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(57) Abstract: An apparatus and method, the apparatus comprising: an information electrode;a ground electrode;a photo-resistive
element configured to enable the information electrode to be connected to the ground electrode; and wherein the apparatus is con-
figured to enable a sensor element to be positioned overlaying the photo-resistive element such that a change in optical properties of
the sensor element controls the connection between the ground and information electrodes.
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TITLE

An Apparatus and Method for Sensing

TECHNOLOGICAL FIELD

Examples of the disclosure relate to an apparatus and method for sensing. In particular
they relate to an apparatus and method for sensing wherein the sensing apparatus can be

read by a capacitive touch screen.

BACKGROUND

Sensor elements which produce a visible change in the presence of an analyte are known.
For example materials which change colour when exposed to a particular analyte may be

used to determine the presence of the analyte.

Typically such sensor elements are read manually by a user looking at the sensor element.

It would be useful to enable such sensor elements to be read electronically.

BRIEF SUMMARY

According to various, but not necessarily all, examples of the disclosure, there may be
provided an apparatus comprising: an information electrode; a ground electrode; a photo-
resistive element configured to enable the information electrode to be connected to the
ground electrode; and wherein the apparatus is configured to enable a sensor element to
be positioned overlaying the photo-resistive element such that a change in optical properties
of the sensor element controls the connection between the ground and information

electrodes.

In some examples the photo-resistive element may be positioned between the information

electrode and the ground electrode.

In some examples the photo-restive element may form part of the information electrode.
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In some examples the apparatus may be configured to be placed on a capacitive touch

screen to enable a capacitive touch screen and light source to illuminate the sensor element

and detect whether or not the information electrode is connected to the ground electrode.

In some examples the apparatus may comprise a polymer coating.

In some examples the apparatus may comprise a plurality of information electrodes.

In some examples the apparatus may comprise a plurality of ground electrodes.

In some examples the apparatus may comprise at least one reference electrode.

In some examples the sensor element may be integrated into the apparatus.

In some examples the sensor element may comprise a material which is arranged to change

optical properties in response to an analyte.

In some examples the sensor element may be provided on an at least partially transparent

test strip.

In some examples the apparatus may comprise a calibration strip. The calibration strip

enables the quantity of the analyte detected by the sensor element to be determined.

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 an information electrode; providing a ground
electrode; providing a photo-resistive element configured to enable the information
electrode to be connected to the ground electrode; and wherein the photo-resistive element
is configured to enable a sensor element to be positioned overlaying the photo-resistive
element such that a change in optical properties of the sensor element controls the

connection between the ground and information electrodes.

In some examples the method may further comprise positioning the photo-resistive element

between the information electrode and the ground electrode.
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In some examples the method may further comprise forming part of the information

electrode from the photo-resistive element.

In some examples the method may further comprise configuring the sensor element to be
placed on a capacitive touch screen to enable a capacitive touch screen and light source to
illuminate the sensor element and detect whether or not the information electrode is

connected to the at least one ground electrode.

In some examples the method may further comprise providing a polymer coating.

In some examples the method may further comprise providing a plurality of information

electrodes.

In some examples the method may further comprise providing a plurality of ground

electrodes.

In some examples the method may further comprise providing at least one reference

electrode.

In some examples the method may further comprise integrating the sensor element into the

apparatus.

In some examples the sensor element may comprise a material which is arranged to change

optical properties in response to an analyte.

In some examples the method may further comprise providing the sensor element on an at

least partially transparent test strip.

In some examples the method may further comprise providing a calibration strip. The
calibration strip may enable the quantity of the analyte detected by the sensor element to

be determined.

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

provided examples as claimed in the appended claims.
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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 example apparatus;

Fig. 2 illustrates an equivalent circuit of the example apparatus;

Fig. 3 illustrates an example apparatus comprising a plurality of information electrodes;
Fig. 4 illustrates an example apparatus and a test strip;

Fig. 5 illustrates an example apparatus in which the photo-resistive element forms part of
the information electrodes;

Fig. 6 illustrates an example apparatus comprising a calibration strip;

Fig. 7 illustrates an example apparatus comprising a plurality of ground electrodes;

Fig. 8 illustrates a method;

Figs. 9A to 9D illustrate another example method;

Fig. 10 illustrates a method of using an apparatus;

Fig. 11 illustrates results obtained with an example apparatus;

Fig. 12 illustrates results obtained with another example apparatus; and

Fig. 13A to 13D illustrate example responses of photo-resistive elements.

DETAILED DESCRIPTION

The Figures illustrate an apparatus 1 comprising: an information electrode 3; a ground
electrode 7; a photo-resistive element 5 configured to enable the information electrode 3 to
be connected to the ground electrode 7; and wherein the apparatus 1 is configured to enable
a sensor element 41 to be positioned overlaying the photo-resistive element 5 such that a
change in optical properties of the sensor element 41 controls the connection between the

ground and information electrodes 7, 3.

