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(57) Abstract: The invention pertains to a solar cell module comprising a solar cell and an encapsulant, wherein the solar cell
module has a current, connection area which is connected through an electroconductive connection with an external current carri-
er, wherein the electroconductive connection is provided with a housing which is bonded to the encapsulant via a laser-welded
bond. It has been found that bonding the housing to the encapsulant layer through a laser welded bond makes for a bond which is
strong and has good insulating properties.
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Solar cell module and method for the manufacture

thereof

Solar ceils, also known as photovoltaic cells,
generally comprise a photovoltaic (PV} layer composed of a
semiconductor material provided between a front electrode {(on

the light-receiving side of the cell) and a back electrode

5 {at the back ¢f the cell). The front electrode is
transparent, or as thin as possible, enabling incident light
to reach the semiconductor material, where the incident
radiation 1s used to generate electric current.

To improve the resistance of solar cells to the
10 environmental conditions to which they are exposed, they are
often provided with a protective layer, also indicated as
encapsulant layer. An assembly comprising sclar cells
provided with an encapsulant layer will further be indicated
as a solar cell module.
15 In & solar cell module the current that is generated by

the solar cells is collected through one or more current
collection areas such as current collection grids or busbars.
To be able to use the electrical power generated by the solar
cell moedule, the current collection areas within the meodule

20 are connected with an external current carrier via an
electroconductive connection. External current carriers may,
for example, be in the form of wiring or other conductive
objects such as strips, etc.

25 For providing the current collection area with an
electroconductive connection with an external current
carrier, the encapsulant must be locally removed or

penetrated. It is necessary to seal the open spot of the

£

-

encapsulant from outside influences, for example to prevent

30 penetration of molisture to the electroconductive connection.
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For that a housing 1s applied which is bonded to the
encapsulant layer. In the context of the present application
the word housing refers to an objesct which surrounds th
electroconductive connecticon and provides it with electrical

insulation and protection from mechanical and climatological

factors. The housing i1s bonded to the encapsulant layer.

In the art, junction boxes have been used to provide an
electroconductive connection which is protected with a
housing. Junction bozes are bonded to the encapsulant lavyer

of a solar cell module by means of adhesives, or via

g

mechanical means. It has peen found that when adhesives are
used, the width of the adhesive layer between the outer part
of the housing and the electroconductive connection has to be
relatively large to ensure proper insulation properties of
the bond of the housing to the solar cell module. The
interface between the housing and the encapsulant layer also
has to be relatively large to ensure a bond with adequate
mechanical strength. This results in junction boxes with a

relatively large siz

D

»

Japanese patent application JP 2007 129014 discloses a

solar cell module comprising a reverse-surface protection

ct

nd a terminal box. The terminal box is bhonded to the

1G]
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o
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o
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cell module by an adhesive portion.
The usze of mechanical means to provide bonding of a
junction box housing to a sclar cell meodule is alsc known in
the art. However, mechanical means for effecting this bond

may be fairly complicated.

There is therefore a need for alternative methods for
bonding a housing to & solar cell module provided with an
encapsulant. As indicated above, for several reasons the

application of adhesives does not result in sufficiently
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endurable seals. Because the housing must be as

possible the width of the adhered
further,

zmall as
surface 1s limited.

depending on the nature of the encapsulant, gluing

1

ne housing strongly and durable to th

he encapsulant may not

t

& always be possible, because glues are not always compatible
to the encapsulant material. As regards solvent bonding the
same applies, as 1t may be difficult to find suitable

~
[

-t

)]

vents

03]

For thermal welding, the temperature of the contact
10 surface most be very high, e.g., of the order of above 250°C
and the parts to be welded must be pressed together. With

rmal welding the applied heat must be concentrated in the
surfaces to be welded in order to prevent damage of the

underiying solar cell structure. The heat must be generated
in the surfaces to be welded. Most welding technigues do not
meat that demand.

