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ELECTRONIC VAPOUR PROVISION SYSTEM

Field

The present disclosure relates to electronic vapour provision systems such as
electronic nicotine delivery systems (e.g. e-cigarettes).

Background

Electronic vapour provision systems such as e-cigarettes generally contain a
reservoir of aerosol precursor material such as a liquid, typically comprising nicotine, which
is to be vaporised or otherwise converted into an aerosol. Such devices are usually
provided with one or more air inlet holes located away from the mouthpiece. When a user
sucks (inhales) on the mouthpiece, air is drawn in through the inlet holes and past the
vapour source, such as a heater supplied with liquid from a cartridge.

Some e-cigarettes are provided with a specific manual activation facility, such as a
button which is used to activate the heater. In such devices, the heater is only activated
when the specific manual activation facility is activated (e.g. while the user is holding down
the button). Another approach adopted by some devices is to have the heater activated
automatically by an airflow sensor (such as a pressure drop sensor) which detects airflow
through the device as the user inhales on the device. More particularly, when a user inhales
on the device, the heater is activated to vaporise a small amount of liquid, which is therefore
inhaled by the user.

The problem with such approaches, however, is that use of a component such as a
specific manual activation facility or airflow sensor results in relatively costly manufacture of

the e-cigarette.

Summary

The present technique provides an electronic vapour provision system comprising: a
vaporiser for vaporising aerosol precursor material for inhalation by a user of the electronic
vapour provision system; a power supply for supplying power to the vaporiser; a wall
defining an air flow path along which air travels through the electronic vapour provision
system when a user inhales or exhales on the electronic vapour provision system; a
temperature sensor mounted in the air flow path adjacent a portion of the wall of the air flow
path; and a controller configured to cause power to be supplied to the temperature sensor to
heat the temperature sensor and to cause power to be supplied to the vaporiser to vaporise
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the aerosol precursor material in response to detecting a change in temperature of the
temperature sensor; wherein the air flow path is arranged such that, during inhalation or
exhalation by the user, air travelling along the air flow path is directed at the temperature
sensor in a direction that is towards the portion of the wall adjacent to which the temperature

sensor is mounted so as to disrupt the airflow around the temperature sensor.

In an embodiment, the air flow path is arranged such that, when the user inhales on the
electronic vapour provision system, air travels through the air flow path and is directed at the
temperature sensor in a direction that is towards the portion of the wall adjacent to which the
temperature sensor is mounted so as to disrupt the airflow around the temperature sensor
and, when the user exhales on the electronic vapour provision system, air travels through
the air flow path and is not directed at the temperature sensor in a direction that is towards
the portion of the wall adjacent to which the temperature sensor is mounted so as to disrupt
the airflow around the temperature sensor, and the controller is configured to cause power to
be supplied to the vaporiser to vaporise the aerosol precursor material only when one of an
amount of the detected change in temperature of the temperature sensor or the rate of the
detected change in temperature of the temperature sensor exceeds a predetermined
threshold; or the air flow path is arranged such that, when the user exhales on the electronic
vapour provision system, air travels through the air flow path and is directed at the
temperature sensor in a direction that is towards the portion of the wall adjacent to which the
temperature sensor is mounted so as to disrupt the airflow around the temperature sensor
and, when the user inhales on the electronic vapour provision system, air travels through the
air flow path and is not directed at the temperature sensor in a direction that is towards the
portion of the wall adjacent to which the temperature sensor is mounted so as to disrupt the
airflow around the temperature sensor, and the controller is configured to cause power to be
supplied to the vaporiser to vaporise the aerosol precursor material only when one of an
amount of the detected change in temperature of the temperature sensor or the rate of the
detected change in temperature of the temperature sensor is below a predetermined
threshold.

In an embodiment, the electronic vapour provision system comprises: a further temperature
sensor mounted in the air flow path adjacent a further portion of the wall of the air flow path;
wherein: the air flow path is arranged such that: when the user exhales on the electronic
vapour provision system, air travels through the air flow path and is not directed at the
temperature sensor in a direction that is towards the portion of the wall adjacent to which the
temperature sensor is mounted so as to disrupt the airflow around the temperature sensor

and is directed at the further temperature sensor in a direction towards the further portion of
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the wall adjacent to which the further temperature sensor is mounted so as to disrupt the
airflow around the further temperature sensor, and when the user inhales on the electronic
vapour provision system, air travels through the air flow path and is directed at the
temperature sensor in a direction that is towards the portion of the wall adjacent to which the
temperature sensor is mounted so as to disrupt the airflow around the temperature sensor
and is not directed at the further temperature sensor in a direction towards the further portion
of the wall adjacent to which the further temperature sensor is mounted so as to disrupt the
airflow around the further temperature sensor; and the controller is configured to: cause
power to be supplied to the further temperature sensor to heat the further temperature
sensor, and cause power to be supplied to the vaporiser to vaporise the aerosol precursor
material only when one of an amount of a detected change in the temperature of the
temperature sensor exceeds an amount of a detected change in the temperature of the
further temperature sensor or a rate of a detected change in the temperature of the
temperature sensor exceeds a rate of a detected change in the temperature of the further

temperature sensor.

In an embodiment, upon initially detecting a change in the temperature of the temperature
sensor, the controller is configured to cause power to be supplied to the vaporiser to
vaporise the aerosol precursor material until the one of the amount of the detected change in
the temperature of the temperature sensor or the rate of the detected change in the
temperature of the temperature sensor has been determined.

In an embodiment, upon initially detecting a change in the temperature of one of the
temperature sensor and further temperature sensor, the controller is configured to cause
power to be supplied to the vaporiser to vaporise the aerosol precursor material until the one
of the amount of the detected change in the temperature of the one of the temperature
sensor and further temperature sensor or the rate of the detected change in the temperature
of the one of the temperature sensor and further temperature sensor has been determined.

In an embodiment, the further temperature sensor is a thermistor. The thermistor may be a

surface mount thermistor.

In an embodiment, the temperature sensor is a thermistor. The thermistor may be a surface

mount thermistor.

In an embodiment, the controller is configured to control the amount of power supplied to the

vaporiser to vaporise the aerosol precursor material based on one of an amount of the
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detected change in the temperature of the temperature sensor and a rate of the detected
change in the temperature of the temperature sensor.

In an embodiment, wherein the controller is configured to control the amount of power
supplied to the vaporiser to vaporise the aerosol precursor material based on one of an
amount of the detected change in the temperature of one of the temperature sensor and
further temperature sensor and a rate of the detected change in the temperature of the one

of the temperature sensor and further temperature sensor.

In an embodiment, the controller is configured to further control the amount of power
supplied to the vaporiser based on a value of the ambient temperature of the electronic

vapour provision system.

In an embodiment, the controller is configured to detect the ambient temperature using the
temperature sensor prior to causing power to be supplied to the temperature sensor to heat

the temperature sensor.

In an embodiment, the controller is configured to further control the amount of power
supplied to the vaporiser based on a value of the ambient temperature of the electronic

vapour provision system.

In an embodiment, the controller is configured to detect the ambient temperature using one
of the temperature sensor and further temperature sensor prior to causing power to be
supplied to the one of the temperature sensor and further temperature sensor to heat the

temperature sensor.

In an embodiment, the electronic vapour provision system comprises an independent

ambient temperature sensor configured to measure the ambient temperature.

In an embodiment, the controller is configured to, upon causing power to stop being supplied
to the vaporiser to vaporise the aerosol precursor material, cause power to stop being
supplied to the temperature sensor to heat the temperature sensor for a predetermined time
period.

In an embodiment, the controller is configured to, upon causing power to stop being supplied
to the vaporiser to vaporise the aerosol precursor material, cause power to stop being
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supplied to one of the temperature sensor and further temperature sensor to heat the one of

the temperature sensor and further temperature sensor for a predetermined time period.

In an embodiment, the vaporiser is a heater which is supplied with power from the power
supply to heat and thereby vaporise the aerosol precursor material for inhalation by the user.

In an embodiment, the aerosol precursor material is a liquid comprising nicotine.

The present technique provides a method of operating an electronic vapour provision system
comprising a vaporiser for vaporising aerosol precursor material for inhalation by a user of
the electronic vapour provision system, a power supply for supplying power to the vaporiser,
a wall defining an air flow path along which air travels through the electronic vapour
provision system when a user inhales or exhales on the electronic vapour provision system,
and a temperature sensor mounted in the air flow path adjacent a portion of the wall of the
air flow path, the method comprising: causing power to be supplied to the temperature
sensor to heat the temperature sensor; and causing power to be supplied to the vaporiser to
vaporise the aerosol precursor material in response to detecting a change in temperature of
the temperature sensor; wherein the air flow path is arranged such that, during inhalation or
exhalation by the user, air travelling along the air flow path is directed at the temperature
sensor in a direction that is towards the portion of the wall adjacent to which the temperature

sensor is mounted so as to disrupt the airflow around the temperature sensor.

The approach described herein is not restricted to specific embodiments such as set
out below, but includes and contemplates any appropriate combinations of features
presented herein. For example, an electronic vapour provision system may be provided in
accordance with the approach described herein which includes any one or more of the
various features described below as appropriate.

