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(57) Abstract: An electrical device comprising a surface which may be exposed to heat derived from operation of the electrical device
such that the temperature of the surface increases during operation. The surface comprises a temperature sensor comprising first and
second electrodes separated by a layer of control material, wherein the material properties and/or configuration of the control material
are selected such that the electrical conductivity of the control material increases with increasing temperature so that electrical current
is able to pass between the first and second electrodes once the temperature of any part of the control material has reached or exceeded
a predetermined temperature. The temperature sensor extends over substantially the whole of the surface. A system comprising the
electrical device and a method of controlling the electrical device is also disclosed.
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Hot-spot detection in electrical devices

Technical field

The present disclosure relates to hot-spot detection in electrical devices. In particular, the
present disclosure relates to the detection of hot-spots at any position on a surface of an
electrical device. The disclosure also relates to a system and method for controlling an

electrical device in dependence on the detection of a hot-spot.

Background

It is well known that electrical devices produce heat during operation. Examples of such
electrical devices include motors, fans, pumps, generators, heaters and batteries. Some
amount of heat production is to be expected during normal operation of such electrical devices.
However, if an electrical device experiences a fault, or is operated for an extended period of

time, the heat produced may become excessive.

For consumer electrical devices, such as home care or personal care devices, the heat
generated may cause injury to a user if external surfaces of the device become too hot to
touch and able to burn. In all cases, excessive heat production can lead to device damage

and in extreme cases to fire.

Rechargeable, or secondary, batteries are particularly sensitive to high temperatures as the
life-span of secondary batteries is reduced as a result of high temperature operation. In
addition, secondary batteries run the risk of thermal run-away in the event of damage, short
circuit, or overcharging. Thermal run-away, particularly in modern lithium-ion secondary

batteries, can lead to battery fires and explosion if not properly managed.
It is against this background that the present invention has been devised.

Summary of the invention

The present invention provides an electrical device comprising a surface, the surface
comprising a temperature sensor extending over substantially the whole of the surface, the
temperature sensor comprising first and second electrodes separated by a layer of control
material, wherein the material properties and/or configuration of the control material is such
that the electrical conductivity of the control material increases with increasing temperature so
that, in use, electrical current is able to pass between the first and second electrodes once the

temperature of any part of the control material has reached or exceeded a predetermined
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temperature, wherein the temperature sensor extends over substantially the whole of the

surface.

Advantageously, a hot spot occurring on any part of the surface comprising the temperature
sensor is able to be detected. For instance, the surface may be exposed to heat derived from
operation of the electrical device such that the temperature of the surface may increase

during operation of the electrical device.

Optionally, the temperature sensor comprises an additional electrode separated from the
second electrode by an additional layer of control material, wherein the material properties
and/or configuration of the additional layer of control material are selected such that the
electrical conductivity of the control material increases with increasing temperature so that
electrical current is able to pass between the additional and second electrodes once the
temperature of any part of the additional layer of control material has reached or exceeded a
second predetermined temperature. Thus, a first, or pre-warning temperature occurring on the
surface comprising the temperature sensor can be detected before the surface reaches a

second, more critical, temperature.

The surface may optionally comprise a second temperature sensor comprising third and fourth
electrodes separated by a second layer of control material, wherein the material properties
and/or configuration of the second layer of control material are selected such that the electrical
conductivity of the control material increases with increasing temperature so that electrical
current is able to pass between the third and fourth electrodes once the temperature of any
part of the second layer of control material has reached or exceeded a second predetermined
temperature. Again, with this configuration a first, or pre-warning temperature occurring on the
surface comprising the temperature sensor can be detected before the surface reaches a

second, more critical, temperature.

The second temperature sensor optionally extends over substantially the whole of the surface

for maximum detector coverage.

The or each control material may be selected from the group consisting of a thermistor
material, a thermoelectric material, a phase change material, or a metal-insulator transition
(MIT) material.

Optionally, the or each temperature sensor may be covered by a protective layer or be

contained within a protective cover.

The electrical device may comprise a battery, a motor, or a heater.
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The electrical device may comprise a battery cell which may comprise an electrode assembly
comprising an anode current collector and a cathode current collector located on either side

of a separator material.

Optionally, a first battery cell and a second battery cell may be provided, wherein the or each
temperature sensor is sandwiched between the first and second battery cells to provide hot-

spot detection between the cells.

The or each temperature sensor may optionally have substantially the same footprint as the
anode current collector and/or the cathode current collector to ensure hot-spot detection over

these areas.

Optionally the electrode assembly has the form of a jelly-roll, and wherein the or each
temperature sensor is located substantially in the middle of the jelly-roll electrode assembly to

allow hot-spot detection in the middle of the jelly-roll.
The or each battery cell may be located within a housing.

The surface may optionally comprise at least a portion of an outer housing of the electrical
device and the or each temperature sensor may be located on an interior or exterior surface
of the outer housing. Alternatively or additionally, the temperature sensor may be embedded

within the material of the outer housing.

In another aspect, the present invention provides a system comprising an electrical device as
described above and a hot-spot detector comprising a processor configured to receive an
input signal, wherein the input signal is indicative of a flow of current in a sensor circuit
connected to the electrodes of a temperature sensor of the electrical device, wherein the
processor is configured to output a control signal in dependence on the indicated presence of

current flow in the sensor circuit.

Optionally the processor may be configured to receive a second input signal, wherein the
second input signal is indicative of a flow of current in a second sensor circuit connected to
the electrodes of a second temperature sensor of the electrical device, wherein the processor
is configured to output a second control signal in dependence on the indicated presence of

current flow in the second sensor circuit.

The system may optionally comprise a controller configured to modify a master current flow to

and/or from the electrical device upon output of a control signal from the processor.

The system may comprise a battery management system, wherein the electrical device

comprises a battery, and wherein the master current flow is an electrical current derived from
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the battery or an electrical current provided to the battery for the purpose of charging the

battery.

In a further aspect, the present invention provides a method of controlling an electrical device
as described above, the method comprising: sensing a flow of current in a sensor circuit
connected to the electrodes of a temperature sensor of the electrical device; issuing a control
signal to a controller upon sensing of the flow of current in the sensor circuit; and using the
controller to modify a master current flow to and/or from the electrical device upon receipt of

the control signal.

Optionally the method may comprise: sensing a second flow of current in a second sensor
circuit connected to the electrodes of a second temperature sensor of the electrical device;
issuing a second control signal to a controller upon sensing of the second flow of current; and
using the controller to further modify the master current flow to and/or from the electrical device

upon receipt of the second control signal.

A first master current control protocol may be initiated upon receipt of the first control signal,
and a second master current control protocol may be initiated upon receipt of the second

control signal.

Optionally the second master current control protocol may comprise substantially stopping the

master current flow to and/or from the electrical device.

Brief description of the drawings

The present invention will now be described by way of non-limiting examples with reference

to the following figures, in which:

Figure 1 shows a schematic representation of a system comprising an electrical device, a

processor and a controller;
Figure 2 shows a schematic representation of a temperature sensor;
Figure 3 shows a schematic representation of another temperature sensor;

Figure 4 shows a schematic representation of another system comprising an electrical device,

a processor and a controller;
Figure 5 shows a schematic representation of yet another temperature sensor,

Figure 6 shows a schematic representation of a battery cell comprising temperature sensor;
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Figure 7 shows a schematic representation of a stack of two battery cells comprising a

temperature sensor sandwiched between them;

Figure 8 shows a schematic view of a partially exploded plan view of the battery cell of Figure
8;

Figure 9 shows a schematic representation of a temperature sensor located within a jelly-roll

electrode assembly;

Figure 10 shows a schematic representation of another stack of battery cells comprising a

temperature sensor; and

Figures 11ato 11c show schematic representations of alternative locations for the temperature

Sensor.

Detailed description

Figure 1 shows a schematic illustration of a system 10 comprising an electrical device 20, a
processor 30 and a controller 40. The electrical device 20 could be any electrical device
capable of producing heat during operation. Examples include motors, fans, pumps,

generators, heaters and batteries.

The electrical device 20 is connected to a master power cable 21 which carries a master
current flow when the electrical device 20 is operational. Depending on the type of electrical
device, the master current flow may be a supply of current to the electrical device 20 from a
power source 23 (for example in the case of a motor, heater, or fan), or may be a flow of
current from the electrical device to a power consumer 24 (for example in the case of a
generator or battery). In the specific case of a battery, the master current flow may be a flow
of current from the battery to another electrical device such as a phone, laptop or drive motor
of an electric vehicle, or it may be a flow of current to the battery for the purpose of charging

the battery.

Substantially the whole of the outer surface 22 of the electrical device 20 is covered by a
temperature sensor 50 as a thin film. Referring to Figure 2, the temperature sensor 50
comprises a first electrode 52 and a second electrode 54 separated by a layer of control
material 56. The control material 56 is configured so that the electrical conductivity of the
control material increases with increasing temperature so that electrical current is able to
pass between the first and second electrodes once the temperature of any part of the control
material has reached or exceeded a predetermined temperature. The control material

therefore acts as an electrical insulator below a predetermined temperature, preventing
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electrical current flow between the first and second electrodes 52, 54. However, if any part of
the outer surface 22 of the electrical device 20 reaches the predetermined temperature (or
exceeds the predetermined temperature), the material properties of the control material 56
change such that electrical current is able to flow between the first and second electrodes
52, 54. Therefore, the temperature sensor 50 is able to detect the existence of a hot-spot on

any part of the outer surface 22 of the electrical device 20.

Suitable materials for the control material 56 include thermistor materials (such as ferric
oxide, nickel oxide, barium titanate or polymers), thermoelectric materials (such as bismuth
chalcogenides and lead telluride), phase change materials (such as parafins, lipids and salt
hydrides), and metal insulator transition (MIT) materials (such as vanadium dioxide, silicon

dioxide and titanium dioxide).

A suitable MIT material is vanadium dioxide (VO.) which can be finely tuned by the addition
of dopants such as hydrogen, iron, cobalt, nickle, molybdenum, columbium, hafnium,
magnesium, germanium, sodium, potassium, titanium, silicon and tungsten to change its
behaviour from that of an electrical insulator below a predetermined temperature, to that of
an electrical conductor above the predetermined temperature. For example, control material
56 made from VO, can be tuned to change its behaviour from an insulator to a conductor at
80°C, 90°C, or 100°C. It will be understood that these are example temperatures only and
that the control material 56 may be tuned to change its electrical conductivity characteristic

at any suitable temperature within the range allowed for by the particular control material 56.

Referring once again to Figure 1, the first and second electrodes 52, 54 of the temperature
sensor 50 are connected to a sensor circuit 12 having a sensor power supply 14. In normal
operating conditions, when the temperature of the outer surface 22 of the electrical device
20 is below the predetermined temperature, no current flows in the sensor circuit 12 as
current is not able to pass between the first and second electrodes 52, 54 through the
control material 56. However, if any part of the outer surface 22 reaches or exceeds the
predetermined temperature, resulting in a hot-spot, the electrical conductivity of the control
material 56 in the region of the hot-spot increases so the current is able to flow between the
first and second electrodes 52, 54. Of course, current will be able to flow between the first
and second electrodes 52, 54 if the whole or a substantial part of the outer surface 22

reaches or exceeds the predetermined temperature.

The processor 30 has an input 31 which is arranged to have a zero value when there is no
electrical current flow in the sensor circuit 12, and a non-zero value when there is an
electrical current flow in the sensor circuit 12. The input 31 to the processor 30 is therefore

indicative of a flow of current in the sensor circuit 12.

6
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The processor 30 is configured to output a control signal 32 upon the input of a non-zero
value to the input 31 indicative of a flow of current in the sensor circuit 12. The output signal
32 is received by the controller 40 which is configured to modify the master current flow in

the master cable 21.

In the case where the master cable 21 supplies power to the electrical device 20 from a
power source 23, the controller 40 may be configured to stop, or reduce, the master current
flow in order to shut down the operation of the electrical device 20 permanently, or until the
electrical device 20 has cooled sufficiently to allow normal operation to resume. Alternatively,
(or additionally in the case of a battery), in the case where the master cable 21 provides
power to an electrical consumer 24 from the electrical device 20, the controller 40 may be
configured to stop, or reduce, the master current flow permanently, or until the electrical

device 20 has cooled sufficiently to allow normal operation to resume.

Figure 3 shows another example of a temperature sensor 51. For reasons of clarity, the
same reference numerals are used throughout the description to indicate like components.
The temperature sensor 51 comprises two temperature sensors 50a, 50b located one on top
of the other separated by an electrical insulation layer 59. The first temperature sensor 50a
comprises a first electrode 52a and a second electrode 54a separated by a control material
56a. The second temperature sensor 50b comprises a third electrode 52b and a fourth
electrode 54b separated by a control material 56b. The first control material 56a is
configured to change from an electrical insulator to an electrical conductor at a first
predetermined temperature, and the second control material 56b is configured to change
from an electrical insulator to an electrical conductor at a second predetermined temperature
which is greater than the first predetermined temperature. In this way, the temperature
sensor 51 is able to detect when any part of the outer surface 22 of the electrical device 20
reaches the first predetermined temperature and when the same (or any other) part of the

outer surface 22 reaches the second predetermined temperature.

The first and second electrodes 52a, 54a of the first temperature sensor 50a are connected
to a first sensor circuit 12a which is connected to a sensor power source 14, and the third
and fourth electrodes 52b, 54b of the second temperature sensor 50b are connected to a

second sensor circuit 12b which is connected to a sensor power source 14.

Referring now to Figure 4, in normal operating conditions, when the temperature of the outer
surface 22 of the electrical device 20 is below the first predetermined temperature, no
current flows in the either sensor circuit 12a, 12b as current is not able to pass between the
first and second electrodes 52a, 54a through the first control material 56a, or through the

third and fourth electrodes 52b, 54b through the second control material 56b. However, if

7
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any part of the outer surface 22 reaches or exceeds the first predetermined temperature,
resulting in a hot-spot, the electrical conductivity of the first control material 56a in the region
of the hot-spot increases so current is able to flow between the first and second electrodes

52a, 54a. This results in current flow in the first sensor circuit 12a.

Similarly, if any part of the outer surface 22 reaches or exceeds the second predetermined
temperature, the electrical conductivity of the second control material 56b in the region of the
hot-spot increases so the current is able to flow between the third and fourth electrodes 52b,

54b. This results in current flow in the second sensor circuit 12b.

The processor 30 is configured to receive two inputs. The first input 31a is arranged to have
a zero value when there is no electrical current flow in the first sensor circuit 12a, and a non-
zero value when there is an electrical current flow in the first sensor circuit 12a. The first
input 31a to the processor 30 is therefore indicative of a flow of current in the first sensor
circuit 12a. Similarly, the second input 31b is arranged to have a zero value when there is no
electrical current flow in the second sensor circuit 12b, and a non-zero value when there is
an electrical current flow in the second sensor circuit 12b. The second input 31b is therefore

indicative of a flow of current in the second sensor circuit 12b.

The processor 30 is configured to output two control signals. The first control signal 32a is
issued upon receipt of a non-zero value first input 31a, indicative of a flow of current in the
first sensor circuit 12a, and the second control signal 32b is issued upon receipt of a non-
zero value second input 31b, indicative of a flow of current in the second sensor circuit 12b.
The output signals 32a, 32b are received by a controller 40 which is configured to modify the
master current flow in the master cable 21 in dependence on the receipt of the output signals

32a, 32b from the processor 30.

The controller 40 may be configured to reduce the master current flow upon receipt of the
first control signal 32a, and configured to stop the master current flow upon receipt of the
second control signal 32b. Alternatively, or additionally, the controller 40 may be configured
to issue an alarm signal upon receipt of the first control signal 32a to indicate to a user, or to
an automated control system, that the first predetermined temperature has been reached
somewhere on the surface 22 of the electrical device 20. This then allows the user or control
system to intervene, or run diagnostic tests, before the second predetermined temperature is

reached.

Figure 5 shows a third example of a temperature sensor 53 comprising a first electrode 52¢
and a second electrode 54c¢ separated by a control material 56¢. An additional electrode 55

is located proximate the second electrode 54c¢ and separated from the second electrode 54c¢



10

15

20

25

30

35

WO 2021/123735 PCT/GB2020/053120

by an additional layer of control material 57. The temperature sensor 53 of Figure 5 operates
in much the same way as the temperature sensor 51 of Figure 3 in that the two layers of
control material 56¢, 57 are configured to change from an electrical insulator to an electrical
conductor at two different predetermined temperatures. In the case of the temperature
sensor 53, electrical current is able to flow in the first sensor circuit 12a if the first
predetermined temperature is reached such that current may flow between the first and
second electrodes 52¢, 54¢ through the first control material 56¢, and current is able to flow
in the second sensor circuit 12b if the second predetermined temperature is reached such
that current may flow between the second and additional electrodes 54c, 55 through the
second control material 57. The processer 30 and controller 40 then operate to control the

system 10 in the same way as described above in relation to Figure 4.

Figure 6 shows a battery cell comprising an anode electrode 61 and a cathode electrode 63
separated by a separator layer 62. Electrolyte is contained within the separator layer 62. A
temperature sensor 50 is located next to the cathode 63 and a layer of protective material
70, such as polypropylene or polyethylene terephthalate (PET), is located next to the
temperature sensor 50. It will be understood that the temperature sensor may correspond to
any of the temperature sensors 50, 51, 53 described above, and that the temperature sensor
50, 51, 53 may be located next to the anode 61 instead of, or in addition to, the cathode 63.
In the case where there is a temperature sensor 50, 51, 53 located on both sides of the
battery cell 60, one or both may be covered by a protective material layer 70. Alternatively,
the entire battery cell 60, including the or each temperature sensor 50, 51, 53, may be

located within a protective material pouch.

Figure 7 shows an alternative battery arrangement 65 comprising first and second battery
cells 60a, 60b arranged in a stack. The first battery cell 60a comprises first anode 61a and a
fist cathode 63a separated by a first separator layer 62a. The second battery cell 60b
comprises a second anode 61b and a second cathode 63b separated by a first separator
layer 62b. A temperature sensor 50 is sandwiched between the first and second battery cells
60a, 60b. The temperature sensor 50 is contained within a protective material pouch 70a, for
example a polypropylene pouch. Alternatively, one or both sides of the temperature sensor
50 may be covered by a protective material layer, or there may be no protective material
layer included at all. It will be understood that the temperature sensor may correspond to any

of the temperature sensors 50, 51, 53 described above.

Although only two battery cells 60a, 60b are shown in Figure 7, it will be understood that the
battery 65 may comprise multiple battery cells 60 arranged in a stack with temperature

sensors 50, 51, 53 located between some or all of the battery cells 60.
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Figure 8 shows a schematic partially exploded plan view of the battery cell 60 of Figure 6.
Here it can be seen that the footprint of the temperature sensor 50, 51, 53 is substantially
the same as the footprint of the anode 61 and cathode 63. This allows hot spots occurring in
any part of the battery cell 60 to be sensed by the temperature sensor 50, 51, 53. The
temperature sensor(s) 50, 51, 53 of Figure 7 also have the same arrangement such that hot
spots occurring in any part of the battery cells 60a, 60b can be sensed by the temperature
sensor 50, 51, 53. Because of the location of the film temperature sensor 50, 51, 53 in
between the battery cells 60a, 60b of Figure 7, it is possible for hot spots to be detected in
the middle of the battery 65 as well as on the outer surface(s) where additional temperature

sensors 50, 51, 53 may be located.

