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@ The invention relates to coating substrates provided with vias. In this context, the problem occurs whereby the
coating agent encloses air in the vias. This is disadvantageous for the planarity of the surface. To solve this
problem, the invention provides a method for coating a substrate provided with vias in which the following steps
are carried out: the substrate is conditioned; and the substrate is coated with an insulating material.
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Title: Method for coating a substrate

The invention relates to a method for coating a substrate provided
with vias The substrate to be coated is in particular a microstructured wafer, for
example of a semiconductor material.

The vias are depressions in the substrate for connecting electrically
conductive structures on one side of the substrate to electrically conductive
structures arranged on the other side of the substrate. In this way, three-dimensional
components can be produced, for example MCPs (multi-chip packages) or MEMSs
(microelectromechanical systems).

The vias may be formed as openings which make it possible to
connect one side of the substrate to the other, or as blind holes which form a
connection from one side of the substrate to a component which is arranged on the
other side and which closes the via. The electrical contacting is provided by an
electrically conductive layer (for example of copper) located on the wall of the via.

To shield and/or electrically insulate this electrically conductive
layer, an electrically insulating material may be applied to the substrate. Said
material covers the electrical conductors on the substrate and also fills up the vias.

For subsequent treatment steps, it is desirable for the electrically
insulating material to have as flat and planar a surface as possible. A surface of this
type is not simple to achieve, in particular in the region of the vias, since the vias
have a very large depth by comparison with the diameter, meaning that they can only
be filled poorly with the electrically insulating material.

Various approaches for coating a substrate provided with vias
uniformly with an electrically insulating material are known in the art. WO
2010/023156 A1 discloses a method in which the substrate is vibrated, assisting the
electrically insulating material in flowing into the vias and completely filling them up.

US 5,993,546 discloses a method in which a coating applied to a
substrate is subjected to a high pressure in order for the coating to flow into the vias.

However, it has been found that all of these approaches either fail to
produce the desired result or are technically complex.

The object of the invention is to provide a method for coating a

substrate with an electrically insulating material in which vias provided in the
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substrate are filled up with the electrically insulating material in such a way that the
insulating material has as flat a surface as possible.

To achieve this object, the invention provides a method for coating a
substrate provided with vias in which the substrate is conditioned in a first step and
coated with an electrically insulating material in a second step. The invention is
based on the underlying idea of improving the flowability of the applied coating by
conditioning the surface of the substrate, in particular in the region of the vias. This
ensures that the electrically insulating coating flows better into the vias and
completely fills them up, meaning that the coating substrate subsequently has an (at
least almost) flat surface.

The conditioning step preferably takes place at atmospheric
pressure. This has the advantage that no complicated apparatuses are required.

In one embodiment of the invention, the substrate is plasma-treated
to condition it. This modifies the surface of the substrate in such a way that the
flowability of the electrically conductive coating is distinctly improved.

In an alternative embodiment, the substrate is oxidised to condition
it. This also makes it possible, in a very simple manner, to modify the surface of the
substrate in such a way that the flowability of the electrically insulating coating is
improved.

In a further embodiment of the invention, a solvent is applied to the
substrate to condition it. This embodiment is based on the finding that wetting the
surface of the substrate with the solvent greatly improves the flowability of the
electrically insulating coating, in such a way that the coating completely fills vias
having a depth which is even more than twice the diameter.

The solvent is preferably applied by spin-coating. In this way, the
entire surface of the substrate can be uniformly wetted with the solvent in a simple
manner.

In a preferred embodiment of the invention, the substrate provided
with the solvent is introduced into a vacuum chamber, the pressure in the vacuum
chamber is reduced, and after a holding time the vacuum chamber is ventilated
again. This method step is based on the finding that temporarily applying a vacuum
improves the penetration of the solvent into the vias. This appears to be because the
air bubble which is initially enclosed under the solvent layer in the vias expands

during the evacuation, in other words the air bubble migrates upwards, and the
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solvent is drawn into the via. When the pressure is subsequently increased back to
atmospheric pressure, the process of exchanging solvent for air is already complete.

It has been found that no fine vacuum or high vacuum is required for
transporting the solvent into the vias. Instead, it is sufficient for the pressure in the
vacuum chamber to be reduced from atmospheric pressure by 0.1 to 0.9 bar. A
vacuum of this type can be produced in a relatively inexpensive vacuum chamber.

The holding time may be approximately 10 to 60 s, making it
possible to implement short process times.

In one embodiment of the invention, the substrate is heated in the
vacuum chamber. The substrate is preferably heated to a temperature of > 30 °C.
This improves the exchange of air for solvent in the vias, since the air enclosed
under the solvent layer in the via expands even more because of the heating than it
already does because of the vacuum.

In the preferred embodiment of the invention, after the solvent has
been applied the substrate is transported into another chamber, in which it is coated
with the insulating material. This prevents the vacuum chamber from being
contaminated with the electrically insulating material.

Preferably, the electrically insulating material is applied by spin-
coating. This method is generally established in the field of wafer processing, leading
to high process reliability and low costs.

