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(54) A method of cleaning a surface

(57) The invention relates to a method of cleaning a
surface using continuously generated nanobubbles,
comprising the steps of generating a droplet of a liquid
comprising the nanobubbles on the surface; displacing
the droplet over the surface for causing the nanobubbles

to remove contaminations from the surface; conducting
the liquid away from the surface for removing said con-
taminations. The invention further relates to a system for
enabling cleaning a surface using continuously generat-
ed nanobubbles.
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Description

FIELD

[0001] The invention relates to a method of cleaning a
surface using continuously generated nanobubbles.
[0002] The invention further relates to a system for en-
abling cleaning a surface using continuously generated
nanobubbles.

BACKGROUND

[0003] A method of cleaning a surface using electro-
chemically generated nanobubbles is known from Z.Wu
et al "Cleaning using nanobubbles: defouling by electro-
chemical generation of bubbles". In the known method
a surface conceived to be cleaned is submerged in an
electrolyte in which nanobubbles are generated. The na-
nobubbles interacting with the surface remove (part of)
a thin film layer on the surface and by doing so clean the
surface.
[0004] It is a disadvantage of the known method that
a relatively large amount of nanobubble-generating liquid
need to be used. In addition, because the surface is sub-
merged, contaminants present in the liquid may deposit
on the surface, and the removed materials can re-deop-
osit. Furthermore, the known method has no control of
the location to be cleaned on the surface.

SUMMARY OF THE INVENTION

[0005] It is an object of the invention to provide a meth-
od of cleaning a surface, for example a wafer, which is
more efficient and wherein above disadvantages are mit-
igated.
[0006] To this end the method of cleaning a surface
according to the invention comprises the steps of:

- generating a droplet of a liquid comprising the nano-
bubbles on the surface;

- displacing the droplet over the surface for causing
the nanobubbles to remove contaminants from the
surface;

- conducting the liquid away from the surface for re-
moving said contaminants.

[0007] It is found that when the droplet comprising na-
nobubbles is moved over the surface particles are re-
moved there from in a controlled and efficient way. By
providing suitable means for removing liquid from the
droplet, the particles are removed from the surface by
the liquid flow.
[0008] In an embodiment of the method according to
the invention the droplet comprises the nanobubbles
generated using electrolysis.
[0009] It will be understood that in this embodiment the
surface or at least a portion of it must be conductive to
form a part of the electrolysis electric circuit. Preferably,

electrolysis of water is used.
[0010] In a suitable embodiment of the electrolysis set-
up the droplet is formed by one or more needle-like elec-
trodes. It will be appreciated, however, that a plurality of
droplets may be formed at the same time on the surface
using a suitable plurality of electrodes.
[0011] In a further advantageous embodiment, the one
or more needle-like electrodes are adapted to conduct
the droplet-forming liquid to the surface.
[0012] It is found advantageous to combine the liquid
supply functionality and the droplet forming functionality
in the needle-like electrode, which for this purpose may
be provided with a suitable conduit for supplying the liquid
towards the surface. It will be further appreciated that a
great plurality of suitable electrolytes may be used for
implementing the method according to the invention.
More details on this embodiment will be given with ref-
erence to Figure 1.
[0013] In a still further embodiment of the method ac-
cording to the invention the droplet comprises the nano-
bubbles generated by mixing of two solvent liquids.
[0014] It is found then when two suitable solvents are
mixed, their interaction may cause formation of nanobub-
bles, especially when the second liquid solvent has a
lower gas solubility with respect to the first liquid solvent.
For example, when the first solvent liquid is alcohol and
the second solvent liquid is water, nanobubbles may be
continuously formed at the surface in the controlled way.
Suitable examples of alcohol are ethanol, propanol,
methanol, etc. More details on this embodiment will be
given with reference to Figure 2.
[0015] In a still further embodiment of the method ac-
cording to the invention the droplet comprising the nano-
bubbles is a droplet of an electrolyte which is displaced
over the surface using an electrowetting matrix, the sur-
face forming a part of the electrowetting matrix.
[0016] It is found that the droplet (or droplets) formed
on the surface may be efficiently and controllably dis-
placed when the surface acts as a first electrode in the
electrowetting set-up. More details on this embodiment
will be given with reference to Figure 3.
[0017] When applying the electrowetting principle, the
droplet may be displaced over the surface by applying a
sequence of potentials to electrodes forming the elec-
trowetting matrix.
[0018] It will be appreciated that in method according
to the invention as is set forth in the foregoing, a further
conduit arranged in fluid communication with the droplet
may be provided for conducting the liquid away from the
surface. As a result the contaminants accumulated in the
droplet are conducted away from the surface.
[0019] The system for enabling cleaning a surface us-
ing continuously generated nanobubbles, comprises:

- a body for generating a droplet of a liquid comprising
the nanobubbles on the surface;

- means for displacing the droplet over the surface for
causing the nanobubbles to remove contaminants

1 2 



EP 2 503 032 A1

3

5

10

15

20

25

30

35

40

45

50

55

from the surface;
- a conduit for conducting the liquid away from the

surface for removing said contaminations.

[0020] Further advantageous embodiments of the sys-
tem according to the invention are recited in the depend-
ent claims.
[0021] These and other aspects of the invention will
be discussed in more detail with reference to drawings,
wherein like reference numerals refer to like elements. It
will be appreciated that the drawings are presents for
illustrative purposes and may not be used for limiting the
scope of the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Figure 1 presents in a schematic way an embodi-
ment wherein water electrolysis is applied for gen-
erating nanobubbles and displacing the droplet over
the surface.
Figure 2 presents in a schematic way an embodi-
ment wherein two solvents are used for generating
nanobubbles and displacing the droplet over the sur-
face.
Figure 3 presents in a schematic way an embodi-
ment wherein an electrowetting matrix is used for
generating nanobubbles and displacing the droplet
over the surface.

DETAILED DESCRIPTION OF THE DRAWINGS

[0023] Figure 1 presents in a schematic way an em-
bodiment 10 wherein water electrolysis is applied for gen-
erating nanobubbles and displacing a droplet over the
surface. The surface 2 may relate to any suitable surface
which has to be made substantially free from surface
contaminations. In particular, the surface 2 may relate to
a surface of a wafer.
[0024] It will be appreciated, however, that the method
of the invention is suitable for cleaning other surfaces,
plain or patterned. In particular, extreme ultraviolet lithog-
raphy reticles, glass plates, and other substrates, espe-
cially for semiconductor industry: integrated circuit, light
emitting diode, flat panel display, photovoltaics, and na-
notechnology-produced items may be successfully
cleaned.
[0025] In accordance with the invention on the surface
2 a liquid droplet 3 comprising nanobubbles 3a is gener-
ated. In this particular embodiment for providing the drop-
let 3 comprising continuously generated nanobubbles 3a
an electrolysis set-up is used. The electrolysis set-up
comprises a voltage source 5 adapted to generate volt-
age between the surface 2 and a working electrode 4.
The working electrode may be needle formed. It will be
appreciated that for realization of the electrolysis set-up
the surface 2 should be electrically conductive.