Brief Description of the Drawings

Various embodiments of the invention will now be described in detail by way of
example only with reference to the following drawings:

Figure 1 is a schematic (exploded) diagram of an electronic vapour provision system
such as an e-cigarette.

Figure 2 is a schematic diagram of the body of the e-cigarette of Figure 1.

Figure 3 is a schematic diagram of the vaporiser portion of the e-cigarette of Figure
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Figure 4 is a schematic diagram of the main functional components of the body of the
e-cigarette of Figure 1.

Figure 5 is a schematic diagram showing the position of a heatable temperature
sensor along a flow path of air in the e-cigarette of Figure 1.

Figures 6A to 6C are schematic diagrams of various possible configurations of the
heatable temperature sensor of Figure 5.

Figures 7A and 7B are schematic diagrams of an example air flow path geometry
when a single heatable temperature sensor is used in the e-cigarette of Figure 1.

Figures 8A and 8B are schematic diagrams of an example air flow path geometry
when two heatable temperature sensors are used in the e-cigarette of Figure 1.

Figures 9A to 9C show results of an experimental demonstration of the present
technique.

Figure 10 shows a flow chart illustrating a process according to the present
technique.

Detailed Description

As described above, the present disclosure relates to an electronic vapour provision
system, such as an e-cigarette. Throughout the following description the term “e-cigarette”
is used; however, this term may be used interchangeably with electronic vapour provision
system.

Figure 1 is a schematic diagram of an electronic vapour provision system such as an
e-cigarette 10 in accordance with some embodiments of the invention (not to scale). The e-
cigarette has a generally cylindrical shape, extending along a longitudinal axis indicated by
dashed line LA, and comprises two main components, namely a body 20 and a cartomiser
30. The cartomiser includes an internal chamber containing a reservoir of aerosol precursor
material (such as a liquid comprising nicotine), a vaporiser (such as a heater), and a
mouthpiece 35. The reservoir may comprise a foam matrix or any other structure for
retaining the liquid until such time that it is required to be delivered to the vaporiser.
Alternatively, the reservoir may not comprise any structure, such as foam, for retaining the
liquid, but instead the liquid may be held freely in the reservoir. The vaporiser is for
vaporising the liquid, and the cartomiser 30 may further include a wick or similar facility to
transport a small amount of liquid from the reservoir to a vaporising location on or adjacent
the vaporiser. In the following, a heater is used as a specific example of a vaporiser.
However, it will be appreciated that other forms of vaporiser (for example, those which utilise

ultrasonic waves) could also be used.
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The body 20 includes a re-chargeable cell or battery to provide power to the e-
cigarette 10 and a circuit board for generally controlling the e-cigarette. When the heater
receives power from the battery, as controlled by the circuit board, the heater vaporises the
liquid and this vapour is then inhaled by a user through the mouthpiece 35.

The body 20 and cartomiser 30 are detachable from one another by separating in a
direction parallel to the longitudinal axis LA, as shown in Figure 1, but are joined together
when the device 10 is in use by a connection, indicated schematically in Figure 1 as 25A and
25B, to provide mechanical and electrical connectivity between the body 20 and the
cartomiser 30. The electrical connector 25B on the body 20 that is used to connect to the
cartomiser 30 also serves as a socket for connecting a charging device (not shown) when
the body 20 is detached from the cartomiser 30. The other end of the charging device can
be plugged into a USB socket to re-charge the cell in the body 20 of the e-cigarette 10. In
other implementations, a cable may be provided for direct connection between the electrical
connector 25B on the body 20 and a USB socket. Charging may also be effected by other
means, such as via inductive wireless charging.

The e-cigarette 10 is provided with one or more holes (not shown in Figure 1) for air
inlet. These holes connect to an air passage through the e-cigarette 10 to the mouthpiece
35. When a user inhales through the mouthpiece 35, air is drawn into this air passage
through the one or more air inlet holes, which are suitably located on the outside of the e-
cigarette. This airflow is detected by way of a heatable temperature sensor (to be explained)
that in turn activates the heater to vaporise the liquid from the cartridge. The airflow passes
through, and combines with, the vapour, and this combination of airflow and vapour then
passes out of the mouthpiece 35 to be inhaled by a user. The cartomiser 30 may be
detached from the body 20 and disposed of when the supply of liquid is exhausted (and
replaced with another cartomiser if so desired).

It will be appreciated that the e-cigarette 10 shown in Figure 1 is presented by way of
example, and various other implementations can be adopted. For example, in some
embodiments, the cartomiser 30 is provided as two separable components, namely a
cartridge comprising the liquid reservoir and mouthpiece (which can be replaced when the
liquid from the reservoir is exhausted), and a vaporiser comprising a heater (which is
generally retained). As another example, the charging facility may connect to an additional
or alternative power source, such as a car cigarette lighter.

Figure 2 is a schematic (simplified) diagram of the body 20 of the e-cigarette 10 of
Figure 1 in accordance with some embodiments of the invention. Figure 2 can generally be
regarded as a cross-section in a plane through the longitudinal axis LA of the e-cigarette 10.
Note that various components and details of the body, e.g. such as wiring and more complex
shaping, have been omitted from Figure 2 for reasons of clarity.
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The body 20 includes a battery or cell 210 for powering the e-cigarette 10, as well as
a chip 555, such as an application specific integrated circuit (ASIC) or microcontroller for
controlling the e-cigarette 10. The ASIC 555 is attached to a heatable temperature sensor
215 to detect an inhalation on mouthpiece 35 (or alternatively the heatable temperature
sensor 215 may be provided on the ASIC 555 itself).

The body 20 further includes a cap 225 to seal and protect the far (distal) end of the
e-cigarette 10.

At the opposite end of the body 20 from the cap 225 is the connector 25B for joining
the body 20 to the cartomiser 30. The connector 25B provides mechanical and electrical
connectivity between the body 20 and the cartomiser 30. The connector 25B includes a
body connector 240, which is metallic (silver-plated in some embodiments) to serve as one
terminal for electrical connection (positive or negative) to the cartomiser 30. The connector
25B further includes an electrical contact 250 to provide a second terminal for electrical
connection to the cartomiser 30 of opposite polarity to the first terminal, namely body
connector 240. The electrical contact 250 is mounted on a coil spring 255. When the body
20 is attached to the cartomiser 30, the connector 25A on the cartomiser 30 pushes against
the electrical contact 250 in such a manner as to compress the coil spring in an axial
direction, i.e. in a direction parallel to (co-aligned with) the longitudinal axis LA. In view of
the resilient nature of the spring 255, this compression biases the spring 255 to expand,
which has the effect of pushing the electrical contact 250 firmly against connector 25A of the
cartomiser 30, thereby helping to ensure good electrical connectivity between the body 20
and the cartomiser 30. The body connector 240 and the electrical contact 250 are separated
by a trestle 260, which is made of a non-conductor (such as plastic) to provide good
insulation between the two electrical terminals. The trestle 260 is shaped to assist with the
mutual mechanical engagement of connectors 25A and 25B.

Figure 3 is a schematic diagram of the cartomiser 30 of the e-cigarette 10 of Figure 1
in accordance with some embodiments of the invention. Figure 3 can generally be regarded
as a cross-section in a plane through the longitudinal axis LA of the e-cigarette 10. Note that
various components and details of the cartomiser 30, such as wiring and more complex
shaping, have been omitted from Figure 3 for reasons of clarity.

The cartomiser 30 includes an air passage 355 extending along the central
(longitudinal) axis of the cartomiser 30 from the mouthpiece 35 to the connector 25A for
joining the cartomiser 30 to the body 20. A reservoir of liquid 360 is provided around the air
passage 335. This reservoir 360 may be implemented, for example, by providing cotton or
foam soaked in liquid. The cartomiser 30 also includes a heater 365 for heating liquid from
reservoir 360 to generate vapour to flow through air passage 355 and out through
mouthpiece 35 in response to a user inhaling on the e-cigarette 10. The heater 365 is
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powered through lines 366 and 367, which are in turn connected to opposing polarities
(positive and negative, or vice versa) of the battery 210 of the main body 20 via connector
25A (the details of the wiring between the power lines 366 and 367 and connector 25A are
omitted from Figure 3).

The connector 25A includes an inner electrode 375, which may be silver-plated or
made of some other suitable metal or conducting material. When the cartomiser 30 is
connected to the body 20, the inner electrode 375 contacts the electrical contact 250 of the
body 20 to provide a first electrical path between the cartomiser 30 and the body 20. In
particular, as the connectors 25A and 25B are engaged, the inner electrode 375 pushes
against the electrical contact 250 so as to compress the coil spring 255, thereby helping to
ensure good electrical contact between the inner electrode 375 and the electrical contact
250.

