
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
11

8 
98

8
A

1
*EP004118988A1*

(11) EP 4 118 988 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
18.01.2023 Bulletin 2023/03

(21) Application number: 22193134.8

(22) Date of filing: 22.06.2018

(51) International Patent Classification (IPC):
A24F 40/53 (2020.01) A24F 40/10 (2020.01)

A24F 40/51 (2020.01)

(52) Cooperative Patent Classification (CPC): 
A24F 40/53; A24F 40/10; A24F 40/51 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
18923708.4 / 3 811 803

(71) Applicant: Japan Tobacco Inc.
Tokyo 105-6927 (JP)

(72) Inventors:  
• YAMADA, Manabu

Tokyo, 130-8603 (JP)
• AKAO, Takeshi

Tokyo, 130-8603 (JP)

• MIZUGUCHI, Kazuma
Tokyo, 130-8603 (JP)

• TSUJI, Masayuki
Tokyo, 130-8603 (JP)

• FUJITA, Hajime
Tokyo, 130-8603 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)

Remarks: 
This application was filed on 31-08-2022 as a 
divisional application to the application mentioned 
under INID code 62.

(54) AEROSOL GENERATION DEVICE, AND METHOD AND PROGRAM FOR OPERATING SAME

(57) It is provided an aerosol generation device
(100), comprising a storage unit (116A) that stores an
aerosol source or an aerosol base material that retains
the aerosol source; a load (132) that generates heat upon
receipt of power supply from a power source and atom-
izes the aerosol source, characterized in that physical
properties of the load (132) change when the load (132)
is heated at a temperature achievable only when deple-
tion of the aerosol source in the storage unit (116A) or
the aerosol base material occurs, and a value related to
the physical properties of the load (132) in a steady state
when the load (132) is cooled after the temperature of

the load (132) increases up to a temperature achievable
only when depletion of the aerosol source occurs is dif-
ferent from a value related to the physical properties of
the load (132) in a steady state before the temperature
of the load (132) increases; a sensor (112) that outputs
a value related to the physical properties of the load (132);
and a control unit (106) configured to determine whether
the depletion has occurred, based on the output value of
the sensor (112) in a steady state after a temperature of
the load (132) increases up to a temperature or higher,
the temperature allowing the aerosol source to be atom-
ized.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an aerosol
generation device that generates aerosol to be inhaled
by a user, and a method and a program for operating the
same.

BACKGROUND ART

[0002] In an aerosol generation device such as a gen-
eral electronic cigarette, a heated cigarette, or nebulizer,
the aerosol generation device being configured to gen-
erate aerosol to be inhaled by a user, if the user performs
inhalation when an aerosol source to be atomized to gen-
erate the aerosol is insufficient in quantity, a sufficient
quantity of aerosol cannot be supplied to the user. In
addition, in the case of the electronic cigarette or the heat-
ed cigarette, there may be a problem in that the aerosol
having an unintended inhaling flavor may be released.
[0003] As a solution to this problem, PTL 1 discloses
a technique for detecting depletion of an aerosol source
based on a time period required when a temperature of
a heater decreases from a certain temperature to another
temperature by cooling of the heater. PTLs 2 to 5 also
disclose various techniques that solve the above-de-
scribed problem or may contribute to solve the above-
described problem.
[0004] These techniques are in the process of devel-
opment. There is a need for a technique that makes it
possible to observe a cooling process of a heater of an
aerosol generation device at a low cost and with high
accuracy, a technique that makes it possible to detect
insufficiency and depletion of an aerosol source in the
aerosol generation device at a low cost and with high
accuracy, and the other techniques. Note that the cooling
process of the heater is affected according to a state of
the aerosol generation device. Accordingly, since the
state of the aerosol generation device can be known by
observing the cooling process of the heater, there is fur-
ther need for a technique that makes it possible to ob-
serve the cooling process of the heater of the aerosol
generation device at a low cost and with high accuracy.

CITATION LIST

PATENT LITERATURE

[0005]

PTL 1: International Publication No. WO
2017/185355
PTL 2: International Publication No. WO
2017/185356
PTL 3: International Publication No. WO
2017/024477
PTL 4: International Publication No. WO

2017/144191
PTL 5: International Publication No. WO
2017/084818

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] The present disclosure has been devised in
view of the point described above.
[0007] A first problem to be solved by the present dis-
closure is to provide an aerosol generation device capa-
ble of observing a cooling process of a heater at a low
cost and with high accuracy, and further capable of de-
tecting insufficiency or depletion of an aerosol source at
a low cost and with high accuracy, and a method and a
program for operating the same.
[0008] A second problem to be solved by the present
disclosure is to provide an aerosol generation device ca-
pable of detecting insufficiency or depletion of an aerosol
source at a low cost and with high accuracy, and a method
and a program for operating the same.
[0009] A third problem to be solved by the present dis-
closure is to provide an aerosol generation device capa-
ble of detecting insufficiency or depletion of an aerosol
source at a low cost and with high accuracy, and a method
and a program for operating the same.

SOLUTION TO PROBLEM

[0010] In order to solve the first problem described
above, according to a first embodiment of the present
disclosure, there is provided an aerosol generation de-
vice comprising a storage unit that stores an aerosol
source or an aerosol base material that retains the aer-
osol source, a load that generates heat upon receipt of
power supply from a power source and atomizes the aer-
osol source, and in which a value of an electric resistance
changes in response to a temperature, a sensor that de-
tects the value of the electric resistance of the load or an
electric value related to the electric resistance, and a con-
trol unit configured to monitor a cooling process of the
load after a temperature of the load increases up to a
temperature or higher, the temperature allowing the aer-
osol source to be atomized, based on a time-series
change in a value detected by the sensor, in a manner
that retains a correlation between the time-series change
in the value detected by the sensor and a decrease in
the temperature of the load.
[0011] In an embodiment, the control unit is configured
to control the power supply from the power source to the
load based on a request for aerosol generation. At least
one of a time period from an end of the power supply to
a start of monitoring of the cooling process and a cycle
in which the sensor detects the value of the electric re-
sistance or the electric value related to the electric resist-
ance is larger than a minimum value achievable by the
control unit.
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[0012] In an embodiment, the control unit is configured
to determine, based on the cooling process, whether de-
pletion of the aerosol source in the storage unit or the
aerosol base material has occurred.
[0013] In an embodiment, the control unit is configured
to provide a dead zone in which the cooling process is
not monitored or determination, based on the monitored
cooling process, as to whether the depletion has oc-
curred is not made, when or immediately after the cooling
process starts.
[0014] In an embodiment, the control unit is configured
to control the power supply from the power source to the
load, based on a request for aerosol generation. The
dead zone is provided until a current value of at least one
of a residual current and a surge current that are gener-
ated at the end of the power supply becomes equal to or
smaller than a threshold.
[0015] In an embodiment, a time period of the dead
zone is shorter than a time period until the cooling proc-
ess is completed in a state in which the depletion of the
aerosol source does not occur.
[0016] In an embodiment, the control unit is configured
to control the power supply from the power source to the
load based on a request for aerosol generation, and
cause the sensor to detect the value related to the electric
resistance value during monitoring of the cooling process
in a cycle longer than a time period required until a current
value of at least one of a residual current and a surge
current that are generated at the end of the power supply
becomes equal to or smaller than a threshold.
[0017] In an embodiment, the control unit is configured
to shorten in a stepped manner the cycle in which the
value of the electric resistance or the electric value relat-
ed to the electric resistance is detected by the sensor
during monitoring of the cooling process.
[0018] In an embodiment, the control unit is configured
to shorten the cycle in which the value of the electric
resistance or the electric value related to the electric re-
sistance is detected by the sensor during monitoring of
the cooling process, as the temperature of the load cor-
responding to the value detected by the sensor is low.
[0019] In an embodiment, the control unit is configured
to correct the value detected by the sensor when or im-
mediately after the cooling process starts by smoothing
the time-series change in the value detected by the sen-
sor, and monitor the cooling process based on the cor-
rected value.
[0020] In an embodiment, the control unit is configured
to correct the value detected by the sensor using at least
one of an average process and a low-pass filter.
[0021] In an embodiment, the control unit is configured
to determine whether the depletion of the aerosol source
has occurred, based on the cooling process until the val-
ue detected by the sensor reaches a steady state.
[0022] In an embodiment, the control unit is configured
to control the power supply from the powersource to the
load based on a request for aerosol generation, and de-
termine whether the value detected by the sensor has

reached the steady state, based on a comparison be-
tween the value detected by the sensor before the power
supply is performed and a value detected by the sensor
in the cooling process.
[0023] In an embodiment, the control unit is configured
to determine whether the value detected by the sensor
has reached the steady state. based on a comparison
between the value detected by the sensor corresponding
to a temperature higher than a room temperature by a
predetermined value and the value detected by the sen-
sor in the cooling process.
[0024] In an embodiment, the predetermined value is
larger than an error in the temperature of the load ob-
tained from the value detected by the sensor, the error
being caused by an error of the sensor.
[0025] In an embodiment, the control unit is configured
to determine whether the value detected by the sensor
has reached the steady state, based on a time differential
value of the value detected by the sensor.
[0026] In an embodiment, the control unit is configured
to determine whether the value detected by the sensor
has reached the steady state, based on deviation, or var-
iance of the value detected by the sensor.
[0027] In addition, according to the first embodiment
of the present disclosure, there is provided a method of
operating an aerosol generation device, the method com-
prising generating heat upon receipt of power supply to
a load having an electric resistance value that changes
in response to a temperature and atomizing an aerosol
source, detecting a value of an electric resistance of the
load or an electric value related to the electric resistance,
and monitoring a cooling process after a temperature of
the load increases up to a temperature or higher, the
temperature allowing the aerosol source to be atomized,
based on a time-series change in the detected value, in
a manner that retains a correlation between the time-
series change in the value detected by the sensor and a
decrease in the temperature of the load.
[0028] In addition, according to the first embodiment
of the present disclosure, there is provided an aerosol
generation device comprising a storage unit that stores
an aerosol source or an aerosol base material that retains
the aerosol source, a load that generates heat upon re-
ceipt of power supply from a power source and atomizes
the aerosol source, and in which a value of an electric
resistance changes in response to a temperature, a sen-
sor that detects the value of the electric resistance of the
load or an electric value related to the electric resistance,
and a control unit configured to monitor a cooling process
after a temperature of the load increases up to a temper-
ature or higher, the temperature allowing the aerosol
source to be atomized, based on a time-series change
in a value detected by the sensor. The control unit is
configured to cause the sensor to detect the value during
monitoring of the cooling process at timing when the tem-
perature of the load does not diverge from the value of
the electric resistance of the load or the electric value
related to the electric resistance, or with a frequency that
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does not interfere with cooling of the load in the cooling
process.
[0029] In addition, according to the first embodiment
of the present disclosure, there is provided a method of
operating an aerosol generation device, the method com-
prising generating heat upon receipt of power supply to
a load having an electric resistance value that changes
in response to a temperature and atomizing an aerosol
source, detecting a value of an electric resistance of the
load or an electric value related to the electric resistance,
and monitoring a cooling process after a temperature of
the load increases up to a temperature or higher, the
temperature allowing the aerosol source to be atomized,
based on a time-series change in the detected value,
wherein the value is detected during monitoring of the
cooling process at timing when the temperature of the
load does not diverge from the value of the electric re-
sistance of the load or the electric value related to the
electric resistance, or with a frequency that does not in-
terfere with cooling of the load in the cooling process.
[0030] In addition, according to the first embodiment
of the present disclosure, there is provided an aerosol
generation device comprising a storage unit that stores
an aerosol source or an aerosol base material that retains
the aerosol source, a load that generates heat upon re-
ceipt of power supply from a power source and atomizes
the aerosol source, and in which a value of an electric
resistance changes in response to a temperature, a sen-
sor that detects the value of the electric resistance of the
load or an electric value related to the electric resistance,
and a control unit configured to monitor a cooling process
after a temperature of the load increases up to a temper-
ature or higher, the temperature allowing the aerosol
source to be atomized, based on a time-series change
in a value detected by the sensor. The control unit is
configured to determine whether depletion of the aerosol
source in the storage unit has occurred, based on the
time-series change in the value detected by the sensor
in the cooling process after a point when or immediately
after cooling of the load starts and before a point when
the load reaches a room temperature.
[0031] In an embodiment, the control unit is configured
to determine whether the value detected by the sensor
has reached a steady state, based on the value detected
by the sensor or the time-series change in the value, and
determine whether the depletion has occurred, based on
the cooling process until the value detected by the sensor
reaches the steady state.
[0032] In addition, according to the first embodiment
of the present disclosure, there is provided a method of
operating an aerosol generation device, the method com-
prising generating heat upon receipt of power supply to
a load having an electric resistance value that changes
in response to a temperature and atomizing an aerosol
source, detecting a value of an electric resistance of the
load or an electric value related to the electric resistance,
and monitoring a cooling process after a temperature of
the load increases up to a temperature or higher, the

temperature allowing the aerosol source to be atomized,
based on a time-series change in the detected value. It
is determined whether depletion of the aerosol source
has occurred, based on the time-series change in the
detected value in the cooling process after a point when
or immediately after cooling of the load starts and before
a point when the load reaches a room temperature.
[0033] According to the first embodiment of the present
disclosure, there is provided a program for, when being
executed by a processor, causing the processor to per-
form any of the above-described methods.
[0034] In order to solve the second problem described
above, according to a second embodiment of the present
disclosure, there is provided an aerosol generation de-
vice comprising a storage unit that stores an aerosol
source or an aerosol base material that retains the aer-
osol source, a load that generates heat upon receipt of
power supply from a power source and atomizes the aer-
osol source, a sensor that outputs a value related to a
temperature of the load, and a control unit configured to
determine whether depletion of the aerosol source in the
storage unit or the aerosol base material has occurred,
based on a cooling rate derived from the output value of
the sensor in a cooling process after the temperature of
the load increases up to a temperature or higher, the
temperature allowing the aerosol source to be atomized.
[0035] In an embodiment, the control unit is configured
to determine whether the depletion has occurred, based
on the cooling rate in a time zone in which a difference
between the cooling rate when the depletion of the aer-
osol source occurs and the cooling rate when the deple-
tion of the aerosol source does not occur is equal to or
larger than a threshold, in the cooling process.
[0036] In an embodiment, the control unit is configured
to determine whether the depletion has occurred, based
on the cooling rate in a time zone in which the temperature
of the load belongs to a temperature range achievable
only when the depletion occurs, in the cooling process.
[0037] In an embodiment, the control unit is configured
to derive the cooling rate from a plurality of output values
of the sensor and acquire at least an earliest value in
terms of a time axis among the plurality of output values
of the sensor, in a time zone in which the temperature of
the load belongs to a temperature range achievable only
when the depletion occurs, in the cooling process.
[0038] In an embodiment, the control unit is configured
to acquire the plurality of output values of the sensor in
the time zone in which the temperature of the load be-
longs to the temperature range achievable only when the
depletion occurs, in the cooling process.
[0039] In an embodiment, the load has an electric re-
sistance value that changes in response to a tempera-
ture, and the sensor outputs the value related to the elec-
tric resistance value as a value related to the temperature
of the load.
[0040] In an embodiment, the control unit is configured
to provide a dead zone in which the value related to the
electric resistance value is not acquired by the sensor or
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the cooling rate is not derived, when or immediately after
the cooling process starts. Alternatively, the control unit
is configured to derive the cooling rate based on the out-
put value of the sensor when or immediately after the
cooling process starts, the output value being corrected
by smoothing a time-series change in the output value
of the sensor.
[0041] In an embodiment, the control unit is configured
to control the power supply from the power source to the
load so that the electric power supplied from the power
supply to the load before the cooling process decreases
in a stepped manner or decreases gradually.
[0042] In an embodiment, the control unit is configured
to control the power supply from the power source to the
load based on a request for aerosol generation. The dead
zone is provided to continue until a current value of at
least one of a residual current and a surge current that
are generated at the end of the power supply becomes
equal to or smaller than a threshold.
[0043] In an embodiment, the dead zone is shorter than
a time period until the cooling process is completed in a
case where the depletion does not occur.
[0044] In an embodiment, the aerosol generation de-
vice includes a first circuit that is connected in series be-
tween the power source and the load and includes a first
switch, and a second circuit that is connected in series
between the power source and the load, is connected in
parallel to the first circuit, includes a second switch, and
has an electric resistance value larger than the electric
resistance value of the first circuit. The control unit is
configured to control the first switch and the second
switch, and derive the cooling rate based on the output
value of the sensor while only the second switch of the
first switch and the second switch is on.
[0045] In an embodiment, the control unit is configured
to turn on the second switch immediately before the cool-
ing process.
[0046] In an embodiment, at least one of a time period
from the end of the power supply to a start of acquisition
of the value related to the electric resistance value by the
sensor and a cycle in which the sensor acquires the value
related to the electric resistance value is larger than the
minimum value achievable by the control unit.
[0047] In addition, according to the second embodi-
ment of the present disclosure, there is provided a meth-
od of operating an aerosol generation device, the method
comprising generating heat upon receipt of power supply
to a load and atomizing an aerosol source, detecting a
value related to a temperature of the load, and determin-
ing whether depletion of the aerosol source has occurred,
based on a cooling rate derived from the detected value,
in a cooling process after a temperature of the load in-
creases up to a temperature or higher, the temperature
allowing the aerosol source to be atomized.
[0048] According to the second embodiment of the
present disclosure, there is provided a program for, when
being executed by a processor, causing the processor
to perform the above-described methods.

