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and in current-control mode to limit the input current drawn to exceed a defined limit. A controller (301) is operable in a first mode
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voltage to be equal to a second, higher, voltage magnitude. The controller (301) monitors the audio signal for a high-amplitude part
of the audio signal, that could result in the voltage regulator operating in the current-control mode to apply current limiting and, on
such detection swaps from the {first to the second mode until such a high-amplitude part of the audio signal has been amplitied. The
second voltage magnitude is greater than required for voltage headroom for amplifying the high-amplitude part of the audio signal so
as to allow for a voltage droop of the output voltage over a plurality of switching cycles of the voltage regulator when operating in
the current-control mode.
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SUPPLY

This application relates to amplifier circuits and to methods and apparatus for supplying
power to an amplifier circuit, such as a Class-D amplifier circuit, especially for battery
powered applications.

Many electronic devices have audio amplifiers for generating an audio driving signal for
an output transducer, e.g. a loudspeaker, which may for example be an on-board
output transducer of the electronic device itself.

Figure 1a illustrates one example of an amplifier circuit 100 as may be implemented in
a battery powered device, for example a portable device such as a mobile telephone or
smartphone or tablet computer or the like. A battery 101, in use, provides a power
source, at least during some use cases where other sources of power are not
available. Power from the battery 101 may typically, at least in some instances, be
regulated by a voltage regulator, such as a DC-DC converter 102 which may, for
instance, be a boost regulator as would be understood by one skilled in the art. As
such a DC-DC converter 102 is a switched power supply, an output capacitor 103 is
provided to maintain the voltage at the output of the DC-DC converter 102 across each
switching cycle. This voltage maintained at the output of the DC-DC converter 102 is
provided as a supply voltage Vs to the amplifier 104.

The amplifier 104 may, in some instances be a Class-D amplifier, as Class-D amplifiers
are generally quite power efficient, and power efficiency is typically an important
consideration for portable electronic devices. However other types of amplifier could

be used in some implementations.

The amplifier 104 receives an input signal Siv (which for a Class-D amplifier may be a
digital signal) and ampilifies the signal to provide a driving signal for driving a load 105,
for instance a loudspeaker of the host device (i.e. the device of which the amplifier
circuit 100 forms a part).

As will be understood by one skilled in the art the supply voltage Vs provided to the
amplifier should be sufficient for the ampilifier to be able to amplify the input signal
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without clipping, allowing headroom for amplifier output stage voltage compliance and
DC-DC converter output voltage ripple, at least within an expected range of input signal
amplitudes.

With a battery powered device however there may be a battery current limit specifying
the maximum current that should be drawn, in use, from the battery 101. Typically
therefore the DC-DC converter 102 may have an input current limit which is set so as
to ensure that the input current to the DC-DC converter 102 does not exceed the
battery current limit.

This input current limit effectively limits the power that the DC-DC converter 102 can
output and hence correspondingly the audio power that can be output from the
amplifier 104.

Increasingly the audio performance specifications for some electronic devices may be
such that a DC-DC converter 102 may be unable to meet the power demand of the
amplifier 104 at peak levels of audio signal Sin without exceeding the battery current
limit for practical batteries 101 that may be used in such electronic devices. Thus, to
avoid unwanted signal clipping without exceeding the battery current limit may require
the peak signal level achieved in use to be reduced to below that which would be
desired.

Embodiments of the present disclosure are thus directed at methods and apparatus for
signal amplification that at least mitigate at least some of the above mentioned issues.

Thus according to the present invention there is provided an amplifier circuit for
amplifying an audio signal, comprising:

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting an output voltage, the voltage regulator comprising an output
capacitor coupled to the output node;

an amplifier connected to receive the output voltage from said output node of the
voltage regulator as a supply voltage;

the voltage regulator being operable in a voltage-control mode to maintain the
output voltage at a nominal output voltage and in current-control mode to apply current
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limiting so as to limit an input current drawn by the voltage regulator via the input node
s0 as not to exceed a defined input current limit; and

a controller for defining the nominal output voltage;

wherein the controller is operable in a first mode to define the nominal output
voltage so as not to exceed a first voltage magnitude and is operable in a second mode
to define the nominal output voltage to be equal to a second voltage magnitude, the
second voltage magnitude being greater than the first voltage magnitude;

wherein the controller is configured to monitor an indication of the level of the
audio signal for a high-amplitude part of the audio signal that could result in the voltage
regulator operating in the current-control mode to apply current limiting; and

wherein the voltage controller is configured to operate in said first mode until
such a high-amplitude part of the audio signal is detected and, on such detection to
operate in the second mode of operation until such a high-amplitude part of the audio
signal has been amplified;

wherein the second voltage magnitude is greater than required for voltage
headroom for amplifying the high-amplitude part of the audio signal so as to allow for a
voltage droop of the output voltage over a plurality of switching cycles of the voltage

regulator when operating in the current-control mode.

On detection of a high-amplitude part of the audio signal, the controller may be
configured to change to the second mode of operation such that the output capacitor is
substantially charged to the second voltage magnitude before the high-amplitude part
of the audio signal is amplified by the amplifier.

In some embodiments the controller is configured to detect a high-amplitude part of the
audio signal by determining when the indication of the level of the audio signal exceeds
a first threshold corresponding to a signal level that would be expected to lead to the
voltage regulator operating in the current-control mode to applying current limiting. The
circuit may comprise a threshold generator for determining the first threshold. The
threshold generator may be configured to determine the first threshold based on the
defined input current limit. In some instances the defined input current limit may be
configurable and, for instance, may be configured to vary with a battery voltage at the
input node. The threshold generator may be configured to determine said the
threshold based on at least one of: voltage regulator efficiency; amplifier efficiency;
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audio load impedance; audio load inductance; a minimum audio frequency; and
amplifier gain. The controller may comprise a comparator for comparing the indication
of the level of the audio signal with the first threshold.

In some instance the second voltage magnitude is greater than required for voltage
headroom for amplifying the high-amplitude part of the audio signal so as to allow for a
voltage droop of the supply voltage of at least 10% or at least 15%.

The controller may be configured such that in the first mode of operation the nominal
output voltage provides a nominal headroom of 15% or less, or 10% or less, of the
magnitude of the nominal output voltage. The nominal headroom is the voltage
difference between the nominal output voltage and the maximum output voltage of the
amplifier, in this case the maximum output voltage of the amplifier in the first mode of
operation.

The controller may be configured such that in said second mode of operation the
nominal output voltage provides a nominal headroom of at least 20%, or at least 25%,
of the magnitude of the nominal output voltage. The nominal headroom, in this case, is
the voltage difference between the nominal output voltage and the maximum output
voltage of the ampilifier in the second mode of operation.

The controller may be configured to receive a version of the audio signal and to
determine the indication of the level of the audio signal. The amplifier circuit may
comprise an envelope detector for receiving the version of the audio signal and
determining an envelope value as the indication of the level of the audio signal.

In some embodiments there is a delay in a signal path for the audio signal upstream of
the amplifier. The delay may comprise a buffer of configurable size. The delay may
have a delay duration which is at least equal to the time that would be required for the
output capacitor to be charged to from a lowest expected voltage level in the first mode
of operation to the second voltage magnitude.
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In some implementations, in the first mode of operation, the controller is configured to
vary the nominal output voltage of the voltage regulator based on the indication of the
level of the audio signal.

In some implementations, in the first mode of operation, the controller may be operable
to control the voltage regulator in a pass-through mode to pass the input voltage
directly to the output node as the supply voltage if the indication of the level of the
audio signal is below a second threshold.

The voltage regulator may comprises a DC-DC converter. The controller may be
configured to vary a voltage reference signal supplied to the DC-DC converter to define
the nominal output voltage.

The amplifier circuit may be implemented as an integrated circuit. The amplifier circuit
may, in use, comprise a loudspeaker configured to be driven by the amplifier. In some
implementations there may be a battery and the input node of the voltage regulator
may be coupled to receive the input voltage from said battery. The defined input

current limit may correspond to a battery current limit.

Aspects relate to electronic device comprising an amplifier circuit as described in any of
the variants discussed above. The electronic device may be at least one of: a portable
device; a battery operated device; a communication device; a mobile or cellular
telephone device; a smartphone; a computing device; a laptop, notebook or tablet
computing device; a gaming device; a personal media player; a wearable device.

In another aspect there is provided an amplifier circuit for amplifying an audio signal,
comprising:

an amplifier;

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage regulator
comprising an output capacitor coupled to the output node;

the voltage regulator comprising a voltage control loop for controlling the voltage
at the output node to a nominal output voltage and a current control loop for, when
activated, limiting an input current drawn by the voltage regulator via the input node so
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as not to exceed a defined input current limit, wherein the voltage regulator operates
according to the voltage control loop unless the current control loop is activated; and
a controller for defining the nominal output voltage;

wherein the controller is operable in a first mode to define the nominal output
voltage so as not to exceed a first voltage magnitude and is operable in a second mode
to define the nominal output voltage to be equal to a second voltage magnitude, the
second voltage magnitude being greater than the first voltage magnitude;

wherein the controller is configured to monitor an indication of the level of the
audio signal for a high-amplitude part of the audio signal that could result in the current
control loop of the voltage regulator being activated; and

wherein the controller is configured to operate in said first mode until such a high-
amplitude part of the audio signal is detected and, on such detection to operate in the
second mode of operation until such a high-amplitude part of the audio signal has been
amplified;

wherein the second voltage magnitude is greater than required for voltage
headroom for amplifying the high-amplitude part of the audio signal so as to allow for a
voltage droop of the supply voltage over a plurality of switching cycles of the current
control loop dominating the voltage control loop.

In a further aspect there is an amplifier circuit for amplifying an audio signal,
comprising:

an amplifier;

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage regulator
comprising an output capacitor coupled to the output node;

the voltage regulator being operable to apply current limiting so as to limit an
input current drawn by the voltage regulator via the input node so as not to exceed a
defined input current limit;

a controller for defining a nominal output voltage generated by the voltage
regulator;

wherein the controller is operable to compare an indication of the level of the
audio signal to a first threshold, wherein the first threshold is indicative of the input
signal that, if amplified by the amplifier, would be expected to lead to the voltage

regulator experiencing current limiting; and
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in the event that the indication of the level of the audio signal exceeds said first
threshold to increase the magnitude of the nominal output voltage of the voltage
regulator from a first operating range to a second higher voltage level.

A yet further aspect provides an amplifier circuit for amplifying an audio signal,
comprising:

an amplifier;

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage regulator
comprising an output capacitor coupled to the output node;

the voltage regulator being operable to apply current limiting so as to limit an
input current drawn by the voltage regulator via the input node so as not to exceed a
defined input current limit;

a threshold generator for generating a first threshold indicative of an audio signal
level that would be expected to lead to current limiting being applied by the voltage
regulator; and

a controller for controllably varying a nominal output voltage generated by the
voltage regulator;

wherein the controller is operable in a first mode to control the nominal output
voltage so as not to exceed a first voltage magnitude and in a second mode to control
the nominal output voltage to be equal to a second voltage magnitude, the second
voltage magnitude being greater than the first voltage magnitude;

wherein the controller operates in the first mode unless and until the indication of
the level of the audio signal exceeds the first threshold and then changes to the second
mode of operation until a predetermined time after the level of the audio signal has
dropped back below the first threshold.

In another aspect there is an amplifier circuit for amplifying an audio signal, comprising:
an amplifier;
a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage regulator
comprising an output capacitor coupled to the output node;
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the voltage regulator being operable to apply current limiting so as to limit an
input current drawn by the voltage regulator via the input node so as not to exceed a
defined input current limit; and

a controller for controlling a nominal output voltage generated by the voltage
regulator;
wherein the controller is operable in a first mode to control the nominal output voltage
so as not to exceed a first voltage magnitude and is operable in a second mode to
control the nominal output voltage to be equal to a second voltage magnitude, the
second voltage magnitude being greater than the first voltage magnitude;

wherein the controller is configured to monitor an indication of the level of the
audio signal for a high-amplitude part of the audio signal that could result in the voltage
regulator applying current limiting; and

wherein the controller is configured to operate in said first mode until such a high-
amplitude part of the audio signal is detected and, on such detection to operate in the
second mode of operation until such a high-amplitude part of the audio signal has been
amplified;

wherein the second voltage magnitude is greater than required for standard
voltage headroom for amplifying the high-amplitude part of the audio signal.

In another aspect there is an amplifier circuit for amplifying an audio signal, comprising:
an amplifier;

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage regulator
comprising an output capacitor coupled to the output node;

the voltage regulator being operable to apply current limiting so as to limit an
input current drawn by the voltage regulator via the input node so as not to exceed a
defined input current limit; and

a controller for controlling a nominal output voltage generated by the voltage
regulator;

wherein the controller is configured to monitor an indication of the level of the
audio signal for a high-amplitude part of the audio signal above a first threshold; and

wherein the controller is configured to operate in a first mode until such a high-
amplitude part of the audio signal is detected and, on such detection to operate in the
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second mode of operation until such a high-amplitude part of the audio signal has been
amplified;

wherein in the first mode of operation the nominal output voltage provides a
nominal voltage headroom of 10% or less of the magnitude of the nominal output
voltage; and

wherein in the second mode of operation the nominal output voltage provides a
nominal voltage headroom of at least 25% of the magnitude of the nominal output

voltage.
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To explain various aspects of the present disclosure various embodiments will now be
described, by way of example only, with reference to the accompanying drawings, of
which:

Figure 1a illustrates a conventional amplifier arrangement and figures 1b and 1c
illustrate conventional operation of a DC-DC converter that may be used to supply an

amplifier;

Figures 2a and 2b illustrates example voltage waveforms illustrating respectively the
concepts of voltage ripple and headroom and using a high fixed supply voltage for an

amplifier;

Figure 3 illustrates an amplifier arrangement according to an embodiment;

Figure 4 illustrates example voltage waveforms for the embodiment of figure 3;

Figure 5 illustrates one example of determining a voltage threshold;

Figure 6 illustrates an amplifier arrangement according to another embodiment; and

Figure 7 illustrates example voltage waveforms for the embodiment of figure 6.

Referring to figure 1a, as discussed above, the audio performance requirements for
some battery powered electronic devices, e.g. portable electronic devices such as
tablet computers or mobile phones, may be such that increasingly that a voltage
regulator, e.g. comprising DC-DC converter 102, which regulates power supply to the
amplifier 104, may not be able to supply sufficient power at peak signal levels of input
signal Siv without exceeding a battery current limit for current draw from the battery
101. In essence an input current limit l;m for the DC-DC converter 102, which may be
set based on a specified battery current limit value, results in a limit in the output
current that the DC-DC converter can supply. Consequently there is a maximum
output voltage level that be driven from the amplifier to a particular load, given the
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characteristics of the load, without requiring more output current from the DC-DC
converter 102 than it can supply.

Figure 1b illustrates an example DC-DC converter 102, in this case a boost converter,
which provides an output supply current Is at a converter output node, in turn pulling a
current lpar from a battery which provides a battery voltage Vvar. This battery voltage
may be provided either directly from the battery 101 or via some decoupling network
(not illustrated). The battery voltage is applied to an inductor 106 which is also
connected to switches 160 and 161. Control terminals of switches 160 and 161 are
connected to switch controller 150 which may receive a clock signal CLK.

The switch controller 150 controls the operation of switches 160 and 161. With switch
160 active, i.e. on, and switch 161 off, the inductor is connected between the battery
voltage and a reference, typically ground. This allows the current in the inductor 106 to
build up. With switch 160 off and switch 161 on or active the inductor is instead
connected to the output node and the current stored in the inductor passes to the
output terminal and recharges the output capacitor 103. The switch controller 150 thus
controls the switches 160 and 161 to operate the DC-DC converter in at least two
switch states: a first switch state with switch 160 off and switch 160 on where stored
current is supplied from the inductor to the output; and a second switch state with
switch 160 on and switch 161 off where current is being stored in the inductor.

The output voltage Vs is fed-back to a first error amplifier 151 and compared to a
nominal output voltage Vnom and a resultant voltage error signal is provided to the
controller 150 which consequently adjusts the timing of pulses to the control terminals
of the switches 160 and 161 so as to close a first, voltage-control, feedback loop to
regulate the output voltage Vs to be close to Vnou. In some instances the controller
150 may switch to a defined one of the first or second switch states based on the clock
signal and then swap to the other switch state based on the feedback error signal. A
switching cycle is thus defined by the clock signal with the duty cycle of a particular
switch state within the switching cycle being determined by the error feedback loop.
Many circuits for providing this feedback loop are known. It will be noted that figure 1b
illustrates the output voltage Vs being compared to the desired nominal voltage but it
will be understood that a level shifted version of the output voltage could be compared
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to a suitable reference. In general though the voltage control loop including first error
amplifier 151 operates to maintain the output voltage, as far as possible, at the level of
the nominal output voltage.

If the load current increases, then the current lpa: taken from the battery will also
increase as illustrated in Figure 1c. At some point the current draw may increase to a
value lim that is the maximum specified current that is allowed to be taken from the
battery by the DC-DC converter (possibly taking into account other anticipated loading
of the battery).

To provide current limiting the battery current drawn may be monitored and compared
to lim by a second error amplifier 152. If the drawn batter current lpar is less than lim
then the output of error amplifier 152 has no effect on the pulse outputs of switch
controller 150, i.e. the timing or duty-cycles of the switch states. However if lpan
attempts to exceed lim then a current-control loop via error amplifier 152 is arranged to
dominate the voltage-control feedback loop and to keep lvan close to lim despite any
resulting decrease in the output voltage Vs.

Thus the DC-DC converter 102 can, in general, operate in either a voltage-control
mode or a current-control mode i.e. an active current-limiting mode, depending on the
current demanded from the battery and thus indirectly on the current required to supply
the load. In the voltage-control mode the current control loop, i.e. error amplifier 152, is
a state that has no substantially active effect on the switch states and the output
voltage generated at the output node of the voltage regulator is controlled to be
substantially equal to the defined nominal voltage Vnom. In the current-control mode
however the switching of the switch states may be modified by the current control loop
to avoid exceeding the input current limit.

When used to provide a supply voltage to an amplifier 104, as illustrated in figure 1a, it
will be understood that as the signal voltage to be applied to a given load increases the
current required increases. Consequently, there is a maximum output voltage level
that can be driven from the amplifier 104 to a particular load, given the characteristics
of the load, without requiring more output current from the DC-DC converter 102 than it
can supply due to the constraint on its input current.
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One way to overcome this issue would be to use a dedicated energy storage element,
such as a capacitor, to store energy to support the load demand in such
circumstances. The energy storage element could be coupled to the voltage supply rail
for the amplifier 104. In the event that the DC-DC converter 102 can meet the load
demand the energy storage element would remain charged. However if the DC-DC
converter entered an active current limiting mode of operation, i.e. the input current
limit for the DC-DC converter 102 was reached and the DC-DC converter was unable
to meet the load demand, the energy storage element could supply additional charge to
effectively make up the shortfall.

The energy storage element could be a capacitor in addition to the output capacitor
103. However this would require the presence of an additional capacitor, which would
add to the cost and size of the circuitry and may require additional integrated circuit
contact terminals, e.g. pins. For portable electronic devices size of the various
components and the resulting PCB area occupied can be another important

consideration.

The ampilifier circuit 100 could therefore be operated to use the output capacitor 103 as
an energy storage capacitor which is sufficient to store energy to support the load when
the DC-DC converter 102 experiences current limiting. However, to provide a useful
amount of energy storage, the capacitance of the output capacitor 103 would need to
be relatively large, for instance significantly larger than conventionally may be used just
to maintain the output voltage of the DC-DC converter 102 across each cycle of the
various switch states of the DC-DC converter.

As discussed with reference to figure 1b a DC-DC converter, such as a boost converter
or the like, typically switches between at least two switch states in a cycle to provide
the required output voltage. In a first state of the DC-DC converter, a voltage is
developed at the output of the DC-DC converter to meet the load demand and (in
normal operation) charge the output capacitor. In a second state the DC-DC converter
is effectively charging/discharging other components such as an inductor and the
output capacitor at least partially supports the load demand. In normal, non-current
limited operation, i.e. under voltage-control, the switching cycle is controlled, in line with
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the loading on the DC-DC converter, to provide the desired nominal output voltage.
The output capacitor 103 is typically chosen to be just large enough to support the load
demand between instances of the first state, i.e. between instances of the output
capacitor being re-charged, e.g. during instances of the second state, with an
acceptable voltage ripple for the highest expected load demand, but assuming that, on
average, the DC-DC converter can meet the power demand. The output capacitor 103
would thus not normally be large enough to supply charge over a prolonged period of
time, comprising many switching cycles, where the DC-DC converter itself was unable
to meet the power demand without an unacceptable voltage droop.

Thus, as mentioned, one could consider using an output capacitor that is significantly
larger than one that would conventionally be used in order to store additional charge.
However using a significantly larger capacitance for the output capacitor 103 would
itself result increased size and cost and may be undesirable.

Instead therefore the voltage output from the DC-DC converter 102, i.e. the nominal
output voltage Vs, may be significantly increased compared to what otherwise might be
required for the amplifier 104.

It will be understood that conventionally the DC-DC converter 102 may be operated to
provide a supply voltage Vs which has sufficient voltage headroom for the amplifier 104
to amplify to a desired peak signal voltage given the normal expected voltage ripple.

Figure 2a illustrates the principles of headroom and ripple voltage. Figure 2a
illustrates the supply voltage Vs and a plot 201 of output voltage from the amplifier 104.
As mentioned above the DC-DC converter 102 will generally be a switched power
supply that repeatedly cycles through a sequence of switch states including a first state
in which the nominal output voltage Vnowm is developed at the output of the DC-DC
converter 102 and a second state in which the output capacitor at provides at least
some of the output load current load to maintain the supply voltage. Thus there will be
repeating cycle including periods P1 of the first state and periods P2 of the second
state. During a period P2 of the second state the output capacitor 103 is supporting
the load and being discharged, there is thus a slight droop in the supply voltage Vs
over this period P2 that depends on the loading. During a period P1 of the first switch
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state the voltage at the output of the DC-DC converter 102 recharges the output
capacitor. This results, over the switching cycle, in a voltage ripple of magnitude AVr.
The switching frequency and/or duty cycle of the DC-DC converter 102, i.e. durations
of periods P1 and P2, is controlled so that the output capacitor is recharged, as far as
possible, to Vnom each cycle and the magnitude of the voltage ripple AVr at the worst
case loading is within acceptable limits. Note that the magnitude of the voltage droop
and the duration of the switching period with respect to variations in the output signal
(which is an amplified version of the input signal Sw) are exaggerated in figure 2a in
order to explain the principles.

For amplifier 104 to correctly amplify the input signal Siv without clipping, the supply
voltage Vs to the amplifier should allow for a certain amplifier headroom Ha on top of
the amplified output signal 201. This amplifier headroom Ha is effectively the minimum
additional voltage required to allow correct operation of the amplifier, for instance to
allow for the voltage drop arising from the on-resistance of the output transistors of the
amplifier. The amount of headroom required for a given amplifier will depend on the
amplifier design and may also depend on signal level and also on operating conditions.
The amplifier headroom Ha required may therefore be defined for an amplifier based on
the minimum headroom required, under worst case expected operating conditions, at
the maximum expected output signal level Vsuax. To allow for manufacturing
tolerances of various circuit components and uncertainty in the operating conditions, a
certain tolerance may be included in the amplifier headroom Ha, however this is usually
relatively small as it is generally preferred to keep the nominal supply voltage as low as
practical. One skilled in the art would readily understand how to determine an
appropriate amplifier headroom Ha for a particular amplifier implementation.

The voltage ripple AV together with the amplifier headroom Ha can be seen as
collectively defining an operating headroom He which is required for correct
amplification of the signal. As used herein the term operating headroom Hp will thus be
used to refer to the minimum headroom required between the nominal output voltage
Vom and the maximum output signal level Vsuax for correct operation, based on the

worst case expected operating conditions (Ho = AVr + Ha).
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The nominal output voltage Vnom of the DC-DC converter may therefore be set based
on the determined operating headroom Ho required for the relevant circuit and the

maximum expected output signal level Vsuax.

In some embodiments the maximum expected output signal level Vsmax may be limited
by physical constraints of the audio signal path, in other words by limiting the maximum
allowed level of the input signal Sy. The range of the input signal Sw may be limited,
for instance, by the output range of components upstream of amplifier 104 in the signal
path. For example a maximum input signal level may be determined, at least partly, by
the highest gain setting of a variable gain element that provides some volume control
and/or a full-scale output voltage and/or maximum modulation factor of a DAC in the
signal path. In some embodiments however a maximum input signal level may be a
notional design limit; that is the ampilifier circuit will be designed to be able to amplify
any signal up to a maximum input level without clipping but may physically, in some
instances, be able to be operated to supply a higher signal level to the amplifier, albeit
with a risk or likelihood of signal clipping.

The term nominal headroom Hnom Will be used herein to refer to the actual difference
between the nominal output voltage Vnow, i.e. the nominal supply voltage, and the
maximum expected output signal level Vsmax (Hnom = