comprising a cooling substrate, a bonding pad, a solar cell 
and an electrical device contacted with the solar cell accord
ing to the invention. As compared to the example shown in 
FIGS, la and lb, the bonding pad 2 has a different shape and 
does not include a portion for positioning device 3 that is 
connected to the upper surface of the solar cell 1 by wires 4. 
The bonding pad 2 shown in FIG. 2a is shaped in the form 
of a polygon with twelve comers and sides. In detail, the 
shape of the bonding pad 2 is given by a superposition of two 
(isosceles) trapezoids and a tetragon. The longer one of the 
sides of the upper (isosceles) trapezoid that are perpendicu
lar to the symmetry axis of the upper (isosceles) trapezoid is 
superposed on an upper side of the tetragon that is laiger 
than that side. Similarly, the longer one of the sides of the 
lower (isosceles) trapezoid that are perpendicular to the 
symmetry axis of the lower (isosceles) trapezoid is super
posed on the lower side of the tetragon (parallel to the upper 
side of the tetragon) that is larger than that side (see FIG. 
2 a).

As in the example described with reference to FIGS, la 
and lb, the bonding pad 2 comprises a contact surface 6 
partly covering the bonding pad 2. The contact surface 6 is 
rectangular-shaped and consists of a material that is suitable 
for contacting the back side of the solar cell 1, for example, 
gold, silver, copper, tin, nickel or nickel-phosphorous. The 
solar cell 1 is contacted with the bonding pad via a solder 8 
or thermally and/or electrically conductive adhesive 8. The 
device 3 is positioned spaced apart from the bonding pad 2 
and it is contacted with the cooling substrate 5 via another 
solder 8 or a thermally and/or electrically conductive adhe
sive 8 of the same or a different material as the one used for 
contacting the solar cell 1 with the bonding pad 2 (FIG. 2b).
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Individual SCAs according to the examples of FIGS, la 
and lb or FIGS. 2a and 2b can be wired as it is shown in 
FIG. 4. Thick-wires 9, for example, aluminium wires, con
nect to the bonding pads 2 of the SCAs. A secondary optics 
or its mount made of aluminum can readily be connected to 
the cooling substrate 5 by means of laser welding, etc.

Fabrication of the bonding pads can be realized, for 
example, as follows. Rectangular pieces of aluminum (or a 
different metal) are provided. Stripes of noble or non-noble 
metal are formed on this rectangular piece of aluminum to 
form the future contact surfaces. Then the bonding pads are 
formed by stamping, to form a so called leadframe 10 shown 
in FIG. 5. The position and shape of the pad are designed 
such that a very high density of bonding pad can be arranged 
on a single rectangular piece of aluminium, such that a 
single stamping step is sufficient to form the pad. Also, the 
bonding pads are designed and positioned such that the 
continuous stripes of noble or non-noble metal coated on the 
surface of the aluminium piece are appropriately positioned 
on the pad, after stamping, for receiving the solar cell and 
possibly the diode.

The assembling of the bonding pad, the cooling substrate 
and the solar cell may comprise the following. The solar 
cells and, possibly, the diode are successively assembled on 
the bonding pad being part of the leadframe. Then, each 
bonding pad of the leadframe is “detached” and joined/ 
attached to the cooling substrate. This is very preferable in 
term of manufacturability, since the small elements (diode, 
solar cells) are picked and placed on the leadframe. This 
procedure can be performed in an automated industrial way 
with current equipment. However, care should be taken not 
to deteriorate those electronic components during the assem
bly of the bond pad with the cooling substrate. In this 
procedure there is a need to pick and place the bond pad with 
the electronic components mounted on them. Therefore, the 
bond pad should exhibit some “handling area” that typically 
is not coated with a noble or non-noble metal. The handling 
area will allow the “pick-and-place” tool to manipulate the 
bond pad.

By the areas defined by the sides indicated by e and g and 
by f and g of FIG. 3a, as well as by the trapezoid areas of 
FIG. 3b, handling areas are defined. Moreover, the handling 
area is helpful since it puts some distance between the 
devices (solar cell, diode) with the contour of the bond pad 
that can exhibit a high temperature during the assembling 
step with the cooling substrate.

