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TITLE

An Apparatus and Method for Sensing a Parameter

TECHNOLOGICAL FIELD

Examples of the disclosure relate to an apparatus and method for sensing a
parameter. In particular, they relate to an apparatus and method for sensing a
parameter and recording when a level of exposure to the parameter is detected.

BACKGROUND

Apparatus such as smart tags or labels that can be used in supply chain
management of goods are known. Such apparatus may be used to monitor the
exposure of sensitive goods to environmental conditions such as temperature

variations, ultra violet (UV) radiation, humidity or any other parameters.

The goods may comprise, for example, food products or medicines which may have
storage conditions that must be met to ensure they are maintained in a satisfactory
condition. For example, when transporting vaccines or other medicines, it is
important that they do not get exposed to elevated temperatures which may degrade
the efficacy of the medicine.

In order to provide low cost smart tags and labels such apparatus may use chemical
or physical processes to provide a visible colour change to a portion of the smart
tag or label. The user can then determine whether or not the goods are still in a
satisfactory condition by looking at the colour of the label. This enables the smart
tags and labels to be simple devices without any electronic components or moving
parts. However such smart tags and labels only provide a limited amount of

information to the user.
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It is advantageous to provide an apparatus which may be configured to provide

detailed information about the environmental conditions that the goods have been
exposed to.

BRIEF SUMMARY

According to various, but not necessarily all examples of the disclosure, there may
be provided an apparatus comprising: a plurality of sensor elements wherein the
sensor elements are configured to be actuated in response to exposure to a
parameter and the apparatus is configured to record when each of the sensor
elements are actuated wherein: the plurality of sensor elements comprises at least
a first subset of sensor elements and at least a second subset of sensor elements
where the first subset of sensor elements are actuated in response to a first level of
exposure to a parameter and the second subset of sensor elements are actuated in

response to a second level of exposure to a parameter.

In some examples the plurality of sensor elements may be configured so that a
sensing material within the first subset of sensor elements is configured to detect a
first level of exposure to a parameter and a sensing material within the second
subset of sensor elements is configured to detect a second level of exposure to a

parameter.

In some examples the sensing material may comprise graphene oxide. The
graphene oxide may be configured to be reduced in response to exposure to a

parameter.

In some examples the first subset of sensing elements may comprise a sensing
material having a first width and the second subset of sensing elements may

comprise a sensing material having a second width.

In some examples the first subset of sensing elements may comprise a first barrier

layer with a first level of permeability to the parameter and the second subset of
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sensing elements may comprise a second barrier layer with a second level of

permeability to the parameter.

In some examples the plurality of sensing elements may comprise a getter material

configured to control the sensitivity of the sensor elements to the parameter.

In some examples at least one of the plurality of sensor elements may comprise a
portion of sensing material and an irreversible memory portion. The portion of
sensing material may be reversible such that changes to the sensing material
caused by the exposure to the parameter may be reversed. The apparatus may
comprise a plurality of sensor elements comprising a portion of sensing material and
an irreversible memory portion wherein each of the portions of sensing material are

identical but each of the irreversible memory portions are different.

In some examples the plurality of sensor elements may comprise electrodes to
enable the data obtained by the sensor elements to be read out from the apparatus
using a capacitive touch display. In some examples at least one reference electrode
may be configured to enable relative positions of sensor elements to be determined.
In some examples the apparatus may be configured to enable data read out from
the apparatus to be displayed on the capacitive touch display.

In some examples the sensor elements may be configured to be activated in

response to exposure to at least one of increased temperature, light, humidity.

In some examples more than two subsets of sensor elements may be provided.

According to various, but not necessarily all examples of the disclosure, there may
be provided an identification tag 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 plurality of sensor elements wherein
the sensor elements are configured to be actuated in response to exposure to a
parameter and the apparatus is configured to record when each of the sensor
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elements are actuated; and configuring the plurality of sensor elements such that at

least a first subset of sensor elements are actuated in response to a first level of
exposure to a parameter and at least a second subset of sensor elements are
actuated in response to a second level of exposure to a parameter.

In some examples the plurality of sensor elements may be configured so that a
sensing material within the first subset of sensor elements is configured to detect a
first level of exposure to a parameter and a sensing material within the second
subset of sensor elements is configured to detect a second level of exposure to a

parameter.

In some examples the sensing material may comprise graphene oxide. The
graphene oxide may be configured to be reduced in response to exposure to a

parameter.

In some examples the first subset of sensing elements may comprise a sensing
material having a first width and the second subset of sensing elements comprise a

sensing material having a second width.

In some examples the method may further comprise providing a first barrier layer
with a first level of permeability to the parameter for the first subset of sensing
elements and providing a second barrier layer with a second level of permeability to
the parameter for the second subset of sensing elements.

In some examples the plurality of sensing elements may comprise a getter material
configured to control the sensitivity of the sensor elements to the parameter.

In some examples at least one of the plurality of sensor elements may comprise a
portion of sensing material and an irreversible memory portion. In some examples
the portion of sensing material may be reversible such that changes to the portion

of sensing material caused by the exposure to the parameter may be reversed.
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In some examples a plurality of sensor elements comprising a portion of sensing

material and an irreversible memory portion may be provided and each of the
portions of sensing material may be identical but each of the irreversible memory
portions may be different.

In some examples the method may further comprise providing at least one electrode
configured to enable the data obtained by the sensor elements to be read out from
the apparatus using a capacitive touch screen. In some examples the method may
further comprise providing at least one reference electrode configured to enable

relative positions of sensor elements to be determined.

In some examples the apparatus may be configured to enable the data read out
from the apparatus to be displayed on the display.

In some examples the sensor elements may be configured to be activated in
response to exposure to at least one of increased temperature, light, humidity.

In some examples the method may comprise providing more than two subsets of

sensor elements.

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;

Figs. 2A and 2B illustrate a capacitive touch display being used to read data from
an apparatus;

Figs. 3A to 3D illustrate example sensor elements;

Figs. 4A to 4D illustrate example sensor elements;
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Figs. 5A and 5B illustrate example sensor elements;

Figs. 6A to 6C illustrate example sensor elements;

Figs. 7A and 7B illustrate example sensor elements and example data obtained by
a touch screen;

Figs. 8A and 8B illustrate example sensor elements and example data obtained by
a touch screen;

Fig. 9 illustrates an example sensor element;

Figs. 10A and 10B illustrate example sensor elements;

Fig. 11 illustrates an array of example sensor elements;

Fig. 12 illustrates an array of example sensor elements; and

Fig. 13 illustrates an example method.

DETAILED DESCRIPTION

The Figures illustrate an apparatus 1 comprising: a plurality of sensor elements 3
wherein the sensor elements 3 are configured to be actuated in response to
exposure to a parameter and the apparatus 1 is configured to record when each of
the sensor elements 1 are actuated wherein: the plurality of sensor elements 3
comprises at least a first subset of sensor elements 3 and at least a second subset
of sensor elements 3 where the first subset of sensor elements 3 are actuated in
response to a first level of exposure to a parameter and the second subset of sensor

elements 3 are actuated in response to a second level of exposure to a parameter.

