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materials, comprising: at least one atomizer (2) for atomizing the one or more liquid raw materials into droplets (3), charging
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APPARATUS AND METHOD FOR COATING GLASS SUBSTRATE

FIELD OF THE INVENTION

The present invention relates to an apparatus for coating a glass
substrate and particularly to an apparatus according to the preamble of claim
1. The present invention further relates to a method for coating a glass sub-
strate and particularly to a method according to the preamble of claim 18.

BACKGROUND OF THE INVENTION

It is generally know to use liquid starting materials for coating glass
by atomizing the liquid starting materials into droplets and directing the formed
droplets on the surface of glass to be coated for producing a coating. In other
words according to the prior art the droplets are brought to the surface of the
substrate to be coated as liquid droplets, whereby the coating is formed on the
surface of the substrate such that first the droplets brought on the surface are
pyrolyzed or the vaporizable substances of the droplets are vaporized for pro-
viding a coating on the surface of the substrate. An other prior art method for
providing a coating on a glass substrate is to use a vapour deposition method
in which the liquid starting materials are first atomized into liquid droplets and
the liquid droplets are further vaporized such that vaporized starting materials
react with the surface of the glass or with each other to form a coating on the
surface of the glass.

The problem in the above identified prior art coating processes is
uniformity of the produced coating as the distribution of the formed liquid drop-
lets is difficult to control. In other words the uniformity of the produced coating
depends on the uniform deposition of the droplets on the glass substrate or
uniform distribution of the droplets as they are vaporized.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide an apparatus for
coating a glass substrate and a method for coating a glass substrate so as to
overcome the above mentioned problems. The objects of the invention are
achieved by an apparatus for coating a glass substrate according to the char-
acterizing portion of claim 1. The objects of the present invention are further
achieved with a method for coating a glass substrate according to the charac-
terizing portion of claim 18.
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The preferred embodiments of the invention are disclosed in the de-
pendent claims.

The invention is based on the idea of coating a glass substrate us-
ing one or more liquid raw materials by first atomizing the one or more liquid
raw materials into droplets using one or more atomizers and then electrically
charging the droplets during or after the atomization. According to the present
invention the droplets are electrically charged in a separate charging chamber
before conducting the droplets to a deposition chamber for coating the glass
substrate. The charging chamber is arranged upstream of the deposition
chamber and the electrically charged droplets are conducted from the charging
chamber to the deposition chamber in which the electrically charged droplets
are guided towards the glass substrate using one or more electric fields.

An advantage in the present invention is that in a separate charging
chamber the distribution of the droplets is homogenised as the electrical
charge of the electrically charged droplets tends to push the electrically
charged droplets away from each other. Thus, the electrical charge of the
droplets provides a repulsion force between the charged droplets such that the
distribution of the droplets tends to become homogenised. The separate charg-
ing chamber also gives time for the distribution of the droplets to become even
as the charged droplets are conducted from the charging chamber to a deposi-
tion chamber. The present invention also has the advantage that the deposi-
tion chamber may be provided with two or more electric fields arranged adja-
cently and/or successively in the movement direction of the droplets and at
least some of the electric fields may have different electric field strength for
adjusting distribution of the electrically charged droplets in the deposition
chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the accompanying draw-
ings, in which

figure 1 shows schematically first embodiment of the present inven-
tion;

figure 2 shows schematically second embodiment of the present in-
vention;

figure 3 shows schematically third embodiment of the present inven-
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tion;

figure 4 shows schematically fourth embodiment of the present in-
vention;

figure 5 shows schematically one embodiment of a deposition
chamber of the present invention;

