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Description

[0001] The presentinvention relates to a portable elec-
tronic system including a charger and a secondary de-
vice, and to methods for charging and operation of the
secondary device. The invention may be applied to port-
able electronic smoking systems.

[0002] Electrically operated smoking systems of the
prior art typically include a housing for receiving a smok-
ing article, heating elements to generate an aerosol, a
power source and electronic circuitry to control operation
of the system.

[0003] Portable electronic smoking devices need to be
small and convenient for the user if they are to be widely
adopted by smokers of conventional cigarettes. This
leads to several technical requirements for the power
source of a portable electronic smoking device. The pow-
er source, typically a battery, must be small enough to fit
within a smoking device of similar size to a conventional
cigarette and must deliver sufficient power to generate
an aerosol from a smoking article. The idea of using a
rechargeable battery has been suggested in the prior art,
but in any commercially viable system the rechargeable
battery must be able to deliver enough power for at least
one smoking session, must be able to be quickly, safely
and conveniently recharged to a level at which it can be
reused for another smoking session, and must be oper-
able for thousands of charge cycles.

[0004] EP 2454956 discloses an electrically heated
smoking system comprising two units, a primary unit and
asecondary unit, the primary unit being a charging device
for charging the secondary unit, which is an electrically
heated smoking device.

[0005] Various different battery chemistries are known
in the art, having different properties. The website
www . batteryuniversity.com provides details of different
battery chemistries.

[0006] US 5,903,136 describes a method for charging
a secondary battery in which the internal resistance of
the charging circuit is determined and the maximum
charging voltage is based on the determined internal re-
sistance, during a constant current phase of charging.
[0007] Itis anobjectofthe presentinvention to provide
a system and charging method that meet these require-
ments for a rechargeable power source.

[0008] The invention is defined by the features of the
independent claims. Preferred features are defined in the
dependent claims.

[0009] Examples in accordance with the various as-
pects of the disclosure will now be described in detail,
with reference to accompanying drawings, in which:

Figure 1is a schematic diagram showing an example
of an electronic smoking system comprising primary
and secondary units;

Figure 2a shows a standard charging profile for a
rechargeable battery in accordance with the prior art;
Figure 2bis aflow diagram illustrating a control proc-
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ess for the charging profile of Figure 2a;

Figure 3 is a schematic illustration of a charging cir-
cuit formed by the coupled primary and secondary
devices of Figure 1;

Figure 4 shows a charging profile in accordance with
an embodiment of the invention;

Figure 5a is a flow diagram illustrating a control proc-
ess for the charging profile of Figure 4;

Figure 5b is a flow diagram illustrating an alternative
control process for the charging profile of Figure 4;
Figure 5c is a flow diagram illustrating a further al-
ternative control process for the charging profile of
Figure 4;

Figure 6 is a flow diagram illustrating a process for
calculating an internal resistance of the charging cir-
cuit; and

Figure 7 is flow diagram illustrating a control process
for preventing excessive discharge of the secondary
battery in a system of the type shown in Figure 1.

[0010] Figure 1 shows a primary device 100 and a sec-
ondary device 102. The primary device 100 in this exam-
ple is a charging unit for an electrically heated smoking
system. The secondary device 102 in this example is an
electrically heated aerosol-generating device adapted to
receive a smoking article 104 comprising an aerosol-
forming substrate. The secondary deviceincludes a heat-
er to heatthe aerosol forming substrate in operation. The
user inhales on a mouthpiece portion of the smoking ar-
ticle 104 to draw aerosol into the user’s mouth. The sec-
ondary device 102 is configured to be received within a
cavity 112 in the primary device 100 in order to recharge
the power supply in the secondary device.

[0011] The primary device 100 comprises first battery
1086, control electronics 108, and electrical contacts 110
configured to provide electrical power to a second battery
in the secondary device, from the first battery 106, when
the secondary device is in connection with the electrical
contacts 110. The electrical contacts 110 are provided
adjacent the bottom of a cavity 112. The cavity is config-
ured to receive the secondary device 102. The compo-
nents of the primary device 100 are housed within the
housing 116.

[0012] The secondary device 102 comprises a second
battery 126, secondary control electronics 128 and elec-
trical contacts 130. As described above, the second, re-
chargeable battery 126 of the secondary device 102 is
configured to receive a supply of power from the first
battery 106 when the electrical contacts 130 are in con-
tact with the electrical contacts 110 of the primary device
100. The secondary device 102 further comprises a cav-
ity 132 configured to receive the smoking article 104. A
heater 134, in the form of, for example, a blade heater,
is provided at the bottom of the cavity 132. In use, the
user activates the secondary device 102, and power is
provided from the battery 126 via the control electronics
128 to the heater 134. The heater is heated to a standard
operational temperature that is sufficient to generate an
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aerosol from the aerosol-forming substrate of the aero-
sol-generating article 104. The components of the sec-
ondary device 102 are housed within the housing 136. A
secondary device of this type is described more fully in
EP2110033 for example.

[0013] The aerosol-forming substrate preferably com-
prises a tobacco-containing material containing volatile
tobacco flavour compounds which are released from the
substrate upon heating. Alternatively, the aerosol-form-
ing substrate may comprise a non-tobacco material. Pref-
erably, the aerosol-forming substrate further comprises
an aerosol former. Examples of suitable aerosol formers
are glycerine and propylene glycol.

