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SYMMETRICAL OUTPUT SWITCH -MODE POWER SUPPLY

Technical Field

The invention relates to switched-mode power supplies and regulators for

generating and regulating a direct current. It more particularly relates to

symmetrical power supplies suitable for powering an audio amplifier. Such

power supplies can be embedded in an autonomously-powered mobile device,

such as a portable music player or a mobile telephone.

Technological Background

Mobile devices have limited electrical resources. The energy output of the

power sources used to furnish a regulated DC voltage, from a direct current

provided by embedded batteries, is a determining factor in the length of time

the device remains charged. It is desirable to increase this length of time. To

allow a headset connected to a mobile device to reproduce sounds from audio

data, an electrical signal amplified by an audio amplifier must be produced.

The audio amplifier must therefore be supplied with sufficient power to produce

at least one regulated and substantially constant voltage, ideally a positive

voltage and a negative voltage that are symmetrical, typically 1.8V and - 1 .8V

or even 0.8V and -0.8V.

One known approach for powering an audio amplifier consists of using a

switched-mode power supply to provide a positive voltage to the audio

amplifier and to a charge pump. From the positive voltage, the charge pump

generates a negative voltage delivered to the audio amplifier. This type of

setup only enables an efficiency of about 75%. The energy losses observed in

the charge pump are the primary cause: in the case of a symmetrical positive

voltage and negative voltage of 1.8V and - 1 .8V respectively, measurements

show that about 400 mV are lost in the charge pump. The charge pump must

therefore be supplied with a voltage of 2.2 V, which results for example in

significant dissipation of energy in a linear audio amplifier for which the

efficiency is about 30%. Also, in a conventional terminal comprising a battery

of a capacity of between 700 and 1000 mA/H, such a setup results in a playing



time of only 30 to 70 hours, depending on the nature of the audio data. In

addition, such a setup typically requires the use of five condensers, an

inductor, and connections occupying a silicon surface area of 0.42 mm2, in the

case of a circuit etched using 130nm technology.

Brief Summary of the Invention

A need therefore exists for a power supply that generates at least two

symmetrical regulated DC voltages from a DC voltage source, and has an

efficiency of above 75%, occupying a contained silicon surface area, typically

about 0.5 mm2 in the case of a circuit etched with 130nm technology, and

using a minimum of external passive components. Such an arrangement

would allow a conventional device comprising a battery of a capacity of 700 to

1000 mA/H to offer a playing time of about 100 hours. In addition, the cost

price of such a device would be reduced, requiring less silicon, fewer external

components, and a smaller surface area for the printed circuit, than a

conventional device.

A first aspect of the invention proposes a voltage regulating device

comprising a power stage, and a control circuit which allows synchronizing and

managing the power switches in order to apply a given control strategy.

The power stage comprises 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; with the power stage able 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.

The control circuit, which is coupled to the power stage, is able to

produce error signals as a function of the difference between the reference

potential and the first and second voltages, and to generate the control signals.

Further, the control circuit comprises a first subtractor able to calculate a

first comparison signal representing the result of the difference between the

first voltage and the second voltage. The control signal comprises further a

second subtractor able to calculate a second comparison signal representing

the result of the sum of the second voltage and the first voltage.

The regulating device as defined above yields an energy efficiency of at

least 80%, in particular because of the control strategy limiting the amount of

energy in the inductor and the use of four configurations. The use of a single

inductor minimizes the number of passive components required, and therefore

limits the surface area of the printed circuit. In addition, the use of only two

capacitors reduces the silicon surface area occupied by such a device, to

substantially 0.5 mm2 in the case of a circuit etched with 130nm technology.

The control strategy may be adapted to minimize error signals, maintain

a non-zero amount of energy in the inductor, and maintain the absolute value

of the first and second voltages at substantially equal values.

The synchronization circuit is also simple to implement because only

four configurations, achieved by the use of five switches, are necessary to

control the power stage.

In particular, the synchronization circuit can be configured to generate

control signals corresponding to the following sequences of configurations:

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

necessary to provide as much energy to adjust the first voltage as to

adjust the second voltage in order to apply the control strategy;

· the first configuration, followed by the fourth configuration, followed

by the third configuration, if it is necessary to provide more energy to

adjust the second voltage relative to the first voltage in order to apply

the control strategy;



• the first configuration, followed by the second configuration, followed

by the third configuration, if it is necessary to provide more energy to

adjust the fist voltage relative to the second voltage in order to apply

the control strategy;

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

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

second voltage in order to apply the control strategy; and,

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

only necessary to provide the energy to modify or maintain the value

of the first voltage in order to apply the control strategy.

