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ELECTRONIC VAPOUR PROVISION SYSTEM

Field

The present disclosure relates to an electronic vapour provision system, €.g. an e-

cigarette.

Background

Electronic vapour provision systems such as e-cigarettes generally contain a
reservoir of liquid which is to be vaporised (referred to herein as e-liquid). These systems
are usually further provided with a heater, for example a wire coll, and some form of
transport mechanism (e.g. a wick) to convey the liquid from the reservoir to the heater. Such
systems generally also contain a control unit and a battery, whereby the control unit
operates the battery to provide power to a heater to vaporise a small amount of the liquid,
which vapour Is then inhaled by the user. Most e-cigarettes are powered by re-chargeable
lithium 1on batteries (or cells), which are to be found In a very widespread range of devices,
not just e-cigarettes. Often the reservoir and heater are located in one unit (referred to as a
cartridge or cartomiser), while the battery and control unit are located in a separate,
detachable unit (sometimes referred to as the control unit or device portion).

An e-cigarette therefore generally incorporates two consumables, firstly the liquid to
be vapourised, and secondly power In the battery. Regarding the former, once the reservoir
of liquid has been exhausted, at least a portion of the device containing the reservoir, e.g.
the cartridge, may be discarded to allow replacement with a new cartridge (although some
systems permit re-filling of the cartridge). Regarding the latter, an e-cigarette usually
provides some form of electrical connector to receive power from an external charging
supply, thereby allowing the battery within the e-cigarette to be re-charged. Accordingly, the
device portion Is sometimes referred to as the re-usable component, while the cartridge Is
referred to as the disposable component.

E-cigarettes can typically be categorised as either button-operated or puff-activated,
according to how the control unit determines when to activate (provide power to) the heater.
In the former, a user presses (or touches) a button on the external surface of the e-cigarette,
which cause the control unit to activate the heater. In the latter, an airflow or pressure
sensor I1s used to detect when a user inhales on the e-cigarette, and this detection then
triggers activation of the heater (but such a device may still have a button, e.g. for selecting

an operating mode of the device).
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One of the challenges for e-cigarettes is to provide a suitable control interface. This
control interface typically has bi-directional operation. In a first direction of operation, the
control interface Is utilised by a user to provide instructions or commands to the e-cigarette,
for example, to activate the e-cigarette, to change power settings, etc. In a second direction
of operation, the control interface is utilised by the e-cigarette itself to provide information to
the user, for example, to indicate If the battery is short of charge, etc. For an e-cigarette,

and given the frequency and nature of use, it Is desirable to provide a control interface that is

robust, reliable, intuitive and straightforward for a user to operate.

Summary

The disclosure Is defined In the appended claims.

An electronic vapour provision device comprises a cantilever and a button which is
configured to be operated by the cantilever. The cantilever may be configured to have a rest
position, and may be resiliently deflected by a force from the rest position to operate the
pbutton. The cantilever may be further configured to return to the rest position when the force

IS removed.

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 11s a schematic diagram of an e-cigarette in accordance with some
embodiments of the disclosure.

Figure 2 Is a schematic circuit diagram of some of the electrical and electronic
components of the e-cigarette of Figure 1 in accordance with some embodiments of the
disclosure.

Figure 3 Is an exploded diagram of a body portion of an e-cigarette in accordance
with some embodiments of the disclosure.

Figure 4 shows the various components of the e-cigarette of Figure 3 assembled into
the lower housing in accordance with some embodiments of the disclosure.

Figure 5 shows a portion of the upper housing of the e-cigarette of Figure 3 In
accordance with some embodiments of the disclosure.

Figure 6 shows an LED lens ready to be assembled to the upper housing of the e-
cigarette of Figure 3 In accordance with some embodiments of the disclosure.

