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Description

[0001] The disclosure relates to systems that use one
battery to recharge another battery, and is particularly
advantageous for charging a lithium ion battery from an-
other battery.

[0002] Lithium ion batteries are typically charged using
a constant current phase followed by a constant voltage
phase. In the constant current phase, the voltage across
the secondary battery is adjusted to maintain a constant
maximum charging current |4, until the voltage across
the battery reaches a defined voltage limit V,, with |,
and V., set by the properties of the battery. In the con-
stant voltage phase the voltage across the battery is
maintained at a fixed value V, until the current drops
below a predetermined value l,,,. For rapid charging it
is desirable to maximise the length of the constant current
phase.

[0003] As the second battery charges in the constant
current phase, the charging voltage must increase to
compensate for the increasing voltage of the second bat-
tery. The constant current phase accordingly requires a
minimum charging voltage to be available from the charg-
ing battery.

[0004] In a battery to battery charging system, as the
charging battery ages, its internal resistance increases
and as a result the voltage that it can deliver is reduced.
When it can no longer deliver the minimum voltage re-
quired for the fast charging operation it must be re-
charged or replaced.

[0005] US 2006/0208695 relates to a portable electro-
chemical power supply for handheld electronic devices.
The power supply includes a housing with an electrical
connector, acircuitboard, and aremovable electrochem-
ical cell. The circuit board carries power supply circuitry
which receives electrical energy from the electrochemi-
cal cell and provides a power supply output for powering
an external device. The power supply can be used to
charge a rechargeable battery in the external device, as
long as the electrochemical cell voltage is above a thresh-
old voltage.

[0006] Itisanobjectoftheinventionto provide abattery
to battery charging system that can provide for fast charg-
ing but which can support an increased number of charg-
ing cycles before the charging battery needs to be re-
charged or replaced, when compared with the systems
currently available.

[0007] In afirstaspect of the invention, there is provid-
ed a method of charging a second battery from a first
battery, comprising the steps of:

comparing an output voltage of the first battery with
a threshold voltage; and

when the output voltage from the first battery is equal
to or greater than the threshold voltage, charging the
second battery using a first current; and

when the output voltage from the first battery is less
than the threshold voltage, reducing the first current.
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[0008] Thefirstcurrent may be reduced until the output
voltage of the first battery is equal to or greater than a
second threshold voltage. The second threshold voltage
may be equal to the first threshold voltage or may be
different to the first threshold voltage.

[0009] The step of comparing may be carried out iter-
atively during charging of the second battery. The step
of reducing may comprise not applying a voltage pulse
to a power converter connected between the first battery
and the second battery following the outcome of the step
of comparing.

[0010] The step of reducing the current may comprise
reducing the frequency at which pulses of electrical cur-
rent are applied to the second battery.

[0011] The method may comprise, when the output
voltage from the first battery is equal to or greater than
the threshold voltage, charging the second battery using
aconstant first current, and reducing the charging current
when either the charging voltage applied to the second
battery reaches a maximum permitted voltage or the out-
put voltage from the first battery is less than the threshold
voltage.

[0012] When the charging voltage applied to the sec-
ond battery reaches a maximum permitted voltage or the
output voltage fromthefirst battery is less than the thresh-
old voltage, the charging current may be reduced to main-
tain the charging voltage applied to the first battery at or
close to the maximum permitted voltage.

[0013] The method may comprise stopping the charg-
ing of the second battery when the charging current is
reduced to a current less than or equal to a minimum
current threshold.

[0014] The second battery may be a lithiumion battery.
[0015] Inasecond aspectofthe invention, there is pro-
vided a charging device comprising:

a first battery configured to charge a secondary bat-
tery connected to the device, and control circuitry
configured to control charging of the secondary bat-
tery, wherein the control circuitry is configured to:

compare an output voltage of the first battery
with a threshold voltage; and

ifthe output voltage from the first battery is equal
to or greater than the threshold voltage, charge
the second battery using a first current; and

if the output voltage from the first battery from the
first battery is less than the threshold voltage, reduce
the first current.

[0016] The control circuitry may be configured to re-
duce the first current until the output voltage of the first
battery is equal to or greater than a second threshold
voltage. The second threshold voltage may be equal to
the first threshold voltage or may be different to the first
threshold voltage.

