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at least one conductive layer, whereby the conductive layer is
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material-bonded conductive connection between the electrical
component and the conductive layer is established.
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Method for conductively connecting a component

on & transparent substrate

Abstract

The invention relates to a method to conductively connect an electrical component with at least
one conductive layer, whereby the conductive layer is applied to a substrate which is essentially
transparent in the visible wavelength zone of light, comprising the following steps:
- the electrical component or the conductive layer is provided with a soldering material in
the area where the component is to be connected to the conductive layer:
- the soldering material is provided with energy suppiied by an energy source, such that
- the soldering material melts and a non-detachable, material-bonded conductive

connection between the electrical component and the conductive layer is estabhished.
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Method for conductively connecting a component

on a transparent substrate

The invention relates to a method for conductively connecting an electrical component having at
feast one conductive layer, whereby the conductive layer is applied to a substrate which is
essentially transparent in the visible wavelength zone of tight. In the current application “visible
wavelength” is to be understood to represent that the transmission between 420 nm and 700 nm
of the layer or respectively the substrate is greater than 60%, especially greater than 80%,

preferably greater than 90%.

It is known from the current state of the art, in particular from WO 01/82378 to install
components, in particular light emitting diodes on a transparent substrate having a conductive
layer with the assistance of a soldering method. According to WO 01/82378 this is possible in
that connection points composed of a conductive paste or lacquer were applied to a substrate
having a conductive layer and that these connection points were then connected in a soldering

process with the components, in particular with the light emitting diodes.

A defiitive method is not described in WO 01/82378 however the process step of soldering of
components onto glass was generally carried out manually with a manual soldering iron and

soldering wire.

DE 102004 018 109 A1 provides that for a plate element having at least one plate which is
equipped with an electrically conductive structure, in particular an electrically heatable coating,
an electric contact is established for this layer, for example through a solder connection, whereby

the soldering effect is also brought to the soldering location through the rigid plate.

However, DE 10 2004 018 109 Al does not describe installation of the components on the
electrically conductive layer but instead describes only the installation of the electric connection

to a conductive structure which is used for heating purposes.
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From EP 0 584 356 it has become known to combine a method for soldering a component which
is to be connected with a base material by means of radiation of the component with laser light.
This method essentially relates to the connection of a metal material with an IC-chip or a

capacitor.

It is not disclosed in EP € 584 356 that the base material may comprise a transparent substrate.

Moreover, soldering occurs from the top onto the base material.

Soldering by means of infrared light has become known from DE 43 12 642, whereby a
conductive element such as a conductive wire or contact patch can be connected with a

semiconductor chip.

Reflow-soldering of lamps on a transparent substrate has become known from DE 160 19888
Al.

DE-A-23 43 235 presents soldering of printed circuits with the assistance of visible light and/or
infrared light on a strip conductor. The carrier body with a strip conductor according to DE 23
43 235 is substantially diathermanous to heat radiation. The material of the strip conductor is not
cited. According to DE23 43 235 an ultrasound source is to be provided additionaily in order to

achieve rapid heating of the contact surfaces 1o be soldered and flowing of the soldering material.

DE 195 04 967 Al presents a method for thermal connection of contact elements of a flexible
substrate with contact metallizing of an electronic component whereby the energy supply occurs

through laser irradiation.
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1t is the objective of the current invention to overcome the disadvantages of the current state of
the art, and in particular to cite a rational method with which electrical elements with an

electrically conductive coating can be connected simply on a transparent substrate.

According to the invention this is achieved according to claim 1 with a method to conductively
connect an electrical component with at least one conductive layer, whereby the conductive layer
is applied to a substrate which is essentially transparent in the visible wavelength zone of light,
comprising the following steps:

- the electrical component or the conductive layer is provided with a soldering material in
the area where the component is to be connected to the conductive layer, preferably an
energy source which emits electromagnetic radiation, especially a light source, preferably
a halogen lamp or a laser fight source.

