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TITLE

An Apparatus and Method for Providing a Time Varying Voltage

TECHNOLOGICAL FIELD

Examples of the disclosure relate to an apparatus and method for providing a time varying
voltage. In particular, examples of the disclosure relate to an apparatus and method for
providing a time varying voltage to a sample to enable an analyte to be detected within the

sample.

BACKGROUND

Apparatus which provide time varying voltages are known. Such voltages may be used to test
the conductivity of a sample and determine the presence and/or concentration of an analyte

within the sample.

The electronics typically used to provide a time varying voltage are complex and require
components such as a microcontroller, timing circuitry, memory, dedicated software/firmware

and power management.

It is useful to provide a simpler apparatus for providing a time varying voltage.

BRIEF SUMMARY

According to various, but not necessarily all, examples of the disclosure, there may be
provided an apparatus comprising: a channel; at least one pair of electrodes provided within
sides of the channel; an electrolyte configured to move through the channel such that when
the electrolyte is positioned between the at least one pair of electrodes the electrolyte provides
a current path between the at least one pair of electrodes; and wherein the at least one pair
of electrodes are configured such that movement of the electrolyte through the channel

enables a time varying voltage to be provided.

In some examples the apparatus may be configured to provide a current to a sample to enable

an analyte to be detected within the sample.
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In some examples the channel and the electrolyte may be configured such that the electrolyte

moves through the channel at a controlled rate.

In some examples the channel may comprise a microfluidic channel.

In some examples a potential difference between the at least one pair of electrodes and the

electrolyte may be dependent upon the position of the electrolyte within the channel.

In some examples the electrodes may comprise different materials at different points along

the length of the channel.

In some examples the apparatus may further comprise at least one floating electrode provided
in a wall of the channel. The floating electrode may be configured to reduce current through
the pair of electrodes by collecting electrons from the electrolyte. In some examples the
floating electrode may comprise the same material as a cathode of the at least one pair of

electrodes. The floating electrode might not overlap another electrode.

In some examples the electrolyte may comprise an ionic solution configured to undergo an

electrochemical reaction with the at least one pair of electrodes.

In some examples an inert liquid may be provided adjacent to the electrolyte wherein the inert
liquid does not undergo an electrochemical reaction with the at least one pair of electrodes.

The electrolyte and the inert liquid may be immiscible.

In some examples there may be provided a test device comprising an apparatus as described

above.

According to various, but not necessarily all, examples of the disclosure, there may be
provided a method comprising: providing a channel; providing at least one pair of electrodes
provided within sides of the channel; providing an electrolyte configured to move through the
channel such that when the electrolyte is positioned between the at least one pair of electrodes
the electrolyte provides a current path between the at least one pair of electrodes; and wherein
the at least one pair of electrodes are configured such that movement of the electrolyte through

the channel enables a time varying voltage to be provided.
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In some examples the method may further comprise enabling a current to be provided to a

sample to enable an analyte to be detected within the sample.

In some examples the channel and the electrolyte may be configured such that the electrolyte

moves through the channel at a controlled rate.

In some examples the channel may comprise a microfluidic channel.

In some examples a potential difference between the at least one pair of electrodes and the

electrolyte may be dependent upon the position of the electrolyte within the channel.

In some examples the electrodes may comprise different materials at different points along

the length of the channel.

In some examples the method may further comprise providing at least one floating electrode
provided in a wall of the channel. The floating electrode may be configured to reduce current
through the pair of electrodes by collecting electrons from the electrolyte. The floating
electrode may comprise the same material as a cathode of the at least one pair of electrodes.

The floating electrode might not overlap another electrode.

In some examples the electrolyte may comprise an ionic solution configured to undergo an

electrochemical reaction with the at least one pair of electrodes.

In some examples the method may further comprise providing an inert liquid adjacent to the
electrolyte wherein the inert liquid does not undergo an electrochemical reaction with the at

least one pair of electrodes. The electrolyte and the inert liquid may be immiscible.

According to various, but not necessarily all, examples of the disclosure there may be provided

examples as claimed in the appended claims.

BRIEF DESCRIPTION

For a better understanding of various examples that are useful for understanding the detailed
description, reference will now be made by way of example only to the accompanying
drawings in which:

Fig. 1 illustrates an apparatus;
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Fig. 2 illustrates an apparatus;

Fig. 3 illustrates an apparatus;

Fig. 4 illustrates an apparatus;

Fig. 5 illustrates an apparatus;

Fig. 6 illustrates an electrolyte and an inert liquid that may be provided within an apparatus;
Fig. 7 illustrates an apparatus;

Figs. 8A to 8H illustrate an apparatus;

Figs. 9A to 9E illustrate an apparatus;

Figs. 10A to 10B illustrates an example test device; and

Fig. 11 illustrates a method.

DETAILED DESCRIPTION

The figures illustrate an apparatus 1 comprising: a channel 3; at least one pair of electrodes 5
provided within sides of the channel 3; an electrolyte 7 configured to move through the channel
3 such that when the electrolyte 7 is positioned between the at least one pair of electrodes 5
the electrolyte 7 provides a current path 9 between the at least one pair of electrodes 5; and
wherein the at least one pair of electrodes 5 are configured such that movement of the

electrolyte 7 through the channel 3 enables a time varying voltage to be provided.

The apparatus 1 may be for providing a time varying voltage. Examples of the apparatus 1
may be used in test devices for providing a time varying voltage to a sample to enable an
analyte to be detected within the sample. The apparatus 1 may be a disposable apparatus.

The apparatus 1 may be discarded after use.

Fig. 1 schematically illustrates an apparatus 1 according to examples of the disclosure. The
apparatus 1 comprises a channel 3, at least one pair of electrodes 5 and an electrolyte 7. In
some examples the apparatus 1 may be provided within a test device. In a test device the
apparatus 1 may be connected to a test sample so as to enable the time varying voltage to be

provided to the test sample.

The channel 3 may comprise a passage through which the electrolyte 7 may move. The size
and shape of the channel 3 may be configured so as to control the rate at which the electrolyte
7 moves through the channel 3. The electrolyte 7 may move through the channel 3 without

any external or additional force being applied to the electrolyte 7 or the channel 3.
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The electrolyte 7 may be provided as part of a volume of fluid. The volumes of fluid which can
be provided within the channel 3 may be of the order of uL. In some examples the channel 3
may comprise a microfluidic channel. The microfluidic channel 3 may comprise means for
enabling flow of a small volume of fluid. The microfluidic channel 3 may be any suitable size
or shape for providing a flow path for a small volume of fluid. In other examples the channel
3 could comprise a material used in lateral flow tests such as nitrocellulose or any other

suitable means.