Figure 7 shows the LED lens assembled to the upper housing of the e-cigarette of

Figure 3 In accordance with some embodiments of the disclosure.
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Figure 8 shows the upper housing and LED lens ready to be assembled to the lower
housing and components therein in accordance with some embodiments of the disclosure.

Figure 9 Is a vertical cross-section through the assembled e-cigarette of Figure 3 In
accordance with some embodiments of the disclosure.

Figures 10A and 10B are detailed views of the assembled e-cigarette of Figure 9

from the top (Figure 10A) and from the side (Figure 10B).

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, electronic aerosol delivery system, and other similar expressions.

Figure 1 1s a schematic diagram of an e-cigarette 10 in accordance with some
embodiments of the disclosure (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 cartomiser 20 and a device or body portion 30. The cartomiser
IS detachable from the body 30, as shown In Figure 1, for example, to allow the cartomiser to
be replaced (or refilled) If the e-liquid has been exhausted. |In use, the cartomiser 20 and the
body 30 are joined together. |n particular, each of the cartomiser 20 and the body 30 Is
provided with a respective connector 25A, 25B (referred to herein in combination as
connector 25) that provide mechanical and electrical connectivity between the cartomiser 20
and the body 30 when they are attached to one another. For example, connector 25 may
provide a screw, bayonet, or push fit between the cartomiser 20 and the body 30.

The body portion includes a battery or cell unit 330, an operating button 340, a user
interface 380, a printed circuit board (PCB) 335 containing various electronics, and
connector 25B (please note that the electrical wiring between these different components is
omitted for clarity). The battery unit 330 is typically re-chargeable and may support re-
charging via a wired connection to one or more of connector 25B, to a tip connector (not
shown) located on the end of the body 30 opposite to connector 25B, and/or to a separate
connector, e.g. a micro-USB connector (not shown) accessible via the exterior of body 30.
The battery may also support wireless re-charging via induction. (In practice, most e-
cigarettes only provide a subset of one or two or these re-recharging facilities). Although
only a single PCB 335 is shown in Figure 1, it will be appreciated that this may be
implemented as multiple PCBs. In addition, connector 25B and/or battery unit 330 may

potentially also include a PCB.
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Button 340 is operated to provide control input to the e-cigarette 10 for inhalation, for
example, to activate the e-cigarette 10, thereby causing it to supply power from the battery
330 via connector 25 to the cartomiser 20 to vaporise e-liquid for inhalation by the user.
Alternatively, the e-cigarette 10 of Figure 1 is puff-sensitive. In this case, when a user
INnhales through the mouthpiece 35, air is drawn into the e-cigarette (typically the body 30)
through the one or more air inlet holes, which are suitably located on the outside of the e-
cigarette 10. This airflow (or the resulting change In pressure) is detected by a pressure or
airflow sensor that in turn activates the heater to vaporise the liquid from the reservoir (via
the wick). Some devices also utilise a dual activation mechanism, i.e. they are pressure-
sensitive, but also require a button or similar facility to be operated in order to activate the
heater.

The user interface 380 may provide for audio and/or visual output to provide status
Information to a user — e.g. a light which is green when the battery iIs fully charged, but
orange when the battery i1s nearly discharged. Different audio and/or visual signals for
signalling different states or conditions may be provided by utilising tones or beeps of
different pitch and/or duration, by providing multiple such beeps or tones, by utilising
coloured or flashing lights, and so on. The button 340 and the user interface 380 can be
considered as providing, in combination, a control interface for the e-cigarette 10.

