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Method and device for applying a coating to a substrate.

@ The invention relates to a device for applying a coating to a substrate, comprising a metering device, by means of
which a coating fluid can be applied to the substrate as a jet, and a solvent dispenser, which is arranged
eccentrically and to the side of the front end of the metering device, in such a way that a predetermined amount of
solvent can be administered to the front end of the metering device. The invention also relates to a method for
applying a coating to a substrate by means of a device according to any of the preceding claims, wherein, before
the coating fluid is applied, a predetermined amount of solvent is brought to the front end of the metering device, in
such a way that the solvent comes into contact with the coating fluid located there, and, after a waiting period, the
coating fluid is subsequently applied to the substrate by means of the metering device.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende
stukken.
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Title: Method and device for applying a coating to a substrate

The invention relates to a device by means of which a coating fluid
can be applied to a substrate as a jet and to a method for applying a coating to a
substrate.

The substrate may in particular be a wafer from which for example
chips or MEMSs (microelectromechanical systems) are subsequently produced. For
this purpose, photolithography processes may for example be used. In this case, the
coating is a photoresist (resist) to be applied uniformly to the substrate. One
example of a process for applying the photoresist is spin-coating, in which the
substrate is rotated whilst the photoresist is being applied. Under the effect of
centrifugal force, the photoresist is distributed uniformly on the surface of the
substrate.

However, the device according to the invention and the method
according to the invention are not limited to coating a wafer with photoresist, but in
principle relate to any coating where the coating fluid is applied to a substrate as a
jet, in such a way that it forms a homogeneous coating thereon with as uniform a
layer thickness and as planar a surface as possible.

It has been found that the start of the coating process is problematic
in that air bubbles (or else gas bubbles for coating in a gas atmosphere) may occur
when the coating fluid jet impacts on the substrate, the bubbles being subsequently
located within the coating. Depending on the viscosity of the coating fluid and the
further processing steps (for example an idle period), it is not always ensured that
these air bubbles rise to the surface of the applied coating and are eliminated. If air
bubbles remain in the coating, they form an inhomogeneity in the coating. Further,
there is the risk that they may lead to local elevations in the surface of the coating,
since they take up some volume.

The object of the invention is to provide a device and a method for
applying a coating to a substrate which prevent the occurrence of air or gas bubbles
when the coating fluid jet impacts on the substrate.

To achieve this object, the invention provides a device comprising a
metering device, by means of which a coating fluid can be applied to the substrate

as a jet, and a solvent dispenser, which is arranged eccentrically and to the side of
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the front end of the metering device in such a way that a predetermined amount of
solvent can be administered to the front end of the metering device. In the method
according to the invention, before the coating fluid is being applied, a predetermined
amount of solvent is brought to the front end of the metering device in such a way
that the solvent comes into contact with the coating fluid located there. After a
waiting period, the coating fluid is subsequently being applied to the substrate by
means of the metering device.

The invention is based on the underlying idea of slightly diluting the
front portion of the jet of coating fluid which impacts on the substrate, by means of
the solvent. On the one hand, this reduces the tendency of the coating fluid to form
air bubbles when it impacts on the substrate. The solvent appears to act as a
lubricant in this context. On the other hand, the solvent leads to a slight dilution of
the coating fluid such that any air bubbles which do occur can more easily rise to the
surface of the coating and be eliminated. Since the solvent dispenser is arranged
eccentrically and to the side of the front end of the metering device, it does not
disrupt the normal coating process. Further, it only takes up very little space, and so
enough space is left around the metering device for any other required components.

In one embodiment of the invention, the solvent dispenser is a spray
nozzle which is directed towards and can spray solvent onto the front end of the
metering device. This has the advantage that the solvent dispenser can be arranged
at a distance from the front end of the metering device.

Preferably, the spray nozzle sprays the solvent in a direction
substantially parallel to the plane defined by the front end of the metering device. As
a result, the solvent is applied to the coating fluid located in the metering device in a
tangential direction so the solvent remains on the coating fluid as a drop and does
not penetrate into the coating fluid in the form of small droplets as a result of the
spray pressure.

In an alternative embodiment, the solvent dispenser is formed as an
administering arm which can supply a drop of solvent to the metering device. In this
embodiment, a drop of solvent is produced at the front end of the solvent dispenser,
comes into contact with the front end of the metering device, and subsequently
moves, under the action of capillary forces, towards the coating fluid located in the

metering device.
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In one embodiment of the invention, the metering device and the
solvent dispenser are adjustable relative to one another. This makes it possible to
bring the drop produced at the solvent dispenser into contact with the metering
device by bringing the solvent dispenser and the metering device close to one
another and subsequently moving the two components apart again so that the
solvent dispenser does not disrupt the coating process.