figures 6A and 6B show schematically one embodiment of a charg-
ing chamber of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows, in principle, the first embodiment of the invention,
where the formation of a coating on a of glass substrate 15 is carried out in a
coating apparatus. Flat glass substrate 15, with a typical size of 1100 mm x
1400 mm, moves from right to left. The glass substrate 15 first enters a heating
furnace 24 including a heater 25. The heater 25 may be based on radiation,
convection or similar. In the heating furnace 24 the glass substrate 15 heats to
a temperature which is higher than the annealing point (annealing tempera-
ture) of the glass substrate 15. The annealing point depends on the composi-
tion of glass substrate 15 and is typically about 500 °C for soda-lime glass and
about 1100 °C for fused silica. The glass substrate 15 then enters the coating
unit 26 where droplets 3 are deposited on the glass substrate 15 or guided to-
wards the glass substrate 15 in a deposition chamber 16. An air floating device
27 floats the glass substrate 15 by a gas blowing motion, the gas being fed
through conduit 28. The droplets 3 are formed by a two-fluid atomizer 2. Pre-
cursor liquid is fed into the atomizer 2 through conduit 29 and atomizing gas is
fed into the atomizer 2 through conduit 31. The atomizing gas passes a corona
charger electrode 32 into which a high voltage is fed from the power source 35.
The corona electrode 32 is separated from the casing of the coating unit 26 by
an electrical insulator 36. The counter electrode 37 preferably forms a part of
the charging nozzle, its surface forming the inner wall of the nozzle. When the
atomizing gas flows via the corona electrode 32, it is electrically charged. The
corona charging makes it possible to attain high charge densities, an even
charge field and minimizing of breakdown liability simultaneously. Furthermore,
corona charging makes it possible to produce both positively and negatively
charged droplets by means of the same apparatus.

In the atomizer 2 it is advantageous to use very high flow rate of the
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atomizing gas, advantageously from 50 m/s to sonic velocity. The high gas
flow rate has several advantages. Firstly, it is very advantageous from the
point of views of charging, because e.g. the created ions drift quickly away
from the vicinity of the corona. This expulsion of the space charging caused by
ions decreases the electric field attenuating the discharge and forming around
the corona electrode 32 and thereby also the required corona voltage. For ex-
ample by feeding nitrogen as atomizing gas through conduit 31 with a flow rate
near the corona electrode 32 being roughly 150 m/s, it is possible to use ap-
proximately 5kV as the charging voltage of the corona electrode 32. Secondly,
the high flow rate reduces the ion loss to the surroundings of the atomizer 2,
with a preferable residence time of the charged gas in the atomizer being 1
m/s or less. Thirdly, the high flow rate at the exit nozzle of the atomizer 2 re-
duces the droplet size.

Figure 2 shows, in principle, a second embodiment of the invention
where the glass heating movement and coating is carried out in the same way
as with the previous embodiment shown in figure 1. In addition a second co-
rona charger 33 is used to charge the air used in the air floating device 27. The
second corona electrode 33 is equipped with a second an electrical insulator
34 and with a second counter electrode 39. Figure 2 shows an embodiment
where the second corona charger 33 uses the same power supply 35 as the
first corona charger 32. It is, however, obvious for a person skilled in the art
that also another power supply, with different voltage, may be used. It is es-
sential to the invention that the air supporting the glass substrate 15 charges
the bottom surface of the glass substrate 15 with the same polarity as the
droplets 3 are charged. The rejection force caused by the charges with same
polarity decreases the formation of the coating to the bottom surface of the
glass substrate 15. Obviously, also only a more restricted area of the glass
substrate 15 may be charged.

Figure 3 shows, in principle, a third embodiment of the invention
where the electrostatic forces for the droplet deposition and guiding are en-
hanced by charging the top surface of the glass substrate 15 with a charge
opposite to the charge of the droplets 3. Preferably the charging is carried out
by charging air passing through the conduit 40 by a third corona charger 41.
The third corona charger 41 is provided a third electrical insulator 42 and with
a third counter electrode 43. As shown in figure 3, the third corona charger 41
has an opposite polarity to the first corona charger 32. Figure 3 shows an em-
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bodiment where the third corona charger 41 uses the same power supply 35
as the first corona charger 32. It is, however, obvious for a person skilled in the
art that also another power supply, with different voltage, may be used.