There is need in the art for a method for connecti
solar cell module to an external current carrier via an
20 electroconductive connection provided with a housing which
method meets a number of regquirements. The bonding of the

the scolar cell module must be such that long term
sealing is obtained. Further, the bonding of the housing to

the encapsulant layer should be strong, and electrically non-

25 conductive, The present invention provides such a metho The
present invention alsc provides a solar cell module provided

with an slectrcconductive connection with a housing,

the housing meets the above reguirement

of the present invention will

wherein

<

s, Further advantages

baecome clear from the further
30 specification.

The present invention pertains to a solar cell module
comprising a solar cell and an encapsulant, wherein the solar
cell module has a current connsction area which is connected
through an electroconductive con

nection with an external
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current carrier, wherein the electroconductive connection is
provided with a housing which is bonded to the encapsulant
via a

The present invention also pertains to

manufacturing a solar cell module comprising
provided with a current

a method for

a solar cell

connection area which 1

is connected
through an electroconductive connection with an external
current carrier and an encapsulant, wherein the
lectroconductive connection is provided with a housing which
10  is bonded to the encapsulant, wherein the bonding is effected
by laser weldin

de.

It has been found that the use of laser welding makes

ry

for a strong bond which i1s electrically

Y
(€3

insulating. This
combination of properties allows the use of relatively small
housings with a

& relatively small bonding interface while
still meeting the reguirements placed on electrical
insulation and strength of the bond between the housing an
the solar cell module.

20

The solar celli{s) used in the present invention
comprise

a photoveoltalc layer which h

)
U
+
o
O

2 ability of
generating current from incident light, a back electrode
25 laver on one side adjacent and paralle

el to the photovoltaic
laver, and a transparent conductcor 1 snt electrode
layer) on the other side of,

and adljacent and parallel to the
photovoltaic layer. The

nature of

+
s

the photovoltaic layer, the
ansparent conductive oxide, and the back electrode is not
30 critical to the present invention. Sui

Suitable materials for
these layers are known in the art.

The solar cells are provided with current collection
areas as indicated above.

This feature 18

also known in the
art and reguires nc further elucidaticon.
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In one embodiment, the sclar cell module is a flexible

aolar cell foil which comprises sol

{u

r cellis) provided with a
first encapsulant layer over the transparent conductor layer,
and opticnally a second encapsulant layver under the back
electrode laver,

In ancther embodiment, the solar cell module is a rigid

-
O
i

solar cell module wherein a rigid transparent carrier,
example, a sheet of glass is applied as a carrier over the

transparent conductor layver.

In the present invention, the housing is bonded Lo the
encapsulant layer of the solar cell module. In the context of
the present specification, an encapsulant layer is a polymer
layer which is present above the front electrode or below the
pack electrodse, or on both loca
serves Lo protect the solar cells from the outside world. The

encapsulant laver may in itself comprise sublavers with
different compositions and properties. Any encapsulant layer
present above the front electrode will, as will be evident t¢
the skilled person, be transparent. Encapsulant layers are
known in the art.

ent invention, the housing is bonded to the

-

n the pres
encapsulant via laser welding.
With laser welding a high intensity laser beam is

v
o
-

concentrated at the location of the weld, that is,

kS

interface between the housing and the encapsulant. To allow
proper welding it will be necessary for the laser enerqgy to
reach this interface. The laser will be directed at this
interface either from the direction of the housing, or fronm
the direction of the encapsulant. To allow the laser light to
reach the interface the material between the source of the
laser light and the interface should be transparent to laser

light. In other words, the wavelength of the laser light and

’:

the nature of the polymer may be matched to achieve this.