The inner electrode 375 is surrounded by an insulating ring 372, which may be made
of plastic, rubber, silicone, or any other suitable material. The insulating ring is surrounded
by the cartomiser connector 370, which may be silver-plated or made of some other suitable
metal or conducting material. When the cartomiser 30 is connected to the body 20, the
cartomiser connector 370 contacts the body connector 240 of the body 20 to provide a
second electrical path between the cartomiser 30 and the body 20. In other words, the inner
electrode 375 and the cartomiser connector 370 serve as positive and negative terminals (or
vice versa) for supplying power from the battery 210 in the body 20 to the heater 365 in the
cartomiser 30 via supply lines 366 and 367 as appropriate.

The cartomiser connector 370 is provided with two lugs or tabs 380A, 380B, which
extend in opposite directions away from the longitudinal axis of the e-cigarette 10. These
tabs are used to provide a bayonet fitting in conjunction with the body connector 240 for
connecting the cartomiser 30 to the body 20. This bayonet fitting provides a secure and
robust connection between the cartomiser 30 and the body 20, so that the cartomiser and
body are held in a fixed position relative to one another, with minimal wobble or flexing, and
the likelihood of any accidental disconnection is very small. At the same time, the bayonet
fitting provides simple and rapid connection and disconnection by an insertion followed by a
rotation for connection, and a rotation (in the reverse direction) followed by withdrawal for
disconnection. It will be appreciated that other embodiments may use a different form of
connection between the body 20 and the cartomiser 30, such as a snap fit or a screw
connection.

It is noted that, in the embodiment of Figure 2, the external housing 201 of the body
20 generally has the form of a cylindrical tube. This external housing 201 may comprise, for
example, an inner tube of metal with an outer covering of paper or similar. However, it will

be appreciated that the external shape/profile of the external housing 201 is not a critical
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function of the invention and thus the external housing 201 may take any form, such as
cylindrical, polygonal, etc.

Figure 4 is a schematic diagram of the main functional components of the body 20 of
the e-cigarette 10 of Figure 1 in accordance with some embodiments of the disclosure.
These components may be mounted on a circuit board (not shown) provided within the body
20, although depending on the particular configuration, in some embodiments, one or more
of the components may instead be accommodated in the body 20 to operate in conjunction
with the circuit board, but is/are not physically mounted on the circuit board itself.

The body 20 includes the heatable temperature sensor 215 located in or adjacent to
the air path through the body 20 from the air inlet to the air outlet (to the vaporiser). The
body 20 further includes an output device 558 (such as an optic, audio or haptic feedback
device) and an electrical socket or connector 25B for connecting to the cartomiser 30 or to a
USB charging device.

The microcontroller (e.g. an ASIC) 555 controls the operation of each of the other
electrical / electronic components of the e-cigarette 10 and includes a CPU 550. The
operations of the CPU 550 and the other electrical / electronic components are generally
controlled at least in part by software programs running on the CPU (or other component).
Such software programs may be stored in non-volatile memory, such as ROM, which can be
integrated into the microcontroller 555 itself, or provided as a separate component. The
CPU may access the ROM to load and execute individual software programs as and when
required. The microcontroller 555 also contains appropriate communications interfaces (and
control software) for communicating as appropriate with the other electrical / electronic
components.

The CPU controls the output device 558 to produce various outputs to reflect
conditions or states within the e-cigarette, such as a low battery warning. Different signals
for signalling different states or conditions may be provided by utilising lights, vibrations,
tones or beeps of different pitch and/or duration, and/or by providing multiple such lights,
vibrations, beeps or tones.

As previously mentioned, it is desirable to provide an e-cigarette with a vaporiser
activation mechanism which is cheaper to manufacture and which nonetheless works in a
reliable manner. With this in mind, the present technique provides an electronic vapour
provision system (such as an e-cigarette 10) comprising a vaporiser (such as heater 365) for
vaporising aerosol precursor material (such as nicotine liquid) for inhalation by a user of the
electronic vapour provision system, a power supply (for example, comprising a cell or battery
such as cell 210) for supplying power to the vaporiser, a wall defining an air flow path along
which air travels through the electronic vapour provision system when a user inhales or

exhales on the electronic vapour provision system, a temperature sensor (such as

10



10

15

20

25

30

35

CA 03065895 2019-12-02

WO 2018/234792 PCT/GB2018/051713

temperature sensor 215) mounted in the air flow path adjacent a portion of the wall of the air
flow path and a controller (such as microcontroller 555). The controller is configured to cause
power to be supplied to the temperature sensor to heat the temperature sensor and to cause
power to be supplied to the vaporiser to vaporise the aerosol precursor material in response
to detecting a change in temperature of the temperature sensor. In one example, power is
supplied to the vaporiser when the detected change in temperature or rate of detected
change in temperature exceeds a predetermined minimum threshold. The air flow path is
arranged such that, during inhalation or exhalation by the user, air travelling along the air
flow path is directed at the temperature sensor in a direction that is towards the portion of the
wall adjacent to which the temperature sensor is mounted so as to disrupt the airflow around
the temperature sensor. Because the air travelling along the air flow path is directed at the
temperature sensor in a direction that is towards the portion of the wall adjacent to which the
temperature sensor is mounted, the air flow is disrupted around the temperature sensor
(thus allowing more air molecules to impinge on the surface of the temperature sensor), thus
making the temperature sensor more responsive to changes in its temperature caused by
the air flow.

Thus, according to one embodiment of the present technique, in order to activate the
vaporiser, a temperature sensor is mounted in an air flow path along which air is drawn
when a user inhales on the electronic vapour provision system. The temperature sensor is
heated to above ambient temperature so that when air is drawn though the electronic vapour
provision system during inhalation (the air entering the electronic vapour provision device at
ambient temperature), heat is carried away from the temperature sensor. This causes the
temperature of the temperature sensor to reduce relative to its heated value. The vaporiser
is then activated in response to a detection of this reduction in temperature. Heatable
temperature sensors such as heatable thermistors are available at a low cost, thus reducing
the manufacturing cost of the e-cigarette. Furthermore, because the temperature sensor is
mounted in the air flow path adjacent a portion of the wall defining the air flow path and the
air flow path is arranged such that, during inhalation by the user, air drawn through the air
flow path is directed at the temperature sensor in a direction that is towards the portion of the
wall adjacent to which the temperature sensor is mounted so as to disrupt air flow around
the temperature sensor, improved sensitivity of the temperature sensor in detecting
temperature changes is ensured. This allows activation of the vaporiser to function reliably in
response to a user inhaling on the electronic vapour provision system.

A demonstration of the principle behind the present technique is described in more
detail with reference to Figure 5, which schematically shows the position of a heatable
temperature sensor 215 along a flow path of air in the e-cigarette 10, the flow path being
indicated by the arrows 600. When a user inhales on the mouthpiece 35, air enters the e-
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cigarette at an inlet 602 of the cartomiser 30 of the e-cigarette and flows in the direction of
the arrows 600 into the body 20 of the e-cigarette, reaching channel 603. The heatable
temperature sensor 215 is positioned within channel 603. In this case, the temperature
sensor 215 is a heatable thermistor, and as the air flows through the channel 603 and out of
channel 604 towards the heater 365 and mouthpiece 35, the heated temperature of the
thermistor is reduced. This temperature reduction causes a change in an electrical
parameter of the thermistor which is detectable by the microcontroller 555, and thus, in
response to this detected change (indicative of the temperature reduction), the
microcontroller 555 causes power to be supplied to the heater 365. In the example of Figure
5, the thermistor 215 is attached to a printed circuit board (PCB) 601 comprising the
microcontroller 555. The PCB 601 comprises a sealing portion 605 (made of a resilient
material such as silicone, for example) and is positioned such that the sealing portion 605
seals an end of the channel 603 and so that the inhaled air is directed though the channel
604 towards the heater 365 and mouthpiece 365.

Figure 6A schematically shows an enlarged portion of Figure 5 showing the
thermistor 215, sealing portion 605, PCB 601 and channels 603 and 604. In this
embodiment, these components are comprised within the body 20 of the e-cigarette. It can
be seen that by positioning the thermistor 215 in the channel 603 in the way as shown (the
thermistor 215 being positioned in the channel 603 by way of a connecting element 606
attached to and extending from the PCB 601 so that the thermistor 215 does not contact the
inner wall 706 of the channel 603), the surface area of thermistor 215 in contact with air
which flows through the channel 603 is increased.

Figure 6B shows the PCB 601 comprising the thermistor 215 and sealing portion
605. During manufacture of the e-cigarette, the PCB 601, thermistor 215 and sealing portion
605 can be combined together in advance and inserted into the body 20 of the e-cigarette.
This is a low complexity (and therefore low cost) process.

In this case, the thermistor 215 is a glass bead style thermistor. However, it will be
appreciated that another type of thermistor could be used, such as a surface-mount
thermistor. Such an arrangement is illustrated in Figure 6C, in which two surface-mount
thermistors 215A and 215B are provided on the PCB 601 (all other components previously
described remain the same). In this case, the heatable temperature sensor as used with the
present technique is a first one of the surface-mount thermistors (for example, 215A, which
will be heated under control of the microcontroller 555) whereas a second one of the
surface-mount thermistors (for example, 215B) will be for use in measuring the ambient
temperature (and will therefore not be heated under control of the microcontroller 555). The
purpose of measuring the ambient temperature is described later on. It will be appreciated
that, in another embodiment, only one surface-mount thermistor may be used, this being the
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heatable temperature sensor as described. It is noted that the use of surface-mount
thermistor(s) allows for quick temperature response and for a plurality of them (as in Figure
6C) to be conveniently placed in the air stream. Furthermore, the cost of surface-mount
thermistors is low.