The cartomiser 20 includes an internal chamber containing a reservoir 210 of e-
liquid. The liquid In the reservoir may include nicotine in an appropriate solvent, and may
INnclude further constituents, for example, to aid aerosol formation, and/or for additional
flavouring. This liguid may be held inside the chamber in some form of material, e.g.
sponge, foam, or wadding, or may be provided as free liquid. Running through the centre of
the reservoir Is an air passage 215, which leads to a mouthpiece 35. In operation, e-liquid
from reservoir 210 is vaporised (as described in more detail below), and the vapour then
flows along air tube 215 and out through mouthpiece 35 to be inhaled by the user. Note that
for clarity, the air inlet and air exit holes are not shown in Figure 1. The air inlet holes may
be provided on the exterior of the cartomiser 20, for example, close to (or as part of)
connector 25A. The air inlet holes may alternatively (or additionally) be provided on an
external surface of the body 30, in which case the connector 25 will generally include an air
path that links to air path 215. Note that although Figure 1 shows the air path 215 as flowing
through the centre of reservoir 210 (which therefore has a tubular or annular shape), in other
Implementations, the air path 215 may be provided to one side of the reservoir 210, e.g.
away from the main axis LA, and adjacent an outer wall of the cartomiser 20.

The cartomiser 20 is further provided with a wick 225 which transports e-liquid from
the reservoir 210 to a heater or vaporiser 235 for vaporisation. The wick may be formed of a

suitable material, e.g. a fibrous material, such as (organic) cotton, glass fibre, etc, or some
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other form of porous material, €.g. a porous ceramic, a sintered substance, and so on. The
cartomiser may be provided with appropriate sealing (not shown) around the location(s)
where the wick 225 passes from the reservoir 210 into the air path 215 to prevent leakage of
e-liquid from the reservoir 210 directly into the air path 215 (rather than the e-liquid being
transported to the heater via wick 225).

The heater 235 1s shown In Figure1 as a single coil which is wrapped around the wick
225. The heater 235 Is electrically linked to the connector 25A by wires 230. VWhen button
340 Is pressed (or otherwise operated), the control unit 335 provides power from the battery
330 via connector 25 and wires 230 to the heater 235, which vaporises liquid from wick 225.
This vapour is then drawn along the air path and out through mouthpiece 35 into the mouth
of a user by the user inhaling (puffing) on the e-cigarette. In addition, wick 225 draws out
further e-liquid from the reservoir 210 to replace the e-liguid which has been vaporised, and
hence the e-cigarette Is then ready for further use.

Figure 2 Is a schematic (simplified) diagram of the main electrical (electronic)
components of the e-cigarette 10 of Figure 1 in accordance with some embodiments. These
components are generally located in the device portion (body) 30, since this is re-usable
(rather than disposable). Note that this diagram is mainly concerned with functional
connections, rather than supply power lines to the various components within the body 30
(although the power supply line from the battery unit 330 to the connector 25B 1s shown).

As discussed above, the device portion 30 includes a battery unit 330 for powering
the e-cigarette 10, as well as a printed circuit board (PCB) 335 on which is mounted a
controller 410. The PCB 335 may be positioned alongside or at one end of the battery 330.
In the configuration shown in Figure 1, the PCB 335 is located between the battery 330 and
the connector 25B. The controller 410 may comprise, for example, an application specific
integrated circuit (ASIC), microprocessor or microcontroller, for controlling the e-cigarette 10.
In some implementations, the controller 410 includes a processor such as a CPU, and
memory (ROM and/or RAM). The operations of the controller 410 (and hence also other
electronic components In the e-cigarette 10), are generally controlled at least in part by
software programs running on the processor (and/or on the other electronic components as
appropriate). Such software programs may be stored in non-volatile memory, which can be
iIntegrated into the controller 410 itself, or provided as a separate component (not shown).
The processor may access the ROM to load and execute individual software programs as
and when required.

The body further includes connector 25B, which provides mechanical and electrical
connectivity between the body 30 and the cartomiser 20. The connector 25B typically
INncludes two electrical contacts (not shown In Figure 2) to act as positive and negative

terminals for supplying power from the battery 330 to the heater 235 within cartomiser 20.
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The two electrical contacts may have any appropriate configuration - €.g. side by side, or an
Inner contact surrounded by a ring forming an outer contact, depending upon the particular
design of the connector 25.