[0049] In order to solve the third problem described
above, according to a third embodiment of the present
disclosure, there is provided an aerosol generation de-
vice comprising a storage unit that stores an aerosol
source or an aerosol base material that retains the aer-
osol source, a load that generates heat upon receipt of
power supply from a power source and atomizes the aer-
osol source, and of which physical properties change
when the load is heated at a temperature achievable only
when depletion of the aerosol source in the storage unit
or the aerosol base material occurs, a sensor that outputs
a value related to the physical properties of the load, and
a control unit configured to determine whether the deple-
tion has occurred, based on the output value of the sensor
after a temperature of the load increases up to a temper-
ature or higher, the temperature allowing the aerosol
source to be atomized.
[0050] In an embodiment, the control unit is configured
to determine whether the depletion has occurred, based
on a steady value that is the output value of the sensor
in a steady state after the temperature of the load in-
creases up to a temperature or higher, the temperature
allowing the aerosol source to be atomized.
[0051] In an embodiment, the control unit is configured
to be capable of acquiring a request for aerosol genera-
tion, and acquire the steady value taking opportunity of
the acquisition of the request.
[0052] In an embodiment, the control unit is configured
to determine whether the depletion has occurred, based
on an amount of change in the output value of the sensor
before and after the temperature of the load increases
up to a temperature or higher, the temperature allowing
the aerosol source to be atomized.
[0053] In an embodiment, the control unit is configured
to determine whether the depletion has occurred, based
on a difference in the output value of the sensor before
and after the temperature of the load increases up to a
temperature or higher, the temperature allowing the aer-
osol source to be atomized.
[0054] In an embodiment, the control unit is configured
to prohibit the aerosol source from being atomized by the
load until the output value of the sensor reaches the
steady state after the temperature of the load increases
up to a temperature or higher, the temperature allowing
the aerosol source to be atomized.
[0055] In an embodiment, the control unit is configured
to determine whether the depletion has occurred, based
on a comparison between the output value of sensor be-
fore reaching the steady state and a value obtained by
adding a predetermined value to the value related to the
physical properties of the load in the steady state when
the depletion has occurred or based on a comparison
between a value obtained by subtracting the predeter-
mined value from the output value of the sensor before
reaching the steady state and the value related to the
physical properties of the load in the steady state when
the depletion has occurred, in the cooling process after
the temperature of the load increases up to a temperature
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or higher, the temperature allowing the aerosol source
to be atomized.
[0056] In an embodiment, the load has an electric re-
sistance value that changes in response to a tempera-
ture. The sensor outputs the value related to the electric
resistance value of the load as a value related to the
physical properties of the load.
[0057] In an embodiment, the control unit is configured
to determine whether the depletion has occurred, based
on a comparison between the output value of the sensor
after the temperature of the load increases up to a tem-
perature or higher, the temperature allowing the aerosol
source to be atomized and a value related to the resist-
ance value of the load when a protective film is formed
on a surface of the load.
[0058] In an embodiment, the control unit is configured
to determine whether the depletion has occurred, based
on a comparison between an amount of change in the
output value of the sensor before and after the temper-
ature of the load increases up to a temperature or higher,
the temperature allowing the aerosol source to be atom-
ized and an amount of change in the value related to the
resistance value of the load due to the protective film
formed on the surface of the load.
[0059] In an embodiment, the load contains metals
having oxidation-reduction potentials equal to or lower
than the oxidation-reduction potential of copper.
[0060] In an embodiment, the load has no passivation
film.
[0061] In an embodiment, the load contains NiCr.
[0062] In an embodiment, the aerosol generation de-
vice further includes a first circuit that is connected in
series between the power source and the load and in-
cludes a first switch, and a second circuit that is connect-
ed in series between the power source and the load, is
connected in parallel to the first circuit, includes the sec-
ond switch, and has an electric resistance value larger
than the electric resistance value of the first circuit. The
control unit is configured to control the first switch and
the second switch, and determine whether the depletion
has occurred based on the output value of the sensor
while only the second switch of the first switch and the
second switch is on.
[0063] In addition, according to the third embodiment
of the present disclosure, there is provided a method of
operating an aerosol generation device that includes a
load of which physical properties change when the load
is heated at a temperature achievable only when deple-
tion of the aerosol source occurs, the method comprising
detecting a value related to the physical properties of the
load, and determining whether the depletion of the aer-
osol source has occurred, based on the detected value
after a temperature of the load increases up to a temper-
ature or higher, the temperature allowing the aerosol
source to be atomized.
[0064] According to the third embodiment of the
present disclosure, there is provided a program for, when
being executed by a processor, causing the processor

to perform the above-described methods.

ADVANTAGEOUS EFFECTS OF INVENTION

[0065] According to the first embodiment of the present
disclosure, there can be provided an aerosol generation
device capable of observing a cooling process of a heater
at a low cost and with high accuracy, and further capable
of detecting insufficiency or depletion of an aerosol
source at a low cost and with high accuracy, and a method
and a program for operating the same.
[0066] According to the second embodiment of the
present disclosure, there can be provided an aerosol
generation device capable of detecting insufficiency or
depletion of an aerosol source at a low cost and with high
accuracy, and a method and a program for operating the
same.
[0067] According to the third embodiment of the
present disclosure, there can be provided an aerosol
generation device capable of detecting insufficiency or
depletion of an aerosol source at a low cost and with high
accuracy, and a method and a program for operating the
same.

BRIEF DESCRIPTION OF DRAWINGS

[0068]

[Fig. 1A] Fig. 1A is a schematic block diagram of a
configuration of an aerosol generation device ac-
cording to an embodiment of the present disclosure.
[Fig. 1B] Fig. 1B is a schematic block diagram of a
configuration of an aerosol generation device ac-
cording to an embodiment of the present disclosure.
[Fig. 2] Fig. 2 is a diagram illustrating an exemplary
circuit configuration of a portion of an aerosol gen-
eration device according to an embodiment of the
present disclosure.
[Fig. 3] Fig. 3 schematically shows a cooling process
of a load after the power supply to the load is stopped
in each of states in which an aerosol source in a
storage unit or an aerosol base material is sufficient
in quantity and the aerosol source is depleted.
[Fig. 4] Fig. 4 is a flowchart of processing for moni-
toring a cooling process of the load and determining
whether the aerosol source is depleted, according
to an embodiment of the present disclosure.
[Fig. 5] Fig. 5 shows that the measured resistance
value of the load may change largely due to gener-
ation of a surge current.
[Fig. 6] Fig. 6 is a flowchart illustrating processing
according to an embodiment of the present disclo-
sure.
[Fig. 7] Fig. 7 conceptually shows an embodiment of
the present disclosure for reducing an influence of
generation of a surge current.
[Fig. 8] Fig. 8 is a flowchart of processing according
to an embodiment of the present disclosure in con-
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nection with Fig. 7.
[Fig. 9] Fig. 9 conceptually shows an embodiment of
the present disclosure for reducing an influence of
generation of a surge current.
[Fig. 10] Fig. 10 is a flowchart of processing accord-
ing to an embodiment of the present disclosure in
connection with Fig. 9.
[Fig. 11] Fig. 11 conceptually shows measurement
timing of values for monitoring the cooling process
of the load, according to an embodiment of the
present disclosure.
[Fig. 12] Fig. 12 conceptually shows measurement
timing of values for monitoring the cooling process
of the load, according to an embodiment of the
present disclosure.
[Fig. 13] Fig. 13 is a flowchart of processing accord-
ing to an embodiment of the present disclosure in
connection with Fig. 12.
[Fig. 14] Fig. 14 conceptually shows measurement
timing of values for monitoring the cooling process
of the load, according to an embodiment of the
present disclosure.
[Fig. 15] Fig. 15 is a flowchart of processing accord-
ing to an embodiment of the present disclosure in
connection with Fig. 14.
[Fig. 16] Fig. 16 schematically shows the power sup-
ply to the load and the cooling process of the load
after stop of the power supply, according to an em-
bodiment of the present disclosure.
[Fig. 17] Fig. 17 is a flowchart of processing accord-
ing to an embodiment of the present disclosure in
connection with Fig. 16.
[Fig. 18] Fig. 18 conceptually shows a method of
monitoring the cooling process of the load according
to an embodiment of the present disclosure.
[Fig. 19] Fig. 19 is a flowchart of processing accord-
ing to an embodiment of the present disclosure in
connection with Fig. 18.
[Fig. 20] Fig. 20 conceptually shows a method of
monitoring the cooling process of the load according
to an embodiment of the present disclosure.
[Fig. 21] Fig. 21 is a flowchart of processing accord-
ing to an embodiment of the present disclosure in
connection with Fig. 20.
[Fig. 22] Fig. 22 is a flowchart of processing accord-
ing to an embodiment of the present disclosure in
connection with Fig. 20.
[Fig. 23] Fig. 23 is a graph schematically showing
the cooling process of the load after the power supply
to the load is stopped in the aerosol generation de-
vice.
[Fig. 24] Fig. 24 is a chart showing an actual cooling
rate of the load.
[Fig. 25] Fig. 25 is a chart for explaining timing suit-
able for measuring the cooling rate of the load.
[Fig. 26] Fig. 26 is a flowchart of processing for de-
tecting the depletion of the aerosol source, according
to an embodiment of the present disclosure.

[Fig. 27] Fig. 27 is a flowchart of processing for de-
tecting the depletion of the aerosol source, according
to an embodiment of the present disclosure.
[Fig. 28] Fig. 28 schematically illustrates a circuit in-
cluded in the aerosol generation device, according
to an embodiment of the present disclosure.
[Fig. 29] Fig. 29 conceptually shows a method of
determining whether the depletion of the aerosol
source has occurred, in an embodiment of the
present disclosure.
[Fig. 30] Fig. 30 is a flowchart of processing accord-
ing to an embodiment of the present disclosure, in
connection with Fig. 29.
[Fig. 31] Fig. 31 shows a table indicating oxidation-
reduction potentials and the ease of forming an oxide
film of various metals that can be used for manufac-
turing of the load.
[Fig. 32] Fig. 32 conceptually shows a method of
determining whether the depletion of the aerosol
source has occurred, in an embodiment of the
present disclosure.
[Fig. 33] Fig. 33 is a flowchart of processing accord-
ing to an embodiment of the present disclosure, in
connection with Fig. 32.
[Fig. 34] Fig. 34 conceptually shows a method of
determining whether the depletion of the aerosol
source has occurred, in an embodiment of the
present disclosure.
[Fig. 35] Fig. 35 is a flowchart of processing accord-
ing to an embodiment of the present disclosure, in
connection with Fig. 32.

DESCRIPTION OF EMBODIMENTS

[0069] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the draw-
ings. Note that the embodiments of the present disclo-
sure include an electronic cigarette, a heated cigarette,
and a nebulizer, but are not limited to the electronic cig-
arette, the heated cigarette, and the nebulizer. The em-
bodiments of the present disclosure can include various
aerosol generation devices for generating aerosol to be
inhaled by a user.
[0070] Fig. 1A is a schematic block diagram of a con-
figuration of an aerosol generation device 100A accord-
ing to an embodiment of the present disclosure. It should
be noted that Fig. 1A schematically and conceptually il-
lustrates components included in the aerosol generation
device 100A and does not illustrate strict disposition,
shapes, dimensions, positional relations, and the like of
the components and the aerosol generation device 100A.
[0071] As illustrated in Fig. 1A, the aerosol generation
device 100A includes a first member 102 (hereinafter,
referred to as a "main body 102") and a second member
104A (hereinafter, referred to as a "cartridge 104A"). As
illustrated in the figure, as an example, the main body
102 may include a control unit 106, a notifying unit 108,
a power source 110, a sensor 112, and a memory 114.
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The aerosol generation device 100A may include sen-
sors such as a flow sensor, a pressure sensor, a voltage
sensor, an electric resistance sensor, and a temperature
sensor, and these sensors are collectively referred to as
the "sensor 112" in the present disclosure. The main body
102 may also include a circuit 134 described later. As an
example, the cartridge 104A may include a storage unit
116A, an atomizing unit 118A, an air intake channel 120,
an aerosol flow path 121, a mouthpiece unit 122, a re-
tention unit 130, and a load 132. Some of the components
included in the main body 102 may be included in the
cartridge 104A. Some of the components included in the
cartridge 104A may be included in the main body 102.
The cartridge 104A may be configured to be detachably
attached to the main body 102. Alternatively, all the com-
ponents included in the main body 102 and the cartridge
104A may be included in the same housing instead of
the main body 102 and the cartridge 104A.
[0072] The storage unit 116A may be configured as a
tank that stores an aerosol source. In this case, the aer-
osol source is liquid, for example, polyalcohol such as
glycerin or propylene glycol, or water. When the aerosol
generation device 100A is an electronic cigarette, the
aerosol source in the storage unit 116A may include a
tobacco raw material that emits an inhaling flavor com-
ponent by being heated or an extract deriving from the
tobacco raw material. The retention unit 130 retains the
aerosol source. For example, the retention unit 130 is
formed of a fibrous or porous material, and retains the
aerosol source, which is liquid, in gaps among fibers or
thin holes of a porous material. For example, cotton, glass
fiber, a tobacco raw material or the like can be used as
the above-mentioned fibrous or porous material. When
the aerosol generation device 100A is a medical inhaler
such as a nebulizer, the aerosol source may also include
a drug to be inhaled by a patient. As another example,
the storage unit 116A may have a configuration in which
a consumed aerosol source can be replenished. Alter-
natively, the storage unit 116A itself may be configured
to be replaceable when the aerosol source is consumed.
The aerosol source is not limited to liquid, and may be
solid. When the aerosol source is solid, the storage unit
116A may be a hollow container.
[0073] The atomizing unit 118A is configured to atom-
ize the aerosol source and generate aerosol. When an
inhaling operation is detected by the sensor 112, the at-
omizing unit 118A generates the aerosol. For example,
the inhaling operation may be detected by the flow sensor
or a flow rate sensor. In this case, if an absolute value or
an amount of change of a flow rate or a flow velocity of
air in the air intake channel 120 satisfies a predetermined
condition, the air being generated in the air intake channel
120 when the user holds the mouthpiece unit 112 in the
user’s mouth and performs the inhalation, the flow sensor
or the flow rate sensor may detect the inhaling operation.
Alternatively, for example, the inhaling operation may be
detected by the pressure sensor. In this case, if a prede-
termined condition is satisfied such as the pressure in-

side the air intake channel 120 becomes negative when
the user holds the mouthpiece unit 112 in the user’s
mouth and performs the inhalation, the pressure sensor
may detect the inhaling operation. Note that the flow sen-
sor, the flow rate sensor and the pressure sensor may
be configured to only output a flow rate, a flow velocity,
and a pressure in the air intake channel 120, respectively,
so that the control unit 106 detects the inhaling operation
based on the output.
[0074] Alternatively, the atomizing unit 118A may gen-
erate the aerosol or the atomizing unit 118A may receive
the power supply from the power source 110 with the use
of, for example, a push button, a touch panel, or an ac-
celeration sensor, so that it is unnecessary to detect the
inhaling operation or wait detection of the inhaling oper-
ation. Such a configuration enables the atomizing unit
118A to appropriately generate the aerosol at timing
when the user actually inhales the aerosol even when
the thermal capacity of the retention unit 130 and the load
132 that form the atomizing unit 118A or the thermal ca-
pacity of the aerosol source itself is large, for example.
Note that the sensor 112 may include a sensor that de-
tects the operation on the push button or the touch panel,
or the acceleration sensor.
[0075] For example, the retention unit 130 is provided
to couple the storage unit 116A and the atomizing unit
118A. In this case, a part of the retention unit 130 com-
municates with the inside of the storage unit 116A and
is in contact with the aerosol source. Another part of the
retention unit 130 extends to the atomizing unit 118A.
Note that the other part of the retention unit 130 extending
to the atomizing unit 118A may be accommodated in the
atomizing unit 118A, or may communicate with the inside
of the storage unit 116A again through the atomizing unit
118A. The aerosol source is carried from the storage unit
116A to the atomizing unit 118A by a capillary effect of
the retention unit 130. As an example, the atomizing unit
118A includes a heater including the load 132 that is elec-
trically connected to the power source 110. The heater
is disposed in contact with or in close contact with the
retention unit 130. When an inhaling operation is detect-
ed, the control unit 106 controls the heater of the atom-
izing unit 118A or the power supply to the heater, and
heats the aerosol source carried through the retention
unit 130 to thereby atomize the aerosol source. Another
example of the atomizing unit 118A may be an ultrasonic
atomizer that atomizes the aerosol source by ultrasonic
vibration. The air intake channel 120 is connected to the
atomizing unit 118A, and communicates with the outside
of the aerosol generation device 100A. The aerosol gen-
erated in the atomizing unit 118A is mixed with air taken
in via the air intake channel 120. Mixed fluid of the aerosol
and the air is delivered to the aerosol flow path 121 as
indicated by an arrow 124. The aerosol flow path 121
has a tubular structure for transporting, to the mouthpiece
unit 122, the mixed fluid of the aerosol generated in the
atomizing unit 118A and the air.
[0076] The mouthpiece unit 122 is located at a terminal
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end of the aerosol flow path 121, and is configured to
open the aerosol flow path 121 to the outside of the aer-
osol generation device 100A. The user holds the mouth-
piece unit 122 in the user’s mouth and performs the in-
halation to thereby take the air containing the aerosol in
the user’s mouth.
[0077] The notifying unit 108 may include a light emit-
ting element such as an LED, a display, a speaker, a
vibrator, or the like. The notifying unit 108 is configured
to perform some notification to the user with light emis-
sion, display, sound production, vibration, or the like ac-
cording to necessity.
[0078] The power source 110 supplies electric power
to the components such as the notifying unit 108, the
sensor 112, the memory 114, the load 132, and the circuit
134 of the aerosol generation device 100A. The power
source 110 can also be charged by being connected to
an external power supply via a predetermined port (not
illustrated) of the aerosol generation device 100A. Only
the power source 110 may be detachable from the main
body 102 or the aerosol generation device 100A, or may
be replaceable with a new power source 110. The power
source 110 may be replaceable with a new power source
110 by replacing the entire main body 102 with a new
main body 102.
[0079] The sensor 112 may also include one or more
sensors that are used to acquire a value of a voltage
applied to all or a specific portion in the circuit 134, a
value related to a resistance value of the load 132 or a
value related to a temperature of the load 132, or the like.
The sensor 112 may be incorporated in the circuit 134.
The function of the sensor 112 may be incorporated in
the control unit 106. The sensor 112 may also include
the pressure sensor that detects fluctuation in pressure
in the air intake channel 120 and/or the aerosol flow path
121 or the flow sensor that detects a flow rate in the air
intake channel 120 and/or the aerosol flow path 121. The
sensor 112 may also include a weight sensor that detects
a weight of a component such as the storage unit 116A.
The sensor 112 may be also configured to count the
number of times that the user puffs using the aerosol
generation device 100A. The sensor 112 may be also
configured to integrate an energization time to the atom-
izing unit 118A. The sensor 112 may be also configured
to detect a height of a liquid surface in the storage unit
116A. The control unit 106 and the sensor 112 may be
also configured to obtain or detect an SOC (State of
Charge), a current integrated value, a voltage and the
like of the power source 110. The SOC may be obtained
by a current integration method (coulomb counting meth-
od), an SOC-OCV (Open Circuit Voltage) method, or the
like. The sensor 112 may be also an operation button or
the like that is operable by the user.
[0080] The control unit 106 may be an electronic circuit
module configured as a microprocessor or a microcom-
puter. The control unit 106 may be also configured to
control the operation of the aerosol generation device
100A according to computer executable instructions

stored in the memory 114. The memory 114 is a storage
medium such as a ROM, a RAM. or a flash memory. In
the memory 114, in addition to the above-mentioned
computer executable instructions, setting data required
for controlling the aerosol generation device 100A and
the like may be stored. For example, the memory 114
may store various pieces of data such as a control pro-
gram of the notifying unit 108 (aspects, etc. of light emis-
sion, sound production, vibration, etc.), a control program
of the atomizing unit 118A, a value acquired and/or de-
tected by the sensor 112, and a heating history of the
atomizing unit 118A. The control unit 106 reads the data
from the memory 114 according to necessity to use it for
control of the aerosol generation device 100A, and stores
the data in the memory 114 according to necessity.
[0081] Fig. 1B is a schematic block diagram of a con-
figuration of an aerosol generation device 100B accord-
ing to an embodiment of the present disclosure.
[0082] As illustrated in the figure, the aerosol genera-
tion device 100B has a configuration similar to that of the
aerosol generation device 100A of Fig. 1A. Note that a
configuration of a second member 104B (hereinafter, re-
ferred to as an "aerosol generating article 104B" or a
"stick 104B") is different from that of the first member
104A. As an example, the aerosol generating article
104B may include an aerosol base material 116B, an
atomizing unit 118B, an air intake channel 120, an aer-
osol flow path 121, and a mouthpiece unit 122. Some of
the components included in the main body 102 may be
included in the aerosol generating article 104B. Some of
the components included in the aerosol generating article
104B may be included in the main body 102. The aerosol
generating article 104B may be configured to be insert-
able/extractable into/from the main body 102. Alterna-
tively, all the components included in the main body 102
and the aerosol generating article 104B may be included
in the same housing instead of the main body 102 and
the aerosol generating article 104B.
[0083] The aerosol base material 116B may be con-
figured as a solid carrying the aerosol source. As in the
case of the storage unit 116A in Fig. 1A, the aerosol
source may be liquid, for example, polyalcohol such as
glycerin or propylene glycol, or water. The aerosol source
in the aerosol base material 116B may include a tobacco
raw material that emits an inhaling flavor component by
being heated or an extract deriving from the tobacco raw
material. When the aerosol generation device 100A is a
medical inhaler such as a nebulizer, the aerosol source
may also include a drug to be inhaled by a patient. The
aerosol base material 116B itself may be configured to
be replaceable when the aerosol source is consumed.
The aerosol source is not limited to liquid, and may be a
solid.
[0084] The atomizing unit 118B is configured to atom-
ize the aerosol source and generate aerosol. When an
inhaling operation is detected by the sensor 112, the at-
omizing unit 118B generates the aerosol. The atomizing
unit 118B includes a heater (not illustrated) including a
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load that is electrically connected to the power source
110. When an inhaling operation is detected, the control
unit 106 controls the heater of the atomizing unit 118B
or the power supply to the heater, and heats the aerosol
source carried in the aerosol base material 116B to there-
by atomize the aerosol source. Another example of the
atomizing unit 118B may be an ultrasonic atomizer that
atomizes the aerosol source by ultrasonic vibration. The
air intake channel 120 is connected to the atomizing unit
118B, and communicates with the outside of the aerosol
generation device 100B. The aerosol generated in the
atomizing unit 118B is mixed with air taken in via the air
intake channel 120. Mixed fluid of the aerosol and the air
is delivered to the aerosol flow path 121 as indicated by
an arrow 124. The aerosol flow path 121 has a tubular
structure for transporting, to the mouthpiece unit 122, the
mixed fluid of the aerosol generated in the atomizing unit
118B and the air. Note that in the aerosol generation
device 100B, the aerosol generating article 104B is con-
figured to be heated from the inside by the atomizing unit
118B that is located in the aerosol generating article 104B
or is inserted into the inside of the aerosol generating
article 104B. Alternatively, the aerosol generating article
104B may be also configured to be heated from the out-
side by the atomizing unit 118B configured to surround
or accommodate the aerosol generating article 104B.
[0085] The control unit 106 is configured to control the
aerosol generation devices 100A and 100B (hereinafter
also generically referred to as an "aerosol generation de-
vice 100") according to the embodiment of the present
disclosure in various methods.
[0086] In the aerosol generation device, if the user per-
forms the inhalation when the aerosol source is insuffi-
cient in quantity, a sufficient quantity of aerosol cannot
be supplied to the user. In addition, in the case of the
electronic cigarette or the heated cigarette, the aerosol
having an unintended inhaling flavor may be emitted
(hereinafter, such a phenomenon is also referred to as
"unintended behavior"). The inventors of the present ap-
plication have invented an aerosol generation device that
performs an appropriate control when an aerosol source
is depleted or insufficient in quantity, and a method and
a program for operating the same. Hereinafter, each em-
bodiment of the present disclosure will be described in
detail, while mainly assuming the case where the aerosol
generation device has a configuration illustrated in Fig.
1A. However, the case where the aerosol generation de-
vice has a configuration illustrated in Fig. 1B is also de-
scribed according to necessity. It will be apparent to those
skilled in the art that the embodiment of the present dis-
closure is also applicable to the case where the aerosol
generation device has various configurations other than
those illustrated in Fig. 1A and Fig. 1B.

<First Embodiment>

[0087] Fig. 2 is a diagram illustrating an exemplary cir-
cuit configuration of a portion of the aerosol generation

device 100A according to a first embodiment of the
present disclosure.
[0088] A circuit 200 illustrated in Fig. 2 includes the
power source 110, the control unit 106, the sensors 112A
to 112D (hereinafter also collectively referred to as the
"sensor 112"), the load 132 (hereinafter also referred to
as a "heater resistor"), a first circuit 202, a second circuit
204, a switch Q1 including a first field emission transistor
(FET) 206, a conversion part 208, a switch Q2 including
a second FET 210, and a resistor 212 (hereinafter, also
referred to as a "shunt resistor"). Note that the sensor
112 may be embedded in the other component such as
the control unit 106 or the conversion part 208. The elec-
tric resistance value of the load 132 changes in response
to the temperature by using, for example, a positive tem-
perature coefficient (PTC) heater or a negative temper-
ature coefficient (NTC) heater. The shunt resistor 212 is
connected in series with the load 132, and has a known
electric resistance value. The electric resistance value
of the shunt resistor 212 may be substantially invariant
to the temperature. The shunt resistor 212 has an electric
resistance value larger than that of the load 132. Depend-
ing on the embodiment, the sensors 112C and 112D may
be omitted. It will be apparent to those skilled in the art
that not only FET but also various elements such as an
iGBT and a contactor can be used as the switches Q1
and Q2.
[0089] The conversion part 208 may be, for example,
a switching converter, and may include a FET 214, a
diode 216, an inductance 218, and a capacitor 220. The
control unit 106 may control the conversion part 208 so
that the conversion part 208 converts an output voltage
of the power source 110 to apply the converted output
voltage to the entire circuit. Instead of a step-down type
switching converter illustrated in Fig. 2, a step-up type
switching converter, a step-up / step-down type switching
converter, a linear dropout (LDO) regulator, or the like
may be used. Note that the conversion part 208 is not an
essential component, and can be omitted. Furthermore,
a control unit (not illustrated) provided separately from
the control unit 106 may be configured to control the con-
version part 208. This not-illustrated control unit may be
embedded in the conversion part 208.
[0090] The circuit 134 illustrated in Fig. 1A may be elec-
trically connected to the power source 110 and the load
132, and may include the first circuit 202 and the second
circuit 204. The first circuit 202 and the second circuit
204 are connected in parallel to the power source 110
and the load 132. The first circuit 202 may include the
switch Q1. The second circuit 204 may include the switch
Q2 and the resistor 212 (and optionally the sensor 112D).
The first circuit 202 may have a resistance value smaller
than that of the second circuit 204. In this example, the
sensors 112B and 112D are voltage sensors, and are
configured to detect a voltage value across the load 132
and a voltage value across the resistor 212, respectively.
However, a configuration of the sensor 112 is not limited
thereto. For example, the sensor 112 may be a current
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sensor using a known resistor or a hall element, and may
detect a value of a current flowing through the load 132
and/or the resistor 212.
[0091] As indicated by dotted-line arrows in Fig. 2, the
control unit 106 can control the switch Q1, the switch Q2,
and the like, and can acquire a value detected by the
sensor 112. The control unit 106 may be configured to
switch the switch Q1 from an off state to an on state to
cause the first circuit 202 to function and configured to
switch the switch Q2 from the off state to the on state to
cause the second circuit 204 to function. The control unit
106 may be configured to alternately switch the switches
Q1 and Q2 to alternately cause the first circuit 202 and
the second circuit 204 to function.
[0092] The first circuit 202 is used to atomize the aer-
osol source. When the switch Q1 is switched to the on
state to cause the first circuit 202 to function, the electric
power is supplied to the heater (or the load 132 in the
heater), and the load 132 is heated. The aerosol source
retained in the retention unit 130 in the atomizing unit
118A (in the case of the aerosol generation device 100B
of Fig. 1B, the aerosol source carried in the aerosol base
material 116B) is atomized through heating by the load
132, whereby the aerosol is generated.
[0093] The second circuit 204 is used to acquire a value
of a voltage applied to the load 132, a value related to a
resistance value of the load 132, a value related to a
temperature of the load 132, a value of a voltage applied
to the resistor 212, and the like. As an example, it is as-
sumed that the sensors 112B and 112D are voltage sen-
sors as illustrated in Fig. 2. When the switch Q2 is on
and the second circuit 204 is functioning, the current flows
through the switch Q2, the resistor 212, and the load 132.
A value of the voltage applied to the load 132 and/or a
value of the voltage applied to the resistor 212 can be
obtained by the sensors 112B and 112D, respectively.
In addition, a value of a current flowing through the load
132 can be obtained using the value of the voltage ap-
plied to the resistor 212 that has been acquired by the
sensor 112D and a known resistance value Rshunt of the
resistor 212. Since a total value of the resistance values
of the resistor 212 and the load 132 can be obtained
based on an output voltage Vout of the conversion part
208 and the obtained current value, a resistance value
RHTR of the load 132 can be obtained by subtracting the
known resistance value Rshunt from the total value. When
the load 132 has a positive or negative temperature co-
efficient characteristic in which the resistance value
changes in response to the temperature, the temperature
of the load 132 can be estimated based on a relationship
between the pre-known resistance value of the load 132
and the temperature of the load 132, and the resistance
value RHTR of the load 132 that is obtained as described
above. It will be appreciated by those skilled in the art
that the resistance value and the temperature of the load
132 can be estimated using a value of the current flowing
through the resistor 212 instead of the value of the current
flowing through the load 132. The value related to the

resistance value of the load 132 in this example may
include a voltage value, a current value and the like of
the load 132. A specific example of the sensors 112B
and 112D is not limited to the voltage sensor, and may
include the other elements such as a current sensor (for
example, a hall element).
[0094] The sensor 112A detects an output voltage dur-
ing discharging or in a no-load state of the power source
110. The sensor 112C detects an output voltage of the
conversion part 208. Alternatively, the output voltage of
the conversion part 208 may be a predetermined target
voltage. These voltages are voltages applied to the entire
circuit.
[0095] The resistance value RHTR of the load 132 when
the temperature of the load 132 is "THTR" can be ex-
pressed as follows.

[0096] Where VBatt is a voltage applied to the entire
circuit. When the conversion part 208 is not used, "VBatt"
is an output voltage of the power source 110. When the
conversion part 208 is used, "VBatt" corresponds to the
target voltage of the conversion part 208. "VHTR" is a
voltage applied to the heater. Instead of "VHTR," the volt-
age applied to the shunt resistor 212 may be used.
[0097] Fig. 3 schematically shows a cooling process
of the load 132 after the switch Q1 is turned off and the
power supply to the load 132 (heater) is stopped in each
of a state in which the aerosol source in the storage unit
116A (or the aerosol base material 116B) is sufficient in
quantity and a state in which the aerosol source is de-
pleted. The horizontal axis represents time, and the ver-
tical axis represents a temperature of the load 132.
[0098] A curve 302 represents a cooling curve of the
load 132 when the aerosol source is sufficient in quantity.
As long as the aerosol source is sufficient in quantity, the
temperature of the load 132 is converged near a certain
temperature (hereinafter, also referred to as a "maximum
temperature reached by the aerosol source in a normal
state" or a "aerosol generation temperature") even when
the power supply from the power source 110 to the load
132 is continued. That is, the temperature of the load 132
when the power supply to the load 132 is stopped is the
maximum temperature reached by the aerosol source in
the normal state. This is a phenomenon resulting from a
fact that thermal energy used for temperature increase
of the load 132 and the aerosol source is used for evap-
oration (phase transition) of the aerosol source. When
the aerosol source is formed from a single solvent, the
maximum temperature reached by the aerosol source in
the normal state coincides with a boiling point of the sol-
vent. On the other hand, when the aerosol source is
formed from a mixed solvent, the maximum temperature
reached by the aerosol source in the normal state chang-
es in response to composition of various solvents includ-
ed in the mixed solvent and the molar ratio thereof. The
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maximum temperature reached by the aerosol source in
the normal state in the mixed solvent may be obtained
by an experiment, or may be analytically obtained using
the Raoult’s law, or the like. As an example, as shown in
Fig. 3, the temperature of the load 132 when the switch
Q1 is turned off and the power supply to the load 132 is
stopped is about 200°C. The temperature of the load 132
decreases with an elapse of time, and reaches a room
temperature (here, 25°C), as indicated by the curve 302.
[0099] A curve 304 represents a cooling curve of the
load 132 when the aerosol source is depleted (or is in-
sufficient in quantity). Since the aerosol source is deplet-
ed, the temperature of the load 132 is higher than the
aerosol generation temperature when the power supply
to the load 132 is stopped. Therefore, the load 132 is in
an overheated state. As an example, as shown in Fig. 3,
the temperature of the load 132 may reach 350°C. When
the power supply is stopped, the temperature of the load
132 decreases with an elapse of time, and then reaches
the room temperature, as indicated by the curve 304.
[0100] "RHTR(t=0)" represents an electric resistance
value of the load 132 when the power supply to the load
132 is stopped. "RHTR(THTR=R.T.)" represents an electric
resistance value of the load 132 when the temperature
of the load 132 reaches the room temperature.
[0101] As shown in Fig. 3, a time period required for
the temperature of the load 132 to decrease to the room
temperature when the aerosol source is depleted is long-
er than the time period required for the temperature of
the load 132 to decrease to the room temperature when
the aerosol source is sufficient in quantity. This is be-
cause although the load 132 is cooled mainly by an air-
cooling effect, the temperature of the load 132 when the
switch Q1 is turned off and the power supply to the load
132 is stopped is higher when the aerosol source is de-
pleted than when the aerosol source is sufficient in quan-
tity. Note that since, when the aerosol source is sufficient
in quantity, the load 132 can be cooled by the aerosol
source having a temperature lower than that of the load
132 and the aerosol source newly supplied from the stor-
age unit 116A, a difference in the time period required
for the temperature of the load 132 to decrease to the
room temperature easily occurs between when the aer-
osol source is depleted and when the aerosol source is
sufficient in quantity.
[0102] Fig. 4 is a flowchart of processing for monitoring
a cooling process of the load 132 and determining wheth-
er the aerosol source is depleted, according to an em-
bodiment of the present disclosure. Here, all the steps
will be described as being performed by the control unit
106. However, it should be noted that some of the steps
may be performed by another component in the aerosol
generation device 100.
[0103] An aerosol generation request by the user is
continued up to a point prior to the processing of Fig. 4.
The process starts at step 402, and the control unit 106
determines whether the aerosol generation request has
been completed. As an example, the control unit 106 may