In the present invention, bonding pads 2 of particular 
geometric shapes are provided as it is also illustrated in 
FIGS. 3a and 3b. The bonding pads 2 provided by the 
present invention are particularly suitable for mass produc
tion and processing by semiconductor technology. In FIG. 5, 
a leadframe 10 comprising a plurality bonding pads 2 is 
illustrated. The bonding pads are densely and planar packed 
on a metal strip 10 that can be promoted in a production line. 
In the shown example, a plurality of bonding pads 2 
described with reference to FIGS, la and lb and as shown 
in FIG. 3a form the leadframe 10. The uppermost and 
lowermost bonding pads 2 and the leftmost and rightmost 
bonding pads 2 of FIG. 5 may be designated as boundary 
bonding pads. All bonding pads that are completely neigh
bored by other bonding pads are designated as inner bonding 
pads.

The inner bonding pads are arranged such that for each of 
these bonding pads I the following holds:
A) A long side (indicated by a in FIG. 3α) of the rectangle

of the bonding pad I (being parallel to a long side of the
octagon of the same bonding pad) is positioned adjacent

7
to a long side of the octagon of a first other bonding pad 
II and a long side (indicated by b in FIG. 3a) of the 
octagon of the same bonding pad I is positioned adjacent 
to a long side of the rectangle of second other bonding pad 
III.

Β) A first short side (shorter than the long side and indicated 
by c in FIG. 3a) of the rectangle of the bonding pad I is 
positioned adjacent to a first short side of an octagon of a 
third other bonding pad IV and a second short side 
(indicated by d in FIG. 3a) parallel to the first short side 
of the rectangle of the bonding pad I is positioned adjacent 
to a first short side of an octagon of a fourth other bonding 
pad V.

C) A first short side (shorter than the long side and indicated 
by e in FIG. 3a) of the octagon of the bonding pad I is 
positioned adjacent to a first short side of the rectangle of 
a fifth other bonding pad VI and a second short side 
(parallel to the first one and indicated by f in FIG. 3a) of 
the octagon of the bonding pad I is positioned adjacent to 
a first short side of the rectangle of a sixth other bonding 
pad VII.

D) The diagonal sides (indicated by g in FIG. 3a) of the 
octagon of the bonding pad I are adjacent to respective 
diagonal sides of the third to sixth octagons IV to VII as 
shown in FIG. 5.
In a similar manner, the bonding pads described with 

reference to FIGS. 2a and 2b and as shown in FIG. 3b can 
be arranged in a dense arrangement. In a particular arrange
ment, diagonal sides of one bonding pad 2 illustrated in FIG. 
3b are positioned adjacent to diagonal sides of other bonding 
pads 2 of the same shape in a leadframe comprising the 
bonding pads 2 shown in FIG. 3b.

Whereas particular geometric shapes of the bonding pad 
2 and the corresponding arrangement of the same in a 
leadframe are described above, the inventive bonding pads 
2 are not restricted to that.

Further alternative appropriate shapes of the inventive 
bonding pad 2 and arrangements of the same in a leadframe 
are illustrated in FIGS. 6a and 6b. Compared with the 
geometric shapes of the above-described bonding pads, the 
shapes of the bonding pads shown in FIGS. 6a (hexagon) 
and 6b (two rectangles) are simpler. No particular handling 
area is defined. In this case, the dimensions of the bonding 
pad can be reduced and manufacture of the bonding pad is 
cheaper. Such bonding pads are particularly useful for the 
following procedure of assembling the bonding pad, the 
cooling substrate and the solar cell. In a first step, the 
bonding pad is assembled on the cooling substrate. In a 
second step, the solar cell and possibly the diode are 
connected to the bonding pad. However, the manufacture is 
less easy (in terms of automation) as compared to the 
above-described method of assembly, because the devices 
are to be positioned on rather large substrates (cooling 
substrate and bonding pad).

All previously discussed embodiments are not intended as 
limitations but serve as examples illustrating features and 
advantages of the invention. It is to be understood that some 
or all of the above-described features can also be combined 
in different ways.