[0014] The aerosol-forming substrate may be a solid
substrate. The solid substrate may comprise, for exam-
ple, one or more of: powder, granules, pellets, shreds,
spaghettis, strips or sheets containing one or more of:
herb leaf, tobacco leaf, fragments of tobacco ribs, recon-
stituted tobacco, homogenised tobacco, extruded tobac-
co and expanded tobacco. Alternatively, the aerosol-
forming substrate may be a liquid substrate and the
smoking article may comprise means for retaining the
liquid substrate. The aerosol-forming substrate may al-
ternatively be any other sort of substrate, for example, a
gas substrate, or any combination of the various types
of substrate.

[0015] In this example, the secondary device 102 is an
electrically heated smoking device. As such the second-
ary device 102 is small (conventional cigarette size) but
must deliver high power over a period of just a few min-
utes, typically around 7 minutes for a single smoking ses-
sion. The second battery may then need to be returned
to the primary device 100 for recharging. Recharging is
desirably completed, at least to a level sufficient to allow
for another complete smoking experience, in a matter of
a few minutes and preferably less than 6 minutes.
[0016] The first battery 106 in the primary device is
configured to hold sufficient charge to recharge the sec-
ond battery 126 several times before needing recharging
itself. This provides the user with a portable system that
allows for several smoking sessions before recharging
from a mains outlet is required.

[0017] Itis also desirable that the second battery need
not be frequently replaced. Preferably the second battery
has a useful life of at least one year, equating to around
8000 charge/discharge cycles for a typical user.

[0018] In order to satisfy the competing requirements
for the second battery 126 of small size, sufficient capac-
ity and safe, but fast, charge and discharge, as well as
acceptable lifetime, a lithium iron phosphate (LiFePO4)
battery chemistry may be used, as in this example. The
second battery 126 in this example has a cylindrical
shape, with a diameter of 10mm and a length of 37mm.
This battery is able to undergo 8000 cycles of charge/dis-
charge at more than 900J per cycle. The average charg-
ing rate may be up to 12C. A charging rate of 1C means
that the battery is fully charged from zero charge to full
charge in one hour and a charging rate of 2C means that

10

15

20

25

30

35

40

45

50

55

the battery is fully charged from zero charge to full charge
in half an hour. The battery capacity is in the region of
125mAh. The maximum charging current canrange from
980mA to 1.5A. Discharging is performed using 1 milli-
second pulses of up to 2A. Discharge rate depends on
the resistance of the heater, which is in turn dependent
of the heater temperature. At ambient temperature the
discharge rate may be as high as 28C but is reduced at
higher temperatures as the resistance of the heater in-
creases. At typical operating temperature the discharg-
ingrateisaround 13C. As an alternative, alithium titanate
battery may be used for the second battery.

[0019] A sample of second batteries may be qualifica-
tion tested to ensure that they are able to meet a quali-
fication standard in terms of number of useful cycles of
charge discharge. The qualification testing may com-
prise: charging the battery at a rate of at least 2C; dis-
charging the battery; repeating the charge/discharge cy-
cle at least 6000 times; and then determining that the
battery meets a qualification standard if the battery ca-
pacity is greater than a threshold capacity, such as 80%
of the original rated battery capacity.

[0020] The first battery 106 in the primary unit 100 is
a lithium cobalt oxide (LiCoO2) battery of the prismatic
type. The first battery has a capacity of around 1350mAh,
over ten times the capacity of the second battery. The
second battery may be charged from the first battery at
arate between 2C and 16C. Discharging the first battery
at a rate of 1C provides a charging rate of over 10C to
the second battery. Charging of the first battery can be
performed from a mains supply, at a rate between 0 and
1.5C, and typically at a rate of around 0.5C to maximise
battery life.

[0021] A lithium cobalt oxide battery provides a higher
battery voltage than lithium iron phosphate, allowing the
charging of a lithium iron phosphate battery from a single
lithium cobalt oxide battery.

[0022] Figure 2a shows a standard charging profile for
charging a rechargeable battery. Figure 2a shows the
charging voltage from the charging device 210, the
charging current 220 from the charging device and the
battery voltage 230 of the second battery being charged.
The charging profile consists of an initial constant current
phase 200. During the constant current phase 200 the
charging voltage 210 is controlled so as to provide con-
stant, maximum charging current |,. This provides for
the maximum rate of charging. However, the constant
charging current phase 200 comes to an end when the
charging voltage required to maintain the maximum
charging current exceeds a maximum charging voltage
V. Vo is set at a level that preserves the lifetime of the
second battery. Once this stage is reached, indicated at
point 203 on Figure 2a, a constant voltage phase 202
begins. During the constant voltage phase the charging
voltage 210 is held at the maximum V. During the con-
stant voltage phase, the charging current drops as the
difference between the charging voltage 210 and battery
voltage 230 drops. The charging process is stopped
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when the charging current reaches a low threshold I, 4.
The maximum charging current and the maximum charg-
ing voltage are set by the battery manufacturer.

[0023] Figure 2b illustrates the control steps in this
process. In step 20 the charging current is set at |, the
maximum charging current. During the constant current
phase, the control logic compares the charging voltage
with the maximum permitted charging voltage V,. This
is shown as step 22. If the charging voltage is below V,
the charging current is maintained. If the charging current
is equal to or exceeds V,, the constant current phase is
ended and the charging voltage setto V y,. This is shown
as step 24. The control logic then monitors the charging
currentin step 26. Once the charging current is less than
leng the charging process is considered complete and is
ended in step 28.

[0024] Thecharging profileillustrated in Figures 2aand
2b can be used in a system as described with reference
to Figure 1. However, the charge time can be made short-
er by compensating for the internal resistance in the
charging circuit. A shorter charge time is desirable, par-
ticularly for systems such as electronic smoking systems,
in which recharge time must be only a few minutes.
[0025] Figure 3 is a circuit diagram illustrating the
charging circuit formed by the coupled primary and sec-
ondary devices. The circuit is divided in a primary device
side and a secondary device side. Dotted line 30 repre-
sents the boundary between the primary device 100 and
the secondary device 102. The primary device side com-
prises a controlled voltage source 320, comprising the
first battery and a voltage regulator and a microcontroller
340 configured to control the voltage source 340 based
oncurrentlandvoltageV measurements. The secondary
device side comprises the second battery 126. The in-
ternal resistance of the charging circuit comprises con-
tributions from several sources. The resistances Mo- and
Mp+ represent the electrical resistances of the electronics
layout and solder tabs in the primary device. The resist-
ances r,. and r, represent the electrical resistances of
the electronics layout and solder tabs in the primary de-
vice. The resistances r, () and r,(t) represent the elec-
trical resistances of the contacts between the primary
and secondary devices. They will vary from device to
device and can vary with time from charge cycle to charge
cycle. In an electrical smoking system of the type de-
scribed with reference to Figure 1, primary and second-
ary units may be brought in and out of contact several
times a day, and each time the contact resistances may
be different. The contact resistances may also increase
if the contacts are not kept clean. The resistance ri(t)
represents the internal resistance of the second battery,
which increases over the life of the second battery.
[0026] If the parasitic resistances Moo Tptr Tso T re(t)
andr_,(t) are combined into a single resistance R(t), then
the voltage across the second battery will be less than
the charging voltage from the voltage source by Vdrop= |
*R(®).

[0027] This means that the charging voltage supplied
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by the voltage source can be increased above the max-
imum Vg, by an amount | * R(t) and the voltage across
the second battery will be equal to V,. The constant
current phase of the charging profile can be extended
until the point that the charging voltage reaches V, + |
*R(t). The charging voltage supplied thereafter can also
be controlled to be more then V,, but no more than V,
+1*R().

[0028] Figure 4 illustrates a charging profile in accord-
ancewith an aspectoftheinvention, in which the supplied
charging voltage exceeds V,. The charging profile com-
prises a constant current phase 400 and a pseudo-con-
stant voltage phase 402. The charging voltage from the
voltage source is shown as 410, the charging current is
shown as 420 and the voltage of the second battery is
shown as 430.

[0029] The constant current phase 400 extends until
the charging voltage reaches a maximum of V=V,
+1* R(t). In the pseudo-constant voltage phase 402, the
charging voltage is controlled to equal Vcomp. The charg-
ing cycle is ended when the charging current equals 4.
[0030] Figure 5a, 5b, and 5c illustrate alternative con-
trol strategies for implementing a charging profile as
shown in Figure 4. Figure 5a shows the process starting
at step 500. At step 510 the charging current is set to |,
the maximum charging current specified by the manu-
facturer. In step 520 the internal resistance of the charg-
ing circuit is measured.

[0031] The process for measuring the internal resist-
ance of the charging circuit is shown in Figure 6. In a first
step 610 the charging current |4 and charging voltage V,
are measured. The charging voltage is then reduced to
a lower voltage V, in step 620, where V,=V,-AV. AV is
a fixed, predetermined voltage difference of a few milli-
volts. The reduced voltage V, and corresponding re-
duced current |, are measured in step 630. The voltage
is only reduced for a period of 100-400us, long enough
for the voltage and current to be measured once (or a
few times to provide an average) by the microcontroller.
The internal resistance R; of the charging circuit is cal-
culated in step 640 using the relationship
R7(V1-V5)/(14-15). The process ends at step 650, and may
be repeated as described below.

[0032] In step 530 the charging voltage is compared
with the compensated maximum charging voltage Vcomp.
The internal resistance R; comprises both the parasitic
resistance R(t) and the internal resistance of the battery
fit). Veomp=VentR(t). The maximum internal resistance
of the second battery ry,,x is provided by the battery man-
ufacturer and can be used to derive a value for R(t) from
R; As an alternative, the voltage across the battery can
be directly measured and passed to the microcontroller
to allow the parasitic resistance to be determined. Using
the value of R(t), Vgom, can be calculated.

[0033] If the charging voltage is less than Vcomp the
constant current phase continues and step 530 is repeat-
ed based on the calculated value of V. If the charging
voltage is equal to or exceeds V., then the constant
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current phase ends and the charging voltage is set to
Vcomp in step 540. In step 550 the charging current is
compared to l4,g. If the charging current is greater than
orequalto |4, then the process returns to step 540. The
charging voltage is reset to a new value of V., based
on the newly measured charging current and then the
process proceeds to step 550. This control loop of step
540 and 550 can be repeated as frequently as desired.
If in step 550 the charging current is less than |l 4 then
the charging cycle is terminated at step 560 and this is
indicated to the user. The value of |,y may be set based
on the full capacity of the battery or may be based on the
amount of energy required for one standard use of the
secondary device, e.g. a single smoking session.
[0034] Figure 5billustrates a charging process accord-
ing to the invention. In the process of Figure 5b, steps
500 and 510 are identical to those described with refer-
ence to Figure 5a. Step 515 is additional to the process
shown in Figure 5a. In step 515 the charging voltage is
compared with V,, the maximum charging voltage spec-
ified by the battery manufacturer. Only if the charging
voltage is equal to or exceeds V, does the process pro-
ceed to step 520, determination of the internal resistance.
Steps 520 and 530 are as described with reference to
Figure 5a, but in the process of Figure 5b, the internal
resistance and Vo, are only calculated after the charg-
ing voltage reaches V. In the pseudo-constant current
phase of Figure 5b, the first step is a recalculation of the
internal resistance, in step 535. The internal resistance
of the charging circuit may have increased during the
charging process, and recalculating allows for a better
calculation of V,m, and a potentially shorter charge time.
Steps 540, 550 and 560 are as described with reference
to Figure 5a.

[0035] Figure 5c illustrates a further alternative charg-
ing process. In the process of Figure 5¢ steps 500, 510
and 520 are as described with reference to Figure 5a. In
step 525 the charging voltage is compared with the com-
pensated maximum charging voltage Vcomp, in the same
manner as in step 530 in Figure 5a and 5b. However, in
step 525, if the charging voltage is greater than or equal
to Veomp the process returns to step 520.

[0036] Steps 535 and 540 of Figure 5c¢ are identical to
steps 535 and 540 of Figure 5b. In step 545 the charging
current is compared to lg,4. If the charging current is
greater than or equal to |4 then the process return to
step 535, and the internal resistance is recalculated and
Vcomp updated prior to step 540. If in step 550 the charg-
ing current is less than |4 then the charging cycle is
terminated at step 560 and this is indicated to the user.
As explained above, the value of I,,4 may be based on
the full capacity of the battery so that the battery is
charged to a certain proportion of full charge, say 90%
of full charge. Alternatively | ,4 may be set based on the
amount of stored energy required for a single use of the
secondary device.

[0037] Figures5a, 5band 5care example control proc-
esses and it should be clear that other processes are
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possible in accordance with the same general principle.
For example any of the constant current phases of Fig-
ures 5a, 5b and 5¢, can be used with any of the pseudo-
constant voltage phases of Figures 5a, 5b and 5c¢, pro-
viding nine different possible control processes.

[0038] In systems such as an electrical smoking sys-
tem, any decrease in the time taken to recharge the sec-
ondary device may significantly increase user adoption.
A key requirement is ease and convenience of use, and
in a recharge cycle lasting just a few minutes every sec-
ond is noticeable. The recharging processes described
with reference to Figure 4 and Figures 5a, 5b and 5c¢
provide for rapid recharging within the limits of operation
specified by the battery manufacturer.

[0039] A further aspect of this disclosure is illustrated
in Figure 7. With reference to the secondary device
shown in Figure 1, the secondary device 102 may be
configured to prevent operation if the second battery
drops below 20% of its fully charged level. This protects
the life of the second battery. The control electronics 128
are configured to monitor the battery voltage of the sec-
ond battery in use. When the battery voltage drops to
20% of the fully charged voltage, the device is disabled
until the second battery has been recharged to a thresh-
old charge level. The threshold charge level may be cho-
sen to be less that maximum battery capacity, say 90%
of full capacity, again to protect the life of the battery. The
20% level has been found to be a good threshold level
for lithium iron phosphate batteries, but any level be-
tween 15% and 25% may be used and other levels may
be chosen to suit different battery chemistries.

[0040] Figure 7 illustrates the control process that the
control electronics 128 is configured to execute. The
process starts in step 700. In step 720 the battery voltage
of the secondary battery is compared with a minimum
starting voltage V ,;, for allowing operation of the device.
If the battery voltage is less than V;;,, then the secondary
device will not allow further operation of the heater and
will enter alow power mode to conserve battery capacity
until the next recharge cycle. The process then ends in
step 730. In the case of a smoking device this prevents
the heating operation of the device if there is insufficient
charge in the second battery to complete a single smok-
ing experience (corresponding to the experience of
smoking a conventional cigarette say). Once the second
battery has been recharged the process can restart at
step 700.

[0041] If the battery voltage is greater than or equal to
Vin then the device is allowed to fully operate. During
operation, the battery voltage of the second battery is
repeatedly compared to a second threshold, in this case
Vin's» 1.€. 20% of the minimum starting battery voltage.
This is shown as step 740. If the battery voltage is greater
than V i./5 then the device continues to be operable and
step 740 is repeated. If the battery voltage is less than
or equal to V,in/5 then the device enters the low power
mode in which the heater is disabled in step 750. Once
the heater is disabled, the control process must start
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again at step 700 so the heater cannot operate until the
second battery is recharged to a level at which that the
battery voltage is greater than or equal to V ;.

Claims

1. Aportable electronic smoking system comprising re-
chargeable primary (100) and secondary devices
(102), the secondary device (102) being an electri-
cally heated tobacco device, said secondary device
comprising a heater (134) configured to heat an aer-
osol-forming substrate, the primary device (100)
comprising a housing (116), said secondary device
being configured to be received within the housing
of the primary device during a recharging cycle, the
primary device having a first battery (106) and the
secondary device having a second battery (126),
wherein the capacity of the first battery (1086) is be-
tween five and forty times the capacity of the second
battery (126), and wherein the primary and second-
ary devices are configured to recharge the second
battery (126) from the first battery (106) wherein the
primary device comprises:

a pair of output terminals (110) for connection
to the second battery;

a DC power source (106);

a voltage regulator connected between the DC
power source (106) and to the output terminals
for controlling a charging voltage; and

a microprocessor (340) coupled to the voltage
regulator and to the output terminals,

wherein the primary device (100) and second
battery (126) are configured to be coupled to-
gether and to form a charging circuit, and where-
in the microprocessor is configured to:

control the voltage regulator to supply a first
charging voltage; and

only after the first charging voltage has
reached a predetermined maximum charg-
ing voltage level of the second battery (126),
determine an internal resistance of the
charging circuit by measuring the currentin
the charging circuit at the first charging volt-
age and at a second charging voltage,
wherein the second charging voltage is low-
er than the first charging voltage; and

limit the first charging voltage supplied by
the voltage regulator to a maximum first
charging voltage based on the determined
internal resistance and the predetermined
maximum charging voltage level of the sec-
ond battery.

2. The portable electronic smoking system according
to claim 1, wherein the microprocessor (340) is con-
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figured to:

calculate the maximum first charging voltage
based onthedeterminedinternalresistance and
the predetermined maximum charging voltage
level of the second battery; and

adjust the first charging voltage to maintain a
predetermined charging current until the first
charging voltage reaches the maximum charg-
ing voltage level of the second battery, thereafter
adjust the first charging voltage to a level at or
below the maximum first charging voltage, and
thereafter periodically or continuously recalcu-
late the maximum first charging voltage and ad-
just the first charging voltage to maintain it at a
level at or below the recalculated maximum first
charging voltage.

The portable electronic smoking system according
to claim 1 or 2, wherein the microprocessor (340) is
configured to determine the second charging voltage
by reducing the voltage from the first charging volt-
age by a predetermined voltage difference.

The portable electronic smoking system according
to any preceding claim, wherein the microprocessor
(340) is configured to recalculate the internal resist-
ance periodically.

The electronic smoking system according to any of
the preceding claims, wherein the second battery
(126) has adiameter of 10 mm andalength of 37 mm.

A method of charging a second battery (126) in a
secondary electrically heated tobacco device (102)
from a first battery (106) in a primary device (100)
comprising a housing (116) and comprising a heater
(134) configured to heat an aerosol-forming sub-
strate, the primary and secondary devices forming
a portable electronic smoking system, the primary
device having a first battery (106) and the secondary
device having a second battery (126), wherein the
capacity of the first battery (106) is between five and
forty times the capacity of the second battery (126),
and wherein the primary and secondary devices are
configured to recharge of the second battery (126)
from the first battery (106), the method comprising:

connecting the second battery to the primary de-
vice, the primary device having an adjustable
voltage source (320), to form a charging circuit;
controlling a first voltage supplied by the voltage
source to provide a predetermined charging cur-
rent to the secondary battery;

determining an internal resistance of the charg-
ing circuit by measuring the current in the charg-
ing circuit at the first charging voltage and at a
second charging voltage, wherein the second
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charging voltage is lower than the first charging
voltage;

calculating a maximum first charging voltage
based on the determined internal resistance and
a predetermined maximum charging voltage
level of the secondary battery; and

adjusting the first charging voltage to maintain
a predetermined charging current until the first
charging voltage reaches the predetermined
maximum charging voltage level of the second-
ary battery, and thereafter adjusting the first
charging voltage to maintain it at a level at or
below the maximum first charging voltage,
wherein the steps of determining the internal re-
sistance and calculating the maximum first
charging voltage are carried out only after the
first charging voltage has reached the predeter-
mined maximum charging voltage level of the
second battery.

A method according to claim 6, wherein the second
voltage has a predetermined voltage difference from
the first charging voltage.

Amethodaccording to claim 6 or 7, wherein the steps
of calculating the maximum first charging voltage
and adjusting the first charging voltage to maintain
it at a level at or below the maximum first charging
voltage are carried out a plurality of times during a
single charging cycle.

A method according to claim 7, wherein the steps of
calculating the maximum first charging voltage and
adjusting the first charging voltage to maintain it at
a level at or below the maximum first charging volt-
age are carried out continuously after the first charg-
ing voltage first reaches the maximum first charging
voltage during a single charging cycle.

A method according to any one of claims 6 to 9,
wherein the step of determining the internal resist-
ance is carried out periodically.

The method according to any one of claims 6 to 10,
further comprising the step of returning the second-
ary device to the primary device for recharging the
second battery after a single smoking session.

The method according to any one of claim 11, where-
in the single smoking session lasts 7 minutes.