The apparatus 1 may be for sensing. The apparatus 1 may be used to sense the presence
of an analyte in a sample or environment. The analyte may cause a change in the optical
properties of the sensor element 41. A capacitive touch screen may be used to provide
backlighting for measuring the optical properties of the sensor element 41. The capacitive
touch screen may also be used to detect whether or not the information electrode 3 is

connected to the ground electrode 7.



10

15

20

25

30

35

WO 2016/16259%4 PCT/FI12016/050175

)
Fig. 1 schematically illustrates an example apparatus 1. The apparatus 1 comprises an

information electrode 3, a ground electrode 7 and a photo-resistive element 5. The

electrodes 3, 7 and the photo-resistive element 5 are provided on a substrate 9.

The substrate 9 may be a flat or a substantially flat substrate 9. The electrodes 3, 7 and
the photo-resistive element 5 may be printed on the substrate 9. As the substrate 9 is flat
or substantially flat this enables the apparatus 1 to be placed over the surface of a capacitive
touch screen so that the capacitive touch screen can detect the electrodes 3, 7 and read a

sensor element 41.

The substrate 9 may also enable the apparatus 1 to be easily attached to goods or other
objects. Itis to be appreciated that in other examples the apparatus 1 may have a different
shape, for example, the apparatus 1 may be flexible which may enable it to be deformed by

a user.

The substrate 9 may be formed from an opaque material. The substrate 9 may be opaque
so that when the apparatus 1 is provided on a capacitive touch screen the ambient light

does not activate the photo-resistive elements 5.

The information electrode 3 may comprise a portion of conductive material. The portion of
conductive material may be sized so that the conductive region can be detected by a
capacitive touch screen. The ground electrode 7 may also comprise a portion of conductive
material. A conductive trace 11 may be provided between the information electrode 3 and
the ground electrode 7. The conductive trace 11 may provide a path for direct current

between the ground electrode 7 and the information electrode 3.

In examples of the disclosure a photo-resistive element 5 may be provided between the
information electrode 3 and the ground electrode 7. The photo-resistive element 5 may be
configured to enable the information electrode 3 to be connected to, and disconnected from,
the ground electrode 7. In the example of Fig. 1 the photo-resistive element 5 is provided
within the conductive trace 11. In other examples the photo-resistive element 5 may form

part of the information electrode 3.

The photo-resistive element 5 may comprise any means which may have a resistance which
is dependent on the amount of incident light. The photo-resistive element 5 may comprise

a light dependent resistor, a phototransistor such as a GFET (graphene field effect
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transistor), a functionalized GFET with quantum dots or other functionalization, a photo

diode, a photoactive junction, a pyroelectric element or any other suitable means which may

be configured to undergo a change in resistivity in response to incident light.

In some examples the photo-resistive element 5 may be configured to be triggered by a
specific wavelength or range of wavelengths of light. For instance the photo-resistive

element 5 may be configured to be triggered in by red, green or blue light.

The photo-resistive element 5 may be configured to become more conductive when it is
exposed to incident light. When there is no incident light on the photo-resistive element 5
the photo-resistive element 5 may have a high resistance which may effectively disconnect
the information electrode 3 from the ground electrode 7. This prevents charge transfer
between the ground electrode 7 and the information electrode 3. When there is incident
light on the photo-resistive element 5 the photo-resistive element 5 may have a low
resistance which may enable the information electrode 3 to be connected to the ground
electrode 7. This provides a path for direct current between the ground electrode 7 and the
information electrode 3 and allows for charge transfer between the ground electrode 7 and

the information electrode 3.

When the apparatus 1 is positioned over a capacitive touch screen the capacitive touch
screen may be able to detect the information electrode 3 if it is connected to the ground
electrode 7. The capacitive touch screen might not be able to detect the information
electrode 3 if it is not connected to the ground electrode 7. The information electrode 3 may
be connected to the ground electrode 7 when charge can flow between the two electrodes
3, 7. The information electrodes may be disconnected from the ground electrode 7 when
charge is prevented from flowing between the electrodes 3, 7. The photo-resistive element
5 may control whether or not the information electrode 3 is connected to the ground
electrode 7. Therefore, whether or not the capacitive touch screen can detect the
information electrode 3 depends on the whether or not the photo-resistive element 5 has
connected or disconnected the information electrode 3 and the ground electrode 7. This

will depend on the amount of light incident on the photo-resistive element 5.

The apparatus 1 may be configured to enable a sensor element 41 to be positioned
overlaying the photo-resistive element 5. The sensor element 41 may comprise any

material which has optical properties which change in response to an analyte. The optical
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property could be the colour of the material, the transparency of the material, the

fluorescence of the material or any other suitable property.

If a sensor element 41 is provided overlaying the photo-resistive element 5 then the amount
of light which is incident on the photo-resistive element 5 will be determined by the optical
properties of the sensor element 41. Therefore the optical properties of the sensor element
41 control the connection between the information electrode 3 and the ground electrode 7.
This enables a capacitive touch screen to be used to read the results from a sensor element
41,

Fig. 2 illustrates an equivalent circuit of the example apparatus 1 of Fig. 1. The capacitor
C1 is the capacitance between the information electrode 3 and a capacitive touch screen.

