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(57) Abstract: Plasma treatment apparatus and method for treatment of a surface of a substrate. A dielectric barrier discharge
electrode structure is provided having a treatment space (5) and comprising a first el ectrode (2) and a second electrode (3), and a
power supply (11) 5 connected to the first electrode (2) and the second electrode (3) for generating an atmospheric pressure plasma
v in the treatment space (5). The plasma treatment apparatus further comprises a m agnetic layer (6) provided on a surface of at least
& the first electrode (2). The first electrode (2) is arranged to receive, in operation, the substrate (1) to be treated and a mask device
& (7) in contact with the substrate (1), the 10 mask device (7) interact ing with the magnetic layer (6).
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Substrate plasma treatment using magnetic mask device

Field of the invention

The present invention relates to a method for treatment of a substrate surface
using atmospheric pressure plasma, the method comprising providing a dielectric
barrier discharge electrode structure for generating an atmospheric pressure plasma in a
treatment space between a first electrode and a second electrode. In a further aspect, the
present invention relates to a plasma treatment apparatus for treatment of a surface of a
substrate, comprising a dielectric barrier discharge electrode structure having a
treatment space and comprising a first electrode and a second electrode, and a power
supply connected to the first electrode and the second electrode for generating an
atmospheric pressure plasma in the treatment space. In a further aspect, the present
invention relates to the use of the apparatus and the method of the present invention in

various applications.

Prior art

Photo-lithographic patterning is a common technique in semi conductor industry.
Plasma etching can be applied to form patterns or structures on an object (for instance a
wafer). The patterning technique consists of several time consuming steps: first (spin)
coating of a photo resist, second irradiating the photo resist locally by using a mask
device, third removing the exposed or non exposed photo resist (depending on the type
of resist being positive or negative) and fourth the selective plasma etching treatment.
An example of such a technique is given in European patent application EP 0 889 506
A2. This document discloses the use of a low pressure RF plasma discharge to pattern
(etch) an object placed on one of the electrodes using a photolithographic patterning
step.

Atmospheric pressure discharges have also been used to create patterns on a
substrate, see e.g. international patent application WO 01/69644. In this patent micro-
discharges are generated in small cavities by using a structured interlayer (i.e. the mask
device) between the electrodes. Main disadvantages of this geometry are that the gas
supply (refreshment) is very difficult or even impossible and the breakdown voltages
become extremely high (even in helium). In order to force plasma ignition much higher

voltages are to be applied..
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Another solution to pattern a substrate is to make use of a solid re-usable mask
device, see e.g. the US patent publication US 2006/0166111. In this patent publication
a mask device is created by etching holes entirely through a silicon wafer. The silicon
wafer is then glued on top of a glass plate to give increased strength. Then the mask
device is placed on an object which is irradiated by a laser to etch parts of the irradiated

substrate.

Summary of the invention

The present invention seeks to provide a plasma treatment method and apparatus
and the use of the method and apparatus for treatment of the surface of a substrate
using a plasma, which allows to provide a pattern on the substrate surface.

According to the present invention, a method according to the preamble defined
above is provided, in which the method further comprises providing a magnetic layer
on a surface of at least the first electrode in the treatment space, providing a substrate in
contact with the magnetic layer, providing a mask device in contact with the substrate,
the mask device interacting with the magnetic layer, and applying a plasma generating
power to the first and second electrode for treatment of surface areas of the substrate
exposed by the mask device (i.e. exposure of areas not covered by the mask device to
the plasma in operation). The interaction between mask device and magnetic layer
provides a close or intimate contact between the mask device and the substrate, i.e.
there is basically no distance between the mask device and the substrate and if there
would be a distance at all, the maximum distance between the mask device and the
substrate is less than a predetermined distance, e.g. less than 1 micrometer, in order to
prevent any air gaps. Without the application of a magnetic layer there might be a
distance between the mask device and the substrate, as a result of which no accurate
pattern will be taken over from the mask device on the substrate because of edge
effects. The contact is furthermore plan-parallel, i.e. the maximum distance is achieved
at any place over the entire substrate surface. In another embodiment the same
provisions(mask device, substrate, magnetic layer foil) as applied on the first electrode
are also applied to the second electrode. None of the prior art publications described
above disclose the use of a mask device positioned on one of the electrodes of an
atmospheric DBD system to pattern the substrate covered by the mask device. The
present method allows to generate a bulk plasma in the treatment space at normal (low)

breakdown voltages without any (structural) obstructions in the treatment space. The
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supply of reactive gasses (plasma) to the holes and gaps in the masking device near to
the surface of the substrate is obtained by diffusion from the bulk plasma. The present
method may also be applied to use the second electrode for treatment of a substrate, in
which the second electrode is also provided with a magnetic layer, substrate and mask
device.

The electrodes may be planar electrodes, which results in a rectangular treatment
space, which allows easy and efficient treatment of flat surfaces of a substrate. The
magnetic layer, substrate and mask device form a dielectric barrier on the first
electrode, as a result of which the plasma discharge generated may be a very uniform
plasma. In a further embodiment the plasma generated may be an atmospheric glow
discharge plasma. Possibly, also the second electrode may be provided with a dielectric
barrier, allowing to easier generate a uniform atmospheric pressure discharge plasma or
glow discharge plasma in the treatment space.

The mask device may be made of a conductive or non-conductive material, e.g. a
metallic or dielectric material, provided the material is able to interact with the
magnetic layer. In a further embodiment, the material of the mask device is made from
a material which has a magnetic permeability of at least 1 Tm/A, e.g. equal to or larger
than 5 Tm/A. Very good results are obtained with the mask device having a magnetic
permeability of 100, or 500 or 1000 Tm/A or any value in between. Material having
such magnetic permeability can be selected from ferromagnetic material, or martensitic
or austenitic material having ferromagnetic properties. This allows a positive attraction
force between the mask device and the magnetic layer.

The thickness of the mask device may in an embodiment be less than 1 mm, e.g.
less than 0.4 mm. The thickness may even be as low as 0.1 mm or even 0.05 mm. As a
result the dielectric barrier is as small as possible and does not prevent a proper
operation of the glow discharge plasma generation.

Also, the magnetic layer has a thickness which is in a further embodiment 1 mm
or less than 1 mm, e.g. less than 0.5 mm. Again this allows to provide a proper
dimension and characteristic of the dielectric barrier on the first electrode. In a further
embodiment the thickness of the magnetic layer can be more than Imm e.g. 1.5 or 2
mm or even thicker. The magnetic layer may comprise alternating magnetic poles at a
predefined pitch distance, in which the pitch distance is chosen such that the magnetic

field extends through the substrate into the mask device to allow a sufficiently strong
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attraction force. In another embodiment the magnetic layer may comprise randomly
oriented alternating magnetic poles with the condition, that the magnetic field extends
through the substrate into the mask device to allow a sufficiently strong attraction force
In a further embodiment, the magnetic layer has a magnetic force between 5 g/cm” and
100 g/em’, to effectively attract the mask device to the magnetic layer with the
substrate in between.

In a further embodiment, the mask device is on a floating potential, grounded, or
at first electrode potential. Depending on the type of material of the mask device and
the substrate, one of the choices may provide for an optimum result.

Applying a plasma generating power to the electrodes comprises, in a further
embodiment, controlling a displacement current to the first and second electrode. By
using feedback control and further stabilization control, a uniform and efficient glow
discharge plasma may be formed, in which filamentation of the dielectric barrier
discharge plasma may be effectively suppressed. Filamentation would result in
localized high density plasma, which may be disadvantageous in certain uses as it may
result in dust formation in chemical vapor deposition applications of the present
method embodiments. In other applications filamentation is less of a problem, and in
such applications stabilization means are of less importance.

In a further aspect, the present invention relates to a plasma treatment apparatus
as defined in the preamble above, the plasma treatment apparatus further comprising a
magnetic layer provided on a surface of at least the first electrode (e.g. on top of the
surface of the first electrode or as part of the first electrode), the first electrode being
arranged to receive, in operation, the substrate to be treated and a mask device in
contact with the substrate, the mask device interacting with the magnetic layer. The
present apparatus allows to generate a bulk plasma in the treatment space at normal
(low) breakdown voltages without any (structural) obstructions in the treatment space.
The supply of reactive gasses (plasma) to the holes and gaps in the masking device near
to the surface of the substrate is obtained by diffusion from the bulk plasma. The
second electrode may also be provided with the magnetic layer, substrate and mask
device in operation, allowing simultaneous treatment of two substrates.

The plasma treatment apparatus may further be arranged to comprise structural
features enabling the method embodiments of the present invention. Furthermore, the

present invention also relates to a mask device for use in a plasma treatment apparatus
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according to any of the present apparatus embodiments, in which the mask device is
made of a material which may have a magnetic permeability of at least 1 Tm/A, e.g.
equal to or larger than 5 Tm/A. Very good results are obtained with the mask device
having a magnetic permeability of 100, or 500 or 1000 Tm/A or any value in between.
Material having such magnetic permeability can be selected from ferromagnetic
material, or martensitic or austenitic material having ferromagnetic properties, resulting
in a positive attraction between the magnetic layer and the mask device, with the
substrate in between.

In further aspects, the present invention relates to the use of the present method or
apparatus for providing (or activating) a surface of a substrate with a predefined
pattern, e.g. a pattern having sharp transitions (such as a transition of less than 10 pum,
even less than 2 um, or even less than 0.2 um ). Also, the present invention relates to
the use of the present method or apparatus for providing a hydrophobic substrate with a
predefined hydrophilic pattern (or a hydrophilic substrate with a hydrophobic pattern),
for etching a surface of a substrate with a predefined pattern, and for depositing
material in a predefined pattern on a surface of a substrate. The pattern can similarly
have sharp transitions. The latter use (depositing material on a substrate) can be
advantageously applied in printing applications for application of inks on a substrates
with a predefined pattern. In an embodiment, a treated substrate is printed on using a
material selected from the group consisting of: water based ink, conductive ink, gel
based ink. In an embodiment, the use can be applied for providing sharp defined
transitions between hydrophic and hydrophilic areas of the substrate, in which the

transition length is less than 10 microns, e.g. less than 2 micron or even 0.2 micron.

Short description of drawings

The present invention will be discussed in more detail below, using a number of
exemplary embodiments, with reference to the attached drawings, in which

Fig. 1 shows a cross sectional view of a first embodiment of a plasma treatment
apparatus according to a first embodiment of the present invention;

Fig. 2 shows a cross sectional view of a second embodiment of a plasma
treatment apparatus according to the present invention;

Fig. 3 shows a cross sectional view of an example of a magnetic layer used in the

plasma treatment apparatus of Fig. 1 or Fig. 2;
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Fig. 4 shows a top view of a typical mask device with defined structures;
Fig. 5 shows a graph representing a typical result of a water contact angle
measurement on a plasma patterned substrate;
Fig. 6 shows a picture of a typical result after inkjet printing a plasma patterned

substrate.

Detailed description of exemplary embodiments

In embodiments of the present invention a standard dielectric barrier discharge
(DBD) geometry is used in which atmospheric pressure plasma is generated. A cross
sectional view of the configuration of a first embodiment of the present invention is
shown in Fig. 1. Two electrodes 2, 3 are provided, forming a treatment space 5 in
between. In the embodiment shown, the electrodes 2, 3 are planar electrodes, and the
treatment space 5 is a rectangular space. However, other forms of the electrodes 2, 3
and of the treatment space 5 are possible, e.g. as part of a cylindrical arrangement of the
plasma treatment apparatus.

A substrate 1 to be treated may be positioned in a fixed way or moving at a
certain speed in the treatment space 5 close to one of the electrodes 2, 3. According to
the present invention, a mask device 7 is used on top of the surface of substrate 1,
which in its turn is positioned on top of a magnetic layer 6, which interacts with the
mask device 7.

The mask device 7 may be made of conductive material, e.g. a metal mask device
7. To secure intimate contact between mask device 7 and the surface of substrate 1 the
mask device 7 having a predetermined magnetic permeability can be held in close
contact with the substrate 1 using the magnetic layer 6. For the best results, there is
basically no space between the mask device 7 and the substrate 1, and if there would be
a space at all, the distance between mask device 7 and substrate 1 should be e.g. less
than 1 micrometer. The material to be treated (substrate 1) is sandwiched between the
mask device 7 and magnetic layer 6. This solution has the advantage that the bulk
plasma generated in treatment space 5 is not obstructed. Main advantages are that the
bulk plasma ignites at normal low breakdown voltages and the gas supply to the holes
in the mask device 7 towards the surface of the substrate 1 is by diffusion from the bulk

plasma.
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The magnetic layer 6 is positioned on the bottom (or first) electrode 2, e.g. in the
form of a magnetic layer 6. As an alternative, the magnetic layer 6 is arranged as part of
the bottom electrode 2. The mask device 7 is made of a thin material, in which a pattern
is provided as holes or openings 10 in the material for patterning the surface of the
substrate 1. As a result, the substrate 1 is sandwiched between the mask device 7 and
the magnetic layer 6.