Figure 9 shows a further alternative battery cell arrangement 66. The battery cell of Figure 9
comprises a “jelly-roll” type electrode assembly 67 comprising an anode and a cathode
located on either side of a separator and rolled into a substantially flat spiral form. The
battery cell 66 comprises a temperature sensor 50, 51, 53 located substantially at the centre
of the jelly roll electrode assembly 67 for sensing hot spots within the jelly roll electrode
assembly 67. One or more temperature sensors 50, 51, 53 may also be located on the outer
surface of the jelly roll electrode assembly 67. The temperature sensors 50, 51, 53 may
comprise a protective material layer 70, or may be located within a protective material

pouch.

Figure 10 shows an alternative battery 68 comprising two jelly-roll battery cells 66a, 66b
located in a stack. The first jelly-roll battery cell 66a comprises a first jelly-roll electrode
assembly 67a, and the second jelly-roll battery cell 66b comprises a second jelly-roll
electrode assembly 67b. A temperature sensor 50 is sandwiched between the first and
second jelly-roll battery cells 66a, 66b. The temperature sensor 50 may be contained within
a protective material pouch. Alternatively, one or both sides of the temperature sensor 50
may be covered by a protective material layer, or there may be no protective material layer
included at all. It will be understood that the temperature sensor may correspond to any of
the temperature sensors 50, 51, 53 described above. In addition, the jelly-roll battery cells
66a, 66b may or may not contain a temperature sensor 50, 51, 53 located at their centres

depending on design choice.

Although only two jelly-roll battery cells 66a, 66b are shown in Figure 9, it will be understood
that the battery 68 may comprise multiple jelly-roll battery cells 66 arranged in a stack with

temperature sensors 50, 51, 53 located between some or all of the jelly-roll battery cells 66.

Figures 11a to 11c show a schematic representation of a section through an outer housing

80a, 80b, 80c which might form the outer housing of an electrical device 20 according to any

10
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of the above described embodiments. The housing 80a, 80b, 80c may be made of a rigid or

flexible material.

As shown in Figure 11a, the outer housing 80a has a temperature sensor 50 located on the
outer surface of the housing 80a. Substantially the whole of the outer surface of the housing
80a may be covered by a single temperature sensor 50. Alternatively, a plurality of
temperature sensors 50 may be used to cover the outer surface of the housing 80a. In
another alternative, only part of the outer surface of the housing 80a may be covered by one

or more temperature sensors 50.

Figure 11b shows an outer housing 80b having a temperature sensor 50 located on the inner
surface of the outer housing 80b. Substantially the whole of the inner surface of the housing
80b may be covered by a single temperature sensor 50. Alternatively, a plurality of
temperature sensors 50 may be used to cover the inner surface of the housing 80b. In
another alternative, only part of the inner surface of the housing 80b may be covered by one

or more temperature sensors 50.

Figure 11c shows an outer housing 80c having a temperature sensor 50 embedded in the
material of the outer housing 80c. Substantially the whole of the outer housing 80c may have
a single temperature sensor 50 embedded within it. Alternatively, a plurality of temperature
sensors 50 may be embedded within the outer housing 80c. In another alternative, only part
of the outer housing 80c may be comprise one or more embedded temperature sensors 50.
It will be understood that the temperature sensor of the housings 80a, 80b, 80c may

correspond to any of the temperature sensors 50, 51, 53 described above.

11
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Claims

1. An electrical device comprising a surface, the surface comprising a temperature
sensor extending over substantially the whole of the surface, the temperature sensor
comprising first and second electrodes separated by a layer of control material, wherein the
material properties and/or configuration of the control material is such that the electrical
conductivity of the control material increases with increasing temperature so that, in use,
electrical current is able to pass between the first and second electrodes once the
temperature of any part of the control material has reached or exceeded a predetermined

temperature.

2. An electrical device as claimed in claim 1, wherein the temperature sensor comprises
an additional electrode separated from the second electrode by an additional layer of control
material, wherein the material properties and/or configuration of the additional layer of
control material are selected such that the electrical conductivity of the control material
increases with increasing temperature so that electrical current is able to pass between the
additional and second electrodes once the temperature of any part of the additional layer of

control material has reached or exceeded a second predetermined temperature.