L
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In one embodiment, the material, be it the housing or
the encapsulant, on the side of the interface between the
laser and the interface is transparent to the lase
whiile the material on the other side c¢f the interface is not
transparent to the laser light at the wave-lengt

In another embodiment, both the material of the housing
and the material of the encapsulant are fully transparent at
the wavelength applied. In this case a laser-light absorbing
material, e.g., in the form of a thin layer of, e.g., carbon,

is applied at the interface between the encapsulant and the

housing so that heat is generated at that position, which

<
1
i

will ensure that welding takes place. The advantage of this
embodiment 1s that welding only takes place at the location
where the absorbing material is applied. By selection of a
material with a large absorption of the light, the radiation

reaching the underlying layers is limited.

]

y tuning the intensity of the laser beam and the

=

sufficient

ot

duration of the exposure the generated heat is set
for meliting the surface layers of the interface and the time
of heating is sufficiently short to limit the penetration
depth of the melting zone. The laser beam can be moved over
the path to be welded using a commercilally avallable scanning

head.

-t
i
O

It is noted that other welding techniques known in
art have been found to be not suitable for connecting a
houging to an encapsulant of a solar cell module. More in
particular, it has been found that with ultrasonic welding
proper adhesicn was not obtained. Micro-wave welding is

considered less suitable, because it may damage the solarx

et

lavey alsoc absorbs

o

cell module because the conducting active

:’-i
[

Crowave enerdgy.
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The housing may be bonded to an encapsulant laver above

a
the front electrode, to an encapsulant laver bslow the back

electrode, or to both.

In one embodiment of the present invention, the housing
is applied to one side of the solar cell module only, and not
on the other side. This embodiment may be attractive where 1t
is preferred for either the front side or the back side of
the solar cell module to be flat. In that case the housing
must be adhered to a surface of the solar cell module PV

module without the use of a back-plate. This can easily be

«

accomplished within the present invention
Accordingly, in one embodiment, the housing is applied
the solar cell module only, without connection

to the other side of the module being reguired. The housing

may be connected to the encapsulant on the front side of the
solar cell module {that is, the light-incident side), or to

the back side of the solar cell module,.

In one embodiment, where multiple housings are bonded
to a sclar cell module, all housings are bonded to the same
side of the module, be it the front side cor the back side of
the module. This makes it possible to have one flat surface,
which is attractive for further processing, e.g., for
adhering it to a carrier. Also where a polymer encapsulant
layer 1s present only on one side of the module, e.g., in the
case that the other side of the module is provided with a
glass plate, the housing{s} will be bonded to ons side of the
module only.

<
1
i

Iin the embodiment where the solar cell module has an

;...A

the front side of the module and a layer

e

encapsulant layer on
on the back side of the module it is alsc possible for the
housing to be bonded to the encapsulant on both sides of the

module.
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The housing, or at least the part of the housing that
will be bonded to the solar cell module, generally is of a
polymer material. In cone embodiment, the material of the
housing, or the relevant part thereof, and that of the
encapsulant to which it is going to be bonded are selected
such that they may easily be welded together. In one
embodiment, the housing, or the relevant part thereof, and
the encapsulant are based on the same type of polymer. In
this case a bond with particularly advantagesous properties
may be obtained. For example, both the encapsulant and the

housing may be based on a thermoplastic fluoropolyvmer.

During the welding, it may be reqguired to apply
pressure onto the interface to obtain a continucus strong

bond. To this end the sclar cell module can be supported,

)]

.G., by a rigid support surface, such a table.
t

icnally, a pressure can be applied onto the housing. To
apply a more evenly distributed pressure onto the housing a

pressure member can be used. Preferably, the pressure member

is transparent at least for the wavelengths of the laser

-

cight spectrum. To avoid interference by scratches or

-

J

pollutions disturbing the transparency of the pressure

member, a disposable pressure member can be used,

The present invention is further elucidated by

.

reference Lo the accompanying drawing. In the drawing Figure

1 shows schematically in cross section a junction box with a
housing 1 for a connection to a cable (not shown) to an

Foil 2, in particular a solar

Q)

electroconductive layer in
foil protected by a polymeric encapsulant layer. The
connection can for example be a clamp connection, a soldered

conductive adhesive.

js¥

connection or a connection provided by @

The housing 1 comprises a central body 3 with an open end 4

%

and is placed with its open end 4 placed on the encapsulant

layer of the foil 2. The open end 4 is flanged with outwardly
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extending flat flanges 5 resting on the encapsulant top laver

A pressure member ¢ of 2z transparent polymeric
material has a central opening 7 fitting over the central
body 3 of the housing 1 and resting on the flanges 5 of the

housing 1.