[0017] The charging device may comprise a power
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converter connected between the first battery and the
second battery, and the control circuitry may configured
to reduce the first current by reducing the duty cycle of
voltage pulses applied to the power converter from the
first battery.

[0018] The control circuitry may be configured to com-
pare the output voltage of the first battery with the thresh-
old voltage periodically during charging of the second
battery. The control circuitry may be configured to reduce
the first current by not applying a pulse of voltage to a
power converter connected between the first battery and
the second battery following the outcome of the step of
comparing.

[0019] The control circuitry may be configured, when
the output voltage from the first battery is equal to or
greater than the threshold voltage, to charge the second
battery using a constant first current, and reduce the
charging current when either the charging voltage ap-
plied to the second battery reaches a maximum permitted
voltage or the output voltage from the first battery is less
than the threshold voltage.

[0020] When the charging voltage applied to the sec-
ond battery reaches a maximum permitted voltage or the
output voltage from the first battery is less than the thresh-
old voltage, the control circuitry may be configured to
reduce the charging current to maintain the charging volt-
age applied to the first battery at or close to the maximum
permitted voltage.

[0021] The control circuitry may be configured to stop
the charging of the second battery when the charging
current is reduced to a current less than or equal to a
minimum current threshold.

[0022] The second battery may be alithiumion battery.
The first battery may be a lithium ion battery.

[0023] The method and chargingdevice in accordance
with the first and second aspects of the disclosure may
be applied to electronic smoking systems. The charging
device may be used to charge a secondary battery in an
electronic smoking device. The electronic smoking de-
vice may include an electrically powered heater config-
ured to heat an aerosol-forming substrate. The aerosol-
forming substrate may be provided in the form of a cig-
arette having a mouthpiece portion on which an end user
inhales. The secondary battery may advantageously pro-
vide sufficient power for a single smoking session, ex-
hausting a single aerosol-forming substrate.

[0024] A shortrecharging time is crucial for the accept-
ance of electronic cigarettes. However, it is undesirable
for a user to be unable to charge the smoking device
simply because it cannot be achieved at the maximum
possible speed. The method and charging device of the
present invention allows for additional charging cycles of
the electronic smoking device even as the battery of the
charging device ages and deteriorates. The charging de-
vice may be a handheld charging device designed to be
carried easily with a pocket or bag of a user.

[0025] In a third aspect of the invention, there is pro-
vided acomputerprogram, that when executed on aproc-
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essor in a charging device, the charging device having
a first battery configured to charge a secondary battery
connected to the device, and the processor being con-
figured to control charging of the secondary battery,
causes the processor to carry out the steps of the first
aspect of the invention.

[0026] In a fourth aspect of the invention, there is pro-
vided a computer readable storage medium having
stored thereon a computer program according to the third
aspect.

[0027] It should be clear that features described in re-
lation to one aspect of the disclosure may be applied to
other aspects of the disclosure, alone or in combination
with other described aspects and features of the disclo-
sure.

[0028] Embodiments of the invention will now be de-
scribed in detail, with reference to the accompanying
drawings, in which:

Figure 1 is a schematic illustration of an handheld
battery operated smoking device and an associated
charging device including a charging battery;
Figure 2 is a circuit diagram illustrating a charging
system in accordance with the disclosure;

Figure 3 illustrates a typical fast charging profile for
a lithium ion battery;

Figure 4 illustrates a modified charging profile in ac-
cordance with the disclosure; and

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

[0029] 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 device includes a heat-
er to heat the 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.

[0030] The primary device 100 comprises first battery
106, control electronics 108, and electrical contacts 110
configured to provide electrical power from the first bat-
tery 106 to a second battery in the secondary device
when the secondary device is in connection with the elec-
trical contacts 110. The electrical contacts 110 are pro-
vided adjacent the bottom of a cavity 112. The cavity is
configured to receive the secondary device 102. The
components of the primary device 100 are housed within
the housing 116.

[0031] 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
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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
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.

[0032] 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.

[0033] 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.

[0034] Inthis example, the secondary device 102is 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.
[0035] 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.

[0036] 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-
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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
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 can range from
980mA to 1.5A. Discharging is performed using
1millisecond 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.

[0037] 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.

[0038] 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.

[0039] Figure 2 is a schematic circuit diagram of the
charging system. The first battery 106 has an associated
internal resistance 107. Control electronics comprises a
controller 200 and a switch mode power converter 205.
The switch mode power converter 205 is connected be-
tween the first battery and the second battery. The con-
troller 200 is configured to control the switching of a
switch 206 within the switch mode power converter and
thereby regulate the voltage and current applied to the
second battery 126. The switch mode power converter
205 in this example is an integrated buck-boost convert-
er.

[0040] Figure 3 shows a standard charging profile for
charging the second battery. Figure 3 shows the charging
voltage from the first battery 210, the charging current
220 from the charging device and the charging voltage
230 applied to the second battery being charged. The
charging profile consists of an initial constant current
phase 300. During the constant current phase 300 the
charging voltage 230 is controlled so as to provide con-
stant, maximum charging current |,. This is achieved by
switching the switch mode power converter on to apply
a voltage pulse from the first battery to the power con-
verter at a maximum duty cycle. This provides for the
maximum rate of charging. However, the constant charg-
ing current phase 300 comes to an end when the charging
voltage from the first battery that is required to maintain
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the maximum charging current exceeds a maximum
charging voltage V. V., is set at a level that preserves
the lifetime of the second battery. Once this stage is
reached, indicated at time 303 on Figure 3, a constant
voltage phase 302 begins. During the constant voltage
phase the charging voltage 230 is held at the maximum
V- During the constant voltage phase, the charging cur-
rent 220 drops as the difference between the charging
voltage 230 and battery voltage of the second battery
drops. The charging process is stopped when the charg-
ing current 220 reaches a low threshold |,,4. The maxi-
mum charging current and the maximum charging volt-
age are set by the battery manufacturer.

[0041] The charging profile illustrated in Figure 3 can
be used in a system as described with reference to Figure
1. However, in a battery to battery charging system, as
the charging battery ages, its internal resistance 107 in-
creases, and the voltage that it can deliver is therefore
reduced. But for the fastest charging, in the constant cur-
rent phase the charging voltage from the first battery must
be able to reach the maximum charging voltage V 4,. Oth-
erwise the fast charging process cannot be completed.
Accordingly, in prior systems, when the first battery can
no longer deliver the minimum voltage required for the
fast charging process it has to be recharged or replaced.
[0042] Figure 4 illustrates a charging profile in accord-
ance with an embodiment of the invention. In Figure 4,
the battery voltage from the first battery is reduced as
compared with Figure 3 because the first battery has
aged and has a larger internal resistance. In Figure 4 it
can be seen that the charging current 420 drops before
the charging voltage 430 reaches its maximum V,, i.e.
before the constant current phase would ordinarily end.
The charging current 420 is reduced in order to maintain
the charging voltage 430 at the required level. This is
done by adjusting the current to keep the battery voltage
410 output from the first battery above a preset threshold
level of 3.5 Volts. When the charging voltage 430 reaches
Ve, the charging current is reduced further in order to
maintain the charging voltage at or below V,. The proc-
ess again ends when the charging current is reduced to
Iend'

[0043] Figure 5 illustrates a control process used to
regulate the currentin accordance with the profile shown
in Figure 3 or Figure 4. The process starts with step 500,
in which a count of the number of cycles of the process
is incremented by one. Then, in step 505 it is determined
if the count has reached an odd number or an even
number. If it is an even number the process continues to
step 510, in which the processor switches off the switch
in the switch mode power converter so that no energy is
accumulated in the switch mode power converter from
the first battery. The process then returns to step 500 in
which the cycle count is incremented by one.

[0044] Then in step 505 it is determined that the count
has reached an odd number and the process proceeds
to step 515. In step 515 it is determined whether the
charging voltage applied to the second battery has
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reached the maximum permitted voltage V. If it has
reached the target voltage then the switch in the power
converter remains off as the charging current needs to
be reduced to reduce the charging voltage. The process
then proceeds to step 520, in which a voltage limit flag
is set within the processor, so that an indication that the
constant current phase has ended can be provided to a
user.

