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AEROSOL PROVISION DEVICE

Technical Field

The present invention relates to a heater arrangement of an aerosol provision

device and an aerosol provision device.

Background

Smoking articles such as cigarettes, cigars and the like burn tobacco during use
to create tobacco smoke. Attempts have been made to provide alternatives to these
articles that burn tobacco by creating products that release compounds without burning.
Examples of such products are heating devices which release compounds by heating,
but not burning, the material. The material may be for example tobacco or other non-

tobacco products, which may or may not contain nicotine.

Summary

According to a first aspect of the present disclosure, there is provided a heater
arrangement for an aerosol provision device, comprising:

a heater component arranged to heat aerosol generating material,

a first wire connected to the heater component at a first position;

a second wire connected to the heater component at a second position, wherein
the second position is spaced apart from the first position; and

electronic circuitry configured to:

determine a temperature of the heater component at the first position
based on a potential difference measured between the first wire and the second

wire.

According to a second aspect of the present disclosure, there is provided an
aerosol provision device, comprising:
a heater arrangement according to the first aspect; and

an inductor coil for generating a varying magnetic field.
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According to another of the present disclosure, there is provided a heater
arrangement for an aerosol provision device, comprising:

a susceptor arranged to heat aerosol generating material, wherein the susceptor
is heatable by penetration with a varying magnetic field,

a first wire connected to the susceptor at a first position;

a second wire connected to the susceptor at a second position, wherein the
second position is spaced apart from the first position; and

electronic circuitry configured to:

determine a temperature of the susceptor at the first position based on a

potential difference measured between the first wire and the second wire.

According to another aspect of the present disclosure, there is provided a heater
arrangement for an aerosol provision device, comprising:

a heater component arranged to heat aerosol generating material;

a first wire connected to the heater component at a first position;

wherein, at the first position, where the first wire is connected to the heater

component, the first wire is covered by a protective coating.
Further features and advantages of the invention will become apparent from the
following description of preferred embodiments of the invention, given by way of

example only, which is made with reference to the accompanying drawings.

Brief Description of the Drawings

Figure 1 shows a front view of an example of an aerosol provision device;
Figure 2 shows a front view of the aerosol provision device of Figure 1 with an
outer cover removed;

Figure 3 shows a cross-sectional view of the aerosol provision device of Figure

Figure 4 shows an exploded view of the aerosol provision device of Figure 2;
Figure SA shows a cross-sectional view of a heating assembly within an aerosol

provision device;
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Figure 5B shows a close-up view of a portion of the heating assembly of Figure
5A;

Figure 6 shows first and second inductor coils wrapped around an insulating
member;

Figure 7 shows a diagrammatic representation of a standard thermocouple;

Figure 8 shows a diagrammatic representation of a susceptor and two standard
thermocouples according to an example;

Figure 9 shows a diagrammatic representation of a susceptor and two
thermocouples according to another example;

Figure 10 shows a further diagrammatic representation of the susceptor of
Figure 9; and

Figure 11 shows a further diagrammatic representation of the susceptor of

Figure 9.

Detailed Description

As used herein, the term “aerosol generating material” includes materials that
provide volatilised components upon heating, typically in the form of an aerosol.
Aerosol generating material includes any tobacco-containing material and may, for
example, include one or more of tobacco, tobacco derivatives, expanded tobacco,
reconstituted tobacco or tobacco substitutes. Aerosol generating material also may
include other, non-tobacco, products, which, depending on the product, may or may not
contain nicotine. Aerosol generating material may for example be in the form of a solid,
a liquid, a gel, a wax or the like. Aerosol generating material may for example also be
a combination or a blend of materials. Aerosol generating material may also be known

as “smokable material”.

Apparatus is known that heats aerosol generating material to volatilise at least
one component of the aerosol generating material, typically to form an aerosol which
can be inhaled, without burning or combusting the aerosol generating material. Such
apparatus is sometimes described as an “aerosol generating device”, an “aerosol
provision device”, a “heat-not-burn device”, a “tobacco heating product device” or a

“tobacco heating device” or similar. Similarly, there are also so-called e-cigarette
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devices, which typically vaporise an aerosol generating material in the form of a liquid,
which may or may not contain nicotine. The aerosol generating material may be in the
form of or be provided as part of a rod, cartridge or cassette or the like which can be
inserted into the apparatus. A heater for heating and volatilising the aerosol generating

material may be provided as a “permanent” part of the apparatus.

An aerosol provision device can receive an article comprising aerosol
generating material for heating. An “article” in this context is a component that includes
or contains in use the aerosol generating material, which is heated to volatilise the
aerosol generating material, and optionally other components in use. A user may insert
the article into the aerosol provision device before it is heated to produce an aerosol,
which the user subsequently inhales. The article may be, for example, of a
predetermined or specific size that is configured to be placed within a heating chamber

of the device which is sized to receive the article.

A first aspect of the present disclosure defines a heater component arranged to
heat aerosol generating material. In certain examples, the heater component is a
susceptor. As will be discussed in more detail herein, a susceptor is an electrically
conducting object, which is heated via electromagnetic induction. The susceptor is
therefore heatable by penetration with a varying magnetic field. An article comprising
aerosol generating material can be received within the susceptor. Once heated, the

susceptor transfers heat to the aerosol generating material, which releases the aerosol.

In the present example, the aerosol provision device can monitor the
temperature of the heater component in one or more locations, as it is being heated.
This can be useful to ensure that the aerosol generating material is heated to the correct
temperature. For example, if the temperature of the heater component is too high, the
aerosol generating material may overheat, which can impact the taste/flavour of the
aerosol. If the temperature of the heater component is too low, the volume of aerosol
generated may be too low. Accordingly, it may be useful to monitor and control the

temperature of the heater component during heating.
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To monitor the temperature of the heater component in one or more regions, one
or more temperature sensors may be in contact with the heater component. The
temperature sensors may be thermocouples, for example. As will be well understood, a
thermocouple is a device used for sensing temperature which comprises two dissimilar
electrical conductors/wires. Typically, the two wires are joined together at one end to
form a “measurement junction” while a second end of the wires may form a “reference
junction”. According to the Seebeck effect a voltage is generated between the wires
which is dependent on a temperature difference between the measurement junction and
the reference junction. If the temperature of the reference junction is known, then the
temperature at the measurement junction can be determined from the potential
difference measured between the wires. Electronic circuitry, such as a controller and a

voltmeter, can infer the temperature based on the measured potential difference.

In the first aspect, a thermocouple is provided by the use of a first wire and a
second wire. The first wire is connected to the heater component at a first position, and
the second wire is connected to the heater component at a second position. The first
wire and the second wire must be dissimilar so as to function as a thermocouple. Rather
than joining the two wires together at the first position to form a measurement junction,
the heater component can act as an extension of the second wire between the second
and first positions. The temperature measured by the electronic circuitry of the device
is therefore the temperature at the first position. This temperature is determined based
on the potential difference measured between the first and second wires. The first wire
and the heater component therefore form the measurement junction at the first position,

rather than the first wire and the second wire.

Because the heater component acts as an extension of the second wire, it means
that the second wire does not need to be connected to the first wire at the first position.
Allowing the second wire to be connected anywhere along the heater component allows
more freedom in the construction of the device. For example, a shorter second wire can
be used, rather than routing a longer wire through the device to connect it to the first

wire.
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The heater component can form a true extension of the second wire if the heater
component is made from a material that is “similar” to that of the second wire. Similar
materials, in this context, are materials which behave in a similar way when the same
temperature difference is present between two points along the materials. In other
words, the voltage created along the two materials is the same, or substantially the same
when the same temperature difference is present between two points. Since the
temperature is estimated based on the measured potential difference, the degree of
similarity between the materials will determine how accurate the temperature
measurement is. For example, if the second wire and heater component are made from
exactly the same material, they will behave in the same way when a temperature
gradient is applied to them. Thus, in theory, the arrangement will be indistinguishable
from a standard thermocouple when the second wire is directly connected to the first
wire. If the heater component and second wire have different compositions, the
temperature estimated by the electronic circuitry may differ from that measured by a
standard thermocouple. Thus, the degree of similarity between the heater component
and second wire affects how accurate the measured temperature is. The degree of
similarity is therefore dependent upon how accurate the temperature measurements are
required to be. If a user requires an extremely accurate temperature measurement, the
second wire and heater component should be made from a very similar material,
whereas if the user only requires a rough estimate of the temperature, the heater
component and second wire can be less similar. By varying the materials of the heater
component or second wire, a user can determine a measurement error by comparing the

estimated temperature to that of a standard thermocouple.

Two materials which create the same, or similar voltage when the same
temperature difference is present between two points may be said to have substantially
the same (intrinsic) Seebeck coefficient. Thus, the effective Seebeck coefticient of the
first wire, and the combined second wire and heater component should be substantially
the same as the effective Seebeck coefficient of the first wire and the second wire.
Materials with a similar Seebeck coefficient will therefore provide a more accurate

estimation of temperature.
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Generally, materials with the same or similar composition will have
substantially the same Seebeck coefficient. Accordingly, in some examples, the heater
component and the second wire may comprise substantially the same metal or alloy (i.e.
they both have substantially the same composition). The first wire has a different
composition to the heater component and the second wire. For example, the first wire

has a different Seebeck coefficient to the heater component and second wire.

For example, the heater component may comprise at least 95wt% of a particular
metal or alloy, and the second wire may comprise at least 95wt% of the same metal or
alloy. Preferably, the heater component may comprise at least 97wt% of a particular
metal or alloy, and the second wire may comprise at least 97wt% of the same metal or
alloy. More preferably the heater component may comprise at least 99wt% of a
particular metal or alloy, and the second wire may comprise at least 99wt% of the same
metal or alloy. It has been found that materials which comprise substantially the same

metal or alloy provide more accurate temperature measurements.

In a particular example, the heater component and the second wire each
comprise at least 95wt% Iron. Preferably the heater component and the second wire
each comprise at least 96wt% Iron, or the heater component and the second wire each
comprise at least 97wt% Iron, or the heater component and the second wire each
comprise at least 98wt% Iron. More preferably the heater component and the second
wire each comprise at least 99wt% Iron. It has been found that materials which comprise

substantially the same wt% Iron provide more accurate temperature measurements.

In a further example, the heater component comprises steel comprising 99.18 to
99.62wt% Iron, and the second wire comprises at least 99wt% Iron. Steel with 99.18-
99.62wt% Iron may be known as AISI 1010 carbon steel (as defined by the American
Iron and Steel Institute). More preferably, the second wire may comprise at least
99.5wt% Iron, such as 99.6wt% Iron. It has been found that such materials provide

accurate temperature measurements within about +5 °C.
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The first wire may be made from a copper-nickel alloy. The copper-nickel alloy
may be an alloy comprising approximately 55wt% copper and 45wt% nickel, such as
that sold under the trade name Constantan™. Thus, the second wire may comprise iron,
and the first wire comprise a copper-nickel alloy, such as Constantan. A thermocouple
comprising an iron wire and a copper-nickel wire is more commonly known as a type-
J thermocouple. The first wire, second wire, heater component and electronic circuitry

therefore form a type-J thermocouple.

In some examples, it may be desirable to measure the temperature of the heater
component in two or more regions/zones. For example, a first thermocouple
arrangement may measure the temperature of the heater component at a first position
in a first region/zone (as described above), and a further, second, thermocouple
arrangement may measure the temperature of the heater component at a third position
in a second region/zone. The first zone may be heated by a first inductor coil and the

second zone may be heated by a second inductor coil, for example.

Accordingly, the heater arrangement may further comprise a third wire
connected to the heater component at a third position, wherein the third position is
spaced apart from the first position and the second position. The electronic circuitry
may be further configured to determine a second temperature of the heater component
at the third position based on a second potential difference measured between the third

wire and the second wire.

The third wire, and the combined second wire and heater component therefore
act as part of a second thermocouple where the potential difference is now measured
between the second wire and the third wire to obtain the temperature at the third
position. Thus, two thermocouples can be constructed by use of only three wires, rather
than four wires that would normally be needed for two thermocouples. Similarly, three
thermocouples can be constructed by use of four wires, and four thermocouples can be
constructed by use of five wires. Thus, each thermocouple shares a common wire (the
second wire). The heater component therefore also forms an extension of the second

wire between the second and third positions. Thus, to measure the temperature at the
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first position, the potential difference can be measured between the first wire and the
second wire, and to measure the temperature at the third position, the potential
difference can be measured between the third wire and the second wire. This
arrangement enables the second wire to be used as part of a first thermocouple and as
part of a second thermocouple, which reduces the complexity of the device. By using

one less wire, the weight and cost of the device can be reduced.

The third wire may have a composition that is at least one of’ (1) different to the
composition of the heater component and the second wire, and (ii) the same as the
composition of the first wire. For example, in (i) the third wire must be made from a
different metal/alloy to the heater component and second wire to function as a
thermocouple. In (i1), the third wire may be substantially the same as the first wire and
so may also be made from a copper-nickel alloy. This may simplify the process of
estimating the temperature by the electronic circuitry. For example, the same algorithm
can be used to estimate the temperature in this second thermocouple arrangement as to

that used in the first thermocouple arrangement because the materials are the same.

The first position may be closer to a first end of the heater component than the
second position, and the second position may be closer to the first end of the heater
component than the third position. Thus, the second position may be located between
the first and third positions. This reduces the length over which the heater component
acts as an extension of the second wire, which can result in a more accurate temperature
estimate for the first and third positions. The first end of the heater component may be

a proximal/mouth end of the heater component.

In a specific arrangement, the heater component is surrounded by two inductor
coils. The first inductor coil is wrapped around the heater component in a first
region/zone and the second inductor coil is wrapped around the heater component in a
second region/zone. The first position may be located at a midpoint in the first
region/zone, and the third position may be located at a midpoint in the second
region/zone. In some examples the first inductor coil and zone is shorter than the second

inductor coil and zone. For example, the first inductor coil may have a length of between
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about 15mm and about 20mm, and the second inductor coil may have a length of
between about 25mm and about 30 mm. The heater component may therefore have a
length of between about 40mm and about S50mm. In a specific example, the first
inductor coil is arranged towards a mouth/proximal end of the heater component (i.e.
an end which is closer to the user’s mouth when the device is being used), and the
second inductor coil is arranged towards a distal end of the heater component. In a more
specific example, the first position may be located around 32-36mm from the distal end
of the heater component, and the third position may be located around 12-16mm from

the distal end of the heater component.

Preferably, the second position is located on the heater component at a midpoint
between the first position and the third position. This means that the distance between
the first and second position is substantially equal to the distance between the second
and third positions. This means that the distance over which the heater component acts
as an extension of the second wire is minimised for both thermocouple arrangements.
Reducing this distance can improve the accuracy of the temperature estimation. In
examples where the first and second inductor coils are controlled based on the measured
temperatures, a more accurate temperature estimate can result in a more accurate
control of the inductor coils. When the inductor coils are operated more accurately, it
can stop the aerosol generating material from overheating (by ensuring the zones do not
get too hot), and can ensure that the aerosol generating material not underheated (by
ensuring the zones are heated to the correct temperature). More accurate control over

the inductor coils can make the device more energy efficient.

In another example, the second and third positions are located at substantially
the same distance along the heater component (they may be located at different points
around the perimeter of the heater component). The distance is measured from an end
of the heater component. In another example, the third position (and first position) is
further along the heater component than the second position. Both arrangements allow
the length of the second wire to be reduced, which can reduce the mass of the device,

as well as the cost.
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Preferably, the first, second and third wires are separate and not joined together

along their length.

In some examples, at the first position, where the first wire is connected to the
heater component, the first wire is covered by a protective coating. Additionally, or
alternatively, at the second position, where the second wire is connected to the heater
component, the second wire is covered by a protective coating. Additionally, or
alternatively, at the third position, where the third wire is connected to the heater

component, the third wire is covered by a protective coating.

The protective coating can help reduce or stop corrosion of the wire, or the
material joining the wire to the heater component, at the point at which the wire is
connected to the heater component. Corrosion, such as acidic or galvanic corrosion,
may occur if the aerosol or condensed aerosol comes into contact with exposed parts of
wire. Wire with a high iron content may be particularly vulnerable to corrosion. The
protective coating can therefore act as a barrier, by stopping the aerosol from coming

into contact with the wire.

In some examples, the protective coating covers only a portion of the wire(s).
For example, the coating may only cover the exposed electrically conductive part of the
wire. The coating may only be present in the vicinity of the boundary/connection point

of the wire to the heater component.

In examples where the wire comprises an electrically insulating “jacket”, the

protective coating is distinct from the jacket.

In one particular arrangement, the protective coating comprises a metal or a
metal alloy. For example, during manufacture, the wire can firstly be connected to the
heater component, and secondly be coated in a metal or metal alloy. Thus, the coating
is applied after the wire has been connected to the heater component. The coating may,

for example, cover/coat the entire heater component, or at least a portion of the outer
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surface of the heater component in the vicinity of the connection point between the wire

and heater component.

The protective coating may comprise nickel. Nickel, for example, has good anti-
corrosion properties. Furthermore, nickel is also ferromagnetic, and thus generates
additional heat through magnetic hysteresis, which is particularly useful in aerosol

provision devices.

In one example, the metal or metal alloy coating has a thickness of up to 15
microns, such as between about 1 micron and about 15 microns. In a particular example,
the metal or metal alloy coating has a thickness of between about 1.5 and about 2.5

microns.

In another arrangement, the protective coating comprises a sealant. The sealant
can be applied after the wire has been connected to the heater component. The sealant
again acts as a barrier and stops the aerosol from coming into contact with the wire. The

sealant may be moisture and water resistant.

Preferably the sealant is a high-temperature sealant. That is, the sealant is heat
resistant. A heat resistant sealant may mean that the sealant has a high melting point. In
an aerosol provision device, where the heater component is heated to between about
200°C and about 300°C, the sealant should be able to withstand temperatures of up to

around 300°C or up to around 350°C, for example.

In some examples, the sealant is a silicone-based sealant. In some examples, the

sealant is an alumina-based adhesive.

The sealant may be Cramolin Isotemp™, Korthals, Aremco Ceramabond™,
Glassbond™/Saureisen™ product No. 3, a Masterbond™ high temperature bonding,
sealing, and coating compound, or a Pi-Kem™ high temperature ceramic adhesive, for

example.
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In some examples, the sealant is electrically insulating.

In one example there is provided a thermocouple for an aerosol provision device
comprising a first wire and a second wire, wherein a first end of the first wire, and a
first end of the second wire form a measurement junction, and wherein the first end of
the first wire is not connected (or joined) to the first end of the second wire.
Accordingly, the first end of the first wire and the first end of the second wire can be
connected to an electrically conductive object (such as a susceptor) which has a similar
composition to one of the first or second wires. Accordingly, the thermocouple can
function without needing the ends of the two wires to be connected. A second end of
the first wire, and a second end of the second wire form a reference junction. The

thermocouple can comprise any of the features described above.

In another aspect, there is provided a heater arrangement for an aerosol
provision device. The heater arrangement comprises a heater component arranged to
heat aerosol generating material, a first wire connected to the heater component at a
first position, wherein, at the first position, where the first wire is connected to the heater
component, the first wire is covered by a protective coating. The protective coating may

comprise any or all of the features described above.

In some examples, the heater arrangement further comprises a second wire
connected to the heater component at the first position. The first and second wires may

therefore be connected to each other at the first position.

In other examples, the second wire is connected to the heater component at a
second position, wherein the second position is spaced apart from the first position.

Thus, in these examples, the heater component may form an extension of the first wire.

In examples comprising multiple wires connected to the heater component, the
protective coating may be the same at each wire connection point, or may be different.

In some examples, only some wires are coated with a protective coating.
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As briefly mentioned above, in some examples, coil(s) is/are configured to, in
use, cause heating of at least one electrically-conductive heating component/element
(also known as a heater component/element), so that heat energy is conductible from
the at least one electrically-conductive heating component to aerosol generating

material to thereby cause heating of the aerosol generating material.

In some examples, the coil(s) is/are configured to generate, in use, a varying
magnetic field for penetrating at least one heating component/element, to thereby cause
induction heating and/or magnetic hysteresis heating of the at least one heating
component. In such an arrangement, the or each heating component may be termed a
“susceptor”. A coil that is configured to generate, in use, a varying magnetic field for
penetrating at least one electrically-conductive heating component, to thereby cause
induction heating of the at least one electrically-conductive heating component, may be

termed an “induction coil” or “inductor coil”.

The device may include the heating component(s), for example electrically-
conductive heating component(s), and the heating component(s) may be suitably
located or locatable relative to the coil(s) to enable such heating of the heating
component(s). The heating component(s) may be in a fixed position relative to the
coil(s). Alternatively, both the device and such an article may comprise at least one
respective heating component, for example at least one electrically-conductive heating
component, and the coil(s) may be to cause heating of the heating component(s) of each

of the device and the article when the article is in the heating zone.

In some examples, the coil(s) is/are helical. In some examples, the coil(s)
encircles at least a part of a heating zone of the device that is configured to receive
aerosol generating material. In some examples, the coil(s) is/are helical coil(s) that
encircles at least a part of the heating zone. The heating zone may be a receptacle,

shaped to receive the aerosol generating material.

In some examples, the device comprises an electrically-conductive heating

component that at least partially surrounds the heating zone, and the coil(s) is/are helical
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coil(s) that encircles at least a part of the electrically-conductive heating component. In
some examples, the electrically-conductive heating component is tubular. In some

examples, the coil is an inductor coil.

Figure 1 shows an example of an aerosol provision device 100 for generating
aerosol from an aerosol generating medium/material. In broad outline, the device 100
may be used to heat a replaceable article 110 comprising the aerosol generating
medium, to generate an aerosol or other inhalable medium which is inhaled by a user

of the device 100.

The device 100 comprises a housing 102 (in the form of an outer cover) which
surrounds and houses various components of the device 100. The device 100 has an
opening 104 in one end, through which the article 110 may be inserted for heating by a
heating assembly. In use, the article 110 may be fully or partially inserted into the
heating assembly where it may be heated by one or more components of the heater

assembly.

The device 100 of this example comprises a first end member 106 which
comprises a lid 108 which is moveable relative to the first end member 106 to close the
opening 104 when no article 110 is in place. In Figure 1, the lid 108 is shown in an open
configuration, however the lid 108 may move into a closed configuration. For example,

a user may cause the lid 108 to slide in the direction of arrow “A”.

The device 100 may also include a user-operable control element 112, such as
a button or switch, which operates the device 100 when pressed. For example, a user

may turn on the device 100 by operating the switch 112.

The device 100 may also comprise an electrical component, such as a
socket/port 114, which can receive a cable to charge a battery of the device 100. For

example, the socket 114 may be a charging port, such as a USB charging port.
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Figure 2 depicts the device 100 of Figure 1 with the outer cover 102 removed

and without an article 110 present. The device 100 defines a longitudinal axis 134.

As shown in Figure 2, the first end member 106 is arranged at one end of the
device 100 and a second end member 116 is arranged at an opposite end of the device
100. The first and second end members 106, 116 together at least partially define end
surfaces of the device 100. For example, the bottom surface of the second end member
116 at least partially defines a bottom surface of the device 100. Edges of the outer
cover 102 may also define a portion of the end surfaces. In this example, the lid 108

also defines a portion of a top surface of the device 100.

The end of the device closest to the opening 104 may be known as the proximal
end (or mouth end) of the device 100 because, in use, it is closest to the mouth of the
user. In use, a user inserts an article 110 into the opening 104, operates the user control
112 to begin heating the aerosol generating material and draws on the aerosol generated
in the device. This causes the aerosol to flow through the device 100 along a flow path

towards the proximal end of the device 100.

The other end of the device furthest away from the opening 104 may be known
as the distal end of the device 100 because, in use, it is the end furthest away from the
mouth of the user. As a user draws on the aerosol generated in the device, the aerosol

flows away from the distal end of the device 100.

The device 100 further comprises a power source 118. The power source 118
may be, for example, a battery, such as a rechargeable battery or a non-rechargeable
battery. Examples of suitable batteries include, for example, a lithium battery (such as
a lithium-ion battery), a nickel battery (such as a nickel-cadmium battery), and an
alkaline battery. The battery is electrically coupled to the heating assembly to supply
electrical power when required and under control of a controller (not shown) to heat the
aerosol generating material. In this example, the battery is connected to a central

support 120 which holds the battery 118 in place.
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The device further comprises at least one electronics module 122. The
electronics module 122 may comprise, for example, a printed circuit board (PCB). The
PCB 122 may support at least one controller, such as a processor, and memory. The
PCB 122 may also comprise one or more electrical tracks to electrically connect
together various electronic components of the device 100. For example, the battery
terminals may be electrically connected to the PCB 122 so that power can be distributed
throughout the device 100. The socket 114 may also be electrically coupled to the

battery via the electrical tracks.

In the example device 100, the heating assembly is an inductive heating
assembly and comprises various components to heat the aerosol generating material of
the article 110 via an inductive heating process. Induction heating is a process of heating
an electrically conducting object (such as a susceptor) by electromagnetic induction.
An induction heating assembly may comprise an inductive element, for example, one
or more inductor coils, and a device for passing a varying electric current, such as an
alternating electric current, through the inductive element. The varying electric current
in the inductive element produces a varying magnetic field. The varying magnetic field
penetrates a susceptor suitably positioned with respect to the inductive element, and
generates eddy currents inside the susceptor. The susceptor has electrical resistance to
the eddy currents, and hence the flow of the eddy currents against this resistance causes
the susceptor to be heated by Joule heating. In cases where the susceptor comprises
ferromagnetic material such as iron, nickel or cobalt, heat may also be generated by
magnetic hysteresis losses in the susceptor, i.e. by the varying orientation of magnetic
dipoles in the magnetic material as a result of their alignment with the varying magnetic
field. In inductive heating, as compared to heating by conduction for example, heat is
generated inside the susceptor, allowing for rapid heating. Further, there need not be
any physical contact between the inductive heater and the susceptor, allowing for

enhanced freedom in construction and application.

The induction heating assembly of the example device 100 comprises a
susceptor arrangement 132 (herein referred to as “a susceptor™), a first inductor coil 124

and a second inductor coil 126. The first and second inductor coils 124, 126 are made
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from an electrically conducting material. In this example, the first and second inductor
coils 124, 126 are made from Litz wire/cable which is wound in a helical fashion to
provide helical inductor coils 124, 126. Litz wire comprises a plurality of individual
wires which are individually insulated and are twisted together to form a single wire.
Litz wires are designed to reduce the skin effect losses in a conductor. In the example
device 100, the first and second inductor coils 124, 126 are made from copper Litz wire
which has a rectangular cross section. In other examples the Litz wire can have other

shape cross sections, such as circular.

The first inductor coil 124 is configured to generate a first varying magnetic
field for heating a first section of the susceptor 132 and the second inductor coil 126 is
configured to generate a second varying magnetic field for heating a second section of
the susceptor 132. In this example, the first inductor coil 124 is adjacent to the second
inductor coil 126 in a direction along the longitudinal axis 134 of the device 100 (that
is, the first and second inductor coils 124, 126 to not overlap). The susceptor
arrangement 132 may comprise a single susceptor, or two or more separate susceptors.
Ends 130 of the first and second inductor coils 124, 126 can be connected to the PCB
122.

It will be appreciated that the first and second inductor coils 124, 126, in some
examples, may have at least one characteristic different from each other. For example,
the first inductor coil 124 may have at least one characteristic different from the second
inductor coil 126. More specifically, in one example, the first inductor coil 124 may
have a different value of inductance than the second inductor coil 126. In Figure 2, the
first and second inductor coils 124, 126 are of different lengths such that the first
inductor coil 124 is wound over a smaller section of the susceptor 132 than the second
inductor coil 126. Thus, the first inductor coil 124 may comprise a different number of
turns than the second inductor coil 126 (assuming that the spacing between individual
turns is substantially the same). In yet another example, the first inductor coil 124 may
be made from a different material to the second inductor coil 126. In some examples,

the first and second inductor coils 124, 126 may be substantially identical.
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In this example, the first inductor coil 124 and the second inductor coil 126 are
wound in opposite directions. This can be useful when the inductor coils are active at
different times. For example, initially, the first inductor coil 124 may be operating to
heat a first section of the article 110, and at a later time, the second inductor coil 126
may be operating to heat a second section of the article 110. Winding the coils in
opposite directions helps reduce the current induced in the inactive coil when used in
conjunction with a particular type of control circuit. In Figure 2, the first inductor coil
124 is a right-hand helix and the second inductor coil 126 is a left-hand helix. However,
in another embodiment, the inductor coils 124, 126 may be wound in the same direction,
or the first inductor coil 124 may be a left-hand helix and the second inductor coil 126

may be a right-hand helix.

The susceptor 132 of this example is hollow and therefore defines a receptacle
within which aerosol generating material is received. For example, the article 110 can
be inserted into the susceptor 132. In this example the susceptor 120 is tubular, with a

circular cross section.

The device 100 of Figure 2 further comprises an insulating member 128 which
may be generally tubular and at least partially surround the susceptor 132. The
insulating member 128 may be constructed from any insulating material, such as plastic
for example. In this particular example, the insulating member is constructed from
polyether ether ketone (PEEK). The insulating member 128 may help insulate the

various components of the device 100 from the heat generated in the susceptor 132.

The insulating member 128 can also fully or partially support the first and
second inductor coils 124, 126. For example, as shown in Figure 2, the first and second
inductor coils 124, 126 are positioned around the insulating member 128 and are in
contact with a radially outward surface of the insulating member 128. In some examples
the insulating member 128 does not abut the first and second inductor coils 124, 126.
For example, a small gap may be present between the outer surface of the insulating

member 128 and the inner surface of the first and second inductor coils 124, 126.
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In a specific example, the susceptor 132, the insulating member 128, and the
first and second inductor coils 124, 126 are coaxial around a central longitudinal axis

of the susceptor 132.

Figure 3 shows a side view of device 100 in partial cross-section. The outer
cover 102 is present in this example. The rectangular cross-sectional shape of the first

and second inductor coils 124, 126 is more clearly visible.

The device 100 further comprises a support 136 which engages one end of the
susceptor 132 to hold the susceptor 132 in place. The support 136 is connected to the

second end member 116.

The device may also comprise a second printed circuit board 138 associated

within the control element 112.

The device 100 further comprises a second lid/cap 140 and a spring 142,
arranged towards the distal end of the device 100. The spring 142 allows the second lid
140 to be opened, to provide access to the susceptor 132. A user may open the second

lid 140 to clean the susceptor 132 and/or the support 136.

The device 100 further comprises an expansion chamber 144 which extends
away from a proximal end of the susceptor 132 towards the opening 104 of the device.
Located at least partially within the expansion chamber 144 is a retention clip 146 to
abut and hold the article 110 when received within the device 100. The expansion

chamber 144 is connected to the end member 106.

Figure 4 is an exploded view of the device 100 of Figure 1, with the outer cover

102 omitted.

Figure 5A depicts a cross section of a portion of the device 100 of Figure 1.
Figure 5B depicts a close-up of a region of Figure SA. Figures SA and 5B show the

article 110 received within the susceptor 132, where the article 110 is dimensioned so
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that the outer surface of the article 110 abuts the inner surface of the susceptor 132.
This ensures that the heating is most efficient. The article 110 of this example comprises
aerosol generating material 110a. The aerosol generating material 110a is positioned
within the susceptor 132. The article 110 may also comprise other components such as

a filter, wrapping materials and/or a cooling structure.

Figure SB shows that the outer surface of the susceptor 132 is spaced apart from
the inner surface of the inductor coils 124, 126 by a distance 150, measured in a
direction perpendicular to a longitudinal axis 158 of the susceptor 132. In one particular
example, the distance 150 is about 3mm to 4mm, about 3mm to 3.5mm, or about

3.25mm.

Figure 5B further shows that the outer surface of the insulating member 128 is
spaced apart from the inner surface of the inductor coils 124, 126 by a distance 152,
measured in a direction perpendicular to a longitudinal axis 158 of the susceptor 132.
In one particular example, the distance 152 is about 0.05mm. In another example, the
distance 152 is substantially Omm, such that the inductor coils 124, 126 abut and touch

the insulating member 128.

In one example, the susceptor 132 has a wall thickness 154 of about 0.025mm

to Imm, or about 0.05mm.

In one example, the susceptor 132 has a length of about 40mm to 60mm, about

40mm to 45mm, or about 44.5mm.

In one example, the insulating member 128 has a wall thickness 156 of about

0.25mm to 2mm, 0.25mm to 1mm, or about 0.5mm.

Figure 6 depicts the heating assembly of the device 100. As briefly mentioned
above, the heating assembly comprises a first inductor coil 124 and a second inductor
coil 126 arranged adjacent to each other, in the direction along the axis 158 (which is

also parallel to the longitudinal axis 134 of the device 100). In use, the first inductor
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coil 124 is operated initially. This causes a first region/zone of the susceptor 132 to heat
up (i.e. the section of the susceptor 132 surrounded by the first inductor coil 124), which
in turn heats a first portion of the aerosol generating material. At a later time, the first
inductor coil 124 may be switched off, and the second inductor coil 126 may be
operated. This causes a second region/zone of the susceptor 132 to heat up (i.e. the
section of the susceptor 132 surrounded by the second inductor coil 126), which in turn
heats a second portion of the aerosol generating material. The second inductor coil 126
may be switched on while the first inductor coil 124 is being operated, and the first
inductor coil 124 may switch off while the second inductor coil 126 continues to
operate. Alternatively, the first inductor coil 124 may be switched off before the second
inductor coil 126 is switched on. Electronic circuitry, including a controller, can control
when each inductor coil is operated/energised. The inductor coils can be operated based
on the temperature of the susceptor 132, to ensure that each zone is heated to the correct

temperature at the correct time.

In some examples, the length 202 of the first inductor coil 124 is shorter than
the length 204 of the second inductor coil 126. The length of each inductor coil is
measured in a direction parallel to the axis of susceptor 158, which is also parallel to
the axis of the device 134. The first, shorter inductor coil 124 is arranged closer to the
mouth end (proximal end) of the device 100 than the second inductor coil 126. When
the aerosol generating material is heated, aerosol is released. When a user inhales, the
aerosol is drawn towards the mouth end of the device 100, in the direction of arrow 206.
The aerosol exits the device 100 via the opening/mouthpiece 104, and is inhaled by the
user. The first inductor coil 124 is arranged closer to the opening 104 than the second

inductor coil 126.

In this example, the first inductor coil 124 has a length 202 of about 20mm, and
the second inductor coil 126 has a length 204 of about 30mm. A first wire, which forms
the first inductor coil 124, is helically wound around the insulating member 128.
Similarly, a second wire is helically wound to form the second inductor coil 126.
Although the first and second wires are depicted with a rectangular cross section, they

may have a different shape cross section, such as a circular cross section.
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In examples, the device 100 comprises one or more temperature sensors for
sensing a temperature of the susceptor 132. For example, one temperature sensor may
be provided for each zone of the susceptor 132. As described above, the susceptor 132
comprises a first zone and a second zone, and electronic circuity (which may include a
controller) operates the inductor coils 124, 126 as necessary. In the present device, the
temperature sensors used to measure the temperature of the susceptor 132 are
thermocouples. A temperature sensor may be located at, or near, a midpoint of a zone,

for example.

Figure 7 depicts a diagram of an example thermocouple, which may be used to
measure the temperature of the susceptor 132 at one or more locations. The
thermocouple comprises two conductors 210, 212, which are connected at one end to
form a measurement junction 214 which is at a temperature T1, and the other ends of
the conductors 210, 212 are held at a second, known temperature T». The two
conductors 210, 212 are made from dissimilar materials. For example, the first
conductor 210 is made from Iron, and the second conductor 212 is made from a copper-
nickel alloy, such as Constantan. Thus, the thermocouple is a J-type thermocouple. In
other examples, different types of thermocouples comprising different pairs of

dissimilar conductors may be used, such as type E, K, M thermocouples for example.

When T; and T, are different, each conductor 210, 212 produces a voltage as a
result of the Seebeck effect. The voltage produced by the first conductor 210 is
V1=S1AT, and the voltage produced by the second conductor 212 is V,=S,AT, where
S1 and S; are the respective Seebeck coefficients of the first and second conductors 212,
212 and AT = T»-T1. The voltmeter V will therefore measure a potential difference
between the two conductors 210, 212 given by V = V-V, = S1AT — SAT = S1,AT.
S12 = S1 - Sy 1s the effective Seebeck coefficient of the conductor pair. While Sy and S,
are intrinsic material properties of the conductors themselves, Si, is an effective
Seebeck coefficient that describes the thermoelectric performance of the thermocouple.
The thermocouple can be calibrated based on known temperatures, which can determine

the effective Seebeck coefficient when V is measured. Thus, T can be determined by
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measuring the voltage V, if T> and S, are known. T> may be held at room temperature,

for example.

Figure 8 is a diagrammatic representation of a susceptor 132 comprising two
“standard” thermocouples which can be used to measure the temperature of the
susceptor at two positions. The reference junction of each thermocouple is not shown
in Figure 8. The reference junction may be a thermistor that is located on the PCB 122,

for example.

Connected to the susceptor 132 at a first position 222 is a first conductor 218
and a second conductor 220. The first conductor 218 and the second conductor 220
form part of a first thermocouple which measure the temperature of the susceptor 132
in a first zone at the first position 222. Connected to the susceptor 132 at a second
position 228 is a third conductor 224 and a fourth conductor 226. The third conductor
224 and the fourth conductor 226 form part of a second thermocouple which measure
the temperature of the susceptor 132 in a second zone at the second position 228. Based
on the measured voltage between the first and second conductors 218, 220 the
temperature at the first position 222 can be determined. Similarly, based on the
measured voltage between the third and fourth conductors 224, 226 a second

temperature at the second position 228 can be determined.

In the example heater arrangement of Figure 8, each thermocouple comprises
two wires/conductors which are connected together at a measurement junction.
However, it has been found that for each thermocouple, the two conductors do not need
to be connected together if the susceptor 132 is made from a material that is “similar”
to one of the conductors. The two wires of a thermocouple can instead be connected to
the susceptor at different locations. The susceptor 132 therefore forms an extension of
one of the wires/conductors. The conductor which is dissimilar to the susceptor is
connected at a position where the temperature is to be measured. The conductor which
is similar to the susceptor can be connected anywhere on the susceptor. Allowing one
of the conductors/wires be connected anywhere along the susceptor allows more

freedom in the construction of the device.
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Figure 9 therefore depicts an alternative heater arrangement to the one depicted
in Figure 8. In this arrangement, a first conductor/wire 232 is connected to the susceptor
132 at a first position 230. A second conductor/wire 234 is connected to the susceptor
132 at a second position 240. The first and second positions 230, 240 are therefore
spaced apart along the susceptor. In this example, the second wire 234 is made of a
similar material to the susceptor 132, such that the susceptor 132 forms an extension of
the second wire 234. The first wire 232 is dissimilar to the susceptor 132 and second
wire 234. The measurement junction is the boundary between dissimilar materials, so
the measurement junction is located at the first position 230. The first wire 232, second
wire 234 and susceptor 132 therefore form part of a first thermocouple which measure
the temperature of the susceptor 132 in a first zone at the first position 230. The
temperature can be determined based on a potential difference measured between the

first wire 232 and the second wire 234.

If the susceptor 132 and second wire 234 are of a similar material (i.e. they have
a similar intrinsic Seebeck coefficient), the effective Seebeck coefficient of the
thermocouple is similar to the effective Seebeck coefticient of the thermocouple if the
first and second wires 232, 234 were to be arranged like that shown in Figure 8. For
example, if the susceptor 132 is made from substantially the same metal or alloy as the
second wire 234, the susceptor 132 and second wire 234 are likely to have similar
intrinsic Seebeck coefficients, and therefore will create the same voltage when a
temperature gradient is present. In this example, the first wire 232 is made from a
copper-nickel alloy, such as Constantan, the susceptor 132 is made from carbon steel
comprising between about 99.18wt% and 99.62wt% Iron, and the second wire 234
comprises about 99.6wt% Iron. The susceptor 132 and second wire 234 therefore have
a similar composition such that the susceptor 132 forms an extension of the second wire
234 between the first position 230 and the second position 240. Figure 10 depicts a path
242 along the susceptor 132 between the first position 230 and the second position 240.
The algorithm described in relation to Figure 7 is therefore a good approximation of the
arrangement in Figures 9 and 10 because the path 242 along the susceptor behaves in

substantially the same way as would a length of the second wire 234.
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If it is required to measure the temperature of the susceptor 132 at another
position (such as at a third position 236) a third conductor/wire 238 can be connected
to the susceptor 132 at the third position 236. The third wire 238 may have the same or
a different composition as the first wire 232. As with the first thermocouple, a dissimilar
conductor/wire need not be directly connected to the third wire 238 at the third position
236. Instead, the second wire 234 can also form part of this second thermocouple even
though it is connected to the susceptor 132 at the second position 240. Again, this is
because the susceptor 132 is made from a material that is “similar” to the second wire
234. The susceptor 132 therefore forms an extension of the second wire 234 between
the second position 240 and the third position 236. In this example, the third wire 238
is dissimilar to the susceptor 132, meaning that the measurement junction is located at
the third position 236. The third wire 238, the second wire 234 and susceptor 132
therefore form part of a second thermocouple which measure the temperature of the
susceptor 132 in a second zone at the third position 236. This temperature is determined
based on a potential difference measured between the third wire 238 and the second

wire 234.

In this example, the third wire 238 is made from a copper-nickel alloy, such as
Constantan, and is substantially the same as the first wire 232. Because the susceptor
132 and second wire 234 have a similar composition, the susceptor 132 forms an
extension of the second wire 234 between the second position 240 and the third position
236. Figure 11 depicts a path 244 along the susceptor 132 between the third position
236 and the second position 240. The algorithm described in relation to Figure 7 is
therefore a good approximation of the arrangement in Figures 9 and 11 because the path
244 along the susceptor behaves in substantially the same way as would a length of the

second wire 234,

Returning to Figure 9, the first position 230 is located in a first zone on the
susceptor 132, where the first zone is defined as a region which is located beneath the
first inductor coil 124 which surrounds the susceptor 132. Preferably the first position

230 is located towards the midpoint of the first zone. Similarly, the third position 236
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is located in a second zone on the susceptor 132, where the second zone is defined as a
region which is located beneath the second inductor coil 126 which surrounds the
susceptor 132. Preferably the third position 236 is located towards the midpoint of the

second zone.

In an example, the susceptor 132 has a length 250 of about 44mm measured
between its distal end 252 and its proximal end 252. The first position 230 may be
located at about 35mm away from the distal end 252 of the susceptor 132, and the third
position 236 may be located at about 14mm away from the distal end 252. The distance
between the distal end 252 and the first position 230 is indicated by distance 256, and
the distance between the distal end 252 and the third position 236 is indicated by
distance 258. Distances 256, 258 are measured parallel to the longitudinal axis 158 of
the susceptor 132.

In a particular example, the first inductor coil 124 has a length of between about
15mm and about 20mm, such as about 19mm, and the second inductor coil 126 has a
length of between about 25mm and about 30 mm, such as about 28mm. The first and
second inductor coils 124, 126 may therefore extend beyond the ends 252, 254 of the

susceptor 132.

In the examples of Figures 9-11, the second wire 234 is connected to the
susceptor 132 at the second position 240 which is located between the first and third
positions 230, 236. Preferably, the second position 240 is located at the midpoint
between the first and third positions 230, 236 so that the paths 242, 244 are substantially
equal in length. This is desirable to ensure that the temperatures estimated at the first
and third positions 230, 236 have the same uncertainty. The temperature estimations
may have an element of uncertainty because it is assumed that the susceptor 132
behaves in the same way as the second wire 234 which depends upon the difference in
composition (and therefore intrinsic Seebeck coefficients) between the susceptor and

second wire 234,
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If the second wire 234 was instead connected to the susceptor 132 at a fourth
position 248 (see Figure 9), the path length between the fourth position 248 and the first
position 230 would be much shorter than the path length between the fourth position
248 and the third position 236. This could mean that the temperature estimated at the
first position 230 is more reliable than the temperature estimated at the third position
236. Similarly, if the second wire 234 was instead connected to the susceptor 132 at a
fifth position 246 (see Figure 9), the path length between the fifth position 246 and the
first position 230 would much longer than the path length between the fifth position
246 and the third position 236. This could mean that the temperature estimated at the
first position 230 is less reliable than the temperature estimated at the third position

236.

In some example devices, positioning the second wire at a midpoint between
the first and third positions can lead to a more accurate estimation of the temperatures
to the extent that the first and second inductor coils can be operated/controlled more
efficiently. In a particular test, it was found that the device can use up to 3% less energy

when located at position 240 when compared to positions 248, 246.

However, it will be appreciated that the uncertainty in the temperature
estimations may be negligible depending upon the materials and compositions of the
susceptor 132 and second wire 232 to the extent that the second wire 232 can be

connected anywhere on the susceptor 132.

In the above examples, the conductors/wires can be connected to the susceptor
via various methods, such as via spot welding for example. The conductors/wires may
be located at the same, or different positions around the outer circumference of the
susceptor. Preferably the first, second and third conductors/wires are located at the same
position around the outer circumference to minimize the path length between the first

and second, and first and third positions.

As mentioned, in some examples of the arrangement of Figure 8, the first and

second thermocouples are J-type thermocouples. For example, the first and third



10

15

20

25

30

WO 2020/182752 PCT/EP2020/056244

29

conductors 218, 224 are made from Iron, and the second and fourth conductors 220,
226 are made from a copper-nickel alloy, such as Constantan. While the arrangement
of Figure 8 does require the use of four wires, it can provide a useful alternative
arrangement to that in Figure 9 because it provides redundancy should the first
conductor 218 or the third conductor 224 disconnect (due to corrosion, for example)
from the susceptor 132. For example, if the first conductor 218 disconnects from the
susceptor 132, the temperature of the susceptor can still be measured at the first position
222 using the second conductor 220 and the third conductor 224 because a section of
the susceptor 132 between the first and second positions 222, 228 forms an extension
of the third conductor 224. Similarly, if the third conductor 224 disconnects from the
susceptor 132, the temperature of the susceptor can still be measured at the second
position 228 using the first conductor 218 and the fourth conductor 226 because a
section of the susceptor 132 between the first and second positions 222, 228 forms an

extension of the first conductor 218.

The arrangement of Figure 8 can therefore act in a similar way to that described
in Figures 9-11 when one of the conductors disconnects. Thus, in some examples,
electronic circuitry in the device (such as a controller) is configured to: (i) determine
that the first conductor 218 has disconnected from the heater component, and (i1)
responsively determine a temperature of the heater component 132 at the first position
222 based on a potential difference measured between the third conductor 224 and the
second conductor 220. Similarly, electronic circuitry in the device (such as a controller)
is configured to: (i) determine that the third conductor 224 has disconnected from the
heater component, and (ii) responsively determine a temperature of the heater
component 132 at the second position 228 based on a potential difference measured
between the first conductor 218 and the fourth conductor 226. The electronic circuitry
may determine that the first conductor 218 has disconnected if the potential difference
measured between the first conductor 218 and the second conductor 220 is not within
an expected range, for example. Similarly, the electronic circuitry may determine that
the third conductor 224 has disconnected if the potential difference measured between
the third conductor 224 and the fourth conductor 226 is not within an expected range,

for example.
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In any of the above described examples, such as those described in Figures 8-
11, any or all of the connection points (i.e. the positions at which the wires connect to
the susceptor 132) may comprise a protective coating. The protective coating covers
the conductor at the point at which it connects to the susceptor 132 and can protect the
wire from corrosion. The protective coating may comprise a layer of a metal or metal
alloy, for example, such as nickel. In other examples, the coating may comprise a
sealant. This can reduce the likelihood of the conductor disconnecting from the

susceptor 132.

The above embodiments are to be understood as illustrative examples of the
invention. Further embodiments of the invention are envisaged. It is to be understood
that any feature described in relation to any one embodiment may be used alone, or in
combination with other features described, and may also be used in combination with
one or more features of any other of the embodiments, or any combination of any other
of the embodiments. Furthermore, equivalents and modifications not described above
may also be employed without departing from the scope of the invention, which is

defined in the accompanying claims.
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CLAIMS

1. A heater arrangement for an aerosol provision device, comprising:

a heater component arranged to heat aerosol generating material,

a first wire connected to the heater component at a first position;

a second wire connected to the heater component at a second position, wherein
the second position is spaced apart from the first position; and

electronic circuitry configured to:

determine a temperature of the heater component at the first position
based on a potential difference measured between the first wire and the second

wire.

2. A heater arrangement according to claim 1, wherein the heater component and

the second wire have substantially the same Seebeck coefficient.

3. A heater arrangement according to claim 1 or 2, wherein the heater component

and the second wire comprise substantially the same metal or alloy.

4. A heater arrangement according to claim 1 or 2, wherein the heater component

and the second wire each comprise at least 95wt% Iron.

5. A heater arrangement according to claim 4, wherein the heater component
comprises steel comprising 99.18 to 99.62wt% Iron, and the second wire comprises at

least 99wt% Iron.

6. A heater arrangement according to any of claims 1 to 5, wherein the first wire

has a different composition to the heater component and the second wire.

7. A heater arrangement according to claim 6, wherein the first wire is made

from a copper-nickel alloy.



WO 2020/182752 PCT/EP2020/056244

32

8. A heater arrangement according to any of claims 1 to 7, further comprising:
a third wire connected to the heater component at a third position, wherein the
third position is spaced apart from the first position and the second position;
wherein the electronic circuitry is further configured to:
5 determine a second temperature of the heater component at the third
position based on a second potential difference measured between the third

wire and the second wire.

0. A heater arrangement according to claim 8, wherein the third wire has a
10 composition that is at least one of
different to the composition of the heater component and the second wire; and

the same as the composition of the first wire.

10. A heater arrangement according to claim 9, wherein the first and third wires

15 are made from a copper-nickel alloy.

11. A heater arrangement according to any of claims 8 to 10, wherein the first
position is closer to a first end of the heater component than the second position, and
the second position is closer to the first end of the heater component than the third

20 position.

12. A heater arrangement according to claim 11, wherein the second position is

located on the heater component at a midpoint between the first position and the third

position.
25
13. A heater arrangement according to any of claims 1 to 12, wherein at least one
of:
at the first position, where the first wire is connected to the heater component,
the first wire is covered by a protective coating; and
30 at the second position, where the second wire is connected to the heater

component, the second wire is covered by a protective coating.



10

15

20

WO 2020/182752 PCT/EP2020/056244

33

14. A heater arrangement for an aerosol provision device, comprising:
a heater component arranged to heat aerosol generating material,
a first wire connected to the heater component at a first position;
wherein, at the first position, where the first wire is connected to the heater

component, the first wire is covered by a protective coating.

15. A heater arrangement according to claim 13 or 14, wherein the protective

coating comprises a metal or a metal alloy.

16. A heater arrangement according to claim 15, wherein the protective coating

comprises nickel.

17. A heater arrangement according to claim 13 or 14, wherein the protective

coating comprises a sealant.

18. An aerosol provision device, comprising:
a heater arrangement according to any of claims 1 to 17; and

an inductor coil for generating a varying magnetic field.

19.  An aerosol provision system, comprising:
an aerosol provision device according to claim 18; and

an article comprising aerosol generating material.



PCT/EP2020/056244

WO 2020/182752

100

1/11

-

.

o

i
o

.
L

N
N
o

.
i
i
0

.

o
.
.
.

.
.

.

o

o

.

.

.
L

i

o

.
N
N

0
o
.

,.4':‘"‘
i

o
0

i

e
.

i
L

0
o

o

-

i

.
i .
.
-



WO 2020/182752 PCT/EP2020/056244

2/11
134 \1: 100
104 i
1
1
106
128~ 112
124
130
132 120
130
118
. 122
126
130
114
116




WO 2020/182752 PCT/EP2020/056244

3/11

134 ! 100

1
1
104 i
1
1




PCT/EP2020/056244

WO 2020/182752

4/11

100

- -




PCT/EP2020/056244

WO 2020/182752

5/11

2
—

RN §vigt W

[Nl




WO 2020/182752 PCT/EP2020/056244

— 124 N\_202

132

206 N\

o 126 \_204




WO 2020/182752 PCT/EP2020/056244

7/11

210

214 212

Fig. 7



WO 2020/182752

PCT/EP2020/056244

8/11
132
—
222
220
b/
~J1__226

Fig. 8




WO 2020/182752 PCT/EP2020/056244

254~ T———— *

132
( —~ 250

232

256

240

___l &

236

238

246

z 258

252~

N
w
Y

Fig. 9



PCT/EP2020/056244

WO 2020/182752

10/11

132

232

238

st}

o

AR’ —

o

o
<

<
o~ N

<
m
(@]

Fig. 10



PCT/EP2020/056244

WO 2020/182752

11/11

132

232

st}

230

S )Qi:::mwi:::::muo

Vel

234~

Fig. 11



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/056244

A. CLASSIFICATION OF SUBJECT MATTER

INV. A24F40/20 A24F40/46
ADD.

A24F40/57

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

B. FIELDS SEARCHED

A24F A61M

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

26 June 2018 (2018-06-26)

figures 1-12

figures 1-22

16 April 2019 (2019-04-16)

figure 1

X,P CN 109 619 695 A (ALD GROUP LTD)

paragraph [0021] - paragraph [0031];

X CN 108 201 174 A (KIMREE TECH CO LTD) 1-7,

13-19

A paragraph [0032] - paragraph [0113]; 8-12

X US 2018/077967 Al (HATTON NICHOLAS JAY 1-7,
[US] ET AL) 22 March 2018 (2018-03-22) 13-1
A paragraph [0074] - paragraph [0170]; 8-12

1,2

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

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

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

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

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

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

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

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

"&" document member of the same patent family

Date of the actual completion of the international search

19 May 2020

Date of mailing of the international search report

02/06/2020

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Klintebdck, Daniel

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




International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2020/056244
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

o
[>]

As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ EP2020/ 056244

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-19
A heater arrangement
1.1. claims: 1-13(completely); 15-19(partially)

A heater arrangement for an aerosol provision device in
which the temperature is determined by measuring the
pqtentia] difference between the first wire and the second
wire.

1.2. claims: 14(completely); 15-19(partially)

A heater arrangement for an aerosol provision device wherein
the first wire connected to the heater arrangement is
covered by a protective coating.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2020/056244
Patent document Publication Patent family Publication

cited in search report date member(s) date

CN 108201174 A 26-06-2018  NONE

US 2018077967 Al 22-03-2018 AU 2017331279 Al 11-04-2019
BR 112019005662 A2 04-06-2019
CA 3037874 Al 29-03-2018
CL 2019000755 Al 21-06-2019
CN 109982734 A 05-07-2019
CO0 2019002653 A2 21-05-2019
EA 201990767 Al 30-09-2019
EP 3515539 Al 31-07-2019
GB 2568447 A 15-05-2019
JP 2019530447 A 24-10-2019
KR 20190055827 A 23-05-2019
PH 12019500640 Al 28-10-2019
TW 201815301 A 01-05-2018
US 2018077967 Al 22-03-2018
WO 2018057957 Al 29-03-2018

CN 109619695 A 16-04-2019  NONE

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




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report

