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(57) Abstract: An acrosol-generating device includes a susceptor arranged to be inserted into an acrosol-generating substrate, a coil
configured to heat the susceptor by induction heating, a magnetic force detector configured to detect a change in magnetic force of
the susceptor according to a temperature change, and a controller configured to calculate a temperature of the susceptor based on the
change of the magnetic force detected by the magnetic force detector. Accordingly, the acrosol-generating device accurately measures
the temperature of the susceptor in a non-contact manner.
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Description

Title of Invention: AEROSOL GENERATING DEVICE AND

AEROSOL GENERATING SYSTEM
Technical Field

The present disclosure relates to an aerosol-generating device and an aerosol-
generating system, and more particularly, to an aerosol-generating device capable of

measuring a temperature of a heater by a non-contact method.

Background Art

Recently, demand for alternative methods for overcoming the shortcomings of
general cigarettes is increasing. For example, there is growing demand for an aerosol-
generating device that generates aerosols by heating a cigarette or an aerosol-
generating material in a liquid storage, instead of combusting a cigarette.

In particular, methods have been proposed which are different from a method of
arranging a heater including an electric resistor inside or outside a cigarette ac-
commodated in an aerosol-generating device and heating the cigarette by supplying
power to the heater. In particular, methods of heating a cigarette by an induction
heating method have been actively researched.

According to an induction heating method, a temperature sensor may be directly
attached to the inside or outside of a susceptor, and thus, a temperature of the susceptor
may be measured. However, in this case, the temperature sensor is in contact with the
susceptor, and thus, the temperature sensor may be likely to be damaged because of the
heat. Also, the power efficiency of the contact temperature detecting method is lower

than that of a non-contact temperature detecting method.
Disclosure of Invention

Technical Problem

The existing non-contact temperature detection method using Curie temperature may
not be produce consistent results, because the performance of the temperature sensor
depends on physical properties of the susceptor. Also, since a temperature of the
susceptor is inferred from the ambient temperature of the susceptor, and the detection
of a temperature may be inaccurate and slow.

The technical problems of the present disclosure are not limited to the above-
described description, and other technical problems may be derived from the em-

bodiments to be described hereinafter.
Solution to Problem

According to an aspect of the present disclosure, an aerosol-generating device

includes a susceptor arranged to be inserted into an aerosol-generating substrate, a coil
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configured to heat the susceptor, a magnetic force detector configured to detect a
change in magnetic force of the susceptor according to a temperature change, and a
controller configured to calculate a temperature of the susceptor based on the change in

the magnetic force detected by the magnetic force detector.
According to another aspect of the present disclosure, an aerosol-generating device

includes a susceptor arranged to be inserted into an aerosol-generating substrate, a coil
unit comprising a first coil configured to heat the susceptor by induction heating, and a
second coil configured to induce magnetism to the susceptor, a magnetic force detector
configured to detect a change in magnetic force of the susceptor according to a tem-
perature change, and a controller configured to calculate a temperature of the susceptor
based on the change in the magnetic force detected by the magnetic force detector.

According to another aspect of the present disclosure, an aerosol-generating device
includes a susceptor arranged to be inserted into an aerosol-generating substrate, a coil
configured to heat the susceptor by induction heating and induce magnetism to the
susceptor, a magnetic force detector configured to detect a change in magnetic force of
the susceptor according to a temperature change, and a controller configured to
calculate a temperature of the susceptor based on the change in the magnetic force
detected by the magnetic force detector.

According to another aspect of the present disclosure, provided is an aerosol-
generating system including an aerosol-generating substrate and an aerosol-generating
device, the aerosol-generating substrate including a susceptor. The aerosol-generating
device is configured to heat the susceptor by induction heating, detect a change in
magnetic force of the susceptor according to a temperature change, and calculate a

temperature of the susceptor based on the change in the magnetic force.

Advantageous Effects of Invention

Since an aerosol-generating device of the present disclosure measures a temperature
of a susceptor in a non-contact manner, a temperature sensor may be much less likely
damaged than a temperature detecting method in a contact manner.

Also, since the aerosol-generating device measures the temperature of the susceptor
in the non-contact manner, power efficiency in the non-contact manner significantly
increases compared to that in a contact manner.

Also, the aerosol-generating device measures the temperature of the susceptor based
on a change in magnetic force of the susceptor, regardless of a Curie temperature of the
susceptor, the temperature may be measured accurately.

In addition, the aerosol-generating device measures the temperature of the susceptor
based on the change in the magnetic force of the susceptor, not based on an ambient

temperature of the susceptor. Thus, the temperature may be accurately measured.
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However, effects of the present disclosure are not limited to the above effects, and
effects that are not mentioned could be clearly understood by one of ordinary skill in
the art from the present specification and the attached drawings.

Brief Description of Drawings

FIGS. 1 and 2 are diagrams illustrating an aerosol-generating device using an
induction heating method.

FIGS. 3 and 4 illustrate examples of a cigarette.

FIGS. 5 and 6 illustrate examples of a cigarette inserted into an aerosol-generating
device.

FIGS. 7A to 7C are diagrams for explaining a method of winding coils.

FIG. 8 is a block diagram of an aerosol-generating device according to an em-
bodiment.

FIG. 9 illustrates a change in magnetic force according to temperature, according to
an embodiment.

FIG. 10 illustrates an output value of the magnetic force detector according to a
magnetic force of a susceptor.

FIG. 11 is a flowchart of an operating method of an aerosol-generating device,
according to an embodiment.

FIG. 12 is a diagram showing a control period of a coil, according to an embodiment.

FIG. 13 is a flowchart for explaining an operating method of an aerosol-generating
device, according to an embodiment.

FIG. 14 is a flowchart for explaining an operating method of an aerosol-generating

device, according to an embodiment.

Best Mode for Carrying out the Invention

According to an aspect of the present disclosure, an aerosol-generating device
includes a susceptor arranged to be inserted into an aerosol-generating substrate; a coil
configured to heat the susceptor by induction heating; a magnetic force detector
configured to detect a change in magnetic force of the susceptor according to a tem-
perature change; and a controller configured to calculate a temperature of the susceptor
based on the change in the magnetic force detected by the magnetic force detector.

The susceptor may include a permanent magnet material and protrude in an accom-
modation space in which the aerosol-generating substrate is accommodated.

The coil may surround an accommodation space in which the aerosol-generating
substrate is accommodated and may be wound to extend in a lengthwise direction of
the accommodation space.

According to another aspect of the present disclosure, an aerosol-generating device

includes a susceptor arranged to be inserted into an aerosol-generating substrate; a coil
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unit comprising a first coil configured to heat the susceptor by induction heating, and a
second coil configured to induce magnetism in the susceptor; a magnetic force detector
configured to detect a change in magnetic force of the susceptor according to a tem-
perature change; and a controller configured to calculate a temperature of the susceptor
based on the change in the magnetic force detected by the magnetic force detector.

The controller may be configured to control the first coil and the second coil in a
preset control period, and the preset control period may include a first section, in which
the susceptor is heated, and a second section, in which magnetism is induced in the
susceptor.

The controller may be configured to calculate a temperature of the susceptor based
on a change in a magnetic force of the susceptor detected by the magnetic force
detector in the second section.

The susceptor may protrude in the accommodation space in which the aerosol-
generating substrate is accommodated, and the first coil and the second coil may
surround the accommodation space.

The first coil and the second coil may be alternately wound in a lengthwise direction
of the accommodation space.

The first coil may be wound around a first area of the accommodation space, and the
second coil may be wound around a second area of the accommodation space which is
different from the first area.

According to another aspect of the present disclosure, an aerosol-generating device
includes a susceptor arranged to be inserted into an aerosol-generating substrate; a coil
configured to heat the susceptor by induction heating and induce magnetism in the
susceptor; a magnetic force detector configured to detect a change in magnetic force of
the susceptor according to a temperature change; and a controller configured to
calculate a temperature of the susceptor based on the change in the magnetic force
detected by the magnetic force detector.

The controller may be configured to control the coil in a preset control period, and
the preset control period may include a first section in which the susceptor is heated,
and a second section in which the magnetism is induced in the susceptor.

The controller may be configured to calculate the temperature of the susceptor based
on the change in the magnetic force detected by the magnetic force detector in the
second section.

The susceptor may protrude in the accommodation space in which the aerosol-
generating substrate is accommodated, and the coil may surround the accommodation
space.

According to another aspect of the present disclosure, provided is an aerosol-

generating system including an aerosol-generating substrate and an aerosol-generating
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device, the aerosol-generating substrate including a susceptor. The aerosol-generating
device is configured to heat the susceptor by induction heating, detect a change in
magnetic force of the susceptor according to a temperature change, and calculate a
temperature of the susceptor based on the change in the magnetic force.
Mode for the Invention

With respect to the terms used to describe the various embodiments, general terms
which are currently and widely used are selected in consideration of functions of
structural elements in the various embodiments of the present disclosure. However,
meanings of the terms can be changed according to intention, a judicial precedence, the
appearance of new technology, and the like. In addition, in certain cases, a term which
is not commonly used can be selected. In such a case, the meaning of the term will be
described in detail at the corresponding portion in the description of the present
disclosure. Therefore, the terms used in the various embodiments of the present
disclosure should be defined based on the meanings of the terms and the descriptions
provided herein.

In addition, unless explicitly described to the contrary, the word "comprise” and
variations such as "comprises” or "comprising" will be understood to imply the
inclusion of stated elements but not the exclusion of any other elements. In addition,

"o

the terms "-er," "-or,"” and "module" described in the specification mean units for
processing at least one function and/or operation and can be implemented by hardware
components or software components and combinations thereof.

"o

While such terms as "first,” "second," etc., may be used to describe various
components, such components must not be limited to the above terms. The above
terms are used only to distinguish one component from another.

As used herein, expressions such as "at least one of," when preceding a list of
elements, modify the entire list of elements and do not modify the individual elements
of the list. For example, the expression, "at least one of a, b, and ¢," should be un-
derstood as including only a, only b, only ¢, both a and b, both a and ¢, both b and c, or
all of a, b, and c.

It will be understood that when an element or layer is referred to as being "over,"
"above," "on," "connected to" or "coupled to" another element or layer, it can be
directly over, above, on, connected or coupled to the other element or layer or in-
tervening elements or layers may be present. In contrast, when an element is referred to
as being "directly over," "directly above," "directly on," "directly connected to" or
"directly coupled to" another element or layer, there are no intervening elements or
layers present. Like numerals refer to like elements throughout.

The term "aerosol generating substrate” may refer to any article that is designed for
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smoking by a person puffing on the aerosol generating substrate. The aerosol
generating substrate may include an aerosol generating material that generates aerosols
when heated even without combustion. For example, one or more aerosol generating
substrates may be loaded in an aerosol generating device and generate aerosols when
heated by the aerosol generating device. The shape, size, material, and structure of the
aerosol generating substrate may differ according to embodiments. Examples of the
aerosol generating substrate may include, but are not limited to, a cigarette-shaped
substrate and a cartridge. Hereinafter, the term "cigarette" (i.e., when used alone
without a modifier such as "general," "traditional,” or "combustive") may refer to an
aerosol generating substrate which has a shape and a size similar to those of a tra-
ditional combustive cigarette.

Hereinafter, the present disclosure will now be described more fully with reference to
the accompanying drawings, in which exemplary embodiments of the present
disclosure are shown such that one of ordinary skill in the art may easily work the
present disclosure. The disclosure can, however, be embodied in many different forms
and should not be construed as being limited to the embodiments set forth herein.

Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the drawings.

FIGS. 1 and 2 are diagrams illustrating an aerosol-generating device using an
induction heating method.

Referring to FIG. 1, the aerosol-generating device 100 may include a susceptor 110,
an accommodation space 120, a coil unit 130, a battery 140, and a controller 150.
According to an embodiment, the susceptor 110 may be included in a cigarette 200
(see FIGS. 3 and 4). In this case, the aerosol-generating device 100 may not include the
susceptor 110, as illustrated in FIG. 2.

The aerosol-generating device 100 of FIGS. 1 and 2 includes components par-
ticularly related to the present embodiment. Therefore, one of ordinary skill in the art
could understand that additional components other than the components of FIGS. 1 and
2 may be further included in the aerosol-generating device 100.

The aerosol-generating device 100 may generate aerosols by heating the cigarette
200 accommodated in the aerosol-generating device 100 by an induction heating
method. The induction heating method may indicate a method by which a magnetic
substance is heated by an external magnetic field. Specifically, a magnetic substance
may be heated by an alternating magnetic field that periodically changes its direction.

When an alternating magnetic field is applied to the magnetic substance, energy may
be lost in the magnetic substance because of eddy current loss and hysteresis loss, and
the lost energy may be emitted from the magnetic substance as heat energy. The

greater an amplitude or a frequency of an alternating magnetic field applied to the
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magnetic substance is, the more heat energy may be emitted from the magnetic
substance. The heat energy may be emitted from the magnetic field as the aerosol-
generating apparatus 100 applies the alternating magnetic field to the magnetic
substance, and the heat energy may be transferred to the cigarette 200.

The magnetic substance heated by the external magnetic field may be the susceptor
110. The susceptor 110 may be in the form of a piece, a flake, or a strip.

The susceptor 110 may include metal or carbon. The susceptor 110 may include at
least one of ferrite, ferromagnetic alloy, stainless steel, and aluminum (Al). Also, the
susceptor 110 may include at least one of ceramic such as graphite, molybdenum,
silicon carbide, niobium, nickel alloy, a metal film, or zirconia, a transition element
such as nickel (Ni) or cobalt (Co), and a metalloid such as boron (B) or phosphorus
(P).

The aerosol-generating device 100 may include the accommodation space 120 in
which the cigarette 200 is accommodated. The accommodation space 120 may include
an opening through which the cigarette 200 may be inserted into the accommodation
space 120 from the outside of the aerosol-generating device 100.

As illustrated in FIG. 1, the susceptor 110 may be arranged at an inner end portion of
the accommodation space 120. The susceptor 110 may be attached to a bottom surface
of the accommodation space 120. The cigarette 200 may be pressed down to the
bottom surface of the accommodation space 120 such that the susceptor 110 is inserted
into the cigarette 200.

Alternatively, as illustrated in FIG. 2, the aerosol-generating device 100 may not
include the susceptor 110. In this case, the susceptor 110 may be included in the
cigarette 200.

The aerosol-generating device 100 may apply the alternating magnetic field to the
susceptor 110 and may include the coil unit 130 that induces the magnetism in the
susceptor 110. The coil unit 130 may include at least one coil.

The coil may be a solenoid. In this case, the coil may be wound around the accom-
modation space 120, and the cigarette 200 may be accommodated in an internal space
of the solenoid. A material of a conducting wire forming the solenoid may include
copper (Cu). However, the material is not limited thereto. Any material may be used
that has low resistance allowing a high current to flow, such as silver (Ag), gold (Au),
aluminum (Al), tungsten (W), zinc (Zn), nickel (Ni), or an alloy including at least one
of the materials listed above.

The coil may be wound around the accommodation space 120 and may be positioned
at a location corresponding to the susceptor 110. The arrangements of the coils will be
described below with reference to FIGS. 7A to 7C.

The battery 140 may supply power to the coil unit 130. The battery 140 may be a
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lithium iron phosphate (LiFePO,) battery, but is not limited thereto. For example, the
battery may be a lithium cobalt oxide (LiCoQ,) battery, a lithium titanate battery, or
the like.

The controller 150 may control the power supplied to the coil unit 130. When the coil
unit 130 includes coils, the controller 150 may change an amplitude, a frequency, etc.,
of an alternating current supplied to the coils. Also, the controller 150 may change a
magnitude, etc., of the direct current supplied to the coils.

The controller 150 may control induction heating of the susceptor 110 by controlling
the amplitude, the frequency, etc., of the alternating current. Also, the controller 150
may induce the magnetism of the susceptor 110 by controlling a magnitude, etc. of a
direct current. The controller 150 may detect a change in the magnetism of the
susceptor 110 that is caused by the induction heating and may calculate a temperature
of the susceptor 110 according to a detection result. The induction heating method and
the temperature calculation method of the controller 150 will be described below with
reference to FIG. 8.

FIGS. 3 and 4 illustrate examples of a cigarette.

Referring to FIGS. 3 and 4, the cigarette 200 may include a tobacco rod 210 and a
filter rod 220. FIGS. 3 and 4 illustrate that the filter rod 220 includes a single segment,
but the filter rod 220 is not limited thereto. The filter rod 220 may include a plurality of
segments. For example, the filter rod 220 may include a first segment configured to
cool an aerosol and a second segment configured to filter a certain component included
in the aerosol. Also, the filter rod 220 may further include at least one segment
configured to perform other functions.

The cigarette 200 may be packaged by at least one wrapper 240. The wrapper 240
may have at least one hole through which external air may be introduced or internal air
may be discharged. For example, the cigarette 200 may be packaged by one wrapper
240. As another example, the cigarette 200 may be double-packaged by at least two
wrappers 240. For example, the tobacco rod 210 may be packaged by a first wrapper,
and the filter rod 220 may be packaged by a second wrapper. Also, the tobacco rod 210
and the filter rod 220, which are respectively packaged by separate wrappers, may be
coupled to each other, and the entire cigarette 200 may be packaged by a third
wrapper.

The tobacco rod 210 may include an aerosol-generating material. For example, the
aerosol-generating material may include at least one of glycerin, propylene glycol,
ethylene glycol, dipropylene glycol, diethylene glycol, triethylene glycol, tetracthylene
glycol, and oleyl alcohol, but it is not limited thereto. Also, the tobacco rod 210 may
include other additives, such as flavors, a wetting agent, and/or organic acid. Also, the

tobacco rod 210 may include a flavored liquid, such as menthol or a moisturizer, which
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is injected to the tobacco rod 210.

The tobacco rod 210 may be manufactured in various forms. For example, the
tobacco rod 210 may be formed as a sheet or a strand. Also, the tobacco rod 210 may
be formed as pipe tobacco, which is formed of tiny bits cut from a tobacco sheet.

According to an embodiment, the cigarette 220 may further include the susceptor
110. In this case, as illustrated in FIG. 4, the susceptor 110 may be arranged on the
tobacco rod 210. The susceptor 110 may extend towards the filter rod 220 from an end
portion of the tobacco rod 210.

The tobacco rod 210 may be surrounded by a heat conductive material. For example,
the heat-conducting material may be, but is not limited to, a metal foil such as an
aluminum foil. For example, the heat conductive material surrounding the tobacco rod
210 may uniformly distribute heat transmitted to the tobacco rod 210, and thus, the
heat conductivity applied to the tobacco rod may be increased and a flavor of the
aerosol generated from the tobacco rod 210 may be improved.

The filter rod 220 may include a cellulose acetate filter. Shapes of the filter rod 220
may vary. For example, the filter rod 220 may include a cylinder-type rod or a tube-
type rod having a hollow inside. Also, the filter rod 220 may include a recess-type rod
including a cavity inside. When the filter rod 220 includes a plurality of segments, the
plurality of segments may have different shapes.

The filter rod 220 may be formed to generate flavors therefrom. For example, a
flavoring liquid may be injected onto the filter rod 220, or an additional fiber coated
with a flavoring liquid may be inserted into the filter rod 220.

Also, the filter rod 220 may include at least one capsule 230. The capsule 230 may
generate a flavor or an aerosol. For example, the capsule 230 may have a configuration
in which a liquid containing a flavoring material is wrapped with a film. For example,
the capsule 230 may have a spherical or cylindrical shape, but is not limited thereto.

When the filter rod 220 includes a segment configured to cool the aerosol, the
cooling segment may include a polymer material or a biodegradable polymer material.
For example, the cooling segment may include pure polylactic acid alone. In some em-
bodiments, the cooling segment may include a cellulose acetate filter having a plurality
of holes. However, the cooling segment is not limited thereto and may include a con-
figuration, in which an aerosol is cooled, and an aerosol cooling material.

FIGS. 5 and 6 illustrate examples of a cigarette inserted into an aerosol-generating
device.

In more detail, FIG. 5 illustrates an example of the cigarette 200 inserted into the
aerosol-generating device 100 when the susceptor 110 is arranged in the aerosol-
generating device 100, and FIG. 6 illustrates an example of the cigarette 200 inserted

into the aerosol-generating device 100 when the susceptor 110 is arranged in the
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cigarette 200.

Referring to FIG. 5, the cigarette 200 may be pressed into the accommodation space
120 in a lengthwise direction of the cigarette 200. As a result, the susceptor 110 may
be inserted into the cigarette 220 accommodated in the aerosol-generating device 100.
As the susceptor 110 is inserted into the cigarette 200, the tobacco rod 210 may contact
the susceptor 110. The susceptor 110 may extend in a lengthwise direction of the
aerosol-generating device 100 such that the susceptor 110 can be easily inserted into
the cigarette 200.

The susceptor 110 may be at the center of the accommodation space 120 to be
inserted into a central portion of the cigarette 200. FIG. 5 illustrates a single susceptor
110, but the number of susceptors is not limited thereto. In other words, the aerosol-
generating device 100 may include multiple susceptors 110 that extend in the
lengthwise direction of the aerosol-generating device 100 to be inserted into the
cigarette 200 and are arranged in parallel with each other.

The coil unit 130 may include at least one coil, and the coil may be wound around
the accommodation space 120 and extend in the lengthwise direction of the accom-
modation space 120. The length of the coil in the lengthwise direction of the accom-
modation space 120 may correspond to a length of the susceptor 110 such that the coil
may be positioned at a location corresponding to the susceptor 110.

Referring to FIG. 6, the cigarette 200 may be inserted in the accommodation space
120 in a lengthwise direction of the cigarette 200. As the cigarette 200 is ac-
commodated in the accommodation space 120, the susceptor 110 may be surrounded
by the coil unit 130.

The susceptor 110 may be at the center of the tobacco rod 210 for uniform heat
transmission. FIG. 6 illustrates a single susceptor 110, but the number of susceptors is
not limited thereto. In other words, the aerosol-generating device 100 may include a
plurality of susceptors 110 included in the cigarette 200.

The coil unit 130 may include at least one coil, and the coil may be wound around
the accommodation space 120 and extend in the lengthwise direction of the accom-
modation space 120. The length of the coil in the lengthwise direction of the accom-
modation space 120 may correspond to the length of the susceptor 110 such that their
positions correspond to each other.

FIGS. 7A to 7C illustrate a winding method of a coil according to different em-
bodiments.

In more detail, FIG. 7A illustrates a method of winding a coil when the coil unit 130
includes only one coil, and FIGS. 7B and 7C illustrate methods of winding coils when
the coil unit 130 includes coils.

In FIGS. 7A to 7C, an inner side surface of the accommodation space 120 indicates
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an area contacting an area where the cigarette 200 is inserted, and an outer side surface
of the accommodation space 120 indicates a portion opposite to the inner side surface.
Also, the lengthwise direction of the aerosol-generating device 100 may be a direction
perpendicular to an end face of an accommodation space 120 where the cigarette 200 is
inserted.

In FIG. 7A, the coil unit 130 may include a first coil 131. The first coil 131 may
surround the accommodation space 120 such that a length of the first coil 131 in the
lengthwise direction of the aerosol-generating device 100 corresponds to a length of
the susceptor 110. As illustrated in FIG. 7A, when the aerosol-generating device 100
includes a single coil 131 that heats the susceptor 110 and also measures a temperature
of the susceptor 110, the manufacturing process may be simplified.

FIG. 7B illustrates that the coil unit 130 includes a first coil 131 and a second coil
132. The first coil 131 and the second coil 132 may alternately wound around the ac-
commodation space 120 in the lengthwise direction of the aerosol-generating device
100.

As with FIG. 7B, FIG. 7C illustrates that the coil unit 130 includes the first coil 131
and the second coil 132 which are wound around the accommodation space 120. The
first coil 131 may be wound in a first area 710, and the second coil 132 may be wound
in a second area 720 that is different from the first area 710.

As illustrated in FIGS. 7B and 7C, when the aerosol-generating device 100 includes
a plurality of coils 132 and 132, the aerosol-generating device 100 may heat the
susceptor 110 through the first coil 131 and may induce the magnetism of the susceptor
110 through the second coil 132. Accordingly, it may improve controllability of the
aerosol-generating device 100.

A magnetic force detector 180 may be arranged under the susceptor 110 so that the
impact of the magnetic force detector 180 on the induction heating of the first coil 131
is minimized.

FIG. 8 is a block diagram of an aerosol-generating device according to an em-
bodiment.

Referring to FIG. 8, the aerosol-generating device 100 may include the battery 140, a
power converter 160, the coil unit 130, a magnetic force detector 180, a memory 170,
and a controller 150. The coil unit 130, the battery 140, and the controller 150 of FIG.
8 may respectively correspond to the coil unit 130, the battery 140, and the controller
150 of FIGS. 1 and 2. Also, although not illustrated in FIG. 8, the susceptor 110 may
be included in the aerosol-generating device 100.

The battery 140 may supply power to internal components of the aerosol-generating
device 100. The battery 140 may supply direct current power. The power converter

160 may covert the direct current power supplied from the battery 140 into alternating
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current power and transmit the alternating current power to the coil unit 130. Alter-
natively, the power converter 160 may convert only a magnitude of the direct current
power and transmit the direct current power to the coil unit 130.

The coil unit 130 may include at least one coil. In an embodiment, the coil unit 130
may include the first coil 131. In another embodiment, the coil unit 130 may include
the first coil 131 and the second coil 132.

The controller 150 may control the power supplied to the coil unit 130. In an em-
bodiment, the controller 150 may heat the susceptor 110 by controlling the alternating
current power supplied to the first coil 131. In another embodiment, the controller 150
may heat the susceptor 110 by controlling the alternating current power supplied to the
first coil 131 and may induce the magnetism in the susceptor 110 by controlling the
direct current power supplied to the first coil 131. In another embodiment, the
controller 150 may heat the susceptor 110 by controlling the alternating current power
supplied to the first coil 131 and may induce the magnetism in the susceptor 110 by
controlling the direct current power supplied to the second coil 132.

An example in which the controller 150 heats the susceptor 110 through the first coil
131 will be described below with reference to FIG. 11, and an example in which the
controller 150 heats the susceptor 110 and induces the magnetism in the susceptor 110
through the first coil 131 will be described below with reference to FIGS. 12 and 13.
An example in which the controller 150 heats the susceptor 110 through the first coil
131 and induces the magnetism in the susceptor 110 through the second coil 132 will
be described below with reference to FIGS. 12 and 14.

The magnetic force detector 180 may detect a change in magnetic force of the
susceptor 110. To this end, the magnetic force detector 180 may include at least one
hall sensor. The controller 150 may calculate a temperature of the susceptor 110,
according to the change in the magnetic force detected by the magnetic force detector
180.

For example, the memory 170 may store a look-up table in which the magnetic force
or a change in the magnetic force of the susceptor 110 is associated with the corre-
sponding temperature thereof, and the controller 150 may calculate the temperature of
the susceptor 110 based on the look-up table stored in the memory 170.

An internal structure of the aerosol-generating device 100 is not limited to the 1il-
lustration of FIG. 8. One of ordinary skill in the art could understand that some of
hardware components of FIG. 8§ may be omitted, or new components may be added,
according to a design of the aerosol-generating device 100.

FIG. 9 illustrates a change in magnetic force of the susceptor according to a tem-
perature, and FIG. 10 illustrates an operating method of a magnetic force detector.

FIG. 9 illustrates a graph 910 showing the change in the magnetic force of the
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susceptor 110 according to the temperature. In FIG. 9, the x axis indicates a tem-
perature, and the y axis indicates a magnetic force.

As illustrated in FIG. 9, as the temperature of the susceptor 110 increases, the
magnetic force decreases. The memory 170 may store the graph 910 showing the
change in the magnetic force according to the temperature. For example, the memory
170 may store the graph 910 showing the change in the magnetic force in the form of a
look-up table.

The magnetic force detector 180 may detect the change in the magnetic force of the
susceptor 110. The magnetic force detector 180 may output an output value corre-
sponding to a magnetic force value of the susceptor 110.

FIG. 10 illustrates a graph 1010 showing a relationship between a magnetic force of
the susceptor and an output value of the magnetic force detector. In FIG. 10, the x axis
indicates magnetic force, and the y axis indicates a voltage.

FIG. 10 illustrates that the output value of the magnetic force detector 180 is rep-
resented by voltage, but embodiments are not limited thereto. For example, the output
value of the magnetic force detector 180 may be represented by a current, a frequency,
or the like.

As illustrated in FIG. 10, as a magnetic force value of the susceptor 110 increases,
the output value of the magnetic force detector 180 increases as well. The memory 170
may store data represented by the graph 1010. For example, the memory 170 may store
data represented by the graph 1010 in the form of a look-up table.

The controller 150 may receive the output value of the magnetic force detector 180.
The controller 150 may obtain the magnetic force value corresponding to the output
value, based on the look-up table stored in the memory 170. Also, the controller 150
may obtain temperature information of the susceptor 110 that corresponds to the
magnetic force value, based on the look-up table.

FIG. 11 is a flowchart of an operating method of an aerosol-generating device,
according to an embodiment.

In more detail, FIG. 11 is a flowchart for explaining a method of detecting the tem-
perature of the susceptor 110 according to the change in the magnetic force of the
susceptor 110 when the susceptor 110 includes a permanent magnet. Referring to FIG.
11, the susceptor 110 includes the permanent magnet, and thus, there is no need to
induce the magnetism in the susceptor 110. In other words, the first coil 131 is only
used to heat the susceptor 110. Therefore, for convenience of explanation, the first coil
131 will be referred to as a coil 131.

Referring to FIG. 11, in operation S1110, the controller 150 may heat the susceptor
110 by induction heating. The susceptor 110 may be included in an aerosol-generating

substrate and/or the aerosol-generating device 100. The aerosol-generating substrate
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may be the cigarette 200 of FIGS. 3 and 4. For example, the susceptor 110 may be
formed of a permanent magnet material.

The controller 150 may control an alternating current supplied to the coil 131. When
the alternating current is supplied to the coil 131, a direction of a magnetic field
formed inside the coil 131 may periodically change. When the susceptor 110 is
exposed to an alternating magnetic field formed by the coil 131, the susceptor 110 may
be heated by induction heating.

The controller 150 may control the temperature of the susceptor 110 by adjusting an
amplitude, a frequency, etc., of the alternating current supplied to the coil 131
according to a preset temperature profile.

In operation S1120, the magnetic force detector 180 may detect the change in the
magnetic force according to the temperature of the susceptor 110.

In an embodiment, the magnetic force detector 180 may convert the magnetic force
value corresponding to a temperature value of the susceptor 110 into a voltage and may
output the voltage.

In operation S1130, the controller 150 may calculate the temperature of the susceptor
110, based on the change in the magnetic force.

For example, the controller 150 may obtain, from the look-up table stored in the
memory 170, the temperature of the susceptor 110 that corresponds to the output value
output from the magnetic force detector 180. As another example, the controller 150
may obtain a difference between a first magnetic force value of the susceptor 110
detected at a first time point and a second magnetic force value at a second time point.
Then, the controller 150 may obtain the temperature of the susceptor 110 that cor-
responds to the difference between the first and second magnetic force values from the
look-up table stored in the memory 170.

In FIG. 11, because the susceptor 110 is formed of the permanent magnet material,
the susceptor 110 has its own magnetism. Therefore, there is no need for the controller
150 of FIG. 11 to induce the magnetism to the susceptor 110. Accordingly, design and
control of the aerosol-generating device 100 may be simplified.

On the other hand, when the susceptor 110 is limited to the permanent magnet, there
could be some limitations on the design of the susceptor 110 because of electrical or
mechanical properties of the permanent magnet. According to an embodiment where
the susceptor 110 is not a permanent magnet, the aerosol-generating device 100 may
induce the magnetism to the susceptor 110, and the temperature of the susceptor 110
may be measured based on the induced magnetism.

Hereinafter, a method of measuring the temperature of the susceptor 110 when the
susceptor 110 is not the permanent magnet will be described.

FIG. 12 is a diagram showing a control period of a coil according to an embodiment.
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In FIG. 12, the controller 150 may control the coil unit 130 based on a preset control
period. Each control period may include a first section, in which the susceptor 110 is
heated, and a second section, in which the magnetism is induced in the susceptor 110.
The controller 150 may heat the susceptor 110 in the first section and calculate the
temperature of the susceptor 110 in the second section.

The controller 150 may heat the susceptor 110 and induce the magnetism in the
susceptor 110 by using the first coil 131. Alternatively, the controller 150 may heat the
susceptor 110 by using the first coil 131 and may induce the magnetism in the
susceptor 110 by using the second coil 132. A method of measuring the temperature of
the susceptor 110 by using the same coil 131 will be described below with reference to
FIG. 13, and a method of measuring the temperature of the susceptor 110 by using the
first coil 131 and the second coil 132 will be described with reference to FIG. 14.

FIG. 13 is a flowchart for explaining an operating method of an aerosol-generating
device, according to an embodiment.

In more detail, FIG. 13 is a flowchart for explaining a method of measuring the tem-
perature of the susceptor 110 by using the first coil 131 only. Referring to FIG. 13, the
temperature of the susceptor 110 is measured by using the first coil 131 only, and thus,
the second coil 132 is not required. Therefore, in FIG. 13, the first coil 131 will be
referred to as the coil 131.

Referring to FIG. 13, in operation S1310, the controller 150 may heat the susceptor
110 by using the coil 131 in the first section. A method of heating the susceptor 110 by
using the coil 131 in the first section may be identical to that of FIG. 11. In other
words, the controller 150 may control the alternating current supplied to the coil 131 in
the first section. When the alternating current is supplied to the coil 131, a direction of
the magnetic field formed inside the coil 131 may periodically change. When the
susceptor 110 is exposed to the alternating magnetic field formed by the coil 131, the
susceptor 110 may be heated by eddy currents induced in the susceptor 110. According
to embodiments, the susceptor 110 may be arranged in the aerosol-generating substrate
and/or the aerosol-generating device 100.

The controller 150 may change the amplitude, the frequency, or the like of the al-
ternating current supplied to the coil 131 according to a preset temperature profile,
thereby controlling the temperature of the susceptor 110.

In operation S1320, the controller 150 may induce the magnetism in the susceptor
110 by using the coil 131 in the second section.

The controller 150 may control the direct current supplied to the coil 131 in the
second section. When the direct current is supplied to the coil 131, a magnetic field
may be formed outside the coil 131. When the susceptor 110 is exposed to the

magnetic field, a magnetic moment reacts inside the susceptor 110, and thus, the
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susceptor 110 may be magnetized.

In operation S1330, the magnetic force detector 180 may detect a change in magnetic
force according to a temperature change of the susceptor 110 in the second section.

A method of detecting the magnetic force of the susceptor 110 in the second section
may be identical to that of FIG. 11. In other words, the magnetic force detector 180
may convert the magnetic force value corresponding to the temperature value of the
susceptor 110 into the voltage and may output the voltage.

The first section may be longer than the second section. In this case, the temperature
change of the susceptor 110 may be minimized and the temperature of the susceptor
110 may be measured accurately.

In operation S1340, the controller 150 may calculate the temperature of the susceptor
110 based on the change in the magnetic force.

A method of calculating the temperature of the controller 150 in the second section
may be identical to that of FIG. 11. In other words, the controller 150 may obtain the
temperature of the susceptor 110 that corresponds to the output value output by the
magnetic force detector 180 from the look-up table stored in the memory 170. As
another example, the controller 150 may obtain a difference between a first magnetic
force value of the susceptor 110 detected at a first point in time and a second magnetic
force value detected at a second point in time. Also, the controller 150 may obtain,
from the look-up table stored in the memory 170, the temperature of the susceptor 110
that corresponds to the difference between the first and second magnetic force values.

FIG. 14 is a flowchart for explaining an operating method of an aerosol-generating
device, according to an embodiment.

In more detail, FIG. 14 is a flowchart for explaining the method of measuring the
temperature of the susceptor 110 through the first coil 131 and the second coil 132.

Referring to FIG. 14, in operation S1410, the controller 150 may heat the susceptor
110 through the first coil 131 in the first section. A method of heating the susceptor
110 through the first coil 131 in the first section may be identical to that of FIG. 11. In
other words, the controller 150 may control the alternating current supplied to the first
coil 131 in the first section. When the alternating current is supplied to the first coil
131, the direction of the magnetic field formed inside the first coil 131 may peri-
odically change. When the susceptor 110 is exposed to the alternating magnetic field
formed by the first coil 131, the susceptor 110 may be heated by eddy currents induced
in the susceptor 110. According to embodiments, the susceptor 110 may be arranged in
the aerosol-generating substrate and/or the aerosol-generating device 100.

The controller 150 may vary an amplitude, a frequency, etc., of the alternating
current supplied to the first coil 131 according to a preset temperature profile, and thus,

the temperature of the susceptor 110 may be controlled.
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In operation S1420, the controller 150 may induce the magnetism in the susceptor
110 through the second coil 132 in the second section.

The controller 150 may control the direct current supplied to the second coil 132 in
the second section. In the second section, the controller 150 may not supply the power
to the first coil 131. When the direct current is supplied to the second coil 132, a
magnetic field may be generated outside the second coil 132. When the susceptor 110
is exposed to the magnetic field, a magnetic moment reacts in the susceptor 110, and
thus, the susceptor 110 may be magnetized.

In operation S1430, the magnetic force detector 180 may detect the change in the
magnetic force of the susceptor 110 according to the temperature change thereof in the
second section.

A method of detecting the magnetic force of the susceptor 110 in the second section
may be identical to that of FIG. 11. In other words, the magnetic force detector 180
may convert the magnetic force value, which corresponds to the temperature value of
the susceptor 110, into the voltage and may output the voltage.

The first section may be longer than that of the second section. In this case, the tem-
perature change of the susceptor 110 may be minimized and the temperature of the
susceptor 110 may be measured accurately.

In operation S1440, the controller 150 may calculate the temperature of the susceptor
110 based on the change in the magnetic force.

A method of calculating the temperature of the controller 150 in the second section
may be identical to that of FIG. 11. In other words, the controller 150 may obtain, from
the look-up table stored in the memory 170, the temperature of the susceptor 110 that
corresponds to the output value output by the magnetic force detector 180. As another
example, the controller 150 may obtain the difference between the first magnetic force
value of the susceptor 110 detected at the first point in time and the second magnetic
force value detected at the second point in time. Also, the controller 150 may obtain
the temperature of the susceptor 110 that corresponds to the magnetic force value, from
the look-up table stored in the memory 170.

At least one of the components, elements, modules or units (collectively
"components" in this paragraph) represented by a block in the drawings, such as the
controller 150, may be embodied as various numbers of hardware, software and/or
firmware structures that execute respective functions described above, according to an
exemplary embodiment. For example, at least one of these components may use a
direct circuit structure, such as a memory, a processor, a logic circuit, a look-up table,
etc. that may execute the respective functions through controls of one or more micro-
processors or other control apparatuses. Also, at least one of these components may be

specifically embodied by a module, a program, or a part of code, which contains one or
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more executable instructions for performing specified logic functions, and executed by
one or more microprocessors or other control apparatuses. Further, at least one of these
components may include or may be implemented by a processor such as a central
processing unit (CPU) that performs the respective functions, a microprocessor, or the
like. Two or more of these components may be combined into one single component
which performs all operations or functions of the combined two or more components.
Also, at least part of functions of at least one of these components may be performed
by another of these components. Further, although a bus is not illustrated in the above
block diagrams, communication between the components may be performed through
the bus. Functional aspects of the above exemplary embodiments may be implemented
in algorithms that execute on one or more processors. Furthermore, the components
represented by a block or processing steps may employ any number of related art
techniques for electronics configuration, signal processing and/or control, data
processing and the like.

Those of ordinary skill in the art pertaining to the present embodiments can un-
derstand that various changes in form and details can be made therein without
departing from the scope of the characteristics described above. The disclosed methods
should be considered in a descriptive sense only and not for purposes of limitation. The
scope of the present disclosure is defined by the appended claims rather than by the
foregoing description, and all differences within the scope of equivalents thereof

should be construed as being included in the present disclosure.
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Claims

An aerosol-generating device comprising:

a susceptor arranged to be inserted into an aerosol-generating substrate;
a coil configured to heat the susceptor by induction heating;

a magnetic force detector configured to detect a change in magnetic
force of the susceptor according to a temperature change; and

a controller configured to calculate a temperature of the susceptor
based on the change in the magnetic force detected by the magnetic
force detector.

The aerosol-generating device of claim 1, wherein the susceptor
comprises a permanent magnet material and protrudes in an accom-
modation space in which the aerosol-generating substrate is ac-
commodated.

The aerosol-generating device of claim 1, wherein the coil surrounds an
accommodation space for accommodating the aerosol-generating
substrate, and is wound to extend in a lengthwise direction of the ac-
commodation space.

An aerosol-generating device comprising:

a susceptor arranged to be inserted into an aerosol-generating substrate;
a coil unit comprising a first coil configured to heat the susceptor by
induction heating, and a second coil configured to induce magnetism in
the susceptor;

a magnetic force detector configured to detect a change in magnetic
force of the susceptor according to a temperature change; and

a controller configured to calculate a temperature of the susceptor
based on the change in the magnetic force detected by the magnetic
force detector.

The aerosol-generating device of claim 4, wherein

the controller is configured to control the first coil and the second coil
in a preset control period, and

the preset control period comprises a first section in which the
susceptor is heated, and a second section in which the magnetism is
induced in the susceptor.

The aerosol-generating device of claim 5, wherein the controller is
configured to calculate the temperature of the susceptor based on the
change in magnetic force of the susceptor detected by the magnetic

force detector in the second section.
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The aerosol-generating device of claim 4, wherein

the susceptor protrudes in an accommodation space for accommodating
the aerosol-generating substrate, and

the first coil and the second coil surround the accommodation space.
The aerosol-generating device of claim 7, wherein the first coil and the
second coil are alternately wound in a lengthwise direction of the ac-
commodation space.

The aerosol-generating device of claim 7, wherein the first coil is
wound around a first area of the accommodation space, and the second
coil is wound around a second area of the accommodation space which
is different from the first area.

An aerosol-generating device comprising:

a susceptor arranged to be inserted into an aerosol-generating substrate;
a coil configured to heat the susceptor by induction heating and induce
magnetism in the susceptor;

a magnetic force detector configured to detect a change in magnetic
force of the susceptor according to a temperature change; and

a controller configured to calculate a temperature of the susceptor
based on the change in the magnetic force detected by the magnetic
force detector.

The aerosol-generating device of claim 10, wherein

the controller is configured to control the coil in a preset control period,
and

the preset control period comprises a first section in which the
susceptor is heated, and a second section in which the magnetism is
induced in the susceptor.

The aerosol-generating device of claim 11, wherein the controller is
configured to calculate the temperature of the susceptor based on the
change in the magnetic force detected by the magnetic force detector in
the second section.

The aerosol-generating device of claim 10, wherein

the susceptor protrudes in an accommodation space for accommodating
the aerosol-generating substrate, and

the coil surrounds the accommodation space.

An aerosol-generating system comprising:

an aerosol-generating substrate comprising a susceptor; and

an aerosol-generating device configured to:

heat the susceptor by induction heating,
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detect a change in magnetic force of the susceptor according to a tem-
perature change, and
calculate a temperature of the susceptor based on the change in the

magnetic force.
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