A laser welding apparatus (not shown) can be used
to weld the flanges 5 onto the foil 2. During welding, a
pressure is applied via the pressure member 6 onto the
flanges 5. The pressure menber 6, the flanges 5 of the

housing 1 and the encapsulant layer of the foil 2 are made of

s
W

polymeric materials whic re transparent for the wavelength

of the laser light, which generally about 700 — 800 nm. By

=
O]

far most polymeric materials are transparent for these

wavelength

A layer of laser-light absorbing material 8 is
applied at the interface between the foil 2 and the flanges 5
of the housing 1. The light absorbing material laver 8 can

1 -
)
}

for example be a carbon laver or a layer of any other

suitable type of light abscrbing material, for instance known
from manufacturing technologies for recordable CD . The

light abscrbing material enforces heal generation solely at
the position of the weld, so that the heat affected zone is
1i

imited to a thin layer on both sides of the weld.
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CLATIMS

1. Bclar cell module comprising at least cone solar

cell and an encapsulant layer, wherein the solar cell module
has a current connection area which is connected through an
electroconductive connection with an external current

carrier, wherein the electroconductive connection is provided
with a housing which is bonded to the encapsulant layer via a

laser-welded bond.

Z. Solar cell module according to claim 1, wherein the
housing 1s bonded to an encapsulant layer on one side of the
solar cell module only, without connection to the other side

of the module.

3. Solar cell module according to claim 2, wherein
multiple electroconductive connections with multiple housings
are bonded to the solar cell module and all housings arve
bonded to the same side, be it the front side or the back

side of the module.

4. Solar cell module according to claim 1, wherein the
housing is bonded to an encapsulant layer on both sides of

the solar cell module,

. Solar cell module according to any one of the
preceding clalms, wherein the module is a flexible module
provided with a first encapsulant layer at one side of the

Ry

module and a second encapsulant layer at the opposite zide of

FERY
4

&, Solar cell module according to any one of the
ing claims wherein the housing or the relevant part
thereof, and the encapsulant layer to which the housing is

bonded are based on the same type of polymer.
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7. olar cell module according to claim 6, wherein the

housing and the encapsulant layer are based on a

thermoplastic fluoropolymer.

o

8. Methed for manufacturing a solar cell module

comprising one or more sclar cells provided with a current
connecticon area which is connected through an
electrcoconductive connection with an external current
carrier, and an encapsulant layer, wherein the
electroconductive connection is provided with a housing which

is bonded to the encapsulant layer, wherein the bonding is

obtained by laser welding.

9. Method according to claim 8, wherein the housing

and the encapsulant laver are both transparent to the laser

N ~

at the wavelength applied, and a laser light absorbing
material is applied at the interface between the housing and

the encapsulant layer.

10. Method according to claim 8, wherein either the
housing or the encapsulant layver are transparent to laserx

light &t the wavelength applied, with the other of housing or

4
p

encapsulant layer being not transparent to the laser light at

1

the wavelength applied, with the laser being directed at the

interface between housing and encapsulant layer from the side

<
1
<L

of the component which is transparent to the laser light.

oo
|
s
<

11, Method according to any one of claims

whe:

[

ein during welding a pressure is applied onto the
housing, while the solar meodule is supported on a support

surface

12. Method according to claim 11 wherein the pressure

is applied by means of a pressure member which is fransparent

for the laser light at the wavelengths applied.
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13, Method according to claim 11 or 12 wherein the

pressure member is a disposable member.
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