The apparatus 1 may be for sensing exposure to a parameter. The apparatus 1
may be for detecting exposure to a parameter over a period of time and providing a
record of the exposure. The apparatus 1 may be attached to goods such as food,
medicine, chemical agents or any other suitable product to provide an indication of
the history of exposure to a particular parameter for the goods. The apparatus 1
may be provided within an identification tag.

Fig. 1 illustrates an example apparatus 1. The apparatus 1 comprises a plurality of
sensor elements 3. Each sensor element 3 comprises a portion of sensing material

5 which may be configured to detect a parameter or combination of parameters. In
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some examples each of the sensor elements 3 within the apparatus 1 may be

configured to detect the same parameter or combinations of parameters. In other
examples the apparatus 1 may comprise different groups of sensor elements 3.
Different groups of the sensor elements 3 may be configured to detect different

parameters or combinations of parameters.

The example apparatus 1 of Fig. 1 comprises twelve sensor elements 3. Itis to be
appreciated that other numbers of sensor elements 3 could be provided in other
examples of the disclosure.

In the example apparatus of Fig. 1 the plurality of sensor elements 3 are arranged
in an array on the surface of the apparatus 1. The array comprises a plurality of
rows and a plurality of columns. It is to be appreciated that other arrangements of

the sensor elements 3 may be used in other examples of the disclosure.

In the example of Fig. 1 each of the sensor elements 3 comprises a square of
sensing material 5. It is to be appreciated that other shapes of sensing material 5
may be used in other examples of the disclosure. The shapes that are used may be
simple to form using printing techniques.

The sizes of the portions of sensing material 5 may be selected so that the actuation
of the sensor elements 3 can be detected. The actuation of the sensor element 3
may comprise a chemical or physical change of the sensing material 5 in response
to the detection of a parameter. In some examples the actuation of a sensor element

3 may also comprise triggering a memory element.

In some examples the sizes of the portions of sensing material 5 may be selected
so that a change in conductivity of the sensing material 5 can be detected. In the
examples of Fig. 1 the portions of sensing material 5 may be 10mm square regions.
It is to be appreciated that other sizes of portions of sensing material 5 may be used

in other examples of the disclosure.
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The sensing material 5 may comprise any material which may be configured to

undergo a physical or chemical change in response to exposure to a parameter or
combination of parameters and provide an output indicating that the parameter or
combination of parameters have been detected. The parameters which the sensing
material 5 may be configured to detect may comprise increased temperature, light,
UV light, humidity, chemicals or any other parameter which may be found in the
environment of the apparatus 1.

The sensing material 5 may comprise any suitable material such as graphene oxide,
graphene, functionalized graphene, polythiopene/iodine combinations or any other
suitable material. In examples where graphene oxide is used the sensitivity of the
sensor element 3 may be adjusted by modifying the reduction rate of the graphene
oxide. The reduction rate may be modified by incorporating a reducing agent such
as ascorbic acid, or by increasing the pH or by any other suitable means. The
sensing material 5 which is used may depend on the parameter which is to be
detected.

The output which indicates that the parameter has been detected may depend on
the material which is used as the sensing material 5 and/or the parameter which is
to be detected. In some examples the output may comprise a change in colour of
the sensing material 5. In such cases when the sensor element 3 is actuated the
sensing material 5 may change colour. The user may then be able to see which
sensor elements 3 have been actuated by looking at the colours of the sensor

elements.

In some examples the output may comprise a change in the physical properties of
the sensing material 5. For example, it may comprise a change in the conductivity
or other electrical property of the sensing material 5. In such examples the user may
determine which of the sensing elements 3 have been activated by applying an
electric signal to the apparatus 1 and detecting a change in the electrical properties
of the sensing material 5. In some examples, described below, the electric signal
may be provided by a capacitive touch screen.
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In some examples the sensing material 5 may comprise graphene oxide. The

graphene oxide is initially a light yellowish brown colour. When the graphene oxide
is exposed to parameters such as increased temperature, humidity or UV light or
any combination of these, it converts to reduced graphene oxide. The reduced
graphene oxide has an increase in optical density which causes a colour change to
a dark grey—black colour. This may enable a user to see which sensing elements 3
have been exposed to the parameters by looking at the colour of the sensing
elements 3. The reduced graphene oxide also has a corresponding increase in
electrical conductivity. The increased electrical conductivity may be detected by

applying an electrical signal to the apparatus 1.

In the example apparatus 1 a plurality of sensor elements 3 are provided. The
plurality of sensor elements 3 comprise at least a first subset of sensor elements 3
and at least a second subset of sensor elements 3. The first subset of sensor
elements 3 are actuated in response to a first level of exposure to a parameter or
combination of parameters and the second subset of sensor elements 3 are
actuated in response to a second level of exposure to a parameter or combination
of parameters. ltis to be appreciated that any number of subsets of sensor elements
3 may be provided. Each subset of sensor elements 3 may be arranged to be
actuated in response to a different level of exposure to a parameter or combination

of parameters.

In the example of Fig. 1 twelve sensor elements 3 are provided. Each of the sensor
elements 3 may be configured to be actuated in response to a different level of
exposure to a parameter or combination of parameters. This can be seen by the
different colour of each of the portions of sensing material 5 in the apparatus 1 which
is represented by shading in Fig. 1. In the example of Fig. 1 the apparatus 1
comprises twelve subsets of sensor elements 3 and each subset comprises one
sensor element 3. In other examples some of the subsets may comprise more than

one sensor element.

The different subsets of sensor elements 3 may be arranged to be actuated in
response to exposure to different levels of a parameter or combinations of
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parameters. Any suitable method for controlling the sensitivity of the sensor

elements 3 may be used. Examples for controlling the sensitivity of the sensor
elements 3 are described below.

The apparatus 1 may be configured to record when each of sensor elements is
actuated. In some examples when a sensor element 3 is actuated this may cause
the sensing material 5 to undergo an irreversible change so that once the change
has occurred it cannot be reversed. As different sensing elements 3 have different
sensitivities this can provide a detailed record about the level of exposure to a
parameter. In other examples the sensor elements 3 may comprise memory
portions which may be configured to record when the sensor element 3 is actuated.
These may be used with reversible or irreversible sensing material 5.

For instance graphene oxide may be used in a sensing element 3 as both the
sensing material 5 and a memory element or may be used in a sensing element with
an additional memory element. At high temperatures and humidity graphene oxide
irreversibly changes colour, as described above, which allows a user to determine
whether or not the apparatus 1 has been exposed to the parameters by looking at
the colour of the graphene oxide. Also at high temperatures and humidity graphene
oxide irreversibly changes conductivity which allows the actuation of sensor
elements 3 to be detected using a capacitive touch screen as described below. At
lower temperatures and humidity the changes to the graphene oxide may be
reversible. These changes can be recorded by coupling the graphene oxide to an

irreversible memory element.