The at least one pair of electrodes 5 may comprise an anode 15 and a cathode 17. The anode
15 and the cathode 17 may comprise different materials. The anode 15 and cathode 17 may
each comprise a material which may undergo an electrochemical reaction when it is in contact
with the electrolyte 7. The anode may comprise a material which undergoes oxidation with
the electrolyte 7 and the cathode 17 may comprise a material which is reduced by the
electrolyte 7. This enables an electrochemical cell to be formed when the electrolyte 7 is

positioned between the anode 15 and the cathode 17.

The materials used for the pairs of electrodes 5 may also depend on the potential difference
which is to be provided. It is to be appreciated that the materials which are used for the anode
15 and a cathode 17 may depend on the material which is used as the electrolyte 7. In some
examples the electrodes 5 may comprise materials such as copper, lead, tin, nickel or cobalt

or any other suitable material.

The at least one pair of electrodes 5 may be provided within the walls of the channel 3. In the
example of Fig. 1 the anode 15 is provided in a first wall of the channel 3 while the cathode
17 is provided in the opposite wall. The channel 3 provides a gap between the pair of
electrodes 5. The pair of electrodes 5 may be arranged so that when an electrolyte 7 is
positioned within the channel 3 the electrolyte 7 may move through the gap between the pair
of electrodes 5. The electrolyte 7 may enable the transfer of ions between the cathode 17 and
the anode 15 and so provide a current path 9 between the electrodes 5 as indicated by the

arrows 11 in Fig. 1.

In the example of Fig. 1 only one pair of electrodes 5 is provided. It is to be appreciated that
in other examples of the disclosure other numbers of electrodes 5 may be provided. Examples

of different arrangements of electrodes 5 are illustrated in more detail in Figs. 2 to 9E.
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the electrolyte 7 may be provided as part of a volume of fluid which is configured to flow
through the channel 3. The electrolyte 7 may comprise an ionic solution which may be
configured to move through the channel 3 at a controlled rate. In the example of Fig. 1 the
electrolyte 7 moves along the length of the channel 3 as indicated by the arrow 13. In some

examples the electrolyte 7 may only move in one direction through the channel 3.

In some examples the electrolyte 7 may comprise a liquid. In some such examples the
electrolyte 7 may flow through the channel 3 by capillary action. In such examples the rate at
which the electrolyte 7 moves through the channel 3 may be controlled by the dimensions of
the channel 3, the surface energy of the electrolyte 7 the surface energy of the channel 3 and

the viscosity of the electrolyte 7.

When the electrolyte 7 is not positioned within the channel 3 a gap is provided between the
anode 15 and the cathode 17. In this arrangement there is no charge transfer between the
anode 15 and the cathode 17 and no voltage is provided by the apparatus 1. When the
electrolyte 7 moves into the channel 3 it comes into contact with the anode 15 and the cathode
17 and the electrochemical reactions between the electrodes 5 and the electrolyte 7 enable
charge transfer between the electrodes 5. The electrochemical reactions enable the

apparatus 1 to provide a voltage.

The electrodes 5 may be arranged so that the voltage that is provided is dependent upon the
position of the electrolyte 7 within the channel 3. This enables a time varying voltage to be

provided by the apparatus 1 as the electrolyte moves through the channel 3.

Examples of arrangements of electrodes 5 and electrolytes 7 are illustrated in more detail in
Figs. 2 to 9E.

Fig. 2 schematically illustrates an apparatus 1 according to an example of the disclosure. The
example apparatus 1 of Fig. 2 comprises a channel 3, a pair of electrodes 5 and an electrolyte
7.

In the example apparatus 1 of Fig. 2 only one pair of electrodes 5 is provided. A single contact
29 is provided to each of the electrodes 5. The contact 29 may enable each of the electrodes
5 to be connected to external circuitry. In some examples a sample may be connected to the

external circuitry to enable the sample to be analysed.
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The pair of electrodes comprises an anode 15 and a cathode 17. The anode 15 is provided
on one side of the channel 3 and the cathode 17 is provided on the opposite side of the channel
3 so that a gap is provided between the anode 15 and cathode 17. In some examples each

of the anode 15 and cathode 17 may extend for the entire length of the channel 3.

The electrolyte 7 may be arranged to flow through the gap between the anode 15 and the
cathode 17. The gap between the anode 15 and cathode 17 may be sized so that the
electrolyte 7 may flow through the channel 3 by capillary action. In such examples the flow
rate of the electrolyte 7 may be determined by the dimensions of the channel 3 and the surface
energy of the electrolyte 7. This may enable the rate at which the electrolyte 7 moves between

the anode 15 and the cathode 17 to be controlled.

In the example apparatus 1 of Fig. 2 the cathode 17 is formed from a single material while the
anode 15 is formed from a plurality of different materials. The cathode 17 may be formed from
a material which has a positive potential compared to the anode 15. For instance, the cathode
17 may be formed from copper or any other suitable material. The anode 15 may be formed
from any material which has a negative potential compared to the cathode 17. For instance
the anode 15 could be formed from lead, tin, nickel, cobalt or any other suitable materials. It
is to be appreciated that in other examples the anode 15 could be formed from a single

material while the cathode 17 may comprise a plurality of different materials.

In the example of Fig. 2 the anode 15 comprises four different sections 21, 23, 25, 27. Each
of the sections 21, 23, 25, 27 comprises a different material. It is to be appreciated that in
other examples of the disclosure the anode 15 could comprise any number of different
sections 21, 23, 25, 27. Also in the example of Fig. 2 each of the sections 21, 23, 25, 27 of
the anode 15 comprise a different material. In other examples some sections 21, 23, 25, 27

could comprise the same material.

The different sections 21, 23, 25, 27 of the anode 15 are provided at different positions along
the length of the channel 3. This ensures that the electrolyte 7 comes into contact with the
different materials of the sections 21, 23, 25, 27 as the electrolyte 7 flows through the channel
3. The sections 21, 23, 25, 27 of the anode 15 may have different potentials so that the
potential difference between the cathode 17 and the anode 15 varies along the length of the

channel 3. In some examples adjacent sections 21, 23, 25, 27 may have different potentials.
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In the example of Fig. 2 the first section 21 of the anode 15 is provided at the left hand side of
the anode 15. This is the first section 21 of the anode 15 that the electrolyte 7 will come into
contact with as the electrolyte 7 flows through the channel 3. This will enable an
electrochemical cell to be formed between the cathode 17 and the first section 21 of the anode

15. The first section 21 of the anode 15 may comprise any suitable material such as lead.

The second section 23 of the anode 15 is provided adjacent to the first section 21. The second
section 23 may be adjacent to the first section 21 so that no gap is provided between the
different sections 21, 23. The second section 23 is provided on the right of the first section 21
so that as the electrolyte 7 flows through the channel 3 in the direction indicated by the arrow
13 it flows past the first section 21 and comes into contact with the second section 23. When
the electrolyte 7 is in this position the electrolyte 7 forms an electrochemical cell between the

cathode 17 and the second section 23 of the anode 15.