It will be appreciated that a heatable temperature sensor other than a heatable
thermistor may be utilized in order for the present technique to be carried out as described
(for example, as implemented via the arrangement of Figure 5). In particular, as long as (a)
the microcontroller 555 is able to cause power to be supplied to the heatable temperature
sensor so as to heat it to a temperature above ambient temperature and (b) the heatable
temperature sensor is sufficiently sensitive for a change in temperature relative to its heated
temperature to be detected when a user inhales on the e-cigarette 10, then the heatable
temperature sensor may be used with the present technique. Such an alternative heatable
temperature sensor could comprise a non-heatable temperature sensor with an electric
heater mounted to and in thermal contact the non-heatable temperature sensor (thus
forming, overall, a heatable temperature sensor). A heatable thermistor will, however, often
be a suitable choice for implementing the present technique.

Thermistors are known to have a large resistance change with temperature. Thus,
when a heatable thermistor is used with the present technique as the heatable temperature
sensor 215, even a small reduction in the heated temperature of the thermistor due to
inhaled air flow is detectable due to the change in resistance (or the change in another
electrical parameter associated with the resistance, such as the thermistor current, a
computed thermistor temperature or the additional power supplied to the thermistor in order
to compensate for the cooling and for the temperature of the thermistor to return to its
original heated temperature). It is noted that the more power supplied to heat the heatable
thermistor, the larger a given signal output in response to cooling of the heatable thermistor
by the inhaled air flow will be (thus making the thermistor more sensitive to temperature
changes). However, supplying more power to heat the heatable thermistor will also reduce
the life of the battery / cell 210. The power supplied to the heatable thermistor thus needs to
be suitably determined, taking into account these constraints.

The temperature of a heated thermistor is approximated by the equation:

VZ

Ty =T +—
H 0+KR

wherein Ty is the heated temperature of the thermistor, T, is the ambient temperature
(measured as described below), K is the dissipation constant, V is the voltage applied

across the thermistor and R is the thermistor resistance (V and R being measurable as
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electrical parameters of the thermistor 215 by the microcontroller 555, for example). It will be
appreciated that, during the flow of air over the thermistor during inhalation, the thermistor
will be cooled, thus causing T, to be reduced. This reduction in temperature can be detected

by the microcontroller 555 by detecting the corresponding change (increase) in R (since Ty,
K and V will all remain fixed) or another parameter (such as the thermistor current I = %)

associated with R (and therefore associated with Ty). Alternatively, the microcontroller may
increase V (thus increasing the power supplied to the thermistor 215) in order to compensate
for the cooling effect and to try to maintain Ty as constant.

In general, it will be appreciated that the microcontroller 555 may control the amount
of power supplied to the heater 365 based on one of an amount of a detected change in a
parameter (such as R, I, V or even Ty itself) related to the heated temperature of the
thermistor 215 and a rate of the detected change in the parameter related to the heated
temperature of the first heatable temperature sensor. In a first example, the microcontroller
555 only causes power to be supplied to the heater 365 when one of an amount of the
detected change in the parameter related to the heated temperature of the thermistor 215 or
a rate of the detected change in the parameter related to the heated temperature of the
thermistor 215 exceeds a predetermined minimum threshold. This ensures that small,
accidental changes in the heated temperature of the thermistor 215 that do not result from a
user inhalation do not cause power to be supplied to the heater 365, thus conserving battery
life and providing improved user safety. In a second example (which may be carried out in
addition to the first example, i.e. only after the change or rate of change in the parameter
related to the thermistor heated temperature exceeds the predetermined threshold), the
microcontroller may cause the amount of power to be supplied to the heater 365 to be
adjusted in a real time manner depending on the detected change or rate of change of the
parameter related to the thermistor heated temperature at a given time. This allows the
amount of liquid (or other aerosol precursor material) vaporisation to be controlled so that,
for example, a large / rapid change in temperature resulting from a stronger inhalation by the
user results in more power being supplied to the heater 365 (and thus more vaporisation of
liquid) compared to a smaller / less rapid change in temperature resulting from a weaker
inhalation by the user (which requires less vaporisation of liquid). It will be appreciated that
any suitable relationship between the detected change / or rate of change of the parameter
related to the thermistor heated temperature and the amount of power supplied to the heater
365 could be used with the present technique by suitable configuration of the microcontroller
555, depending on the desired characteristics of the e-cigarette.

In another example, the microcontroller 555 may be configured with an air flow model
which relates a volume of air which flows through the e-cigarette (and thus an appropriate
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amount of power to be supplied to the heater 365, with more power being supplied for larger
volumes and less power being supplied for smaller volumes) with a detected change in the
heated temperature Ty of the thermistor. The amount of power supplied to the heater 365 for
a given volume of air may be recalibrated depending on T, since the air density changes as
T, changes (T, is equal to the temperature of the air which enters the channel 603 within
which the thermistor 215 is located). For example, for a lower T, the air density is higher
and thus it may be appropriate to reduce the amount of power supplied to the heater 365
(since the denser air flow will result in a higher level of aerosol transport for a given heater
power input), and for a higher Ty, the air density is lower and thus it may be appropriate to
increase the amount of power supplied to the heater 365 (since the thinner air flow will result
in a lower level of aerosol transport for a given heater power input). It will be appreciated that
T, will vary depending on the temperature of the environment in which the e-cigarette is
located, and therefore needs to be measured in order for this recalibration to take place. It
will also be appreciated that (a) the relationship between the change in temperature T,; and
the inhalation air flow volume defining the air flow model and/or (b) the relationship between
the amount of power supplied to the heater 365 and the air inhalation air flow volume at a
given ambient temperature T, may take many different potential forms, depending on the
desired characteristics of the e-cigarette 10.

It will be appreciated that, if a further heatable temperature sensor is used (such as
further temperature sensor 800 described with reference to Figures 8A and 8B, for example),
then the microcontroller 555 may control the amount of power supplied to the heater 365
based on one of an amount of a detected change in a parameter (such as R, I, V or even Ty
itself, when the further temperature sensor is a thermistor) related to the heated temperature
of the further temperature sensor and a rate of the detected change in the parameter related
to the heated temperature of the further temperature sensor (instead of or in addition to
controlling the amount of power supplied to the heater 365 based on one of an amount of a
detected change in a parameter related to the heated temperature of the temperature sensor
215 and a rate of the detected change in the parameter related to the heated temperature of
the temperature sensor 215). The above-described examples may be applied to the further
temperature sensor in this case. In particular, one of more of the above-described examples
of (a) only causing power to be supplied to the heater 365 when one of an amount of the
detected change in the parameter related to the heated temperature of the further
temperature sensor or a rate of the detected change in the parameter related to the heated
temperature of the further temperature sensor exceeds a predetermined threshold, (b)
causing the amount of power to be supplied to the heater 365 to be adjusted in a real time
manner depending on the detected change or rate of change of the parameter related to the
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further temperature sensor at a given time, and (c) controlling the amount of power to be
supplied to the heater 365 based on an air flow model may be applied to the further
temperature sensor. Thus, even though a first temperature sensor and a second
temperature sensor may be placed at different positions along an air flow path of the e-
cigarette 10 (see again, for example, the thermistor 215, which is an example of a first
temperature sensor, and the thermistor 800, which is an example of a second temperature
sensor, in Figures 8A and 8B) so as to allow a distinction to be made between inhale and
exhale air flow, the air flow may be monitored using one or both of these sensors in
determining whether or not to supply power to the heater 365 and/or how much power
should be supplied to the heater 365.

In one example, the microcontroller 555 detects the ambient temperature using the
thermistor 215 prior to causing power to be supplied to the thermistor to heat the thermistor.
It is also envisaged that if a further heatable temperature sensor is used (such as further
temperature sensor 800 described with reference to Figures 8A and 8B, for example), then
the microcontroller 555 may detect the ambient temperature T, using this second heatable
sensor prior to causing power to be supplied to this second heatable sensor. Either
arrangement avoids the need for any additional thermistors or other temperature sensors to
be included in the e-cigarette 10 in order for the ambient temperature T, to be measured,
thus reducing the complexity (and therefore the cost) of manufacturing the e-cigarette. In
another example, however, the e-cigarette 10 comprises an additional, unheated ambient
temperature sensor (such as second thermistor 215B) via which the microcontroller 555 is
configured to continually measure the ambient temperature. This allows the amount of power
supplied to the heater 365 for a given air flow volume to be continually recalibrated during
use of the e-cigarette in response to changes in ambient temperature T,, thus providing
better controlled vaporisation when the ambient temperature T, changes regularly.