Figure 4, shows, in principle, a fourth embodiment where a separate
electric field is used to enhance the deposition or guiding of the charged drop-
lets 3. The droplets 3 are charged similarly as described in the first embodi-
ment. The high-velocity droplets 3 enter an electrical field generated between
the first electrode 44, which is separated from the casing of the coating unit 26
by a fourth electrical insulator 45 and connected to the first output of the third
power supply 46, and the second electrode which in this case is formed by
connecting the air support device 27 to the other output of the third power sup-
ply 46 and electrically insulating the air support device 27 from the casing of
the coating unit 26 by an fourth electrical insulator 47. It is obvious for a person
skilled in the art that the third output of the power supply 46 may be connected
to various other parts of the coating unit 26 as well, e.g. a separate second
electrode or to one or more of the rollers 38 (electrically insulated from the
other parts of the apparatus) which in turn connect the second output of the
third power supply 46 to the glass substrate 15 touching the roller.

The corona discharge electrode and its counter electrode may be
positioned in various different ways not described in the previous embodi-
ments. Thus it is e.g. possible to connect the counter electrode to the glass
substrate, to the coating formed on the glass substrate or to a plate outside the
glass substrate.

In figures 1 to 4 it is described that the atomizer 2 is a two-fluid at-
omizer and the droplets 3 are charged during atomization by charging the at-
omizing gas using one or more first corona electrodes 32. However, it is possi-
ble also to use some other kind of atomizer, such as ultra sonic atomizers. Fur-
thermore, in an alternative embodiment the liquid starting materials are first
atomized into droplets using one form more atomizers 2 and then the formed
droplets 3 are further charged after the atomization using one or more corona
electrodes. Therefore, in the embodiments shown in figures 1 to 4 the appara-
tus is further provided with one or corona electrodes arranged such that the
formed droplets 3 are conducted past the one or more corona electrodes. the
one or more corona electrodes charge the droplets 3 as they are conducted
past them.

The charged droplets 3 are also preferably guided towards or on the
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glass substrate 15 using a separate electric field provided between a first and
second electrode. The separate electric field is preferably provided inside a
deposition chamber 16 for guiding the charged droplets 3 towards the glass
substrate 15. The charged droplets 3 may be deposited on a glass substrate
15 as liquid droplets or alternatively the charged droplets may be vaporized
before the starting materials react on the glass substrate 15 or before the drop-
lets contact the glass substrate 15 such that the vaporized starting material
react on the glass substrate 15.

Figure 5 shows one embodiment of the present invention in which
the liquid starting materials are first atomized into droplets 3 using one or more
atomizers 2. The atomizers 2 may be two-fluid atomizers or some other kind of
atomizers. As shown in figure 5 the liquid starting materials are atomized up-
stream of the deposition chamber 16 and the formed droplets 3 are conducted
to the deposition chamber 16 via conduit 53 and inlet 52. The liquid starting
materials may be atomized in a separate atomizing chamber (not shown) or at
the conduit 53 or at the inlet 52 of the deposition chamber 16. The formed
droplets 3 are conducted to the deposition chamber 16 preferably using at
least one carrier gas such that the carrier gas and the droplets 3 together form
an aerosol. The mentioned aerosol is preferably supplied to the deposition
chamber 16 as laminar aerosol flow. The laminar aerosol flow preferably has
Reynolds number under 2000.

The droplets 3 entering the deposition chamber are electrically
charged using one or more charging means. The charging means may com-
prise one or more corona electrodes 4 which electrically charge the droplets 3
as they pass the corona electrodes 4. Alternatively the charging means may
comprise one or more blow charger supplying electrically charged gas for
charging the droplets 3. As shown in figure 5, the corona electrode 4 is ar-
ranged inside the deposition chamber 16 close to the inlet 52 through which
the droplets 3 enter the deposition chamber 16. In an alternative embodiment
the corona electrode 4 or other charging means may be arranged in connec-
tion with an inlet 52 of the deposition chamber 16 through which inlet 52 the
droplets 3 are supplied into the deposition chamber 16, or immediately up-
stream of the deposition chamber 16. In figure 5 the corona electrode 4 is an
elongated corona electrode 4 extending transversely to the movement direc-
tion of the droplets 3. The charging means may also comprise one or more
elongated corona electrode 4 extending parallel to the movement direction of
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the droplets 3 or several separate corona electrodes 4 distributed substantially
evenly spaced apart. When there are two or more separate corona electrodes
4 at least some of the corona electrodes may have different corona voltage for
providing the droplets 3 with different electrical charge in different part of the
deposition chamber 16. Also shown in figure 5 is a gas conduit 51 through
which a protective gas stream is provided between the corona electrode 4 and
the droplets 3. The protective gas stream may be some inert gas and it is pref-
erably heated to temperature higher than the temperature of the droplets 3.
The protective gas stream prevents the droplets 3 from contacting the corona
electrode 4.