determine whether user’s inhalation has been complet-
ed, based on output of the pressure sensor, and the like.
In another example, the control unit 106 may determine
whether the aerosol generation request has been com-
pleted, based on whether a button provided in the aerosol
generation device 100 to supply the electric power to the
load 132 is no longer pressed. In still another example,
the control unit 106 may determine whether the aerosol
generation request has been completed, based on
whether a predetermined time period has elapsed since
detection of an operation on a user interface such as
pressing the button provided in the aerosol generation
device 100 to supply the electric power to the load 132.
[0104] When the aerosol generation request is contin-
ued ("N" in step 402), the process returns to before step
402. When the aerosol generation request is completed
("Y" in step 402), the process proceeds to step 404. In
step 404, the control unit 106 turns off the switch Q1, and
stops the power supply to the load 132.
[0105] The process proceeds to step 406, and the con-
trol unit 106 starts a timer. The control unit 106 may set
a value of the timer to an initial value t = 0.
[0106] The process proceeds to step 408, and the con-
trol unit 106 waits until the time is advanced by a prede-
termined value Δt. As another example, when the proc-
ess proceeds from step 416 (described later) back to step
408, the control unit 106 may add (increment), to "t", the
time period Δt elapsed since the latest time when step
416 is performed.
[0107] The process proceeds to step 410, and the con-
trol unit 106 turns on the switch Q2 to cause the second
circuit 204 to function. The control unit 106 can measure
an electric resistance value RHTR(t) of the load 132 in a
method described in connection with Fig. 2. In step 412,
the control unit 106 may acquire the electric resistance
value from the sensor that detects the electric resistance
value of the load 132. Alternatively, the control unit 106
may obtain the electric resistance value using a value
acquired from the sensor that detects an electric value
(a current value or the like) related to the electric resist-
ance. Next, in step 414, the control unit 106 turns off the
switch Q2.
[0108] The process proceeds to step 416, and the
control unit 106 determines whether the value RHTR(t)
obtained in step 412 is equal to a predetermined value
RHTR(THTR=R.T.). As shown in Fig. 3, when the load 132
is a PTC heater, the resistance value of the load 132
decreases with an elapse of time from the value
RHTR(t=0) corresponding to the temperature at a time
point when the switch Q1 is turned off. When the
temperature of the load 132 reaches the room
temperature, the resistance value of the load 132
becomes RHTR(THTR=R.T.). Accordingly, the above-
described determination as to the resistance value of the
load 132 that is made in step 416 enables determination
as to whether the temperature of the load 132 has
decreased to the room temperature.
[0109] When the resistance value of the load 132 does
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not reach the predetermined value ("N" in step 416), the
process returns to before step 408. When the resistance
value of the load 132 reaches the predetermined value
("Y" in step 416), the process proceeds to step 418. In
step 418, the control unit 106 determines whether a value
t of the timer (i.e., a time period elapsed since turning off
of the switch Q1) at this time exceeds a predetermined
threshold Thre. As shown in Fig. 3, "Thre" represents a
cooling time period required until the temperature of the
load 132 decreases to the room temperature when the
aerosol source is sufficient in quantity.
[0110] When the value of the timer exceeds the thresh-
old ("Y" in step 418), the process proceeds to step 420.
This means that the time period until the temperature of
the load 132 decreases to the room temperature requires
a time period exceeding the threshold Thre, and there-
fore, as can be understood from the description of Fig.
3, it is appreciated that the load 132 is in the overheated
state at a time point when the switch Q1 is turned off.
Accordingly, in step 420, the control unit 106 determines
that the aerosol source is depleted.
[0111] When the value of the timer is equal to or smaller
than the threshold ("N" in step 418), the process proceeds
to step 422. In step 422, the control unit 106 determines
that the aerosol source is sufficient in quantity.
[0112] According to the embodiment of Fig. 4, the con-
trol unit 106 can monitor the cooling process of the load
after the temperature of the load increases up to a tem-
perature or higher, the temperature allowing the aerosol
source to be atomized, based on a time-series change
in the value detected by the sensor 112. This monitoring
is performed in a manner that retains the correlation be-
tween the time-series change in the value detected by
the sensor 112 and the decrease in the temperature of
the load. For example, when the load 132 is a PTC heater,
the time-series change in the electric resistance value of
the load 132 is correlated with the temperature of the
load 132. Therefore, when the temperature of the load
132 decreases with an elapse of time, the electric resist-
ance value of the load 132 also decreases. According to
such a configuration, the cooling process of the load
(heater) can be observed with high accuracy even with-
out using a dedicated temperature sensor.
[0113] In addition, according to the embodiment of Fig.
4, the control unit 106 is configured to determine, based
on the cooling process, whether the depletion of the aer-
osol source has occurred in the storage unit 116A or the
aerosol base material 116B. Accordingly, the depletion
of the aerosol source can be detected in a state in which
disturbance such as a user’s inhalation is low.
[0114] Fig. 5 shows that the measured resistance val-
ue of the load 132 may fluctuate largely due to generation
of a surge current (or a residual current). A curve 502
represents a cooling curve of the load 132 when the aer-
osol source is sufficient in quantity. A curve 504 repre-
sents a cooling curve of the load 132 when the aerosol
source is depleted (or is insufficient in quantity). Refer-
ence numeral 506 denotes a time period required for the

surge current (or the residual current) to be converged.
Since the circuit 134 includes at least an inductor (induc-
tive) component, the current flowing through the first cir-
cuit 202 changes suddenly immediately after the switch
Q1 is turned off, resulting in generation of the surge cur-
rent having a magnitude corresponding to a product of a
degree of the sudden change of the current (time differ-
ential value) and inductance. Accordingly, when the
switch Q2 is turned on immediately after the switch Q1
is turned off, and the resistance value of the load 132 is
measured, the surge current is superimposed on a cur-
rent for measuring the resistance value. This causes in-
convenience that the measured resistance value of the
load 132 fluctuates largely, or the like. In other words,
the change in the electric resistance value of the load
132 and the temperature of the load 132 may diverge
from each other without being able to have the above-
described correlation therebetween. Accordingly, it be-
comes difficult to observe the cooling process of the load
132 with high accuracy and accurately measure the time
period until the temperature of the load 132 reaches the
room temperature. Note that since the circuit 134 in-
cludes at least a capacitor (capacitive) component in ad-
dition to the inductor component, the residual current
flowing through the circuit after the switch Q1 is turned
off may cause inconvenience in a similar manner to the
surge current.
[0115] Fig. 6 is a flowchart illustrating processing ac-
cording to an embodiment of the present disclosure, ca-
pable of solving the above-described problem. The proc-
esses in steps 602 and 604 are the same as the proc-
esses in steps 402 and 404 in Fig. 4, and therefore, the
description thereof is omitted.
[0116] In step 606, the control unit 106 waits for a pre-
determined time period (e.g., 10 ms) in a state in which
both of the switch Q1 and the switch Q2 are off. That is,
a dead zone in which the cooling process is not monitored
or the determination, based on the monitored cooling
process, as to whether the depletion has occurred is not
made is provided when or immediately after the cooling
process of the load 132 starts. At this time, the predeter-
mined time period may be, for example, a time period
506 until the surge current is converged, as shown in Fig.
5. As described above, the surge current has the mag-
nitude corresponding to the degree of supply of the cur-
rent (time differential value), and therefore, the surge cur-
rent decreases gradually with an elapse of time. Similarly,
the residual current also decreases gradually with an
elapse of time. The information on the time may be
prestored in the memory 114 or may be variably set ac-
cording to an output value of the sensor 112. When the
dead zone is provided, the timing when the switch Q2 is
turned on is delayed by the above-described predeter-
mined time period, as shown in Fig. 5. The processes in
steps 608 to 624 are the same as the processes in steps
406 to 422 in Fig. 4, and therefore, the description thereof
is omitted. Note that the process in step 608 may be
performed before step 606.
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[0117] According to the embodiment of Fig. 6, the con-
trol unit 106 is configured to provide a dead zone in which
the cooling process is not monitored or the determination,
based on the monitored cooling process, as to whether
the depletion of the aerosol source has occurred is not
made, when or immediately after the cooling process
starts. Accordingly, since it is less likely to observe fluc-
tuation in the output value of the sensor 112 that may
occur when the resistance value of the load 132 is meas-
ured when or immediately after the cooling process
starts, the observation accuracy of the cooling process
of the load is improved.
[0118] The dead zone may be provided until a current
value of at least one of the residual current and the surge
current that are generated at the end of the power supply
becomes equal to or smaller than the threshold. As an
example, the control unit 106 may be configured to cause
a magnetic sensor included in the sensor 112 to observe
electromagnetic noise generated by the residual current
and the surge current, and determine the current value
of at least one of the residual current and the surge cur-
rent based on magnitude of the observed noise. This can
prevent the cooling process from being observed in a
state in which the residual current and the surge current
are superimposed on the output value of the sensor 112,
whereby the observation accuracy is improved.
[0119] The time period of the dead zone may be shorter
than the time period until the cooling process is complet-
ed in the state in which the depletion of the aerosol source
does not occur. As an example, the time period of the
dead zone may be shorter than "Thre" shown in Fig. 5.
This can prevent the dead zone from being set to be
excessively long, thereby allowing unimpeded observa-
tion of the cooling process.
[0120] Fig. 7 conceptually shows an embodiment of
the present disclosure for reducing an influence of gen-
eration of a surge current (or a residual current). A curve
702 represents a cooling curve of the load 132 when the
aerosol source is sufficient in quantity. A curve 704 rep-
resents a cooling curve of the load 132 when the aerosol
source is depleted (or is insufficient in quantity). Refer-
ence numeral 706 denotes a time period until the surge
current (or residual current) is converged. In this exam-
ple, a value related to an electric resistance value of the
load 132 is detected by the sensor 112 during monitoring
of the cooling process, in a cycle T longer than a time
period (the time period denoted by reference numeral
706) required until the current value of at least one of the
residual current and the surge current that are generated
at the end of the power supply to the load 132 becomes
equal to or smaller than the threshold. Note that the
above-described detection may or may not be performed
at a time point indicated by the left-most dotted line (a
time point when the surge current is generated).
[0121] Fig. 8 is a flowchart of processing according to
an embodiment of the present disclosure in connection
with Fig. 7. The processes in steps 802 to 808 are the
same as the processes in steps 402 to 408 in Fig. 4.

[0122] In step 810, the control unit 106 determines
whether a time t indicated by the timer is an integer mul-
tiple of the above-described cycle T. When "t" is not an
integer multiple of "T" ("N" in step 810), the process re-
turns to before step 808.
[0123] When "t" is an integer multiple of "T" ("Y" in step
810), "t" is regarded as having reached timing of meas-
urement indicated by the dotted line in Fig. 7. The process
proceeds to step 812, the switch Q2 is turned on, and an
electric resistance value of the load 132 or a value related
to the electric resistance is measured. The processes in
steps 812 to 824 are the same as the processes in steps
410 to 422 in Fig. 4.
[0124] According to the embodiment of Fig. 7 and Fig.
8, the control unit 106 is configured to detect the value
related to the electric resistance value by the sensor 112
during monitoring of the cooling process, in a cycle longer
than the time period required until the current value of at
least one of the residual current and the surge current
that are generated at the end of the power supply be-
comes equal to or smaller than the threshold. According-
ly, since it is less likely to observe fluctuation in the output
value of the sensor 112 that may occur when the resist-
ance value of the load 132 is measured when or imme-
diately after the cooling of the load 132 starts, the obser-
vation accuracy of the cooling process is improved.
[0125] Fig. 9 conceptually shows an embodiment of
the present disclosure for reducing an influence of gen-
eration of a surge current. A curve 902 represents a cool-
ing curve of the load 132 when the aerosol source is
sufficient in quantity. A curve 904 represents a cooling
curve of the load 132 when the aerosol source is depleted
(or is insufficient in quantity). In this example, a value
detected by the sensor 112 when or immediately after
the cooling process starts is corrected by smoothing a
time-series change in the value. In an example, as rep-
resented by an expression in Fig. 9, an average value of
the resistance values of the load 132 that are measured
at measurement time points from a certain time point to
another certain time point may be determined as a re-
sistance value of the load 132 at the measurement time
point. For example, assuming that N = 5 in the expression
represented in Fig. 9, the resistance value at a time point
corresponding to the last dotted line among the five dot-
ted lines shown in Fig. 9 may be obtained as an average
value of the five resistance values measured at the five
time points including the above-described time point and
the previous four time points. Note that the average value
of the resistance values of the load 132 that are measured
at the measurement time points from a certain time point
(a start point) to another certain time point (an end point)
may be obtained not as the resistance value at the end
point but as the resistance value at the start point, or may
be obtained as the resistance value at the time point in-
cluded between the start point and the end point.
[0126] Fig. 10 is a flowchart of processing according
to an embodiment of the present disclosure in connection
with Fig. 9. The processes in steps 1002 to 1014 are the

25 26 



EP 4 118 988 A1

15

5

10

15

20

25

30

35

40

45

50

55

same as the processes in steps 402 to 414 in Fig. 4.
[0127] In step 1016, the control unit 106 increases (in-
crements) a predetermined integer N. An initial value of
"N" may be zero, and in step 1016, the value of "N" may
be increased by 1. The "N" corresponds to "N" appearing
on the right side of the expression indicated in Fig. 9.
[0128] The process proceeds to step 1018, and the
control unit 106 determines whether "N" is equal to a
predetermined threshold Thre1. In an example, when the
average value of the five measured resistance values is
used as a resistance value used for control, "N" is 5.
[0129] When "N" does not reach the threshold ("N" in
step 1018), the process returns to before step 1008.
When "N" reaches the threshold ("Y" in step 1018), the
process proceeds to step 1020. In step 1020, the control
unit 106 calculates "Rave(t)" based on the expression in-
dicated in Fig. 9, for example. The process proceeds to
step 1022, and the control unit 106 resets "N" to zero.
The subsequent processes in steps 1024 to 1030 are the
same as the processes in steps 416 to 422 in Fig. 4.
[0130] According to the embodiment of Fig. 9 and Fig.
10, the control unit 106 is configured to correct the value
detected by the sensor 112 when or immediately after
the cooling process starts by smoothing the time-series
change in the value detected by the sensor 112, and
monitor the cooling process based on the corrected val-
ue. In the example of Fig. 9 and Fig. 10, a plurality of
obtained values are simply averaged, but in another ex-
ample, a moving average of a plurality of measurement
values may be obtained. According to these configura-
tions, the depletion of the aerosol source can be detected
in a state in which an influence of disturbance such as a
user’s inhalation is low. In addition, the control unit 106
may be configured to correct the value detected by the
sensor 112 using at least one of an average process and
a low-pass filter. This makes it possible to achieve the
smoothing process in a simpler method.
[0131] Proper measurement timing of the values for
monitoring the cooling process of the load will be de-
scribed with reference to Fig. 11 to Fig. 15. According to
a method of measuring an electric resistance value of
the load 132 as described in connection with Fig. 2, the
cooling process of the load 132 can be monitored without
using a dedicated temperature sensor. However, since
it is necessary to energize the circuit 134 to measure the
electric resistance value of the load 132, the load 132 at
least generates heat by a current flowing through the load
132 every time the electric resistance value of the load
132 is measured. Accordingly, monitoring the cooling
process of the load at improper measurement timing
causes disturbance, resulting that the observation accu-
racy of the cooling process of the load may be reduced.
[0132] Fig. 11 conceptually shows measurement tim-
ing of values for monitoring the cooling process of the
load, according to an embodiment of the present disclo-
sure. A curve 1102 represents a cooling curve of the load
132 when the aerosol source is sufficient in quantity. A
curve 1104 represents a cooling curve of the load 132