The body 30 further includes a button 340 and a user interface 380, which may be
operated as discussed above. The battery unit 330 used in e-cigarette 10 most commonly
INcludes a lithium 1on cell. This type of battery produces an output voltage when fully
charged of about 4.2V, declining to about 3.6V when discharged. Other embodiments
however may utilise other battery types as appropriate. The battery unit 330 further includes
an In-built power control system 450, which is linked to the controller 410. The controller 410
IS able to turn the battery output to the connector 25B off and on using the power control
system 450 (the controller itself may still be able to draw some power from the battery unit in
order to provide control functionality).

For most of the time, the power control system 450 generally prevents output from
the battery to the connector 25B. However, If a user activates the e-cigarette, e.g. by puffing
on the e-cigarette for a puff-sensitive device, then the controller 410 may signal the power
control system 450 to supply power from the battery unit 330 to the heater 235 for a
predetermined period of time, after which predetermined period of time, the controller
Instructs the power control system 450 to turn off again the power supply from the battery
unit to the cartomiser 20. Alternatively, the controller may provide power to the heater 235
for as long as the user Is detecting as inhaling upon the device (typically subject to some
maximum activation time).

The power control system 450 may also be able to regulate the amount of current
supplied from the battery unit 330 to the cartomiser 20. One way of achieving this is to
utilise pulse width modulation (PVWM), in which the battery unit supplies power (“on”) for a
first predetermined period of time (T,,), and then does not supply power (“off’) for a second
predetermined period of time (T.¢). This pattern is repeated, with an overall period of T,,+
Torr, With @ duty cycle (the proportion of time spent on) of T./(Tont Tor). The duty cycle
therefore falls within the range 0-1; as the duty cycle increases towards 1 (unity), the power
output from the battery unit 330 approaches the maximum available from the battery unit
330. Note that the repetition period (Tont+ To) IS generally much less than the thermal
response time of the heater. Accordingly, the heater temperature does not oscillate
significantly with individual cycles of the PVWM pattern, but rather reflects the overall duty
cycle. In other words, the effective heating current supplied with a duty cycle of 0.5 Is only
half the effective heating current that is supplied with a duty cycle of 1.0 (which, In effect,
represents a constant level of current without PVWM). The effective heating current supplied
with a duty cycle of 0.25 is then only half the effective heating current that is supplied with a

duty cycle of 0.5, and so on. Thus the controller 410 can set the duty cycle utilised by the
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power control system 450 in order to manage (control) the power level supplied from the
pattery to the cartomiser — including turning off the power supplied to the cartomiser by
setting a duty cycle of O (zero).

Figure 3 Is an exploded view of the device portion 30 of an e-cigarette 10 In
accordance with some embodiments of the disclosure. The device portion includes an upper
housing 3/75A and a lower housing 375B. (In this context, the terms upper and lower are
somewhat arbitrary, but as described in more detail below, button 340 is implemented as
part of the upper housing 375A, and hence it is most likely that this portion of the device
would be held in an accessible position, e.g. facing upwards).

The connector 25B Is located at one end of the device portion 30 to provide electrical
and mechanical connectivity to a cartomiser (not shown), as described above. At the
opposite end of the device portion 30 from connector 25B, sometimes referred to as the tip
(or distal) end, since in use it Is furthest from the mouth (and mouthpiece 35), is the end plug
385. The end plug 385 includes an opening for forming a micro-USB socket which can be
used for re-charging battery 330, and also potentially for performing external data
communications.

Internal to the body 30 are a battery 330 and a microphone 342, the latter being
adjacent the connector 25B. The microphone 342 Is used as a pressure sensor to detect a
user puff or inhalation on the e-cigarette 10, which then serves as a trigger to activate the
device to supply power from the battery 330 to the cartomiser as described above. Also
internal to the body 30, adjacent the end plug 385, are a PCB 335 and a light emitting diode
(LED) lens 395.