In an alternative embodiment the atomizer 2 is arranged inside the
deposition chamber 16, as in figure 1. The atomizer 2 may be a two-fluid atom-
izer, and that the charging means 32 are arranged to charge at least a fraction
of the gas used in the two-fluid atomizer 2 for electrically charging the droplets
3 during the atomization. The droplets 3 may also be charged after the atomi-
zation using one or more separate corona electrodes 4 or a blow charger.

The electrically charged droplets 3 are further guided towards a
glass substrate 15 or on the glass substrate 15 using one or more electric
fields provided in the deposition chamber 16. The one or more electric fields is
provided between opposite electrodes 13, 14 in the deposition chamber 16
and between which electrodes 13, 14 the glass substrate 15 is positioned in
the deposition chamber 16. In figure 5 the electric field is provided by a first
electrode 13 and a second electrode 14 between which an electric field is
formed. The electric field guides the electrically charged droplets by electrical
forces towards the glass substrate 15 arranged between the first and second
electrode 13, 14 in the deposition chamber. In figure 5 the first electrode is
electrically separated from the rest of the apparatus by electrical insulators 50.
In figure 5 the first electrode has a positive voltage, but it may also have nega-
tive voltage. The glass substrate 15 may also be provided as the second elec-
trode 14, as described earlier. The apparatus may also comprise two or more
electric fields arranged adjacently and/or successively in the movement direc-
tion of the droplets 3. At least some of these adjacent and/or successive elec-
tric fields may have same or different electric field strength for adjusting distri-
bution of the electrically charged droplets 3. Using two or more adjacent and/or
successive electric fields, the field of which extends transversely to the move-
ment direction of the charged droplets, the distribution or flux of charged drop-
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lets in the deposition chamber may be altered or controlled by adjusting the
electric field strength of the electric fields separately. This enables controlling
the amount of deposition in different parts of the deposition chamber and on
the glass substrate.

According to the above mentioned the droplets 3 are first electrically
charged and then guided towards the glass substrate using one or more elec-
tric fields provided inside the deposition chamber 16. In one embodiment the
droplets 3 guided towards the glass substrate using electrical forces are vapor-
ized before the starting materials react on the surface of the substrate 15 or
before the droplets 15 contact the glass substrate. Thus the electrically guided
droplets are conducted to a thermal reactor (not shown) before they react on
the glass substrate 15 or before the droplets 3 contact the glass substrate 15.
Thus the thermal reactor is preferably provided close to the glass substrate
15.The thermal reactor may a flame generated by combustion gas and oxidiz-
ing gas or plasma provided by means of gas. Alternatively the thermal reactor
may be hot zone provided with heating means, such as electric heating means,
electric resistors, inside the deposition chamber 16. The hot zone may also be
provided by thermal energy of the substrate 15. The glass substrate 15 may be
heated or it may come from manufacturing step, such as tin path or annealing
lehr, in which the glass substrate is in elevated temperature. The thermal en-
ergy of the glass substrate 15 vaporizes the charged and guided droplets 3
close to the surface of the substrate 15 before the starting materials react on
the surface of the substrate 15. Thus the vaporized starting materials react on
the glass substrate 15.

Alternatively the droplets 3 are deposited on the glass substrate 15
as droplets.