In some examples the apparatus 1 may comprise means for attaching the apparatus
1 to goods or the packaging of goods. For example the apparatus 1 may comprise
an adhesive label or any other suitable means which enables the apparatus 1 to be
adhered to another item. In other examples the apparatus 1 may be printed directly
onto the goods or the packaging of the goods.
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Figs. 2A and 2B illustrate an electronic device 21 being used to read data from an

example apparatus 1. The apparatus 1 may be as described above in relation to
Fig. 1.

Fig. 2A illustrates an example electronic device 21 which may be used to read data
from an apparatus 1. The electronic device 21 may be a communication device
such as a mobile telephone or tablet computer or any other device 21. The
electronic device 21 may be a hand held device in that it may be configured to be

held in a user’s hand during use.

The electronic device 21 comprises a capacitive touch screen 23. The capacitive
touch screen 23 is configured to detect conductive objects which are positioned in
proximity to the capacitive touch screen 23. The capacitive touch screen 23 may
also be configured to determine the position of the conductive object. The
conductive object may comprise a user’s finger or one or more of the sensor

elements 3 within the apparatus 1.

Fig. 2B illustrates an apparatus 1 positioned on the capacitive touch screen 23. The
electronic device 21 may comprise controlling circuitry which may be configured to
detect the number of conductive regions on the apparatus 1. In examples where
the sensing material 5 comprises graphene oxide the conductive regions will
correspond to sensor elements 3 which have been actuated. If a sensor element 3
has not been actuated, the graphene oxide will not be reduced and so the sensor
element will not be conductive. The sensor elements 3 which have not been

actuated would not be detected by the capacitive touch screen 23.

In some examples the capacitive touch screen 23 may be configured to make a
measurement of the capacitance in a region where an actuated sensor element 3
has been detected. The capacitance which is measured may be proportional to the
level of exposure to a parameter. For example, where the sensing material 5
comprises graphene oxide the conversion to reduced graphene oxide is proportional
to the level of exposure to a parameter such as increased temperature or humidity.
As the conductivity of the sensor element 3 is determined by the amount of graphene
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oxide which has been converted to reduced graphene oxide the measurement of

the capacitance may provide detailed information about the level of exposure to
parameters. This may enable the apparatus 1 to be used to provide detailed
information about the level of exposure to a parameter just by placing the apparatus

1 on a capacitive touch screen.

The electronic device 21 may be configured to control the capacitive touch screen
23 to display the information read out from the apparatus 1. In some examples
apparatus 1 may be transparent so that the information displayed on the capacitive

touch screen 23 may be viewed through the apparatus 1.

Figs 3A to Fig 12 illustrate example sensor elements 3 which may be provided in
examples of the apparatus 1. The sensor elements 3 may be arranged so that
different sensor elements 3 have different sensitivities to a parameter or
combination of parameters. It is to be appreciated that other sensor elements may
be used in other examples of the disclosure.

Figs. 3A to 3D schematically illustrate some example sensor elements 3 which may
be used in example apparatus 1. In the examples of Figs. 3A to 3D the sensor
elements 3 comprise a portion of sensing material 5 and a conductor 31. The
conductor 31 is connected to ground. In some examples the ground may be formed
by the user touching the conductor 31 so that the body of the user may provide a

charge reservoir.

The sensing material 5 in the example sensor elements 3 is configured to detect
different levels of exposure to a parameter or combination of parameters. In the
examples of Figs. 3A to 3D the sensing material 5 comprises a channel 35 and a
portion 37 adjacent to the conductor 31. The portion 37 adjacent to the conductor
31 may be in electrical contact with the conductor 31. The portion 37 adjacent to
the conductor 31 may be in direct electrical contact with the conductor 31 to provide
a path for direct current from the portion 37 of sensing material to ground. The
portion 37 adjacent to the conductor 31 may be sized and shaped so that when the
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sensing element is actuated the corresponding change in the conductivity of the

portion 37 may be detected.

The channel 35 may be configured so that when the sensing element 3 is exposed
to a parameter this causes a change in the sensing material 5 within the channel
35. If the sensing element 3 is exposed to the parameter for a long enough time the
change in the sensing material 5 will reach the portion 37 in electrical contact with
the conductor 31.

In the examples of Figs. 3A to 3D a barrier layer 33 is provided overlaying a portion
of the sensing material 5. The barrier layer 33 may comprise any material which
may be configured to be impermeable to the parameter which is to be detected. In
the examples of Figs. 3A to 3D the barrier layer 33 is provided overlaying the portion

37 of the sensing material 5 which is adjacent to the conductor 31.

In the examples of Figs. 3A to 3D the sensitivity of the sensor element 3 is controlled
by controlling the cross sectional area or the distance from the closest exposed

section of the channel 35 to the grounded conductive portion 31.

In the examples of Figs. 3A and 3B the sensitivity of the sensor element 3 is
controlled by controlling the width w of the channel 35. The sensor element 3 of Fig.
3A has a wide channel 35 and the sensor element 3 of Fig. 3B has a narrow channel
35. Only two different channel widths are shown in Figs. 3A and 3B however it is to
be appreciated that any number of different channel widths may be used in
examples of the disclosure.

In examples where the sensing material 5 comprises graphene oxide decreasing
the width of the channel 35 may increase the time taken for the reduction of the
graphene oxide to reach the portion 37 of the sensing material 5 which is adjacent
to the conductor 31. In such examples the sensing elements 3 with the narrow
channel 35 widths would be actuated after a higher level of exposure to the

parameters.
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In the examples of Figs. 3C and 3D the sensitivity of the sensor element 3 is

controlled by controlling the combine length L of the sensor material 5 and channel
35 from the conductive portion 31 which is covered by the barrier layer 33. The
sensor element 3 of Fig. 3C has a long channel 35 outside of the barrier layer 33
and the sensor element 3 of Fig. 3D has a short channel 35 outside of the barrier
layer 33. Only two different exposed channel lengths are shown in Figs. 3C and 3D
however it is to be appreciated that any number of different exposed channel lengths
may be used in examples of the disclosure.

In the examples of Figs. 3C and 3D the different channel lengths are achieved by
controlling the length L of the barrier layer 33. This controls the amount of the
channel 35 which is covered by the barrier layer 33. In the examples of Figs. 3C
and 3D the sensor material 5 has the same size and shape but the size of the barrier
layer 33 is different to change the distance to ground L of the nearest section of
exposed channel 35. This may make it simple to manufacture the individual sensor
elements 3 using methods such as roll to roll printing or any other suitable method.

In the examples of Figs. 3A and 3D where the sensing material 5 comprises
graphene oxide decreasing the length of the channel 35 which is exposed increases
the length of the channel 35 which is not exposed. This increases the time taken
for the reduction of the graphene oxide to reach the portion 37 of the sensing
material 5 which is adjacent to the conductor 31. In such examples the sensing
elements 3 with the shorter exposed channel 35 lengths would be actuated after a
higher level of exposure to the parameters.

