METHOD FOR CLEANING A SYNTHETIC SURFACE

The invention relates to a method for cleaning, more particularly for removing

metallic contaminants and/or particles from, a plastics surface.

Processors and integrated circuits are nowadays fabricated on silicon wafers in a
multiplicity of different steps to be carried out one after another, in which the
wafers are coated with any of a very wide variety of different materials, or are
exposed to light, or parts of applied coats are removed again by various etching
methods or other techniques. Between these individual steps, the partially coated
wafers must be transported from one processing machine to another machine.
During such transport it is of the utmost importance that the highly sensitive, very
delicately coated surfaces are not damaged. In particular, applied electrical
conductor tracks must remain electrically separate from one another so as to
ensure the functionality of the component being fabricated - a processor, for

example.

For storage and for transport, the partially coated wafers are stored in what are
called FOUPs (Front Opening Unified Pods). These pods consist of a plastic, for
example polycarbonate or polyetheretherketone (PEEK). During insertion of the
coated silicon wafers, it is possible for material to adhere to the plastic of the
container and so lead to contamination. If a different wafer is stored in the
container in a subsequent step, it is possible for metallic contaminants and/or
particles attached in this way to be transferred to the new coated wafer and so be
responsible, for example, for short circuits of electrical lines or other damage.
Such contaminants may therefore result in considerable losses and in components
which are functionally incapacitated. It is therefore necessary for the plastics
surfaces to be cleaned in order to prevent contamination of the silicon wafers.
Corresponding cleaning methods are of course also suitable for other use
examples where the intention is to clean plastics surfaces and, in particular, free

them from metallic contaminants.



The plastics containers in which the silicon wafers are stored and transported are
nowadays treated primarily with deionized water, also referred to as distilled water.
Because, in particular, of the advancing miniaturization of the coatings and of the
integrated circuit structures produced, however, such treatment is often no longer
sufficient, since even small and tiny contaminations lead to misfunctions of the
integrated circuits, which are therefore rejects and cannot be used. The object on
which the invention is based, therefore, is that of developing a method for cleaning
plastics surfaces in such a way that it is simple, inexpensive, and rapid to carry out

and that the cleaning effect particularly for metallic contaminants is improved.

The invention achieves the stated object by means of a method for cleaning, more
particularly for removing metallic contaminants and/or particles from, a plastics

surface, the method comprising the following steps:

a) rinsing the plastics surface with deionized water,
b) rinsing the plastics surface with electrolyzed water and

c) rinsing the plastics surface with deionized water.

The term "rinsing" in the sense of the present invention means that the liquid in
question is applied to the plastics surface that is to be cleaned. This may be done,
for example, by spraying the respective liquid onto the surface, or immersing the
plastics surface into the respective liquid. It is of course also possible to cause the

liquid to trickle over the plastics surface.

In a first step of the method, therefore, the plastics surface to be cleaned is rinsed
with deionized water, also referred to as distilled water. Initially, therefore, coarse
particles lying on or adhering to the surface are removed. With particular

advantage the ionized water is sprayed onto the plastics surface to be cleaned.

In a second step of the method, the plastics surface is rinsed with electrolyzed
water. Electrolyzed water is produced by adding an electrolyte to deionized water

and then passing it through an electrolysis cell, for example. As a result of the use
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of electrolyzed water, at least part of the metal adhering to the plastics surface is
dissolved and in this way removed from the surface. With preference the adhering

metal is removed completely.

To remove residues of the electrolyzed water on the plastics surface to be
cleaned, in particular, the surface is rinsed again with deionized water, in a third
step of the method. Used advantageously for this purpose is what is called a "rinse
cleaning process", in which the deionized water trickles over the surface to be

cleaned.

In comparison to the methods known from the prior art, in which the cleaning is
accomplished exclusively using deionized water, the method of the invention
makes use of the finding that the solubility of metals in water is dependent in
particular on the pH and the redox potential of the water. Generally speaking,
therefore, the solubility of metals in electrolyzed water is higher than in deionized
water, and so the additional method step of rinsing with electrolyzed water allows
metallic contaminants to be removed more effectively than on cleaning with

deionized water alone.

