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(57) Abstract: The present invention relates to a voltage regulating device comprising a power stage (30) comprising an inductor (L)
between a first node
and a second node
a first switch (A) between the first node (Pi) and a power supply node (P3) for
which the potential
is non-zero and of constant polarity; a first capacitor (C NEG) between a node (P 5) at a reference potential
and a second switch (B) coupled to the first node
a second capacitor
between a node (P7) at the reference potential and a
third switch
coupled to the second node (P 2); a fourth switch (D) between the second node (P 2) and a node (P ) at the reference
potential; a fifth switch (E) between the first node (P and a node (P 9) at the reference potential; a first output
for delivering a
first voltage corresponding to the voltage at the terminals of the first capacitor (C NEG); a second output (P ) for delivering a second
voltage corresponding to the voltage at the terminals of the second capacitor
The power stage further comprises at least one
comparator (40, 4 1 ) arranged to detect an inversion of the current in the inductor and the power stage is further arranged to close the
fourth and fifth switches and to open the first, second and third switches upon detection of an inversion of the current in the induct or.

DCM AND PFM MANAGEMENT

BACKGROUND OF THE INVENTION
Technical Field
The present invention generally relates to reduction of power supply in
mobile communication devices.
It finds applications,

in particular, while not exclusively, in mobile

communication devices such as mobile phones, Smartphones or Personal Digital
Assistant (PDAs).
Related Art

The approaches described in this section could be pursued, but are not
necessarily approaches that have been previously conceived or pursued.
Therefore, unless otherwise indicated herein, the approaches described in this
section are not prior art to the claims in this application and are not admitted to be
prior art by inclusion in this section.
Current mobile phones have turned into mobile platforms. Thanks to
broadband networks and to the huge increase of the number of software
applications, mobile phones are actually inescapable in the daily life. Mobile
phones are used for social networking, TV watching, web surfing, as gaming
console, for steering and tracking, etc. The limit of their usefulness is now only
given by the human imagination to invent new applications.
However, mobile platforms are battery-operated systems and possess
finite quantity of embedded energy. The efficiency of all the integrated circuits is
challenged in order to ensure the longest autonomy. In addition, very high
performance level is required to provide the most comfortable experience to the
final consumer and the circuits complexity have increased in an exponential
manner. Nevertheless, mobile platforms such as consumer electronic devices
have to stand affordable prices with the handiest size.
Audio amplifiers, as an interface with users, are key parts of mobile
phones. They are required to achieve very good audio performances, in terms of
Signal to Noise Ratio (SNR) and of Total Harmonic Distortion (THD) for example,

and to meet High-Fidelity (Hi-Fi) sounds expectations. In this case, AB-class

amplifiers are used but they suffer from a poor efficiency, e.g. less than 78%,
linked to their voltage supply. One strategy to maximize the efficiency of such

amplifiers is to minimize their voltage supply level as much as possible. Amplifiers
are then of G or H class. Audio signal transmitted to the speakers is ground

centred due to the jack connectors of headphones. Until recently, external high
pass filters were used to cut-off the common mode at the output of audio

amplifiers. Such filters, made of external capacitors of a few hundred of
microfarads, were huge and expensive (8mm 2 each). Then capacitor-less ABclass amplifiers have been designed to get rid of these bulky capacitors. Such

amplifiers are supplied by a symmetrical positive and negative voltage which
enables to avoid the use of any output common-mode filter.
Thus, audio amplifiers need a symmetrical positive and negative voltage

supply to amplify audio signals without common mode.
Formerly, two separated converters were employed to generate one
positive and one negative voltage. Using two separated converters requires
numerous bulky and expensive external components.
Single Inductor Double Output (SIDO) DC-DC converter providing both a
positive and a negative output voltage has been introduced in the document
"Single-Inductor Multiple-Output

Switching Converters with Bipolar Outputs",

D. Ma, W.-H. Ki, C. Y. Tsui, and P. K . T. Mok, IEEE International Symposium on
Circuits and Systems, pp 301-304, vol. 2, 2001.

Such a converter benefits from the high efficiency of inductive DC-DC

converters with a minimized number of external components and power switches.
An implementation of this Single Inductor Double Output Bipolar converter is

described in the document

"Dual-Output

(Positive and Negative), DC-DC

Converter for CCD and LCD", MAXIM IC, 2003. Shottky diodes are used to

simplify the overall control with detrimental impact on efficiency and transient
responses.

Single Inductor Multiple Output (SIMO) converters that generate both
symmetrical outputs are commonly employed for imaging devices like AMOLED,
LCD or CCD. Output voltage levels for such applications are higher than for audio

applications. This leads to different power stage architectures such as described
in the previous document "Dual-Output (Positive and Negative), DC-DC Converter

for CCD and LCD" and in the document Texas Instrument Inc., TPS65136
"POSITIVE AND NEGATIVE OUTPUT DC-DC CONVERTER", 2008. In this
document, the power stage and the conduction scheme do not permit to supply
two outputs with non-symmetrical loads like in an audio amplifier.

In the

previously introduced document "Dual-Output (Positive and Negative), DC-DC

Converter for CCD and LCD", time multiplexing is employed to avoid cross
regulation at the cost of an impacted efficiency.
However, it is mandatory for the headphone application to afford high
efficiency for low output current too. This is not compatible with a converter
working only in CCM.
Thus, there is a need to develop a power supply that is able to afford high
efficiency for low output current, while using a minimum of external components.

SUMMARY OF THE INVENTION

A first aspect of the invention concerns a voltage regulating device
comprising a power stage comprising an inductor between a first node and a
second node; a first switch between the first node and a power supply node for
which the potential is non-zero and of constant polarity; a first capacitor between
a node at a reference potential and a second switch coupled to the first node; a
second capacitor between a node at the reference potential and a third switch
coupled to the second node; a fourth switch between the second node and a node
at the reference potential; a fifth switch between the first node and a node at the

reference potential; a first output for delivering a first voltage corresponding to the
voltage at the terminals of the first capacitor; a second output for delivering a
second voltage corresponding to the voltage at the terminals of the second
capacitor.
The power stage further comprises at least one comparator arranged to detect an
inversion of the current in the inductor and the power stage is further arranged to

close the fourth and fifth switches and to open the first, second and third switches
upon detection of an inversion of the current in the inductor

This enables to implement a Discontinuous Conduction Mode (DCM) in a
Single Inductor Double Output Bipolar Buck-Boost (SIDOBBB) converter, thus
increasing the efficiency of the voltage regulation. Indeed, when low output
currents are required, the current flowing through the inductor can be lower than
its ripple; thus resulting in an inversion of the current in the inductor during

discharge configurations. The inversion of the current results in energy losses in
the voltage regulating device. The proposed solution addresses this problem by
detecting the inversion of the current and by short-circuiting the inductor upon
detection of the inversion of the current.
According to some embodiments, the power stage comprises a first
comparator and a second comparator, the first comparator being arranged to
measure a potential difference between a negative input connected to the first
output and a positive input connected to the first node and to detect an inversion
of the current in the inductor when a positive potential difference is measured
between the positive and negative inputs while the second switch is closed, and
the second comparator being arranged to measure a potential difference between
a positive input connected to the first node and a negative input connected to the
node at the reference potential and to detect an inversion of the current in the

inductor when a positive potential difference different is measured between the
positive and negative inputs while the fifth switch is closed.
Thus, such embodiments enable to detect the inversion of the current in

the inductor in every configuration during which a current inversion is likely to
happen. Indeed, the current inversion can only happen when the second switch is
closed or when the fifth switch is closed.
According to some embodiments, the voltage regulating device further
comprises a control circuit for synchronizing and controlling the switches, the
control circuit being coupled to the power stage and being arranged to generate
control signals and the power stage is arranged to adopt one of the following
configurations as a function of the control signals: a first configuration in which
only the first and the third switches are closed; a second configuration in which

only the first and the fourth switches are closed; a third configuration in which only
the second and the fourth switches are closed; a fourth configuration in which only
the third and the fifth switches are closed and a fifth configuration in which only
the fourth and the fifth switches are closed.
The power stage is further arranged to transmit an inversion signal to the control
circuit upon detection of an inversion of the current in the inductor; and the control
circuit is arranged to generate control signals to force the power stage to adopt
the fifth configuration upon reception of the inversion signal from the comparison
unit.

Such embodiments enable to implement in a control circuit a control

strategy to minimize the energy accumulated in the inductor.
In complement, upon detection of an inversion of the current by the first

comparator, the first comparator can be arranged to transmit a first inversion
signal to the control circuit and upon detection of an inversion of the current by the

second comparator, the second comparator can be arranged to transmit a second
inversion signal to the control circuit.
In some embodiments, the control circuit is arranged to produce error

signals as a function of the difference between the reference potential and the first
and second voltages and is configured to generate the control signals by

comparing the first error signal and the second error signal to a periodic signal.
This enables to implement a dynamic strategy to minimize the energy
accumulated in the inductor by taking into account error signals.
In variants or in supplement, the control circuit may be arranged to

generate the control signals to produce one of the following configuration
sequences during a clock cycle, the periodic signal having a period being equal to
the clock cycle:
•

the first configuration, followed by the second configuration, then the
third configuration, if the second error signal is the first of the error
signals to be less than the periodic signal during the clock cycle;

·

the first configuration, followed by the fourth configuration, followed by
the third configuration, if the first error signal is the first of the error
signals to be less than the periodic signal during the clock cycle.

•

the first configuration, followed by the fourth configuration, if it is

necessary to provide energy to modify or maintain the value of the
second voltage only;

•

the second configuration, followed by the third configuration, if it is

necessary to provide energy to modify or maintain the value of the first

voltage only; and
•

the first configuration, followed by the third configuration, if it is

necessary to provide sufficient energy to adjust the first voltage and the
second voltage.
If an inversion signal is received by the control circuit during the clock cycle, each

sequence of configurations further comprises the fifth configuration, which
extends over a period beginning upon reception of the inversion signal and ending
at an end of the clock cycle.

These embodiments enable to implement a dynamic strategy that can be
interrupted in case of detection of an inversion of the current, so that the efficiency
of the voltage regulating device is increased.
In some embodiments, if no inversion signal is received during a clock

cycle:

•

the first configuration extends over a period of time during which both
the first error signal and the second error signal are greater than the
periodic signal;

•

the second configuration extends over a period beginning at the
moment when the second error signal becomes less than the periodic
signal, and ending at the moment when the first error signal becomes
less than the periodic signal;

•

the third configuration extends over a period during which both the first

error signal and the second error signal are less than the periodic
signal;

•

the fourth configuration extends over a period of time beginning at the
time when the first error signal becomes less than the periodic signal,
and ending at the time when the second error signal becomes less than

the periodic signal.

According to some embodiments, if during a given clock cycle the first
error signal becomes less than the periodic signal before a predetermined
duration from the beginning of the given clock cycle expires, the control circuit is
arranged to generate control signals to force the power stage to adopt the fifth
configuration during a next clock cycle after the given clock cycle.
The predetermined duration can be equal to a half of the given clock
cycle.
These embodiments enable to Implement Pulse Frequency Modulation
(PFM) in DCM by skipping pulses (stopping conduction during one or several

clock cycles), when a sufficient amount of energy has been accumulated in the
output capacitors. This avoids losing the energy required to switch the switches,
during clock cycles in which the output capacitors have a sufficient load.

A second aspect concerns a power supply comprising a device coupled
to a voltage source, the device comprising a power stage comprising an inductor
between a first node and a second node; a first switch between the first node and
a power supply node for which the potential is non-zero and of constant polarity; a
first capacitor between a node at a reference potential and a second switch
coupled to the first node; a second capacitor between a node at the reference
potential and a third switch coupled to the second node; a fourth switch between
the second node and a node at the reference potential; a fifth switch between the
first node and a node at the reference potential; a first output for delivering a first
voltage corresponding to the voltage at the terminals of the first capacitor; a
second output for delivering a second voltage corresponding to the voltage at the
terminals of the second capacitor;
The power stage further comprises at least one comparator arranged to detect an
inversion of the current in the inductor and the power stage is further arranged to
close the fourth and fifth switches and to open the first, second and third switches
upon detection of an inversion of the current in the inductor.
In some embodiments, the power stage comprises a first comparator and

a second comparator, the first comparator being arranged to measure a potential
difference between a negative input connected to the first output and a positive
input connected to the first node and to detect an inversion of the current in the

inductor when a positive potential difference is measured between the positive
and negative inputs while the second switch is closed, and the second
comparator being arranged to measure a potential difference between a positive
input connected to the first node and a negative input connected to the node at

the reference potential and to detect an inversion of the current in the inductor
when a positive potential difference different is measured between the positive
and negative inputs while the fifth switch is closed.
In some embodiments, the device further comprises a control circuit for

synchronizing and controlling the switches, the control circuit being coupled to the
power stage and being arranged to generate control signals; the power stage is
arranged to adopt one of the following configurations as a function of the control
signals: a first configuration in which only the first and the third switches are
closed; a second configuration in which only the first and the fourth switches are

closed; a third configuration in which only the second and the fourth switches are
closed; a fourth configuration in which only the third and the fifth switches are

closed and a fifth configuration in which only the fourth and the fifth switches are
closed; and the power stage is further arranged to transmit an inversion signal to
the control circuit upon detection of an inversion of the current in the inductor.
The control circuit is arranged to generate control signals to force the power stage
to adopt the fifth configuration upon reception of the inversion signal from the
comparison unit.
In addition, upon detection of an inversion of the current by the first

comparator, the first comparator is arranged to transmit a first inversion signal to
the control circuit and upon detection of an inversion of the current by the second
comparator, the second comparator is arranged to transmit a second inversion
signal to the control circuit.
A third aspect concerns a mobile device having a power supply according
anyone of the embodiments of the second aspect. The mobile device further
comprises an audio amplifier supplied by the power supply.
In some embodiments, the mobile device comprises a processor, an

audio amplifier, a digital-to-analog converter, and a digital audio data processing
unit arranged to deliver a digital audio data stream to the digital-to-analog

converter, with the digital-to-analog converter being arranged to convert the digital
audio data stream into an analog signal, the audio amplifier being coupled to the
digital-to-analog converter so as to amplify the analog audio signal.
The power supply may be coupled to the digital-to-analog converter in
order to provide power to the digital-to-analog converter.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings, in which like reference

numerals refer to similar elements and in which:
Figure 1 illustrates a mobile device according to some

embodiments of the invention;
Figure 2 represents a functional diagram of a power supply

according to some embodiments of the invention;
Figure

3 illustrates

a power stage according

to some

embodiments of the invention;
Figures 4.a and 4.b are diagrams representing current in an

inductor

versus

time,

respectively

in

Continuous

and

Discontinuous Conduction Mode (CCM and DCM), according to
some embodiments of the invention;
Figures 5 .a and 5.b represent an example of configuration

sequences during several clock cycles according to some
embodiments of the invention;
-

Figure 6 is a three-dimensional diagram representing efficiency
of the power supply in CCM, DCM and Pulse Frequency

Modulation (PFM), according to the invention, versus output
current in a positive output of the power supply and output
current in a negative output of the power supply.

DESCRIPTION OF PREFERRED EMBODIMENTS
The following sections discuss, for illustrative purposes only and as
represented in Figure 1, an example of a mobile device 10 comprising a
processor 12 coupled to storage 14, typically a rewritable solid-state drive
assembly, and random access memory. The mobile device 10 comprises a digital
audio data processing unit 16, arranged to read, decode, and apply audio
processing to audio data and in particular to audio data stored in the storage. The
digital audio data processing unit outputs a stream of digital audio data. The
mobile device 10 comprises a digital-to-analog converter 18 for converting the
stream of digital audio data into an analog audio signal. The analog audio signal
is amplified by an audio amplifier 20 delivering an amplified audio signal to an

internal sound reproduction system 24 and/or an audio output 22 arranged to be

coupled to an external sound reproduction device.
As a non-limiting example, the mobile device 10 can be a mobile

telephone, in which the audio output 22 is a female headset jack connector. The
sound reproduction device 24 can, for example, be an audio headset or an
external speaker.
The mobile device 10 comprises a power supply 26 for powering the
components of the device 10, particularly the amplifier 20, and optionally the
digital-to-analog converter 18. The power supply 26 is a symmetrical switchedmode power supply comprising a positive output and a negative output, for
example respectively delivering a DC voltage of 1.8V and

- 1 .8V.

Thus the

amplifier 20 receives a DC voltage of 1.8V on one input, and a DC voltage of
- 1 .8V on

another input.

In the present description, for illustrative purposes only, the architecture of

the mobile device 10 is based on there being separate units for the processor 12,
the digital audio processing unit 16, and the digital-to-analog converter 18 .
However, the present embodiment applies just as easily to any other architecture
of the mobile device 10 and no limitation is placed on this aspect. The invention

can be applied to a single-chip architecture in which the processor 12 and the
digital audio processing unit 16 are comprised within a single entity.
Figure 2 is a functional diagram of an embodiment of the power supply 26.
The power supply 2 6 comprises a voltage regulating device 2 8 coupled to a
voltage source 29, for example an electrical cell such as a battery.
The voltage regulating device 2 8 comprises a power stage 3 0 adapted to
provide a positive voltage V PO s on a first output and a negative voltage V

EG

on a

second output, the absolute value of the positive voltage V Pos being substantially
equal to the absolute value of the negative voltage

VNEG -

The power stage 3 0 is

equipped with control inputs 3 2 for receiving control signals defining a control
strategy for producing the negative voltage V

EG

and the positive voltage V PO s

The voltage regulating device 2 8 comprises a comparison unit 34 coupled to the
first and second outputs from the power stage 30. In particular, the comparison
unit 3 4 allows comparing over time the negative V EG and positive V Pos voltages
to a reference voltage V REF in order to produce error signals V erri, V ERR2 - The error
signals V e , J „ can then be compared to a ramp signal V

A

P

to generate first

and second binary signals D C 1 and DC2 on outputs 36. The voltage regulating
device 2 8 comprises a controlling unit 38, coupled to the outputs 3 6 and to the
power stage 3 0 via the control inputs 3 2 in order to deliver control signals.
The comparison unit 3 4 and the controlling unit 3 8 together form a control
circuit.
The power stage 3 0 comprises a single inductor L coupled between a first
node P and a second node P2 . The use of a single inductor allows minimizing the
surface area occupied by the power stage 3 0 compared to other circuits requiring
multiple inductors, typically by an order of 20%. In fact, the use of inductors is
costly in terms of surface area occupied in the printed circuit. A first controlled
switch A is serially connected between the first node P and a power supply node
P3 of non-zero potential V bat and constant polarity. The potential V bat is typically
obtained by means of coupling the power supply node P3 to the output from the
voltage source 29. A second controlled switch B is serially connected between the
first node P and a fourth node P4 . A first capacitor CNEG is serially connected
between the fourth node P4 and a reference potential node P5 , generally of zero

potential. The voltage at the terminals of the first capacitor

CNEG ,

meaning the

voltage between the fourth node P and the reference potential node P5 , is the
negative voltage

V EG-

A third controlled switch C is serially connected between

the second node P and a sixth node

PQ.