What is claimed is:
1. A method of forming a solar cell array including two or 

more solar cell assemblies operatively coupled together, the 
method comprising:

forming at least two solar cell assemblies, wherein form
ing each solar cell assembly of the at least two solar cell 
assemblies comprises:
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providing a solar cell having an upper front side and a 
lower back side;

providing a bonding pad separate from the solar cell and 
also having an upper front side and a lower back side, 
the bonding pad consisting essentially of a metal or 
metal alloy;

forming a plating of a noble or non-noble metal on a 
portion of the upper front side of the bonding pad, 
providing a contact surface for the bonding pad, 
wherein a surface area of the bonding pad is laiger than 
a surface area of the solar cell; 

after forming the plating of the noble or non-noble metal 
on the portion of the upper front side of the bonding 
pad, attaching the lower back side of the solar cell to the 
contact surface by a first adhesive; 

providing a device on a portion of the bonding pad located 
laterally beside the solar cell, 

providing a cooling substrate comprising a single con
tinuous structure, the cooling substrate also consisting 
essentially of the metal or metal alloy; 

after attaching the lower back side of the solar cell to the 
contact surface and providing the device on the portion 
of the bonding pad located laterally beside the solar 
cell, bonding the lower back side of the bonding pad to 
a cooling substrate by a second adhesive comprising a 
thermally conductive, electrically non-conductive 
adhesive or adhesive member, wherein the bonding pad 
is in thermal communication with the cooling substrate 
through the second adhesive; 

after bonding the lower back side of the bonding pad to 
the cooling substrate, physically connecting at least one 
bonding wire to the bonding pad and to the cooling 
substrate to electrically connect the lower back side of 
the solar cell to the cooling substrate, wherein the 
bonding pad is in electrical communication with the 
cooling substrate through the at least one bonding wire 
located laterally beside and separate from the second 
adhesive;

extending at least one additional bonding wire electrical 
connecting the device and the upper front side of the 
solar cell; and

establishing electrical contact between the device of a first 
solar cell assembly of the at least two solar cell assem
blies and the cooling substrate of a second solar cell
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assembly of the at least two solar cell assemblies using 
a conductive member extending therebetween.

2. The method according to claim 1, wherein the bonding 
pad of each solar cell assembly is part of a common 
leadframe at the time the solar cell is attached to the contact 
surface of the bonding pad and at the time the device is 
located on the bonding pad.

3. The method according to claim 1, wherein the second 
adhesive is a glue or adhesive tape made of epoxy containing 
aluminum oxide.

4. The method of claim 1, wherein providing the contact 
surface for the bonding pad comprises providing the contact 
surface on a complete front side of the bonding pad, wherein 
a complete back side of the solar cell is attached to a 
complete contact surface of the bonding pad, and the first 
adhesive comprises a silver glue.

5. The method according to claim 1, wherein the bonding 
pad comprises a geometric shape that comprises:

a superposition of a tetragon and an octagon such that one 
of two parallel sides of the octagon that are equally 
sized and longer than each of the other six sides of the 
octagon is superposed with one of two equally sized 
parallel sides of the tetragon that are longer than the 
other two parallel equally sized sides of the tetragon; or 
a superposition of upper and lower trapezoids and a 
tetragon wherein one of the sides of the upper trapezoid 
that is perpendicular to the symmetry axis of that 
trapezoid is superposed on a side of the tetragon that is 
larger than that side of the upper trapezoid and one of 
the sides of the lower trapezoid that is perpendicular to 
the symmetry axis of the lower trapezoid is longer than 
its other sides and is superposed on the lower side of the 
tetragon that is larger than that side; or a hexagon or 
rectangle.

6. The method according to claim 1, wherein the bonding 
pad and the at least one bonding wire comprise aluminum.

7. The method according to claim 1, wherein the noble or 
non-noble metal comprises silver.

8. The method according to claim 1, wherein the device 
comprises at least one of a bypass diode or an electrically 
isolated contact pad.

9. The method according to claim 1, wherein the cooling 
substrate consists essentially of a single integral structure.
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