In each of the examples of Figs. 3A to 3D different distances to ground from the
exposed areas of the channel 35 are provided. However in each of the examples
the portion 37 of the sensor material 5 which is adjacent to the conductor 31 may
be the same size and shape. In other examples different sizes and shapes of sensor
materials 5 may be used.

Figs. 4A to 4D schematically illustrate some more example sensor elements 3 which
may be used in example apparatus 1. In the examples of Figs. 4A to 4D the sensor
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elements 3 also comprise a portion of sensing material 5 and a conductive portion

31 connected to ground, and a barrier layer 31 similar to the sensor elements 3 of
Figs. 3Ato 3D.

In the examples of Figs. 4A to 4D a getter material 41 is added to the channels 35.
The getter material 41 may be configured to allow for an accurate control of the
sensitivity of the sensing elements 3.

In the examples of Figs. 4A and 4B the channel 35 of the sensing material 5 is
replaced with a channel 35 of getter material. The getter material 41 may allow for
a more accurate control of providing the parameter to the sensing material 5
adjacent to the conductor 31. The same getter material 41 may be used in each of
the examples of Figs. 4A and 4B.

The sensor element 3 of Fig. 4A has a wide channel 35 of getter material 41 and
the sensor element 3 of Fig. 4B has a narrow channel 35 of getter material 41. Only
two different channel widths are shown in Figs. 4A and 4B however it is to be
appreciated that any number of different channel widths may be used in examples
of the disclosure.

In examples where the sensing material 5 comprises graphene oxide decreasing
the width of the channel 35 of the getter material 41 may increase the time taken for
the reduction of the graphene oxide to reach the sensing material 5 in electrical
contact with the conductor 31. In such examples the sensing elements 3 with the
narrow channel 35 widths would be actuated after a higher level of exposure to the

parameters.

In the examples of Figs. 4C and 4D the channel 35 of the sensing material 5
comprises strips of getter material 41. The strips of getter material 41 may be
printed onto the channel 35 before the sensing material 5. The getter material 41
may allow for a more accurate control of the start point of the reduction of the
sensing material 5 within the channel 35 and may enable different lengths of
channels 35 to be used.
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Figs. 5A and 5B illustrate cross sections through example sensor elements 3. The
sensor elements 3 of Fig. 5A and 5B may be sensor elements 3 as schematically
illustrated in any of Figs. 3A to 4D.

The sensor elements 3 comprise a portion of sensing material 5 and a conductor
connected to ground 31. The portion of sensing material 5 comprises a channel 35
and a portion 37 adjacent to the conductor 31. The barrier layer 33 is provided
overlaying the conductor 31 and the portion 37 of the sensing material 5 adjacent to
the conductor 31. A portion of the channel 35 is provided outside of the barrier layer
33 so that it may be exposed to the parameters.

In the examples of Figs. 5A and 5B the sensor elements may be mounted on a
substrate 51. The substrate 51 may comprise any suitable material which allows
the sensor elements 3 to be printed upon it.

In the example of Fig. 5A the sensor material 5 may be printed directly on the
substrate 51. This may provide a simple manufacturing process. This may ensure
that the apparatus 1 has minimal thickness.

In the example of Fig. 5B a porous layer 53 is provided between the substrate 51
and the sensor material 51. The porous layer 53 may be printed on to the substrate
51 before the sensing material 5 and the rest of the sensor element 3 is printed.
The porous material 53 may be permeable to the parameter which is to be detected
and so may reduce the level of exposure which is needed to actuate the sensor

element 3.

Figs. 6A to 6C schematically illustrate example sensor elements 3. In the examples
of Figs. 6A to 6C the sensitivity of the sensor elements 3 is adjusted by using
different architectures for the conductive electrodes 61.

The examples of Figs. 6A to 6C comprise single node sensor elements 3. The
sensor elements 3 may comprise a portion of graphene oxide as the sensing
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material 5. Other sensing materials 5 may be used in other examples of the

disclosure.

The sensing material 5 may be positioned adjacent to the electrodes 61. When the
electrical properties of the sensing material 5 changes this can be detected by
applying an electric signal to the sensing element 3. The electric signal may be
applied by a capacitive touch screen 23 as described above. For instance, if the
sensing material 5 comprises graphene oxide, the graphene oxide becomes
reduced graphene oxide and increases in conductivity when exposed to parameters
such as increased temperature and humidity. The sensing element 3 then becomes
a conductive portion which may be detected by a capacitive touch screen 23.

In each of the sensor elements 3 in Figs. 6A to 6C the portion of sensing material 5
which is printed is the same size and shape. However, in each of the sensor
elements 3 illustrated in Figs. 6A to 6C the number and spacing of the electrodes
61 is different. In the example of Fig. 6A the spacing between the two electrodes is
w which is the whole length of the printed portion of sensing material 5. In the
example of Fig. 6B the spacing between the two electrodes is w/2 which is half of
the whole length of the printed portion of sensing material 5. In the example of Fig.
6C the spacing between the two electrodes is w/3 which is a third of the whole length
of the printed portion of sensing material 5.

This provides a different spacing of sensing material between the conductive
electrodes 61. The different spacing of sensing material 5 between electrodes 61
means that each sensing element 3 is actuated in response to a different level of
exposure to a parameter. In examples where the sensing material comprises
graphene oxide, decreasing the distance of any section of the graphene oxide to the
ground electrode 61 reduces the resistance of the path for charge from the graphene
oxide to ground. This changes the sensitivity of the sensor element 3.

This design of the example sensor elements 3 of Figs. 6A to 6C provides the
advantage that the layer of sensing material can be deposited in a single print stroke
at the same thickness. The portion of sensing material 5 which is printed may be the
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same size and shape for each sensor element 3. This may make it simple to make

a plurality of different sensing elements 3 using printing techniques or any other
suitable method.

These sensor elements 3 may also provide the advantage that in some examples
only two layers, the sensing material 5 and the conductors 61, may be required to
be printed.

Figs. 7A and 7B illustrate example sensor elements 3 and example data obtained

from the sensor elements 3 by a capacitive touch screen 23.

Fig. 7A schematically illustrates a plurality of sensor elements 3 which are provided
in a single node 75. The node 75 of Fig. 7A comprises a sensor material 5 such as
graphene oxide. The node 75 also comprises a plurality of electrodes 61 which are
each connected to ground. Each of the electrodes 61 are positioned adjacent to a
portion of the sensing material 5. Each portion of sensing material 5 and the
adjacent electrode 61 provides a different sensor element 3. This arrangement
allows a plurality of different sensor elements 3 to be printed in small number of

steps.

The electrodes 61 are arranged so that each of the portions of the sensing material
5 may have a different width. The width may define the distance between the
electrodes 61. In the example of Fig. 7A the narrowest portion 71 of the sensing
material would be actuated first and the widest portion 74 of sensing material 5
would be actuated last.