A second capacitor CPOS is serially

connected between the sixth node P6 and a reference potential node P7 generally
of zero potential. The voltage at the terminals of the second capacitor CPOS,
meaning the voltage between the sixth node P6 and the reference potential node
P7 , is the positive voltage V PO s - A fourth controlled switch D is serially connected
between the second node P2 and a reference potential node P generally of zero
potential. A fifth controlled switch E is serially connected between the first node Ρ
and a reference potential node P9 of generally zero potential. Note that the
reference potential nodes P5 , P7 , P8 and P9 are at the same potential.
The power stage 30 further comprises

a first comparator 40, which is

connected in parallel with the second controlled switch B between nodes P and
P4 , and a second comparator 4 1 , which is connected in parallel with the fifth
controlled switch E between nodes P and P9 . An output 42 of the first comparator
40 and an output 43 of the second comparator 4 1 are connected to the controlling
unit 38. The first comparator 40 is adapted to generate a first inversion signal V inv i
based on the potentials at nodes P and P and the second comparator 4 1 is
adapted to generate a second inversion signal V inv2 based on the potentials at
nodes P and Pg, as it will be further explained.
Referring now to Figure 3 , there is shown a simplified version of the power
stage 3 that is represented on Figure 2 , according to some embodiments of the
invention. The same references apply to the nodes Pi to Pg, to the inductor L , to
the output capacitors C Pos and

C

G

to the comparators 40 and 4 1 and to their

respective outputs 42 and 43.
The first comparator 40 has a positive input connected to the node Pi and
a negative input connected to the node P4 . The second comparator 4 1 has a
positive input connected to the node P and a negative input connected to the
node P9 .
The switches A to E are represented under a conventional form.

The controlling unit 38 is adapted to generate control signals from the first
and second binary signals DC1 and DC2, derived from the error signals V e rri ,
V e r r2. and from the first and second inversion signals V inv and V

the control

n 2

signals being adapted to control the switches A , B, C , D and E .

In the embodiment

of the voltage regulating device 28 represented on

Figure 2 , the comparison unit 34 comprises a first subtractor 1 10 arranged to
calculate

a first comparison

signal

representing

the difference

in potential

between the fourth node P4 and the sixth node P6 o r in other words representing
the result of subtracting the positive voltage V Pos om the negative voltage V N EGThe output from the first subtractor 1 10 is coupled to a first differential amplifier
circuit 1 12 configured to generate the first error signal V

representing the

difference between a reference potential V r f and the first amplified then filtered
comparison

signal. The comparison

unit 34 can comprise a first pulse-width

modulator 1 14 for modulating the first error signal V err as a function of a ramp
signal

VRAMP ,

for example a periodic substantially triangular voltage signal to

obtain a first binary signal DC1 . The first binary signal DC1 is delivered to the
controlling unit 38 via the output 36.
The comparison unit 34 comprises a second subtractor 120 adapted to
calculate a second comparison

signal representing

the sum of the potential

between the fourth node P and the sixth node P6, or in other words representing
the result of adding the positive voltage Vpos and the negative voltage

VNEG - The

output from the second subtractor 120 is coupled to a second differential amplifier
circuit 122 configured to generate the second error signal V err 2 representing the
difference between the reference potential V ref and the second amplified then
filtered comparison signal. The comparison unit 34 can comprise a second pulsewidth modulator 124 for modulating the second error signal V err 2 as a function of a
ramp signal V

A

P,

for example a periodic substantially triangular voltage signal to

obtain a second binary signal DC2. The second binary signal DC2 is delivered to
the controlling unit 38 via outputs 36.

In what follows, the ramp signals V A P used to determine the first and

second binary signals DC1 and DC2 are one and the same signal. However, in
some other embodiments, different ramp signals can be used.
From the first and second binary signals DC1 and DC2 and from the
inversion signals V inv and V inv2 , the controlling unit 38 controls the opening or
closing of the controlled switches A , B, C , D and E of the power stage 30.
Indeed, the power stage 30 can adopt several configurations, depending
on the open or closed state of the controlled switches A , B, C , D and E .
In a first configuration Ci, the controlled switches A and C are closed while

the switches B , D and E are open, allowing the inductor L and the second
capacitor Cpos to charge.
In a second configuration C 2 , the switches A and D are closed while the

switches B , C and E are open, allowing the inductor L to charge.
In a third configuration

C 3, the switches B and D are closed while the

switches A , C and E are open, allowing the inductor L and the first capacitor C

EG

to discharge.
In a fourth configuration

C 4 , the switches E and C are closed while the

switches A , B and D are open, allowing the inductor L to discharge and the
second capacitor C Pos to charge.
These four configurations

C to C 4 enable to implement a Continuous

Conduction Mode (CCM). However, low output current efficiency is critical for
applications like headphones. Figure 4.a is a diagram representing the current in
inductor L , versus time, in CMM.
On Figure 4.a, the value of the current gets inverted in the inductor L
during a clock cycle 50. This is typical in audio applications, where output currents
are low and where the current flowing through the inductor L is lower than the
ripple of said current. This leads to energy losses in the power supply 26.
Thus, as illustrated on Figure 4.a, CCM suffers of poor efficiency for low
output current such as output current under a few mA. Indeed, for such low output
currents, the current flowing through the inductor L gets inverted before the end of
the clock cycle 50 and then discharge the output capacitors C

EG

and C

O

s-

The present invention aims at implementing Discontinuous Conduction
Mode (DCM), thus improving the efficiency of the power supply 26. To this

purpose, when the current is inverted, the inversion of the current is detected by

the first comparator 40 or by the second comparator 4 1 , depending on a current
configuration adopted by the power stage 30. Indeed, the current in the inductor L
can only be inversed when the switch B or the switch E is closed. The inversion of

the current in the inductor L is detected by the first comparator 40 when the
potential at node P (at the positive input) is higher than the potential at node P4 (
at the negative output) and when the switch B is closed, and is detected by the

second comparator 4 1 when the potential at node P

(at the positive input) is

higher than the potential at node P9 (at the negative input) and when the switch E
is closed.