In a preferred embodiment, the coating fluid forms a concave
meniscus at the front end of the metering device, and the solvent enters the
meniscus. If it does not occur automatically as a result of the surface tension of the
coating fluid, a meniscus of this type can be produced by pulling the coating fluid
back slightly into the metering device after the end of the previous coating process.
The meniscus makes it easier for the solvent to apply itself uniformly on the front end
of the coating fluid contained in the metering device and thus on the front portion,
which impacts on the substrate during coating, of the coating fluid jet.

The waiting period may be set as a function of the properties of the
coating fluid and the solvent so as to prevent the occurrence of air bubbles in an
optimum manner. In tests, waiting periods in the range of 10 to 120 s, preferably
waiting periods of approximately 20 to 60 s, have been found to be suitable.

The coating fluid may be a photoresist. In this case, all materials
normally used to dilute and/or treat photoresists of this type, for example acetone,
are suitable as a solvent.

In the following, the invention is disclosed in greater detail with
reference to various embodiments, which are shown in the accompanying drawings,
in which:

- Fig. 1 is a schematic view of a device for applying a coating to a
substrate in the initial state;

- Fig. 2 shows the device of Fig. 1 when solvent is being applied to
the front end of the metering device;

- Fig. 3 is a schematic view of a second embodiment of a device for
applying a coating to a substrate;

- Fig. 4 is a schematic sectional view of a coating fluid jet at the
moment of impact on a substrate, the coating fluid having been treated using the

device according to the invention and the method according to the invention;
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- Fig. 5 is a schematic sectional view of the coating obtained using
the coating fluid jet of Fig. 4 on the substrate;

- Fig. 6 shows in several schematic sectional views, in chronological
succession, a coating fluid jet at the moment of impact on a substrate in a prior art
coating process; and

Fig. 7 is a view corresponding to that of Fig. 5 of the coating

obtained using the coating process of Fig. 6.

Fig. 1 schematically shows a device by means of which a coating
fluid 2 can be applied to a substrate 3. The coating fluid 2 may for example be a
photoresist (resist).

The coating fluid 2 is provided via a metering system 4, and can be
applied to the substrate 3 in the form of a jet by a metering device 5. During
application, the metering device and the substrate can be adjusted suitably relative
to one another.

Using the device shown, in particular a coating method generally
known as spin-coating can be carried out.

Fig. 1 shows the device between two coating processes. After the
end of the previous coating process, the coating fluid 2 was sucked back slightly,
and so the end face of the coating fluid located in the metering device 5 forms a
concave meniscus 7.

The coating device is provided with a solvent dispenser 10, by
means of which a predetermined amount of a solvent provided by a supply system
12 can be administered to the front end of the metering device 5. The solvent
dispenser 10 is arranged eccentrically and to the side of the front end of the
metering device 5, in other words outside the path of the coating fluid 2 from the
metering device 5 to the substrate 3.

In the first embodiment shown in Fig. 1 and 2, the solvent dispenser
10 is a spray nozzle by means of which the solvent can be sprayed from the side of
the metering device 10 onto said metering device and/or onto the meniscus 7. Either
the solvent may be sprayed onto the metering device in such a way that it enters the
meniscus 7 under the action of capillary forces, or the solvent may be sprayed
directly into the meniscus 7 tangentially.

What is of decisive importance is that a suitable amount of solvent

14 is applied by means of the solvent dispenser 10, and is located in the region of
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the meniscus 7 (see Fig. 2), in other words on the end face of the column of coating
fluid located in the metering device 5.

Fig. 3 shows a second embodiment. The same reference numerals
are used for the components known from the first embodiment, and in this regard
reference is made to the above explanations.

The difference from the first embodiment is that in the second
embodiment the solvent dispenser 10 is configured as an administering arm, at the
front end of which a drop of the solvent 14 can be produced. This drop is
subsequently brought into contact with the front end of the metering device 5 or with
the meniscus 7 at the front end of the column of coating fluid 2 located in the
metering device 5. For this purpose, the metering device 5 and the solvent dispenser
10 are adjusted suitably relative to one another, for example using a combination of
radial and vertical movement.

When the substrate 3 is to be coated with the coating fluid 2, initially
the solvent 14 is applied to the end face of the column of coating fluid 2 located in
the metering device 5. This can be done either by spraying (see Fig. 2) or by
mechanically transferring a drop of solvent onto the metering device 5 (see Fig. 3).

The solvent is applied a predetermined length of time before the
start of the coating process so that a desired waiting period can pass before the
coating fluid 2 is applied to the substrate 3 in the form of a jet.

The moment when the front end of the jet of coating fluid 2 impacts
on the substrate 3 is shown schematically in Fig. 4. Fig. 4 also shows the solvent 14
which surrounds the front end of the jet of coating fluid 2. It has been found that, by
using the solvent, air bubbles can be prevented from forming when the front end of
the jet of coating fluid 2 impacts on the substrate 3. This is possible due to the
viscosity which is altered by the solvent. The solvent may possibly also act in the
manner of a lubricant.