when the aerosol source is depleted (or is insufficient in
quantity). Similarly to the embodiment of Fig. 4, the cool-
ing process can be monitored in a manner that retains
the correlation between the time-series change in the
value detected by the sensor 112 and the decrease in
the temperature of the load 132. For example, when the
load 132 is a PTC heater, the time-series change in the
electric resistance value of the load 132 is correlated with
the temperature of the load 132. Therefore, when the
temperature of the load 132 decreases with an elapse of
time, the electric resistance value of the load 132 also
decreases. At this time, in an example, as shown in Fig.
11, a cycle T in which the sensor 112 detects a value of
an electric resistance or an electric value related to the
electric resistance during monitoring of the cooling proc-
ess may be larger than a minimum value Tmin achievable
by the control unit 106. The monitoring of the cooling
process may be started after an elapse of a predeter-
mined time period since the end of power supply, and
the predetermined time period may be larger than the
minimum value Tmin achievable by the control unit 106.
According to such a configuration, the measurement tim-
ing of the values for monitoring the cooling process of
the load becomes proper, whereby the cooling process
of the load can be observed with high accuracy even
without using the dedicated temperature sensor.
[0133] Fig. 12 conceptually shows measurement tim-
ing of values for monitoring the cooling process of the
load, according to an embodiment of the present disclo-
sure. A curve 1202 represents a cooling curve of the load
132 when the aerosol source is sufficient in quantity. A
curve 1204 represents a cooling curve of the load 132
when the aerosol source is depleted (or is insufficient in
quantity). As shown in the figure, a dead zone for a pre-
determined time period may be provided after a value of
an electric resistance of the load 132 or an electric value
related to the electric resistance is measured at a time t
= 0, and the value may be measured again after the end
of the dead zone. The value need not be measured during
the dead zone. Alternatively, although the value is meas-
ured also during the dead zone, the value measured dur-
ing the dead zone need not be used for determination as
to whether the aerosol source has been depleted. The
cycle T in which the value is measured after the end of
the dead zone may be larger than the minimum value
Tmin achievable by the control unit 106, or may be Tmin.
Furthermore, the monitoring of the cooling process may
be started after an elapse of a predetermined time since
the end of power supply.
[0134] Fig. 13 is a flowchart of processing according
to an embodiment of the present disclosure in connection
with Fig. 12. The processes in steps 1302 to 1308 are
the same as the processes in steps 402 to 408 in Fig. 4.
[0135] In step 1310, the control unit 106 determines
whether a time indicated by the timer exceeds a prede-
termined time period tdead_zone of the dead zone (i.e.,
whether the dead zone has been completed). When the
dead zone has not been completed ("N" in step 1310),
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the process returns to before step 1308. When the dead
zone has been completed ("Y" in step 1310), the process
proceeds to step 1312. The processes in steps 1312 to
1324 are the same as the processes in steps 410 to 422
in Fig. 4. According to the embodiment of Fig. 12 and
Fig. 13, when the dead zone is provided, the measure-
ment timing of the values for monitoring the cooling proc-
ess of the load becomes proper, whereby the cooling
process of the load can be observed with high accuracy
even without using the dedicated temperature sensor.
[0136] Fig. 14 conceptually shows measurement tim-
ing of values for monitoring the cooling process of the
load, according to an embodiment of the present disclo-
sure. A curve 1402 represents a cooling curve of the load
132 when the aerosol source is sufficient in quantity. A
curve 1404 represents a cooling curve of the load 132
when the aerosol source is depleted (or is insufficient in
quantity). As shown in the figure, the time period from
when a value of an electric resistance of the load 132 or
an electric value related to the electric resistance is meas-
ured for the first time at a time t = 0 until the value is
measured for the second time may be longer than the
time period between the second measurement time point
and the third measurement time point. As shown in the
figure, after that, the time period between the adjacent
measurement time points may be set to become gradu-
ally shorter as time goes on.
[0137] Fig. 15 is a flowchart of processing according
to an embodiment of the present disclosure in connection
with Fig. 14. The processes in steps 1502 to 1506 are
the same as the processes in steps 402 to 406 in Fig. 4.
[0138] In step 1508, the control unit 106 determines a
value of the measurement cycle T shown in Fig. 14. In
an example, as illustrated in step 1508, the measurement
cycle T may be obtained as a product of a predetermined
coefficient α and the resistance value of the load 132 at
that time. When the load 132 is a PTC heater, the resist-
ance value of the load 132 is reduced as the temperature
of the load 132 decreases. Therefore, according to the
above-described example, "T" is shorter every time the
value is measured. The above-described method of cal-
culating "T" is illustrative only. As another example, the
measurement cycle T may be calculated to be inversely
proportional to the time period elapsed since the start of
the cooling process, or may be calculated to be inversely
proportional to the number of times of measurement that
has already been made.
[0139] The process in step 1510 is the same as the
process in step 408. The process proceeds to step 1512,
and the control unit 106 determines whether the time has
elapsed by the updated "T" after "T" has been updated
in step 1508. When the time has not elapsed by "T" ("N"
in step 1512), the process returns to before step 1510.
When the time has elapsed by "T" ("Y" in step 1512), the
process proceeds to step 1514. The processes in steps
1514 to 1520 are the same as the processes in steps
410 to 416.
[0140] When it is determined that the load 132 does

not reach the room temperature ("N" in step 1520), the
process returns to before step 1508, and new "T" is set,
and the processes from steps 1508 to 1520 are repeated.
When it is determined that the load 132 has reached the
room temperature ("Y" in step 1520), the process pro-
ceeds to step 1522. The processes in steps 1522 to 1526
are the same as the processes in steps 418 to 422.
[0141] According to the embodiment of Fig. 14 and Fig.
15, the control unit 106 may be configured to shorten in
a stepped manner the cycle in which a value of an electric
resistance or an electric value related to the electric re-
sistance is detected by the sensor 112 during monitoring
of the cooling process. The control unit 106 may be con-
figured to shorten the cycle in which a value of an electric
resistance or an electric value related to the electric re-
sistance is detected by the sensor 112 during monitoring
of the cooling process, as the temperature of the load
132 corresponding to the value detected by the sensor
112 is low. With such features, the frequency of meas-
urements can be appropriately set, whereby the influence
on the cooling process of the load 132 becomes small.
[0142] Fig. 16 schematically shows the power supply
to the load and the cooling process of the load after stop
of the power supply, according to an embodiment of the
present disclosure. A curve 1602 represents a cooling
curve of the load 132 when the aerosol source is sufficient
in quantity. A curve 1604 represents a cooling curve of
the load 132 when the aerosol source is depleted (or is
insufficient in quantity). An asterisk in Fig. 16 indicates a
temperature of the load 132 corresponding to the resist-
ance value of the load 132 before the aerosol generation
starts or immediately after the power supply starts.
[0143] Fig. 17 is a flowchart of processing according
to an embodiment of the present disclosure in connection
with Fig. 16. In step 1702, the control unit 106 determines
whether the aerosol generation request is issued. As an
example, the control unit 106 may determine whether the
user’s inhalation is started, based on the output of the
pressure sensor, or the like. In another example, the con-
trol unit 106 may determine whether the button provided
in the aerosol generation device 100 to supply the electric
power to the load 132 has been pressed.
[0144] The process proceeds to step 1704, and the
control unit 106 turns on the switch Q2 before turning on
the switch Q1. Next, in step 1706, the control unit 106
measures an electric resistance value of the load 132 or
an electric value related to the electric resistance, in the
above-described various methods. Here, the description
will be made below assuming that the electric resistance
value of the load 132 is measured. The control unit 106
stores, as an initial value, the electric resistance value
measured in step 1706. In step 1708, the control unit 106
turns off the switch Q2. The process proceeds to step
1710, and the control unit 106 turns on the switch Q1 to
start the power supply to the load 132.
[0145] The processes in steps 1712 to 1724 are the
same as the processes in steps 402 to 414.
[0146] The process proceeds to step 1726, and the
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control unit 106 determines whether the resistance value
RHTR(t) measured in step 1722 is equal to the initial value
measured in step 1706. When both are not equal to each
other ("N" in step 1726), the process returns to before
step 1718. When both are equal to each other ("Y" in
step 1726), the process proceeds to step 1728. The proc-
esses in steps 1728 to 1732 are the same as the proc-
esses in steps 418 to 422.
[0147] According to the embodiment of Fig. 16 and Fig.
17, the control unit 106 is configured to determine wheth-
er the depletion of the aerosol source has occurred,
based on the cooling process until the value detected by
the sensor 112 reaches a steady state. The cooling proc-
ess is observed until the temperature of the load 132
reaches the steady state, and therefore the cooling proc-
ess can be monitored until a proper end point. In an ex-
ample, the control unit 106 may be configured to deter-
mine whether the value detected by the sensor 112 has
reached the steady state, based on a comparison be-
tween the value detected by the sensor 112 before the
electric power is supplied and the value detected by the
sensor 112 in the cooling process. In this way, it is de-
termined whether the value has reached the steady state
based on the resistance value before the aerosol gener-
ation. Accordingly, the individual differences in the load
132 can be reflected as compared to the case where the
determination is made based on the predetermined
threshold, whereby the accuracy of the determination as
to whether the value has reached the steady state is im-
proved. In addition, even when the temperature in the
use environment of the aerosol generation device 100 is
different from a typical room temperature (e.g., 25°C),
the end point of the cooling process can be observed
precisely.
[0148] Note that, instead of the above-described em-
bodiment, in step 1726, the control unit 106 may deter-
mine whether the resistance value RHTR(t) measured in
step 1722 is equal to a value obtained by adding an in-
finitesimal predetermined value Δ to the initial value
measured in step 1706 or the value detected by the sen-
sor 112 before the electric power is supplied, to reflect a
measurement error of the sensor 112.
[0149] Fig. 18 conceptually shows a method of moni-
toring the cooling process of the load according to an
embodiment of the present disclosure. A curve 1802 rep-
resents a cooling curve of the load 132 when the aerosol
source is sufficient in quantity. A curve 1804 represents
a cooling curve of the load 132 when the aerosol source
is depleted (or is insufficient in quantity). In this example,
instead of an ideal cooling period during which the tem-
perature of the load 132 completely decreases to the
room temperature (e.g., 25°C), an approximate cooling
period during which the temperature of the load 132 de-
creases to a temperature (e.g., 25°C + Δ) higher than the
room temperature is used as a time period until the value
has reached the steady state.
[0150] Fig. 19 is a flowchart of processing according
to an embodiment of the present disclosure in connection

with Fig. 18. The processes in steps 1902 to 1914 are
the same as the processes in steps 402 to 414.
[0151] In step 1916, the control unit 106 compares the
resistance value of the load 132 measured in step 1912
with the resistance value (RHTR(THTR=R.T.+Δ)) of the
load 132 after an elapse of the above-described approx-
imate cooling period, and determines whether both co-
incide with each other. The latter resistance value may
be prestored in the memory 114. When both do not co-
incide with each other ("N" in step 1916), the process
returns to before step 1908. When both coincide with
each other ("Y" in step 1916), the process proceeds to
step 1918. The processes in steps 1918 to 1922 are the
same as the processes in steps 418 to 422.
[0152] According to the embodiment of Fig. 18 and Fig.
19, the control unit 106 is configured to determine wheth-
er the depletion of the aerosol source has occurred,
based on the cooling process until the value detected by
the sensor 112 reaches a steady state. In an example,
the control unit 106 is configured to determine whether
the value detected by the sensor has reached the steady
state. based on a comparison between the value detect-
ed by the sensor 112 corresponding to the temperature
higher than the room temperature by a predetermined
value and the value detected by the sensor 112 in the
cooling process.
[0153] The value of Δ used in the embodiment of Fig.
18 and Fig. 19 may be set to be larger than an error in
the temperature of the load obtained from the value de-
tected by the sensor 112, the error being caused by an
error of the sensor 112. As an example, when the sensor
112 is a voltage sensor, an error in the resistance value
that can be measured using the voltage sensor can be
obtained from the values of the measurement errors such
as a gain error, an offset error, and a hysteresis error that
are known for the voltage sensor. Furthermore, the error
in the temperature that can be estimated for the load 132
can be obtained from an error in the resistance value that
can be measured and an error in the temperature-resist-
ance characteristic that is known for the load 132. In this
case, it is only required that "Δ" is set to be larger than
the error in the temperature that can be estimated for the
load 132. This makes it possible to reflect the individual
differences in the load 132 as compared to the case
where the determination is made based on the predeter-
mined threshold such as 25°C corresponding to the room
temperature, whereby the accuracy of the determination
as to whether the value has reached the steady state is
improved.
[0154] Fig. 20 conceptually shows a method of moni-
toring the cooling process of the load according to an
embodiment of the present disclosure. A curve 2002 rep-
resents a cooling curve of the load 132. "RHTR(tn-6),
RHTR(tn-5), ···, and RHTR(tn) represent resistance values
of the load 132 measured at time points tn-6, tn-5, ···, and
tn, respectively. Instead of the resistance values, electric
values related to the resistances of the load 132 may be
used. A time differential value, deviation, and variance
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of each of these values measured for the load 132 can
be calculated using expressions shown in Fig. 20, for
example. In this example, even when the estimated tem-
perature of the load 132 has not reached the room tem-
perature + Δ yet, it is determined whether the resistance
value of the load 132 or the electric value related to the
resistance value has reached the steady state, based on
whether the above-described time differential value, de-
viation, or variance satisfies a predetermined condition.
[0155] Fig. 21 is a flowchart of processing according
to an embodiment of the present disclosure in connection
with Fig. 20. The processes in steps 2102 to 2116 are
the same as the processes in steps 1902 to 1916 in Fig.
19.
[0156] When in step 2116, it is determined that the load
132 does not reach the predetermined steady state ("N"
in step 2116), the process proceeds to step 2118. In step
2118, the control unit 106 determines whether an abso-
lute value of the time differential value of the resistance
value (or the electric value related to the resistance value)
of the load 132 is smaller than a predetermined threshold.
When the absolute value is equal to or larger than the
threshold ("N" in step 2118), the process returns to before
step 2108. When the absolute value is smaller than the
threshold ("Y" in step 2118), the process proceeds to
step 2120. Note that the condition in step 2118 may fur-
ther include a condition where the above-described time
differential value is equal to or smaller than zero. This
can avoid erroneously determining that the value has
reached the steady state when the cooling curve 2002
vibrates and the slope of the curve 2002 is positive. The
processes in steps 2120 to 2124 are the same as the
processes in steps 1918 to 1922.
[0157] Fig. 22 is a flowchart of processing according
to an embodiment of the present disclosure in connection
with Fig. 20. The processes in steps 2202 to 2216 are
the same as the processes in steps 2102 to 2116 in Fig.
21.
[0158] When in step 2216, it is determined that the load
132 does not reach the predetermined steady state ("N"
in step 2216), the process proceeds to step 2218. In step
2218, the control unit 106 determines whether the vari-
ance of the resistance value (or the electric value related
to the resistance value) of the load 132 is smaller than a
predetermined threshold. Instead of the variance, the de-
viation may be used for the determination. When the var-
iance is equal to or larger than the threshold ("N" in step
2218), the process returns to before step 2208. When
the variance is smaller than the threshold ("Y" in step
2218), the process proceeds to step 2220. The process-
es in steps 2220 to 2224 are the same as the processes
in steps 2120 to 2124.
[0159] According to the embodiment of Fig. 20, Fig.
21, and Fig. 22, the control unit 106 is configured to de-
termine whether the value detected by the sensor 112
has reached the steady state, based on the time differ-
ential value, the deviation, or the variance of the value
detected by the sensor 112. The time-series change in

the value is reflected as compared to the case where the
value itself detected by the sensor 112 is used, which
makes it easy to determine that the value has reached
the steady state.
[0160] As described above, according to the first em-
bodiment of the present disclosure, the control unit 106
can be configured to cause the sensor 112 to detect the
value during monitoring of the cooling process at timing
when the temperature of the load 132 does not diverge
from the value of the electric resistance of the load 132
or the electric value related to the electric resistance, or
with a frequency that does not interfere with the cooling
of the load 132 in the cooling process. Accordingly, the
cooling process of the load can be observed with high
accuracy even without using the dedicated temperature
sensor.
[0161] In addition, according to the first embodiment
of the present disclosure, the control unit 106 can be
configured to determine whether the depletion of the aer-
osol source in the storage unit 116A or the aerosol base
material 116B has occurred, based on the time-series
change in the value detected by the sensor 112 in the
cooling process after a point when or immediately after
the cooling of the load 132 starts and before a point when
the load 132 reaches the room temperature. In an exam-
ple, the control unit 106 can be configured to determine
whether the value detected by the sensor 112 has
reached the steady state, based on the value detected
by the sensor 112 or the time-series change in the value,
and determine whether the depletion has occurred,
based on the cooling process until the value detected by
the sensor 112 reaches the steady state. Accordingly,
the cooling process of the load can be observed with high
accuracy even without using the dedicated temperature
sensor.
[0162] In the above description, the first embodiment
of the present disclosure has been described as an aer-
osol generation device and a method of operating the
aerosol generation device. However, it will be appreciat-
ed that the present disclosure, when being executed by
a processor, can be implemented as a program that caus-
es the processor to perform the method or as a computer
readable storage medium storing the same program.

<Second Embodiment

[0163] When the load 132 (or the heater) is cooled, the
following expression is established using Newton’s law
of cooling, for convenience assuming that heat is ex-
changed only among the load 132, a member (e.g., the
retention unit 130, and hereinafter, referred to as a "wick")
that carries the aerosol source from the storage unit 116A
to the load 132 using a capillary effect and the aerosol
source retained in the wick, and the atmosphere.

[Formula 1]

[0164] Where "QHTR" represents an amount of heat of
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the load 132. "αwick," "αliquid," and "αair" are thermal con-
ductivities of the wick, the aerosol source retained in the
wick, and the atmosphere, respectively. "Swick," "Sliquid,"
and "Sair" are surface areas of the load 132 with respect
to the wick, the aerosol source retained in the wick, and
the atmosphere, respectively. "THTR," "Twick," "Tliquid,"
and "Tair" are temperatures of the load 132, the wick, the
aerosol source retained in the wick, and the atmosphere,
respectively.
[0165] In addition, the following expression is estab-
lished for the amount of heat of the load 132.

[Formula 2]

[0166] Where "CHTR" represents a thermal capacity of
the load 132.
[0167] Summarizing the expression (1) and the ex-
pression (2), the following expression is established.

[Formula 3]

[0168] For the sake of simplicity, relaxation times τ are
defined by the following expressions (4) to (6).

[Formula 4]

[0169] The expression (3) can be rewritten as follows
using the expressions (4) to (6).

[Formula 5]

[0170] For the sake of further simplicity, the expression
(7) is rewritten as follows.

[Formula 6]

[0171] Note that the mathematical expressions defined
by the following expression (9) and expression (10) are
used for the above rewriting of the expression.

[Formula 7]

[0172] To solve the differential expression (8), a new
variable T1 is introduced using the following expression
(11).