Upon detection of the inversion of the current, one of the first and second

comparators 40 and 4 1 generates the first inversion signal Vinv or the second
inversion signal V inV 2 , which is transmitted to the controlling unit 38 via output 42
or output 43. Upon reception of the first inversion signal V i
inversion signal V i

2,

or the second

the controlling unit 38 is adapted to control the switches A ,

B , C, D and E to force the power stage 30 to adopt a fifth configuration C5, in

which the switches E and D are closed while the switches A , B and C are open,
allowing the inductor L to discharge. This permits to freeze the inductor current to
0 Ampere without ringing on the nodes

and P2. The frozen state (fifth

configuration) can be maintained until the end of the clock cycle 50 by means of a
D latch cell for example. As every clock cycle starts by closing the power switch
A , the signal controlling the switch A from the controlling unit 38 can be used to

reset the D latch and permits the system to go back to CCM. The fifth

configuration C5 enables to implement a Discontinuous Conduction Mode (DCM).
Figure 4.b is a diagram representing the current in inductor L , versus time,
in CMM. When the current in the inductor reaches zero at the end of a period 5 1 ,

the controlling unit 38 is adapted to force the power stage 30 to adopt in the fifth
configuration C5 during a period 52, which lasts until a new clock cycle 50 begins.

As illustrated on Figure 4.b, DCM inhibits the inversion of the current and
increase low output power efficiency, by closing switches E and D and opening
switches A , B and C when an inversion of the current is detected.

Referring
configuration

to Figures

sequences

5.a and

during

5.b there

several

clock

is shown

cycles

an example

according

of

to some

embodiments of the invention.
Figures 5.a and 5.b represents variations of the error signals V e r ri , V err 2
respectively represented by curves 69 and 70, of the ramp signal V

A P,

,

and

which is represented by curve 7 1 , of first and second binary signals DC1 , DC2,
which are represented by curves 72 and 73, of a signal obtained by summing the
inversion signals V inv i and V inv2 (noted V inv + V inV2 hereafter), which is represented
by curve 74, and of the current in the inductor L , which is represented by curve
75, versus time. In the following examples, four clock cycles 50 are considered.
The first and second clock cycles 50 are consecutive and are represented on
Figure 5 .a . The third and fourth clock cycles 50 are consecutive

and are

represented on Figure 5.b.
In the following example, the sum V inv i + V j

2

takes binary values and is

equal to zero while no inversion signal has been received by the controlling unit
38 during a given cycle. When the inversion of the current in the inductor L is
detected, an inversion signal is sent by one of the first and second comparators
40 and 4 1 to the controlling unit 38. The sum V in i + V n

2

is then equal to 1 until

the end of the current clock cycle 50.
At the beginning of each clock cycle 50, the switch A of the power stage 30
can be closed in order to charge the inductor L . According to some embodiments
of the invention, binary signals DC , DC2 and Vinv + V inv2 are represented as duty
cycle signal, which can take binary values. Based on these values, the controlling
unit 38 is adapted to control the switches A , B, C , D and E to switch the power
stage 30 in the appropriate configuration.
When the first error signal V e
ramp signal

VRAMP ,

1

received at the output 36 is less than the

the control signal DC1 generated by pulse width modulator

114 is equal to zero, and the control DC1 is set to 1 when the curve 69 of the first

error signal V err crosses the curve of the ramp signal V

A P,

until the end of a

clock cycle 50.
When the second error signal V 2 received at the output 36 is less than
ERR

the ramp signal V

A

P,

the binary signal DC2 generated by the pulse width

modulator 124 is equal to zero, and the control DC2 is set to 1 when the curve 70
of second error signal VERR2 crosses the curve 7 1 of the ramp signal V

A

p until the

end of a clock cycle.

The binary signals DC1 and DC2 and the sum V invi + VINV2 are set to 0 each
time a new clock cycle 50 begins.

Referring to Figure 5 .a , during period 6 1 , at the beginning of the first clock

cycle 50, the power stage is set in the first configuration C by the controlling unit
38 (only switches A and C are closed). Thus, during period 6 1 , the second

capacitor C

O

s and the inductor L are charged and the value of the current in the

inductor is increasing over the period 6 1 .
At time Ti, the second error signal V E

2

goes below the ramp signal V

A P,

and thus, the binary signal DC2 is set to 1 until the end of the first clock cycle 50
and the power stage 30 is placed by the controlling unit 38 in the second

configuration C2 (only switches A and D are closed) during a period 62. Thus,
during period 62, only the inductor is charged and the value of the current in the
inductor L increases.
At time T 2, the first error signal Verr goes below the ramp signal V

A

p,

and

thus, the binary signal DC1 is set to 1 until the end of the first clock cycle 50 and

the power stage 30 is placed by the controlling unit 38 in the third configuration C3
(only switches B and D are closed) during a period 63. Thus, during period 63, the
inductor L and the first capacitor C NEG are discharged and the value of the current
in the inductor L decreases.

At time T 3, the value of the current in the inductor reaches 0 . An inversion
of the current is thus detected by the first comparator 40 (as switch B is closed
before time T3) , which sends an inversion signal V i i to the controlling unit 38.
The sum V nv i + V jnv2 is then set to 1 until the end of the first clock cycle 50. DCM
is then implemented by the controlling unit which is adapted to place the power

stage in the fifth configuration C 5 so that the current in the inductor does not
decrease below 0 , during a period 64, which lasts until the beginning of the
second clock cycle 5 .
At the beginning of the second clock cycle 50, the power stage is reset in
the first configuration C by the controlling unit 38 during a period 65. Thus, during
period 65, the second capacitor Cpos

d the inductor L are charged and the

value of the current in the inductor is increasing during the period 65.
At time T , the first error signal V e ri goes below the ramp signal V RA

P,

and

thus, the binary signal DC1 is set to 1 until the end of the second clock cycle 50
and the power stage 30 is forced by the controlling unit 38 to adopt the fourth
configuration C (only switches E and C are closed) during a period 66. Thus,
during period 66, the inductor is discharged, the first capacitor

CNEG

is charged

and the value of the current in the inductor L decreases.
At time T 5 , the second error signal V ERR2 goes below the ramp signal

AMP,

and thus, the binary signal DC2 is set to 1 until the end of the first clock cycle 50
and the power stage 30 is forced by the controlling unit 38 to adopt the third
configuration C 3 (only switches B and D are closed) during a period 67. Thus,
during period 67, the inductor L and the first capacitor

CNEG

are discharged and

the value of the current in the inductor L decreases.
At time T 6 , the value of the current in the inductor reaches 0 . An inversion
of the current is thus detected by the first comparator 40 (as switch B is closed
before time T 6) , which sends an inversion signal V jn i to the controlling unit 38.
The sum V inv + V inV2 is then set to 1 until the end of the first clock cycle 50. DCM
is then implemented by the controlling unit 38 which is adapted to force the power

stage to adopt the fifth configuration C5, so that the current in the inductor does
not decrease below 0 , during a period 68, which lasts until the end of the second
clock cycle 50.

Referring to Figure 5.b, during period 80, at the beginning of the third clock
cycle 50, the power stage is set in the first configuration C by the controlling unit
38 (only switches A and C are closed). Thus, during period 80, the second

capacitor C POs and the inductor L are charged and the value of the current in the
inductor is increasing.
At time T 7 , the first error signal V e

goes below the ramp signal V RA

P,

and

thus, the binary signal DC1 is set to 1 until the end of the third clock cycle 50 and
the power stage 3 0 is forced by the controlling

unit 3 8 to adopt the fourth

configuration C 2 (only switches E and C are closed) during a period 8 1 . Thus,
during period 8 1 , the inductor L is discharged, the first capacitor

CNEG

is charged

and the value of the current in the inductor L decreases.
At time T 8 the value of the current in the inductor reaches 0 . An inversion
of the current is thus detected by the second comparator 4 1 (as switch E is closed
before time T 8) , which sends an inversion signal V inv2 to the controlling unit 38.
The sum V nv +

n

2 is then set to 1 until the end of the third clock cycle 50. DCM

is then implemented by the controlling unit 3 8 which is adapted to set the power

stage in the fifth configuration C 5 , so that the current in the inductor does not
decrease below 0 , during a period 82, which lasts until the beginning of the fourth
clock cycle 50.

At the beginning of the fourth clock cycle 50, the curve 7 1 of the ramp
signal V RA

P

crosses the curve 7 0 of the second error signal and thus, the binary

signal DC2 is set to 1 until the end of the fourth clock cycle. The power stage 3 0 is
set in the second configuration C 2 by the controlling unit 3 8 during a period 83.
Thus, during period 65, only the inductor L is charged and the value of the current
in the inductor is increasing.

At time T g , the first error signal V erri goes below the ramp signal

V RA P,

and

thus, the binary signal DC1 is set to 1 until the end of the fourth clock cycle 50
and the power stage 3 0 is placed by the controlling
configuration

C3

unit 3 8 in the third

during a period 84. Thus, during period 84, the inductor L is

discharged, the first capacitor

CNEG

is charged and the value of the current in the

inductor L decreases.
At time T 0 , the value of the current in the inductor reaches 0 . A n inversion
of the current is thus detected by the first comparator 4 0 (as switch B is closed
before time T10), which sends an inversion signal

ην

ι to the controlling unit 38.

The sum V inv + V irlV 2 is then set to 1 until the end of the first clock cycle 50. DCM
is then implemented by the controlling unit which is adapted to force the power

stage 30 to adopt the fifth configuration C5 , so that the current in the inductor does
not decrease below 0 , during a period 85, which lasts until the end of the fourth
clock cycle 50.

Thus,

such

control

strategy

comprises

the

following

configuration

sequences:
•

configuration

Ci, followed by configuration

C 3, if it is necessary to

provide sufficient energy to modify or maintain the value of the positive
voltage V
•

O

s and the value of the negative voltage V

G;

configuration C , followed by configuration C4 , followed by configuration
C3, if it is necessary to provide more energy in order to modify or
maintain the value of the positive voltage V POs relative to the value of
the negative voltage

•

configuration
C3,

VNEG;

, followed by configuration C2 , followed by configuration

if it is necessary to provide more energy in order to modify or

maintain the value of the negative voltage V NEG relative to the value of
the positive voltage V PO s;
•

configuration

C , followed by configuration

C , if it is necessary to

provide only the energy to modify or maintain the value of the positive
voltage Vpos;
•

configuration

C2 , followed by configuration

C3 , if it is necessary to

provide only the energy to modify or maintain the value of the negative
voltage V

EG .

Configuration C5 can be adopted by the power stage 30 to implement DCM
when an inversion of the current is detected by the first comparator 40 or by the
second comparator 4 1 .
The control strategy enables to:
• minimize the energy accumulated in the inductor

; and

• generate the positive voltage V PO s and the negative voltage V

EG ,

no

matter what output current is used by a circuit supplied with the
positive voltage V PO s and the negative voltage V

EG ;

• avoid energy losses in the power supply 26 due to inversion of the
current in the inductor L .

In addition,

the

present

invention

can comprise

Pulse

Frequency

Modulation (PFM). PFM permits to save energy by avoiding the switches of the
power stage 30 to be switched when no more energy is needed by the output
capacitors C NEG and C PosIndeed, in DCM when the current required goes down, the energy used to
switch the switches A , B, C , D and E can become higher than the energy injected
in the output capacitors output capacitors C

EG

and C

O

s , which leads to reduce

the efficiency of the power supply unit 26.
To implement PFM, the invention proposes to skip CCM during a few
clock cycles. For this purpose, a threshold, under which pulses can be skipped,
can be predefined.
For example, for a given clock cycle, a duty cycle D C can be defined as
the period during which switch A is open divided by the duration of the given clock
cycle (and thus the fraction of the clock cycle during which the inductor L is not
charged).
When the output current is high, the system works in CCM and DDCI can
be defined as follows:
_

s

EG
v bat

When output current

is low, the system works

in DCM and D Dc

decreases.
The binary signal DC1 is generated by the comparison of an error signal
and a voltage ramp. In CCM, this error signal is equal to the sum of the outputs. If

the error signal is lower than the sum of the outputs, this means that the system
works in DCM. If the error signal is lower enough than the sum of the output, it is
more efficient to skip the clock cycle following the current clock cycle.
The predefined threshold can be represented by a duty cycle signal,
which is equal to 0 at the beginning of each clock cycle 50, and which is set to 1
after a predefined period. Thus, the time at which the curve 6 9 of the first error
signal V er

crosses the curve 7 1 of the ramp signal V

A

P

can be compared to a

time at which a predefined duration from the beginning of the current clock cycle
expires. For example, the predefined duration can be equal to a half of the
duration of the clock cycle.
If the time at which the curve 6 9 of the first error signal V err crosses the

curve 7 1 of the ramp signal V RA

P

is less than the time at which a predefined

duration from the beginning of the current clock cycle expires, then the conduction
is cancelled during the next clock cycle following the current clock cycle. Thus, no
switch is switched during the next cycle as a sufficient amount of energy is stored
in the output capacitors CPOS and CNEG . Thus, the efficiency of the system is

increased as represented on Figure 6 .
Referring now to Figure 6 , there is shown a three-dimensional

diagram

representing efficiency of the power supply in CCM, DCM and PFM according to
the invention, versus output current lpos in the positive output and output current
Ineg

in the negative output.

Curve 9 0 represents the results obtained in CCM, curve 9 1 represents
the results obtained in DCM and curve 9 2 represents the results obtained in PFM
(in complement to DCM).

As one can observed,

PFM enables to obtain 60%

efficiency

for

,8V and both outputs loaded by 500 uA (micro Ampere)

currents, whereas an efficiency of 30% is obtained in DCM, and an efficiency of
only 18 % is obtained in CCM.

The present invention thus enables to considerably

increase the

efficiency of a power supply, particularly in case of low output currents, which are
usually used in audio applications.

The present invention can also be embedded in a computer program
product, which comprises all the features enabling the implementation of the

methods described herein, and which - when loaded in an information processing
system - is able to carry out these methods. Computer program means or

computer program in the present context mean any expression, in any language,
code or notation, of a set of instructions intended to cause a system having an

information processing capability to perform a particular function either directly or
after conversion to another language. Such a computer program can be stored on
a computer or machine readable medium allowing data, instructions, messages or
message packets, and other machine readable information to be read from the
medium. The computer or machine readable medium may include non-volatile

memory, such as ROM, Flash memory, Disk drive memory, CD-ROM, and other
permanent storage. Additionally, a computer or machine readable medium may
include, for example, volatile storage such as RAM, buffers, cache memory, and

network circuits. Furthermore, the computer or machine readable medium may
comprise computer or machine readable information in a transitory state medium
such as a network link and/or a network interface, including a wired network or a

wireless network, that allow a device to read such computer or machine readable
information.
Expressions such as "comprise", "include", "incorporate", "contain", "is"
and "have" are to be construed in a non-exclusive manner when interpreting the

description and its associated claims, namely construed to allow for other items or
components which are not explicitly defined also to be present. Reference to the
singular is also to be construed in be a reference to the plural and vice versa.
While there has been illustrated and described what are presently
considered to be the preferred embodiments of the present invention, it will be
understood by those skilled in the art that various other modifications may be

made, and equivalents may be substituted, without departing from the true scope
of the present invention. Additionally, many modifications may be made to adapt a

particular situation to the teachings of the present invention without departing from
the central inventive concept described herein. Furthermore, an embodiment of
the present invention may not include all of the features described above.
Therefore, it is intended that the present invention not be limited to the particular
embodiments disclosed, but that the invention include all embodiments falling
within the scope of the invention as broadly defined above.
A person skilled in the art will readily appreciate that various parameters
disclosed in the description may be modified and that various embodiments
disclosed and/or claimed may be combined without departing from the scope of
the invention.

CLAIMS

.

A voltage regulating device (28) comprising
a power stage (30) comprising an inductor (L) between a first node (P )

and a second node (P2) ; a first switch (A) between the first node (Pi) and a power
supply node (P3) for which the potential (Vba t) is non-zero and of constant polarity;
a first capacitor (CNEG) between a node (P5) at a reference potential and a second
switch (B) coupled to the first node (P-i); a second capacitor (CPOS) between a
node (P7) at the reference potential and a third switch (C) coupled to the second
node (P2); a fourth switch (D) between the second node (P2) and a node (P8) at
the reference potential; a fifth switch (E) between the first node (Pi) and a node
(Pg) at the reference

corresponding

potential;

a first output (P4) for delivering

to the voltage at the terminals

a first voltage

of the first capacitor

(CNEG); a

second output (P6) for delivering a second voltage corresponding to the voltage at
the terminals of the second capacitor

(CPOS);

wherein the power stage further comprises

at least one comparator

(40, 41)

arranged to detect an inversion of the current in the inductor and wherein the
power stage is further arranged to close the fourth and fifth switches and to open
the first, second and third switches upon detection of an inversion of the current in
the inductor.

2.

The device according to claim 1, wherein the power stage (30) comprises a

first comparator

(40) and a second comparator

(41), said first comparator

being

arranged to measure a potential difference between a negative input connected to
the first output (P4) and a positive input connected to the first node (Pi) and to
detect an inversion

of the current

in the inductor

when a positive

potential

difference is measured between the positive and negative inputs while the second
switch (B) is closed, and said second comparator

being arranged to measure a

potential difference between a positive input connected to the first node (P-i) and a
negative output connected
detect an inversion

to the node (Pg) at the reference

of the current

in the inductor

potential and to

when a positive

potential

difference different is measured between the positive and negative inputs while
the fifth switch (E) is closed.

3.

The voltage regulating device according to claim 1, further comprising a

control circuit (34, 38) for synchronizing and controlling the switches, the control
circuit being coupled to the power stage and being arranged to generate control
signals;

wherein the power stage (30) is arranged to adopt one of the following
configurations as a function of the control signals: a first configuration (

) in

which only the first (A) and the third (C) switches are closed; a second

configuration (C 2) in which only the first and the fourth switches are closed; a third
configuration (C 3 ) in which only the second and the fourth switches are closed; a
fourth configuration (C 4) in which only the third and the fifth switches are closed
and a fifth configuration (C5) in which only the fourth and the fifth switches are

closed; and

wherein the power stage is further arranged to transmit an inversion signal (V in i ,
V inV2 ) to the control circuit upon detection of an inversion of the current in the

inductor;

wherein the control circuit is arranged to generate control signals to force the
power stage to adopt the fifth configuration upon reception of the inversion signal
from the comparison unit.

4.

The device according to claims 2 and 3 , wherein upon detection of an

inversion of the current by the first comparator (40), the first comparator is
arranged to transmit a first inversion signal (V invi ) to the control circuit and
wherein upon detection of an inversion of the current by the second comparator
(41), the second comparator is arranged to transmit a second inversion signal

(V i W 2) to the control circuit.
5.

The device according to claim 3 or 4 , wherein the control circuit (34, 38) is

arranged to produce error signals (V erri,

err2)

as a function of the difference

between the reference potential and the first and second voltages and is
configured to generate the control signals by comparing the first error signal and
the second error signal to a periodic signal (V

6.

A MP).

The device according to claim 5 , wherein the control circuit (34, 38) is

arranged to generate the control signals to produce one of the following
configuration sequences during a clock cycle (50) , the periodic signal (V

A P)

having a period being equal to the clock cycle:
•

the first configuration, followed by the second configuration, then the

third configuration, if the second error signal is the first of the error

signals to be less than the periodic signal during said clock cycle;
•

the first configuration, followed by the fourth configuration, followed by
the third configuration, if the first error signal is the first of the error

signals to be less than the periodic signal during said clock cycle.
·

the first configuration, followed by the fourth configuration, if it is

necessary to provide energy to modify or maintain the value of the
second voltage only;

•

the second configuration, followed by the third configuration, if it is

necessary to provide energy to modify or maintain the value of the first
voltage only; and
•

the first configuration, followed by the third configuration, if it is

necessary to provide sufficient energy to adjust the first voltage and the
second voltage;

wherein, if an inversion signal is received by the control circuit during said clock
cycle, each sequence of configurations further comprises the fifth configuration,
which extends over a period beginning upon reception of the inversion signal and
ending at an end of the clock cycle.

7.

The device according to claim 6 , wherein, if no inversion signal is received

during a clock cycle (50):

•

the first configuration

(Ci) extends over a period of time during which

both the first error signal (V e r ) and the second error signal (V e

r2)

are

greater than the periodic signal (V RA MP);
•

the second configuration

(C 2 ) extends over a period (62) beginning

at

the moment (Ti) when the second error signal (V e r r2) becomes less than
the periodic signal, and ending at the moment (T 2) when the first error
signal (V err ) becomes less than the periodic signal;
•

the third configuration

(C3)

extends over a period (63, 67) during which

both the first error signal (V err i ) and the second error signal (Ven-2 ) are
less than the periodic signal;
•

the fourth configuration

(C ) extends over a period of time beginning at

the time when the first error signal

(V err i ) becomes

less than the

periodic signal, and ending at the time when the second error signal
becomes less than the periodic signal.

8.

The device according to anyone of claims 5 to 7 , wherein if during a given

clock cycle the first error signal (V err ) becomes
before a predetermined

less than the periodic signal

duration from the beginning

of the given clock cycle

expires, the control circuit is arranged to generate control signals to force the
power stage to adopt the fifth configuration

during a next clock cycle after said

given clock cycle.

9.

A power supply (26) comprising a device coupled to a voltage source (29),

said device comprising:
·

a power stage (30) comprising an inductor (L) between a first node (Pi)
and a second node ( P 2 ) ; a first switch (A) between the first node (Pi)
and a power supply node ( P 3 ) for which the potential (V

a t)

is non-zero

and of constant polarity; a first capacitor (CNEG) between a node ( P 5 ) at
a reference potential and a second switch (B) coupled to the first node
(P-i); a second capacitor

(C PO s) between a node ( P 7 ) at the reference

potential and a third switch (C) coupled to the second node ( P 2 ) ; a
fourth switch (D) between the second node ( P 2 ) and a node (P 8 ) at the

reference potential; a fifth switch (E) between the first node (Pi) and a
node (Pg) at the reference potential; a first output (P ) for delivering a
first voltage corresponding

to the voltage at the terminals of the first

capacitor (CNEG); a second output (P ) for delivering a second voltage
corresponding

to the voltage at the terminals of the second capacitor

(Cpos);

wherein the power stage further comprises at least one comparator arranged to
detect an inversion of the current in the inductor and wherein the power stage Is
further arranged to close the fourth and fifth switches and to open the first, second
and third switches upon detection of an inversion of the current in the inductor.

10.

The power supply according to claim 9 , wherein the power stage (30)

comprises

a first comparator

(40) and a second comparator

(41), said first

comparator being arranged to measure a potential difference between a negative
input connected to the first output (P ) and a positive input connected to the first
node (P-i) and to detect an inversion of the current in the inductor when a positive
potential difference is measured between the positive and negative inputs while
the second switch (B) is closed, and said second comparator being arranged to
measure a potential difference between a positive input connected to the first
node (P

and a negative input connected

to the node (P g) at the reference

potential and to detect an inversion of the current in the inductor when a positive
potential

difference

different

is measured

between the positive and negative

inputs while the fifth switch (E) is closed.

11.

The power supply

according

to claim

9 , wherein

the device

further

comprises a control circuit (34, 38) for synchronizing and controlling the switches,
the control circuit being coupled to the power stage and being arranged

to

generate control signals;
wherein

the power

configurations
which

stage

(30) is arranged

to adopt

one of the following

as a function of the control signals: a first configuration

only the first (A) and the third

(C) switches

are closed;

(Ci) in

a second

configuration (C-2) in which only the first and the fourth switches are closed; a third

configuration (C3) in which only the second and the fourth switches are closed; a
fourth configuration (C4) in which only the third and the fifth switches are closed
and a fifth configuration (C 5) in which only the fourth and the fifth switches are
closed; and

wherein the power stage is further arranged to transmit an inversion signal (V invi,
V inv2) to the control circuit upon detection of an inversion of the current in the
inductor;

wherein the control circuit is arranged to generate control signals to force the
power stage to adopt the fifth configuration upon reception of the inversion signal
from the comparison unit..

12.

The power supply according to claims 10 and

1, wherein upon detection

of an inversion of the current by the first comparator, the first comparator is
arranged to transmit a first inversion signal (V inv ) to the control circuit and
wherein upon detection of an inversion of the current by the second comparator,
the second comparator is arranged to transmit a second inversion signal (V

) to

the control circuit.

13.

A mobile device having a power supply according to anyone of claims 9 to

12, comprising an audio amplifier supplied by said power supply.

14.

The mobile device according to claim 13, comprising a processor (12), an

audio amplifier (20), a digital-to-analog converter (18), and a digital audio data
processing unit (16) arranged to deliver a digital audio data stream to the digitalto-analog converter (18), with the digital-to-analog converter being arranged to
convert the digital audio data stream into an analog signal, the audio amplifier
(20) being coupled to the digital-to-analog converter so as to amplify the analog

audio signal.

15.

The mobile device according to claim 14, wherein the power supply is

coupled to the digital-to-analog converter in order to provide power to the digital-

to-analog converter.
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