- the soldering material is provided with energy supplied by an energy source, such that the
soidering material melts and a non-detachable, material-bonded conductive connection

between the electrical component and the conductive layer is estabiished.

Through the inventive method rapid soldering - which may also be automated — of components,
especially of light conducting diodes on a transparent substrate becomes possible. Through rapid
soldering, in particular automated soldering a shortening of the frequency rate by a factor of 2.5
compared to the current state of the art, as well as operator independent operation is achieved.
Moreover, secure electricalty conductive connections between the component and the conductive
structares arranged on the transparent substrate are created. An additional advantage is that
utilization of solvent-containing cleaning agents is avoided, so that aiready existing glass-brush

wash-machines can be used. Moreover, the possibility of soldering flexible connections occurs,
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Connection of the components may be implemented for example directly on a strip conductor,

for example on a strip conductor which comprises tin oxide or silver.

Compared to the hitherto conventional gluing of components on a transparent substrate.
especially of glass, soldering has a multitude of advantages. Soldering material has a higher UV-
resistance than adhesives. This is particularly advantageous in outdoor applications. In addition,
soldering material is practically 100% conductive, whereas the conductivity of adhesives is

lower,

In a first design form of the invention the soldering material is applied to an electrically
conductive coating which is transparent in the visible zone. The conductive coating may for

example include tin oxide.

An alternative embodiment of the invention may provide that initially connecting pomts are
applied to the conductive layer, for example by means of screen printing or screen process
printing or by means of transfer decais. The soldering material is then applied to the connecting
points. The soldered connection is then formed between the connecting points and the
component. The connecting points may for example consist preferably of a conductive paste or
lacquer, for example silver-conductive lacquer or silver-conductive paste. Preferably after
application, for example through screen printing, the conductive paste or lacquer is preierably
baked on. Baking can at the same time provide pre-tensioning of the transparent substrate,
especially the transparent glass substrate. A greater mechanical strength for subsequent process

steps is hereby achieved.

The transparent substrate preferably has a top surface and a bottom surface, whereby the

transparent conductive layer is applied onto the top surface and whereby the energy from the
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energy source, preferably the light source, is radiated from the bottom surface through the
transparent substrate, into the material which is to be connected. Radiation of the energy from
the bottom side through the substrate has the effect that the temperature load of the component

which is to be conductively connected with the transparent coating is reduced to a minimum.

It is especially advantageous if the transparent substrate includes a heat-absorbing layer, for
example a metal oxide layer, for example a fluorine doped tin oxide layer. The soldering time
can be drastically reduced by the heat-absorbing layer, since the fact that the transparent layer is
heated at the point at which the component is to be attached is taken advantage of. Because the
heat is supplied essentially into the conductive transparent substrate the component has minimal
stress exposure during short soldering time. Short soldering times are for example soldering
times shorter than 60 seconds, especially shorter than 30 seconds, preferably shorter than 10
seconds, especially preferably shorter than 5 seconds, in particular shorter than 1 second. In
particular due to the fact that the conductive coating is in the embodiment of a heat-absorbing
layer, additional utilization of an ultrasound device as described in DE 23 43 235 in order to

achieve short soldering times, can be forgone.

It is especially preferred if the conductive layer which may in particular also be heat-absorbent
includes a metal oxide, preferably ITO (In0,:Sn), FTO (SnCy:F) or ATO (SnC,:5b). However,
Zn0,:Ga, ZnO:F, ZnO:B, ZnCAl or Ag/Ti0y are also conceivable. In the aforementioned
compounds x is in the range of between 1 and 2, depending upon the doping concentration and
the stoichiometry. Particularly preferred is SnO:F or respectively SnO,:5b. 1f the transparent
substrate, in particutar the glass substrate is furnished with an FTO-layer (SnO,:F) soldering
times of {ess than 30 seconds, in particular less than 10 seconds, preferably in the range of 10
seconds to 0.1 seconds, in particular in the range of 10 seconds to | second can be achieved
when using halogen lamps, for example having wave lengths in the range of 500 — 1500 nm and
a power consumption in the range of 30 W to 1000 W, in particular 100 W to 500 W. When

using layers of this type it is possible, even with relatively low power consumption to achieve
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very short soldering times without additional means, such as for example irradiation of ultra
sound energy, according to DE 23 43 235. Due to the relatively low power consumption and at

the same time short soldering times, especially gently processing is made possible.