The resistor R1 is a photo-resistive element 5 as described above.

The charge transfer for the circuit can be calculated using the equation:

VinR

(2mfCy)”

A mutually capacitive touch screen may be arranged to measure the change in charge
coupled between a transmitter electrode and a receiver electrode. When a charge reservoir,
such as a user’s finger, is placed close to the capacitive touch screen charge is removed
from the receiver electrode. When the charge removed from the receiver electrode exceeds

a threshold then a touch is registered.

The time constant T of the capacitor C1 is the time it takes to charge the capacitor to
approximately two thirds of its maximum when a constant voltage if applied. The time

constant is given by

T=RC

Therefore if the resistance R of the photo-resistive element is increased then this will
increase the time constant of the capacitor and slow the rate of charge transfer onto the
capacitor plate. If the resistance R is high enough then insufficient charge will be transferred

onto the capacitor plate for the capacitive touch screen to register an input.
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Fig. 3 schematically illustrates an example apparatus 1 comprising a plurality of information

electrodes 3 and a plurality of photo-resistive elements 5. The apparatus 1 also comprises
a ground electrode 7 and a plurality of reference electrodes 31. The electrodes 3, 7, 31 are

provided on a substrate 9. The substrate 9 may be as described above.

In the example of Fig. 3 the apparatus 1 comprises three information electrodes 3. Each
of the information electrodes 3 may have identical size and shape. Each of the information
electrodes 3 are connected to a ground electrode 7 by a conductive trace 11 and a photo-
resistive element 5. Each information electrode 3 may be configured to be independently
connected to the ground electrode 7. This enables a touch screen to detect each
information electrode 3 independently of the other information electrodes 3. Different
information electrodes 3 may enable different sensor elements 41 to be read by a capacitive

touch screen.

In the example of Fig. 3 three information electrodes 3 and three photo-resistive elements
5 are provided. The number of photo-resistive elements 5 is the same as the number of
information electrodes 3. It is to be appreciated that any number of information electrodes

3 and photo-resistive elements 5 may be provided in other examples of the disclosure.

In the apparatus 1 of Fig. 3 one ground electrode 7 is provided and all of the information
electrodes 3 are configured to be connected to the same ground electrode 7. In other
examples a plurality of ground electrodes 7 may be provided and different information

electrodes 3 may be connected to different ground electrodes 7.

The reference electrodes 31 may provide means for enabling a capacitive touch screen 7
to determine the positions of the photo-resistive elements 5 and/or information electrodes
3.

The reference electrodes 31 may comprise portions of conductive material. The portions of
conductive material may be sized so that the conductive region can be detected by a
capacitive touch screen. The reference electrodes 31 are connected to the ground
electrode 7 by a conductive wire or trace 33. The conductive wire or trace 33 may provide

a direct current path between the reference electrodes 31 and the ground electrode 7.

In the example of Fig. 3 the reference electrodes 31 are permanently connected to the

ground electrode 7. There are no switching elements or sensor elements provided between
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the reference electrodes 31 and the ground electrode 7. This enables the capacitive touch

screen to detect the positions of the reference electrodes 31 regardless of the brightness of

the display or the status of a sensor element 41.

In the examples of Fig. 3 the reference electrodes 31 are provided in corners of the
apparatus 1. It is to be appreciated that the reference electrodes 31 may be provided in

other positions in other examples of the disclosure.

In the examples of Fig. 3 two reference electrodes 31 and a ground electrode 7 are
provided. This enables the plane of the surface of the substrate 9 to be identified. It is to
be appreciated that other numbers and/or arrangements of reference electrodes 31 may be

used in other examples of the disclosure.

In the examples of Fig. 3 the apparatus 1 also comprises a plurality of information electrodes

3. In the example of Fig. 3 three information electrodes 3 are provided.

Fig. 4 illustrates the example apparatus 1 of Fig. 3 with integrated sensor elements 41. In
the example of Fig. 4 the sensor elements 41 are provided within a lateral flow test 43. Itis
to be appreciated that any other types of test or sensors could be used in other examples

of the disclosure.

The lateral flow test 43 comprises a test strip 45. The test strip 45 is a long, thin strip which
is provided overlaying the substrate 9. A sample 47 may be added to the test strip 45. The
sample 47 is then drawn along the test strip 45 by capillary action in the direction indicated
by the arrow 49. The example test strip 45 of Fig. 4 comprises two sensor elements 41.
The first sensor element 41A is a control line which is used to indicate whether or not the
lateral flow test 43 has been successfully completed. The control line may change colour

when the lateral flow test 43 has been completed.

The second sensor element 41B is a test line which is used to provide the test result. The
second sensor element 41B indicates whether or not the analyte is present in the sample

47. The test line may change colour if the analyte is present.

The two sensor elements 41 are provided at different positions along the strip 45 so that

each sensor element 41 overlays a different photo-resistive element 5. This enables
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different information electrodes 3 to be connected and disconnected from the ground

electrode 7 by different sensor elements 41.