In one embodiment, the first error signal may be generated by a first

error amplifier circuit able to amplify and filter the difference between the

reference voltage and the fist comparison signal. The second error signal may

further be generated by a second error amplifier circuit able to amplify and filter

the difference between the reference voltage and the second comparison

signal.

The synchronization circuit can be configured to generate the control

signals by comparing the first error signal and the second error signal to a

periodic signal, and producing one of the following configuration sequences at

each period of the periodic signal:

• 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 period;

• 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 period;

• the first configuration, followed by the fourth configuration, if, in order

to apply the control strategy, 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, in

order to apply the control strategy, 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, in order

to apply the control strategy, it is necessary to provide sufficient

energy to adjust the first voltage and the second voltage.

The above four configurations can be defined in the following manner,

enabling simple management of the power switches:

• 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 when the

first error signal becomes less than the periodic signal, and ending

when the first error signal becomes less than the periodic signal;

• the third configuration extends over a period of time 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

when the first error signal becomes less than the periodic signal, and

ending when the second error signal becomes less than the periodic

signal.

In particular, the power stage is in the second configuration during 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 power stage is in the fourth

configuration during a period starting at the moment when the first error signal

becomes less than the periodic signal, and ending at the moment when the

second error signal becomes less than the periodic signal.

A second aspect of the invention proposes a power supply comprising a

device according to the first aspect described above.

Lastly, a third aspect proposes a mobile device having a power supply

according to the second aspect. In particular, the mobile device can comprise

an audio amplifier coupled to the power supply.

In one embodiment, the mobile device comprises a processor, an audio

amplifier, a digital-to-analog converter, and a processing unit for processing

digital audio data and able to deliver a digital audio data stream to the digital-



to-analog converter. The digital-to-analog converter is able to convert the

digital audio data stream into an analog audio signal. The audio amplifier is

coupled to the digital-to-analog converter so as to amplify the analog audio

signal. The power supply can also be coupled to the digital-to-analog converter

to provide power to the digital-to-analog converter.

Brief Description of Drawings

Other features and advantages of the invention will become apparent

from the following description. This description is purely illustrative and is to be

read with reference to the attached drawings, in which:

- figure 1 is a schematic diagram of a mobile device adapted to

reproduce sound from audio data;

figure 2 is a functional diagram of an embodiment of a power

supply;

figures 3a, 3b, 3c and 3d are functional diagrams illustrating the

different configurations of a power stage of the power supply;

figure 4 is a timing diagram representing an example application of

the control strategy for the power supply's synchronization circuit.

Detailed Description of 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, able 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 able 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 said device 10 , particularly the amplifier 20, and optionally the

digital-to-analog converter 18 . The power supply 26 is a symmetrical

switched-mode 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; 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 26 comprises a voltage regulating device 28 coupled to

a voltage source 29, for example an electrical cell such as a battery.

The voltage regulating device 28 comprises a power stage 30 adapted

to deliver a positive voltage V POs on a first output and a negative voltage V EG

on a second output, the absolute value of the positive voltage Vpos being

substantially equal to the absolute value of the negative voltage VNEG The

power stage 30 is equipped with control inputs 32 for receiving control signals

defining a control strategy for producing the negative voltage VNEG and the

positive voltage Vpos- The voltage regulating device 28 comprises a control

circuit 34 coupled to the first and second output from the power stage 30. In

particular, the control circuit 34 allows comparing over time the negative VNEG

and positive Vpos voltages to a reference voltage VREF in order to produce error

signals V e i , V
ERR

2 on the error signal outputs 36. The voltage regulating device



28 comprises a synchronization circuit 38, coupled to the error signal outputs

36 in order to generate control signals from the error signals Verr , V err 2, and to

the power stage 30 via the control inputs 32 in order to deliver the control

signals thus generated.

The power stage 30, diagrammed in various configurations in figures

3a, 3b, 3c and 3d, will now be described. It 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 30

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 at and

constant polarity. The potential Vbat is typically obtained by means of coupling

the power supply node P 3 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 P . A first capacitor C
neg

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 C
ne

g, meaning the voltage between the

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

VNEG A third controlled switch C is serially connected between the second

node P2 and a sixth node P6. A second capacitor Cpos is serially connected

between the sixth node Pe 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 P , is

the positive voltage Vpos- A fourth controlled switch D is serially connected

between the second node P2 and a reference potential node Ps generally of

zero potential. A fifth controlled switch E is serially connected between the first

node P and a reference potential node P 9 of generally zero potential zero.

Note that the reference potential nodes P5, P7, Ps and P9 are at the same

potential.

The power stage 30 can assume four configurations, depending on the

open or closed state of the controlled switches A , B, C, D and E .



In a first configuration C , represented in figure 3a, 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 C2, represented in figure 3b, 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 C3, represented in figure 3c, 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 neg to discharge.