The second section 23 of the anode 15 may comprise a material which has a different potential
to the first section 21. For instance where the first section 21 comprises lead, the second
section 23 may comprise a material with a higher potential such as tin. This enables a larger
voltage to be provided by the second section 23 of the anode 15 than is provided by the first

section 21 of the anode 15.

The third section 25 of the anode 15 is provided adjacent to the second section 23. The third
section 25 may be adjacent to the second section 23 so that no gap is provided between the
adjacent sections 23, 25. The third section 25 is provided on the right of the second section
23 so that as the electrolyte 7 continues to flow through the channel 3 in the direction indicated
by the arrow 13 it flows past the second section 23 and comes into contact with the third
section 25. When the electrolyte 7 is in this position the electrolyte 7 forms an electrochemical

cell between the cathode 17 and the third section 25 of the anode 15.

The third section 25 of the anode 15 may comprise a material which has a different potential
to the second section 23. The third section 25 of the anode 15 may also comprise a material
which has a different potential to the first section 21. For instance where the second section
23 comprises tin, the third section 25 may comprise a material with a higher potential such as
nickel. This enables a larger voltage to be provided by the third section 25 of the anode 15

than is provided by the second section 23 of the anode 15.
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The fourth section 27 of the anode 15 is provided adjacent to the third section 25. The fourth
section 27 may be adjacent to the third section 25 so that no gap is provided between the
adjacent sections 25, 27. The fourth section 27 is provided on the right of the third section 25
so that as the electrolyte 7 continues to flow through the channel 3 in the direction indicated
by the arrow 13 it flows past the third section 25 and comes into contact with the fourth section
27. When the electrolyte 7 is in this position the electrolyte 7 forms an electrochemical cell

between the cathode 17 and the fourth section 27 of the anode 15.

The fourth section 27 of the anode 15 may comprise a material which has a different potential
to the third section 25. The fourth section 27 of the anode 15 may also comprise a material
which has a different potential to the first and second sections 21, 23. For instance where
the third section 25 comprises nickel, the fourth section 27 may comprise a material with a
higher potential such as cobalt. This enables a larger voltage to be provided by the fourth

section 27 of the anode 15 than is provided by the third section 25 of the anode 15.

In examples where the sections 21, 23, 25, 27 of the anode 15 comprise materials with
progressively higher potentials the voltage provided by the apparatus 1 will increase as the
electrolyte 7 flows through the channel 3. For instance, where the cathode 17 comprises
copper, the first section 21 of anode 15 comprises lead, the second section 23 comprises tin,
the third section 25 comprises nickel and the fourth section 27 comprises cobalt the potential
difference will rise from 0.47V to 0.48V to 0.62V to 0.66V. Different potential differences could

be obtained by using different materials.

The examples described above use adjacent sections with increasing potential to provide a
voltage which increases with time. It is to be appreciated that other arrangements of materials
could be used to provide a decreasing voltage or a waveform voltage or any other time varying

voltage.

Fig. 3 illustrates another example apparatus 1. The example apparatus 1 of Fig. 3 also
comprises a channel 3, a pair of electrodes 5 and an electrolyte 7. The apparatus 1 of Fig. 3
is similar to the apparatus 1 of Fig. 2 in that only one pair of electrodes 5 is provided. However
the apparatus 1 of Fig. 3 differs from the apparatus 1 of Fig. 2 in that in Fig. 3 both the anode

15 and the cathode 17 comprise a plurality of different materials.

Having different materials in both the anode 15 and the cathode 17 may enable a wider range

of potential differences to be provided.
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In the example of Fig. 3 the anode 15 comprises four different sections 21, 23, 25, 27 and the
cathode 17 comprises four corresponding sections 31, 33, 35, 37. Itis to be appreciated that
other numbers of different sections may be used in other examples of the disclosure. Also in
the example of Fig. 3 each of the sections 21, 23, 25, 27 of the anode 15 and each of the
sections 31, 33, 35, 37 of the cathode 17 comprise a different material. In other examples

some sections 21, 23, 25, 27, 31, 33, 35, 37 could comprise the same material.

The materials for the sections 21, 23, 25, 27 of the anode 15 and the sections 31, 33, 35, 37
of the cathode 17 may be chosen so that the potential difference between the anode 15 and

the cathode 17 varies along the length of the channel 3.

In the example of Fig. 3 the materials of the anode 15 and the cathode 17 may be selected so
that the potential difference increases along the length of the channel 3. This will provide a
voltage which increases with time. It is to be appreciated that other arrangements of materials

within the anode 15 and cathode 17 could be used to provide different time varying voltages.

In example apparatus 1 such as the apparatus 1 of Figs. 2 and 3 the rate at which the potential
difference changes may depend on factors such as the flow rate of the electrolyte 7 through
the channel 3, the size of the respective sections 21, 23, 25, 27 of the anode 15 and the
respective sections 31, 33, 35, 37 of the cathode 17 and the rate of reaction between the
electrolyte 7 and the electrodes 5 or any other suitable factor. These factors may be
determined by the dimensions of the channel 3 and the materials used for the electrodes 5.
This may enable different apparatus 1 to be designed to produce different time varying

voltages.

In the examples of Fig. 2 and 3 each of the sections 21, 23, 25, 27, 31, 33, 35, 37 are
approximately the same size. It is to be appreciated that in other examples the sections 21,
23, 25, 27, 31, 33, 35, 37 could have different sizes. This may enable different waveforms of
time varying voltage to be provided. In some examples having sections 21, 23, 25, 27, 31,
33, 35, 37 of different sizes may smooth out steps in the voltage changes as it may enable
junctions to be created with the electrolyte 7 and adjacent sections of the electrodes 5. The
smoothing of the steps in the voltage may occur due to the time it takes for the electrochemical
reaction between the electrolyte 7 and the electrodes 5 to begin when the electrolyte 7 comes
into contact with a new section 21, 23, 25, 27, 31, 33, 35, 37 of the electrodes 5. The current

provided by the electrochemical cell will move from a lower potential to a higher potential so
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that the increase or decrease in voltage will be proportional to the ratio of the surface areas of
the different sections 21, 23, 25, 27, 31, 33, 35, 37 that are undergoing the electrochemical

reaction.