Appiication methods considered for the conductive layer onto the transparent substrate are
chemical vapor deposition (CVD), physical vapor deposition (PVD), dip coating or chemical or
electro-chemical coating. Also possible is spray pyrolysis, sputtering or a soi-gel process.
Application by means of spray pyrolysis is especially cost effective, whereby the preferred
coating material is fluorine doped tin oxide (SnO:F), If particularly high optical properties are

to be achieved, then the preferred application method 1s sputtering.

The transparent substraie can be glass or a synthetic substrate. Suitable substrate materials are in
particular those which are transparent or quasi-transparent. Transparent substrates are to be
understood fo be those which possess a transmission > 80% in the visible wavelength range.
Quasi-transparent layers or respectively glasses are to be understood in the current application to
be those with a transmission > 60% in the visible wavelength range. The visible wavelength
range is preferably between 420 nm and 700 nm. Glasses to be considered are in particular soda~

time glasses which are coated with fluorine doped tin oxide (SnOy:F).

The automated energy supply occurs for exampie with the assistance of electromagnetic waves,
in particular for example with the assistance of light. The utilization of light is however also
described as light soldering process. In the light soldering process a light beam with light in the
visible or in the IR-wavelength range is for example guided from below through the horizontally
positioned substrate, whereby the beam also meets the transparent layer which is supplied with

the soldering paste and the component which is to be soldered. In light soldering, shortwave
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infrared light with a wavelength of 0.5 to Zum is targeted particularly focused onto the soldering
location. The focus occurs preferably in that the light source is arranged in a focal point of a
hemi-ellipsoidal mirror, so that all rays emitied from the light source are focused in the second
focal point of the ellipse. On the surface of the soldering location the energy is converted into
heat through absorption. The radiation energy can be varied through the output of the light
source, the radiation duration, and the type of focusing, meaning that the energy supply can be
set and also adjusted very precisely through the parameters of time, lamp current and focus
focation. The diameter of the focus point is in the range of a few miliimeters, preferably between
0.1 mm and 100 mm depending upon the optical system. The light of a halogen lamp may for
example be used as light source. The wavelength of the light is between 500 nm and 1500 nm,
the power consumption of the halogen lamp at 50 W to 1000 W, preferably 100 W to 500 W, in
particular at 250 W.

A special light source besides the halogen light source for light soldering would be a light source

which emits for example IR-radiation with a wavelength of >700 nm.

Especially preferred is a method for conductively connecting an electric component with at jeast
one strip conductor or one conductive layer, whereby the strip conductor or the conductive layer
is applied to a substrate which is transparent in the visible wavelength range of the light,
whereby the transparent substrate comprises a heat-absorbing layer and whereby the conductive
iaver is at the same time the heat-abgsorbing layer, comprising the following steps:

the electrical component or the strip conductor or the conductive layer is provided with a
soldering material in the region where the component is to be connected with the conductive
tayer or the strip connector;

the soldering material is supplied with automated energy which is provided from an energy

source which emits electromagnetic radiation in such a way that the provided energy is
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essentially brought into the heat-absorbing strip connector or conductive layer at the location
where the component is to be attached, so that

the soldering material melts and a non-detachable, material-bonded, conductive connection
between the electrical component and the strip connector or the conductive layer is formed at

minimal stress fo the component at short soldering time.

In particular without restriction hereto the soldering time is less than 30 seconds, in particular
less than 10 seconds, preferably in the range between 0.1 seconds and 10 seconds, preferably

between 1 second and 10 seconds.

The wavelength of the emitted electromagnetic radiation of the energy source, in particular the

light source, is in preferably the range of 500 am to 1500 nm.

The energy source can for example be a halogen lamp with a power consumption of between 50

W and 1000 W, especially 100 W and 500 W,

The electromagnetic radiation is preferably targeted onto a focus point, whereby the focus point

has a diameter in the range of 0.1 mm to 100 mm, preferabiy 1 mm to 10 mm.

In one embodiment of the method the transparent substrate has a top surface and a bottom
surface, whereby the transparent conductive layer is applied onto the top surface and whereby
the energy from energy source is radiated from the bottom surface through the tansparent

substrate, to the soldering material.

The conductive layer preferably includes a metai oxide, selected from one or more of the

following metal oxides:
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- InOSn
- SnOyF
- Sn0Oy:Sb
- ZnGy:Ga
- ZnOuB

- ZnOgF

- ZnOyAl
- Ag/TiOy

whereby ¥ is in the range between | and 2, depending on the doping concentration.

A conductive laver of this type can for exampie be applied with one of the foliowing
methods:

- CVD

- PVD

- Spray pyrolysis

- Sputtering

- asol-gei-method

onto the transparent substrate.

The transparent substrate is preferably a glass or synthetic substrate, especially a bardened or

pre-tensioned glass substrate.

The soldering material is preferably a solder on the basis of one of the following materials:
- ftin-iead

- tin

- lead

- gold

- indium

- aluminum
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In a first embodiment the soldering material can be applied to the conductive layer of the
transparent substrate such, that the soldering material creates a conductive connection on the

transparent substrate between the component and the conductive layer.

instead of soldering with the assistance of infrared light it would also be possible to implement
induction soldering. In induction soldering the electromagnetic induction effect is used for heat
generation. Due to skillful shaping, the inductor in induction soldering is able to apply targeted
heat to only the soldering location. The changing electrical field carries an alternating magnetic
field which in turn generates the heat necessary for soldering through an electrical rotational field

in the components.

Additional soidering methods which may be utilized are laser soldering methods and ultrasound

soldering methods.

Various materials may be considered as soldering materials for the soldering method. Possible
materials may be based on tin-lead, tin, lead, gold indium or aluminum. Especially preferred are
soldering materials having approx. 90 weight -% of tin alloy and 10 weight -% of fluxing agent.

Especialiy preferred are lead-free soldering matertals.

The invention is described below with reference to the drawings, however, without restriction to

same.

Figure la-1d the typical process sequence to produce a component arrangement with the
transparent conductive coating on a transparent substrate and components
arranged thereupon, in particular light emitting diodes. using light in so-calied

light soldering.
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Figures la through td show a process sequence for the production of a component arrangement,
comprising a transparent substrate with transparent conductive layer and components arranged

thereupon, in particular light emitting diodes or respectively LED-modules.

When producing a component arrangement, a substrate | with a transparent conductive layer is
coated over its entire surface in the illustrated design variation, for example in the sol-gel method
(Figure 1a). The layer is preferably not only a conductive transparent layer, for example an [TO-
layer, but a conductive transparent layer which is also heat absorbent. Heat absorbent layers are
tin oxide layers, for example FTO (SnGyF) or ATO (SnG,Sb). Conceivable are however also
7n0,:Ga, ZnO:B, ZnO,:Al or Ag/TiO,, whereby ¥ is in the range between | and 2, depending

on the doping concentration and stoichiometry.

Subsequently a structuring is produced accordiag to Figure 1b, for example by means of laser

which locally heats the coating and vaporizes same.

"The transparent substrates which are structured with the assistance of a laser include preferably a
conductive laver which — in the range of the laser wavelength of the utilized laser - possesses

high absorption and a transparent substrate which is transmissive at this wavelength. In a system
of this type the glass fayer exhibits only minor damage. Tear formation in particular, can largely

be avoided in systems of this type.

The separation lines in the individual zones of the substrate are identified with reference numbers
11.1 - 11.3 in Figure 1b. Components 108 (only shown in zones 13.1, 13.2) are subsequently
arranged on the structuring according to Figure 1b in zones 3.1 — 13.4 (Figure lc - id). The
components are surface-mountable components, so-called SMD-components, for example LED

chips. In the current example the components are attached directly to the conductive transparent
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substrate through an automated soldering process, in particular through light-soldering with IR~

radiation (Figure l¢) or through connecting pads (Figure 1d).