In a fourth configuration C , represented in figure 3d, the switches E and

C are closed while the switches A , B and D are open, allowing the inductor L to

discharge and the first capacitor C neg to charge.

In the embodiment of the voltage regulating device 28 represented in

figure 2 , the control circuit 34 com prises a first subtractor 110 able to calculate

a first comparison signal representing the difference in potential between the

fourth node P4 and the sixth node Pe, or in other words representing the result

of subtracting the positive voltage Vpos from the negative voltage Vneg . The

output from the first subtractor 110 is coupled to a first differential amplifier

circuit 112 configured to generate the first error signal V err representing the

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

com parison signal. The control circuit 34 can com prise a first pulse-width

modulator 114 for modulating the first error signal V err as a function of a ramp

signal, for example a periodic substantially triangular voltage signal. The first

error signal V erri , possibly modulated, is delivered to the error signal outputs

36.

The control circuit 34 comprises a second subtractor 120 adapted to

calculate a second comparison signal representing the sum of the potential

between the fourth node P4 and the sixth node Pe, 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 err2 representing the difference between the reference potential V ref and

the second amplified then f iltered comparison signal. The control circuit 34 can



comprise a second pulse-width modulator 124 for modulating the second error

signal V err2 as a function of a ramp signal, for example a periodic substantially

triangular voltage signal. The second error signal V err2, possibly modulated, is

delivered to the error signal outputs 36.

From the first error signal V err and the second error signal V err2 , the

synchronization circuit 38 controls, with the aid of control means 154, the

opening or closing of the controlled switches A , B , C , D and E of the power

stage 30 such that the latter is in one of the four configurations C , C2, C3, and

C4 depending on the control strategy, followed by logic units 152 coupled to

the control circuit 34 and to the control means 154. The control strategy aims

to:

• minimize the energy accumulated in the inductor L ; and

• generate the positive voltage Vpos and the negative voltage VNEG ,

no matter what output current is used by a circuit supplied with the

positive voltage Vpos and the negative voltage VNEG.

The control strategy also aims to maintain a non-zero amount of energy

in the inductor L , such that the power stage 30 is in a continuous current

mode. The control strategy leads to maintaining the absolute value of the

positive voltage V pos and the absolute value of the negative voltage V neg at

substantially equal values. The control strategy is defined to minimize the

number of transitions between the configurations C , C 2 , C 3 and C , and the

duration of the time periods during which the power stage 30 is in configuration

C2. Such a strategy limits the current in the inductor and increases the general

energy efficiency of the power supply 26.

In particular, the control strategy can comprise the following

configuration sequences:

• configuration C , followed by configuration C 3 if it is necessary to

provide sufficient energy to modify or maintain the value of the

positive voltage V pos and the value of the negative voltage V neg ;

· configuration C , followed by configuration C , followed by

configuration C 3, 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 V neg ;



• configuration C , followed by configuration C2, followed by

configuration C 3, if it is necessary to provide more energy in order to

modify or maintain the value of the negative voltage V eg relative to

the value of the positive voltage V p 0 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.

One example of applying the control strategy for the synchronization

circuit 38 is illustrated in figure 4 . The tim ing diagram represents the change

over time in the voltage of the first error signal Verr , the second error signal

V e rr2, and a triangular signal VRAMP-

During a first period beginning at time To, the first error signal Verri and

the second error signal V err 2 have a voltage greater than that of the triangular

signal V RAMP- The configuration C is therefore selected. The first period ends

at time T where the second error signal V err 2 has a voltage less than that of

the triangular signal V RAMP- A second period then begins at time T , during

which configuration C 2 is chosen. The second period ends at time T2 where the

first error signal V e rri has a voltage less than that of the triangular signal VRAMP-

A third period then begins at time T2 during which configuration C 3 is chosen.

The third period ends at time T3 where the first error signal Verri and the

second error signal ν 2 have a voltage greater than that of the triangular

signal VRAMP The period between the time T0 and the time T3 corresponds to a

period of the triangular signal VRAMP.

During a fourth period beginning at time T3, the first error signal V erri

and the second error signal V ERR2
have a voltage greater than that of the

triangular signal VRAMP- The configuration C is therefore selected. The fourth

period ends at time T where the first error signal V e rri has a voltage less than

that of the triangular signal V RAMP- A fifth period then begins at time T4 during

which the configuration C4 is selected. The fifth period ends at time T5 where

the second error signal V e 2 has a voltage less than that of the triangular signal



VRAMP- A sixth period then begins at time T5, during which configuration C 3 is

chosen. The sixth period ends at time Q where the first error signal V err i and

the second error signal V err2 have a voltage greater than that of the triangular

signal VRAMP- The period between the time T 3 and the time Τ corresponds to a

period of the triangular signal VRAMP.