In the example of Fig. 7A four portions 71, 72, 73, 74 of sensing material are
provided. Each portion 71, 72, 73, 74 has a different width. The first portion 71 of
the sensing material 5 is the narrowest portion. This is provided at the lower edge
of the node 75. The second portion 72 of the sensing material 5 is wider than the
first portion 71. The second portion 72 provided next to the first portion in the node
75. The third portion 73 is provided next to the second portion 72. The third portion
73 is wider than both the first portion 71 and the second portion 71. The fourth
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portion 74 is provided next to the third portion 73 and provides the upper edge of

the node 75. The fourth portion 74 is wider than the first portion 71, the second
portion 72 and the third portion 73. As each of the sensing elements 3 within the
node 75 have different widths they are activated after different levels of exposure to

a parameter.

In some examples of the disclosure each of the portions of the sensing material 5
may have a different thickness. The thickness may define the vertical layer
thickness of the sensing material 5 between the electrodes 61. In such examples
the thickest portion of the sensing material 5 would have the highest conductivity
and so would be activated first. The thinnest portion of the sensing material 5 would
have the lowest conductivity and so would be activated last. As each of the portions
of the sensing material 5 have different conductivity they are activated after different

levels of exposure to a parameter.

Fig. 7B shows data which may be obtained by a capacitive touch screen 23 when
the sensing elements 3 of the node 75 are activated. The capacitive touch screen
23 may be configured to detect the conductive portions 71, 72, 73, 74 of the sensing
material 5. Fig. 7B shows the relative y position of the detected touch event as the
apparatus 1 is exposed to a higher level of the parameter and/or is exposed for a
longer period of time. In the example of Figs. 7A and 7B portion 71 is actuated first.
This causes the capacitive touch screen 23 to detect a conductive portion at a first
position on the y axis as indicated in Fig. 7B.

After the apparatus 1 is exposed to a parameter for a longer period of time portions
71 and 72 become actuated. This creates two conductive portions in the node 75
and the effective position of the conductive portion detected by the capacitive touch
screen 23 moves upwards on the y axis.

After the apparatus 1 is exposed to a parameter for a further period of time portion
73 becomes actuated. This creates three conductive portions in the node 75 and
the effective position of the conductive portion moves upwards on the y axis. When
the apparatus 1 has been exposed for even longer then portion 74 becomes
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actuated as well and this causes the effective position of the conductive portion to

move further up the y axis again.

In some examples the apparatus 1 may comprise one or more reference electrodes.
The reference electrodes may be used to enable the position of the conductive
portions to be determined by comparing the position of the detected conductive
portions to the position of the reference electrodes. In some examples three
reference electrodes may be provided. These may be provided in three of the
corners of the apparatus 1.

The example sensor elements of Figs. 7A and 7B provide the advantage that a
plurality of sensing elements 3 can be detected by a single touch input on a
capacitive touch screen 23. This may be useful in examples where the number of
touch inputs that the capacitive touch screen 23 can detect simultaneously is limited.
For example, capacitive touch screens 23 may only be able to detect ten

simultaneous touch inputs.

Figs. 8A and 8B illustrate example sensor elements 3 and example data obtained
by a capacitive touch screen 23. The plurality of sensor elements 3 illustrated in Fig
8A are similar to those of Fig. 7A in that they comprise a plurality of different portions
of sensing material 5 provided in a single node 85. Each of the different portions of
sensing material 5 has a different width so that each sensing element 3 has a
different sensitivity. Each of the different portions of sensing material 5 is connected

to an electrode 61 which is connected to ground

However in Fig. 7A each of the sensing elements 3 are provided in the same x
position whereas in the node 85 of Fig. 8A some of the sensing elements 3 have
different x positions. This causes the detected position of the conductive portions
to change the x position as well as the y position as the different sensing elements
3 are actuated and detected by a capacitive touch screen 23.

In the example of Fig. 8A four portions 81, 82, 83, 84 of sensing material are
provided. Each portion 81, 82, 83, 84 has a different width. The first portion 81 of
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the sensing material 5 is the narrowest portion. This is provided at the lower edge

of the node 85 and on the right hand side of the connection to ground. The second
portion 82 of the sensing material 5 is wider than the first portion 81. The second
portion 82 provided above the first portion in the node 85 but on the left hand side
of the connection to ground. The third portion 83 is provided next to the second
portion 82. The third portion 83 is wider than both the first portion 81 and the second
portion 81. The third portion is also provided on the left hand side of the connection
to ground. The fourth portion 84 is provided above the third portion 83. The fourth
portion 84 is wider than the first portion 81, the second portion 82 and the third
portion 83. The fourth portion is provided on the right hand side of the connection
to ground. It is to be appreciated that other numbers or sensing elements 3 and
arrangements of sensing elements 3 may be used in other examples of the

disclosure.

In some examples of the disclosure each of the portions of the sensing material 5
may have a different thickness. The thickness may define the vertical layer
thickness of the sensing material 5 between the electrodes 61. In such examples
the thickest portion of the sensing material 5 would have the highest conductivity
and so would be activated first. The thinnest portion of the sensing material 5 would
have the lowest conductivity and so would be activated last. As each of the portions
of the sensing material 5 have different conductivity they are activated after different

levels of exposure to a parameter.

Fig. 8B shows data which may be obtained by a capacitive touch screen 23 when
the sensing elements 3 of the node 85 are activated. The capacitive touch screen
23 may be configured to detect the conductive portions 81, 82, 83, 84 of the sensing
material 5. Fig. 8B shows the relative x and y positions of the detected touch event
as the apparatus 1 is exposed to a higher level of the parameter. In the example of
Figs. 8A and 8B portion 81 is activated first. This causes the capacitive touch screen
23 to detect a conductive portion at a first position on the x and y axis as indicated
in Fig. 8B.
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After the apparatus 1 is exposed to a parameter for a longer period of time portions

81 and 82 become actuated. This creates two conductive portions in the node 85
and the effective position of the conductive portion detected by the capacitive touch
screen 23 moves upwards on the y axis and towards the left on the x axis.

After the apparatus 1 is exposed to a parameter for a further period of time portion
83 becomes actuated. This creates three conductive portions in the node 85 and
the effective position of the conductive portion moves upwards on the y axis and
further to the left on the x axis. When the apparatus 1 has been exposed for even
longer then portion 84 becomes actuated as well and this causes the effective
position of the conductive portion to move further up the y axis but back towards the
right on the x axis.

Fig. 9 illustrates an example sensor element 3 which may be used to detect
exposure to a parameter such as UV light. The sensor element 3 comprises a
portion of sensing material 5 and a conductor 31 which may be printed on a
substrate 51. The sensing material 5, conductor 31 and substrate 51 may be as

described above in reference to any of the previous examples.