Instead of a substrate equipped with a conductive coating whereby the conductive coating is

structured and serves to conduct current, a transparent substrate, for example a glass substrate
can be equipped with metal strips, for example silver strips as conductive coating. The silver
strips which are designed as strip conductors are so narrow (for example only a few pm wide)

and designed that they are invisible to an observer from a distance.

The attachment of the components is described below.

Direct application of the components, as illustrated in Figure lc is described first.

The preferred method is single point soldering with light, which preferably is used always when
components are to be attached with only a few soldering points. In light soldering the light of a
halogen lamp (wavelength: 500 — 1500 nm, power consumption: 250W) is bundied onto the
soldering location by means of a convergence mirror and optic. The necessary temperature at the

soldering location is created by the absorption of the heat radiation.

It is especially preferred when the substrate is a heat absorbing and at the same time a conductive
layer, especially a tin oxide layer, for example FTO (SnOF) or ATO (SnO,:Sb). Layers of this
type can absorb an amount of heat radiation so that the soldering time is less than 30 seconds, in
particular less than 10 seconds, in particular is in the range of | to 10 seconds, For a halogen
lamp with 250W power (wavelength: 500 — 1500 nm) and a glass substrate coated with SnO.F
the following soldering times result, depending on the thickness of the glass substrate which is

generally irradiated from below:
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Thickness of substrate soldering time
4 mm 6.5s
6 mm 7.5s

The soldering material is applied to the glass substrate prior to the light soidering process, for
example in the form of soldering paste at the locations at which the components are to be
connected with the substrate, or respectively with the conductive layer which was applied to the

substrate.

A soldering paste is a highly viscous mixture of soldering metal powder or fluxing agent and
serves predominantly to solder surface-mountable components (SMD). Soldering pastes suitable
for SMD-soldering consist for example of up to approx. $0% globules of a tin alloy and approx.
10% of a fluxing agent. Lead-free soldering pastes (RoHS) consist for example of 96.5% Sn,
3.0% Ag, 0.5% Cu. The soldering paste can be applied by means of a dispenser, either directly

onto the conductive coating of the substrate (Figure l¢) or onto connection pads (Figure 1d).

The volume of energy in the form of light, in particular IR-light supplied for exampie by a
halogen famp to soldering pads 4 leads to melting of the soldering globules contained in the
soldering paste which then provides the electrical and mechanical connection between the
conductive coating and the component part, or respectively the component element through
fusing together of the particles in the soldering paste and with the component contacts, or
respectively the conductive layer of the glass substrate (Figure 1c). In Figure lc the conductive
coating is structured into four zones. An SMD-component 108 which is connected directiy to the

conductive coating through melting of soldering pad 4 is illustrated only in zone 13.1.

The fluxing agent in the soldering paste facilitates the melting process in that it reduces the

surface tension, prevents oxidation and reduces possibly present oxide residues. It evaporates
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later and icaves a good electrical soldering connection between componerits and soldering pads.

The advantages of the previously described single soldering process can thus be summarized:

- contact-free and precise heat transfer

- low operating costs at relatively small investment.

Light soldering referred to above may also be utilized if connection pads 9 (see Figure 1d) have

previously been applied to the glass substrate.

Connection pads 9 include a conductive paste or lacquer, for example silver conductive lacquer
or silver paste which is applied to the conductive substrate by means of screen printing or screen
process printing and is subsequently baked on. Baking can at the same time provide pre-
tensioning of transparent substrate 1, especially the transparent glass substrate. A greater

mechanical strength for subsequent process steps is hereby achieved.

In the method using connection pads the various zones 13.1 — 13.4 are equipped with SMD-
components for example light emitting diodes. subsequent to the application of the connection

pads. Prior to this equipping process, soldering paste is applied to the connection pads.