[Formula 8]

[0173] The variable transformation is applied to the dif-
ferential expression (8) using the expression (11).

[Formula 9]

[0174] Assuming that each of the wick, the aerosol
source retained in the wick, and the atmosphere has a
sufficient large thermal capacity with respect to the load
132 in the cooling process of the load 132, the temper-
ature changes of the wick, the aerosol source retained

in the wick, and the atmosphere in the cooling process
of the load 132 are negligibly small. Accordingly, the first
term of the left side of the differential expression (12) can
be regarded as zero, and therefore the differential ex-
pression (12) can be modified as follows.

[Formula 10]

[0175] The following expression is obtained by solving
the differential expression (13) using the separation of
variables.

[Formula 11]

[0176] Where "C" represents an integral constant.
[0177] When a value at t = 0 is obtained by regarding
the expression (11) as a function of time t, the following
expression is obtained.

[Formula 12]

[0178] Where "THTR(0)" represents a temperature of
the load 132 at t = 0, i.e., when the cooling process of
the load 132 starts. When the expression (15) is used for
a boundary condition of the expression (14), the following
expression is established.

[Formula 13]

[0179] The expression (14) can be solved for "THTR(t)"
as follows, using the expression (11) and the expression
(16).

[Formula 14]

[0180] The inventors of the present application have
discovered that when the expression (17) is differentiated
with respect to time, the time differential of the tempera-
ture of the load 132 (cooling rate) can be approximated
by the following expression.

[Formula 15]

[0181] As described above, if the temperature changes
of the wick, the aerosol source retained in the wick, and
the atmosphere in the cooling process of the load 132
are negligibly small, the time-series change in the tem-
perature of the load is largely affected by "THTR(0). That
is, it can be understood that the higher the temperature
of the load when the cooling process starts is, the easier
it is to decrease the temperature of the load.
[0182] From the above considerations, the inventors
of the present application arrived at the technical idea in
which the cooling rate of the load 132 is used to determine
whether the aerosol source has been depleted.
[0183] Fig. 23 is a graph schematically showing the
cooling process of the load 132 after the power supply
to the load 132 is stopped in the aerosol generation de-
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vice 100. The horizontal axis represents time, and the
vertical axis represents a temperature of the load. Here,
it is assumed that the maximum temperature reached by
the aerosol source in the normal state is 200°C, and the
temperature reached by the load 132 in the overheated
state due to depletion of the aerosol source is 350°C as
an example.
[0184] As described above, the higher the temperature
of the load 132 is, the larger the decrease rate of the
temperature of the load 132 is. Accordingly, in the exam-
ple of Fig. 23, in order to detect the depletion of the aer-
osol source, it is desirable that the rate of change in the
temperature of the load 132 is measured in regions, such
as regions 2302A and 2302B, including the temperature
exceeding the maximum temperature reached by the
aerosol source in the normal state. Conversely, a region,
such as a region 2304, including the temperature equal
to or lower than the maximum temperature reached by
the aerosol source in the normal state is not suitable to
measure the rate of change in the temperature of the
load 132 in order to detect the depletion of the aerosol
source.
[0185] Fig. 24 is a chart showing an actual cooling rate
of the load 132. Fig. 24(A) shows a cooling rate when
the aerosol source is sufficient in quantity. Fig. 24 (B)
shows a cooling rate when the aerosol source is depleted
(or is insufficient in quantity). In Fig. 24(A) and Fig. 24(B),
the horizontal axis represents time, and the vertical axis
represents the cooling rate of the load 132 that is ob-
served via the electric resistance value of the load 132.
Note that Fig. 24(A) and Fig. 24(B) have the same scale
of the vertical axis.
[0186] When the observation of the cooling process of
the load 132 is divided into a region 2402, a region 2404,
and a region 2406 in a time series order after heating of
the load 132 is stopped near about 4.8 seconds, the fol-
lowing can be found.
[0187] Since the region 2402 starts immediately after
the heating of the load 132 is stopped, the cooling rate
of the load 132 is strongly affected by the disturbance
such as the above-described surge current and residual
current in the region 2402. Accordingly, in the case where
the cooling rate is observed via the electric resistance
value of the load 132, it is difficult to use the cooling rate
of the load 132 in the region 2402 for the determination
as to whether the aerosol source has been depleted. Note
that it will be apparent to those skilled in the art that such
a concern hardly arises in the case where the cooling
rate of the load 132 is observed using the dedicated tem-
perature sensor.
[0188] In the region 2404, the cooling rate when the
aerosol source is sufficient in quantity as shown in Fig.
24(A) is largely different from the cooling rate when the
aerosol source is depleted (or is insufficient in quantity)
as shown in Fig. 24(B). It is believed that this is because
the above-described difference in the temperature of the
load causes a significant difference in the cooling rate.
Accordingly, the cooling rate of the load 132 in the region

2404 is suitable for the determination as to whether the
aerosol source has been depleted.
[0189] In the region 2406, the cooling rate when the
aerosol source is sufficient in quantity as shown in Fig.
24(A) is almost the same as the cooling rate when the
aerosol source is depleted (or is insufficient in quantity)
as shown in Fig. 24(B). It is believed that this is because
the cooling rate is observed at the temperature equal to
or lower than the above-described maximum tempera-
ture reached by the aerosol source in the normal state.
Accordingly, the cooling rate of the load 132 in the region
2406 is unsuitable for the determination as to whether
the aerosol source has been depleted.
[0190] Fig. 25 is a chart for explaining timing suitable
for measuring the cooling rate of the load 132. As de-
scribed in connection with Fig. 23, measuring the cooling
rate at the earliest timing possible after the switch Q1 is
turned off and the cooling of the load 132 starts allows
more accurate determination as to whether the aerosol
source has been depleted. However, when the switch
Q2 is turned on immediately after the switch Q1 is turned
off as indicated by reference numeral 2502, the value
related to the measured temperature of the load 132 fluc-
tuates largely due to an influence of the surge current
and the like. Accordingly, it is difficult to measure the
cooling rate accurately. On the other hand, even when
the measurement is made after the switch Q2 is turned
on at the timing when the temperature of the load 132
becomes equal to or lower than the boiling point of the
aerosol source as indicated by reference numeral 2506,
a significant difference hardly occurs between the case
where the aerosol source is depleted and the case where
the aerosol source is sufficient in quantity. From these,
the inventors of the present application have reached the
idea that it is desirable that the cooling rate is measured
at the timing when the temperature of the load 132 may
belong to a temperature range achievable only when the
depletion of the aerosol source occurs after an elapse of
a predetermined time period since turning off of the switch
Q1 (after the set dead zone is passed), as indicated by
reference numeral 2504.
[0191] Fig. 26 is a flowchart of processing for detecting
the depletion of the aerosol source, according to an em-
bodiment of the present disclosure. Here, all the steps
will be described as being performed by the control unit
106. However, it should be noted that some of the steps
may be performed by another component in the aerosol
generation device 100.
[0192] The process starts at step 2602, and the control
unit 106 determines whether the aerosol generation re-
quest has been completed. As an example, the control
unit 106 may determine whether user’s inhalation has
been completed, based on output of the pressure sensor,
and the like. In another example, the control unit 106 may
determine whether the aerosol generation request has
been completed, based on whether a button provided in
the aerosol generation device 100 to supply the electric
power to the load 132 is no longer pressed. In still another
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example, the control unit 106 may determine whether the
aerosol generation request has been completed, based
on whether a predetermined time period has elapsed
since detection of an operation on a user interface such
as pressing the button provided in the aerosol generation
device 100 to supply the electric power to the load 132.
[0193] When the aerosol generation request is contin-
ued ("N" in step 2602), the process returns to before step
2602. When the aerosol generation request is completed
("Y" in step 2602), the process proceeds to step 2604.
In step 2604, the control unit 106 turns off the switch Q1,
and stops the power supply to the load 132.
[0194] The process proceeds to step 2606, and the
control unit 106 waits for a predetermined time period in
a state in which both of the switch Q1 and the switch Q2
are off. That is, a dead zone in which the cooling process
is not monitored or the determination, based on the mon-
itored cooling process, as to whether the depletion has
occurred is not made is provided when or immediately
after the cooling process of the load 132 starts. The dead
zone may be provided until a time point after the surge
current is attenuated and a time point before the temper-
ature of the load 132 becomes equal to or lower than the
boiling point of the aerosol source.
[0195] The process proceeds to step 2608, and the
control unit 106 starts a timer. The control unit 106 may
set a value of the timer to an initial value t = 0.
[0196] The process proceeds to step 2610, and the
control unit 106 turns on the switch Q2 to cause the sec-
ond circuit 204 to function. The process proceeds to step
2612, and the control unit 106 measures a value related
to the temperature of the load 132 at a time t1 using the
sensor 112 or the like. The sensor 112 may be configured
to detect and output a temperature, a voltage, a resist-
ance value, and the like of the load 132. Here, an electric
resistance value RHTR(t1) of the load 132 is measured.
The process proceeds to step 2614, and the control unit
106 turns off the switch Q2.
[0197] The process proceeds to step 2616, and the
control unit 106 turns on the switch Q2 again to cause
the second circuit 204 to function. The process proceeds
to step 2518, and the control unit 106 measures the value
related to the temperature of the load 132 at a time t2,
e.g., an electric resistance value RHTR(t2) of the load 132.
The process proceeds to step 2620, and the control unit
106 turns off the switch Q2 again.
[0198] The process proceeds to step 2622, and the
control unit 106 obtains a cooling rate of the load 132
based on values of RHTR(t1), RHTR(t2), t1, and t2. Next,
in step 2624, the control unit 106 compares the obtained
cooling rate with a predetermined threshold. When the
cooling rate is smaller than the threshold ("Y" in step
2624), the process proceeds to step 2626, and the control
unit 106 determines that the aerosol source is depleted.
On the other hand, when the cooling rate is equal to or
larger than the threshold ("N" in step 2624), the process
proceeds to step 2628, and the control unit 106 deter-
mines that the aerosol source sufficiently remains.

[0199] Thus, according to the embodiment illustrated
in Fig. 26, the control unit 106 is configured to determine
whether the depletion of the aerosol source in the storage
unit 116A or the aerosol base material 116B has oc-
curred, based on the cooling rate derived from the output
value of the sensor 112 in the cooling process after the
temperature of the load 132 increases up to a tempera-
ture or higher, the temperature allowing the aerosol
source to be atomized. The control unit 106 can detect
whether the depletion of the aerosol source occurs based
on the cooling rate and determine rapidly and with high
accuracy whether the depletion of the aerosol source oc-
curs. Note that step 2614 and step 2616 may be skipped
so that the switch Q2 that is turned on in step 2610 stays
on until step 2620.
[0200] In addition, according to the above-described
embodiment, the control unit 106 is configured to deter-
mine whether the depletion has occurred, based on the
cooling rate in a time zone in which a difference between
the cooling rate when the depletion of the aerosol source
occurs and the cooling rate when the depletion of the
aerosol source does not occur is equal to or larger than
the threshold (e.g., a time zone corresponding to the re-
gion 2302A or 2302B in Fig. 23), in the cooling process.
Alternatively, the control unit 106 may be configured to
determine whether the depletion has occurred, based on
the cooling rate in a time zone in which the temperature
of the load 132 belongs to a temperature range achiev-
able only when the depletion occurs (e.g., a time zone
corresponding to the region 2302A), in the cooling proc-
ess. It is determined whether the depletion of the aerosol
source occurs, based on the cooling rate derived in a
period in which a significant difference in the cooling rate
is present. Accordingly, the determination as to whether
the depletion occurs can be made with higher accuracy.
[0201] In addition, according to the above-described
embodiment, the control unit 106 may be configured to
derive the cooling rate from a plurality of output values
of the sensor 112 and acquire at least the earliest value
in terms of the time axis among the plurality of output
values of the sensor 112, in the time zone in which the
temperature of the load 132 belongs to a temperature
range achievable only when the depletion occurs, in the
cooling process. Alternatively, the control unit 106 may
be configured to acquire the plurality of output values of
the sensor 112 in the time zone in which the temperature
of the load 132 belongs to a temperature range achiev-
able only when the depletion occurs, in the cooling proc-
ess. According to these configurations, it is only required
that only the start point of the measurement period belong
to the region in which the significant difference is present,
and therefore the dead zone need not to be set precisely,
and furthermore, a microcontroller with high performance
such as an extremely fast control cycle need not to be
used as the control unit 106.
[0202] As already described in connection with the first
embodiment of the present disclosure, the load 132 may
have the electric resistance value that changes in re-
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sponse to the temperature. The sensor 112 may output
the value related to the electric resistance value as the
value related to the temperature of the load 132. In this
case, since the temperature is derived from the resist-
ance value of the load 132, an expensive dedicated tem-
perature sensor becomes unnecessary. In addition, the
control unit 106 may be configured to provide the dead
zone in which the value related to the electric resistance
value is not acquired by the sensor 112 or the cooling
rate is not derived, when or immediately after the cooling
process starts. Alternatively, the control unit 106 may be
configured to derive the cooling rate based on the output
value of the sensor 112 when or immediately after the
cooling process starts, the output value being corrected
by smoothing the time-series change in the output value
of the sensor 112. According to this configuration, since
the resistance value when or immediately after the cool-
ing starts is not used, it is less likely to observe fluctuation
in the output value of the sensor 112, whereby the ob-
servation accuracy of the cooling process is improved.
[0203] In an example, the control unit 106 may be con-
figured to control the power supply from the power source
110 to the load 132 so that the electric power supplied
from the power source 110 to the load 132 before the
cooling process decreases in a stepped manner or de-
creases gradually. This enables the current flowing
through the circuit to be reduced at the end of the aerosol
generation stage. Accordingly, a period in which the out-
put value fluctuates due to the above-described surge
current and residual current, and the like can be short-
ened, thereby enabling the observation of the period in
which more prominent significant difference in the cooling
rate is produced.
[0204] In an example, the above-described dead zone
may be provided to continue until the current value of at
least one of the residual current and the surge current
that are generated at the end of the power supply be-
comes equal to or smaller than the threshold. Therefore,
the dead zone becomes longer than the time period until
the surge current or the residual current disappears or
becomes vanishingly small. Accordingly, the cooling
process is not observed in a state in which the residual
current or the surge current is superimposed on the out-
put value of the sensor, whereby the observation accu-
racy is improved.
[0205] In an example, the dead zone may be shorter
than the time period until the cooling process is complet-
ed in the case where the depletion does not occur. Thus,
the dead zone is shorter than the cooling time period
when the aerosol source is sufficient in quantity. Accord-
ingly, an excessively long dead zone is unnecessary,
thereby allowing unimpeded observation of the cooling
process.
[0206] In an example, at least one of the time period
from the end of the power supply to the start of acquisition
of the value related to the electric resistance value by the
sensor 112 and the cycle in which the sensor 112 ac-
quires the value related to the electric resistance value

may be larger than the minimum value achievable by the
control unit 106. This can intentionally reduce the number
of observation timings or the frequency of the observa-
tion, when the cooling process of the load 132 is observed
via the resistance value. Accordingly, the cooling process
of the load can be observed with high accuracy even
without using the dedicated temperature sensor.
[0207] Fig. 27 is a flowchart of processing for detecting
the depletion of the aerosol source, according to an em-
bodiment of the present disclosure. The processes in
steps 2702 and 2704 are the same as the processes in
steps 2602 and 2604 in Fig. 26.
[0208] The process proceeds to step 2706, and the
control unit 106 turns on the switch Q2. The switch Q2
may be turned on immediately after the switch Q1 is
turned off. Next, in step 2708, the control unit 106 turns
off the switch Q2. The current flowing through the load
132 when the switch Q2 is on is smaller than the current
flowing through the load 132 when the switch Q1 is on.
Accordingly, the surge current generated after the switch
Q2 is turned on and off in steps 2706 and 2708 is smaller
than the surge current generated in the example indicat-
ed by reference numeral 2502 in Fig. 25. Note that steps
2704 to 2708 may be performed before step 2702. Ac-
cordingly, the cooling process can be observed immedi-
ately after the start.
[0209] The processes in steps 2710 to 2732 are the
same as the processes in steps 2606 to 2628.
[0210] The aerosol generation device according to the
second embodiment of the present disclosure may in-
clude the circuit 200 illustrated in Fig. 2, in an example.
The circuit 200 may include a first circuit 202 that is con-
nected in series between the power source 110 and the
load 132 and includes the first switch Q1, and a second
circuit 204 that is connected in series between the power
source 110 and the load 132, is connected in parallel to
the first circuit 202, includes the second switch Q2, and
has an electric resistance value larger than that of the
first circuit 202. The control unit 106 may be configured
to control the first switch Q1 and the second switch Q2,
and derive the cooling rate based on the output value of
the sensor while only the second switch Q2 of the first
switch Q1 and the second switch Q2 is on. This config-
uration includes a dedicated circuit for measuring a re-
sistance value of a high-resistance resistor. Accordingly,
the influence on the cooling process of the load when the
resistance value is measured can be reduced. As de-
scribed in connection with Fig. 27, the control unit 106
may be configured to turn on the second switch Q2 im-
mediately before the cooling process. This alternately
turns on the first switch Q1 and the second switch Q2.
Accordingly, this can mitigate the surge current and the
residual current when the cooling process starts.
[0211] Fig. 28 schematically illustrates a circuit includ-
ed in the aerosol generation device, according to an em-
bodiment of the present disclosure. A circuit 2800 is dif-
ferent from the circuit 200 in Fig. 2 in that the circuit 2800
does not include the second circuit 204. In the example
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of Fig. 28, the aerosol generation device may include a
temperature sensor 112E that detects and outputs a tem-
perature of the load 132. In this case, for example, the
control unit 106 need not perform the processes in steps
2606 to 2622 in Fig. 26, the temperature sensor 112E
directly measures the temperatures of the load 132 at
the times t1 and t2, and the control unit 106 may obtain
the cooling rate based on the measured temperatures.
[0212] In still another example, the aerosol generation
device may include a circuit having similar configuration
to that of the circuit 2800 illustrated in Fig. 28, and may
include a voltage sensor 112B that detects a voltage val-
ue across the load 132 as illustrated in Fig. 2, instead of
the temperature sensor 112E. In this case, the aerosol
generation device does not include the switch Q2. The
control unit 106 may perform the processing similar to
the processing in Fig. 26. Note that in this case, the con-
trol unit 106 turns off the switch Q1 and waits for a pre-
determined time period, instead of performing step 2606.
The control unit 106 further turns on the switch Q1 instead
of performing steps 2610 and 2616, and turns off the
switch Q1 instead of performing steps 2614 and 2620.
[0213] In the above description, the second embodi-
ment of the present disclosure has been described as an
aerosol generation device and a method of operating the
aerosol generation device. However, it will be appreciat-
ed that the present disclosure, when being executed by
a processor, can be implemented as a program that caus-
es the processor to perform the method or as a computer
readable storage medium storing the same program.