In one embodiment, the magnetic layer 6 e.g. comprises small line shaped
alternating north and south poles as shown in the cross sectional view of Fig. 3 which
have good interaction with the mask device 7. The magnetic layer 6 can either be
conductive or non-conductive. In an example, a magnetic layer 6 was used obtainable
from Bakker Magnetics, available under the name ‘Natural Magnetic foil’, which
comprises a semi-anisotropic magnetic layer. This flexible foil comprises alternating
magnetic poles at a predefined pitch distance (see e.g. the embodiment shown in Fig. 3)
Also other flexible magnetic layers from other suppliers may be used. In another
magnetic layer 6 which may be used, the magnetic layer e.g. comprises randomly
oriented alternating magnetic poles. The thickness of the foil used is as low as possible
in order not to interfere with the generation of the glow discharge plasma in the
treatment space 5. The thickness of the magnetic layer 6 is e.g. less than 1 mm, e.g.
0.75 or 0.5 mm In another embodiment also foils may be used with a thickness of more
than 1 mm, for example 1.5 or 2 mm or even more. The magnetic layers 6 suitable for
use in this invention have as a fundamental property, that the magnetic field extends
through the substrate 1 into the mask device 7 to allow a sufficiently strong attraction
force. In order to have this sufficient attractive force the magnetic force should be
evenly distributed over the surface of the magnetic layer 6 and exerts a magnetic force
of between 5 and 100 g/cm?, e.g. 19 or 41 g/em”. A higher magnetic force will allow to
use a thinner mask device 7 (less material to attract).

The mask device 7 is made of a material which may have a magnetic
permeability of at least 1 Tm/A, e.g. equal to or larger than 5 Tm/A. Very good results
are obtained with the mask device having a magnetic permeability of 100, or 500 or
1000 Tm/A or any value in between. Material having such magnetic permeability can
be selected from ferromagnetic material, or martensitic or austenitic material having
ferromagnetic properties. It is furthermore known, that the attraction between a

magnetic material and a material attractive for magnetic force is dependant on the
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thickness of an intermediate layer (i.c. the substrate 1) and the mask device 7. In further
embodiments, the thickness of the mask device 7 is chosen as small as possible in order
to have a good interaction with the magnetic layer 6 and as little as possible
interference with the generation of the plasma in the treatment space 5. For this, the
thickness of the mask device 7 is less than 1 mm, e.g. less than 0.4 mm, e.g. 0.1 or 0.05
mm.

In Fig. 2 a cross sectional view is shown of a plasma treatment apparatus
according to a further embodiment of the present invention. The DBD structure of the
apparatus according to Fig. 1 is enhanced by using a further dielectric barrier 4 on the
surface of the top (second) electrode 3 directed at the treatment space 5. This will
enhance the generation of a stable plasma in the treatment space 5 and may help in
providing a stable and uniform glow discharge plasma in case this is needed..

In an embodiment where a glow discharge plasma may be used advantageously
the formation of a glow discharge plasma may be stimulated by controlling the
displacement current using a plasma control unit 11 connected to the electrodes 2, 3
(see Fig. 1 and 2), and by controlling the distance between electrodes 2, 3, the glow
discharge plasma formation can be promoted even into the small holes 10 in the mask
device 7, leading to a uniform activation of the (unmasked) surface of substrate 1. The
plasma control unit 11 e.g. comprises a power supply and associated control circuitry as
described in the pending international patent application PCT/NL2006/050209, and
European patent applications EP-A-1381257, EP-A-1626613 of applicant, which are
herein incorporated by reference. The mask device 7 can be either on a floating
potential, be grounded, or be on the same potential as the first (bottom) electrode 2.
Depending on the type of material used for the mask device 7 and the substrate 1, and
the type of application, these alternatives may provide an optimum result.

In a further embodiment of this invention also a treatment of a substrate surface is
provided on the second (or top) electrode 3. In this embodiment at the same time two
surfaces 1 can be treated in the vicinity of both electrodes 2, 3. The set-up and
embodiments applicable for the first electrode 2 can also be applied to the second
electrode 3 (i.e. sandwich structure of magnetic layer 6, substrate 1 and mask device 7).