As previously mentioned, in an embodiment of the present technique, the
temperature sensor 215 is mounted in the air flow path adjacent a portion of a wall defining
the air flow path. The air flow path is arranged such that, during inhalation by the user, air
drawn through the air flow path is directed at the temperature sensor in a direction that is
towards the portion of the wall adjacent to which the temperature sensor is mounted so as to
disrupt the airflow around the temperature sensor. This improves the sensitivity of the
temperature sensor in detecting changes in its heated temperature due to air flow caused by
a user inhaling on the electronic vapour provision system. Such an arrangement is shown in
Figure 7A.

Figure 7A shows a cross-section of the channel 603 within which the heatable
temperature sensor 215 is located, according to an embodiment. In this example, as well as
the heatable temperature sensor 215, the channel 603 also comprises barrier portions 700A
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and 700B which block a portion of the cross-section (in a plane parallel to the line A-A) of the
air channel 603 through which air travels. The outer surfaces of each of the barrier portions
700A and 700B within the channel 306, together with the portions of the inner wall 706 of the
channel 306 not covered by the barrier potion 700A, form a wall defining an air flow path
through which air travels during inhalation and exhalation. In Figure 7A, the channel 603 is a
cylindrical tube. A first barrier portion 700A is also cylindrical and is sized so as to fit inside
the inner wall 706 of the channel 603 so that air cannot flow between the inner wall 706 of
the channel 603 and the outer wall 707 of the first barrier portion. The first barrier portion
700A may be fixed within the channel 603 via a friction fit or via an adhesive, for example.
The first barrier portion 700A comprises a central bore 701. Air flowing through the channel
603 must therefore flow through this central bore 701. The second barrier portion 700B is a
circular disc positioned at a certain distance from the first barrier portion 700A at a side of
the first barrier portion 700A at which air exits the central bore 701 during inhalation air flow.
The second barrier portion 700B is positioned so as to be parallel with the plane parallel to
the line A-A and so that it completely overlaps the central bore 701 when viewed through the
cross-section parallel to the line A-A. The second barrier portion 700B has a radius less than
that of the cross-section of the channel 603 parallel to the line A-A so that an annular gap
702 is formed between the circular edge 708 of the second barrier portion 700B and the
inner wall 706 of the channel 603. Air which flows through the channel 603 must therefore
flow through the gap 702. The heatable temperature sensor 215 is fixed (via an adhesive or
the like) on the side of the second barrier portion 700B facing the exit of the central bore 701
and in line with the exit of the central bore 701. Air exiting the central bore 701 during
inhalation (as shown by arrow 703 in Figure 7A) is therefore directed at the heatable
temperature sensor 215. In other words, the air is directed at the temperature sensor 215 in
a direction that is towards a portion of the wall defining the air flow path through the channel
306 adjacent to which the temperature sensor 215 is mounted so as to disrupt the air flow
around the temperature sensor 215 (the portion of the wall adjacent to which the
temperature sensor 215 is mounted being the portion of the second barrier portion 700B on
which the temperature sensor is fixed, in this case). The inhaled air then travels through the
gap 702 and into the channel 604 (not shown in Figure 7A) towards the heater 365 and
mouthpiece 35.

In addition, the air flow path arrangement shown in Figure 7A is such that, when the
user exhales on the electronic vapour provision system, air travels through the air flow path
and is not directed at the temperature sensor in a direction that is towards the portion of the
wall adjacent to which the temperature sensor is mounted so as to disrupt the airflow around
the temperature sensor. Such an arrangement is shown in Figure 7B, which is exactly the
same as Figure 7A except that it shows airflow during exhale rather than inhale. Here, it can
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be seen that air entering the central bore 701 during exhalation (as shown by arrows 704 in
Figure 7B) is not directed at the heatable temperature sensor 215. The exhaled air then
travels through the central bore 701 towards the inlet 602 where it leaves the e-cigarette 10.

In the arrangements shown in Figures 7A and 7B, the second barrier portion 700B
may be fixed in the channel 603 by way of a connecting element attached to and extending
from the PCB 601 (not shown in Figures 7A or 7B) similar to the connecting element 606
shown in Figure 6A, for example. Because air is not directed at the temperature sensor 215
during exhale (unlike during inhale), the amount of heat carried away from the temperature
sensor 215 during exhale is reduced compared to the amount of heat carried away from the
temperature sensor 215 during inhale (since fewer molecules impinge on the surface of the
temperature sensor). This results in a smaller / less rapid detectable decrease in the heated
temperature of the temperature sensor 215 during exhale compared to inhale. Inhalation
(when the heater 365 should be activated) and exhalation (when the heater 365 should not
be activated) is therefore distinguishable due to this difference in the change in heated
temperature. The microcontroller 555 thus causes power to be supplied to the heater 365
only when one of an amount of the detected change in a parameter (such as R, I, V or even
the heated temperature Ty itself, when the heatable temperature sensor 215 is a heatable
thermistor) related to the heated temperature of the heatable temperature sensor or a rate of
the detected change in the parameter related to the heated temperature of the first heatable
temperature sensor exceeds a predetermined threshold, the predetermined threshold being
chosen such that power is supplied to the heater 365 only during inhalation (not exhalation).
The prevention of power being supplied to the heater 365 during exhalation (when liquid
does not need to be vaporised and when the heater 365 therefore does not need to be
activated) reduces power consumption of the e-cigarette 10 and helps prevent unintended
activation of the heater 365 (thus improving user safety).

In an alternative embodiment, the arrangements of Figures 7A and 7B are reversed
for inhale and exhale. In such an embodiment, Figure 7A will relate to exhale (so that the
airflow indicated by arrow 703 relates to exhale rather than inhale) and Figure 7B will relate
to inhale (so that the airflow indicated by the arrows 704 relates to inhale rather than exhale).
Such an arrangement may be implemented by reversing the positions of the first and second
barrier portions 700A and 700B in the channel 603 (so that the arrangement of the first and
second barrier portions 700A and 700B appear upside down in the channel 603 compared to
the arrangement shown in Figures 7A and 7B). In this case, the second barrier portion 700B
may be fixed in the channel 603 by way of a connecting element attached to and extending
from a floor portion 607 of the channel 603. In this case, air exits the central bore 701 during
exhalation (rather than inhalation) and is directed at the heatable temperature sensor 215. In
other words, the air is directed at the temperature sensor 215 in a direction that is towards a
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portion of the wall defining the air flow path through the channel 306 adjacent to which the
temperature sensor 215 is mounted so as to disrupt the air flow around the temperature
sensor 215 (the portion of the wall adjacent to which the temperature sensor 215 is mounted
again being the portion of the second barrier portion 700B on which the temperature sensor
is fixed, in this case). The exhaled air then travels through the gap 702 and towards the inlet
602 where it leaves the e-cigarette 10. In addition, when the user inhales on the electronic
vapour provision system, air travels through the air flow path and is not directed at the
temperature sensor in a direction that is towards the portion of the wall adjacent to which the
temperature sensor is mounted so as to disrupt the airflow around the temperature sensor.
In this case, air enters the central bore 701 during inhalation and is not directed at the
heatable temperature sensor 215. The inhaled air then travels through the central bore 701
and into the channel 604 (not shown in Figure 7A) towards the heater 365 and mouthpiece
35.

In this alternative embodiment, because air is not directed at the temperature sensor
215 during inhale (unlike during exhale), the amount of heat carried away from the
temperature sensor 215 during inhale is reduced compared to the amount of heat carried
away from the temperature sensor 215 during exhale. This results in a smaller / less rapid
detectable decrease in the heated temperature of the temperature sensor 215 during inhale
compared to exhale. Inhalation (when the heater 365 should be activated) and exhalation
(when the heater 365 should not be activated) is therefore distinguishable due to this
difference in the change in heated temperature. The microcontroller 555 thus causes power
to be supplied to the heater 365 only when one of an amount of the detected change in a
parameter (such as R, I, V or even the heated temperature Ty itself, when the heatable
temperature sensor 215 is a heatable thermistor) related to the heated temperature of the
heatable temperature sensor or a rate of the detected change in the parameter related to the
heated temperature of the first heatable temperature sensor is below a predetermined
threshold, the predetermined threshold being chosen such that power is supplied to the
heater 365 only during inhalation (not exhalation). The prevention of power being supplied to
the heater 365 during exhalation (when liquid does not need to be vaporised and when the
heater 365 therefore does not need to be activated) reduces power consumption of the e-
cigarette 10 and helps prevent unintended activation of the heater 365 (thus improving user
safety). This method can also be combined with other methods of flow control such as use of
a reed valve (or the like). Use of such other methods helps prevent air flow in the exhale
direction, thus further alleviating ambiguity between inhale and exhale airflow.