[0045] If the charging voltage applied to the second
battery is less than the maximum voltage then the proc-
ess proceeds to step 525. In step 525, the current to the
second battery is compared with a target current, I,.q,
below which the charging process should be stopped, as
seen in the charging profiles of Figures 3 and 4. If the
charging current is below the target current, the process
proceeds to step 530, in which a current limit flag is set.
The current limit flag is used to indicate to the end user
that charging is complete.

[0046] If the charging current is greater than the target
current then the process proceeds to step 535. In step
535 it is determined whether the voltage from the first
battery is greater than the minimum required voltage for
fast charging. If the battery voltage of the first battery is
greater than the minimum required voltage, then, in step
545, the processor switches on the switch in the switched
mode power converter so that electrical energy is drawn
from the first battery and is accumulated in the power
converter for application to the second battery. If the bat-
tery voltage of the first battery is not greater than the
minimum required voltage, then, the switch in the switch
mode power converter remains off and, in step 540, the
processor sets a limit battery flag so that an indication
that the first battery needs recharging or replacing can
be provided to the end user.

[0047] After each of steps 520, 530, 540 and 545, the
process proceeds to step 550. In step 550 new meas-
urements of the voltage of the first battery and second
battery are taken and anew measurementof the charging
current is taken. These measurements are then convert-
ed into digital form ready for comparison with the corre-
sponding target values in the next odd numbered cycle.
[0048] In the next even numbered cycle, in step 510,
the switch in the switch mode power supply is switched
off and energy accumulated in the switch mode power
supply is applied as a charging current to the second
battery. If during the preceding cycle the switch has been
switched to an on state in step 545 the voltage output to
the second battery will be at a higher level than if the
switch has not been switched to an on state during the
preceding cycle. A lower output voltage means that a
lower current is drawn from the first battery. Drawing a
lower current from the first battery has the effect of in-
creasing the battery voltage from the first battery, as less
voltage is dropped across the internal resistance of the
first battery. As can be seen in the profile of Figure 4,
when the minimum required target voltage is 3.5 Volts,
this scheme has the effect of maintain the battery voltage
ofthefirstbattery ataround 3.5 Volts as the current drops.



9 EP 3 213 385 B1 10

The process in Figure 5 also ensures than no charging
current is applied to the second battery when it is fully
charged.

[0049] This process allow the first battery to recharge
the second battery for a few more times than it would
otherwise be able to using a standard fast charge process
of constant current followed by constant voltage. This
comes at the cost of charge speed for those extra charge
cycles, but in many cases the extra charging cycles are
of great benefit to the user in terms of convenience. The
process is energy efficient compared with methods that
simply try to raise the first battery voltage using a power
converter as it suffers from relatively lower losses.
[0050] The exemplary embodiments described above
illustrate but are not limiting. In view of the above dis-
cussed exemplary embodiments, other embodiments
consistent with the above exemplary embodiments will
now be apparent to one of ordinary skill in the art.

Claims

1. A method of charging a second battery (126) in an
electronic smoking device (102) from a first battery
(106) in a charging device (100), comprising:

comparing an output voltage (410) of the first
battery (106) with a threshold voltage; and
when the output voltage (410) from the first bat-
tery (106) is equal to or greater than the thresh-
old voltage, charging the second battery (126)
using a first current (420); and

when the output voltage (410) from the first bat-
tery (106) is less than the threshold voltage, re-
ducing the first current (420) until the output volt-
age (410) of the first battery (106) is equal to or
greater than a second threshold voltage.

2. A method according to claim 1, wherein the second
threshold voltage is equal to the first threshold volt-
age.

3. A method according to claim 1 or 2, wherein the step
of reducing the current comprises reducing a duty
cycle of voltage pulses applied to a power converter
(205) connected between the first battery (106) and
the second battery (126).

4. A method according to any preceding claim, wherein
the step of comparing is carried out iteratively during
charging of the second battery (126) and wherein
the step of reducing comprises notapplyinga voltage
pulse to a power converter (205) connected between
the first battery (106) and the second battery (126)
following the outcome of the step of comparing.