The electrically insulating material may be a resist, an epoxy resin
or another dielectric. These materials can be processed well, and a coating having a
flat surface can be produced well using said materials.

The insulating material may be cured after application. For this
purpose, the substrate may be exposed to UV light or a heat source together with the
coating.

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 sectional view of part of a coated substrate provided
with a via;

- Fig. 2 schematically shows the method according to the

invention;
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- Fig. 3 shows the conditioning step of the method of Fig. 2 in
greater detail; and

- Fig. 4 is a graph showing the pressure progression over time
during the conditioning of Fig. 3.

Fig. 1 schematically shows a substrate 10 (“wafer”), which may for
example consist of a semiconductor material. The substrate 10 may be provided with
various electrical or electronic components, of which merely an electrical contact 12
is schematically illustrated in this case.

On the side opposite the contact, the substrate 10 is provided with
an electrical conductor 14, which may be formed as a strip conductor or an
electrically conductive coating. To connect the contact 12 to the conductor 14, the
substrate 10 is provided with a via 16, in other words an opening which extends
substantially perpendicularly to the plane of the substrate from at least one surface.
In this case, the via 16 is formed as an opening extending from the side of the
conductor 14 through the substrate 10 to the contact 12.

Since the via 16 is closed at the underside by the contact 12 in the
embodiment shown, it is a blind hole. It is also possible for the via 16 to connect the
conductor 14 to a second conductor arranged on the underside of the substrate. In
this case, the via would be a through-hole.

The detail of the substrate 10 shown in Fig. 1 merely contains a
single via 16. In reality, the substrate is provided with a very large number of vias.
When “the” via 16 is being discussed in the following, this also applies to the further
vias with which the substrate is provided, which are treated in the same way as the
via shown in the drawing.

In this case, the electrical connection between the contact 12 and
the conductor 14 is provided by an electrically conductive coating 18 located on the
wall of the via 16. The coating 18 may be applied retroactively, to connect the
previously applied conductor 14 to the contact 12, or be applied in the same working
step as the conductor 14.

The side of the substrate 10 provided with the conductor 14 is
coated with an electrically insulating material 20. The material 20 is for electrical
insulation and optionally also for shielding. Suitable materials are for example a

photoresist (resist), an epoxy resin or another dielectric.
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As can be seen in Fig. 1, the electrically insulating material 20 has a
planar surface. This is in particular because the electrically insulating material 20
completely fills up the via 16, even though the depth of the via 16 is one to two times
the diameter of the via 16 (and in some cases even larger depth ratios may be used).

Fig. 2 schematically shows the method by which the electrically
insulating material 20 can be applied in such a way that it completely fills the via 16.

In a first method step |, the substrate 10 is conditioned. This is
shown schematically here by the arrows P. The conditioning may be carried out by
plasma-treating or oxidising the substrate 10. The conditioning may also be carried
out by applying a solvent. Combinations of these two variants are also possible.

After the conditioning, the substrate 10 is transported onwards into
another treatment station, in which it is coated with the electrically insulating material
(method step II).

The coating may be applied by spin-coating, in such a way that the
substrate 10 is arranged on a support 30 which can be set in rotation by a motor 32
(see arrow R). The desired electrically insulating material is being applied to the
substrate 10 to the rotating substrate 10 using a nozzle 34.

Subsequently, the substrate 10 is transported onwards into yet
another treatment station in which the electrically insulating material is cured
(method step Ill). The electrically insulating material 20 may in particular be cured by
exposing it to UV light or heat (see the schematically shown heat source 36).

Fig. 3 shows method step | in detail. In the conditioning embodiment
shown here, the substrate 10 is coated with a solvent 40 by spin-coating. This takes
place at atmospheric pressure.

For coating, the substrate 10 may be arranged on a support 42
which can be set in rotation by a motor 44 (again, see arrow R).

The solvent may for example be acetone, PGMEA (1-methoxy-2-
propylacetate), ethyllactate or NMP (N-methyl-pyrrolidone).

After the solvent 40 is applied, the substrate 10 is transported
onwards into a vacuum chamber 50 where it is deposited on a support 52 which may
be provided with a heater 54 (shown schematically). The substrate 10 (and thus the
solvent 40 applied thereto) can be heated using the heater 54, for example to

temperatures of > 30 °C.
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When the substrate 10 is introduced into the vacuum chamber 50,
said chamber 50 is evacuated. A schematically shown vacuum pump 56 or a Venturi
nozzle may be used for this purpose. In one embodiment, the pressure may be
reduced from atmospheric pressure to a pressure of approximately 0.3 bar (see also
Fig. 4).

When the vias are being evacuated, part of the air located therein is
also sucked out. This also locally influences the layer of solvent 40 located on the
substrate 10.

When the desired vacuum has been achieved, the pressure in the
vacuum chamber 50 is kept constant or a predetermined holding time (t; to t;). The
holding time may for example be approximately 10 to 60 s. During this holding time,
the air bubble which is initially enclosed under a solvent layer in the via 16 migrates
upwards whilst solvent 40 migrates downwards into the via 16. As a result, the walls
of the via are completely wetted with solvent 40.