In another embodiment, the e-cigarette 10 may also be provided with a further
heatable temperature sensor 800 (see Figures 8A and 8B). In this case, the further
temperature sensor 800 is mounted in the air flow path adjacent a further portion of the wall
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of the air flow path. The airflow path is arranged such that, when the user inhales on the e-
cigarette 10, air travels through the air flow path and is directed at a first one of the
temperature sensors 215 and 800 in a direction that is towards the portion of the wall
adjacent to which that first temperature sensor 215 or 800 is mounted so as to disrupt the
airflow around that first temperature sensor. The air is also not directed at a second,
different, one of the temperature sensors 215 and 800 in a direction that is towards the
portion of the wall adjacent to which that second temperature sensor 215 or 800 is mounted
so as to disrupt the airflow around that second temperature sensor. The airflow path is
further arranged such that, when the user exhales on the e-cigarette 10, air travels through
the air flow path and is directed at the second one of the temperature sensors 215 and 800
in a direction that is towards the portion of the wall adjacent to which that second
temperature sensor 215 or 800 is mounted so as to disrupt the airflow around that second
temperature sensor. The air is also not directed at the first one of the temperature sensors
215 and 800 in a direction that is towards the portion of the wall adjacent to which that first
temperature sensor 215 or 800 is mounted so as to disrupt the airflow around that first
temperature sensor. The second heatable temperature sensor 800 may, for example, have
the same electrical characteristics and be implemented in the e-cigarette 10 in the same way
as previously described for the first heatable temperature sensor 215. In particular, the
microcontroller 555 may cause power to be supplied to heat the second heatable
temperature sensor 800 and the second heatable temperature sensor 800 may be, for
example, a heatable thermistor with one or more electrical parameters (such as R, [ or V)
detectable by the microcontroller 555 (as previously described).

Such an embodiment is exemplified with reference to Figures 8A and 8B. During
inhalation (as shown in Figure 8A), air is directed at the temperature sensor 215 but not at
the temperature sensor 800 (so that more air molecules impinge on the surface of
temperature sensor 215 than on the surface of temperature sensor 800 during inhalation).
The amount of heat carried away from the temperature sensor 215 is therefore larger than
the amount of heat carried away from the temperature sensor 800, thus causing a larger /
more rapid detectable decrease in the heated temperature of the temperature sensor 215
than that of the temperature sensor 800. On the other hand, during exhalation (as shown in
Figure 8B), air is directed at the temperature sensor 800 but not at the temperature sensor
215 (so that more air molecules impinge on the surface of temperature sensor 800 than on
the surface of temperature sensor 125 during inhalation). The amount of heat carried away
from the temperature sensor 800 is therefore larger than the amount of heat carried away
from the temperature sensor 215, thus causing a larger / more rapid detectable decrease in
the heated temperature of the temperature sensor 800 than that of the temperature sensor
215. Inhalation (when the heater 365 should be activated) and exhalation (when the heater
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365 should not be activated) is therefore distinguishable due to the relative difference in the
change in heated temperature of the temperature sensors 215 and 800. The microcontroller
555 thus causes power to be supplied to the heater 365 only when one of an amount of the
detected change in a parameter (such as R, I, V or even the heated temperature Ty itself,
when the heatable temperature sensors 215 and 800 are heatable thermistors) related to the
heated temperature of the temperature sensor 215 exceeds an amount of the detected
change in that parameter for the temperature sensor 800 or a rate of the detected change in
the parameter related to the heated temperature of the temperature sensor 215 exceeds a
rate of the detected change in that parameter for the temperature sensor 800. This ensures
that power is only supplied to the heater 365 during inhalation (not exhalation). Again, the
prevention of power being supplied to the heater 365 during exhalation (when aerosol
precursor material does not need to be vaporised and when the heater 365 therefore does
not need to be activated) reduces power consumption of the e-cigarette 10 and helps
prevent unintended activation of the heater 365 (thus improving user safety).

As previously mentioned, an example arrangement which allows inhalation and
exhalation to be distinguished according to this embodiment is schematically shown in
Figures 8A (showing inhalation) and 8B (showing exhalation). These figures show a cross-
section of the channel 603 within which the temperature sensors 215 and 800 are located. In
this example, as well as the heatable temperature sensors 215 and 800, the channel 603
also comprises a plurality of barrier portions 700C (three barrier portions are shown in this
case) which each block a portion of the cross-section (in a plane parallel to the line A-A) of
the air channel 603 through which air travels. The outer surfaces of each of the barrier
portions 700C within the channel 306, together with the portions of the inner wall 706 of the
channel 306 not covered by the barrier portions 700C, form a wall defining an air flow path
through which air travels during inhalation and exhalation.

In Figures 8A and 8B, the channel 603 is a cylindrical tube. Each of the barrier
portions 700C is also cylindrical and is sized so as to fit inside the inner wall 706 of the
channel 603 so that, with the exception of a cut-away portion 803 of each barrier portion
700C, air cannot flow between the inner wall 706 of the channel 603 and the outer wall 804
of each barrier portion 700C. Each barrier portion 700C may be fixed within the channel 603
via a friction fit or via an adhesive, for example. During inhalation / exhalation, air must
therefore flow through the cut-away portion 803 of each barrier portion 700C in order to flow
through the channel 603. The relative positions of the cut-away portions 803 of the barrier
portions 700C are such that a U-shaped sub-channel 802 along which air must flow is
formed with the channel 603. Each of the temperature sensors 215 and 800 is fixed (via an
adhesive or the like) onto the inner wall 706 of the channel 603 at opposite ends of the base
of the U-shaped sub-channel 802 (the base of the U-shaped channel 802 being indicated by
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dotted lines 807 in Figures 8A and 8B). It will be appreciated that the temperature sensors
215 and 800 are thus mounted adjacent to respective portions of the wall defining the air
flow path. During inhalation (Figure 8A), air flows from the inlet 602 and into the U-shaped
sub-channel 802, where it is directed towards the temperature sensor 215 along the
direction of the arrow 805A, away from the heatable temperature sensor 800 in the direction
of the arrow 805B and out towards the heater 365 and mouthpiece 35. The air is therefore
directed towards temperature sensor 215 but not towards the temperature sensor 800 during
inhalation. More specifically, the air is directed at the temperature sensor 215 in a direction
that is towards the portion of the wall adjacent to which the temperature sensor 215 is
mounted so as to disrupt the airflow around the temperature sensor 215 and is not directed
at the temperature sensor 800 in a direction towards the portion of the wall adjacent to which
the temperature sensor 800 is mounted so as to disrupt the airflow around the temperature
sensor 800. On the other hand, during exhalation (Figure 8B), air flows from the inlet
mouthpiece 35 and into the U-shaped sub-channel 802, where it is directed towards the
heatable temperature sensor 800 along the direction of the arrow 806B, away from the
heatable temperature sensor 215 in the direction of the arrow 806A and out towards the inlet
602. The air is therefore directed towards temperature sensor 800 but not towards the
temperature sensor 215 during exhalation. More specifically, the air is directed at the
temperature sensor 800 in a direction that is towards the portion of the wall adjacent to
which the temperature sensor 800 is mounted so as to disrupt the airflow around the
temperature sensor 800 and is not directed at the temperature sensor 215 in a direction
towards the portion of the wall adjacent to which the temperature sensor 215 is mounted so
as to disrupt the airflow around the temperature sensor 215.

It is noted that when two heatable temperature sensors 215 and 800 are used rather
than a single heatable temperature sensor 215 in the way as described, the ability to detect
the direction of the air flow (inhale or exhale) based on the relative detected changes in
temperature of each of the heated temperature sensors means that the amount of power
supplied to each of the heatable temperature sensors may be reduced compared to the
situation in which a single heatable temperature sensor is used. It is therefore possible to
reduce power consumption of the e-cigarette 10 in this way.

It will be appreciated that the air flow paths shown in Figures 7A and 7B and Figures
8A and 8B are merely example air flow paths, and that other air flow path geometries which
achieve similar effects could also be used. Such flow path geometries may use any suitable
means for directing the air flow such as air concentrators, air deflectors, flaps, volume
changes and so on.

In an embodiment, upon initially detecting a change in a parameter (suchas R, I, V

or even the heated temperature Ty itself, when the heatable temperature sensor 215 is a
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heatable thermistor) related to the heated temperature of the heatable temperature sensor
215 and/or 800, the microcontroller 555 is configured to cause power to be supplied to the
heater 365 until the one of the amount of the detected change in parameter related to the
heated temperature of the heatable temperature sensor 215 and/or 800 or the rate of the
detected change in the parameter related to the heated temperature of the heatable
temperature sensor 215 and/or 800 has been determined. This initialises heating of the
heater 365 before it has been established as to whether the detected heated temperature
change of the heatable temperature sensor 215 and/or 800 should be carried out (this being
determined according to the arrangements as previously described, for example). If it is
determined that the heater 365 should have been activated (for example, if the reduction /
rate of reduction in the heated temperature of the heatable temperature sensor 215 exceeds
or is below a predetermined threshold or if the reduction / rate of reduction in the heated
temperature of a first one of the temperature sensors 215 and 800 exceeds that of the
reduction / rate of reduction in the heated temperature of a second, different, one of the
temperature sensors 215 and 800), then the microcontroller 555 continues to cause power to
be supplied to the heater 365. On the other hand, if it is determined that the heater 365
should not have been activated (for example, if the reduction / rate of reduction in the heated
temperature of the heatable temperature sensor 215 does not exceed or is not below a
predetermined threshold or if the reduction / rate of reduction in the heated temperature of a
first one of the temperature sensors 215 and 800 does not exceed that of the reduction / rate
of reduction in the heated temperature of a second, different, one of the temperature sensors
215 and 800), then the microcontroller 555 causes power to stop being supplied to the
heater 365. Such an arrangement results in a quicker response time of the heater 365 during
genuine inhalation, since the user does not have to wait for the microcontroller 555 to
compute that the genuine inhalation has occurred. At the same time, false activation of the
heater 365 (e.g. during exhalation) is quickly rectified, thereby reducing wasted battery
power and the risk of the heater being unintentionally activated for a long period of time.

