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(54) Title of the Invention: Loudspeaker driver systems
Abstract Title: Driving a loudspeaker having multiple voice coils with a PWM audio signal

(57) The system comprises a modulator 120 configured to receive an input signal and to output a pulse width modulated
(PWM) signal representative of the received input signal.
A delay element 130, 140 applies delays to the PWM output signal to generate a first delayed signal 154 coupled to
a second voice coil 114 and a second delayed signal 156 coupled to a third voice coil 116. An undelayed output
signal 152 is coupled to a first voice coil 112.
The system can be regarded as a FIR filter that may be used to suppress a carrier frequency of the PWM signal.
The FIR filter may receive a configuration signal (fig 7) that causes the filter to adapt to a change in the frequency
of the PWM signal.
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LOUDSPEAKER DRIVER SYSTEMS

Field of the Invention

The present disclosure relates to the field of loudspeaker driver systems. In particular,
the present disclosure relates to a system and method for driving a loudspeaker that has

a plurality of coils.

Background

There is a continuing requirement in portable electronic devices such as mobile
telephones, tablet and laptop computers, portable speakers, headphones, earphones,
earbuds and the like for loudspeaker systems that are capable of producing high volume

audio outputs whilst occupying as small a physical volume as possible.

One approach to generating high volume audio outputs in portable electronic devices is
to use a boosted power supply to drive a relatively large loudspeaker. However, larger
loudspeakers suffer from reduced sensitivity, meaning that an increase in the electrical
power input to the loudspeaker does not necessarily result in a corresponding increase

in the loudness of the audio output produced by the loudspeaker.

Another approach is to use two loudspeakers mounted in a back to back configuration.
Whilst this may increase the loudness of the audio output produced, a disadvantage of
this dual loudspeaker arrangement is that the resistances of the loudspeakers are
presented to the loudspeaker driver circuitry in parallel. This arrangement also increases
(e.g. doubles) the physical volume occupied by the loudspeakers, which can be
problematic in small form factor devices which may lack sufficient space for two
loudspeakers.

Loudspeakers having a plurality of coils are known. In general such multi-coil
loudspeakers are used in one of two different configurations. In a first configuration a
loudspeaker includes a plurality of different coils, each of which is responsive to input
signals in a different frequency band. In a loudspeaker of this type each coil must be
driven by a drive signal carrying frequencies in the frequency band of the coil. One way

of achieving this is to encode an input audio signal using a pulse density modulator and
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to apply appropriate digital filtering to generate a plurality of digital signals corresponding
to the respective frequency bands of the coils of the loudspeaker, with each of the
plurality of digital signals being used to drive the appropriate one of the loudspeaker

coils.

A second multi-coil loudspeaker configuration includes a drive coil for driving the cone of
the loudspeaker and a sense coil for sensing the amount of excursion of the loudspeaker
cone by detecting a current induced in the sense coil as a result of movement of the
loudspeaker cone. Loudspeakers of this type are typically coupled to speaker protection
systems which monitor the amount of excursion of the speaker cone, as detected by the
sense coil, and limit the amplitude of the signal that drives the drive coil in the event that

over-excursion of the cone is detected.

A need exists for a system for providing an increase in the loudness of audio output by

a single loudspeaker without requiring a boosted power supply.

Summary

According to a first aspect, the invention provides a system for driving a loudspeaker
having a plurality of coils, the system compirising:

a modulator configured to receive an input signal and to output a pulse width
modulated (PWM) output signal representative of the received input signal;

a delay element for receiving and applying a delay to the PWM output signal to
generate a first delayed signal;

a first output configured to be coupled to a first coil of the plurality of coils of the
loudspeaker, wherein the first output is coupled to the output of the modulator; and

a second output configured to be coupled to a second coil of the plurality of coils
of the loudspeaker, wherein the second output is coupled to the output of the delay
element.

The modulator may comprise a class D amplifier, for example.

The input signal may comprise an audio signal.

The input signal may comprise a digital signal and the modulator may comprise a digital

modulator.
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The modulator and the delay element may be configured to receive a clock signal.

The delay element may comprise a clocked buffer.

The delay element may alternatively comprise a counter.

The delay element may further comprise an edge detector and an edge generator,
wherein:

the edge detector is configured to detect an edge of an input PVWM signal and to
trigger the counter on detection of the edge;

the counter is configured to count pulses of the clock signal until a predetermined
number is reached and to output a signal to the edge generator when the predetermined
number is reached; and

the edge generator is configured to output a delayed and inverted version of the

input PVWWM signal in response to receiving the signal from the counter.

The delay element may be configured to apply a delay equal to one period of the output
PWM signal to the output PWM signal.

The delay element may form at least part of a finite impulse response (FIR) filter

arrangement.

The FIR filter arrangement may be configured to receive a configuration signal and,
based on the configuration signal, to adapt in response to a variation in a frequency of

the PWM output signal output.

The FIR filter arrangement may be operative, in response to the configuration signal, to
adjust a predetermined value used by a counter of the FIR filter arrangement.

The FIR filter arrangement may be configured to suppress a carrier of the PWM output

signal.

The FIR filter arrangement may be configured to provide a zero at a carrier frequency of
the PWM output signal.
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A carrier frequency of the PWM output signal may be modulated based on a control

signal.

The control signal may be based on an operating mode of the system or on an input

signal level of the input signal.

According to a second aspect the invention provides an integrated circuit comprising a

system according to the first aspect.

According to a third aspect the invention provides a device comprising a system
according to the first aspect, wherein the device comprises a portable device, battery
powered device, a mobile telephone a notebook, laptop or tablet computing device a

smartwatch or an accessory device.

According to a fourth aspect the invention provides a method for driving a loudspeaker
having a plurality of coils, the method comprising:

receiving an input signal and outputting a pulse width modulated (PWM) output
signal representative of the received input signal; and

applying a delay to the PVWM output signal to generate a first delayed signal;

outputting the PVWM modulated output signal to a first coil of the plurality of coils;
and

outputting the first delayed signal to a second coil of the plurality of coils.

The method according may comprise modulating the input signal with a class D amplifier

to generate the PWM output signal.

The input signal may comprise an audio signal, for example.

The input signal may comprise a digital signal and the method may comprise modulating

the input signal with a digital modulator to generate the PVWM output signal.

The method may further comprise synchronising the modulated PVWM output signal and

the first delayed signal to a clock signal.

The delay may be applied to the PVWM output signal using a clocked buffer.
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The delay may alternatively be applied to the PWM output signal using a counter.

Applying the delay may comprise:

detecting an edge of an input PVYWM signal and triggering the counter on detection
of the edge;

counting pulses of the clock signal until a predetermined number is reached; and

outputting a delayed and inverted version of the input PWM signal in response to
receiving a signal from the counter indicating that the predetermined number has been

reached.

The delay may be equal to one period of the output PWM signal to the output PVWM

signal.

According to a fifth aspect the invention provides a system for driving a loudspeaker
having a plurality of coils, the system compirising:

a modulator for receiving an input signal and outputting a first PYWWM output signal
for driving a first coil of the plurality of coils;

a finite impulse filter (FIR) arrangement for receiving the PWM output signal and to
outputting a second PWM output signal for driving a second coil of the plurality of coils,

wherein the FIR arrangement is configured to adapt to a variation in a frequency

of the PWM output signal output so as to suppress a carrier of the PWM output signal.

Brief Description of the Drawings

Embodiments of the invention will now be described, strictly by way of example only, with

reference to the accompanying drawings, of which:

Figure 1 is a schematic representation of a system for driving a loudspeaker having a
plurality of coils;

Figure 2 is a simplified schematic representation of a FIR DAC;
Figure 3 is a schematic representation of a system for driving a loudspeaker having a

plurality of coils which uses a class D amplifier to generate a pulse width modulated

signal to drive the coils of the loudspeaker;
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Figure 4 is a schematic representation of a system for driving a loudspeaker having a
plurality of coils which uses a digital modulator to generate a pulse width modulated

signal to drive the coils of the loudspeaker;

Figure 5 is a schematic representation of a digital delay unit;

Figure 6 is a schematic representation of a digital delay implemented using a counter;

and
Figure 7 is a schematic representation of a system for driving a loudspeaker having a
plurality of coils which uses a digital modulator to generate a pulse width modulated

signal to drive the coils of the loudspeaker, in which a PWM repetition signal is variable.