Fig. 5 schematically shows the coating fluid 2, which has been
applied to the substrate 3 as a coating. It can be seen that there are no air bubbles
enclosed in the coating and that the coating has a constant layer thickness as well
as a planar surface.

Fig. 6 schematically shows the impact of the front end of a jet of
coating fluid 2 on a substrate 3, there not being any solvent at the front end of the
jet.
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When the front end of the coating fluid jet impacts on the substrate
3, an air film is formed (see Fig. 6a) which is laterally surrounded by the coating fluid
2. This air contracts such that, via an intermediate toroidal state (see Fig. 6b), it
forms an air bubble (see Fig. 6¢) which then remains in the formed coating as an air
bubble 20 (see Fig. 7). Air bubbles of this type not only form an inhomogeneity in the

coating, but also lead to a local bulge in the surface of the coating (see region 22).
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CONCLUSIES

1. Inrichting voor het aanbrengen van een bekleding op een substraat (3), met
een doseerinrichting (5), waarmee een bekledingsfluidum (2) als straal op het substraat
(3) kan worden aangebracht en met een oplosmiddeldisperser (10), welke excentrisch en
zZijdelings aan het voorste einde van de doseerinrichting (5) is geplaatst, zodanig dat aan
het voorste einde van de doseerinrichting (5) een vooraf bepaalde hoeveelheid
oplosmiddel (14) kan worden afgegeven.
2. Inrichting volgens conclusie 1, met het kenmerk, dat de
oplosmiddeldispenser een sproeiventiel (10) is, dat naar het voorste einde van de
doseerinrichting (5) is gericht.
3. Inrichting volgens conclusie 1, met het kenmerk, dat de
oplosmiddeldispenser in de vorm van een applicatiearm (10) is uitgevoerd, welke een
druppel oplosmiddel aan de doseerinrichting kan aanbieden.
4, Inrichting volgens conclusie 3, met het kenmerk, dat de doseerinrichting (5)
en de oplosmiddeldispenser (10) relatief ten opzichte van elkaar instelbaar zijn.
5. Inrichting volgens een van de voorgaande conclusies, met het kenmerk, dat
het bekledingsfluidum (2) een fotolak is.
6. Werkwijze voor het aanbrengen van een bekleding op een substraat (3)
door middel van een inrichting volgens een van de voorgaande conclusies, waarbij

- vOor het aanbrengen van het bekledingsfluidum (2) een vooraf bepaalde
hoeveelheid oplosmiddel (4) op het voorste einde van de doseerinrichting (5) wordt
gebracht zodanig, dat het oplosmiddel (14) met het zich daar bevindende
bekledingsfluidum (2) in contact komt;

- na een wachttijd het bekledingsfluidum (2) door middel van de
doseerinrichting (5) op het substraat (3) wordt aangebracht.
7. Werkwijze volgens conclusie 6, met het kenmerk, dat het
bekledingsfluidum (2) aan het voorste einde van de doseerinrichting (5) een concave
meniscus (7) vormt en dat het oplosmiddel (14) in de meniscus (7) terechtkomt.
8. Werkwijze volgens conclusie 6 of conclusie 7, met het kenmerk, dat het

oplosmiddel (14) op het voorste einde van de doseerinrichting (5) wordt gesproeid.
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9. Werkwijze volgens conclusie 8, met het kenmerk, dat het oplosmiddel (14)
in een richting wordt gesproeid welke in wezen evenwijdig is aan het vlak dat door het
voorste einde van de doseerinrichting (5) wordt gedefinieerd.

10. Werkwijze volgens conclusie 6 of conclusie 7, met het kenmerk, dat de
doseerinrichting (5) en de oplosmiddeldispenser (10) relatief ten opzichte van elkaar
zodanig worden ingesteld, dat het oplosmiddel (14) aan het voorste einde van de
doseerinrichting (5) terechtkomt.

1. Werkwijze volgens een van de conclusies 6 tot en met 10, met het
kenmerk, dat de wachttijd in de grootte orde van 10 tot 120 sec bedraagt, bij voorkeur in

de grootte orde van 20 tot 60 sec.
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ABSTRACT

The invention relates to a device for applying a coating to a
substrate, comprising a metering device, by means of which a coating fluid can be
applied to the substrate as a jet, and a solvent dispenser, which is arranged
eccentrically and to the side of the front end of the metering device, in such a way
that a predetermined amount of solvent can be administered to the front end of the
metering device. The invention also relates to a method for applying a coating to a
substrate by means of a device according to any of the preceding claims, wherein,
before the coating fluid is applied, a predetermined amount of solvent is brought to
the front end of the metering device, in such a way that the solvent comes into
contact with the coating fluid located there, and, after a waiting period, the coating

fluid is subsequently applied to the substrate by means of the metering device.
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