As the plasma generating electrodes 2, 3 have a finite surface area a mechanism
may be provided capable of moving the substrate 1 through the treatment space 5, in

order to expose a complete substrate surface. In the embodiment with a moving
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substrate 1 in one exemplary embodiment the magnetic layer 6 is in size at least 90% of
the total circumference area of the mask device 7, e.g. 100% or more, and the complete
package of magnetic layer 6 and mask device7, with the substrate 1 in between is
moved trough the treatment space 5.

Example 1

The present method and apparatus may be used for a localized activation of a
hydrophobic substrate 1. A thin film of poly-ethylene (PE), is placed in the treatment
space 5 of the apparatus of Fig. 1. An argon/nitrogen (5:1) mixture (first example) or an
argon/oxygen mixture (5:0.1) (second example) is introduced in the treatment space 5,
and a short plasma treatment of 10 seconds was applied (frequency 130 kHz, duty cycle
2% (i.e. the ratio between plasma on time and plasma off time), pulse on-time of 100
usec). By controlling the displacement current and electrode distance, a glow discharge
plasma is generated which result in a uniform activation of the (unmasked) surface
parts. In the first case, mainly amine/amide-like groups are formed on the surface of the
substrate 1, and in the second case mainly peroxy-,hydroxy- and carboxy- groups are
formed. In both cases, the surface of the PE substrate 1 becomes hydrophilically
patterned, which for example allows easy printing.

Some examples of the possible surface modifications are shown in the table

below.

Gas mixtures Chemical bonds formed
Ar+N2 =NH, -NH2

N2 +NH3 -NH2

Ar+02 -OH, C=0

N2 +CO2 -COOH

Different masks were used to pattern the hydrophobic polymer surface of the PE
substrate 1.

Three different masks (length 90 mm * width 80 mm/0.10 mm thick/AISI 301
material) were produced having different pitch distance (the pitch distance being
defined as the distance from the centre point of each square to its direct neighbour
square centre point. One mask has a 24 by 24 array of open squares enabling plasma
activation with a 0.5 mm square diameter and with a 2.0 mm pitch distance (see top

view of embodiment of mask device 7 in Fig. 4), the second one having an array of 96
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by 24 squares with 0.1 mm square diameter and with 0.2 mm pitch distance and the
third mask having having an array of 192 by 192 squares and with a square diameter of
0.02 mm and with 0.04 mm pitch distance. (The last two are not shown here).

A typical scan across a small part of the plasma patterned substrate 1 is shown in
Fig. 5, showing the energy well formed by plasma patterning using the mask of 0.2
mm pitch distance and 0.1 mm square diameter. A Kriiss micro contact angle
measurement apparatus was used generating 10 pl droplet size. It is clear from Fig.5
that it is possible to realize patterns with predefined structures of
hydrophobic/hydrophilic areas (or vice versa) and sharp transitions between
hydrophilic and hydrophobic area (or vice versa) on substrates 1 by this invention
which may be very useful in applications such as micro titer plates manufacturing,
electrically conductive paths manufacturing and even transparent conductive patterns
manufacturing on substrates 1.

In order to quantitatively describe the sharp transition from hydrophilic to
hydrophobic or vice versa we have defined a parameter which characterises how

sudden the wettability transition 1) “happens”.

WCA(x,) = WCA(x,)|

Xy T X

n =| [*/umn]

Where x2 and x1 represent the position of the droplets deposited at the border of
the surface energy well. Difficulty is that the droplet cannot be deposited on the corner
because the droplet will then move in to the surface energy well.

From the graph of substrate 1 in Fig 5 an 1] = 8 °/um can be derived, which
indicates that sharp transitions between the hydrophilic to hydrophobic area (or vice
versa) can be achieved smaller than 10 micron . To obtain even more detailed
information about the typical sharpness of the wettability transition more detailed
analysis measurements were carried out with the micro contact angle equipment using
1 and 5 pl droplets taking intervals as small as 1 um. Based on these measurements an
N= 50 °/um is observed, which indicates the transition between the hydrophilic to
hydrophobic area (or vice versa) are very sharp and even smaller than 2 micron e.g.
even 0.2 micron.

Advantageously, the invention can be used in the application of inkjet printing.