Detailed Description

Referring to Figure 1, a system for driving a loudspeaker having a plurality of coils (also
referred to as a multi-coil loudspeaker) is shown generally at 100. The system 100
illustrated in Figure 1 is configured to drive a loudspeaker 110 having first, second and
third coils 112, 114, 116, but it will be appreciated that the principles described here are

applicable to multi-coil loudspeakers having any number of coils.

The system 100 includes a modulator 120 which is configured to receive an analogue
input signal such as an audio signal and convert it to a pulse width modulated (PWM)
output signal. The modulator 120 may be a class D modulator, for example. The
modulator 120 may be implemented, for example, in circuitry (e.g. discrete circuitry or
integrated circuitry) or by processing circuitry (e.g. a digital signal processor) executing

appropriate software code.

An output of the modulator 120 is coupled to an input of a first delay element 130 such
that the PWM signal output by the modulator 120 is input to the first delay element 130.
The output of the modulator 120 is also connected to a first output terminal 152 of the
system 100, which is configured to be coupled to the first coil 112 of the loudspeaker
110, such that the PWM signal that is output by the modulator 120 is also input to the

first coil 112 of the loudspeaker 110 when the loudspeaker is coupled to the system 100.



10

15

20

25

30

35

7

The first delay element 130 is configured to apply a delay to the input PWM signal and

to output a delayed version of the PVWM signal.

An output of the first delay element 130 is coupled to an input of a second delay element
140 such that the delayed version of the PWM signal output by the first delay element
130 is input to the second delay element 140. The output of the first delay element 130
is also connected to a second output terminal 154 that is configured to be coupled to the
second coil 114 of the loudspeaker 110, such that the delayed version of the PVWM signal
that is output by the first delay element 130 is also input to the second coil 114 of the

loudspeaker 110.

The second delay element 140 is configured to apply a further delay to the input PWM
signal and to output a further delayed version of the PWM signal. An output of the second
delay element 140 is connected to a third output terminal 156 that is configured to be
coupled to the third coil 116 of the loudspeaker 110, such that the further delayed version
of the PYWM signal that is output by the second delay element 140 is input to the third
coil 116 of the loudspeaker 110.

The first and second delay elements may be implemented, for example, in discrete or
integrated circuitry, or in processing circuitry executing suitable software code. Where
the delay elements are implemented in integrated circuitry, they may be integrated with
the modulator circuitry in a single IC, or alternatively may be integrated together as a

standalone IC. Alternatively, each delay element may be integrated as a separate IC.

As will be appreciated by those skilled in the art, the combination of the first and second
delay elements 130, 140, first, second and third coils 112, 114, 116 and cone 118 of the
loudspeaker 110 acts as a FIR DAC (Finite Impulse Response Digital to Analogue

Converter), as will now be explained with reference to Figure 2.

As shown generally at 200 in Figure 2, a FIR DAC typically comprises a plurality (in this
example three) of digital delay elements 202, 204, 206. A first one of the digital delay
elements 202 is configured to receive a digital signal at its input, to apply a delay to the
received digital signal, and to output a first delayed digital signal to a second one of the
digital delay elements 204. The first delayed digital signal is also output to a first digital
to analogue converter (DAC) 208.
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The second digital delay element 204 is configured to receive the first delayed digital
signal at its input, to apply a delay to the received first delayed digital signal, and to output
a second delayed digital signal to a third one of the digital delay elements 206. The

second delayed digital signal is also output to a second DAC 210.

The third digital delay element 206 is configured to receive the second delayed digital
signal at its input, to apply a delay to the received second delayed digital signal, and to
output a third delayed digital signal to a third DAC 212.

The first, second and third DACs 208, 210, 212 are configured to convert the received
first, second and third delayed digital signals into respective first, second and third
analogue signals, and to output the first, second and third analogue signals to a
summation unit 214. The summation unit 214 sums the received first, second and third

analogue signals and outputs the result of this summation as an analogue output signal.

As will be appreciated, the combination of the digital delay elements 202, 204, 206, the
DACs 208, 210, 212 and the summation unit 214 performs the functions of a finite
impulse response filter and a digital to analogue converter, such that the analogue output

signal constitutes a filtered analogue version of the digital input signal.