The PCB includes a controller 410 and a micro-USB socket (to align with the
corresponding hole in the end plug 385). The PCB 335 further includes a button 340 and a
light that provides a user interface 380. (N.B. because of their small size, these the
individual components of the PCB 335 are not explicitly referenced in Figure 3 and
onwards). In some embodiments, the button 340 and the user interface 380 are provided as
a combined unit on the PCB, but in other embodiments, they may be separate components.
The button may be activated from the external surface (upper housing 375A) of the device
portion, as described in more detalil below. Light from the user interface 380 is conveyed
from the PCB to the external surface (upper housing 375A) by LED lens 395.

Figure 4 shows the components of Figure 3 assembled together, apart from the LED
lens 395 and the upper housing 375A. Figure 5 shows a view of the underside of the upper
housing 375A, I.e. as seen from the interior of the device portion 30. The end portion of the
upper housing 37/5A, 1.e. the portion adjacent end plug 385, has two broadly parallel slots
511A, 511B extending from the end of the upper housing 375A In a longitudinal direction, I.e.

towards the connector 25B. These slots, which are both approximately 10mm in length,
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define a cantilever portion 510. Because the upper housing 375A Is made of a resilient and
slightly flexible material (plastic), this cantilever can be deflected slightly inwards (towards
the Interior of the device portion 30), but will return to its rest position when the deflecting
force iIs removed. Note that in this rest (undeflected) position, 1.e. generally when the button
IS not being operated by a user, the cantilever portion 510 is generally flush with the outer
surface of upper housing 375A. Relatively near to the end of the cantilever portion (i.e.
adjacent the end plug 3895), the cantilever portion 510 is provided with an inwardly directed
pillar 515 that extends into the interior of the device portion 30 (when the upper housing Is
assembled).

Figure 6 shows the upper housing 375A from above, and also the LED lens 395 In
position for assembly with the upper housing 375A. Note that the upper (external) surface of
the cantilever portion 510 Is provided with some texturing, in this particular case, three
transverse ribs 512. This texturing helps a user apply a force to the cantilever portion to
deflect it iInwards, as described above, without slipping.

Figure 7 shows a view of the underside of the upper housing 37/5A, 1.e. as seen from
the interior of the device portion 30, analogous to the view of Figure 5, but with the LED lens
395 now assembled together with the upper housing 375A. Note that the pillar 515 provided
on the underside of the cantilever portion 510 extends inwards past the LED lens 395.
Figure 8 then shows In schematic form the upper housing 375A and LED lens 395 being
assembled with the lower portion of the body 30 (as shown In Figure 4).

Figure 9 shows a longitudinal cross-section through the assembled device portion 30
(this cross-section would be In a vertical plane In accordance with the orientation of the
upper and lower housings 375A, 375B). The texturing 512 on the top of the cantilever
portion 510 is visible, as Is the pillar 515 extending inwardly (downwards) from the inside of
the cantilever portion. The pillar 515 engages the PCB 335. More particular, the PCB 335
INncludes a button 340 (not specifically indicated in Figure 9). When the cantilever portion
510 Is deflected inwards (downwards), the pillar 515 engages and operates button 340.
Accordingly, the cantilever portion 510 allows a user to operate button 340 by pressing on
the outer surface of the cantilever portion 510, which can be considered as part of the upper
housing 375A.

Figure 9 also shows the LED lens 395 (not specifically indicated in Figure 9) located
between the PCB 335 and the cantilever portion 510. The PCB 335 includes a user
Interface 380, namely a light emitting diode (LED), which can be used to provide a light
signal to the user. The LED lens 395 acts to distribute the light from this LED to make it
more visible to a user — In particular, the LED lens 395 allows light from the LED to be seen

through the slots 511A, 511B on either side of the cantilever portion.
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This Is seen more clearly in Figures 10A and 10B, which show the cantilever portion
510 from the top (Figure 10A) and from the side (Figure 10B). It can be seen that the
cantilever portion 510 includes surface texturing 512 to help a user grip and hence deflect
the cantilever portion 510 inwards In order to operate button 340. In addition, the light
produced by the LED on PCB 335 (and routed through LED lens 395) is visible in the slots
511A, 511B on either side of the cantilever portion.