Although the inkjet printing nozzle may have a less accurate output, the method
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according to the present invention allows to control the hydrophobic/hydrophilic
surface parts very accurately in a lateral scale. The liquid ink dispensed by the nozzle
will automatically move to the area of highest surface energy. This so-called self-
alignment (the movement of ink to move to the area of highest surface energy) is
clearly visible in the picture shown in Fig.6. In this particular example the mask with a
pitch distance of 0.2 mm and 0.Imm square diameter was used on a PE-substrate 1
during the plasma patterning while after this treatment the patterned substrate 1 was
printed with a 1 pl print head using a solid print pattern file and a standard black water-
based ink by a DMP2831 printer from Fuyjifilm Dimatix. It is clear that in the plasma
patterned area sharp defined structures are visible due to its precise plasma activation
resulting in energy wells and as a result of self-alignment of the ink into the activated
area while on the edge of the mask (which is non-treated by plasma) coagulation of
hydrophilic ink-droplets occurs causing a blurry image because of absence of activated
area.

Materials which also may be used to coat the substrate 1 are commercially
available conductive inks containing for example silver-particles. Also, gel-based inks
based on transparent conductive material can be used. The sol-gel will adhere only to
those areas of the substrate 1 which are hydrophilic. Subsequently, the transparent
conductive sol gel can be cured by a temperature step or by UV curing. In this manner,
a patterned transparent layout can be printed on a polymer surface, which may be used
for display applications, or photovoltaic cells.

It may be further clear from the shown example that the method and apparatus
according to the present invention may be useful in the application of other printing

techniques such as offset printing.

Example 2

Localized etching of a substrate 1 of polymeric base material (including Si wafer,
glass, inorganic coatings, etc.) may also be executed using the present method and
apparatus embodiments. In this example, the substrate 1 is a PE film. Two different gas
mixtures were used, i.e. an argon/oxygen (5:1) mixture and a argon/CF,4 (5:0.1)
mixture. Plasma treatment was carried out in a similar manner as in example 1,
applying a total etching time of 60 seconds. After plasma exposure, the depth of

trenches and wells in the substrate 1 was determined using a laser profilometer. In the
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case of argon/oxygen mixture, the etch rate was determined to be 500nm/min, and in
the case of the argon/CF,; mixture, the etch rate was 1 um/min. The present invention
may also be used to etch a pattern on the surface of the substrate 1, e.g. by using a gas
mixture of Ar, CF, and H; in the treatment space 5. Areas on the substrate surface
exposed to the plasma can be etched in order to generate small holes or channels in e.g.
a polymeric material. In case of etching filamentation of the plasma is of no problem.
In this case also filamentary plasma’s may be used.

Example 3

An ITO glass substrate 1 (0.7mm thick) was spin coated with a hydrophobic
photo resist of 1 um thick. Again, argon/oxygen and argon/CF,; mixtures were used to
locally etch the photo resist layer. After two minutes of treatment time, the local water
contact angle was determined. It was observed that the surface energy of the areas of
the substrate 1 which were not covered by the mask device 7 have an extremely high
surface energy of 70 mJ/m’, indicating a complete removal of the photo resist. The
surface energy of masked areas of the substrate 1 remained very low (typically 30
mJ/m?). This type of processing may be advantageously applied in the manufacturing
of organic light emitting devices (OLED).

Example 4

The present method an apparatus embodiments may also be advantageously
applied in deposition of material on a substrate, e.g. inorganic or organic layers, by
localized chemical vapour deposition (CVD). E.g. small patterns of silicon oxide were
produced. Even transparent conductive coatings can be produced so that a patterned
electrically conductive path can be deposited on a dielectric substrate 1 (for instance a
polymer). The dimensions of the structure obtainable are ideal for display applications.
Furthermore, photovoltaic cell contacts can be realized in this way. Furthermore, the
etching and deposition examples may be combined, e.g. to first etch the substrate 1 to
form a well or trench and subsequently (possibly using another mask device 7) to
locally deposit a coating in the well or trench. In the case of a deposition application
filamentation of the plasma is not wanted and therefore atmospheric glow discharge
plasma’s are preferred in this application.