<Third Embodiment

[0214] When the aerosol generation request is issued
when the aerosol source in the storage unit 116A or the
aerosol base material 116B is depleted, the heater (the
load 132) is heated in a state exposed to the atmosphere.
Accordingly, the load 132 causes chemical changes de-
pending on the material forming the load 132, and the
physical properties thereof may change. In an example,
a protective film is formed on a surface of the load 132
by the phenomenon such as oxidation, resulting that the
electric resistance value of the load 132 may change.
The inventors of the present application arrived at the
technical idea in which such a phenomenon such as ox-
idation is used to detect the occurrence of the depletion
of the aerosol source in the aerosol generation device.
Hereafter, the present embodiment will be specifically
described.
[0215] Fig. 29 conceptually shows a method of deter-
mining whether the depletion of the aerosol source has
occurred, in an embodiment of the present disclosure.
The horizontal axis of the graph represents time, and the
vertical axis represents an electric resistance value of
the load 132. The electric resistance value of the load
132 is merely an example of a value related to the phys-
ical properties of the load 132 used in the present em-
bodiment. It will be appreciated by those skilled in the art

that the values related to various physical properties of
the load 132 that may change due to the depletion of the
aerosol source can be used in the present embodiment.
[0216] "RHTR(t0)"represents a resistance value of the
load 132 at the room temperature (here, 25°C) (or the
steady state) at a time to before the electric power is
supplied to the load 132. The "RHTR(t0)" can be measured
by turning on the switch Q2 to function the second circuit
204.
[0217] In this example, the aerosol generation request
is issued at a time t1. The switch Q1 is turned on according
to the request, and the power supply to the load 132 is
started. As described in connection with the first embod-
iment and the second embodiment, when the PTC heater
is used for the load 132, the resistance value RHTR of the
load 132 increases as the temperature of the load 132
increases. A curve 2902 in Fig. 29 shows a change in
the resistance value of the load 132 when the aerosol
source is sufficient in quantity. A curve 2904 shows a
change in the resistance value of the load 132 when the
aerosol source is depleted.
[0218] In the case where the aerosol source is suffi-
cient in quantity, when the temperature of the load 132
reaches the maximum temperature (here, 200°C)
reached by the aerosol source in the normal state, the
resistance value of the load 132 no longer increases, as
indicated by the curve 2902. Then, when the aerosol gen-
eration request is completed at a time t2 and the switch
Q1 is turned off, the temperature of the load 132 decreas-
es, and the resistance value of the load 132 decreases.
When the temperature of the load 132 reaches the room
temperature (or the steady state), the resistance value
returns to the value RHTR(t0) before heating of the load
132.
[0219] In the case where the aerosol source is deplet-
ed, when the temperature of the load 132 exceeds the
maximum temperature reached by the aerosol source in
the normal state, and then further increases to the tem-
perature (e.g., 350°C) achievable only when the deple-
tion of the aerosol source occurs, as indicated by the
curve 2904. At this time, the physical properties of the
load 132 may change depending on the material of the
load 132. For example, a protective film may be formed
on a surface of the load 132. In this example, the tem-
perature of the load 132 at the time t2 has reached up to
350°C or higher. When the switch Q1 is turned off, the
temperature of the load 132 decreases, and the resist-
ance value of the load 132 also decreases accordingly.
However, even when the temperature of the load 132
returns to the room temperature (or the steady state) as
shown in Fig. 29, the resistance value of the load 132
does not return to the value before heating due to an
influence of the changes in the above-described physical
properties, and becomes larger than the value before
heating. In the present embodiment, it is determined
whether the aerosol source is depleted based on whether
a difference ΔR between the resistance value RHTR(t3)
of the load 132 at a time t3 and the original resistance
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value RHTR(t0) is equal to or larger than a predetermined
threshold. Here, "t3 - t2" may be set to be equal to or
larger than a time period Δtcooling required until the tem-
perature of the load 132 returns to the room temperature
(or the steady state) when the aerosol source is sufficient
in quantity.
[0220] Fig. 30 is a flowchart of processing according
to an embodiment of the present disclosure, in connec-
tion with Fig. 29. Here, all the steps will be described as
being performed by the control unit 106. However, it
should be noted that some of the steps may be performed
by another component in the aerosol generation device
100.
[0221] The process starts at step 3002, and the control
unit 106 determines whether the connection of the heater
(load) has been detected. For example, when detecting
that the cartridge 104A is connected to the main body
102, the control unit 106 determines that the connection
of the heater has been detected.
[0222] When the connection of the heater is not de-
tected ("N" in step 3002), the process returns to before
step 3002. When the connection of the heater has been
detected ("Y" in step 3002), the process proceeds to step
3004. In step 3004, the control unit 106 turns on the switch
Q2 to cause the second circuit 204 to function. The timing
when the switch Q2 is turned on may be any time point
from the time to to the time t1 when the aerosol generation
is started, as shown in Fig. 28. The timing when the switch
Q2 is turned on may be a time point when the aerosol
generation request is issued in step 3010 described later.
[0223] The process proceeds to step 3006, and the
control unit 106 measures a value related to the physical
properties of the load 132. For example, the control unit
106 may measure a voltage applied across the load 132
using the voltage sensor, and measure an electric resist-
ance value of the load 132 based on the measured volt-
age. In the example of Fig. 30, the following description
will be made assuming that the resistance value RHTR(t0)
of the load 132 is measured in this manner. The process
proceeds to step 3008, and the control unit 106 turns off
the switch Q2.
[0224] The process proceeds to step 3010, and the
control unit 106 determines whether the aerosol gener-
ation request is issued. As an example, the control unit
106 may determine whether user’s inhalation has been
started, based on output of the pressure sensor, and the
like. In another example, the control unit 106 may deter-
mine whether the button provided in the aerosol gener-
ation device 100 to supply the electric power to the load
132 has been pressed. When the aerosol generation re-
quest is not issued ("N" in step 3010), the process returns
to before step 3010. When the aerosol generation re-
quest is issued ("Y" in step 3010), the process proceeds
to step 3012. In step 3012, the control unit 106 turns on
the switch Q1 to start the power supply to the load 132.
[0225] The processes in steps 3014 to 3020 are the
same as the processes in steps 402 to 408 in Fig. 4.
[0226] The process proceeds to step 3022, and the

control unit 106 determines whether the value t of the
timer is equal to or larger than Δtcooling shown in Fig. 29.
When the condition is not satisfied ("N" in step 3022), the
process returns to before step 3020. When the condition
is satisfied ("Y" in step 3022), the process proceeds to
step 3024.
[0227] In step 3024, the control unit 106 turns on the
switch Q2 to cause the second circuit 204 to function.
Next, in step 3026, the control unit 106 measures the
resistance value RHTR(t3) (see Fig. 29) of the load 132.
Next, in step 3028, the control unit 106 turns off the switch
Q2.
[0228] The process proceeds to step 3030, and the
control unit 106 determines whether a difference be-
tween RHTR(t3) and RHTR(t0) is equal to or larger than a
predetermined threshold. When the difference is equal
to or larger than the threshold ("Y" in step 3030), the
process proceeds to step 3032, and the control unit 106
determines that the aerosol source is depleted. On the
other hand, when the difference is smaller than the
threshold ("N" in step 3030), the process proceeds to
step 3034, and the control unit 106 determines that the
aerosol source sufficiently remains.
[0229] Fig. 31 shows Table 3100 indicating oxidation-
reduction potentials and the ease of forming an oxide film
of various metals that can be used for manufacturing of
the load 132 (heater). The smaller the oxidation-reduc-
tion potential is, the easier the formation of the oxide film
is. The larger the oxidation-reduction potential is, the less
the oxide film is likely to be formed. In Table 3100, "Al"
shows that the oxide film is most likely to be formed, and
"Au" shows that the oxide film is least likely to be formed.
In the present embodiment, a phenomenon in which the
physical properties of the load 132 change at the tem-
perature achievable only when the depletion of the aer-
osol source occurs is used for detection of the occurrence
of depletion of the aerosol source. Accordingly, among
the metals shown in Table 3100, Al, Ti, Zr, Ta, Zn, Cr,
Fe, Ni, Pb, and Cu that may have the oxide film formed
thereon are suitable for manufacturing of the load 132.
Accordingly, the load 132 may contain metals having the
oxidation-reduction potentials equal to or lower than that
of copper. As an example, the load 132 may contain NiCr
in the above-described metals. In addition, the load 132
may be configured to have no passivation film formed on
the surface thereof not to interfere with oxidation. In other
words, it can be said that stainless steel having a passi-
vation film formed on the surface thereof, and the like is
unsuitable for manufacturing of the load 132.
[0230] Fig. 32 conceptually shows a method of deter-
mining whether the depletion of the aerosol source has
occurred, in an embodiment of the present disclosure.
"RHTR(t1)"represents a resistance value of the load 132
at the room temperature (here, 25°C) (or the steady state)
at a time t1 when the switch Q1 is turned on and the
power supply to the load 132 is started. A curve 3202
shows a change in the resistance value of the load 132
when the aerosol source is sufficient in quantity. A curve
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3204 shows a change in the resistance value of the load
132 when the aerosol source is depleted.
[0231] As in the example of Fig. 29, in the case where
the aerosol source is sufficient in quantity, when the tem-
perature of the load 132 reaches the maximum temper-
ature (here, 200°C) reached by the aerosol source in the
normal state, the resistance value of the load 132 no
longer increases, as indicated by the curve 3202. Then,
when the aerosol generation request is completed at a
time t2 and the switch Q1 is turned off, the temperature
of the load 132 decreases, and the resistance value of
the load 132 decreases. The resistance value RHTR(t3)
when the temperature of the load 132 reaches the room
temperature (or the steady state) is approximately equal
to a value RHTR(t1) before heating of the load 132.
[0232] As in the example of Fig. 29, in the case where
the aerosol source is depleted, when the temperature of
the load 132 exceeds the maximum temperature reached
by the aerosol source in the normal state, and then further
increases to the temperature achievable only when the
depletion of the aerosol source occurs, as indicated by
the curve 3204. At this time, the physical properties of
the load 132 may change depending on the material of
the load 132. When the switch Q1 is turned off, the tem-
perature of the load 132 decreases, and the resistance
value of the load 132 also decreases accordingly. How-
ever, even when the temperature of the load 132 returns
to the room temperature (or the steady state), the resist-
ance value RHTR(t3) of the load 132 becomes larger than
the value RHTR(t1) before heating due to an influence of
the changes in the physical properties.
[0233] Fig. 33 is a flowchart of processing according
to an embodiment of the present disclosure, in connec-
tion with Fig. 32. The processes in steps 3302 to 3316
are the same as the processes in steps 3014 to 3028 in
Fig. 30.
[0234] The process proceeds to step 3318, and the
control unit 106 determines whether the resistance value
of the load 132 in a state of being returned to the steady
state is equal to or larger than a predetermined threshold
Rthre. The threshold Rthre is a total value of the resist-
ance value in the steady state when the aerosol source
is sufficient in quantity and an increasing amount that is
known in advance for the resistance value of the load
132 when the physical properties of the load 132 have
changed due to overheating. In other words, the thresh-
old Rthre is a resistance value of the load 132 when the
physical properties of the load 132 have changed due to
overheating. The threshold Rthre may be prestored in the
memory 114. Instead of the above-described process, in
step 3318, the control unit 106 may measure the resist-
ance value at the time t1 in Fig. 32, and determine whether
a difference between the resistance value measured at
the time t3 and the resistance value measured at the time
t1 is equal to or larger than the predetermined threshold.
The predetermined threshold may be prestored in the
memory. The processes in steps 3320 and 3322 are the
same as the processes in steps 3032 and 3034.

[0235] In the embodiment of Fig. 29 and Fig. 30 and
the embodiment of Fig. 32 and Fig. 33, when the aerosol
generation request is issued again before the tempera-
ture of the load 132 decreases to the room temperature
or the steady state during cooling of the load 132, the
temperature and the resistance value of the load 132
increases again. In this case, it becomes difficult to de-
termine accurately whether the aerosol source is deplet-
ed, in the processing in Fig. 30 or Fig. 33. As a solution
to this problem, the control unit 106 may prohibit the aer-
osol source from being atomized by the load 132 until
the resistance value of the load 132 is returned to the
steady state. As an example, even when the aerosol gen-
eration request is issued during Δtcooling indicated in Fig.
29 and Fig. 32, the control unit 106 need not to respond
to the request.
[0236] Fig. 34 conceptually shows a method of deter-
mining whether the depletion of the aerosol source has
occurred, in an embodiment of the present disclosure.
Unlike the case of Fig. 32, in this example, the control
unit 106 measures the resistance value of the load 132
at a time t4 before a time t3, and determines whether the
aerosol source is depleted. The time t4 is a time point
prior to a time point when the temperature of the load
132 decreases to the steady state after the temperature
of the load 132 increases up to a temperature or higher,
the temperature allowing the aerosol source to be atom-
ized, in the case where the aerosol source is depleted.
[0237] Fig. 35 is a flowchart of processing according
to an embodiment of the present disclosure, in connec-
tion with Fig. 32. The processes in steps 3502 to 3508
are the same as the processes in steps 3302 to 3308 in
Fig. 33.
[0238] The process proceeds to step 3510, and the
control unit 106 determines whether the value t of the
timer is equal to or larger than an alternative cooling time
period shown in Fig. 34. When the condition is not satis-
fied ("N" in step 3510), the process returns to before step
3508. When the condition is satisfied ("Y" in step 3510),
the process proceeds to step 3512. The processes in
steps 3512 to 3516 are the same as the processes in
steps 3312 to 3316 in Fig. 33.
[0239] The process proceeds to step 3518, and the
control unit 106 determines whether a resistance value
RHTR(t4) of the load 132 measured in step 3514 is equal
to or larger than a predetermined value. The predeter-
mined value may be R’HTR(t3) + (R’HTR(t3) - RHTR(t1)) -
Δ (see Fig. 34) as an example. This reflects the fact that
a resolution of the resistance value of the load 132 by
the sensor 112 must be smaller than R’HTR(t3) - RHTR(t1),
and Δ as a correction term. That is, the resistance value
of the load 132 before reaching the steady state is com-
pared to a value obtained by adding the predetermined
value to the resistance value of the load 132 in the steady
state when the depletion has occurred. The latter value
may be prestored in the memory 114. Alternatively, a
value obtained by subtracting the predetermined value
from the resistance value of the load 132 before reaching
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the steady state may be compared to the resistance value
of the load 132 in the steady state when the depletion
has occurred.
[0240] When the condition is satisfied ("Y" in step
3518), the process proceeds to step 3520, and the control
unit 106 determines that the aerosol source is depleted.
When the condition is not satisfied ("N" in step 3518), the
process proceeds to step 3522, and the control unit 106
determines that the aerosol source sufficiently remains.
[0241] As described above, the aerosol generation de-
vice according to the third embodiment of the present
disclosure includes the load 132 of which physical prop-
erties change when the load 132 is heated at the tem-
perature achievable only when the depletion of the aer-
osol source in the storage unit 116A or the aerosol base
material 116B occurs. The value related to the physical
properties of the load 132 is output by the sensor 112.
The control unit 106 may be configured to determine
whether the depletion has occurred, based on the output
value of the sensor 112 after the temperature of the load
132 increases up to a temperature or higher, the temper-
ature allowing the aerosol source to be atomized. This
enables the depletion of the aerosol source to be detect-
ed based on the changes in the physical properties of
the load 132 due to the depletion of the aerosol source.
Accordingly, the occurrent of depletion of the aerosol
source can be detected with high accuracy.
[0242] In addition, as described above, the control unit
106 may be configured to determine whether the deple-
tion has occurred, based on the output value of the sensor
112 after the temperature of the load 132 increases up
to a temperature or higher, the temperature allowing the
aerosol source to be atomized. This enables the deple-
tion of the aerosol source to be detected based on the
physical properties of the load 132 in the steady state.
Accordingly, the possibility of false detection is reduced.
[0243] In addition, as described above, the control unit
106 may be configured to determine whether the deple-
tion has occurred, based on an amount of change in the
output value of the sensor 112 before and after the tem-
perature of the load 132 increases up to a temperature
or higher, the temperature allowing the aerosol source
to be atomized. This enables the depletion of the aerosol
source to be detected based on the amount of change
in the physical properties of the load 132 before and after
the power supply to the load 132. Accordingly, the deter-
mination is less likely to be affected by the individual dif-
ferences of the load as compared to the case where the
physical properties after the end of the power supply are
compared to the threshold.
[0244] In addition, as described above, the control unit
106 may be configured to determine whether the deple-
tion has occurred, based on a difference in the output
value of the sensor 112 before and after the temperature
of the load 132 increases up to a temperature or higher,
the temperature allowing the aerosol source to be atom-
ized. This enables the depletion of the aerosol source to
be detected based on the amount of change in the phys-