It is noted that, in an embodiment, when the e-cigarette 10 is first switched on, the
microcontroller 555 immediately causes power to be supplied to the heatable temperature
sensor 215 and/or 800 so as to heat it to its heated temperature. This ensures that the
microcontroller 555 is ready to detect a user’s first “puff” (inhalation) as soon as possible.
Furthermore, in another embodiment, the microcontroller 555, upon causing power to stop
being supplied to the heater 365 (as occurs, for example, when the microcontroller 555
detects that the temperature of the heatable temperature sensor 215 and/or 800 has
returned to its heated value after a period of being cooled, thus implying the end of an
inhalation), causes power to stop being supplied to the heatable temperature sensor 215
and/or 800 for a predetermined time period so as to reduce power consumption of the e-
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cigarette 10. The predetermined time period is determined based on the typical time period
between a user’s puffs on the e-cigarette 10. For example, the predetermined time period
may be determined to be half this typical puff period (e.g. 15 seconds if the typical puff
period is 30 seconds).

Figures 9A to 9C show results of an experimental demonstration of the present
technique. In this case, a glass bead heatable thermistor was used as the heatable
temperature sensor 215 and a flow geometry similar to that shown in Figures 7A and 7B was
used. The thermistor was a 100 ohm at 25°C and a combination of hardware and software
(forming a microcontroller 555) was used to supply a constant power of 25mW to the
thermistor. Each of Figures 9A to 9C show a thermistor resistance (in ohms) against time (in
seconds). It is noted that the software wasn’t optimized for either start-up or running,
meaning that the start-up / stabilisation time is slightly different in each of the graphs.
However, these experimental results nonetheless suitably demonstrate the present
technique. Figure 9A shows the measured thermistor resistance during start-up /
stabilisation (that is, when power is initially supplied to the thermistor and when, after a
certain period of time, the resistance of the thermistor stabilises to an approximately
constant value). In the example of Figure 9A, it is noted that the power level was initially
controlled to be 100mW so as to enable the stabilization temperature to be quickly reached.
The power level was then controlled to be 25mW. Figure 9B shows the measured thermistor
resistance when a constant flow of air (25mL/s) is passed over the thermistor during an
inhale and exhale operation. It can be seen that, due to the air flow path geometry described
above, the inhale and exhale operations are distinguishable by the change in resistance of
the thermistor. Figure 9C again shows the measured thermistor resistance when a constant
flow of air (25mL/s) is passed over the thermistor during an inhale and exhale operation.
This time, however, the temperature-sensing surface of the thermistor is covered by a layer
of epoxy resin. It can be seen that such an arrangement affects the changes in thermistor
resistance associated with each of the inhale and exhale operations. In particular, the
magnitude of the changes is reduced, particularly for the exhale operations (which are now
associated with a much smaller change in resistance). It will be appreciated that various
characteristics of the thermistor (such as coatings on the temperature-sensing surface or the
like) may be adjusted, as appropriate, in order to improve the effectiveness of the present
technique.

Figure 10 shows a flow chart illustrating a process according to an embodiment of
the present technique. The process is carried out by the microcontroller 555. The process
starts at step 1000. At step 1001, the microcontroller 555 causes power to be supplied to the
temperature sensor 215 to heat the temperature sensor 215. At step 1002, it is determined

whether a predetermined change in a parameter (such as R, I, V or even the heated
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temperature Ty itself, when the temperature sensor 215 is a heatable thermistor) related to
the heated temperature of the temperature sensor 215 has occurred. The predetermined
change may be a change amount or a rate of change of the parameter, for example, as
previously discussed. In the case that the predetermined change is not detected to have
occurred, step 1002 is repeated. On the other hand, in the case that the predetermined
change is detected to have occurred, the process continues to step 1003, in which the
microcontroller 555 causes power to be supplied to the vaporiser (which, in the described in
embodiments, is heater 365). The process then ends at step 1004.

The approach described herein can be extended to a range of electronic vapour
provision systems, including, for example, the type of inhaler described in US 2011/0226236,
and also heat-not-burn devices (which may include some plant matter or extract, for
example, tobacco leaf, which is then heated or provided with steam to produce the desired
vapour) that likewise include an electronic vaporiser. In general, it will be appreciated that
the present technique could be applied to an electronic vapour provision system configured
for use with any aerosol precursor material or aerosol source, such as a reservoir of a
source liquid containing a formulation, typically including nicotine and often flavourants, or a
solid material such as a tobacco-based product, from which an aerosol is generated for
inhalation by a user, for example through atomisation / heat vaporisation.

In order to address various issues and advance the art, the entirety of this disclosure
shows by way of illustration various embodiments in which the claimed invention(s) may be
practiced and provide for superior electronic vapour provision systems. The advantages and
features of the disclosure are of a representative sample of embodiments only, and are not
exhaustive and/or exclusive. They are presented only to assist in understanding and teach
the claimed features. It is to be understood that advantages, embodiments, examples,
functions, features, structures, and/or other aspects of the disclosure are not to be
considered limitations on the disclosure as defined by the claims or limitations on
equivalents to the claims, and that other embodiments may be utilised and modifications
may be made without departing from the scope and/or spirit of the disclosure. Various
embodiments may suitably comprise, consist of, or consist essentially of, various
combinations of the disclosed elements, components, features, parts, steps, means, etc. In
addition, the disclosure includes other inventions not presently claimed, but which may be

claimed in future.
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CLAIMS

1. An electronic vapour provision system comprising:

a vaporiser for vaporising aerosol precursor material for inhalation by a user of the
electronic vapour provision system;

a power supply for supplying power to the vaporiser;

a wall defining an air flow path along which air travels through the electronic vapour
provision system when a user inhales or exhales on the electronic vapour provision system;

a temperature sensor mounted in the air flow path adjacent a portion of the wall of the air
flow path; and

a controller configured to cause power to be supplied to the temperature sensor to heat
the temperature sensor and to cause power to be supplied to the vaporiser to vaporise the
aerosol precursor material in response to detecting a change in temperature of the temperature
sensor; wherein

the air flow path is arranged such that, during inhalation or exhalation by the user, air
travelling along the air flow path is directed at the temperature sensor in a direction that is
towards the portion of the wall adjacent to which the temperature sensor is mounted so as to

disrupt the airflow around the temperature sensor.

2. An electronic vapour provision system according to claim 1, wherein:

the air flow path is arranged such that, when the user inhales on the electronic vapour
provision system, air travels through the air flow path and is directed at the temperature sensor
in a direction that is towards the portion of the wall adjacent to which the temperature sensor is
mounted so as to disrupt the airflow around the temperature sensor and, when the user exhales
on the electronic vapour provision system, air travels through the air flow path and is not
directed at the temperature sensor in a direction that is towards the portion of the wall adjacent
to which the temperature sensor is mounted so as to disrupt the airflow around the temperature
sensor, and

the controller is configured to cause power to be supplied to the vaporiser to vaporise
the aerosol precursor material only when one of an amount of a detected change in temperature
of the temperature sensor or the rate of a detected change in temperature of the temperature
sensor exceeds a predetermined threshold; or

the air flow path is arranged such that, when the user exhales on the electronic vapour

provision system, air travels through the air flow path and is directed at the temperature sensor
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in a direction that is towards the portion of the wall adjacent to which the temperature sensor is
mounted so as to disrupt the airflow around the temperature sensor and, when the user inhales
on the electronic vapour provision system, air travels through the air flow path and is not
directed at the temperature sensor in a direction that is towards the portion of the wall adjacent
to which the temperature sensor is mounted so as to disrupt the airflow around the temperature
sensor, and

the controller is configured to cause power to be supplied to the vaporiser to vaporise
the aerosol precursor material only when one of an amount of the detected change in
temperature of the temperature sensor or the rate of the detected change in temperature of the

temperature sensor is below a predetermined threshold.

3. An electronic vapour provision system according to claim 1, comprising:

a further temperature sensor mounted in the air flow path adjacent a further portion of
the wall of the air flow path;

wherein:

the air flow path is arranged such that:

when the user exhales on the electronic vapour provision system, air travels through the
air flow path and is not directed at the temperature sensor in a direction that is towards the
portion of the wall adjacent to which the temperature sensor is mounted so as to disrupt the
airflow around the temperature sensor and is directed at the further temperature sensorin a
direction towards the further portion of the wall adjacent to which the further temperature sensor
is mounted so as to disrupt the airflow around the further temperature sensor, and

when the user inhales on the electronic vapour provision system, air travels through the
air flow path and is directed at the temperature sensor in a direction that is towards the portion
of the wall adjacent to which the temperature sensor is mounted so as to disrupt the airflow
around the temperature sensor and is not directed at the further temperature sensorin a
direction towards the further portion of the wall adjacent to which the further temperature sensor
is mounted so as to disrupt the airflow around the further temperature sensor; and

the controller is configured to:

cause power to be supplied to the further temperature sensor to heat the further
temperature sensor, and

cause power to be supplied to the vaporiser to vaporise the aerosol precursor material
only when one of an amount of a detected change in the temperature of the temperature sensor

exceeds an amount of a detected change in the temperature of the further temperature sensor
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or a rate of a detected change in the temperature of the temperature sensor exceeds a rate of a

detected change in the temperature of the further temperature sensor.