The rinsing with electrolyzed water advantageously comprises rinsing with anodic
water having a pH of less than 7. Anodic water is therefore acidic and is able to

dissolve a series of metals.

Alternatively or additionally, the rinsing with electrolyzed water comprises rinsing
with cathodic water which has a pH of more than 7. In particular, particles -
metallic particles for example - can preferably be removed at least to a very large

extent, but preferably completely, with cathodic water.

It has emerged as being advantageous if the rinsing with electrolyzed water
comprises the rinsing both with anodic water and with cathodic water, the two
differently electrolyzed waters being used in succession. The plastics surface is
advantageously rinsed first with anodic water, before it is rinsed with cathodic

water. The rinsing of the plastics surface with anodic water may cause slight
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positive charges to be left on the surface. As a result, later renewed adhesion of
particles is facilitated and the adhesion is improved, and so these remaining
slightly positive charges ought to be avoided. By means of a later alkaline
aftertreatment of the surface through the rinsing with cathodic water, these slightly

positive charges are removed, thereby hindering the adhesion of new particles.

Irrespective of which electrolyzed water is used for rinsing, deionized water is used
for rinsing at the end, in order as far as possible to remove completely the

residues of the electrolyzed water.

The electrolyzed water is produced advantageously in an electrolysis cell which
comprises two electrodes and into which water admixed with an electrolyte is
introduced. The production of electrolyzed water has long been known from the
prior art. Advantageously, however, the pH and/or the redox potential of the
electrolyzed water can be adjusted by using the concentration of the electrolyte
and/or an electrical current flowing between the two electrodes as control
parameter(s). The electrolysis cell generally possesses two electrolysis chambers,
of which one is the cathode chamber with the cathode located therein and the
other is the anode chamber with the anode located therein. The two electrodes are
preferably in the form of diamond electrodes. Deionized water admixed with an
electrolyte is introduced into at least one of the two chambers, and is therefore
exposed to the electrical field prevailing between the two electrodes. The two
chambers are separated from one another by a membrane which is permeable to
ions of a certain charge. Thus there are, for example, membranes permeable to
anions and membranes permeable to cations, which can be used, accordingly, to

control which type of ions are able to cross the membrane.

Through the selection of the particular electrolyte and the particular concentration
of the electrolyte, it is possible to adjust the pH of the electrolyzed water under
production to a predetermined value. For this purpose it may be necessary to
adjust and adapt the residence time of the deionized water with electrolyte within
the respective chamber of the electrolysis cell, in other words the flow rate, and/or

the current which flows through the two electrodes. By means of the electrical
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current, moreover, it is also possible to adjust the redox potential of the
electrolyzed water produced. It is possible consequently for both the pH and the
redox potential to be adjusted to a desired combination of values independently of
one ancther, at least within predetermined ranges, and therefore to adjust the
electrolyzed water in a manner ideally suited to the metal to be dissolved that

adheres as a contaminant on the plastics surface to be cleaned.

It is possible in particular to select electrolytes which form chloride ions (CI),
fluoride ions (F"), sulfate ions (SO4%’), phosphate ions (PO4%), nitrate ions (NO3') or
combinations of these ions. Of course, electrolytes which form cations must also
be used, in order to ensure electrical neutrality. Suitable cations include, in

particular, hydrogen ions (H*) and/or ammonium ions (NH4").

This is simple, quick, and reliable to achieve, and so the method can be carried

out inexpensively.

The rinsing of the plastics surface in each of the method steps lasts
advantageously between 15 seconds and 90 seconds. If rinsing in method step b)
is carried out both with anodic and with cathodic water, a rinsing duration of
between 15 seconds and 90 seconds may be provided for each of these two
rinses. It has emerged as being advantageous if the rinsing in the various method
steps lasts for different durations. The respective rinsing duration is preferably
adjusted for the anticipated soiling or contaminants and for the desired degree of

cleaning.

In order further to improve the rinsing and cleaning effect, the temperature of the
deionized water and/or of the electrolyzed water may be between 10°C and 70°C.
It has emerged in this context that the cleaning effect increases as the
temperature rises. Here as well, of course, the temperature in different method
steps may be selected differently for the particular liquid. In particular, the
deionized water used for rinsing in method step a) may also have a different
temperature, and more particularly may be hotter or colder, than the deionized

water used for rinsing in method step c).