Fig. 4 illustrates another example apparatus 1. The apparatus 1 of Fig. 4 is similar to the
apparatus 1 of Figs. 2 and 3 in that apparatus 1 of Fig. 4 comprises a channel 3 and an
electrolyte 7 which is configured to flow through the channel 3. However the apparatus 1 of
Fig. 4 differs from the apparatus 1 of Fig. 1 in that in Figs. 2 and 3 only one pair of electrodes

5 is provided whereas in Fig. 4 a plurality of different pairs of electrodes 5 are provided.

The different pairs of electrodes 5 are provided at different points along the length of the
channel 3. The different pairs of electrodes 5 are arranged so that a gap is provided between
each adjacent pair of electrodes 5. The spacing between the adjacent pairs of electrode 5

extends along the length of the channel 3.

In the particular example of Fig. 4 the apparatus 1 comprises four pairs of electrodes 5. Itis
to be appreciated that any number of pairs of electrodes 5 may be provided in other examples

of the disclosure.

Each of the pairs of electrodes 5 comprises an anode 15 and a cathode 17. Each anode 15
and cathode 17 has a contact 29. The contact 29 may enable each of the electrodes 5 to be
connected to external circuitry. In some examples a sample may be connected to the external

circuitry to enable the sample to be analysed.

In the example apparatus 1 of Fig. 4 each of the cathodes 17 are formed from the same
material while the anodes 15 are formed from a plurality of different materials. In some
examples each of the anodes 15 may be formed from a different material. As different anodes
15 are formed from different materials this enables different voltages to be provided when the

electrolyte 7 is positioned between different pairs of electrodes 5.

As the electrolyte 7 moves through the channel 3 in the direction indicted by the arrow 13, it
comes into contact with each of the different pairs of electrodes 5. This enables the electrolyte
7 to form electrochemical cells with each of the different pairs of electrodes 5. As different
anodes 15 comprise different materials with different potentials this enables different voltages

to be provided as the electrolyte 7 moves along the channel 3.
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In the example of Fig. 4 each of the anodes 15 comprise different materials but each of the
cathodes 17 comprise the same material. It is to be appreciated that in other examples each
of the anodes 15 could comprise the same material and the cathodes 17 could comprise
different materials. Also in some examples both the anodes 15 and the cathodes 17 could
comprise different materials. Fig. 5 illustrates an example apparatus 1 in which both the

anodes 15 and the cathodes 17 could comprise different materials.

In the examples of Figs. 4 and 5 the volume of electrolyte 7 may be such that the electrolyte
7 is only in contact with one pair of electrodes 5 at any time. The volume of the electrolyte 7
and the spacing between the pairs of electrodes 5 may be such that as the electrolyte 7 breaks
a connection with a first pair of electrodes 5 it immediately establishes a connection with the
next pair of electrodes 5. This may ensure that a voltage is always provided by the apparatus

1 when the electrolyte 7 is moving through the channel 3.

In the example of Figs. 4 and 5 the different pairs of electrodes 5 are equally spaced along
the length of the channel 3 and the channel 3 has a constant width. It is to be appreciated
that other arrangements of the channel 3 and the electrodes 5 may be used in other examples

of the disclosure.

For instance, in some examples the volume of electrolyte 7 within the channel 3 may be large
enough to enable more than one pair of electrodes 5 to be connected to the electrolyte 7 at a
time. In some examples the volume of the electrolyte 7 may be sufficient to enable all of the
pairs of electrodes 5 to be connected simultaneously. In such examples the number of pairs
of electrodes 5 which are connected to the electrolyte 7 will increase as the electrolyte 7 flows
through the channel 3. In other examples the volume of electrolyte 7 may be sufficient to
enable a plurality, but not all, of the pairs of electrodes 5 to be connected to the electrolyte 7
simultaneously. In such examples the number of pairs of electrodes 5 which are connected

to the electrolyte 7 may change as the electrolyte flows through the channel 3.

In these examples the electrolyte 7 will create a plurality of electrochemical cells connected in
parallel. In some examples this may cause current flow between the cells. This effect may
be minimized by having a larger spacing between the pairs of electrodes 5 or by selecting

materials for the electrodes 5 to ensure that the desired voltage change is provided.

In the examples of Figs. 4 and 5 each of the different pairs of electrodes 5 may have a different

potential difference so that the voltage provided by the apparatus 1 is dependent upon the pair
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of electrodes 5 that the electrolyte 7 is connected to. As the pairs of electrodes 5 are spaced
along the length of the channel 5 the voltage is dependent upon the position of the electrolyte
7 within the channel 3. The dimensions of the channel maybe designed so that the electrolyte
flows through the channel 3 at a controlled rate. This enables the apparatus 1 to provide a

time varying voltage.

In some examples each pair of electrodes 5 may have a larger potential difference than the
preceding pair of electrodes 5. This may enable an increasing voltage to be provided by the
apparatus 1. In other examples different arrangements of pairs of electrodes 5 may be

provided. This may enable a different time varying voltage to be provided.

In the examples of Fig. 2 to 5 the apparatus 1 comprises an electrolyte 7. The electrolyte 7
may be provided as part of a volume of liquid 61. Fig. 6 illustrates an example of a volume of

liquid 61 which may be used in some examples of the disclosure.

In the example of Fig. 6 the volume of liquid 61 comprises an electrolyte 7 and an inert liquid

63. The electrolyte 7 is provided at the front of the volume of liquid 61.

In the example of Fig. 6 the electrolyte 7 may comprise an ionic solution which may be
configured to enable electrochemical reactions between the electrolyte 7 and the electrodes
5. The electrolyte 7 enables an electrochemical cell to be created when it is positioned
between a pair of electrodes 5. The material which is used as the electrolyte 7 may depend

on the material which is used for the electrodes 5.

The inert liquid 63 is provided adjacent to the electrolyte 7. The inert liquid 63 may be provided
adjacent to the electrolyte 7 to ensure that a net force is provided on the electrolyte 7. The
inert liquid 63 may be arranged so that the surface energy on one side of the electrolyte 7 is
higher than on the other side of the electrolyte 7. The inert liquid 63 may be arranged so that

the electrolyte 7 moves along the length of the channel 3 as indicated by the arrow 13.

The inert liquid 63 may comprise any material which provides an electrical insulator so that
when the inert liquid 63 is positioned between a pair of electrodes 5 there is no charge transfer
between the electrodes 5. The inert liquid 63 may comprise a material which does not undergo
an electrochemical reaction with the at least one pair of electrode 5. The inert liquid 63 may

be configured to ensure that the charge transfer is only provided through a pair of electrodes
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5 which are in contact with the electrolyte 7. The inert liquid 63 may be arranged to break a

connection made by the electrolyte 7 as the volume of liquid 61 moves through the channel 3.