[0026] For the working liquid water may be used. The
water may be supplied by a suitable conduit (not shown),
or, alternatively, the working electrode 4 may be provided
with a conduit for supplying water to the surface 2.
[0027] When the working voltage is applied between
the surface 2 and the electrode 4, the droplet of a suitable
liquid, for example, water, will be generating nanobub-
bles which interact with the surface 2. As a result the
surface 2 will be subject to cleaning.
[0028] For displacing the droplet 3 comprising contin-
uously generated nanobubbles 3a over the surface, the
working electrode 4 may be suitably displaced. Prefera-
bly, the displacement pattern is pre-programmed.
[0029] In order to conduct the particles and contami-
nations removed from the surface a further conduit 4a is
provided. The further conduit is displaceable in cooper-
ation with the electrode 4. When the contaminated drop-
lets are removed, the new clean droplets may be gener-
ated and the cleaning procedure may be resumed. It will
be appreciated that a plurality of individual droplets com-
prising nanobubbles may be generated and displaced in
this way.
[0030] Figure 2 presents in a schematic way an em-
bodiment 20 wherein two solvents are used for generat-
ing nanobubbles, displacing the droplet over the surface.
This particular embodiment is based on the insight that
when two solvent liquids having different gas solubility
are mixed in a droplet 23, generation of nanobubbles 23a
will occur.
[0031] In accordance with the present embodiment, a
conduit 24 may be provided which comprises a suitable
bifurcation for conducting a first solvent liquid, such as
alcohol, and a second solvent liquid, such as water to-
wards the surface 22 conceived to be cleaned.
[0032] For example, the first solvent liquid may be con-
ducted using the arm 24a and the second solvent liquid
may be conducted using the arm 24b. For removing par-
ticles from the surface a further conduit 25 is provided.
The supply conduit 24 and the further conduit 25 are mov-
able in accordance with each other over the surface 22.
It will be appreciated that a plurality of individual droplets
comprising nanobubbles may be generated and dis-
placed in this way.
[0033] Figure 3 presents in a schematic way an em-
bodiment 30 wherein an electrowetting matrix is used for
generating nanobubbles and displacing a droplet over
the surface. This particular embodiment is based on the
insight that electrowetting principle may be used for dis-
placing the droplet over the surface 32, which is con-
ceived to be cleaned.
[0034] Accordingly, for the droplet a suitable electro-
lyte, such as diluted ammonia may be selected. When
applying a suitable voltage sequence using the voltage
source 35 to the surface 32 and the electrowetting matrix
34, the droplet having surface portions 33a, 33b and com-
prising nanobubbles 33a’, formed between the surface
32 and the matrix 34 may be displaced. The matrix 34
may comprise a suitable number of electrode portions
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36a, ...36n which can be energized separately by the
voltage pulses. It will be also appreciated that a plurality
of individual droplets may be generated and displaced
over the surface 32 in this way.
[0035] It will be appreciated that while specific embod-
iments of the invention have been described above, that
the invention may be practiced otherwise than as de-
scribed. In particular, it will be appreciated that still dif-
ferent methods may be used for generating nanobubbles,
e.g., heating up the substrate, pressurize the liquid, etc.
Accordingly, the invention is not limited to the methods
described with reference to particular embodiments. In
addition, isolated features discussed with reference to
different figures may be combined.

Claims

1. A method of cleaning a surface using continuously
generated nanobubbles, comprising the steps of:

- generating a droplet of a liquid comprising the
nanobubbles on the surface;
- displacing the droplet over the surface for caus-
ing the nanobubbles to remove contaminants
from the surface;
- conducting the liquid away from the surface for
removing said contaminants.

2. The method according to claim 1, wherein the droplet
comprises the nanobubbles generated using elec-
trolysis.

3. The method according to claim 1, wherein the droplet
comprises the nanobubbles generated by mixing of
two solvent liquids.

4. The method according to claim 3, wherein the first
solvent liquid has higher gas solubility than the sec-
ond solvent, preferably wherein alcohol is used as
the first solvent, and water is used as the second
solvent.

5. The method according to claim 1, wherein the droplet
comprising the nanobubbles is a droplet of an elec-
trolyte which is displaced over the surface using an
electrowetting matrix, the surface forming a part of
the electrowetting matrix.

6. The method according to claim 5, wherein the droplet
is displaced over the surface by applying a sequence
of potentials to electrodes forming the electrowetting
matrix.

7. The method according to claim 2, wherein the sur-
face to be cleaned is part of the electrolysis electric
circuit.

8. The method according to claim 7, wherein the droplet
is being formed by one or more needle-like elec-
trodes.

9. The method according to claim 8, wherein the one
or more needle-like electrodes are adapted to con-
duct the droplet-forming liquid to the surface.

10. The method according to any one of the preceding
claims, further comprising a conduit arranged in fluid
communication with the droplet for conducting the
liquid away from the surface.

11. A system for enabling cleaning a surface using con-
tinuously generated nanobubbles, comprising:

- a body for generating a droplet of a liquid com-
prising the nanobubbles on the surface;
- means for displacing the droplet over the sur-
face for causing the nanobubbles to remove
contaminations from the surface;
- a conduit for conducting the liquid away from
the surface for removing said contaminations.

12. The system according to claim 11, wherein the body
is further arranged to conduct the liquid towards the
surface.

13. The system according to claim 11, wherein the sur-
face and the body form part of an electric circuit.

14. The system according to claim 13, wherein the body
is adapted to conduct two different solvents towards
the surface.

15. The system according to any one of the preceding
claims 11 - 14, further comprising a conduit arranged
to remove the liquid comprising contaminations from
the surface.
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