5



The invention achieves the stated object, moreover, by means of an apparatus for
carrying out a method described here. Such an apparatus preferably not only
possesses the possibility for rinsing the plastics surface with the different liquids,
but also encompasses an electrolysis cell in order to produce the required
electrolyzed water itself. In that case the electrolysis cell can be operated

continuously in permanent operation.

Alternatively to this, a time-limited operation of the electrolysis cell may also be
expedient if the apparatus, for example, possesses one or more intermediate
tanks or storage facilities in which the electrolyzed liquid can be stored
temporarily. In that case it is possible to use an electrolysis cell with a greater

capacity, which may possibly be operated more efficiently.

With the aid of the appended drawings, an exemplary embodiment of the present

invention is elucidated in more detail below. In the drawing,

figure 1 - shows the schematic representation of an electrolysis cell,

figure 2 - shows the schematic representation of a construction of an
apparatus according to a first exemplary embodiment of the

present invention, and

figures 3 and 4 - show schematic diagrams indicating the cleaning effect.

Figure 1 shows an electrolysis cell 1 having an anode chamber 2, in which there is
an anode 4, and a cathode chamber 6, in which there is a cathode 8. Between the
anode chamber 2 and the cathode chamber 6 there is an ion exchange membrane
10, which in the exemplary embodiment shown takes the form of an anion
exchange membrane 10. Through an anode chamber feed 12, deionized water or
distilled water, which may also be very pure or ultrapure water, is introduced into
the anode chamber 2. At the same time, deionized water containing an electrolyte,

which in the exemplary embodiment shown forms chloride ions, is passed into the
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cathode chamber 6 through a cathode chamber feed 14. It is shown
diagrammatically in figure 1 that in the cathode chamber 6, in addition to the water

(H20), there are also ammonium ions (NH4*) and chloride ions (CI").

Between the anode 4 and the cathode 8 an electrical voltage is applied which
accelerates the chloride ions (CI') along the arrow 16 in the direction of the anode
4. They are able to pass through the ion exchange membrane 10, and are then

within the anode chamber 2.

In an alternative embodiment, instead of an anion exchange membrane, it is also
possible to use a cation exchange membrane, so that positively charged cations

can pass from the anode chamber 2 into the cathode chamber 6.

Through an anode chamber drain 18, the constituents shown in figure 1 leave the
anode chamber 2. These constituents are water, chloride ions (Cl), and
hydronium ions (H*), which are generated by the electrical voltage between the
anode 4 and the cathode 8. At the same time, in the anode chamber 2, ozone (O3)
is formed, and likewise leaves the anode chamber 2 through the anode chamber
drain 18.

From an anode chamber drain 20, not only the water but also the ammonium ions

(NH4") and also the hydroxide ions (OH") leave the cathode chamber 8.

From the concentration of the electrolyte from which the chloride ions (CI) are

formed in the example shown, and from the electrical current brought about by the
voltage applied between the anode 4 and the cathode 8, it is possible to adjust the
pH and also the redox potential of the electrolyzed water emerging from the anode

chamber drain 18.

Figure 2 shows, schematically, an apparatus for carrying out a method for cleaning

according to a first exemplary embodiment of the present invention.



The apparatus possesses two electrolysis cells 1, each having an anode chamber
2 and a cathode chamber 6. Disposed between the two chambers in each case is
an ion exchange membrane 10, which in the electrolysis cell 1 shown on the left in
figure 2 takes the form of an anion exchange membrane, and in the electrolysis
cell 1 shown on the right takes the form of a cation exchange membrane. In
accordance with the arrows 16, therefore, anions in the left-hand electrolysis cell 1
are able to pass through the ion exchange membrane 10, whereas cations in the
right-hand electrolysis cell 1 are able to cross from the anode chamber 2 into the

cathode chamber 6.

The apparatus shown in figure 1 possesses an anolyte mixing tank 22. In this tank,
deionized water, provided via a supply line 24, is mixed with an anolyte, before
being fed via the anode chamber feed 12 into the anode chamber 2 of the
electrolysis cell 1 shown on the right in figure 2. Deionized water is supplied

through the cathode chamber feed 14.