It is to be appreciated that other tests with different numbers and arrangement of sensor
elements 41 may be used in other examples of the disclosure. Also in the example of Fig.
4 the sensor elements 41 change colour. It is to be appreciated that other changes in

optical properties may be used in other examples of the disclosure.

When the lateral flow test 43 is provided overlaying the apparatus 1 the control line overlays
a first photo-resistive element 5 and the test line overlays a second, different photo-resistive
element 5. A third photo-resistive element 5 is not covered by the lateral flow test 43. The
uncovered photo-resistive element 5 acts as a control photo-resistive element 5 and may
be used to determine if the apparatus 1 is functioning correctly when the light of the

capacitive touch screen is turned on and off.

In order to enable a capacitive touch screen to read the sensor elements 41 a user places
the apparatus 1 on the surface of the touch screen and touches the ground electrode 7. In
the example of Fig. 4 the lateral flow test 43 and the sensor elements 41 are initially
transparent or at least partially transparent. This allows the light from the capacitive touch
screen to be incident on the photo-resistive elements 5 which reduces the resistance of the
photo-resistive element 5 and allows the respective information electrodes 3 to be
connected to the ground electrode 7. This allows the information electrodes 3 to be detected

by the capacitive touch screen.

If the test is completed then one or more of the sensor elements 41 change colour. This
alters the illumination required to disconnect the information electrodes 3. For a given
brightness of illumination this reduces the light incident on the respective photo-resistive
elements 5 which increases the resistance. For a given brightness of illumination this may
disconnect the respective information electrodes 3 from the ground electrode 7 so that the

capacitive touch screen cannot detect the information electrode 3.

As the control photo-resistive element 5 is not covered by the lateral flow test the control
photo-resistive element 5 always has light incident on it, provided the backlight is activated.
This may be used to ensure that the apparatus 1 and capacitive touch screen are

functioning correctly.
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The reference electrodes 31 are always connected to the ground electrode and can be

detected independently of the status of the backlight and the status of the lateral flow test
and the sensor elements 41. The reference electrodes 31 may be used to enable the

information electrodes 3 to be identified.

Table 1 indicates the electrode detection output for the apparatus of Fig. 4.

Test status Test line | Control Control Reference
output line photo- electrodes
resistive
element
Ground electrode not | O 0 0 0
touched
Ground electrode touched | 1 1 1 1

test not completed

Ground electrode touched | 0 0 1 1
test completed, positive

result

Ground electrode touched | 1 0 1 1
test completed, negative

result

Therefore the example apparatus of Fig. 4 enables a capacitive touch screen to be used to

read a lateral flow test 43 result.

In some examples the lateral flow test 43 may be integrated within the apparatus 1 so that
the apparatus 1 and the lateral flow test 43 form a combined device. In other examples the
lateral flow test 43 may be removably attached to the apparatus 1. This may enable the

same apparatus 1 to be used to enable different lateral flow tests 43 to be read.

Fig. 5 illustrates another example apparatus 1. The example apparatus of Fig. 5 is similar
to the example apparatus of Fig. 4 except that in Fig. 5 the photo-resistive elements 5 form

part of the information electrodes 3.
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In the example apparatus 1 of Fig. 5 the photo-resistive elements 5 may comprise light

dependent resistors which are large enough to act as an information electrode 3 as well as
a switch. This may provide for a simplified apparatus 1 and may enable more electrodes 3

to be provided on the apparatus 1.

Fig. 6 illustrates another example apparatus 1. The example apparatus of Fig. 6 is similar
to the example apparatus 1 of Fig. 5 except that in Fig. 6 the apparatus 1 comprises a

calibration strip 61 in addition to the lateral flow test 43.

The example apparatus 1 of Fig. 6 comprises a plurality of information electrodes 3 which
are used to enable information to be read from the lateral flow test 43. The apparatus 1
also comprises a plurality of calibration electrodes 63 which enable information to be read
from the calibration strip 61. The calibration electrodes 63 may be identical to the
information electrodes 3 so that they have the same size and shape and are connected to
a ground electrode 7 by a photo-resistive element 5. In the example of Fig. 6 the
photoresitive elements 5 form part of the calibration electrodes 63. It is to be appreciated

that other arrangements may be used in other examples of the disclosure.

In the example of Fig. 6 three calibration electrodes 63 are provided however two of the
calibration electrodes 63 are positioned underneath the calibration strip 61 and so are not
illustrated in Fig. 6. The third calibration electrode 63 comprises a control calibration
electrode 63 and is provided adjacent to the calibration strip. The control calibration

electrode 63 may be used to ensure that the apparatus 1 is functioning correctly.

The calibration strip 61 may comprise one or more calibration elements 65. The calibration
elements 65 may have optical properties which replicate a positive reading from the lateral
flow test 43. The calibration strip 61 may ensure that correct readings are obtained

regardless of the illumination properties and sensitivity of the capacitive touch screen.