5. A method according to any preceding claim, com-
prising, when the output voltage (410) from the first
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battery (106) is equal to or greater than the threshold
voltage, charging the second battery (126) using a
constant first current (420), and reducing the charg-
ing current when either the charging voltage (430)
applied to the second battery (126) reaches a max-
imum permitted voltage or the output voltage (410)
from the first battery (106) is less than the threshold
voltage.

A method according to claim 6, wherein, when the
charging voltage (430) applied to the second battery
(126) reaches a maximum permitted voltage or the
output voltage (410) from the first battery (106) is
less than the threshold voltage, reducing the charg-
ing current to maintain the charging voltage applied
to the first battery (106) at or close to the maximum
permitted voltage

A charging device (100) comprising:

a first battery (106) configured to charge a sec-
ond battery (126) in an electronic smoking de-
vice (102) connected to the charging device
(100), and control circuitry (128) configured to
control charging of the second battery (126),
wherein the control circuitry (128) is configured
to:

compare an output voltage (410) of the first
battery (106) with a threshold voltage; and
if the output voltage (410) from the first bat-
tery (106) is equal to or greater than the
threshold voltage, charge the second bat-
tery (126) using a first current (420); and

if the output voltage (410) from the first battery
(106) is less than the threshold voltage, reduce
the first current until the output voltage (410) of
the first battery (106) is equal to or greater than
a second threshold voltage.

A charging device (100) according to claim 7, where-
in the control circuitry (128) is configured, when the
output voltage (410) from the first battery (106) is
equal to or greater than the threshold voltage, to
charge the second battery (126) using a constant
first current (420), and reduce the charging current
when either the charging voltage (430) applied to the
second battery (126) reaches a maximum permitted
voltage or the output voltage from the first battery
(106) is less than the threshold voltage.

A charging device (100) according to claim 8, where-
in the control circuitry (128) is configured to reduce
the charging currentto maintain the charging voltage
applied to the first battery (106) at or close to the
maximum permitted voltage when the charging volt-
age (430) applied to the second battery (126) reach-
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es a maximum permitted voltage or the output volt-
age (410) from the first battery (106) is less than the
threshold voltage.

A charging device (100) according to claim 7, 8 or
9, comprising a power converter (205) connected
between the first battery (106) and the second bat-
tery (126), and wherein the control circuitry (128) is
configured to reduce the first current (420) by reduc-
ing a duty cycle of voltage pulses applied to the pow-
er converter (205) from the first battery (106).

A charging device (100) according to any claim 7, 8,
9 or 10, wherein the control circuitry (128) is config-
ured to compare the output voltage (410) of the first
battery (106) with the threshold voltage periodically
during charging of the second battery (126).

A charging device (100) according to claim 11,
wherein the control circuitry (128) is configured to
reduce the first current (420) by not applying a pulse
of voltage to a power converter (205) connected be-
tween the first battery (106) and the second battery
(126) following the outcome of the step of comparing.

A computer program product, that when executed
on a processor in a charging device (100), the charg-
ing device having a first battery (106) configured to
charge a second battery (126) in an electronic smok-
ing device (102) connected to the charging device
(100), and the processor being configured to control
charging of the second battery (126), causes the
processor to carry out the method of any one of
claims 1 to 6.

A computer readable storage medium having stored
thereon a computer program product according to
claim 13.

Patentanspriiche

1.

Verfahren zum Laden einer zweiten Batterie (126)
in einer elektronischen Vorrichtung zum Rauchen
(102) von einer ersten Batterie (106) in einer Lade-
vorrichtung (100), aufweisend:

Vergleichen einer Ausgangsspannung (410)
der ersten Batterie (106) mit einer Schwellen-
spannung; und

wenn die Ausgangsspannung (410) von der ers-
ten Batterie (106) gleich oder gréRer als die
Schwellenspannung ist, Laden der zweiten Bat-
terie (126) unter Verwendung eines ersten
Stroms (420); und

wenn die Ausgangsspannung (410) von der ers-
ten Batterie (106) kleiner als die Schwellenspan-
nung ist, Reduzieren des ersten Stroms (420),
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bis die Ausgangsspannung (410) der ersten
Batterie (106) gleich oder groRer als eine zweite
Schwellenspannung ist.

Verfahren nach Anspruch 1, wobei die zweite
Schwellenspannung gleich der ersten Schwellen-
spannung ist.