The method according to any one of claims 6 to 12,
further comprising the step of recharging the second
battery for less than 6 minutes.
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Patentanspriiche

Tragbares elektronisches System zum Rauchen,
das wiederaufladbare primare (100) und sekundare
Vorrichtungen (102) aufweist, wobei die sekundare
Vorrichtung (102) eine elektrisch beheizte Tabakvor-
richtungist und die sekundére Vorrichtung eine Heiz-
vorrichtung (134) aufweist, die ausgelegt ist, ein ae-
rosolbildendes Substrat zu erwarmen, die primare
Vorrichtung (100) ein Gehause (116) aufweist und
die sekundare Vorrichtung ausgelegt ist, wahrend
eines Wiederaufladezyklus innerhalb des Gehauses
der primaren Vorrichtung aufgenommen zu werden,
die primare Vorrichtung eine erste Batterie (106) und
die sekundare Vorrichtung eine zweite Batterie (126)
aufweist, wobei die Kapazitat der ersten Batterie
(106) zwischen funf und vierzig Mal der Kapazitat
der zweiten Batterie (126) betragt, und wobei die pri-
maren und sekundaren Vorrichtungen ausgelegt
sind, die zweite Batterie (126) vonder ersten Batterie
(106) aufzuladen, wobeidie primare Vorrichtung auf-
weist:

ein Paar von Ausgangsanschlissen (110) zum
Verbinden mit der zweiten Batterie;

eine Gleichstromquelle (106);

einen Spannungsregler, der zwischen der
Gleichstromquelle (106) und den Ausgangsan-
schlissen verbunden ist, um eine Ladespan-
nung zu regeln; und

einen Mikroprozessor (340), der mit dem Span-
nungsregler und den Ausgangsanschlissen ge-
koppelt ist, wobei die primare Vorrichtung (100)
und die zweite Batterie (126) ausgelegt sind,
miteinander gekoppelt zu sein und einen Lade-
kreis zu bilden, und wobei der Mikroprozessor
ausgelegt ist:

den Spannungsregler zu steuern, um eine
erste Ladespannung bereitzustellen; und
nur, nachdem die erste Ladespannung ei-
nen vorbestimmten maximalen Ladespan-
nungspegel der zweiten Batterie (126) er-
reicht hat,

einen Innenwiderstand des Ladekreises
durch Messen des Stroms im Ladekreis bei
der ersten Ladespannung und bei einer
zweiten Ladespannung zu bestimmen, wo-
bei die zweite Ladespannung niedriger ist
als die erste Ladespannung; und

die erste Ladespannung, die durch den
Spannungsregler bereitgestellt wird, basie-
rend auf dem bestimmten Innenwiderstand
und dem vorbestimmten maximalen Lade-
spannungspegel der zweiten Batterie auf
eine maximale erste Ladespannung zu be-
grenzen.
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2. Tragbares elektronisches System zum Rauchen

nach Anspruch 1, wobei der Mikroprozessor (340)
ausgelegt ist:

die maximale erste Ladespannung basierend
auf dem bestimmten Innenwiderstand und dem
vorbestimmten maximalen Ladespannungspe-
gel der zweiten Batterie zu berechnen; und

die erste Ladespannung anzupassen, um einen
vorbestimmten Ladestrom aufrechtzuerhalten,
bis die erste Ladespannung den maximalen La-
despannungspegel der zweiten Batterie er-
reicht, danachdie erste Ladespannung an einen
Pegel auf oder unterhalb der maximalen ersten
Ladespannung anzupassen und danach perio-
disch oder kontinuierlich die maximale erste La-
despannung neu zu berechnen und die erste
Ladespannung anzupassen, um sie auf einem
Pegel auf oder unter der neu berechneten ma-
ximalen ersten Ladespannung aufrechtzuerhal-
ten.

Tragbares elektronisches System zum Rauchen
nach Anspruch 1 oder 2, wobei der Mikroprozessor
(340) ausgelegt ist, die zweite Ladespannung durch
Reduzierender Spannung vonder ersten Ladespan-
nung durch eine vorbestimmte Spannungsdifferenz
zu bestimmen.

Tragbares elektronisches System zum Rauchen
nach einem der vorstehenden Anspriiche, wobeider
Mikroprozessor (340) ausgelegtist, den Innenwider-
stand periodisch neu zu berechnen.

Elektronisches System zum Rauchen nach einem
der vorstehenden Anspriche, wobei die zweite Bat-
terie (126) einen Durchmesser von 10 mm und eine
Lange von 37 mm aufweist.

Verfahren zum Laden einer zweiten Batterie (126)
in einer sekundaren elektrisch beheizten Tabakvor-
richtung (102) von einer ersten Batterie (106) in einer
primaren Vorrichtung (100), die ein Gehause (116)
und eine Heizvorrichtung (134) aufweist, die ausge-
legtist, ein aerosolbildendes Substrat zu erwarmen,
wobei die primaren und sekundaren Vorrichtungen
ein tragbares elektronisches System zum Rauchen
bilden und die primare Vorrichtung eine erste Batte-
rie (106) und die sekundare Vorrichtung eine zweite
Batterie (126) aufweist, die Kapazitat von der ersten
Batterie (106) zwischen finf und vierzig Mal der Ka-
pazitatder zweiten Batterie (126) betragt, und wobei
die primaren und sekundaren Vorrichtungen ausge-
legt sind, die zweite Batterie (126) von der ersten
Batterie (106) wiederzuaufladen, wobei das Verfah-
ren aufweist:

Verbinden der zweiten Batterie mit der primaren
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10.