The glass substrate is then equipped with component elements. Then the soldering process
occurs as previousty described by means of light soldering. In light soldering, for example with
a halogen lamp, light from the halogen iamp is focused onto the location at which the soldering
process is to occur. The IR-radiation emitted from the light source heats the soldering material.
The soldering material meits and on the one hand moistens the connection of the component, as
well as the connection pad. Then, the energy supply is terminated and the soldering material
solidifies, so that a material-bonded conductive connection is established between the electrical

component and the conductive layer.
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The soldering materiais to be considered are the previously described materials. Alternative
materials are soldering materials on the basis oft

- tin-lead

- tin

- lead

- gold

- indium

- aluminum

Afier the components, especially the light emitting diodes are conductively connected through
the inventive soldering method with the strip connectors which were applied to the transparent
substrate, the transparent substrate with the components can be further processed for example, it

can be provided with an additional layer.
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Claims

Method for conductively connecting an electric component with at least one strip conductor
or one conductive layer, whereby the strip conductor or the conductive layer is applied to a
substrate which is transparent in the visibie wavelength range of the light,

whereby the transparent substrate comprises a heat-absorbing layer and

whereby the conductive layer is at the same time the heat-absorbing layer, comprising the
following steps:

the electrical component or the strip conductor or the conductive layer is provided with a
soldering material in the region where the component is to be connected with the conductive
laver or the strip connector;

the soldering material is supplied with automated enrergy which is provided from an energy
source which emits electromagnetic radiation in such a way that

the provided energy is essentially brought into the heat-absorbing strip connector or
conductive layer at the location where the component is to be attached, so that

the soldering material melts and a non-detachable, material-bonded, conductive connection
between the electrical component and the strip connector or the conductive layer is formed at

minimal stress to the component af short soldering time.

Method according to claim 1,
characterized in that, the soldering time is less than 30 seconds, in particular less than 10
seconds, preferably in the range between 0.1 seconds and 10 seconds, preferably between 1

second and 10 seconds.



F18378WO

L

17

Method according to one of the claims 1 through 2,
characterized in that the wavelength of the emitted electromagnetic radiation of the energy

source, in particular the light source, is in the range of 500 nm to 1500 nm.

Method according to one of the claims 1 through 3,
characterized in that the energy source is a halogen lamp with a power consumption of

between 50 W and 1000 W, especially 100 W and 500 W.

Method according to ore of the claims 1 through 4,
characterized in that,

the energy source is a laser light source.

Method according to one of the claims | through 5,
characterized in that, the electromagnetic radiation is targeted onto a focus point, whereby

the focus point has a diameter in the range of 0.1 mm to 100 mm, preferably { mm to 10 mm.

Method according to one of the claims | through 6,

characterized in that,

the transparent substrate has a top surface and a bottom surface, whereby the transparent
conductive laver is applied onto the top surface and whereby the energy from energy source
is radiated from the bottom surface through the transparent substrate, to the soldering

material,

Method according to one of the claims 1 through 7,

characterized in that. the conductive layer includes a metal oxide, selected from one or more
of the following metal oxides:

- InC,:Sn

- SnOF
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- Sn0,:Sh
- Zn0yGa
- ZnCB
- Zn0OyF
- ZnGAl
- Ag/TiOy

whereby x is in the range between | and 2, depending on the doping concentration.

Method according to claim 7, characterized in that the conductive layer is applied with one of
the following methods: |

- CVD

- PVD

- Spray pyrolysis

- Sputtering

- a sol-gel-method

onto the transparent substrate.

. Method according to one of the claims 1 through 9,

characterized in that,

the transparent substrate is a glass or synthetic substrate.

Method according to claim 10, characterized in that the fransparent substrate is a glass

substrate and that the glass substrate is hardened or pre-tensioned.