In the system 100 of Figure 1, the delay elements 130, 140 perform the digital delay
function of a FIR DAC, whilst the coils 112, 114, 116 of the loudspeaker 110 (in
combination with any additional filtering components associated with the coils 112, 114,
116) perform digital to analogue conversion of the digital signals input to the coils 112,
114, 116. The function of summing the analogue signals is performed by the cone 118
of the loudspeaker 110, whose movement is governed by the combination of the
magnetic fields generated by the coils 112, 114, 116, and thus outputs an analogue audio
signal that represents the sum of the analogue signals generated by the coils 112, 114,
116.

The arrangement of the delay elements 130, 140, the coils 112, 114, 116 and the cone
118 in a FIR DAC configuration helps to reduce the effect of out-of-band signals (i.e.
signals outside of the audio frequency band) and jitter in the audio signal output by the
loudspeaker 110. For example, the FIR DAC arrangement helps to suppress a carrier

signal of the PWM signal output by the modulator 120.
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The PWM signal may be generated in a number of different ways. For example, the
modulator 120 may be a class D amplifier, as will now be described with reference to

Figure 3.

The system illustrated in Figure 3 includes similar components to the system of Figure
1, so like reference signs have been used to denote like components in Figures 1 and 3.
The system 300 of Figure 3 includes a class D amplifier 310, made up of a comparator
312, a carrier signal generator 314, a first switching device 316 and a second switching
device 318. The class D amplifier 310 may be implemented as discrete circuitry, or
alternatively may be implemented as integrated circuitry. The class D amplifier 310 in
this example is configured to receive an analogue input signal and to output at an output
320 thereof a PWM output signal, in a manner that will be familiar to those skilled in the
art, but it will be appreciated that a digital class D amplifier could be used where the input

signal is a digital signal.

The output 320 of the class D ampilifier 310 is coupled to the first delay element 130 and
is also connected to a first output terminal 152 of the system 300, which is configured to
be coupled to the first coil 112 of the loudspeaker 110, such that the PWM signal that is
output by the modulator 310 to the first delay element 320 is also input to the first coil
112 of the loudspeaker 110 when the loudspeaker is coupled to the system 300. The
first delay element 130 outputs a first delayed version of the PWM signal that is output
by the class D amplifier to a second output terminal 154 that is configured to be coupled
to the second coil 114 and to the second delay element 140, and the second delay
element 140 outputs a second delayed version of the PWM signal that is output by the
class D amplifier to a third output terminal 156 that is configured to be coupled to the

third coil 116, as described above with reference to Figure 1.

Figure 4 is a schematic representation of a system 400 for driving a multi-coil
loudspeaker having a plurality of coils which uses a digital modulator to generate a pulse
width modulated signal to drive the coils of the loudspeaker. The system illustrated in
Figure 4 includes similar components to the systems of Figures 1 and 3, so like reference

signs have been used to denote like components in Figures 1, 3 and 4.

The system illustrated in Figure 4 includes a digital modulator 410 having an input 420
and an output 430. A digital input signal Dy (e.g. a digital audio signal) is received at the

input 420, and a PWM output signal representing the digital input signal Dy is output at
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the output 430. The output 430 of the digital modulator 410 is coupled to a first delay
element 130 and to a first output terminal 152 of the system 400, which is configured to
be coupled to a first coil 112 of a multi-coil loudspeaker 110. The first delay element 130
outputs a first delayed version of the PWM output by the digital modulator 400 to a
second output terminal 154, which is configured to be coupled to a second coil 114 of

the multi-coil loudspeaker 110.

For simplicity, the loudspeaker 110 is shown as having two coils, but it will be appreciated

that the loudspeaker 110 could include more than two coils.

In the system illustrated in Figure 4 a clock signal CLK with a frequency Fs (generated
by a clock of a host device in which the system 400 is provided, for example) is received
by the digital modulator 410 and the first delay element 130 to ensure synchronous

operation of the digital modulator 410 and the first delay element 130.

In operation of the system a delay B-a between the output 430 (a) of the digital modulator
410 and the output (B) of the first delay element 130 may be large, relative to the
frequency F; of the clock signal CLK. For example, the frequency Fs of the clock signal
CLK may be 6.144MHz, whereas the PVWWM repetition (carrier) frequency may be 384kHz.
Thus in this example in order to filter the PWM carrier frequency from the output of the
first delay element 130 the delay imposed by the first delay element 130 should be one
PWM period of the PWM signal output by the digital modulator 410, i.e. 1/384kHz =
2.6us. Inthe example illustrated in Figure 4 the first delay element 130 delays the input

signal by one PVWWM period and inverts it.