Vorrichtung, wobeidie primare Vorrichtung eine
anpassbare Spannungsquelle (320) aufweist,
um einen Ladekreis zu bilden;

Regeln einer ersten Spannung, die durch die
Spannungsquelle bereitgestellt wird, um einen
vorbestimmten Ladestrom an die sekundére
Batterie bereitzustellen;

Bestimmen eines Innenwiderstandes des Lade-
kreises durch Messen des Stroms im Ladekreis
bei der ersten Ladespannung und bei einer
zweiten Ladespannung, wobei die zweite Lade-
spannung niedriger ist als die erste Ladespan-
nung;

Berechnen einer maximalen ersten Ladespan-
nung basierend auf dem bestimmten Innenwi-
derstand und einem vorbestimmten maximalen
Ladespannungspegel der sekundaren Batterie;
und

Anpassen der ersten Ladespannung, um einen
vorbestimmten Ladestrom aufrechtzuerhalten,
bis die erste Ladespannung den vorbestimmten
maximalen Ladespannungspegel der sekunda-
ren Batterie erreicht, und danach Anpassen der
ersten Ladespannung, um sie auf einem Pegel
auf oder unterhalb der maximalen ersten Lade-
spannung aufrechtzuerhalten, wobei die Schrit-
te des Bestimmens des Innenwiderstands und
des Berechnens der maximalen ersten Lades-
pannung nur ausgefihrt werden, nachdem die
erste Ladespannung den vorbestimmten maxi-
malen Ladespannungspegel der zweiten Batte-
rie erreicht hat.

Verfahren nach Anspruch 6, wobei die zweite Span-
nung eine vorbestimmte Spannungsdifferenz von
der ersten Ladespannung aufweist.

Verfahren nach Anspruch 6 oder 7, wobei die Schrit-
te des Berechnens der maximalen ersten Ladespan-
nung und des Anpassens der ersten Ladespannung,
um sie auf einem Pegel auf oder unterhalb der ma-
ximalen ersten Ladespannung aufrechtzuerhalten,
mehrere Male wdhrend eines einzelnen Ladevor-
gangs ausgefihrt werden.

Verfahren nach Anspruch 7, wobei die Schritte des
Berechnens der maximalen ersten Ladespannung
und des Anpassens der ersten Ladespannung, um
sie auf einem Pegel auf oder unterhalb der maxima-
len ersten Ladespannung aufrechtzuerhalten konti-
nuierlich ausgefilhrt werden, nachdem die erste La-
despannung zuerst die maximale erste Ladespan-
nung wahrend eines einzelnen Ladevorgangs er-
reicht.

Verfahren nach einem der Anspriiche 6 bis 9, wobei
der Schritt des Bestimmens des Innenwiderstandes
regelmanig erfolgt.
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Verfahren nach einem der Anspriiche 6 bis 10, weiter
aufweisend den Schritt des Zuriickbringens der se-
kundaren Vorrichtung zur primaren Vorrichtung, um
die zweite Batterie nach einer einzelnen Rauchsit-
zung aufzuladen.

Verfahren nach einem von Anspruch 11, wobei die
einzelne Rauchsitzung 7 Minuten andauert.

Verfahren nach einem der Anspriiche 6 bis 12, weiter
aufweisend den Schritt des Aufladens der zweiten
Batterie flr weniger als 6 Minuten.

Revendications

Systéme a fumer électronique portatif comprenant
des dispositifs rechargeables primaire (100) et se-
condaire (102), le dispositif secondaire (102) étant
un dispositif pour tabac chauffé électriquement, ledit
dispositif secondaire comprenant un dispositif de
chauffage (134) configuré pour chauffer un substrat
formant aérosol, le dispositif primaire (100) compre-
nant un logement (116), ledit dispositif secondaire
étant configuré pour étre regu a lintérieur du boitier
du dispositif primaire durant un cycle de recharge,
le dispositif primaire ayant une premiére batterie
(106) et le dispositif secondaire ayant une seconde
batterie (126), ou la capacité de la premiére batterie
(1086) est entre cing et quarante fois la capacité de
la seconde batterie (126), et ol les dispositifs pri-
maire et secondaire sont configurés pour recharger
la seconde batterie (126) a partir de la premiére bat-
terie (106), ol le dispositif primaire comprend :

une paire de bornes de sortie (110) pour raccor-
der a la seconde batterie ;

une source d’alimentation en courant continu
(108) ;

un régulateur de tension raccordé entre la sour-
ce d’alimentation en courant continu (106) et les
bornes de sortie pour contrdler une tension de
charge ; et

un microprocesseur (340) accouplé au régula-
teur de tension et aux bornes de sortie, ou le
dispositif primaire (100) et la seconde batterie
(126) sont configurés pour étre couplés ensem-
ble et former un circuit de charge, et ou le mi-
croprocesseur est configuré pour :

commander au régulateur de tension d’ali-
menter une premiére tension de charge ; et
uniquement aprés que la tension de charge
ait atteint un niveau de tension de charge
maximum prédéterminé de la seconde bat-
terie (126),

déterminer une résistance interne du circuit
de charge en mesurant le courant dans le
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circuit de charge a la premiére tension de
charge et a la seconde tension de charge,
ou la seconde tension de charge est infé-
rieure a la premiére tension de charge ; et
limiter la premiere tension de charge ali-
mentée par le régulateur de tension a une
premiere tension de charge maximale ba-
sée sur larésistance interne déterminée et
le niveau de tension de charge maximum
prédéterminé de la seconde batterie.