In the example of Fig. 6 two calibration elements 65 are provided. The first calibration
element 65A has optical properties which correspond to the optical properties of the control
line when the lateral flow test 43 has been completed. The second calibration element 65B
has optical properties which correspond to the optical properties of the test line when a

positive result is obtained.
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To read the lateral flow test 43 the brightness of the backlight at which the information

electrodes 3 are no longer detected is determined. This may be compared to the brightness
of the backlight at which the calibration electrodes 63 are no longer detected. This enables
positive test results to be identified even if backlights have different intensities or if there is
dirt or other material on the surface of the apparatus 1 or the capacitive touch screen. This
may also enable the same apparatus 1 to be used with different touch screens which may

have different sensitivities.

In some examples the calibration strip 61 may enable quantitative or semi- quantitative
readings to be made. In such examples multiple calibration elements 65 may be provided
corresponding to different concentrations of an analyte. By comparing the readings
obtained from the information electrodes 3 with the readings from the calibration electrodes

63 the concentration of the analyte may be determined.

Fig. 7 illustrates another example apparatus 1. The example apparatus of Fig. 7 is similar
to the example apparatus 1 of Fig. 6 except that in Fig. 7 the apparatus 1 comprises a
plurality of ground electrodes 7. In the particular example of Fig. 7 a first ground electrode
7A is provided for the calibration electrodes 63 and a second ground electrode 7B is
provided for the information electrodes 3. Some of the information electrodes are

underneath the test strip 45.

In the example of Fig. 7 the user may touch the different ground electrodes 7 at different
times. This may enable the calibration electrodes 63 to be read at a different time to the
information electrodes 3. This may be useful in examples where there are a plurality of
different sensor elements 41 provided in a single test strip 45 and the capacitive touch

screen is limited to the number of inputs that it can detect simultaneously.

In the example of Fig. 7 four reference electrodes 31 are provided. Each of the respective
ground electrodes 7A, 7B is connected to different reference electrodes 31. This enables
reference points to be provided when a user touches each of the different ground electrodes
7A, 7B.

In the above described examples only one lateral flow test 43 is provided on the apparatus
1. Itis to be appreciated that in other examples a plurality of lateral flow tests 43 may be
provided on a single apparatus 1. This may enable a plurality of lateral flow tests 43 to be

read simultaneously or sequentially. The plurality of tests could be tests for different
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analytes within the same sample 47 or tests using different samples 47. The plurality of

lateral flow tests 43 may also enable a quantitative analysis of the sample 47 as it may
enable different threshold concentrations of the analyte to be detected. This may be
achieved by having a plurality of different sensor elements 41 each with a different

sensitivity to the same analyte.

In some examples the apparatus 1 may comprise a plurality of ground electrodes 7 so that
each of the different lateral flow tests 43 may be coupled to information electrodes 3 which
are connected to different ground electrodes 7. A user may enable each of the lateral flow

tests 43 to be read sequentially by touching each of the ground electrodes 7 in turn.

Fig. 8 illustrates a method. The method may be used to provide example apparatus 1 as
described above. The method comprises, at block 81, providing an information electrode 3
and, at block 83, providing a ground electrode 7. The method also comprises, at block 85,
providing a photo-resistive element 5 configured to enable the information electrode 3 to be
connected to the ground electrode 7. The photo-resistive element 5 is configured to enable
a sensor element 41 to be positioned overlaying the photo-resistive element 5 such that a
change in optical properties of the sensor element 41 controls the connection between the

ground and information electrodes 7, 3.

Figs. 9A to 9D illustrate another example method of forming an apparatus 1 such as the
apparatus 1 described above. Figs. 9A to 9D show the apparatus 1 at various stages of

manufacture.

In Fig. 9A conductive elements are patterned on a substrate 9. The conductive elements
may comprise one or more ground electrodes 7 and one or more information electrodes 3
which may be as described above. In some examples other conductive elements such as
reference electrodes 31, calibration electrodes 63 and any other suitable electrodes may
also be patterned. The conductive elements may also comprise traces 11, 33 between the

respective electrodes and the ground electrodes 7

The conductive elements may be formed using any suitable means such as screen printing,
inkjet printing, roll to roll printing, etching from an electrodeposited copper film or any other

suitable technique.



10

15

20

25

30

WO 2016/16259%4 PCT/FI12016/050175

15
The substrate 9 may be formed from any suitable material. The substrate 9 may be opaque

so that external light does not activate the photo-resistive elements 5 when the apparatus
1 is in use. The substrate 9 may be made from paper, cardboard, PEN (polyethylene

naphthalate), PET (polyethylene terephthalate), polyimide or any other suitable material.

In Fig. 9B one or more photo-resistive elements 5 are formed. In some examples the photo-
resistive elements 5 may be formed by printing a light dependent resistive material directly
onto the electrodes 3, 7. An encapsulation layer may then be provided over the light
dependent resistive material. In other examples a pre-fabricated photo-resistive element 5

may be bonded between the electrodes 3, 7.

In Fig. 9C a lateral flow test 43 is integrated into the apparatus 1. The lateral flow test 43 is
positioned on the apparatus 1 so that the sensor elements 41 overlay the photo-resistive
elements 5. In the example of Fig. 9C the lateral low test 43 is laminated on top of the

apparatus 1 with an adhesive.