The delay elements 130, 140 described above may be implemented in a number of
different ways. In one example, illustrated in Figure 5, a simple delay element may

comprise one or more clocked buffers.

Alternatively, a delay element may be more efficiently realised as a counter that counts
up to a predetermined number before toggling the output. Figure 6 is a schematic

representation of such a delay element.

The delay element 600 of Figure 6 is a digital delay element that comprises an edge

detector 610, a counter 620 and an edge generator 630.
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The edge detector 610 is configured to receive an input PWM signal (e.g. the PWM signal
output by the modulator 120, 300 or 410 of Figure 1, 3 or 4). On detection of an edge of
the input PWM signal, e.g. a rising edge, the edge detector 610 outputs a signal to the
counter 620 to cause the counter 620 to commence counting clock pulses of the clock
signal CLK. The counter 620 continues counting pulses until a predetermined number,
equal to the number of clock pulses in one period of the input PWM signal (e.g. 2.6us x
6.144MHz = 16) has been reached.

For example, where the PWM repetition frequency is 384kHz and the frequency Fs of the
clock signal CLK is 6.144MHz as described above, one period of the PWM signal will
last approximately 2.6us, so the predetermined number of clock pulses is 16 (i.e. 2.6us
x 6.144MHz = 16).

When the predetermined number has been reached a signal is output by the counter 620
to the edge generator 630, which outputs an inverted and delayed version of the input
PWM signal as an output PWM signal. For example, where the counter 620 was
triggered by detection of a rising edge of the input PWM input signal, the edge generator
630 will output a delayed version of the input PWM signal commencing with a falling

edge as the output PWM signal.

In general the PWM repetition frequency may be varied. For example, the PVWM
repetition frequency may be reduced to save power when the modulator is idling. The
delay element(s) which make up the FIR filter of the system may thus be reconfigurable

to adapt to different PWM repetition frequencies.

Figure 7 is a schematic representation of a system 700 for driving a multi-coll
loudspeaker which uses a digital modulator to generate a pulse width modulated signal
to drive the coils of the loudspeaker, in which a PWM repetition signal is variable. The
system 700 illustrated in Figure 7 includes similar components to the system of Figure

4, so like reference signs have been used to denote like components in Figures 4 and 7.

The system 700 of Figure 7 includes a digital modulator 410 of the kind described above
with reference to Figure 4, which outputs a PWM output signal to a FIR filter arrangement
710, which may comprise, for example, one or more delay elements of the kind described
above with reference to Figures 1-6. The FIR filter arrangement outputs a plurality of

signals to output terminals 720 of the system 700, which are configured to be coupled to
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the coils of a multi-coil loudspeaker 110, each of the plurality of signals driving a different
coil 112, 114, 116 of the multi-coil loudspeaker 110.

The FIR filter arrangement 710 receives a configuration signal Config which may be
provided, for example, by the digital modulator 400 or by a controller of a host device
incorporating the system 700. The configuration signal causes the FIR filter arrangement
710 to adapt or reconfigure in response to a variation in the PWM repetition frequency
of the PWM signal output by the modulator 410, e.g. by adjusting the predetermined
value used by a counter of the FIR filter arrangement, thus to accommodate the variation

in the PVYWM repetition frequency.

The FIR filter arrangement 710 may be optimised to suppress a carrier of the PWM
signal. For example the FIR filter arrangement 710 may be configured to provide a zero
at the PVWM carrier frequency. The PVWM carrier frequency may be modulated based on
some control signal, which may be based, for example, on an operating mode (e.g. high
power/low power) of the system 700 or on an input signal level of the input signal Din.
The FIR filter arrangement 710 is reconfigurable to adapt to changes in the PWM carrier

frequency in response to the configuration signal Config.

Embodiments may be implemented in a range of applications and in particular are

suitable for audio applications.

Embodiments may be implemented as an integrated circuit which in some examples
could be a codec or audio DSP or similar. Embodiments may be incorporated in an
electronic device, which may for example be a portable device and/or a device operable
with battery power. The device could be a communication device such as a mobile
telephone or smartphone or similar. The device could be a computing device such as a
notebook, laptop or tablet computing device. The device could be a wearable device
such as a smartwatch. The device could be a device with voice control or activation
functionality. In some instances the device could be an accessory device such as a

headset or the like to be used with some other product.