The volume of the inert liquid 63 may be larger than the volume of the electrolyte 7. The
volume of the electrolyte 7 may be selected to limit or control the areas of the electrodes 5
that are connected to the electrolyte 7. For instance, as mentioned above, the volume of
electrolyte 7 may be configured so that only one pair of electrodes 5 can be connected at any
one time. The volume of electrolyte 7 may be such that the length of the electrolyte 7 in the
channel 3 is the same as the gap between the pairs of electrodes 5. This may prevent more
than one pair of electrodes 5 being connected simultaneously and may prevent current flowing
between anodes 15 and between cathodes 17. The volume of the inert liquid 63 may be large
enough to be positioned between a plurality of pairs of electrodes and/or sections of electrodes
5. This may ensure that the inert liquid 63 can prevent charge transfer between pairs of
electrodes 5 that are not connected to the electrolyte 7. The inert liquid 63 may prevent

interference between electrodes 5.

The inert liquid 63 may be immiscible with the electrolyte 7. This may prevent the inert liquid
63 from mixing with the electrolyte 7. For instance, one of the electrolyte 7 of the inert liquid

63 may be in an organic phase while the other may be in an aqueous phase.

Fig. 7 illustrates an apparatus 1 according to another example of the disclosure. The example
apparatus 1 of Fig. 7 also comprises a channel 3, at least one pair of electrodes 5 and an
electrolyte 7. In the example apparatus 1 of Fig. 7 a floating electrode 71 is provided adjacent
to a pair of electrodes 5. In the example of Fig. 7 the apparatus 1 is connected to sample

circuitry 73 and measuring circuitry 75.

In the particular example of Fig. 7 two pairs of electrodes 5 are provided. A first pair of
electrodes 5A is provided on the left hand side of the channel 3 and a second pair of electrodes
5B is provided on the right hand side of the channel. The apparatus 1 is arranged so that as
the electrolyte 7 moves through the channel 3 the electrolyte 7 contacts the first pair of

electrodes 5A and then the second pair of electrodes 5B.

Each pair of electrodes 5A, 5B comprises an anode 15 and a cathode 17. The anode 15 and
cathode 17 may be made of different materials. The materials used for the anode 15 and the
cathode 17 may be selected to ensure that the anode 15 and cathode 17 have different

potentials.
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For each pair of electrodes 5 the anode 15 may be positioned directly opposite the cathode
17. The anode 15 may be positioned directly opposite the cathode 17 so that the respective
surface areas of the anode 15 and the cathode 17 are aligned. The surface area of the anode

15 may entirely overlap with the surface area of the cathode 17.

In the example of Fig. 7 each of the anodes 15 are made from the same material. Also in the
example of Fig. 7 each of the cathodes are 17 made from the same material. Each of the
electrodes 5 within the pairs of electrodes 5A, 5B has a contact 29 which enables the electrode

to be connected to circuitry.

In the example of Fig. 7 the anode 15 and the cathode 17 of a pair of electrodes 5 have the
same surface area. In the example of Fig. 7 the anodes 15 and the cathodes 17 of all of the

pairs 5A, 5B have the same surface area.

Both the first pair of electrodes 5A and the second pair of electrodes 5B are connected to the
sample circuitry 73. The sample circuitry 73 may be configured so that when the electrolyte 7
and the pairs of electrodes 5 form a cell, the voltage from the cell is provided to a sample
within the sample circuitry 73. The test sample may draw a current which is proportional to an
analyte that is to be measured. This may enable the presence of an analyte within a sample

to be detected. Forinstance, it may enable ampemetric testing of the sample.

The measuring circuitry 75 may be connected to the floating electrode 71 and the anodes 15
of the pairs of electrodes 5. The measuring circuitry 75 may enable the current which is

provided by the apparatus 1 to be measured.

The floating electrode 71 is provided between the first pair of electrodes 5A and the second
pair of electrodes 5B. In the example of Fig. 7 the floating electrode 71 is a cathode. The
floating electrode 71 is provided adjacent to the cathodes 17 of the pairs of electrodes 5A,
5B. The floating electrode 71 is provided on the same wall of the channel 3 as the cathodes
17 of the pairs of electrodes 5A, 5B.

The floating electrode 71 may comprise the same material as the cathode 17 of the adjacent
pair of electrodes 5. This may ensure that the floating electrode 71 has the same potential as

the cathode 17 of the adjacent pair of electrodes 5.
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The floating electrode 71 is not aligned with an anode 15. The floating electrode 71 may be
positioned so that there is no overlap between the surface area of the floating electrode 71

and a surface area of an anode 15.

The floating electrode 71 may be configured to collect electrons from the electrolyte 7. This
reduces the current through the electrochemical cell formed by a pair of electrodes 5. The
number of electrons that is collected by the floating electrode 71 is proportional to the surface

area of the floating electrode 71 that is in contact with the electrolyte 7.

The floating electrode 71 may be connected to measuring circuitry 75 to enable the current

drawn to be measured.

Figs. 8A to 8H show an electrolyte 7 as it moves through the channel 3 of the example
apparatus of Fig. 7. Figs. 8A to 8H show the volume of fluid 61 at successive points in time.

In the examples of Figs. 8A to 8H the circuitry is not shown for clarity.

At the point in time shown in Fig. 8A the electrolyte 7 is positioned at the left hand side of the
channel 3. The electrolyte 7 has not yet made contact with any of the electrodes 5. In some
examples the electrolyte 7 may be stored in a reservoir or a barrier may be provided to prevent
the electrolyte 7 from moving through the channel 3. The apparatus 1 may be provided in the
arrangement of Fig. 8A when the apparatus 1 is in storage and/or before the apparatus 1 is
used. As the electrolyte 7 is not in contact with any of the electrodes 5 this prevents any
chemical reaction between the electrodes 5 and the electrolyte 7. This prevents degradation

of the electrodes 5 and may enable an apparatus 1 with a long shelf life to be provided.

In Figs. 8B to 8H the barrier has been removed or the electrolyte 7 has been released from a
reservoir and the electrolyte 7 is moving through the channel 3 in the direction indicated by
the arrow 13. The electrolyte 7 moves through the channel 3 from right to left. In other

examples the electrolyte 7 may move in other directions.

In Fig. 8B the electrolyte 7 has moved through the channel 3 so that the electrolyte 7 is
positioned between the first pair of electrodes 5A. This forms an electrochemical cell
comprising the first pair of electrodes 5A and the electrolyte 7. The electrolyte 7 is in contact
with the entire surface area of the anode 15 and the cathode 17 within the first pair of
electrodes 5. This provides the maximum voltage and the maximum current for the apparatus
1.