In Fig. 9C only one lateral flow test 43 is illustrated. Itis to be appreciated that any number
of lateral flow tests 43 may be integrated into the apparatus 1. Also it is to be appreciated
that the calibration strips 61 may be coupled to the apparatus in a similar manner to the

lateral flow tests 43.

In Fig. 9D a cover material 91 is added to the apparatus 91. The cover material 91 may

provide a passivation material which may increase the lifetime of the apparatus 1.

In some examples the cover layer may also be used to provide light adhesion to the surface
of the capacitive touch screen. This may reduce light leakage between the surface of the
apparatus 1 and the capacitive touch screen. It may also prevent the apparatus 1 from
slipping on the surface of the capacitive touch screen. This may enable more accurate
readings to be obtained over a period of time. This may be particularly beneficial in
examples where the apparatus 1 comprises a plurality of ground electrodes 7 and different
groups of information electrodes 3 are read at different times. The cover layer may be made
from any suitable material such as polydimethylsiloxane (PDMS) or any other suitable

material.
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In some examples the cover material 91 may be opaque except for the regions over the

photo-resistive elements 5. This may reduce light leakage and provide more accurate

readings.

In the example of Figs. 9C-9D the lateral flow test 43 is provided on the same side of the
substrate 9 as the photo-resistive elements 5. The sensor element 41 may be provided
adjacent to the photo-resistive elements 5. In other examples the lateral flow test 43 and
sensor elements 41 may be provided on the opposite side of the substrate 9 to the photo-
resistive elements 5. In such examples the substrate 9 is provided between the photo-
resistive elements 5 and the sensor elements 41. In such examples the substrate 9 may
be transparent to enable light to be transmitted from the sensor element 41 through the

substrate 9.

Fig. 10 illustrates an example method of reading information from an apparatus 1 such as
the apparatus 1 described above. The method of Fig. 10 may be performed by an electronic

device comprising a capacitive touch screen and light source..

At block 101 an apparatus 1 is detected on the capacitive touch screen. The apparatus 1
may be placed down. The electronic device may detect the apparatus 1 by detecting the

reference electrodes 31.

The user may have to touch the ground electrode 7 in order for the reference electrodes 31
to be detected. In some examples the apparatus 1 may comprise more than one ground
electrode 7. In such examples the electronic device may be configured to determine the
location of the reference electrodes 31 and/or the ground electrode within the apparatus 1.

This may enable identification of the electrodes 3, 63 which are being read.

At block 103 the brightness of the backlighting of the capacitive touch screen is controlled.
The brightness may be gradually increased or decreased to determine the brightness at

which the respective photo-resistive elements 5 are switched.

At block 105 the test result can be determined. The test result is determined by identifying
which information electrodes 3 are connected and/or disconnected from the ground
electrode 7. In some examples the test result may be determined by identifying the

threshold brightness at which the photo-resistive element 5 is switched.
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In some examples once the test result has been determined the electronic device may

perform further actions on the test result. For example the test result could be stored in a
database or information relating to the test result could be retrieved and provided to the

user.

In examples where the apparatus 1 comprises a plurality of tests or samples 47, blocks 103

and 105 may be repeated as many times as necessary.

It is to be appreciated that variations of this method may be used in other implementations.

Fig. 11 illustrates example results obtained with an example apparatus 1. The results may

be obtained using methods and apparatus 1 as described above.

In the example of Fig. 11 the 1 apparatus comprises three photo-resistive elements 5 and

a single lateral flow test 43. The apparatus 1 could be the apparatus 1 of Figs. 4 or 5.

The first photo-resistive element 5A is configured to detect the state of the sensor element
41A comprising the control line. The second photo-resistive element 5B is configured to
detect the state of the sensor element 41B comprising the test line. The third photo-resistive
element 5C is a control photo-resistive element 5C and is arranged to provide a low

threshold comparator.

In some examples performing a lateral flow alters the opacity or other optical components
of the whole strip 45 due to the addition of fluid and salts and any other chemicals. In such
examples the third photo-resistive element 5C may be positioned underneath the strip 45

to eliminate this variation.

Fig. 11 shows the arrangement of the respective photo-resistive elements 5 and the results
of three test results. The test results are obtained by gradually increasing the intensity of

the light provided by the capacitive touch screen.

In the pristine condition no sample 47 has been added to the lateral flow test 43. In this

state all three photo-resistive elements 5 are switched at a low illumination threshold.
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If a negative test is carried out this will change the optical properties of the control line but

not of the test line. In this case the first photo-resistive element 5A is switched at a higher

threshold than the other photo-resistive elements 5B, 5C.

If a positive test is been carried out this will change the optical properties of both the control
line and the test line. In this case both the first photo-resistive element 5A and the second
photo-resistive element 5B are switched at a higher threshold than the control photo-

resistive element 5C.

Therefore the outcome of a test can be determined by comparing the respective photo-
resistive elements 5. This may be achieved by gradually ramping the brightness of a touch

screen and determining the threshold values for each photo-resistive element 5.