The sensor element 3 comprises a first barrier layer 91. The first barrier layer 91
may be configured to be impermeable to moisture or other parameter. In some
examples the first barrier layer 91 may fully encapsulate the sensing material 5. This
may prevent the sensor element 3 from being actuated by moisture or a parameter
other than UV light.

The example sensor element 3 of Fig. 9 also comprises a second barrier layer 93.
The second barrier layer 93 may be provided overlaying the first barrier layer 91.
The second barrier layer 93 may completely encapsulate the sensing material and
the first barrier layer 91.

In the example of Fig. 9 the second barrier layer 93 may be configured to control the
amount of UV light which reaches the sensing material 5. The second barrier layer
93 may comprise a material which may be configured to absorb UV light. For
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example, the second barrier layer 93 may comprise zinc oxide, titanium dioxide, or

any other suitable material.

In some examples the apparatus 1 may comprise a plurality of sensor elements 3
as illustrated in Fig. 9. Each of the sensor elements 3 may be configured to have a
different sensitivity to UV light. The sensitivity of each sensor element 3 to UV light
may be controlled by controlling the permeability of the second barrier layer 93 to
UV light. The permeability of the second barrier layer may be controlled by changing
the thickness of the barrier layer and/or the materials within the barrier layer 93 or

by any other suitable means.

The example sensor element 3 of Fig. 9 is suitable for use where only a single
parameter needs to be detected. In the example of Fig. 9 the sensor element 3 is
configured to detect UV light. In other examples the sensor element 3 may be
configured to detect other parameters by choosing appropriate materials for the
barrier layers 91, 93.

Figs. 10A and 10B illustrate example sensor elements 3 according to another
example of the disclosure. Fig. 10A shows an example configuration for combining
portions of sensing material 5 with irreversible memory elements 101. Fig. 10B
shows the equivalent circuit components. Each of the sensor elements 3 of Figs.
10A and 10B comprise a portion of sensing material 5 coupled to an irreversible

memory element 101.

In the examples of Figs. 10A and 10B a power source 103 may be provided within
the apparatus 1. The power source 103 may comprise any means which is suitable
for providing power to example sensor elements 3. For example the power source
103 may comprise one or more batteries, a supercapacitor, an energy harvesting

element or any other suitable means.

In the example of Figs. 10A and 10B the sensing material 5 may be configured to
undergo a reversible change in response to exposure to a parameter. For example



10

15

20

25

30

WO 2016/016513 PCT/FI12015/050514

24
the sensing material 5 may comprise graphene oxide which may be configured to

undergo a reversible reduction when exposed to low levels of humidity.

The memory element 101 may comprise means which may be configured to
undergo an irreversible change when the sensor material 5 detects a threshold level
of a parameter. This enables the apparatus 1 to integrate the exposure level of the

sensor elements 3 over time.

In the examples of Figs. 10A and 10B the memory elements 101 are coupled to the
sensing material 5 via a capacitive electrode 105. The sensing material 5 and the
memory elements are coupled to the power source 103. When the sensing material
5 is exposed to a parameter this will cause the resistance of the sensing material 5
to decrease. For example if graphene oxide is exposed to humidity this causes the
graphene oxide to become reduced graphene oxide and increase in conductivity.
When the parameter sensed by the sensing material 5 exceeds a given threshold
value the decrease in the resistance of the sensor element 3 causes the voltage to
become coupled over the irreversible memory element 101. The resistance of the
memory element 101 decreases by an amount proportional to the resistance of the
sensing material 5. The decrease in the resistance of the memory element 101 may
be caused by joule heating effects which may be irreversible.

Once the resistance of the memory element 101 is low enough, the capacitive
electrode which couples the memory element 101 to the sensing material 5 will
become coupled to the ground. This change may be detected through any suitable
means such as a capacitive touch screen 23.

In the examples of Figs. 10A and 10B three sensor elements 3 are provided. It is
to be appreciated that other numbers of sensor elements 3 may be provided in other
examples of the disclosure.

In some examples the apparatus 1 may comprise a plurality of sensor elements 3
as illustrated in Figs. 10A and 10B. In some examples the portion 5 of sensing
material may be identical for each of the sensor elements 3. However the memory
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element 101 may be different. For instance the volume of material within each of

the memory elements 101 may be different. This may cause the memory elements
101 to be triggered in response to different threshold levels of a parameter. This
may enable the different sensor elements 3 to be activated when the different

memory elements 101 are triggered.

Fig. 11 illustrates an another example of a plurality of sensor elements 3 which may
comprise portions of sensing material 5 and irreversible memory elements 101.
Each of the memory elements 101 is connected to a capacitive electrode 105 so
that the decrease in resistance of the memory element 101 connects the capacitive
electrodes 105 to ground. Actuation of the sensor elements 3 may be detected
using means such as a capacitive touch screen 23 which can determine which of

capacitive electrodes 105 are coupled to ground.

The example configuration of Fig. 11 may be used when each of the portions of
sensing material 5 have a different level of sensitivity. Any suitable means may be
used to provide the sensing materials 5 with different levels of sensitivity. For
instance, some of the examples described above may be used to control the
sensitivity of the sensing material 5.

As the portions of sensing material 5 have different sensitivities the most sensitive
portion of sensing material 5 will decrease in resistance before the others. In the
example of Fig. 11 the lowest portion of sensing material 5A is the most sensitive.
This will cause the lowest memory element 101A to decrease in resistance first.

The middle portion of sensing material 5B is the next most sensitive. This will cause
the middle memory element 101A to activated next. The top portion of sensing
material 5C is the next most sensitive portion. When this is conductive this will cause

the top memory element 101C to be actuated.

Fig. 12 illustrates an array of sensor elements 3 which may be provided in an
example apparatus 1 as described above. The example apparatus 1 of Fig. 12
comprises a plurality of sensor elements 3. The sensor elements 3 comprise a



10

15

20

25

30

WO 2016/016513 PCT/FI12015/050514

26
portion of sensing material 5 and an irreversible memory element 101 as described

above. In Fig. 12 the sensor elements 3 comprise sensing material 5 which is
coupled to the irreversible memory element 101 via a capacitive electrode 105 as
illustrated in Figs. 10A and 10B and described above. It is to be appreciated that
other configurations may be used in other examples.

The example apparatus 1 of Fig. 12 comprises reference electrodes 121. The
reference electrodes may enable a capacitive touch screen 23 to determine the
positions of the actuated sensor elements 3. In the example of Fig. 12 two reference
electrodes 121 are provided. ltis to be appreciated that other numbers of reference
electrodes may be provided in other examples.

The reference electrodes 121 are electrically connected to ground. The reference
electrodes may be electrically connected to ground so that a path for direct current
is provided between the reference electrodes 121 and ground. The capacitive
electrodes 105 are also electrically connected to the ground.

The electrodes 105, 121 can only be detected by the capacitive touch screen 23 if
they have a sufficient ground. In some examples the electrodes 105, 121 may need
to be activated by an electrical connection to a charge reservoir such as a finger of

a user.