10

15

20

25

30

35

WO 2016/185087 PCT/FI12016/050319
17

As the first pair of electrodes 5A are connected to the sample circuitry 73 current will be drawn
from the electrochemical cell comprising the first pair of electrodes 5A and the electrolyte 7.
The current which is drawn may be proportional to the analyte that is being measured within

a sample.

In the example of Fig. 8B the inert liquid 63 is provided behind the electrolyte 7. At the point

in time shown in Fig. 8B the inert liquid is not in contact with any of the electrodes 5, 71.

Fig. 8C shows the apparatus 1 at a later point in time. In Fig. 8C the electrolyte 7 has moved
further down the channel 3 so that the electrolyte is now positioned so that at least some of
the electrolyte 7 is in contact with the floating electrode 71. The volume of the electrolyte 7 is
such that the electrolyte 7 is still in contact with the entire surface area of the anode 15 and

the cathode 17 within the first pair of electrodes 5A.

The floating electrode 71 will react with the electrolyte 7 to collect electrons from the electrolyte
7. As the supply of the electrons is limited by the area of the anode 15 this will lead to a
reduction in the current between the first pair of electrodes 5A from the time shown in Fig. 8B
to the time shown in Fig. 8C. Measurements of the reduction in current can then be used to
calculate the quantity of an analyte present within a sample. A high level of an analyte will
draw more current and reduce the open circuit voltage measured across the anode 15 and

the floating electrode 71.

In the example of Fig. 8C the inert liquid 63 is still not in contact with any of the electrodes 5,
71.

Fig. 8D shows the apparatus 1 at a further point in time. In Fig. 8D the electrolyte 7 has moved
further down the channel 3 so that the electrolyte is now positioned so that the electrolyte 7 is
in contact with the entire surface area of the floating electrode 71. The volume of the
electrolyte 7 is such that the electrolyte 7 is still in contact with the entire surface area of the

anode 15 and the cathode 17 within the first pair of electrodes 5A.

At the point in time shown in Fig. 8D the available current has reduced further. The

configuration of Fig. 8D may provide the minimum current to the sample.
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In the example of Fig. 8D the inert liquid 63 is still not in contact with any of the electrodes 5,
71.

Fig. 8E shows the apparatus 1 at a further point in time. In Fig. 8E the electrolyte 7 has moved
further down the channel 3 so that the electrolyte is now positioned so that the electrolyte 7 is
in contact with the entire surface area of the floating electrode 71. However in Fig. 8E the
electrolyte 7 is no longer in contact with the first pair of electrodes 5A but is now in contact
with the entire surface area of the anode 15 and the cathode 17 of the second pair of

electrodes 5B.

The volume of the electrolyte 7 and the spacing of the pairs of electrodes 5A, 5B may be such
that as the electrolyte 7 comes into contact with the second pair of electrodes 5B it breaks

contact with the first pair of electrodes 5A.

The current may remain constant between the time shown in Fig. 8D and the time shown in
Fig. 8E. The area of the electrolyte 7 in contact with the electrodes 5, 71 may remain constant

between the time shown in Fig. 8D and the time shown in Fig. 8E.

In the example of Fig. 8E the inert liquid 63 is now in contact with the first pair of electrodes
5A. The inert liquid 63 does not react with the first pair of electrodes 5A and so breaks the

electrochemical cell formed by the first pair of electrodes 5A.

Fig. 8F shows the apparatus 1 at a further point in time. In Fig. 8F the electrolyte 7 has moved
further down the channel 3 so that the electrolyte is now positioned so that the electrolyte 7 is
in only in contact with part of the surface area of the floating electrode 71but is still in contact
with the entire surface area of the anode 15 and the cathode 17 of the second pair of

electrodes 5B.

The current may increase between the time shown in Fig. 8E and the time shown in Fig. 8F

because the area of the electrolyte 7 in contact with the floating electrode 71 has reduced.

In the example of Fig. 8F the inert liquid 63 is now in contact with the first pair of electrodes
5A and part of the floating electrode 71. The inert liquid 63 does not react with the floating

electrodes 71 and so enables an increase in current.
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Fig. 8G shows the apparatus 1 at a further point in time. In Fig. 8G the electrolyte 7 has moved
further down the channel 3 so that the electrolyte is now positioned so that the electrolyte 7 is
still in contact with the entire surface area of the anode 15 and the cathode 17 of the second
pair of electrodes 5B but is no longer in contact with floating electrode 71. This provides the

maximum voltage and the maximum current for the apparatus 1.

The current increases between the time shown in Fig. 8F and the time shown in Fig. 8G

because the area of the electrolyte 7 in contact with the floating electrode 71 has reduced.

In the example of Fig. 8G the inert liquid 63 is now in contact with the first pair of electrodes
5A and the whole of the surface area of the floating electrode 71. The inert liquid 63 does not

react with the floating electrodes 71 and so enables the increase in current.

Fig. 8H shows the apparatus 1 at a further point in time. In Fig. 8H the electrolyte 7 has moved
further down the channel 3 so that the electrolyte 7 is not in contact with any electrodes. The
inert liquid 63 is positioned throughout the channel 3 and effectively turns the electrochemical

cells off.

The apparatus 1 of Fig. 7 may be used to provide a current limited time varying voltage to a
sample. The change in the voltage is determined by the current that is drawn by the sample
that is being analysed. The more current that is drawn by the analyte within the sample, the
more the voltage decreases. The current that is available from the cell is determined by the
position of the electrolyte 7 within the channel and the amount of current which is drawn by
the floating electrode 71. In the example of Fig. 7 the available current starts at a maximum,
decreases and then increases back to a maximum. It is to be appreciated that other

arrangements of electrodes 5, 17 may be used to provide different variations.

Figs. 9A to 9E shows an apparatus 1 which is similar to the apparatus 1 of Fig. 7. The
apparatus 1 of Figs. 9A to 9E comprise a channel 3 and an electrolyte 7. However in Figs. 9A
to 9E only one pair of electrodes 5 is provided but two floating electrodes 71A, 71B are

provided.

In Figs. 9A to 9E a first floating electrode 71A is provided on the left hand side of the channel
3 and a second floating electrode 71B is provided on the right hand side of the channel 3. The

apparatus 1 is arranged so that as the electrolyte 7 moves through the channel 3 the
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electrolyte 7 contacts the first floating electrode 71A and then the second floating electrode
71B.