Figures 6A and 6b show another embodiment in which droplets 3
are electrically charged in a separate charging chamber 1 upstream of the
deposition chamber 16. The charging chamber 1 is provided with one or more
atomizers 2, which may two-fluid atomizers or some other type of atomizers for
atomizing the liquid starting materials into droplets 3. The charging chamber 1
is insulated such that external heat, for example from hot glass substrate does
heat the charging chamber 1 to prevent the droplets 3 from vaporizing. The
atomizers 2 may be provided inside or upstream the charging chamber 1 or in
fluid connection with the charging chamber 1 such that the formed droplets 3
may be conducted in the charging chamber 1.
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The charging chamber 1 is provided with charging means 4 for elec-
trically charging the droplets 3 after the atomization. In figure 6A the charging
means comprise several separate corona electrodes 4 distributed substantially
evenly on at least one wall of the charging chamber 1. Alternatively the charg-
ing means may comprise one or more elongated corona electrodes 4 extend-
ing transversely or parallel to the movement direction of the droplets 3 for
charging the droplets 3. When there are two or more corona electrodes 4, at
least some of the corona electrodes 4 may have a different corona voltage for
providing the droplets 3 with different electrical charge in different parts of the
charging chamber 1. The corona electrodes are preferably arranged such that
a high concentration of ions may be provided close to the inner walls of the
charging chamber 1. In figure 6A the corona of the corona electrode is gener-
ated using a high voltage power supply 5, which is galvanic separated with an
isolation transformer 6.

The charging chamber 1 may also comprise one or more blow
chargers (not shown) supplying electrically charged gas for electrically charg-
ing the droplets 3. The atomizers 2 may also be two-fluid atomizers, and that
the charging means are arranged to charge at least a fraction of the gas used
in the two-fluid atomizer 2 for electrically charging the droplets 3, as discussed
earlier.

In the charging chamber 1 the electrically charged droplets 3 tend to
repel each other due to the electrical repulsion forces of the droplets 3 charged
with the same electrical polarity. Thus the distribution of the charged droplets 3
is homogenized which is advantageous for providing a homogenized flux of
droplets 3, as shown in figure 6B. Therefore charging chamber 1 enables the
distribution of the charged droplets 3 to homogenize. The charging chamber 1
provides additional time for the repulsion forces to act for achieving the ho-
mogenizing effect. The electrical repulsion force between the electrically
charged droplets causes some droplets 3 to contact the inner walls of the
charging chamber 1. The droplets 3 colliding against the inner walls of the
charging chamber 1 flow to the bottom of the charging chamber 1 and gener-
ate a layer 12 of liquid starting materials to the bottom of the charging chamber
1. The starting materials of the liquid layer 12 may be circulated back and used
again.

The charging chamber 1 is provided with an outlet 9 through which
the charged droplets 3 are conducted out of the charging chamber 1 and into
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the deposition chamber 16. The outlet 9 corresponds essentially the inlet 52 of
figure 5. The outlet 9, or the inlet 52, may be provided with a charge meter
comprising a sensor 10 and an electrometer 11 for measuring the electrical
charge, and thus material flux of the starting materials, passing through the
outlet 9 and leaving the charging chamber 1. These measurements may be
conducted in real time. This measurement, the charge meter, may also be pro-
vided to the inlet 52 of the deposition chamber 16 and/or to an outlet (not
shown) of the deposition chamber 16 for measuring the charge flow into the
deposition chamber 16 and correspondingly out of the deposition chamber 16.

From the charging chamber 1 the charged droplets are conducted
to the deposition chamber 16 via the outlet 9. The charging chamber 1 is ar-
ranged spaced apart from and in fluid connection with the deposition chamber
16. The electrically charged droplets 3 may be conducted using a carrier gas
which together with the droplets 3 forms an aerosol as described in connection
with figure 5. Thus the aerosol may be conducted for example same way as in
the embodiment of figure 5. The deposition chamber 16 may also be con-
structed to substantially correspond the deposition chamber 16 of figure 5. The
deposition chamber 16 is provided with a first electrode 13 and a second elec-
trode 14 for provided an electric field between the opposite first and second
electrode 13, 14. The deposition chamber may also be provided with two or
more electric fields. The two or more electric fields may be arranged adjacently
and/or successively in the movement direction of the electrically charged drop-
lets 3 inside the deposition chamber 16 and at least some of the electric fields
have different electric field strengths for adjusting distribution of the electrically
charged droplets 3 in the deposition chamber 16.