CLAIMS

1. A voltage regulating device (28) comprising

• a power stage (30) comprising an inductor (L) between a first node

(P-i) and a second node (P2) ; a first switch (A) between the first node

(P-i) and a power supply node (P3) for which the potential (Vbat) is

non-zero and of constant polarity; a first capacitor (C
neg

) between a

node (P5) at a reference potential and a second switch (B) coupled

to the first node (Pi); 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 (Ps) at the reference potential; a fifth switch (E) between

the first node (P-i) and a node (P9) 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 (Pe) for

delivering a second voltage corresponding to the voltage at the

terminals of the second capacitor (Cpos ) ; the power stage (30) being

arranged to adopt one of the following configurations as a function of

the control signals: a first configuration (C-i, Fig.3a) in which only the

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

(C2, Fig.3b) in which only the first and the fourth switches are closed;

a third configuration (C3, Fig.3c) in which only the second and the

fourth switches are closed; a fourth configuration (C , Fig.3d) in

which only the third and the fifth switches are closed; and

• a control circuit for synchronizing and controlling the switches (34,

38) in order to apply a given control strategy, the control circuit being

coupled to the power stage and being able to produce error signals

( erri , err2) as a function of the difference between the reference

potential and the first and second voltages, and to generate the

control signals,

wherein the control circuit comprises a first subtractor ( 1 10) able to calculate a

first comparison signal representing the result of the difference between the



first voltage and the second voltage; said control circuit comprising a second

subtractor (120) arranged to calculate a second comparison signal

representing the result of the sum of the second voltage and the first voltage.

2 . A device according to claim 1 wherein the control strategy is adapted to

minimize error signals, maintain a non-zero amount of energy in the inductor,

and maintain the absolute value of the first and second voltages at

substantially equal values

3 . A device according to any of claim 1 or 2 , wherein the control circuit for

synchronizing and controlling the switches is configured to generate the control

signals corresponding to the following sequences of configurations :

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

necessary to provide as much energy to adjust the first as to adjust

the second voltage in order to apply the control strategy;

• the first configuration, followed by the fourth configuration, followed

by the third configuration, if it is necessary to provide more energy to

adjust the second voltage relative to the first voltage in order to apply

the control strategy;

· the first configuration, followed by the second configuration, followed

by the third configuration, if it is necessary to provide more energy to

adjust the first voltage relative to the second in order to apply the

control strategy;

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

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

second voltage in order to apply the control strategy; and

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

only necessary to provide the energy to modify or maintain the value

of the first voltage in order to apply the control strategy.

4 . A device according to any one of claims 1 to 3 , wherein the first error

signal is generated by a first differential amplifier circuit ( 1 12) arranged to

compare a first reference voltage and the first comparison signal; and the



second error signal is generated by a second differential amplifier circuit (122)

arranged to compare a second reference voltage and the second comparison

signal.

5 . A device according to any one of claims 1 to 4 , wherein the

synchronization circuit is configured to generate the control signals by

comparing the first error signal and the second error signal to a periodic signal

(VRAMP) , and producing one of the following configuration sequences at each

period of the periodic signal:

· 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 period;

• 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 period.

• the first configuration, followed by the fourth configuration, if, in order

to apply the control strategy, 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, in

order to apply the control strategy, 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, in order

to apply the control strategy, it is necessary to provide sufficient

energy to adjust the first voltage and the second voltage.

6 . A device according to claim 5 , wherein:

• the first configuration (CO extends over a period of time during which

both the first error signal (V erri ) and the second error signal (V
ERR

2) are

greater than the periodic signal (VRAMP);

· the second configuration (C2) extends over a period beginning at the

moment (T-i) when the second error signal (V
ERR

2) becomes less than



the periodic signal, and ending at the moment (T2) when the first

error signal (Ve ) becomes less than the periodic signal;

• the third configuration (C3) extends over a period of time during

which both the first error signal (V erri) and the second error signal

(Verr2) are less than the periodic signal;

• the fourth configuration (C ) extends over a period of time beginning

at the moment (T ) when the first error signal (V err ) becomes less

than the periodic signal, and ending at the moment (T5) when the

second error signal becomes less than the periodic signal.

7 . A power supply (26) comprising a device according to any one of claims

1 to 6 , coupled to a voltage source (29).

8 . A mobile device having a power supply according to claim 7 , comprising

an audio amplifier coupled to said power supply.

9 . A mobile device according to claim 8 , comprising a processor (12), an

audio amplifier (20), a digital-to-analog converter (18), and a digital audio data

processing unit (16) able to deliver a digital audio data stream to the digital-to-

analog converter (18), with the digital-to-analog converter being able 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.

10. A mobile device according to claim 9 , 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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