Other applications of the plasma treatment apparatus and method of the present
invention include, but are not limited to, patterning applications as applied in Flex

Circuits, RFID , PCB Photomasks, Wearable Electronics, Solar, Fuel Cells, Batteries,
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Flat Panel Displays, PLED, LCD, Color Filters, Display Backplanes, Flexible Displays,
Microtiter plates for DNA, Proteomics, Antibodies identification Food Science,
Pathogen Detection, medical devices, coatings, optical lenses, light pipes, etc. A
surprising application is the deposition of a hydrophobic substance to a hydrophilic
surface. For example by using an Ar/C2F6 plasma, hydrophobic patterns can be

provided an a hydrophilic surface.
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CLAIMS

1. Method for treatment of a substrate surface (1) using atmospheric pressure
plasma, the method comprising:

providing a dielectric barrier discharge electrode structure for generating an
atmospheric pressure plasma in a treatment space (5) between a first electrode (2) and a
second electrode (3),

providing a magnetic layer (6) on a surface of at least the first electrode (2),

providing a substrate (1) in contact with the magnetic layer (6),

providing a mask device (7) in contact with the substrate (1), the mask device (7)
interacting with the magnetic layer (6), and

applying a plasma generating power to the first and second electrode (2, 3) for

treatment of surface areas of the substrate (1) exposed by the mask device (7).

2. Method according to claim 1, in which the mask device (7) is made of material

with a magnetic permeability of at least 1 Tm/A, e.g. equal to or larger than 5 Tm/A.

3. Method according to claim 2, in which the thickness of the mask device (7) is less

than 1 mm, e.g. less than 0.4 mm.

4. Method according to any one of claims 1-3, in which the magnetic layer (6) has a

thickness of less than 1 mm, e.g. less than 0.5 mm.

5. Method according to claim 4, in which the magnetic layer (6) has a magnetic

force between 5 g/em” and 100 g/cm’.

6.  Method according to any one of claims 1-5, in which the mask device (7) is on a

floating potential, grounded, or at first electrode potential.

7. Method according to any one of claims 1-6, in which the generated plasma is an

atmospheric pressure glow discharge plasma or a filamentary atmospheric plasma.
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8. Method according to any one of claims 1-7, in which applying a plasma
generating power comprises controlling a displacement current to the first and second

electrode (2, 3).

9. Plasma treatment apparatus for treatment of a surface of a substrate, comprising
a dielectric barrier discharge electrode structure having a treatment space (5) and
comprising a first electrode (2) and a second electrode (3), and a power supply (11)
connected to the first electrode (2) and the second electrode (3) for generating an
atmospheric pressure plasma in the treatment space (5),

the plasma treatment apparatus further comprising a magnetic layer (6) provided
on a surface of at least the first electrode (2),

the first electrode (2) being arranged to receive, in operation, the substrate (1) to
be treated and a mask device (7) in contact with the substrate (1), the mask device (7)

interacting with the magnetic layer (6).

10. Plasma treatment apparatus according to claim 9, in which the magnetic layer (6)

has a thickness of less than 1 mm, e.g. less than 0.5 mm.

11. Plasma treatment apparatus according to claim 9 or 10, in which the magnetic

layer (6) has a magnetic force between 5 g/em” and 100 g/cm?,

12.  Plasma treatment apparatus according to claim 9, 10, or 11, in which the mask

device (7) is on a floating potential, grounded, or at first electrode potential.

13.  Plasma treatment apparatus according to any one of claims 9-12, in which the
generated plasma is an atmospheric pressure glow discharge plasma or a filamentary

atmospheric plasma.

14. Plasma treatment apparatus according to any one of claims 9-13, in which the
power supply (11) is arranged to control a displacement current to the first and second

electrode (2, 3).
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15. Mask device for use in a plasma treatment apparatus according to any one of
claims 9-14, in which the mask device (7) has a magnetic permeability of at least 1

Tm/A, e.g. equal to or larger than 5 Tm/A.

16. Mask device according to claim 15, in which the thickness of the mask device (7)

is less than 1 mm, e.g. less than 0.4 mm.

17.  Use of the method according to any one of claims 1-8 for providing a surface of a

substrate (1) with a predefined pattern.

18.  Use of the method according to any one of claims 1-8 for providing a

hydrophobic substrate (1) with a predefined hydrophilic pattern.

19.  Use of the method according claim 18 for providing sharp defined transitions
between hydrophobic and hydrophilic areas of the substrate (1), in which the transition

length is less than 10 microns, e.g. less than 2 micron or e.g. less than 0.2 micron.

20. Use of the method according to any one of claims 1-8 for etching a surface of a

substrate (1) with a predefined pattern.

21. Use of the method according to any one of claims 1-8 for depositing material in a

predefined pattern on a surface of a substrate (1).

22. Use according to any one of claims 17-21 in printing applications.

23.  Use according to claim 22, in which a treated substrate (1) is printed on using a
material selected from the group consisting of: water based ink, conductive ink, gel

based ink.
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