The glass substrate 15 is positioned in the deposition chamber 16
between the first and second electrodes 13, 14. The electric field guides the
electrically charged droplets 3 by electrical forces towards the glass substrate
15 arranged between the first and second electrode 13, 14 in the deposition
chamber. The glass substrate 15 may also be provided as the second elec-
trode 14, as described earlier. According to the above mentioned the droplets
3 are first electrically charged in the charging chamber 1, conducted to the
deposition chamber 16 and then guided towards the glass substrate 15 using
one or more electric fields provided inside the deposition chamber 16. In one
embodiment the droplets 3 guided towards the glass substrate 15 using elec-
trical forces are vaporized before the starting materials react on the surface of
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the substrate 15 or before the droplets 15 contact the glass substrate. Thus the
electrically guided droplets are conducted to a thermal reactor (not shown) be-
fore they react on the glass substrate 15 or before the droplets 3 contact the
glass substrate 15. Thus the thermal reactor is preferably provided close to the
glass substrate 15.The thermal reactor may be a flame generated by combus-
tion gas and oxidizing gas or plasma provided by means of gas. Alternatively
the thermal reactor may be a hot zone provided with heating means, such as
electric heating means, for example electric resistors, inside the deposition
chamber 16. The hot zone may also be provided by thermal energy of the sub-
strate 15. The glass substrate 15 may be heated or it may come from manu-
facturing step, such as tin path or annealing lehr, in which the glass substrate
15 is in an elevated temperature, as described in connection with figures 1 to
4. The thermal energy of the glass substrate 15 vaporizes the charged and
guided droplets 3 close to the surface of the substrate 15 before the starting
materials react on the surface of the substrate 15. Thus the vaporized starting
materials react on the glass substrate 15.

Alternatively the droplets 3 are deposited on the glass substrate 15
as droplets.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.
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CLAIMS

1. An apparatus for coating a glass substrate (15) using one or more
liquid raw materials, the apparatus comprising:

- at least one atomizer (2) for atomizing the one or more liquid raw
materials into droplets (3);

- charging means (4; 32) for electrically charging the droplets (3)
during or after the atomization; and

- a deposition chamber (16) providing a coating on the glass sub-
strate (15), the deposition chamber (16) being provided with one or more elec-
tric fields for guiding the electrically charged droplets (3) towards the glass
substrate (15),characterized inthat the apparatus further comprises:

- a charging chamber (1) arranged upstream of the deposition
chamber (16) and provided with charging means (4) for electrically charging
the droplets (3).

2. An apparatus according to claim 1, characterized in that
the charging chamber (1) is arranged spaced apart from and in fluid connec-
tion with the deposition chamber (16).

3. An apparatus according to claim 1 or 2, characterized in
that the at least one atomizer (2) is arranged inside the charging chamber (1)
or upstream of the charging chamber (1).

4. An apparatus according to any one of claims 1to 3, charac-
terized inthat the atomizer (2) is a two-fluid atomizer, and that the charging
means (32) are arranged to charge at least a fraction of the gas used in the
two-fluid atomizer (2) for electrically charging the droplets (3).

5. An apparatus according to any one of claims 1to 3, charac-
terized in that charging means comprises a blow charger supplying electri-
cally charged gas into the charging chamber (16) for charging the droplets (3).

6. An apparatus according to any one of claims 1to 3, charac-
terized in that the charging means (4) are arranged in the charging cham-
ber (1) for electrically charging the droplets (3).

7. An apparatus according to any one of claims 1to 3, charac-
terized in that the charging means (4) comprise one or more corona elec-
trodes (4; 32) for electrically charging the gas used in the two-fluid atomizer (2)
or the formed droplets (3).

8. An apparatus according to claim 7, characterized in that
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the charging chamber (1) comprises one or more elongated corona electrode
extending transversely or parallel to the movement direction of the droplets (3).

9. An apparatus according to claim 7, characterized in that
the charging chamber (1) comprises several separate corona electrodes dis-
tributed substantially evenly on at least one wall of the charging chamber (1).

10. An apparatus according to claim 8 or 9, characterized in
that at least some of the corona electrodes has a different corona voltage for
providing the droplets (3) with different electrical charge in different parts of the
charging chamber (1).

11. An apparatus according to any one of claims 1 to 10, char-
acterized in that charging chamber (1) comprises one or more outlet
openings (9) through which the electrically charged droplets (3) are guided out
of the charging chamber (1) and into the deposition chamber (16).

12. An apparatus according to any one of claims 1 to 11, char-
acterized in that apparatus comprises charge meter (10, 11) for metering
the electrical charge leaving the charging chamber (1) with droplets (3).