The reference electrodes 121 may always be electrically connected to the ground.
The reference electrodes 121 may be used to detect when the apparatus 1 is
activated by a finger or other charge reservoir being placed on the capacitive touch
screen 23. The reference electrodes 121 may also be used to ensure that the

apparatus 1 is correctly laid on the surface of the capacitive touch screen 23.

In the example of Fig. 12 two reference electrodes 121 and a ground are provided.
These provide three points which define a plane which enables the capacitive touch
screen 23 to determine that the apparatus 1 is correctly positioned relative to the
capacitive touch screen 23.
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The reference electrodes 121 may also be configured to enable the apparatus 1 to

be orientated in any direction on the capacitive touch screen 23 as the position of
the capacitive electrodes 105 can be taken relative to the reference electrodes 121.
The relative position of the reference electrodes 121 could also be used to identify
any relative position change between the apparatus 1 and the capacitive touch
screen 23 which may occur in activating the different sensor elements 3. It is to be
appreciated that reference electrodes may be provided in other examples such as
those described with reference to Figs. 6 to 9.

The sensor elements 3 may be configured to enable different parameters to be
measured. For example the apparatus 1 of Figs. 12 comprises four groups 123 of
sensor elements 3. Each of the different groups 123 of sensor elements 3 may be
configured to detect different parameters or combinations of parameters. In some
examples one or more the groups 123 of sensor elements 3 may be configured to
detect the same parameters. In such examples the groups 123 may be configured
to have different sensitivities to the same parameters.

Fig. 13 illustrates an example method. The method comprises providing, at block
131, a plurality of sensor elements 3 on an apparatus 1 wherein the sensor elements
3 are configured to be actuated in response to exposure to a parameter and the
apparatus 1 is configured to record when each of the sensor elements 3 are
actuated. At block 133 the method comprises configuring subsets of sensor
elements 3 with different sensitivities. The method may comprise configuring the
plurality of sensor elements 3 such that at least a first subset of sensor elements 3
are actuated in response to a first level of exposure to a parameter and at least a
second subset of sensor elements 3 are actuated in response to a second level of

exposure to a parameter.

The sensor elements 3 may be formed using any suitable methods. For example
the sensor elements 3 may be formed by creating regions of sensor material 5 such
as graphene oxide on a substrate 51. The substrate 51 may comprise any suitable
material such as Polyethylene terephthalate (PET).



10

15

20

25

30

WO 2016/016513 PCT/FI12015/050514

28
In some examples the apparatus 1 may be formed by depositing a Fluoropolymer

mask onto a substrate by flexographic printing. The mask may be configured to
direct graphene oxide solution into hydrophilic shapes. The graphene oxide, or other
sensor material 5 may be coated onto the substrate using any suitable means. For
example, a solution of graphene oxide may be coated in to a substrate by slot die,

air knife, meter bar, slide hopper or any other suitable means.

It is to be appreciated that any other suitable patterning method may be used such
as screen printing, rotary screen printing, inkjet printing, flexographic printing,

gravure printing, spray coating, pad printing, intaglio printing or any other method.

The example apparatus 1 and methods described above addresses a number of
technical problems. The example apparatus 1 may be provided at an extremely
low-cost as it does not require any processing components or any moving parts.
The example apparatus 1 may be manufactured using processes such as roll to roll
processing which may allow a large number of apparatus to be manufactured. This

makes the apparatus suitable for use on large numbers or goods.

Furthermore, the apparatus 1 may be configured so that the data obtained by the
apparatus 1 can be read by using a capacitive touch-screen 23. The capacitive
touch screen 23 may be provided on a device such as a user’'s phone or tablet
computer. This enables more detailed data to be obtained compared to a sensor

which only provides a visual indication of the parameter history.

Also the apparatus 1 used an array of sensor elements 3 where different sensor
elements 3 are actuated at different levels of exposure enables. This enables more
detailed information to be obtained relating to the history of the environment the
apparatus 1 has been exposed to. For example, if only the most sensitive sensor
element 3 has been actuated then the exposure level of the apparatus 1 is quite
low. If a larger number of the sensor elements have been actuated then the
exposure level is higher. The number of actuated sensor elements 3 may be used
to provide a detailed history of the parameters such as temperature, humidity and
UV light which the apparatus 1 has been exposed to.
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The apparatus 1 may be extremely thin and light weight. This may make the
apparatus easy to add to goods or the packaging of goods. In some examples the
apparatus 1 may be patterned directly onto the goods or the packaging of the goods.

The sensor elements 3 and apparatus 1 described above are simple structures
which can be fabricated by printing. This means that the apparatus may be low cost

which may make them suitable for use in supply chains or other areas.

As the data from the sensor elements can be read out using a capacitive touch
screen 23 this may enable a greater range of parameters 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 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
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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 plurality of sensor elements wherein the sensor elements are configured to
be actuated in response to exposure to a parameter and the apparatus is configured
to record when each of the sensor elements are actuated wherein:

the plurality of sensor elements comprises at least a first subset of sensor
elements and at least a second subset of sensor elements where the first subset of
sensor elements are actuated in response to a first level of exposure to a parameter
and the second subset of sensor elements are actuated in response to a second

level of exposure to a parameter.

2. An apparatus as claimed in any preceding claim wherein the plurality of
sensor elements are configured so that a sensing material within the first subset of
sensor elements is configured to detect a first level of exposure to a parameter and
a sensing material within the second subset of sensor elements is configured to

detect a second level of exposure to a parameter.

3. An apparatus as claimed in any preceding claim wherein the sensing material
comprises graphene oxide wherein the graphene oxide is configured to be reduced

in response to exposure to a parameter.

4. An apparatus as claimed in any preceding claim wherein the first subset of
sensing elements comprise a sensing material having a first width and the second

subset of sensing elements comprise a sensing material having a second width.

5. An apparatus as claimed in any preceding claim wherein the first subset of
sensing elements comprise a first barrier layer with a first level of permeability to the
parameter and the second subset of sensing elements comprise a second barrier
layer with a second level of permeability to the parameter.



10

15

20

25

30

WO 2016/016513 PCT/FI12015/050514

32
6. An apparatus as claimed in any preceding claim wherein the plurality of

sensing elements comprise a getter material configured to control the sensitivity of
the sensor elements to the parameter.

7. An apparatus as claimed in any preceding claim wherein at least one of the
plurality of sensor elements comprises a portion of sensing material and an
irreversible memory portion wherein the portion of sensing material is reversible
such that changes to the sensing material caused by the exposure to the parameter
may be reversed.

8. An apparatus as claimed in claim 7 wherein the apparatus comprises a
plurality of sensor elements comprising a portion of sensing material and an
irreversible memory portion wherein each of the portions of sensing material are

identical but each of the irreversible memory portions are different.

9. An apparatus as claimed in any preceding claim wherein the plurality of
sensor elements comprise electrodes to enable the data obtained by the sensor

elements to be read out from the apparatus using a capacitive touch display.