4. An electronic vapour provision system according to claim 2 or 3, wherein, upon initially
detecting a change in the temperature of the temperature sensor, the controller is configured to
cause power to be supplied to the vaporiser to vaporise the aerosol precursor material until the
one of the amount of the detected change in the temperature of the temperature sensor or the

rate of the detected change in the temperature of the temperature sensor has been determined.

5. An electronic vapour provision system according to claim 3, wherein, upon initially
detecting a change in the temperature of one of the temperature sensor and further temperature
sensor, the controller is configured to cause power to be supplied to the vaporiser to vaporise
the aerosol precursor material until the one of the amount of the detected change in the
temperature of the one of the temperature sensor and further temperature sensor or the rate of
the detected change in the temperature of the one of the temperature sensor and further

temperature sensor has been determined.

6. An electronic vapour provision system according to claim 3 or 5, wherein the further

temperature sensor is a thermistor.

7. An electronic vapour provision system according to claim 6, wherein the thermistor is a

surface mount thermistor.

8. An electronic vapour provision system according to any one of claims 1 to 7, wherein the

temperature sensor is a thermistor.

9. An electronic vapour provision system according to claim 8, wherein the thermistor is a

surface mount thermistor.

10. An electronic vapour provision system according to any one of claims 1 to 9, wherein the
controller is configured to control the amount of power supplied to the vaporiser to vaporise the
aerosol precursor material based on one of an amount of the detected change in the
temperature of the temperature sensor and a rate of the detected change in the temperature of

the temperature sensor.
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11. An electronic vapour provision system according to any one of claims 3, 5, 6 or 7,
wherein the controller is configured to control the amount of power supplied to the vaporiser to
vaporise the aerosol precursor material based on one of an amount of the detected change in
the temperature of one of the temperature sensor and further temperature sensor and a rate of
the detected change in the temperature of the one of the temperature sensor and further

temperature sensor.

12. An electronic vapour provision system according to claim 10, wherein the controller is
configured to further control the amount of power supplied to the vaporiser based on a value of

the ambient temperature of the electronic vapour provision system.

13. An electronic vapour provision system according to claim 12, wherein the controller is
configured to detect the ambient temperature using the temperature sensor prior to causing

power to be supplied to the temperature sensor to heat the temperature sensor.

14. An electronic vapour provision system according to claim 11, wherein the controller is
configured to further control the amount of power supplied to the vaporiser based on a value of

the ambient temperature of the electronic vapour provision system.

15. An electronic vapour provision system according to claim 14, wherein the controller is
configured to detect the ambient temperature using one of the temperature sensor and further
temperature sensor prior to causing power to be supplied to the one of the temperature sensor

and further temperature sensor to heat the temperature sensor.

16. An electronic vapour provision system according to claim 12 or 14, comprising an

independent ambient temperature sensor configured to measure the ambient temperature.
17. An electronic vapour provision system according to any one of claims 1 to 16, wherein
the controller is configured to, upon causing power to stop being supplied to the vaporiser to

vaporise the aerosol precursor material, cause power to stop being supplied to the temperature

sensor to heat the temperature sensor for a predetermined time period.
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18. An electronic vapour provision system according to any one of claims 3, 5,6, 7, 11, 14
or 15, wherein the controller is configured to, upon causing power to stop being supplied to the
vaporiser to vaporise the aerosol precursor material, cause power to stop being supplied to one
of the temperature sensor and further temperature sensor to heat the one of the temperature

sensor and further temperature sensor for a predetermined time period.

19. The electronic vapour provision system according to any one of claims 1 to 18, wherein
the vaporiser is a heater which is supplied with power from the power supply to heat and

thereby vaporise the aerosol precursor material for inhalation by the user.

20. The electronic vapour provision system according to any one of claims 1 to 19, wherein

the aerosol precursor material is a liquid comprising nicotine.

21. A method of operating an electronic vapour provision system comprising a vaporiser for
vaporising aerosol precursor material for inhalation by a user of the electronic vapour provision
system, a power supply for supplying power to the vaporiser, a wall defining an air flow path
along which air travels through the electronic vapour provision system when a user inhales or
exhales on the electronic vapour provision system, and a temperature sensor mounted in the air
flow path adjacent a portion of the wall of the air flow path, the method comprising:

causing power to be supplied to the temperature sensor to heat the temperature sensor;
and

causing power to be supplied to the vaporiser to vaporise the aerosol precursor material
in response to detecting a change in temperature of the temperature sensor; wherein

the air flow path is arranged such that, during inhalation or exhalation by the user, air
travelling along the air flow path is directed at the temperature sensor in a direction that is
towards the portion of the wall adjacent to which the temperature sensor is mounted so as to

disrupt the airflow around the temperature sensor.

30

Date Regue/Date Received 2021-06-02



CA 03065895 2019-12-02

PCT/GB2018/051713

WO 2018/234792

1/10

Geéc

L Ol

(yinopy oju)
ng Ay




CA 03065895 2019-12-02

WO 2018/234792 PCT/GB2018/051713

2/10
355 360 1365 366 250a370
— A | o
\
| \ \\ ?&A
380B |
zg 30 367 375

FIG. 3



CA 03065895 2019-12-02

WO 2018/234792

3/10

Connector
255\\

PCT/GB2018/051713

Cell 21

-

CPU 550
uController 555
558
Speaker
‘ Temperature
Airflow Sensor
215

FIG. 4



CA 03065895 2019-12-02

WO 2018/234792 PCT/GB2018/051713

4/10

FIG. 5



WO 2018/234792 PCT/GB2018/051713

~601

FIG. 6B

FIG. 6C



CA 03065895 2019-12-02

WO 2018/234792 PCT/GB2018/051713

_\\?GS \?Q?’
700A—~
- | TN700A
701
e
Maximum airflow 603
OVer sensor
FIG. 7A
Exhale 708
700B /
/ ,/

E . 702
706 Lmunj“\\zjg

m\\\7@4 \767

700A—~

N | —

\/v 701 ~~700A

Minimal airflow 803
over sensor

FIG. 7B



CA 03065895 2019-12-02

WO 2018/234792 PCT/GB2018/051713

7110

S ‘
603 A 804 706
inhale

FIG. 8A




CA 03065895 2019-12-02

WO 2018/234792 PCT/GB2018/051713

8/10

Feasibility: Thermistor Stabilization on Startup
120

Thermxstor used: ’lGGQ@ 250C
Power Constant 25m‘v‘v

00

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

___________________________________________________________________________________________________________________________________

Thermistor Resistance (ohms)

--------------------------------------------------------------------------------------------------------------------------------

......................................................................................................................................

Time (seconds)

FIG. 9A

2.5



CA 03065895 2019-12-02

WO 2018/234792 PCT/GB2018/051713

9/10

Feasibility: Thermistor Exhale and Inhale, Bare Thermistor in Airflow Path

Inhale (25mL/sec)

(@]
L]

.................................

[o%)
<

Thermistor used: 100Q @ 25°C
: Power: Constant 25mW ; :
R Airflow: 25mlL/sec R e

_______________________________________

..............................

D
<

Thermistor Resistance (ochms
o
)

——
<

[

0 5 10 15 20 25 30 35 40
Time {seconds)

FIG. 9B

Feasibility: Thermistor Exhale and Inhale, Epoxy Coated in Airflow Path

é} 100y inhale (25mL[séc) """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

= :

S 8@ SO SORROR- N ARAURRRY A VU SR SRS AU & Y S MO

8

g 6(} D N A B i R g R A N

[eh] - e S Y o Y T R S D A

T e L T

S 404 T e e

= Thermistor used: 100Q @ 25°C

B Power. Constant 25mW

= 20 A Airflow: 25mL/sec T I
G : H H :

0 5 10 15 20 25 30 35 40
Time {(seconds)

FIG. 9C



CA 03065895 2019-12-02

WO 2018/234792 PCT/GB2018/051713

10/10

1001
Ve

Supply power to heatable
temperature sensor

¥

f1 002

/" Change
N\ detected?

T Yes

/'E 003

Supply power to vaporiser

Jpun au 1004



7008

702~ | L | 702

~_706 LiﬂiJ‘\g215

S R A WO LA
_\\_783 \‘79?
700A~
- | T T700A
701

603

Maximum airflow
over sensor




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	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 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - CLAIMS
	Page 32 - CLAIMS
	Page 33 - CLAIMS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	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 - REPRESENTATIVE_DRAWING