2. Systéme a fumer électronique portatif selon la re-

vendication 1, dans lequel le microprocesseur (340)
est configuré pour :

calculer la premiére tension de charge maxima-
le sur la base de la résistance interne détermi-
née etdu niveau de tension de charge maximum
prédéterminé de la seconde batterie ; et
ajuster la premiére tension de charge afin de
maintenir un courant de charge prédéterminé
jusqu’a ce que la premiére tension de charge
atteigne le niveau de tension de charge maxi-
mum de la seconde batterie, ajuster par la suite
la premiére tension de charge a un niveau égal
ou inférieur a la premiére tension de charge
maximale, et ensuite, recalculer périodique-
ment ou continuellement la premiére tension de
charge maximale et ajuster la premiére tension
de charge pour la maintenir a un niveau égal ou
inférieur de la premiére tension de charge maxi-
male recalculée.

Systéme a fumer électronique portatif selon la re-
vendication 1 ou 2, dans lequel le microprocesseur
(340) est configuré pour déterminer la seconde ten-
sion de charge en réduisant la tension vis a vis de
la premiére tension de charge par une différence de
tension prédéterminée.

Systéme a fumer électronique portatif selon une
quelconque revendication précédente, dans lequel
le microprocesseur (340) est configuré pour recal-
culer périodiquement la résistance interne.

Systéme a fumer électronique selon I'une quelcon-
que des revendications précédentes, dans lequel la
seconde batterie (126) a un diamétre de 10 mm et
une longueur de 37 mm.

Procédé de charge d’'une seconde batterie (126)
dans un dispositif pour tabac (102) chauffé électri-
quement secondaire a partir d’'une premiere batterie
(106) dans un dispositif primaire (100) comprenant
un logement (116) et comprenant un dispositif de
chauffage (134) configuré pour chauffer un substrat
formant aérosol, les dispositifs primaire et secondai-
re formant un systéme a fumer électronique portatif,



17 EP 2 896 104 B1 18

le dispositif primaire ayant une premiére batterie
(106) et le dispositif secondaire ayant une seconde
batterie (126), ou la capacité de la premiére batterie
(1086) est entre cing et quarante fois la capacité de
la seconde batterie (126), et ol les dispositifs pri-
maire et secondaire sont configurés pour recharger
la seconde batterie (126) a partir de la premiére bat-
terie (106), le procédé comprenant :

le raccordement de la seconde batterie au dis-
positif primaire, le dispositif primaire ayant une
source de tension (320) ajustable afin de former
un circuit de charge ;

le contrdle d’une premiére tension fournie par la
source de tension pour procurer un courant de
charge prédéterminé a la batterie secondaire ;
la détermination d’une résistance interne du cir-
cuit de charge en mesurant le courant dans le
circuitde charge ala premieretension de charge
et a une seconde tension de charge, ou la se-
conde tension de charge est inférieure a la pre-
miére tension de charge ;

le calcul d’une premiére tension de charge sur
la base de la résistance interne déterminée et
d’un niveau de tension de charge maximum pré-
déterminé de la batterie secondaire ; et
'ajustement de la premiere tension de charge
pour maintenir un courant de charge prédéter-
miné jusqu’a ce que la premiére tension de char-
ge atteigne le niveau de tension de charge maxi-
mum prédéterminé de la batterie secondaire, et
par la suite 'ajustement de la premiére tension
de charge afin de la maintenir a un niveau égal
ou inférieur a la premiére tension de charge
maximale, ou les étapes de détermination de la
résistance interne et de calcul de la premiére
tension de charge maximale ne sont réalisées
qu'apres que la premiére tension de charge ait
atteint le niveau de tension de charge maximum
prédéterminé de la seconde batterie.

Procédé selon la revendication 6, dans lequel la se-
conde tension a une différence de tension prédéter-
minée vis a vis de la premiére tension de charge.

Procédé selon la revendication 6 ou 7, dans lequel
les étapes de calcul de la premiére tension de charge
maximale et d’ajustement de la premiére tension de
charge afin de la maintenir a un niveau égal ou in-
férieur a la premiére tension de charge maximale
sont réalisées une pluralité de fois durant un seul
cycle de charge.

Procédé selon la revendication 7, dans lequel les
étapes de calcul de la premiére tension de charge
maximale et d’ajustement de la premiére tension de
charge afin de la maintenir a un niveau égal ou in-
férieur a la premiére tension de charge maximale
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sontréalisées continuellement aprés que la premié-
re tensionde charge aitatteinten premier la premiére
tension de charge maximale durant un seul cycle de
charge.

Procédé selon I'une quelconque des revendications
6 a 9, dans lequel 'étape de détermination de la ré-
sistance interne est réalisée périodiquement.

Procédé selon I'une quelconque des revendications
6 a 10, comprenant en outre I'étape de remise en
place du dispositif secondaire vers le dispositif pri-
maire pour la recharge de la seconde batterie aprés
une seule session de consommation.

Procédé selon une quelconque revendication 11,
dans lequel la seule session de consommation dure
7 minutes.

Procédé selon I'une quelconque des revendications
6 a 12, comprenant en outre I'étape de recharge de
la seconde batterie pendant moins de 6 minutes.
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