ical properties in the steady state before and after the
power supply. Accordingly, the determination is less like-
ly to be affected by the individual differences of the load
132 as compared to the case where the physical prop-
erties after the end of the power supply are compared to
the threshold.
[0245] In addition, as described above, the control unit
106 may be configured to prohibit the aerosol source
from being atomized by the load 132 until the output value
of the sensor 112 reaches the steady state after the tem-
perature of the load 132 increases up to a temperature
or higher, the temperature allowing the aerosol source
to be atomized. Thus, an interval until the steady state
is reached is defined. Accordingly, the frequency of de-
termining the depletion of the aerosol source can be in-
creased.
[0246] In addition, as described above, the control unit
106 may be configured to determine whether the deple-
tion has occurred, based on a comparison between the
output value of sensor 112 before reaching the steady
state and a value obtained by adding the predetermined
value to the value related to the physical properties of
the load 132 in the steady state when the depletion has
occurred, in the cooling process after the temperature of
the load 132 increases up to a temperature or higher, the
temperature allowing the aerosol source to be atomized.
Alternatively, the control unit 106 may be configured to
determine whether the depletion has occurred, based on
a comparison between a value obtained by subtracting
the predetermined value from the output value of the sen-
sor 112 before reaching the steady state and a value
related to the physical properties of the load 132 in the
steady state when the depletion has occurred, in the cool-
ing process after the temperature of the load 132 increas-
es up to a temperature or higher, the temperature allow-
ing the aerosol source to be atomized. In this way, the
physical properties of the load 132 are measured at a
time point prior to a time point when the steady state is
reached. Accordingly, this makes it possible to specify
earlier that the depletion of the aerosol source has oc-
curred.
[0247] In addition, as described above, the sensor may
output a value related to the electric resistance value of
the load 132, as a value related to the physical properties
of the load 132. Thus, the temperature is derived from
the resistance value of the load. Accordingly, an expen-
sive dedicated temperature sensor becomes unneces-
sary.
[0248] In addition, as described above, the control unit
106 may be configured to determine whether the deple-
tion has occurred, based on a comparison between an
output value of the sensor 112 after the temperature of
the load 132 increases up to a temperature or higher, the
temperature allowing the aerosol source to be atomized
and a value related to the resistance value of the load
132 when the protective film (e.g., an oxide film) is formed
on the surface of the load 132. In addition, as described
above, the control unit 106 may be configured to deter-
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mine whether the depletion has occurred, based on a
comparison between an amount of change in the output
value of the sensor 112 before and after the temperature
of the load 132 increases up to a temperature or higher,
the temperature allowing the aerosol source to be atom-
ized and an amount of change in a value related to the
resistance value of the load 132 due to the protective film
formed on the surface of the load 132. In these cases, a
value corresponding to a value of the protective film por-
tion is regarded as a threshold. The threshold may be
prestored in the memory 114. Accordingly, this makes it
possible to properly detect a change in the resistance
value due to formation of the protective film, i.e., the oc-
currence of depletion of the aerosol source.
[0249] The aerosol generation device according to the
third embodiment of the present disclosure may include
the circuit 200 illustrated in Fig. 2, in an example. The
circuit 200 may include a first circuit 202 that is connected
in series between the power source 110 and the load 132
and includes the first switch Q1, and a second circuit 204
that is connected in series between the power source
110 and the load 132, is connected in parallel to the first
circuit 202, includes the second switch Q2, and has an
electric resistance value larger than that of the first circuit
202. The control unit 106 may be configured to control
the first switch Q1 and the second switch Q2, and deter-
mine whether the depletion has occurred based on the
output value of the sensor while only the second switch
Q2 of the first switch Q1 and the second switch Q2 is on.
This configuration includes a dedicated circuit for meas-
uring a resistance value of a high-resistance resistor. Ac-
cordingly, the influence on the cooling process of the load
when the resistance value is measured can be reduced.
[0250] In the above description, the third embodiment
of the present disclosure has been described as an aer-
osol generation device and a method of operating the
aerosol generation device. However, it will be appreciat-
ed that the present disclosure, when being executed by
a processor, can be implemented as a program that caus-
es the processor to perform the method or as a computer
readable storage medium storing the same program.
[0251] The embodiments of the present disclosure
have been described thus far, and it should be under-
stood that these embodiments are only illustration, and
do not limit the scope of the present disclosure. It should
be understood that modification, addition, alteration and
the like of the embodiments can be properly performed
without departing from the gist and the scope of the
present disclosure. The scope of the present disclosure
should not be limited by any of the aforementioned em-
bodiments, but should be specified by only the claims
and the equivalents of the claims.

REFERENCE SIGNS LIST

[0252] 100A, 100B ··· aerosol generation device, 102
··· main body, 104A ··· cartridge, 104B ··· aerosol gener-
ating article, 106 ··· control unit, 108 ··· notifying unit, 110

··· power source, 112 ··· sensor, 114 ··· memory, 116A ···
storage unit, 116B ··· aerosol base material, 118A, 118B
··· atomizing unit, 120 ··· air intake channel, 121 ··· aerosol
flow path, 122 ··· mouthpiece unit, 130 ··· retention unit,
132 ··· load, 134 ··· circuit, 200 ··· circuit, 202 ··· first circuit,
204 ··· second circuit, 208 ··· conversion part, 212 ··· shunt
resistor
[0253] Further examples of the invention are as fol-
lows:

E1. An aerosol generation device, comprising:

a storage unit that stores an aerosol source or
an aerosol base material that retains the aerosol
source;
a load that generates heat upon receipt of power
supply from a power source and atomizes the
aerosol source, and of which physical properties
change when the load is heated at a temperature
achievable only when depletion of the aerosol
source in the storage unit or the aerosol base
material occurs;
a sensor that outputs a value related to the phys-
ical properties of the load; and
a control unit configured to determine whether
the depletion has occurred, based on the output
value of the sensor after a temperature of the
load increases up to a temperature or higher,
the temperature allowing the aerosol source to
be atomized.

E2. The aerosol generation device according to ex-
ample E1, wherein
the control unit is configured to determine whether
the depletion has occurred, based on a steady value
that is the output value of the sensor in a steady state
after the temperature of the load increases up to a
temperature or higher, the temperature allowing the
aerosol source to be atomized.
E3. The aerosol generation device according to ex-
ample E2, wherein
the control unit is configured to be capable of acquir-
ing a request for aerosol generation, and acquire the
steady value taking opportunity of the acquisition of
the request.
E4. The aerosol generation device according to ex-
ample E1, wherein
the control unit is configured to determine whether
the depletion has occurred, based on an amount of
change in the output value of the sensor before and
after the temperature of the load increases up to a
temperature or higher, the temperature allowing the
aerosol source to be atomized.
E5. The aerosol generation device according to ex-
ample E4, wherein
the control unit is configured to determine whether
the depletion has occurred, based on a difference in
the output value of the sensor before and after the
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temperature of the load increases up to a tempera-
ture or higher, the temperature allowing the aerosol
source to be atomized.
E6. The aerosol generation device according to ex-
ample E5, wherein
the control unit is configured to prohibit the aerosol
source from being atomized by the load until the out-
put value of the sensor reaches the steady state after
the temperature of the load increases up to a tem-
perature or higher, the temperature allowing the aer-
osol source to be atomized.
E7. The aerosol generation device according to any
one of examples E1 to E6, wherein
the control unit is configured to determine whether
the depletion has occurred, based on a comparison
between the output value of sensor before reaching
the steady state and a value obtained by adding a
predetermined value to the value related to the phys-
ical properties of the load in the steady state when
the depletion has occurred or based on a comparison
between a value obtained by subtracting the prede-
termined value from the output value of the sensor
before reaching the steady state and the value re-
lated to the physical properties of the load in the
steady state when the depletion has occurred, in the
cooling process after the temperature of the load in-
creases up to a temperature or higher, the temper-
ature allowing the aerosol source to be atomized.
E8. The aerosol generation device according to any
one of example E1 to E7, wherein

the load has an electric resistance value that
changes in response to a temperature, and
the sensor outputs the value related to the elec-
tric resistance value of the load as a value relat-
ed to the physical properties of the load.

E9. The aerosol generation device according to ex-
ample E8, wherein
the control unit is configured to determine whether
the depletion has occurred, based on a comparison
between the output value of the sensor after the tem-
perature of the load increases up to a temperature
or higher, the temperature allowing the aerosol
source to be atomized and a value related to the
resistance value of the load when a protective film
is formed on a surface of the load.
E10. The aerosol generation device according to ex-
ample E8 or E9, wherein
the control unit is configured to determine whether
the depletion has occurred, based on a comparison
between an amount of change in the output value of
the sensor before and after the temperature of the
load increases up to a temperature or higher, the
temperature allowing the aerosol source to be atom-
ized and an amount of change in the value related
to the resistance value of the load due to the protec-
tive film formed on the surface of the load.

E11. The aerosol generation device according to any
one of examples E1 to E10, wherein
the load contains metals having oxidation-reduction
potentials equal to or lower than the oxidation-reduc-
tion potential of copper.
E12. The aerosol generation device according to any
one of examples E1 to E11, wherein
the load has no passivation film.
E13. The aerosol generation device according to ex-
ample E12, wherein
the load contains NiCr.
E14. The aerosol generation device according to any
one of examples E1 to E13, further comprising:

a first circuit that is connected in series between
the power source and the load and includes a
first switch; and
a second circuit that is connected in series be-
tween the power source and the load, is con-
nected in parallel to the first circuit, includes the
second switch, and has an electric resistance
value larger than the electric resistance value of
the first circuit,
wherein the control unit is configured to control
the first switch and the second switch, and de-
termine whether the depletion has occurred
based on the output value of the sensor while
only the second switch of the first switch and the
second switch is on.

E15. A method of operating an aerosol generation
device that includes a load of which physical prop-
erties change when the load is heated at a temper-
ature achievable only when depletion of the aerosol
source occurs, the method comprising:

detecting a value related to the physical proper-
ties of the load; and
determining whether the depletion of the aerosol
source has occurred, based on the detected val-
ue after a temperature of the load increases up
to a temperature or higher, the temperature al-
lowing the aerosol source to be atomized.

E16. A program for, when being executed by a proc-
essor, causing the processor to perform the method
according to example E15.

Claims

1. An aerosol generation device (100), comprising:

a storage unit (116A) that stores an aerosol
source or an aerosol base material that retains
the aerosol source;
a load (132) that generates heat upon receipt of
power supply from a power source and atomizes
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the aerosol source,

characterized in that

physical properties of the load (132) change
when the load (132) is heated at a temperature
achievable only when depletion of the aerosol
source in the storage unit (116A) or the aerosol
base material occurs, and
a value related to the physical properties of the
load (132) in a steady state when the load (132)
is cooled after the temperature of the load (132)
increases up to a temperature achievable only
when depletion of the aerosol source occurs is
different from a value related to the physical
properties of the load (132) in a steady state
before the temperature of the load (132) increas-
es;

a sensor (112) that outputs a value related
to the physical properties of the load (132);
and
a control unit (106) configured to determine
whether the depletion has occurred, based
on the output value of the sensor (112) in a
steady state after a temperature of the load
(132) increases up to a temperature or high-
er, the temperature allowing the aerosol
source to be atomized.

2. The aerosol generation device (100) according to
claim 1, wherein
the control unit (106) is configured to determine
whether the steady state has been reached, based
on a comparison between an output value of the sen-
sor (112) before the power supply is performed and
an output value of the sensor (112) in a cooling proc-
ess.

3. The aerosol generation device (100) according to
claim 1, wherein
the control unit (106) is configured to determine
whether the depletion has occurred, based on a
steady value that is the output value of the sensor
(112) in a steady state after the temperature of the
load (132) increases up to a temperature or higher,
the temperature allowing the aerosol source to be
atomized.

4. The aerosol generation device (100) according to
claim 3, wherein
the control unit (106) is configured to be capable of
acquiring a request for aerosol generation, and ac-
quire the steady value taking opportunity of the ac-
quisition of the request.

5. The aerosol generation device (100) according to
claim 1, wherein

the control unit (106) is configured to determine
whether the depletion has occurred, based on an
amount of change in the output value of the sensor
(112) before and after the temperature of the load
(132) increases up to a temperature or higher, the
temperature allowing the aerosol source to be atom-
ized.

6. The aerosol generation device (100) according to
claim 5, wherein
the control unit (106) is configured to determine
whether the depletion has occurred, based on a dif-
ference in the output value of the sensor (112) in a
steady state before and after the temperature of the
load (132) increases up to a temperature or higher,
the temperature allowing the aerosol source to be
atomized.

7. The aerosol generation device (100) according to
claim 6, wherein
the control unit (106) is configured to prohibit the
aerosol source from being atomized by the load
(132) until the output value of the sensor (112) reach-
es the steady state after the temperature of the load
(132) increases up to a temperature or higher, the
temperature allowing the aerosol source to be atom-
ized.

8. The aerosol generation device (100) according to
any one of claims 1 to 7, wherein
the control unit (106) is configured to determine
whether the depletion has occurred, based on a com-
parison between the output value of sensor (112)
before reaching the steady state and a value ob-
tained by adding a predetermined value to the value
related to the physical properties of the load (132) in
the steady state when the depletion has occurred or
based on a comparison between a value obtained
by subtracting a predetermined value from the output
value of the sensor (112) before reaching the steady
state and the value related to the physical properties
of the load (132) in the steady state when the deple-
tion has occurred, in the cooling process after the
temperature of the load (132) increases up to a tem-
perature or higher, the temperature allowing the aer-
osol source to be atomized.

9. The aerosol generation device (100) according to
any one of claims 1 to 8, wherein

the load (132) has an electric resistance value
that changes in response to a temperature, and
the sensor (112) outputs the value related to the
electric resistance value of the load (132) as a
value related to the physical properties of the
load (132).

10. The aerosol generation device (100) according to
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claim 9, wherein
the control unit (106) is configured to determine
whether the depletion has occurred, based on a com-
parison between the output value of the sensor (112)
after the temperature of the load (132) increases up
to a temperature or higher, the temperature allowing
the aerosol source to be atomized and a value relat-
ed to the resistance value of the load (132) when a
protective film is formed on a surface of the load
(132).

11. The aerosol generation device (100) according to
claim 9 or 10, wherein
the control unit (106) is configured to determine
whether the depletion has occurred, based on a com-
parison between an amount of change in the output
value of the sensor (112) before and after the tem-
perature of the load (132) increases up to a temper-
ature or higher, the temperature allowing the aerosol
source to be atomized and an amount of change in
the value related to the resistance value of the load
(132) due to the protective film formed on the surface
of the load (132).

12. The aerosol generation device (100) according to
any one of claims 1 to 11, wherein
the load (132) contains metals having oxidation-re-
duction potentials equal to or lower than the oxida-
tion-reduction potential of copper.

13. The aerosol generation device (100) according to
any one of claims 1 to 12, wherein
the load (132) has no passivation film.

14. The aerosol generation device (100) according to
claim 13, wherein
the load (132) contains NiCr.

15. The aerosol generation device (100) according to
any one of claims 1 to 14, further comprising:

a first circuit that is connected in series between
the power source and the load (132) and in-
cludes a first switch; and
a second circuit that is connected in series be-
tween the power source and the load (132), is
connected in parallel to the first circuit, includes
a second switch, and has an electric resistance
value larger than the electric resistance value of
the first circuit,
wherein the control unit (106) is configured to
control the first switch and the second switch,
and determine whether the depletion has oc-
curred based on the output value of the sensor
(112) while only the second switch of the first
switch and the second switch is on.

16. A method of operating an aerosol generation device

(100) that comprises a load (132) physical properties
of which change when the load (132) is heated at a
temperature achievable only when depletion of the
aerosol source occurs,
wherein a value related to the physical properties of
the load (132) in a steady state when the load (132)
is cooled after the temperature of the load (132) in-
creases up to a temperature achievable only when
depletion of the aerosol source occurs is different
from a value related to the physical properties of the
load (132) in a steady state before the temperature
of the load (132) increases, the method comprising:

detecting a value related to the physical proper-
ties of the load (132); and
determining whether the depletion of the aerosol
source has occurred, based on the detected val-
ue in a steady state after a temperature of the
load (132) increases up to a temperature or high-
er, the temperature allowing the aerosol source
to be atomized.

17. The method according to claim 16, further compris-
ing:
determining whether the steady state has been
reached, based on a comparison between a value
related to the physical properties of the load (132)
that is detected before the power supply to the load
(132) is performed and a value related to the physical
properties of the load (132) that is detected in a cool-
ing process.

18. A program for, when being executed by the aerosol
generation device (100) according to any one of
claims 1 to 15, causing the aerosol generation device
(100) to perform the method according to claim 16
or 17.
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