10.  An apparatus as claimed in claim 9 comprising at least one reference
electrode configured to enable relative positions of sensor elements to be

determined.

11.  An apparatus as claimed in any of claims 9 to 10 wherein the apparatus is
configured to enable data read out from the apparatus to be displayed on the
capacitive touch display.

12.  Anapparatus as claimed in any preceding claim wherein the sensor elements
are configured to be activated in response to exposure to at least one of increased
temperature, light, humidity.

13.  An apparatus as claimed in any preceding claim wherein more than two
subsets of sensor elements are provided.
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14.  An identification tag comprising an apparatus as claimed in any of claims 1
to 13.

15. A method comprising:
providing a plurality of sensor elements wherein the sensor elements are
configured to be actuated in response to exposure to a parameter and the apparatus
is configured to record when each of the sensor elements are actuated; and
configuring the plurality of sensor elements such that at least a first subset of
sensor elements are actuated in response to a first level of exposure to a parameter
and at least a second subset of sensor elements are actuated in response to a

second level of exposure to a parameter.



WO 2016/016513 PCT/FI12015/050514

23~

O O

FIG. 2A FIG. 2B

SUBSTITUTE SHEET (RULE 26)



WO 2016/016513 PCT/FI12015/050514

........... v —
e N T
wib i :
b / ______ B 31 / :.7/ _______ J 31
35 33/ [ A A v
FIG. 4A FIG. 4C
35 ;7 ; ;}3
W* ! L L !
: ) z
41 /--5/ ------ 31 35 / """ ') """ 31
3 = a5 =
FIG. 4B FIG. 4D

SUBSTITUTE SHEET (RULE 26)



WO 2016/016513

3/8

5

L\

pizzzzzzzziizzzzzizzzzz

33

PCT/FI12015/050514

AN ™31
51
FIG. 5A
33
5
BTN
L A Mllnnn
AN ~~31
51
FIG. 5B

12 W

1B3W

FIG. 6B

SUBSTITUTE SHEET (RULE 26)




WO 2016/016513 PCT/FI12015/050514

4/8

3
A
............ 75
e ld
Relative Y e iy )
position 73":
T B
o ¢ T S
12 1230234 el
PORTION
ACTUATED 1
FIG. 7B FIG. 7A
s
d
Relative Y 1234 el
position o SO
o o=
1,2 281
- e—
Relative x
position ‘/61
FIG. 8B FIG. 8A
5 91
..... x\..’/ 93
: N
3t N \:-:f‘/
g
N
51
FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2016/016513

105
™~ 3
o -3
5<tz | 4
/4
101
+ 1
- T
H
103
FIG. 10A

PCT/FI2015/050514
5/8
5 101
R 1 O\S R
sens, | mem, 1
’ . A3
M )
Rsens,2 Rmem,2
5€ns,3 Rmem,3 3
/
N
o i
- T
H
103
FIG. 10B

SUBSTITUTE SHEET (RULE 26)



WO 2016/016513 PCT/FI12015/050514

6/8

N
vl ( ) 3
5= B N )f
NG N 3
N X[
N

4+ —

103

FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2016/016513

7/8

PCT/FI12015/050514

SUBSTITUTE SHEET (RULE 26)

121 121
REF REF [
105 105 1
5 X 101 5 X 1011
g S g P 3 g M101,3
| e
5- 101 5 101
123 1123
LI 05 1050 =
105 105
105 105
5- N :'101 5‘: \ 101
5-L® ) 1013 5 __J @@4
5- —101123 5- 101 s
— 1 = T
S ~105 105 S
105 105
L+ _103
1 —
FIG. 12 -



WO 2016/016513 PCT/FI12015/050514

8/8

PROVIDE
pLuraLTYoF P13
SENSOR ELEMENTS

\

CONFIGURE SUBSETS

OF SENSOR ELEMENTS |/ 133

WITH DIFFERENT
SENSITIVITIES

FIG. 13

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/F12015/050514

A. CLASSIFICATION OF SUBJECT MATTER

INV.
ADD.

GOIN27/12

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

DE 10 2013 103127 B3 (TECH UNIVERSITAT
DRESDEN [DE]) 15 May 2014 (2014-05-15)
figures 1-4
paragraphs [0021],
[0063], [0069]

[0051], [0060] -

DONGZHI ZHANG ET AL: "Humidity-sensing
properties of chemically reduced graphene
oxide/polymer nanocomposite film sensor

1,2,4-15
3

based on Tayer-by-Tayer nano
self-assembly",

66-72, XP055164352,

ISSN: 0925-4005, DOI:
10.1016/j.snb.2014.02.078
A abstract; figures 1-12

SENSORS AND ACTUATORS B: CHEMICAL,
vol. 197, 2 March 2014 (2014-03-02), pages

1,2,4-15
-/--

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 October 2015

Date of mailing of the international search report

26/10/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Gangl, Martin

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/F12015/050514

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

"TEMP-PLATE Irreversible Temperature
Recording Labels",

1 October 2010 (2010-10-01), XP055163503,
Asheville, North Carolina, USA.
Retrieved from the Internet:
URL:http://www.palmerwahl.com/pdfs/TempPla
te/TempPlate Catalog.pdf

[retrieved on 2015-01-20]

the whole document

WO 20117053297 Al (HEWLETT PACKARD
DEVELOPMENT CO [US]; THYLEN LARS [US];
BRATKOVSKI ALEX) 5 May 2011 (2011-05-05)
claim 1; figures 4,5

paragraphs [0001] - [0006], [0024] -
[0028]

US 20147011286 Al (POTYRAILO RADISLAV
ALEXANDROVICH [US] ET AL)

9 January 2014 (2014-01-09)

figures 1-9

paragraphs [0006] - [0008], [0024] -
[0026]

US 20147013865 Al (WHITE RICHARD [GB] ET
AL) 16 January 2014 (2014-01-16)

figures 1-11

paragraphs [0003] - [0006], [0065] -
[0085]

ALEXEY LIPATOV ET AL: "Highly selective
gas sensor arrays based on thermally
reduced graphene oxide",

NANOSCALE,

vol. 5, no. 12, 12 April 2013 (2013-04-12)
, page 5426, XP055163638,

ISSN: 2040-3364, DOI: 10.1039/c3nr00747b
abstract; figures 1-4

3,5-11
1,2,4,7,
8,11-13,
15

3,5,6,9,
10,14

1-15

1-15

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/F12015/050514
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 102013103127 B3 15-05-2014  NONE
WO 2011053297 Al 05-05-2011 US 2012012810 Al 19-01-2012
WO 2011053297 Al 05-05-2011
US 2014011286 Al 09-01-2014  NONE
US 2014013865 Al 16-01-2014  EP 2872976 Al 20-05-2015
JP 2015522197 A 03-08-2015
KR 20150036576 A 07-04-2015
US 2014013865 Al 16-01-2014
WO 2014009781 Al 16-01-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report