Verfahren nach Anspruch 1 oder 2, wobei der Schritt
des Reduzierens des Stroms das Reduzieren einer
Einschaltdauer von Spannungsimpulsen aufweist,
die an einen Stromrichter (205) angelegt werden,
der zwischen der ersten Batterie (106) und der zwei-
ten Batterie (126) verbunden ist.

Verfahren nach einem dervorstehenden Anspriiche,
wobei der Schritt des Vergleichens wahrend des La-
dens der zweiten Batterie (126) iterativ ausgefuhrt
wird, und wobei der Schritt des Reduzierens auf-
weist, nach dem Ergebnis des Vergleichsschritts kei-
nen Spannungsimpuls an einen Stromrichter (205)
anzulegen, der zwischen der ersten Batterie (106)
und der zweiten Batterie (126) verbunden ist.

Verfahrennach einem dervorstehenden Anspriiche,
aufweisend, wenn die Ausgangsspannung (410) von
der ersten Batterie (106) gleich oder gréRer als die
Schwellenspannung ist, Laden der zweiten Batterie
(126) unter Verwendung eines konstanten ersten
Stroms (420) und Reduzieren des Ladestroms,
wenn entweder die an der zweiten Batterie (126) an-
gelegte Ladespannung (430) eine maximale erlaub-
te Spannung erreicht oder die Ausgangsspannung
(410) von der ersten Batterie (106) kleiner ist als die
Schwellenspannung.

Verfahren nach Anspruch 6, wobei wenn die an der
zweiten Batterie (126) angelegte Ladespannung
(430) eine maximale erlaubte Spannung erreicht
oder die Ausgangsspannung (410) von der ersten
Batterie (106) kleiner ist als die Schwellenspannung,
Reduzieren des Ladestroms, um die an der ersten
Batterie (106) angelegte Ladespannung bei oder na-
he bei der maximal erlaubten Spannung aufrechtzu-
erhalten.

Ladevorrichtung (100), aufweisend:

eine erste Batterie (106), die zum Laden einer
zweiten Batterie (126) in einer elektronischen
Vorrichtung zum Rauchen (102), die mit der La-
devorrichtung (100) verbunden ist, ausgelegt
ist, und Steuerschaltungen (128), die ausgelegt
sind, das Laden der zweiten Batterie (126) zu
steuern, wobei die Steuerschaltungen (128)
ausgelegt sind zum:

einer

Vergleichen Ausgangsspannung
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(410) der ersten Batterie (106) mit einer
Schwellenspannung; und

wenn die Ausgangsspannung (410) von der
ersten Batterie (106) gleich oder gréRer als
die Schwellenspannung ist, Laden der
zweiten Batterie (126) unter Verwendung
eines ersten Stroms (420); und

wenn die Ausgangsspannung (410) von der ers-
ten Batterie (106) kleiner als die Schwellenspan-
nung ist, Reduzieren des ersten Stroms, bis die
Ausgangsspannung (410) der ersten Batterie
(106) gleich oder gréRer als eine zweite Schwel-
lenspannung ist.

Ladevorrichtung (100) nach Anspruch 7, wobei die
Steuerschaltungen (128) ausgelegt sind, wenn die
Ausgangsspannung (410) von der ersten Batterie
(106) gleich oder gréRer als die Schwellenspannung
ist, die zweite Batterie (126) unter Verwendung eines
konstanten ersten Stroms (420) zu laden und den
Ladestrom zu reduzieren, wenn entweder die an der
zweiten Batterie (126) angelegte Ladespannung
(430) eine maximal erlaubte Spannung erreicht oder
die Ausgangsspannung von der ersten Batterie
(106) kleiner als die Schwellenspannung ist.

Ladevorrichtung (100) nach Anspruch 8, wobei die
Steuerschaltungen (128) ausgelegt sind, den Lade-
strom zu reduzieren, um die an der ersten Batterie
(106) angelegte Ladespannung bei oder nahe bei
der maximal erlaubten Spannung aufrechtzuerhal-
ten, wenn die an der zweiten Batterie (126) ange-
legte Ladespannung (430) eine maximal erlaubte
Spannung erreicht oder die Ausgangsspannung
(410) von der ersten Batterie (106) kleiner ist als die
Schwellenspannung.