In the example of 9A to 9E the floating electrodes 71A, 71B are cathodes. The floating
electrodes 71A, 71B are provided adjacent to the cathode 17 of the pair of electrodes 5. The
floating electrodes 71A, 71B are provided on the same wall of the channel 3 as the cathode

17 of the pairs of electrode 5.

The floating electrodes 71A, 71B may comprise the same material as the cathode 17 of the
adjacent pair of electrodes 5. This may ensure that the floating electrodes 71A, 71B have the

same potential as the cathode 17 of the adjacent pair of electrodes 5.

The floating electrodes 71A, 71B are not aligned with an anode 15. The floating electrodes
71A, 71B may be positioned so that there is no overlap between the surface area of the floating

electrodes 71A, 71B and a surface area of an anode 15.

The floating electrodes 71A, 71B may be configured to collect electrons from the electrolyte
7. This reduces the current through the electrochemical cell formed by a pair of electrodes
5. The number of electrons that is collected by the floating electrodes 71A, 71B is proportional
to the surface area of the floating electrodes 71A, 71B that are in contact with the electrolyte
7.

The pair of electrodes 5 is provided between the floating electrodes 71A, 71B. The pair of
electrodes 5 comprises an anode 15 and a cathode 17. The anode 15 and cathode 17 may
be made of different materials. The materials used for the anode 15 and the cathode 17 may

be selected to ensure that the anode 15 and cathode 17 have different potentials.

The anode 15 is positioned directly opposite the cathode 17. The anode 15 may be positioned
directly opposite the cathode 17 so that the respective surface areas of the anode 15 and the
cathode 17 are aligned. The surface area of the anode 15 may entirely overlap with the

surface area of the cathode 17.

The electrodes 5, 71A, 71B may be connected to sample circuitry to enable a current to be

provided to a sample as described above.
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Figs. 9A to 9E show an electrolyte 7 as it moves through the channel 3. Figs. 9A to 9E show
the volume of fluid 61 at successive points in time. In the examples of Figs. 9A to 9E the

circuitry is not shown for clarity.

In Figs. 9A to 9E the electrolyte 7 is moving through the channel 3 in the direction indicated
by the arrow 13. The electrolyte 7 moves through the channel 3 from right to left. In other

examples the electrolyte 7 may move in other directions.

In Fig. 9A the electrolyte 7 is positioned in contact with the first floating electrode 71A. The
electrolyte is not in contact with the first pair of electrodes 5. As the electrolyte 7 is not in
contact with both an anode 15 and a cathode 17, no electrochemical cell is provided and no

current or voltage is provided by the apparatus 1.

In the example of Fig. 9A the inert liquid 63 is provided behind the electrolyte 7. At the point

in time shown in Fig. 9A the inert liquid is not in contact with any of the electrodes 5, 71.

Fig. 9B shows the apparatus 1 at a later point in time. In Fig. 9B the electrolyte 7 has moved
further down the channel 3 so that the electrolyte 7 is now positioned so that at least some of
the electrolyte 7 is in contact with the pair of electrodes 5 and at least some of the electrolyte
is in contact with the first floating electrode 71A. Only a part of the first floating electrode 71A

is in contact with the electrolyte 7.

As the electrolyte 7 is now in contact with both an anode 15 and a cathode 17, an
electrochemical cell is provided and current or voltage is provided by the apparatus 1.
However the floating electrode 71A will react with the electrolyte 7 to collect electrons from
the electrolyte 7. This will limit the available current, in proportion to the area of the floating

electrode 71A which is in contact with the electrolyte 7.

In the example of Fig. 9B the inert liquid 63 is still in contact with part of the first floating
electrode 71A to prevent chemical reactions with the parts of the floating electrode 71A that

are not in contact with the electrolyte 7.

Fig. 9C shows the apparatus 1 at a later point in time. In Fig. 9C the electrolyte 7 has moved
further down the channel 3 so that the electrolyte 7 is now positioned so that at least some of
the electrolyte 7 is in contact with the whole of the surface area of the pair of electrodes 5.

The electrolyte 7 is no longer in contact with the first floating electrode 71A and has not yet
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made contact with the second floating electrodes 71B. This provides the maximum voltage

and the maximum current for the apparatus 1.

In the example of Fig. 9C the inert liquid 63 is still in contact with part of the first floating

electrode 71A to prevent chemical reactions with the floating electrode 71A.

Fig. 9D shows the apparatus 1 at a later point in time. In Fig. 9D the electrolyte 7 has moved
further down the channel 3 so that the electrolyte 7 is now positioned so that at least some of
the electrolyte 7 is in contact with the pair of electrodes 5 and at least some of the electrolyte
is in contact with the second floating electrode 71B. Only a part of the first floating electrode

71B is in contact with the electrolyte 7.

As the electrolyte 7 is still in contact with both an anode 15 and a cathode 17, an
electrochemical cell is provided and current or voltage is provided by the apparatus 1.
However the floating electrode 71B will react with the electrolyte 7 to collect electrons from
the electrolyte 7. This will limit the available current, in proportion to the area of the floating
electrode 71B which is in contact with the electrolyte 7 and reduce the current provided by the

apparatus 1.

In the example of Fig. 9D the inert liquid 63 is in contact with part of the pair of electrodes 5 to
prevent chemical reactions with the parts of the pair of electrodes that are not in contact with

the electrolyte 7.

In Fig. 9E the electrolyte 7 is positioned so that it is only in contact with the second floating
electrode 71A. The electrolyte is not in contact with the pair of electrodes 5. As the electrolyte
7 is no longer in contact with both an anode 15 and a cathode, no electrochemical cell is

provided and no current or voltage is provided by the apparatus 1.

In the example of Fig. 9E the inert liquid 63 is provided in between the pair of electrodes 5 to

prevent a current being provided.

Therefore the example apparatus 1 of Figs. 9A to 9E provide a voltage which starts from zero,
increases to maximum and then decreases back to zero. It is to be appreciated that the
polarity and the magnitude of the voltage could be altered by using different materials for the

respective electrodes 5, 71.
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Figs. 10A to 10B illustrates an example test devices 101. The example test devices 101
comprise an apparatus 1 which may be as described above. The example test devices 101

also comprise, a power source 103 and a control circuitry 109 and a transceiver 107.

In some examples the test devices 101 may be provided on a substrate 105. The substrate
may comprise a material such as card or plastic. This may enable the test device 101 to be

portable and/or low cost.

The apparatus 1 may be connected to the control circuitry 109. The control circuitry 109 may
enable a sample to be positioned on the test device and a current to be provided to the sample.
In some examples the control circuitry 109 may comprise sample circuitry 73 and measuring
circuitry 75 as described above. The current provided to the sample may be controlled by the

apparatus 1. This enables a current limited time varying voltage to be provided to the sample.