13. An apparatus according to claim 12, characterized in that
the charge meter (10, 11) is arranged between the charging chamber (1) and
the deposition chamber (16) or to the outlet opening (9) of the charging cham-
ber (1) or to the inlet opening of the deposition chamber (16).

14. An apparatus according to any one of claims 1 to 13, char-
acterized inthatthe one or more electric fields is provided between oppo-
site electrodes (13, 14) in the deposition chamber (16) and between which
electrodes (13, 14) the substrate (15) is positioned in the deposition chamber
(16).

15. An apparatus according to claim 14, characterized in that
the deposition chamber (16) is provided with two or more electric fields ar-
ranged adjacently and/or successively in the movement direction of the drop-
lets (3) inside the deposition chamber (16).

16. An apparatus according to claim 14 or 15, characterized
in that at least some of the electric fields has a different electric field strength
for adjusting distribution of the electrically charged droplets (3) in the deposi-
tion chamber (16).

17. An apparatus according to any one of claims 1 to 16, char-
acterized in that the apparatus further comprises a thermal reactor pro-
vided in the deposition chamber (16) for vaporizing the droplets (3) before the
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starting materials react on the surface of the substrate (15).

18. A method for coating a glass substrate (15) using one or more
liquid raw materials, the method comprising:

- atomizing the one or more liquid raw materials into droplets (3);

- electrically charging the droplets (3) during or after the atomization;
and

- guiding the electrically charged droplets (3) towards the glass sub-
strate (15) in a deposition chamber (16) by using one or more electric fields,
characterized inthat the method further comprises:

- electrically charging the droplets (3) in a separate charging cham-
ber (1) arranged upstream of the deposition chamber (16) before conducting
the droplets (3) to the deposition chamber (16).

19. A method according to claim 18, characterized by atom-
izing the one or more liquid raw materials inside the charging chamber (1) or
upstream of the charging chamber (1).

20. A method according to claim 18 or 19, characterized by
atomizing the one or more liquid raw materials with at least one two-fluid atom-
izer (2) and electrically charging at least a fraction of the gas used in the two-
fluid atomizer (2) for electrically charging the droplets (3).

21. A method according to claim 18 or 19, characterized by
electrically charging the droplets (3) inside the charging chamber (3).

22. A method according to claim 21, characterized by elec-
trically charging the droplets (3) using one or more corona electrodes (4).

23. A method according to claim 21, characterized by elec-
trically charging the droplets (3) inside the charging chamber (1) using different
corona voltage in at least some of the corona electrodes (4) for providing the
droplets (3) with different electrical charge in different parts of the charging
chamber (1).

24. A method according to claim 21, characterized by sup-
plying electrically charged gas into the charging chamber (16) for electrically
charging the droplets (3).

25. A method according to the any one of claims 18 to 24, char-
acterized by metering the charge leaving the charging chamber (1) with
the droplets (3) by using a charge meter (10, 11).

26. A method according to claim 25, characterized by meter-
ing the charge leaving the charging chamber (1) between the charging cham-
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ber (1) and the deposition chamber (16) or at the outlet opening (9) of the
charging chamber (1) or at the inlet opening of the deposition chamber (16).

27. A method according to any one of claims 18 to 26, charac-
terized by guiding the electrically charged droplets (3) on the substrate
(15), with one or more electric fields provided with opposite electrodes (13, 14)
in the deposition chamber (16), between which electrodes (13, 14) the sub-
strate (15) is positioned in the deposition chamber (16).

28. A method according to claim 27, characterized by guid-
ing the electrically charged droplets (3) on the substrate (15) with two or more
electric fields arranged adjacently and/or successively in the movement direc-
tion of the electrically charged droplets (3) inside the deposition chamber (16).

29. A method according to claim 27 or 28, characterized by
guiding the electrically charged droplets (3) on the substrate (15) by using two
or more electric fields having a different electric field strength for adjusting dis-
tribution of the electrically charged droplets (3) in the deposition chamber (16).

30. A method according to any one of claims 18 to 29, charac-
terized by vaporizing the droplets (3) in the deposition chamber (16) before
the starting materials react on the surface of the substrate (15).
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