Ladevorrichtung (100) nach Anspruch 7, 8 oder 9,
aufweisend einen Stromrichter (205), der zwischen
der ersten Batterie (106) und der zweiten Batterie
(126) verbunden ist, und wobei die Steuerschaltun-
gen (128) ausgelegt sind, den ersten Strom (420)
durch Reduzieren einer Einschaltdauer von Span-
nungsimpulsen zu reduzieren, die von der ersten
Batterie (106) an dem Stromrichter (205) angelegt
werden.

Ladevorrichtung (100) nach einem Anspruch 7, 8, 9
oder 10, wobei die Steuerschaltungen (128) ausge-
legt sind, die Ausgangsspannung (410) der ersten
Batterie (106) wahrend des Ladens der zweiten Bat-
terie (126) mit der Schwellenspannung periodisch
zu vergleichen.

Ladevorrichtung (100) nach Anspruch 11, wobei die
Steuerschaltungen (128) ausgelegt sind, den ersten
Strom (420) nach dem Ergebnis des Vergleichs-
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13.

14.

schritts durch kein Anlegen eines Spannungsimpul-
ses an einen Stromrichter (205), der zwischen der
ersten Batterie (106) und der zweiten Batterie (126)
verbunden ist, zu reduzieren.

Computerprogrammprodukt, das bei Ausfiihrung in
einem Prozessor in einer Ladevorrichtung (100) den
Prozessor veranlasst, das Verfahren nach einem der
Anspriiche 1 bis 6 auszuflihren, wobei die Ladevor-
richtung eine erste Batterie (106) aufweist, die zum
Laden einer zweiten Batterie (126) in einer elektro-
nischen Vorrichtung zum Rauchen (102) ausgelegt
ist, die mit der Ladevorrichtung (100) verbunden ist,
und der Prozessor ausgelegtist, das Laden der zwei-
ten Batterie (126) zu steuern.

Computerlesbares Speichermedium, auf dem ein
Computerprogrammprodukt nach Anspruch 13 ge-
speichert ist.

Revendications

Procédé de charge d’une deuxiéme batterie (126)
dans un dispositif de fumage électronique (102) a
partir d’une premiére batterie (106) dans un dispositif
de charge (100), comprenant :

la comparaison d'une tension de sortie (410) de
la premiére batterie (106) avec une tension de
seuil ; et

lorsque la tension de sortie (410) de la premiere
batterie (106) est égale ou supérieure a la ten-
sion de seulil, la charge de la deuxiéme batterie
(126) en utilisant un premier courant (420) ; et
lorsque la tension de sortie (410) de la premiere
batterie (106) est inférieure a la tension de seuiil,
la réduction du premier courant (420) jusqu’a ce
que la tension de sortie (410) de la premiere
batterie (106) soit égale ou supérieure a une
deuxiéme tension de seuil.

Procédé selon la revendication 1, dans lequel la
deuxieme tension de seuil est égale a la premiéere
tension de seuil.

Procédé selon la revendication 1 ou 2, dans lequel
I'étape de réduction du courant comprend la réduc-
tion d’'un régime d’utilisation d’impulsions de tension
appliqué a un convertisseur de puissance (205) con-
necté entre la premiére batterie (106) et la seconde
batterie (126) .

Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'étape de comparaison
est effectuée de maniere itérative lors de la charge
de la seconde batterie (126) et dans lequel I'étape
de réduction comprend la non application d’'une im-
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pulsion de tension a un convertisseur de puissance
(205) connecté entre la premiére batterie (106) et la
deuxiéme batterie (126) suivant le résultat de I'étape
de comparaison.

Procédé selon I'une quelconque des revendications
précédentes, comprenant, lorsque la tension de sor-
tie (410) de la premiere batterie (106) est égale ou
supérieure a la tension de seuil, la charge de la
deuxieéme batterie (126) en utilisant un premier cou-
rant constant (420), et la réduction du courant de
charge lorsque la tension de charge (430) appliquée
ala deuxieme batterie (126) atteint une tension maxi-
male autorisée ou que la tension de sortie (410) de
la premiére batterie (106) est inférieure a la tension
de seuil.