The rise of the air bubble which is initially enclosed in the via can be
assisted by heating the substrate 10. This causes the air bubble in the via to expand
even more than it already does because of the reduction in air pressure in the
vacuum chamber.

Once the holding time has elapsed, the vacuum chamber 50 is
ventilated again, causing the pressure therein to rise to atmospheric pressure. In the
process, air is drawn into the vias 16, also drawing solvent into the vias. This
ensures that the solvent 40 completely wets the walls of the vias 16.

Once the vacuum chamber 50 is back at the initial pressure, the
substrate 10 is removed and transported to a further treatment station in which
method step I, in other words the coating with the electrically insulating material 20,
can be carried out. Since the walls of the vias 16 are wetted with the solvent, the
electrically insulating material 20 flows into the vias 16 very well and fills them up
completely. As a result, there are no problems due to air inclusions or the like, and
so the electrically insulting material 20 has an (at least almost) planar surface even

in the region of the vias 16.
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CONCLUSIES

1. Werkwijze voor het bekleden van een substraat (10), dat van vias
(16) is voorzien, waarbij de volgende stappen worden uitgevoerd:

- het substraat (10) wordt geconditioneerd;

- het substraat (10) wordt met een elektrisch isolerend materiaal
bekleed.
2. Werkwijze volgens conclusie 1, met het kenmerk, dat de stap van
het conditioneren onder atmosferische druk plaats vindt.
3. Werkwijze volgens conclusie 1 of conclusie 2, met het kenmerk, dat
het substraat (10) plasmabehandeld wordt om dit te conditioneren.
4. Werkwijze volgens conclusie 1 of conclusie 2, met het kenmerk, dat
het substraat (10) wordt geoxideerd om dit te conditioneren.
5. Werkwijze volgens conclusie 1 of conclusie 2, met het kenmerk, dat
op het substraat (10) een oplosmiddel (40) wordt aangebracht om dit te
conditioneren.
6. Werkwijze volgens conclusie 5 in combinatie met conclusie 3, met
het kenmerk, dat het substraat (10) door een combinatie van plasmabehandeling en
het aanbrengen van een oplosmiddel wordt geconditioneerd.
7. Werkwijze volgens conclusie 5 in combinatie met conclusie 2, met
het kenmerk, dat het substraat (10) door een combinatie van oxideren en het
aanbrengen van een oplosmiddel wordt geconditioneerd.
8. Werkwijze volgens een van de conclusies 5 tot en met 7, met het
kenmerk, dat het oplosmiddel (40) met een spincoating-werkwijze wordt
aangebracht.
9. Werkwijze volgens een van de conclusies 5 tot en met 8, met het
kenmerk, dat het van oplosmiddel (40) voorziene substraat (10) in een
vaculmkamer (50) wordt gebracht, waarbij de druk in de vacuimkamer (50) wordt
vermindert en de vacuimkamer (50) na een wachttijd weer wordt belucht.
10. Werkwijze volgens conclusie 9, met het kenmerk, dat de druk in de
vacuimkamer (50) met 0,1 tot 0,9 bar ten opzichte van atmosferische druk wordt
verminderd.
11. Werkwijze volgens conclusie 9 of conclusie 10, met het kenmerk,

dat de wachttijd in de grootteorde van 10 sec tot 60 sec bedraagt.
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12. Werkwijze volgens een van de conclusies 9 tot en met 11, met het
kenmerk, dat het substraat (10) in de vaculimkamer (50) wordt verwarmd.

13. Werkwijze volgens conclusie 12, met het kenmerk, dat het substraat
(10) op een temperatuur >30C wordt verwarmd.

14. Werkwijze volgens een van de conclusies 5 tot en met 13, met het
kenmerk, dat het substraat (10), nadat het oplosmiddel (40) is aangebracht, naar een
andere kamer wordt getransporteerd, waarin dit met het elektrisch isolerend
materiaal (20) wordt bekleed.

15. Werkwijze volgens een van de voorgaande conclusies, met het
kenmerk, dat het elektrisch isolerend materiaal (20) met een spincoating-werkwijze
wordt aangebracht.

16. Werkwijze volgens een van de voorgaande conclusies, met het
kenmerk, dat als elektrisch isolerend materiaal (20) een diélektricum, een
fotogevoelige laag of een epoxyhars wordt aangebracht.

17. Werkwijze volgens een van de voorgaande conclusies, met het
kenmerk, dat het elektrisch isolerend materiaal (20) na het aanbrengen wordt

uitgehard.
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ABSTRACT

The invention relates to coating substrates provided with vias. In this
context, the problem occurs whereby the coating agent encloses air in the vias. This
is disadvantageous for the planarity of the surface. To solve this problem, the
invention provides a method for coating a substrate provided with vias in which the
following steps are carried out: the substrate is conditioned; and the substrate is

coated with an insulating material.
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