Cathodic water is produced in the electrolysis cell shown on the right in figure 2,
and is introduced via a cathode line 26 into a cathode tank 28. From there it can
be supplied to an applicator 30 by which it is applied to a plastics surface to be

cleaned.

The apparatus shown in figure 2, moreover, possesses a catholyte mixing tank 32.
In this tank, deionized water supplied via the supply line 24 is mixed with a
catholyte, before being introduced via the cathode chamber feed 14 into the
cathode chamber 6. Deionized water is introduced via the anode chamber feed 12
into the anode chamber 2 of the electrolysis cell 1 shown on the left in figure 2.
From the anode chamber drain 18, the anodic water produced in the left-hand
electrolysis cell is introduced through an anode line 34 into an anode tank 36, from

which it may likewise be supplied to the applicator 30.

Figures 3 and 4 show schematically the cleaning effect of a method according to
one exemplary embodiment of the present invention. The task in this case is the

removal of iron contaminants from a component made of polycarbonate. What is
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plotted in each case is B, the redox potential in millivolts (mV), against A, the pH.
The solid lines each contain a number in a rectangular box. This number denotes
the percentage fraction of the iron contaminants which it has been possible to
remove using the respective method. For example, in the case of the result shown
in figure 3 for a method, 25% of the iron contaminants are removed, at a pH of 5.2

and a redox potential of 422 mV.

In the case of the method whose result is shown in figure 3, the surface is treated
with the respective liquid for 15 seconds at a temperature of 22.1°C, whereas for
the method whose result is shown in figure 4, the treatment occurs with the
respective liquid for 180 seconds at a temperature of 70°C. It can be seen that
with identical ranges of the redox potential B and of the pH A, the longer exposure
time to the respective liquid allowed significantly greater proportions of the iron

soiling and contaminants to be removed.



List of reference symbols

N

10
12
14
16
18
20
22
24
26
28
30
32
34
36

Electrolysis cell

Anode chamber

Anode

Cathode chamber
Cathode -

lon exchange membrane
Anode chamber feed
Cathode chamber feed
Arrow

Anode chamber drain
Cathode chamber drain
Anolyte mixing tank
Supply line

Cathode line

Cathode tank
Applicator

Catholyte mixing tank
Anode line

Anode tank
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Claims

1. A method for cleaning, more particularly for removing metallic contaminants
and/or particles from, a plastics surface, the method comprising the following
steps:

a) rinsing the plastics surface with deionized water,
b)  rinsing the plastics surface with electrolyzed water and

c) rinsing the plastics surface with deionized water.

2. The method as claimed in claim 1, characterized in that the rinsing with
electrolyzed water comprises rinsing with anodic water having a pH of less
than 7.

3.  The method as claimed in claim 1 or 2, characterized in that the rinsing with
electrolyzed water comprises rinsing with cathodic water having a pH of

greater than 7.

4.  The method as claimed in claim 3, characterized in that the plastics surface

is rinsed with anodic water before it is rinsed with cathodic water.

5. The method as claimed in any of the preceding claims, characterized in that
the pH and/or the redox potential of the electrolyzed water is/are adjusted to

a predetermined value.

6. The method as claimed in claim 5, characterized in that the electrolyzed
water is produced in an electrolysis cell (1) which comprises two electrodes
(4, 8) and into which water admixed with an electrolyte is introduced, the pH
and/or the redox potential of the electrolyzed water being adjusted by using a
concentration of the electrolyte and/or an electrical current flowing between

the two electrodes (4, 8) as control parameter(s).
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10.

The method as claimed in any of the preceding claims, characterized in that
the rinsing of the plastics surface in each method step lasts between 5

seconds and 600 seconds, preferably between 15 seconds and 90 seconds.

The method as claimed in any of the preceding claims, characterized in that

the rinsing in the various method steps lasts for different durations.
The method as claimed in any of the preceding claims, characterized in that
a temperature of the deionized water and/or of the electrolyzed water is

between 10°C and 70°C.

An apparatus for carrying out a method as claimed in any of the preceding

claims.
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