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Main Charger on SMPS Main in Buck mode to charge bartery
& SMPS USB in boost mode to generate VIF voliage
VBAT <35V $(0), S(1) S(2) Open, S(3) closed
VIF = VBUSBIS
Main Charger on SMPS Main in Buck mode to charge battery
& SMPS USB off
VBAT> 3.5V S(0), S(2), S(3) open & S(1) closed
VIF = VBAT
USB Charger on SMPS Mein in Boost mode to generate VMainbis voltage
& SMPS USB in buck mode to charge battery
VBAT <35V $(0) closed & S(1), S(2), S(3) Open
VIF = Vmambis
USB Charger on SMPS Mein off
& SMPS USB in buck mode to charge battery
VBAT> 35V $(0), S(2), S(3) open & S(1) Closed
VIF = VBat
OTG on SMPS Mazin in boost mode to generate Vmainbis
& SMPS USB in boost mode to geaerate OTG
VBAT< 35V 5(0) closed & §(1), $(2), 5(3) open
VIF = VMainbis
OTG on SMPS Main off
& SMPS USB in boost mode to generate OTG
VBAT> 3.5V $(0), S(2), $(3) apen & S(1) closed
VIF= Vbat
OTG on SMPS Mein in buck mode to charge battery
& SMPS USB in boost mode 1o generute OTG
Main Charger ON $(0), (1), S(3) open & S(2) closed
& VIF = VBUS/IOTG
VBAT< 35V

Fig. 3
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POWER MANAGEMENT CIRCUIT FOR A
PORTABLE ELECTRONIC DEVICE
INCLUDING USB FUNCTIONALITY AND
METHOD FOR DOING THE SAME

TECHNICAL FIELD

[0001] The invention relates to the field of electronic cir-
cuits and more particular to an Energy and Power manage-
ment circuit for a telecommunication product, such as a
mobile telephone offering different interfaces (USB, OTG,
SIM...)

BACKGROUND ART

[0002] Energy and power management becomes a critical
aspect for portable electronic devices, such as including
mobile phones. Indeed, with the advent of additional—highly
consuming—new functionalities and the increase in the per-
formance of those devices, there is a general trend towards an
increase of the power consumption.

[0003] Considering the field of mobile communications, a
recent mobile telephone typically includes two separate bat-
tery charging circuits: the conventional AC/DC battery charg-
ing circuit and, recently, a DC/DC charging circuit for allow-
ing the charging of the battery through the well-known
Universal Serial Bus (USB) interface.

[0004] FIG. 1 illustrates the general architecture of a two-
ways charging circuit for charging a battery 100 of a conven-
tional mobile telephone. A first USB charger circuit is based
on a buck converter 110 including two switches SA and SB
referenced 111 and 112) in addition to a first coil 113 in series
with a resistance 114.

[0005] On the other side, a second charging circuit is con-
nected to the mains and comprises second buck converter 120
including two switches SC and SC (resp. 121 and 122) in
additional to a second coil 123 in series with a resistance 124.
[0006] Coils 113 and 123 are electronic components which
are dedicated to remain outside of the integrated chip and, for
the sake of clarity, the different “balls” of the integrated
semiconductor have been represented in the figures under the
reference 191-199.

[0007] The circuit of FIG. 1 shows that, when the electronic
mobile is plugged on the alternative mains, then it is the buck
converter 120 of the figure which achieves recharging of
battery 100 as known by the skilled man.

[0008] Conversely, the buck converter 110 is being active
when the USB interface is plugged so as to receiver current
which can be, after conversion by the buck converter 120,
used for charging battery 100.

[0009] Since mobile phones are required to achieve con-
ventional data transfer with other peripherals, it is required
that the mobile phone supply a DC voltage to the external
USB connector. To achieve this, buck converter 120 is used to
serve as a pump charge or a boost converter so as to perform
Step Up voltage conversion so as to generate the so-called On
The Go (OTG) voltage required by the peripheral connected
to the USB interface.

[0010] It can thus be seen that a modern mobile phone
requires two distinctive buck converter, one being particu-
larly a buck/boost converter for providing two battery charg-
ing circuits through mains/USB and also for achieving OTG
compatibility.

[0011] Such flexibility has however one drawback which
results from the need of additional circuits and, above all, the
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use of two external coils 113 and 123 required for embodying
the buck/boost converter, thus increasing the manufacturing
costs of the mobile phones. Despite this drawback mobile
telephone manufacturers still favour the use of buck/boost
converters which offer effective voltage conversion with
respect to the more traditional linear converter.

[0012] It has recently been shown that a recent mobile
telephone might require the possibility to connect additional
functionalities, such as the possibilities to connect devices
complying with the 3V SIM interface, the 3V MMC interface
or any audio amplifier.

[0013] Such additional requirement would normally result
in the need to introduce an additional buck/boost converter for
converting the battery voltage to the required 3V SIM inter-
face (for instance), which would thus need an additional
external coil.

[0014] It is highly desirable to provide the possibility of
offering additional interface without significantly increasing
the manufacturing costs of the mobile telephone.

[0015] Such is the aim of the present invention.
SUMMARY OF THE INVENTION
[0016] It is an object of the present invention to provide a

new circuit and architecture for an electronic device, such as
a mobile telephone, which provides two distinctive charging
circuits (USB and mains), OTG compatibility and further
more complying with additional SIM or MMC requirements.
[0017] It is another object of the present invention to
achieve a low cost but flexible energy and power management
circuit allowing charging of the battery through mains/USC
while allowing OTG, SIM and MMC interface compatibility.
[0018] It is a further object of the present invention to
provide an Energy and Power Management Unit, comprising
a two coils dual input DC/DC battery charger and a boost/
bypass voltage regulator combined in a monolithic approach.
[0019] It is still another object of the present invention to
provide an Energy and Power Management circuit which uses
only two distinctive coils for embodying two distinctive bat-
tery chargers, and also complying with OTG and SIM or
MMC requirements (for instance).

[0020] These and other objects of the invention are
achieved by means of a Power Management circuit for a
portable electronic device comprising an internal battery to be
charged either through a first interface (USB) or through the
conventional AC-DC conversion circuit.

[0021] The circuit comprises a first buck/boost converter
having a Switched Mode Power Supply (SMPS) mode which
can be controlled either in a buck or a boost mode and also
associated with a first coil so as to serve as a first charging
circuit (USB) for the battery.

[0022] The circuit further includes a second buck/boost
converter which can also be controlled either in a buck or a
boost mode and serving to charge the battery through the
mains, the second converter being also associated with a
second external coil for the purpose of carrying out a second
charging circuit for the battery.

[0023] The circuit further comprising by-pass circuits,
under control of a control circuit, for the purpose of perform-
ing a by-pass of either the voltage of the battery or the voltage
generated by one of the two buck/boost controllers when in
boost mode so as to generate a voltage which can be used as
a further interface (SIM/MMC).

[0024] There is therefore achieved the possibility to gener-
ate, without requiring an additional coil and associated
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capacitor, OTG,=SIM/MMC interface while keeping the pos-
sibility of charging the battery.

[0025] Preferably, the first interface is a Universal Bus
Interface (USB).

[0026] In one embodiment the second interface is a SIM
interface . Alternatively, it can be a MMC interface for receiv-
ing a memory card.

[0027] Preferably, the Power Management circuit is used in
a mobile telephone.

[0028] Theinventionalso achieves amethod of power man-
agement for a portable electronic device comprising an inter-
nal battery to be charged either through a USB interface or a
AC/DC interface.

[0029] The method involves the steps of:

[0030] arranging a first buck/boost converter associated
with a first external coil for the purpose of embodying a
battery charging circuit through a first interface (USB), the
buck/boost converter also achieving DC/DC up voltage con-
version for converting the voltage from the battery to said
USB interface so as to supply current to a peripheral con-
nected to said USB interface;

[0031] arranging a second buck converter associated with a
second external coil for the purpose of embodying a second
battery charging circuit through an AC/DC interface;

[0032] arranging said second buck converter so as to per-
form boost conversion of the voltage of the battery for the
purpose of generating a higher voltage;

[0033] the method further performing the steps of:

[0034] by-passing the voltage of the battery, or the high
voltage generated by one of the two buck/boost converters
(under control of a control signal;

[0035] sensing the voltage of the battery as well as the
voltage appearing on said USB bus and said mains;

[0036] controlling, in response to said sensing step, said
bypass so as to produce a voltage compliant with a second
interface despite the actual level of said battery.

DESCRIPTION OF THE DRAWINGS

[0037] Other features of one or more embodiments of the
invention will best be understood by reference to the follow-
ing detailed description when read in conjunction with the
accompanying drawings.

[0038] FIG. 1 illustrates a conventional architecture of a
conventional energy and power management circuit for a
mobile telephone.

[0039] FIG. 2 illustrates the circuit of one embodiment of
an Energy and Power Management circuitin accordance with
the invention.

[0040] FIGS. 3 and 4 respectively illustrate the logic of the
control circuit 250 for the purpose of generating the SIM or
MMC voltage at the ball VIF.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0041] There will now be described the possibility to take
advantage of the presence of the existing battery charging
circuits, associated with their associated coils, generally tak-
ing a wide area outside the integrated circuit product, so as to
achieve additional capabilities such as supplying current for a
further SIM or MMC interface.

[0042] The invention will be particularly described in ref-
erence with a Universal Serial Bus interface which is today
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widely used for performing the charging of the battery, alter-
natively to the conventional AC/DC conversion.

[0043] The embodiment illustrated in FIG. 2 thus includes
two battery charging circuits based on two buck converters,
210 and 220 respectively, so as to achieve fast charging (typi-
cally 1500 mA/h) of a high capacity battery 200.

[0044] The circuit comprises a first buck/boost converter
210 associated with a first external coil 213 connected in
series with a resistance 214 for the purpose of embodying a
first battery charging circuit through an USB interface.
[0045] Inorder to comply with the so-called OTG require-
ment, the buck converter 210 is also arranged to be a boost
converter so as to performing a UP conversion of the voltage
of'the battery in order to produce a higher voltage (5V) at the
USB interface so as to supply current to a peripheral con-
nected to said USB interface;

[0046] The Energy and Power management circuit further
includes a second buck converter 220 which is associated
with a second external coil 223 in series with a resistance 224
so as embody an alternate charging circuit connected to the
conventional AC/DC circuit connected to the mains.

[0047] The second buck converter 220 is arranged, in the
embodiment described in FIG. 2, so as to achieve a second
boost conversion of the voltage ofthe battery so as to generate
a voltage superior to said battery.

[0048] The Energy and Power Management circuit further
comprises switching means for performing a by-pass of the
either the voltage of the battery (which may vary), of the UP
conversion of the voltage generated by one of the two buck/
boost converters so as to provide a voltage which can be used
for supplying current to a further interface, be ita MMC or a
SIM interface.

[0049] The control of the switching means is achieved in
response to the sensing of the level of the battery voltage, and
also to a logic taking into account of the different use cases
possible and which will now be explained in details in the
description below.

[0050] Referring again to the FIG. 2, one sees that the
Energy and Power Management (EPM) circuit takes the form
of an integrated circuit which comprises a set of balls serving
for the coupling of external components.

[0051] Ball 291: Terminal+of the battery

[0052] Ball 292: second terminal of coil 213

[0053] Ball 293: first terminal of coil 213

[0054] Ball 294: Ground

[0055] Ball 295: VBUS/OTG available on the USB connec-
tor

[0056] Ball 296: second terminal of coil 223

[0057] Ball 297: first terminal of coil 223

[0058] Ball 298: Vmain coupled to the AC/DC converter
[0059] Ball 299: Ground

[0060] Ball 300: Vmainbis

[0061] Ball 239: VIF

[0062] Buck/boost converter 210 comprises two switches

SA and SB, respectively referred to as switch 211 and 212,
each having two terminals.

[0063] Switch 211 comprises a first terminal connected to
ball 295 (VBUS/OTG) available on the USB connector and
also to a first terminal of a switch 234 S(2). Switch 211 has a
second terminal which is connected to a first terminal of
switch 212, the second terminal of which being connected to
the ground via ball 294. The common terminal of switch 211
and 212 is also connected to a first terminal of a switch 215
serving to achieve the “boost” conversion of buck/boost con-
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verter, a second terminal of which (VBUSbis) being con-
nected to a first terminal of a switch 233 S(3).

[0064] The second terminal of both switches 233 S(3) and
234 S(2) are connected to ball 239 VIF which is used for
supplying DC voltage to a second interface, such as a 3V SIM
or a 3V MMC interface.

[0065] Inaddition, the common terminal of switch 211 and
212 is connected to ball 293 connected to a first terminal of an
external coil 213, a second terminal of which is connected to
ball 292 and then to a first terminal of a resistor 214. Resistor
214 has a second terminal which is connected to the VBAT
ball 291.

[0066] A decoupling capacitor 201 is also connected
between ball VBAT 291 and the ground.

[0067] Considering now second buck/boost converter 220,
one sees that the latter comprises two switches SC and SD,
respectively referred to as switch 221 and 222, each having
two terminals.

[0068] Switch 221 comprises a first terminal connected to
ball 298 (Vmain) receiving the output of the AC/DC con-
verter. Switch 221 has a second terminal which is connected
to a first terminal of switch 222, the second terminal of which
being connected to the ground (299). The common terminal
of switch 221 and 222 is also connected to a first terminal of
a switch 225 serving to achieve the “boost” conversion of
buck/boost converter 220, a second terminal of which
(Vmainbis) being connected to a first terminal ofa switch 231
(S0).

[0069] The second terminal of switch 231 S(0) is connected
to ball 239 VIF.
[0070] Inaddition, the common terminal of switch 221 and

222 are connected to ball 297 connected to a first terminal of
external coil 223, a second terminal of which is connected to
ball 296 and then to a first terminal of resistor 224. Resistor
224 has a second terminal which is connected to the VBAT
ball 291.

[0071] Inadditionto the two buck/boost converters 210 and
220, one sees that the EPM circuit comprises a boost/Bypass
circuit 230 which comprises the different switches S0, S1, S2
and S3 allowing the generation of the VIF voltage in accor-
dance with the different use cases.

[0072] A control circuit 250 is associated which comprises
sensing means for sensing the value of the voltage at difterent
points, including the VBAT the Vmain and the VBUS/OTG.
[0073] In accordance with the voltage being sensed, the
control circuit provides the control signals to the different
switches S0-S3 so as to achieve the generation of the voltage
required at the VIF ball, in accordance with the logic defined
in FIGS. 3 and 4.

[0074] A.Considering for instance the case where the main
charger is to be activated (voltage sensed on ball Vmain 298)
and the voltage of the battery is inferior than 3.5 Volts, then
control circuit 250 controls the Switched Mode Power Supply
(SMPS) of converters 210 and 220 in boost and buck modes,
respectively, so as to generate the VIF voltage and simulta-
neously charge the battery via the mains. Control logic 250
further controls the switches S(0), S(1), S(2) and S(3) as
follows:

[0075] S(0), S(1), S(2) open;

[0076] S(3) closed

[0077] What results in VIF=Vbusbis

[0078] B. If the main charger is to be activated while the

voltage of the battery is sensed to be superior than 3.5 Volts,
then the control circuit 250 switches oft the SMPS of the USB
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and controls the SMPS of converter 220 in buck mode. Con-
trol logic 250 further controls the switches S(0), S(1), S(2)
and S(3) as follows:

[0079] S(0), S(2), S(3) open;

[0080] S(1) closed

[0081] What results in VIF=Vbat

[0082] C. Considering for instance the case where the USB

charger is to be activated (voltage sensed on ball VBUS/OTG
295) and the voltage of the battery is inferior than 3.5 Volts,
then control circuit 250 controls the Switched Mode Power
Supply (SMPS) of converters 210 and 220 in buck and boost
modes, respectively, so as to generate the Vmainbis voltage
and simultaneously charge the battery via the USB interface.
Control logic 250 further controls the switches S(0), S(1),
S(2) and S(3) as follows:

[0083] S(1), S(2), S(3) open;

[0084] S(0) closed

[0085] What results in VIF=Vmainbis

[0086] D. If the USB charger is to be activated while the

voltage of the battery is sensed to be superior than 3.5 Volts,
then the control circuit 250 switches off the SMPS of buck
converter 220 and controls the SMPS of converter 210 in buck
mode. Control logic 250 further controls the switches S(0),
S(1), S(2) and S(3) as follows:

[0087] S(0), S(2), S(3) open;

[0088] S(1)closed

[0089] What results in VIF=Vbat

[0090] E.Now considering the case where OTG is to be on

while the voltage of the battery is sensed to be inferior than
3.5 Volts, then control circuit 250 controls the Switched Mode
Power Supply (SMPS) of both converters 210 and 220 in
boost modes, so as to generate Vmainbis and the OTG. Con-
trol logic 250 further controls the switches S(0), S(1), S(2)
and S(3) as follows:

[0091] S(1), S(2), S(3) open;

[0092] S(0) closed

[0093] What results in VIF=Vmainbis

[0094] F. If the OTG is to be on while the voltage of the

battery is sensed to be superior than 3.5 Volts, then control
circuit 250 switches off converter 220 and controls the
Switched Mode Power Supply (SMPS) of converters 210 in
boost mode so as to generate OTG. Control logic 250 further
controls the switches S(0), S(1), S(2) and S(3) as follows:

[0095] S(0), S(2), S(3) open;

[0096] S(1) closed

[0097] What results in VIF=Vbat

[0098] G. At last, if the the main charger is to be activated

while the voltage OTG has to be generated and the battery is
sensed to be inferior than 3.5 Volts, then the control circuit
250 controls converters 210 and 220 in boost and buck modes,
respectively, so as to generated OTG while charging the bat-
tery via the mains. Control logic 250 further controls the
switches S(0), S(1), S(2) and S(3) as follows:

[0099] S(0), S(1), S(3) open;

[0100] S(2) closed

[0101] What results in VIF=VBUS/OTG

[0102] On therefore sees the great flexibility of the circuit

which allows, without requiring any additional coil, the pos-
sibility of various charging possibilities and OTG/SIM/MMC
voltage generation.

[0103] Advanced Li-ion Mobile phone batteries have a
voltage varying from 2.3 V up to 4.5 V minimum. Despite
such significant variation of the battery voltage, the embodi-
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ment described below further provides compliance with 3V
SIM interface, 3V MMC interface or even any other audio
amplifier.
[0104] The invention allows the minimization of the the
number of external components (2 coils and 4 capacitors) to
reduce cost and size and to integrate both functions in the
same monolithic device.
[0105] Three significant functions are thus achieved with-
out significant increase in the manufacturing costs:
[0106] USB connection to transfer data with other periph-
erals (DC-DC step-up converter).
[0107] Battery charging through USB host or charger (DC-
DC step-down converter).
[0108] Buck boost converter
[0109] Thanks to the circuit described above, there is only
required one coil associated with one capacitor so as to per-
form the following functions:
[0110] DCDC down converter when an USB charger is
connected and the battery has to be charged
[0111] DCDC up converter when an USB OTG voltage
has to be generated starting from mobile phone battery.
[0112] Hybrid DC/DC Buck boost converter when none
of the above function above are required
[0113] DCDC down converter when an AC/DC charger
is connected and the battery has to be charged
[0114] DCDC up converter when an MAIN voltage has
to be generated starting from mobile phone battery to
supplies accessories
[0115] Hybrid DC/DC boost/Bypass converter when
none of the above function above are required *
[0116] Can be extended to BUCK/BOOST with LDO
introduction
[0117] Since all those functions are not active at the same
time, the circuit which was described above allows the shar-
ing of the external components as well as the internal switch
so as to reduce the cost and size on silicon board.

1-13. (canceled)

14. A power management circuit for a portable electronic
device comprising an internal battery chargable either
through a first interface or through an AC-DC conversion
circuit, said circuit comprising:

a first buck/boost converter having a Switched Mode
Power Supply (SMPS) mode which is configured to be
controlled either in a buck or a boost mode, said first
buck/boost controller being associated with a first exter-
nal coil for embodying a battery charging circuit where
a battery is chargable through a first interface (USB),

a second buck/boost converter having a Switched Mode
Power Supply (SMPS) mode configured to be controlled
either in a buck or a boost mode, said second buck/boost
controller being associated with a second external coil
for embodying a second battery charging circuit where
said battery is chargable through an AC/DC interface;

by-pass circuit for performing a by-pass of either the volt-
age of said battery or of the voltage generated by said
buck/boost controllers when in boost mode to a second
interface (SIM/MMC), controlled by a control signal;
and

control circuit for controlling the Switched Mode Power
Supply (SMPS) mode of said first and second buck/
boost controller and for controlling said by-pass means
so as to generate a converted voltage to said second
interface.
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15. The power management circuit according to claim 14
characterized in that said first interface is a Universal Bus
Interface.

16. The power management circuit according to claim 14
characterized in that said second interface is a SIM interface.

17. The power management circuit according to claim 14
characterized in that said second interface is a MMC inter-
face.

18. The power management circuit according to claim 15
characterized in that said battery is a li-lon battery.

19. A portable terminal equipment comprising a power
management circuit including an internal battery which can
be charged either through a USB interface or an AC/DC
interface, said power management circuit comprising:

a first buck/boost converter having a Switched Mode
Power Supply (SMPS) mode configured to be controlled
either in a buck or a boost mode, said first buck/boost
controller being associated with a first external coil for
embodying a battery charging circuit where a battery is
chargeable through a first interface (USB),

a second buck/boost converter having a Switched Mode
Power Supply (SMPS) mode configured to be controlled
either in a buck or a boost mode, said second buck/boost
controller being associated with a second external coil
for embodying a second battery charging circuit where
said battery is chargeable through an AC/DC interface;

by-pass circuit for performing a by-pass of either the volt-
age of said battery or the voltage generated by said
buck/boost controllers when in boost mode to a second
interface (SIM/MMC), controlled by a control signal;
and

controlling circuit for controlling the Switched Mode
Power Supply (SMPS) mode of said first and second
buck/boost controller and also for controlling said by-
pass means so as to generate a converted voltage to said
second interface.

20. A telecommunication network device characterized in
that it includes a power management circuit as in claim 14.

21. A telecommunication network device according to
claim 20 characterized in that it is a Portable Assistant Docu-
ment.

22. A method for generating the power management of a
portable electronic device comprising an internal battery
chargeable either through a USB interface or through an
AC/DC interface, said method comprising the steps of:

arranging a first buck/boost converter associated with a
first external coil for embodying a battery charging cir-
cuit where a battery is chargeable through an USB inter-
face, said buck/boost converter also achieves a DC/DC
up voltage conversion for converting the voltage from
the battery to said USB interface so as to supply current
to a peripheral unit connected to said USB interface;

arranging a second buck converter associated with a sec-
ond external coil for embodying a second battery charg-
ing circuit where said battery is chargeable through an
AC/DC interface;

arranging said second buck converter so as to perform
boost conversion of the voltage of the battery to generate
a higher voltage;

by-passing the voltage of the battery, or the voltage gener-
ated by one of the two buck/boost converters controlled
by a control signal;
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sensing the voltage of the battery as well as the voltage
appearing from said USB interface and said AC/DC
interface; and

generating said control signal in response to said sensing

step to bypass the higher voltage to said second inter-
face.

23. The method according to claim 22 characterized in that
said battery is a li-lon battery.

24. The method according to claim 22 characterized in that
said second interface is a 3V SIM interface.

25. The method according to claim 22 characterized in that
said second interface is a 3V MMC interface.

26. A mobile telephone including circuits for performing
the method of claim 22, further including a transceiver for
transmitting and receiving wireless signals and a processing
circuit for processing the wireless signals.

#* #* #* #* #*
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