Overall, the device portion shown in Figures 3 through 10A and 10B can be
considered to provide a cantilever button, which is robust and reliable while also being
relatively cheap to implement. In addition, the cantilever button allows for a relatively
uncluttered design, and the gaps or slots 511A, 511B around the cantilever section can be
used, If so desired, for illumination, e.g. for providing light signals to a user as part of the
user interface.

An electronic vapour provision device as described herein may comprise a complete
e-cigarette (or similar system), such as the combination of cartomiser 20 and body portion
30 shown In Figure 1 (in exploded form), or may comprise a device (or body), such as shown
IN Figures 3 and 8 (In exploded form) to which a cartridge or cartomiser can be fitted as
appropriate for use. Although the electronic vapour provision device 10 shown In Figure 1
utilises an electric coil heater 235 to vaporise liquid from reservoir 210, other
Implementations may utilise different forms of vapour (aerosol) precursor, such as solids,
pastes or gels (or hybrid approaches) and/or utilise other forms of vapour/aerosol generation
from the precursor, such as induction heating, or non-heating methods — e.g. piezo
atomisation, and so on.

In order to address various issues and advance the art, this disclosure shows by way
of illustration various embodiments in which the claimed invention(s) may be practiced. 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 to teach the claimed invention(s). 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 of the claims. Various
embodiments may suitably comprise, consist of, or consist essentially of, various
combinations of the disclosed elements, components, features, parts, steps, means, etc.
other than those specifically described herein. The disclosure may include other inventions

not presently claimed, but which may be claimed in future.
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Claims

1. An electronic vapour provision device comprising, a housing, a cantilever and a
pbutton which is configured to be operated by the cantilever, wherein when the button is not
being operated by the cantilever, the cantilever is flush with an external housing of the
device, and wherein the device comprises a re-usable portion configured for attachment at a
proximal end to a disposable portion which includes a source of aerosol precursor material

and wherein the cantilever I1s formed In the reusable portion of the device.

2. The device of claim 1, wherein the cantilever is integrally formed in the external

housing of the device.

3. The device of any of claims 1 to 3, wherein the cantilever is configured to have a rest
position when the button is not being operated by the cantilever, and may be resiliently
deflected by a force from the rest position to operate the button, and wherein the cantilever

IS configured to return to the rest position when the force I1s removed.

4. The device of claim 3, wherein the cantilever is deflected inwardly with respect to the

device to operate the button, wherein the button iIs located inside the device.

5. The device of any of claims 1 to 4, further comprising a light provided in association

with the cantilever-operated button.

O. The device of claim 5, further comprising a pair of slots, one slot being located on

each side of the cantilever, wherein illumination from the light is visible through the slots.

/. The device of claim ©, further comprising a lens to direct the illumination from the

light through the slots.

3. The device of any of claims 1 to 7, wherein the cantilever has a length in the range 5-

25 mm, preferably 8-15 mm.

9. The device of any of claims 1 to 8, wherein the cantilever is formed in a distal end of

the device.

10. The device of any of claims 1 to 9, wherein the device further includes the disposable

portion which includes a source of aerosol precursor material.

10
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11. The device of any of claims 1 to 10, wherein the cantilever Is textured on its outer

surface.

12. The device of any of claims 1 to 11, wherein the cantilever includes an inwardly

directed pillar which is used to engage and operate the button when the cantilever is

deflected inwards.

13. The device of any of claims 1 to 12, wherein the cantilever is formed of a resilient

plastic.

11
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