In some examples the optical properties of strip 45 may be uniform or only change slightly
along the length of the strip before the lateral flow test 43 is used. This may ensure that the
low threshold brightness is the same or similar for each of the photo-resistive elements 5.
In other examples there may be significant differences in the optical properties at different
positions along the strip 45. For instance the materials used as the sensor elements 41
may change the optical properties of the strip 45 even before the lateral flow test 43 us
used. In such examples calibration elements 65 may be used for each position along the

strip.

Fig. 12 illustrates results obtained with another example apparatus 1. The results may be

obtained using methods and apparatus 1 as described above.

In the example of Fig. 12 the apparatus 1 comprises six photo-resistive elements 5, a single

lateral flow test 43 and a calibration strip 61.

Two sensor elements 41 are provided on the lateral flow test 43. The first photo-resistive
element 5A is configured to detect the state of the first sensor element 41A comprising the
control line. The second photo-resistive element 5B is configured to detect the state of the

second sensor element 41B comprising the test line.

The other photo-resistive elements 5C to 5F are configured to detect the state of the
calibration elements 65 on the calibrations strip 61. The third photo-resistive element 5C

provides calibration for a negative result from the test line and the fourth photo-resistive
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element 5D provides calibration for a positive result from the test line. The fifth photo-

resistive element 5E provides calibration for a pristine control line and the sixth photo-

resistive element 5F provides calibration for a positive result from the test line.

The example measurements of Fig. 12 are obtained by gradually increasing the brightness

of the capacitive touch screen and noting the threshold of each photo-resistive element 5.

This may enable quantitative results to be obtained by including several positive result
calibration elements 65 where each different positive result corresponds to the different
levels of analyte. Direct comparison of the threshold of the test result with those of the
positive result calibration samples 65 can then provide a quantitative result of level of

analyte.

In the examples described above the photo-resistive elements 5 are triggered by the light
from the capacitive touch screen. In some examples the photo-resistive elements 5 may
be triggered by light of a particular wavelength or range of wavelengths. This may provide
larger differences between thresholds and may enable more accurate results to be

obtained.

In other examples each of the photo-resistive elements 5 may be the same but may be
illuminated with light of a wavelength which is most strongly absorbed by the test strips.

This may provide a large difference between a positive and negative result.

In some examples the electronic device may provide a flashing illumination for the
apparatus 1. In such examples the electronic device may make use of the resistance

recovery rate of the photo-resistive element 5 to measure a test result.

Fig. 13A illustrates an example resistance response of a photo-resistive element 5. The
photo-resistive element 5 may be an intrinsic resistor such as a CdS light dependent
resistor. When light is incident on the intrinsic resistor the incident light excites electrons
within the photo-resistive element 5 from the valence band to the conduction band. This
increases the number of free electrons within the photo-resistive element 5 and reduces the
resistance. The drop in the resistance will be proportional to the intensity of the incident
light. The higher the intensity of the light the larger the drop in the resistance. Therefore
the resistance of the photo-resistive element 5 is an inverse, non-linear function of the

intensity of the incident light.
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In materials such as CdS there is a time latency between changes in the incident light and
the corresponding change in resistance. This latency is called the resistance recovery
rate. The time taken for electrons to be excited to the conduction band and the resistance
to drop after the photo-resistive element 5 has been illuminated is not the same as the time
taken for electrons to drop to the valence band and the resistance to increase once the light
has been removed. For instance, for a CdS light dependent resistor it typically takes about
1s for the resistance to drop completely when light is applied after total darkness. However
it can take up to 10s for the resistance to rise back to the starting value after the complete
removal of light. This property can be used in examples of the disclosure to read test results

from example apparatus 1.

In examples of the disclosure, if the illumination source is switched on and off with a period
lower than the resistance recovery rate of the photo-resistive element 5 then the resistance
of the photo-resistive element 5 will be unable to reach the equilibrium value and will
oscillate about an average value. If a light source flashes with a set ratio of time spent on
and time spent off and only the frequency is changed the average resistance of the photo-
resistive element 5 does not change and only the amplitude of the resistance oscillations is

affected.

The average resistance of the photo-resistive element 5 can be controlled by varying the
ratio of time spent with the illumination on and the time spent with the illumination off. Figs.
13B to 13D show example resistance response of a photo-resistive element 5 with different
ratios of time spent with the illumination on and the time spent with the illumination off. In
the examples of Figs. 13B to 13D the same time period is spent with the illumination on
however the time spent with the illumination off is varied. The example of Fig. 13B has the
largest time period with the illumination off and the example of Fig. 13D has the shortest
time period with the illumination off. As the time period with the illumination off is decreased
the photo-resistive element has less time to recover the resistance and so the resistance
gradually decreases over time. A similar effect could be observed if the time period with
the illumination off is kept constant but the time period with illumination on is varied. In

some examples both the illumination on and illumination off time periods could be varied.

In examples of the disclosure varying the ratio of time spent with the illumination on and the
time spent with the illumination off alters the average resistance of the light dependent

resistor 5. In such examples the frequency of the light illuminating the apparatus 1 may be
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varied to change the average resistance of the photo-resistive element 5. By gradually

varying the ratio of time with illumination on and time with illumination off a threshold
frequency at which the average resistance disconnects the information electrode 3 may be

determined.