The skilled person will recognise that some aspects of the above-described apparatus
and methods, for example the discovery and configuration methods may be embodied
as processor control code, for example on a non-volatile carrier medium such as a disk,

CD- or DVD-ROM, programmed memory such as read only memory (Firmware), or on a
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data carrier such as an optical or electrical signal carrier. For many applications,
embodiments will be implemented on a DSP (Digital Signal Processor), ASIC
(Application Specific Integrated Circuit) or FPGA (Field Programmable Gate Array).
Thus the code may comprise conventional program code or microcode or, for example
code for setting up or controlling an ASIC or FPGA. The code may also comprise code
for dynamically configuring re-configurable apparatus such as re-programmable logic
gate arrays. Similarly the code may comprise code for a hardware description language
such as Verilog ™ or VHDL (Very high speed integrated circuit Hardware Description
Language). As the skilled person will appreciate, the code may be distributed between
a plurality of coupled components in communication with one another. Where
appropriate, the embodiments may also be implemented using code running on a field-
(re)programmable analogue array or similar device in order to configure analogue

hardware.

It should be noted that the above-mentioned embodiments illustrate rather than limit the
invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. The word
“comprising” does not exclude the presence of elements or steps other than those listed
in a claim, “a” or “an” does not exclude a plurality, and a single feature or other unit may
fulfil the functions of several units recited in the claims. Any reference numerals or labels

in the claims shall not be construed so as to limit their scope.
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CLAIMS

1. A system for driving a loudspeaker having a plurality of coils, the system
comprising:

a modulator configured to receive an input signal and to output a pulse width
modulated (PVWM) output signal representative of the received input signal;

a delay element for receiving and applying a delay to the PWM output signal to
generate a first delayed signal,

a first output configured to be coupled to a first coil of the plurality of coils of the
loudspeaker, wherein the first output is coupled to the output of the modulator; and

a second output configured to be coupled to a second coil of the plurality of coils
of the loudspeaker, wherein the second output is coupled to the output of the delay

element.

2. A system according to claim 1 wherein the modulator comprises a class D

amplifier.

3. A system according to claim 1 or claim 2 wherein the input signal comprises an

audio signal.

4. A system according to any one of the preceding claims wherein the input signal

comprises a digital signal and the modulator comprises a digital modulator.

5. A system according to any one of the preceding claims wherein the modulator and

the delay element are configured to receive a clock signal.

6. A system according to claim 5 wherein the delay element comprises a clocked

buffer or a counter.

7. A system according to claim 6 wherein the delay element further comprises an
edge detector and an edge generator, wherein:

the edge detector is configured to detect an edge of an input PVWM signal and to
trigger the counter on detection of the edge;

the counter is configured to count pulses of the clock signal until a predetermined
number is reached and to output a signal to the edge generator when the predetermined

number is reached; and
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the edge generator is configured to output a delayed and inverted version of the

input PWM signal in response to receiving the signal from the counter.

8. A system according to any one of the preceding claims wherein the delay element
is configured to apply a delay equal to one period of the output PWM signal to the output
PWM signal.

9. A system according to any one of the preceding claims wherein the delay element

forms at least part of a finite impulse response (FIR) filter arrangement.

10. A system according to claim 9 wherein the FIR filter arrangement is configured to
receive a configuration signal and, based on configuration signal, to adapt in response

to a variation in a frequency of the PYWWM output signal output.
11. A system according to claim 10 wherein the FIR filter arrangement is operative, in
response to the configuration signal, to adjust a predetermined value used by a counter

of the FIR filter arrangement.

12. A system according to claim 11 wherein the FIR filter arrangement is configured to

suppress a carrier of the PWM output signal.

13. A system according to claim 12 wherein the FIR filter arrangement is configured

to provide a zero at a carrier frequency of the PWM output signal.

14. A system according to any one of the preceding claims wherein a carrier frequency

of the PWM output signal can be modulated based on a control signal.

15. A system according to claim 14 wherein the control signal is based on an operating
mode of the system.

16. A system according to claim 14 or claim 15 wherein the control signal is based on

an input signal level of the input signal.