{2. Method according to one of the claims | through 10,

characterized in that,
the solder connection is established through one of the following methods:
a light soldering method

an inductive soldering method.
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Method according to one of the claims 1 through 12,
characterized in that,
the soldering material is a solder on the basis of one of the following materials:

tin-lead

T

- tin

- lead

- gold

- indium

- aluminom

Method according to one of the claims 1 through 13,

characterized in that,

the soldering material is applied to the conductive layer of the transparent substrate;

the soldering material creates a conductive connection on the transparent substrate between

the component and the conductive layer.

5. Method according to one of the claims 1 through 13,

characterized in that,
connecting points are applied onto the conductive layer and the solder material forms a

conductive connection between the component and the connecting point.

Method for conductively connecting an electric component with at least one sirip conductor
or one conductive layer, wherebyv the strip conductor or the conductive layer is appiied to a
substrate which is transparent in the visible wavelength range of the light, comprising the

foliowing steps:
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18.

19.

20.

the electrical component or the strip conductor or the conductive layer is provided with a
soldering material in the region where the component is to be connected with the conductive
layer or the strip connector;

the soldering material is supplied with automated energy which is provided from an energy
source so that

the soldering material melts and a non-detachable, material-bonded, conductive connection

between the electrical component and the strip connector or the conductive layer is formed.

Method according to claim 16, characterized in that

the soldering material forms a conductive connection directly between the component and the

fransparent substrate.

Method according to claim 16, characterized in that
connecting points are applied to the conductive layer or strip conductor and the soldering

material creates a conductive connection between the component and the connecting point.

Method according to one of the claims 16 through 18, characterized in that

the transparent substrate has a top surface and a bottom surface, whereby the transparent
conductive laver is applied onto the top surface and whereby the energy from energy source
is radiated from the bottom surface through the transparent substrate, to the soldering

material,

Method according to one of the claims 16 through19, characterized in that

the fransparent substrate comprises a heat-absorbing layer.

. Method according to claim 20, characterized in that

the conductive layer is at the same time the heat-absorbing layer.



P 18378W0O

22. Method according to one of the claims 16 through 21, characterized in that
the conductive layer includes a metal oxide, selected from one or more of the following metal
oxides:

- InGybn
- SnO.F
- 5n0Oy:Sb
- Zn0,.:Ga
- Zn0y:B
- InOcF
~  ZnQOy:Al
- Ag/TiOy

whereby X is in the range between 1 and 2, depending on the doping concentration.

]

3. Method according to claim 22, characterized in that
that the conductive layer is applied with one of the following methods:
- CVD
- PVD
- Spray pyrolysis
- Sputtering
- asol-gel-method

onto the transparent substrate.

24, Method according to one of the claims 16 through 23, characterized in that

the transparent substrate is a glass or synthetic substrate.

25, Method according to claim 24, characterized in that
the transparent substrate is a glass substrate and that the glass substrate is hardened or pre-

tensioned.
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26. Method according to one of the claims 16 through 25, characterized in that
the solder connection is established through one of the following methods:
- alight soldering method

- an inductive soldering method.

27. Method according to one of the claims 16 through 26. characterized in that

the energy source is an energy source which emits the electromagnetic radiation.

28. Method according to claim 27, characterized in that

the energy source is a light source, in particular a halogen lamp.

29. Method according to one of the clatms 16 through 28, characterized in that
the soldering material is a solder on the basis of one of the following materials:
- tin-lead
- tin
- lead
- gold
- indium

- aluminum

30. Method according o one of the claims 16 through 29, characterized in that
energy is suppiied to the soldering material for a short duration, preferably shorter than 30
seconds, in particular shorter than 10 seconds, preferably in the range between | second and

10 seconds.
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31. Method according to claim 30,
characterized in that the supplied energy is light energy, whereby the wavelength of the light

energy is in the range of 500 nm to 1500 nm.

(%]
[

2. Method according to clatm 31,
characterized in that the supplied light energy is provided by a halogen lamp, whereby the

halogen lamp has a power consumption of between 100W and S00W.

Lad
a2

. Method according to one of the claims 31 to 32, characterized in that the light energy is
targeted onto a focus point, whereby the focus point has a diameter in the range of 0.1 mm to

100 mm, preferably 1 mm to 10 mm.
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