The threshold frequency will be determined by the amount of light which is incident on the
photo-resistive element 5. This will depend on the optical properties of the sensor elements
41 overlaying the photo-resistive element 5. Therefore a photo-resistive element 5 which
is positioned under a positive sensor element 41 will have a different threshold frequency
than a photo-resistive element 5 which is positioned under a negative sensor element 41.
The threshold frequency could be compared to results obtained with calibration elements

65 to determine whether a positive or negative reading has been obtained.

This allows the test results of the apparatus 1 to be read by varying the frequency of the
illumination rather than varying the brightness. This may be faster as there is no need to
wait for the resistance to reach the equilibrium state. These examples can also be used
with electronic devices which have limited brightness range, for example an e-reader or

dedicated electronic device might have a single brightness value.

The apparatus 1 and methods described above provide the advantage that it enables

sensor elements 41 to be read by capacitive touch screens.

This may enable sensor elements 41 which cannot be read manually to be used in example
apparatus 1. For instance a user may be able to determine when a significant change in
colour has been made but they might not be able to detect smaller changes in transparency
fluorescence, gradual changes in colour or other optical properties. It may be possible to
use examples of the disclosure to read test results that cannot be read accurately and/or

reliably by a user.

Examples of the disclosure may also provide a simple way to enable a user to obtain
contextual information about the test results. An electronic device may interpret the results
of the test and provide the user with an interpretation of the results. In some examples the
electronic device could be configured to compare the results of a plurality of tests. This
could be a complex analysis which might not be possible for a user. The information could
be in text format or other forms of media such as video or audio. This may enable the

further information to be accessible to people who can’t read.
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In some examples the electronic device may enable information relating to the test result to
be stored in a database. This may be useful where a large amount of data is created by
the tests an apparatus 1. It also removes the need for the test result to be entered manually
into a database and reduces the chance of errors being made. This information could have
many uses. For instance it could allow results to be sent to a doctor or other remote health
service provider. This could allow for remote testing and remove the need for medics to visit
a patient. The data could be compiled from a large number of users which could be used to

demonstrate disease or contamination spread over time.

Examples of the disclosure also enables the test result to be logged into a historical
database to provide a historical record. This may be useful for farmers or people who have
to take regular tests. The long term logging of results could also allow the historical data to
be analysed and advice given based on multiple measurements. Data could also be shared
remotely with other users. For instance information logged by a farmer could be available
to a vet or information logged by a doctor or nurse could be provided to other health care

providers.

In some examples the apparatus 1 may be a smart label which may be configured to be
attached to goods or other objects. This may enable the environmental conditions of goods
and other objects to which the apparatus 1 is attached be monitored. For example it may
enable parameters such as humidity, temperature and the presence of chemicals or

contaminants to be detected.

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
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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 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.

For instance in some examples the apparatus 1 may also comprise one or more
identification nodes. The identification modes may enable the sensor element and/or test

result to be associated with a specific object.

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:

an information electrode;

a ground electrode;

a photo-resistive element configured to enable the information electrode to be
connected to the ground electrode; and

wherein the apparatus is configured to enable a sensor element to be positioned
overlaying the photo-resistive element such that a change in optical properties of the sensor

element controls the connection between the ground and information electrodes.

2. An apparatus as claimed in claim 1 wherein the photo-resistive element is positioned

between the information electrode and the ground electrode.

3. An apparatus as claimed in claim 1 wherein the photo-restive element forms part of

the information electrode.

4. An apparatus as claimed in any preceding claim wherein the apparatus is configured
to be placed on a capacitive touch screen to enable a capacitive touch screen and light
source to illuminate the sensor element and detect whether or not the information electrode

is connected to the ground electrode.

5. An apparatus as claimed in any preceding claim wherein the apparatus comprises

a polymer coating.

6. An apparatus as claimed in any preceding claim comprising a plurality of information
electrodes.

7. An apparatus as claimed in any preceding claim comprising a plurality of ground
electrodes.

8. An apparatus as claimed in any preceding claim comprising at least one reference
electrode.
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9. An apparatus as claimed in any preceding claim wherein the sensor element is

integrated into the apparatus.

10. An apparatus as claimed in any preceding claim wherein the sensor element
comprises a material which is arranged to change optical properties in response to an

analyte.

11. An apparatus as claimed in any preceding claim wherein the sensor element is

provided on an at least partially transparent test strip.

12. An apparatus as claimed in any preceding claim wherein the apparatus comprises

a calibration strip.

13. An apparatus as claimed in claim 12 wherein the calibration strip enables the

quantity of the analyte detected by the sensor element to be determined.

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

15. A method comprising:

providing an information electrode;

providing a ground electrode;

providing a photo-resistive element configured to enable the information electrode
to be connected to the ground electrode; and

wherein the photo-resistive element is configured to enable a sensor element to be
positioned overlaying the photo-resistive element such that a change in optical properties
of the sensor element controls the connection between the ground and information

electrodes.
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