The power source 103 may comprise any suitable means. The power source 103 may be

connected to the apparatus 1 to enable a current to be provided by the apparatus 1.

The test device 101 may also comprise a transceiver 107. The transceiver 107 may comprise
a low power or passive transceiver 107. For example the transceiver 107 could comprise an
RFID (radio frequency identification) antenna. The transceiver 107 may be coupled to the
control circuitry 109 to enable information which is obtained by the control circuitry 109 to be

read by another device.

Fig. 11 illustrates a method. The method may be used to provide apparatus 1 and test devices

101 such as the apparatus 1 and test devices 101 described above.

In the example of Fig. 11 the method comprises, at block 111 providing a channel 3. At block
113 the method may comprise providing at least one pair of electrodes 5 provided within sides
of the channel 3 and at block 115 the method comprises providing an electrolyte 7 configured
to move through the channel 3 such that when the electrolyte 7 is positioned between the at
least one pair of electrodes 5 the electrolyte 7 provides a current path 9 between the at least
one pair of electrodes 5. The at least one pair of electrodes 5 are configured such that
movement of the electrolyte 7 through the channel 3 enables a time varying voltage to be

provided.
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Examples of the disclosure provide an apparatus 1 which may be used to provide a time
varying voltage. The time varying voltage may be achieved by the movement of the conductor
7 through the channel 3. As this does not require any complicated circuitry, such as
microcontroller, timing circuitry, memory or other components this provides a simple and low

cost apparatus 1 for providing such voltages.

The apparatus 1 may be used in disposable devices which may be discarded after use. This
may be useful for medical applications where biological samples may be tested using the time

varying voltage.

As the electrolyte 7 is only in contact with the electrodes 5, 71 during use, and not during
storage, this may enable a wider range of materials to be used for the electrodes and the
electrolyte 7. For instance it may enable an electrolyte 7 to be used with a material which may
be etched by the electrolyte 7. As the electrolyte 7 can only react with the electrode 5, 71
during the time it takes to traverse the channel this will limit the amount of etching which may
occur. This may enable very thin electrodes 5, 71 to be used which may reduce the cost of

the apparatus 1 as it reduces the materials required.

The apparatus 1 and test device 101 may also be small and light weight which may enable

them to be used in any location.

In the examples described above the term coupled means operationally coupled and any

number or combination of intervening elements can exist (including no intervening elements).

The term “comprise” is used in this document with an inclusive not an exclusive meaning. That
is any reference to X comprising Y indicates that X may comprise only one Y or may comprise
more than one Y. If it is intended to use “comprise” with an exclusive meaning then it will be

made clear in the context by referring to “comprising only one...” or by using “consisting”.

In this brief description, reference has been made to various examples. The description of
features or functions in relation to an example indicates that those features or functions are
present in that example. The use of the term “example” or “for example” or “may” in the text
denotes, whether explicitly stated or not, that such features or functions are present in at least
the described example, whether described as an example or not, and that they can be, but

are not necessarily, present in some of or all other examples. Thus “example”, “for example”

or “may” refers to a particular instance in a class of examples. A property of the instance can
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be a property of only that instance or a property of the class or a property of a sub-class of the
class that includes some but not all of the instances in the class. It is therefore implicitly
disclosed that a features described with reference to one example but not with reference to
another example, can where possible be used in that other example but does not necessarily

have to be used in that other example.

Although embodiments of the present invention have been described in the preceding
paragraphs with reference to various examples, it should be appreciated that modifications to

the examples given can be made without departing from the scope of the invention as claimed.

Features described in the preceding description may be used in combinations other than the

combinations explicitly described.

Although functions have been described with reference to certain features, those functions

may be performable by other features whether described or not.

Although features have been described with reference to certain embodiments, those features

may also be present in other embodiments whether described or not.

Whilst endeavoring in the foregoing specification to draw attention to those features of the
invention believed to be of particular importance it should be understood that the Applicant
claims protection in respect of any patentable feature or combination of features hereinbefore
referred to and/or shown in the drawings whether or not particular emphasis has been placed

thereon.

l/'we claim:
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CLAIMS
1. An apparatus comprising:
a channel;

at least one pair of electrodes provided within sides of the channel;

an electrolyte configured to move through the channel such that when the electrolyte
is positioned between the at least one pair of electrodes the electrolyte provides a current path
between the at least one pair of electrodes; and

wherein the at least one pair of electrodes are configured such that movement of the

electrolyte through the channel enables a time varying voltage to be provided.

2. An apparatus as claimed in any preceding claim wherein the apparatus is configured

to provide a current to a sample to enable an analyte to be detected within the sample.

3. An apparatus as claimed in any preceding claim wherein the channel and the
electrolyte are configured such that the electrolyte moves through the channel at a controlled

rate.

4. An apparatus as claimed in any preceding claim wherein the channel comprises a

microfluidic channel.

5. An apparatus as claimed in any preceding claim wherein a potential difference
between the at least one pair of electrodes and the electrolyte is dependent upon the position

of the electrolyte within the channel.

6. An apparatus as claimed in any preceding claim wherein the electrodes comprise

different materials at different points along the length of the channel.

7. An apparatus as claimed in any preceding claim further comprising at least one floating

electrode provided in a wall of the channel.

8. An apparatus as claimed in claim 7 the floating electrode is configured to reduce

current through the pair of electrodes by collecting electrons from the electrolyte.

9. An apparatus as claimed in any of claim 7 to 8 wherein the floating electrode comprises

the same material as a cathode of the at least one pair of electrodes.
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10. An apparatus as claimed in any of claims 7 to 9 wherein the floating electrode does

not overlap another electrode.

11. An apparatus as claimed in any preceding claim wherein the electrolyte comprises an
ionic solution configured to undergo an electrochemical reaction with the at least one pair of

electrodes.

12. An apparatus as claimed in any preceding claim wherein an inert liquid is provided
adjacent to the electrolyte wherein the inert liquid does not undergo an electrochemical

reaction with the at least one pair of electrodes.

13. An apparatus as claimed in claim 12 wherein the electrolyte and the inert liquid are

immiscible.

14. A test device comprising an apparatus as claimed in any of claims 1 to 13.

15. A method comprising:

providing a channel;

providing at least one pair of electrodes provided within sides of the channel,

providing an electrolyte configured to move through the channel such that when the
electrolyte is positioned between the at least one pair of electrodes the electrolyte provides a
current path between the at least one pair of electrodes; and

wherein the at least one pair of electrodes are configured such that movement of the

electrolyte through the channel enables a time varying voltage to be provided.
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