Procédé selon la revendication 6, dans lequel, lors-
quelatension de charge (430) appliquée a la deuxié-
me batterie (126) atteint une tension maximale auto-
risée ou que la tension de sortie (410) de la premiére
batterie (106) est inférieure a la tension de seuil, la
réduction du courant de charge pour maintenir la ten-
sion de charge appliquée a la premiere batterie (106)
égale ou proche de la tension maximale autorisée

Un dispositif de charge (100) comprenant :

une premiére batterie (106) configurée pour
charger une deuxieme batterie (126) dans un
dispositif de fumage électronique (102) connec-
té au dispositif de charge (100), et un circuit de
commande (128) configuré pour controler la
charge de la deuxiéme batterie (126), dans le-
quel le circuit de commande (128) est configuré
pour:

comparer une tension de sortie (410) de la
premiére batterie (106) avec une tension de
seuil ; et

si la tension de sortie (410) de la premiere
batterie (106) est égale ou supérieure a la
tension de seuil, charger la deuxiéme bat-
terie (126) en utilisant un premier courant
(420) ; et

si la tension de sortie (410) de la premiére bat-
terie (106) est inférieure a la tension de seuil,
réduire le premier courant jusqu’a ce que la ten-
sion de sortie (410) de la premiére batterie (106)
soit égale ou supérieure a une deuxieme tension
de seuil.

Dispositif de charge (100) selon la revendication 7,
dans lequel le circuit de commande (128) est confi-
guré, lorsque latension de sortie (410) de lapremiére
batterie (106) est égale ou supérieure a la tension
de seuil, pour charger la deuxiéme batterie (126) en
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1.

12.

13.

14.

utilisant un premier courant constant (420), etréduire
le courant de charge lorsque la tension de charge
(430) appliquée a la deuxiéme batterie (126) atteint
une tension maximale autorisée ou que la tension
de sortie de la premiére batterie (106) est inférieure
a la tension de seuil.

Dispositif de charge (100) selon la revendication 8,
dans lequel le circuit de commande (128) est confi-
guré pour réduire le courant de charge afin de main-
tenir la tension de charge appliquée a la premiéere
batterie (106) égale ou proche de la tension maxi-
male autorisée lorsque la tension de charge (430)
appliquée a la deuxiéme batterie (126) atteint une
tension maximale autorisée ou que la tension de sor-
tie (410) de la premiére batterie (106) est inférieure
a la tension de seuil.

Dispositif de charge (100) selon la revendication 7,
8 ou 9, comprenant un convertisseur de puissance
(205) connecté entre la premiére batterie (106) et la
deuxieme batterie (126), et dans lequel le circuit de
commande (128) est configuré pour réduire le pre-
mier courant (420) par la réduction d’un régime d’uti-
lisation d'impulsions de tension appliqué au conver-
tisseur de puissance (205) de la premiére batterie
(106).

Dispositif de charge (100) selon I'une quelconque
desrevendications 7, 8,9 ou 10, dans lequel le circuit
de commande (128) est configuré pour comparer la
tension de sortie (410) de la premiére batterie (106)
avec la tension de seuil périodiquement durant la
charge de la deuxiéme batterie (126).

Dispositif de charge (100) selon la revendication 11,
dans lequel le circuit de commande (128) est confi-
guré pour réduire le premier courant (420) parlanon
application d’une impulsion de tension a un conver-
tisseur de puissance (205) connecté entre la premié-
re batterie (106) etla deuxieme batterie (126) suivant
le résultat de I'étape de comparaison.

Produit de programme informatique, qui, lorsqu’il est
exécuté sur un processeur dans un dispositif de
charge (100), le dispositif de charge ayant une pre-
miere batterie (106) configurée pour charger une
deuxiéme batterie (126) dans un dispositif de fuma-
ge électronique (102) connecté au dispositif de char-
ge (100), et le processeur étant configuré pour con-
tréler la charge de ladeuxiéme batterie (126), améne
le processeur a mettre en oeuvre le procédé selon
I'une quelconque des revendications 1 a 6.

Support de stockage lisible par ordinateur sur lequel
est stocké un programme informatique selon la re-
vendication 13.
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