17.  Anintegrated circuit comprising a system according to claim 1.
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18. A device comprising a system according to claim 1, wherein the device comprises
a portable device, battery powered device, a mobile telephone a notebook, laptop or

tablet computing device a smartwatch or an accessory device.

19. A method for driving a loudspeaker having a plurality of coils, the method
comprising:

receiving an input signal and outputting a pulse width modulated (PWM) output
signal representative of the received input signal; and

applying a delay to the PVWM output signal to generate a first delayed signal;

outputting the PYWM modulated output signal to a first coil of the plurality of coils;
and

outputting the first delayed signal to a second coil of the plurality of coils.

20. A system for driving a loudspeaker having a plurality of coils, the system
comprising:

a modulator for receiving an input signal and outputting a first PYWM output signal
for driving a first coil of the plurality of coils;

a finite impulse filter (FIR) arrangement for receiving the PWM output signal and to
outputting a second PWM output signal for driving a second coil of the plurality of coils,

wherein the FIR arrangement is configured to adapt to a variation in a frequency

of the PWM output signal output so as to suppress a carrier of the PWM output signal.
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1. A system for driving a loudspeaker having a plurality of coils, the system
comprising:

a modulator configured to receive an input signal and to output a pulse width
modulated (PVWM) output signal representative of the received input signal;

a delay element for receiving and applying a delay to the PWM output signal to
generate a first delayed signal, the delay element comprising a clocked buffer or a
counter;

a first output configured to be coupled to a first coil of the plurality of coils of the
loudspeaker, wherein the first output is coupled to the output of the modulator; and

a second output configured to be coupled to a second coil of the plurality of coils
of the loudspeaker, wherein the second output is coupled to the output of the delay
element,

wherein the modulator and the delay element are configured to receive a clock

signal.

2. A system according to claim 1 wherein the modulator comprises a class D

amplifier.

3. A system according to claim 1 or claim 2 wherein the input signal comprises an

audio signal.

4. A system according to any one of the preceding claims wherein the input signal

comprises a digital signal and the modulator comprises a digital modulator.

5. A system according to any one of the preceding claims wherein the delay element
further comprises an edge detector and an edge generator, wherein:

the edge detector is configured to detect an edge of an input PVWM signal and to
trigger the counter on detection of the edge;

the counter is configured to count pulses of the clock signal until a predetermined
number is reached and to output a signal to the edge generator when the predetermined
number is reached; and

the edge generator is configured to output a delayed and inverted version of the

input PWM signal in response to receiving the signal from the counter.
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6. A system according to any one of the preceding claims wherein the delay element
is configured to apply a delay equal to one period of the output PWM signal to the output
PWM signal.

7. A system according to any one of the preceding claims wherein the delay element

forms at least part of a finite impulse response (FIR) filter arrangement.

8. A system according to claim 7 wherein the FIR filter arrangement is configured to
receive a configuration signal and, based on configuration signal, to adapt in response

to a variation in a frequency of the PVYWM output signal output.

9. A system according to claim 8 wherein the FIR filter arrangement is operative, in
response to the configuration signal, to adjust a predetermined value used by a counter

of the FIR filter arrangement.

10. A system according to claim 9 wherein the FIR filter arrangement is configured to

suppress a carrier of the PWM output signal.

11. A system according to claim 10 wherein the FIR filter arrangement is configured

to provide a zero at a carrier frequency of the PWM output signal.

12. A system according to any one of the preceding claims wherein a carrier frequency

of the PWM output signal can be modulated based on a control signal.

13. A system according to claim 12 wherein the control signal is based on an operating

mode of the system.

14. A system according to claim 12 or claim 13 wherein the control signal is based on
an input signal level of the input signal.

15.  An integrated circuit comprising a system according to any one of the preceding

claims.

16. A device comprising a system according to any one of the preceding claims,

wherein the device comprises a portable device, battery powered device, a mobile
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telephone a notebook, laptop or tablet computing device a smartwatch or an accessory
device.

17. A method for driving a loudspeaker having a plurality of coils, the method
comprising:

receiving an input signal and outputting a pulse width modulated (PWM) output
signal representative of the received input signal; and

applying a delay to the PWM output signal using a delay element that comprise a
clocked buffer or a counter that receives a clock signal to generate a first delayed signal;

outputting the PYWM modulated output signal to a first coil of the plurality of coils;
and

outputting the first delayed signal to a second coil of the plurality of coils.
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