3. An electrical device as claimed in claim 1, wherein the surface comprises a second
temperature sensor comprising third and fourth electrodes separated by a second layer of
control material, wherein the material properties and/or configuration of the second layer of
control material are selected such that the electrical conductivity of the control material
increases with increasing temperature so that electrical current is able to pass between the
third and fourth electrodes once the temperature of any part of the second layer of control

material has reached or exceeded a second predetermined temperature.

4 An electrical device as claimed in claim 3, wherein the second temperature sensor

extends over substantially the whole of the surface.

5. An electrical device as claimed in any preceding claim, wherein the or each control
material is selected from the group consisting of a thermistor material, a thermoelectric

material, a phase change material, or a metal-insulator transition (MIT) material.

6. An electrical device as claimed in any preceding claim, wherein the or each

temperature sensor is covered by a protective layer or is contained within a protective cover.

7. An electrical device as claimed in any preceding claim, wherein the electrical device

comprises a battery, a motor, or a heater.
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8. An electrical device as claimed in any preceding claim, wherein the electrical device

comprises a battery cell.

9. An electrical device as claimed in claim 8, wherein the battery cell comprises an
electrode assembly comprising an anode current collector and a cathode current collector

located on either side of a separator material.

10. An electrical device as claimed in claim 8 or claim 9, comprising a first battery cell
and a second battery cell, wherein the or each temperature sensor is sandwiched between

the first and second battery cells.

1. An electrical device as claimed in claim 9 or claim 10, wherein the or each
temperature sensor has substantially the same footprint as the anode current collector

and/or the cathode current collector.

12. An electrical device as claimed in claim 9, wherein the electrode assembly has the
form of a jelly-roll, and wherein the or each temperature sensor is located substantially in the

middle of the jelly-roll electrode assembly.

13. An electrical device as claimed in any one of claims 8 to 12, wherein the or each

battery cell is located within a housing.

14. An electrical device as claimed in any one of claims 1 to 9, wherein the surface

comprises at least a portion of an outer housing of the electrical device.

15. An electrical device as claimed in claim 14, wherein the or each temperature sensor

is located on an interior or exterior surface of the outer housing.

16. An electrical device as claimed in claim 14, wherein the temperature sensor is

embedded within the material of the outer housing.

17. A system comprising an electrical device according to any preceding claim and a hot-
spot detector comprising a processor configured to receive an input signal, wherein the input
signal is indicative of a flow of current in a sensor circuit connected to the electrodes of a
temperature sensor of the electrical device, wherein the processor is configured to output a

control signal in dependence on the indicated presence of current flow in the sensor circuit.

18. A system as claimed in claim 17, wherein the processor is configured to receive a
second input signal, wherein the second input signal is indicative of a flow of current in a

second sensor circuit connected to the electrodes of a second temperature sensor of the
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electrical device, wherein the processor is configured to output a second control signal in

dependence on the indicated presence of current flow in the second sensor circuit.

19. A system as claimed in claim 17 or claim 18, comprising a controller configured to
modify a master current flow to and/or from the electrical device upon output of a control

signal from the processor.

20. A battery management system according to claim 19, wherein the electrical device
comprises a battery, and wherein the master current flow is an electrical current derived from
the battery or an electrical current provided to the battery for the purpose of charging the

battery.

21. A method of controlling an electrical device according to any one of claims 1 to 16,

the method comprising:

sensing a flow of current in a sensor circuit connected to the electrodes of a

temperature sensor of the electrical device;

issuing a control signal to a controller upon sensing of the flow of current in the

sensor circuit; and

using the controller to modify a master current flow to and/or from the electrical

device upon receipt of the control signal.
22. A method according to claim 21, comprising:

sensing a second flow of current in a second sensor circuit connected to the

electrodes of a second temperature sensor of the electrical device;

issuing a second control signal to a controller upon sensing of the second flow of

current; and

using the controller to further modify the master current flow to and/or from the

electrical device upon receipt of the second control signal.

23. A method according to claim 22, wherein a first master current control protocol is
initiated upon receipt of the first control signal, and wherein a second master current control

protocol is initiated upon receipt of the second control signal.

24. A method according to claim 23, wherein the second master current control protocol

comprises substantially stopping the master current flow to and/or from the electrical device.
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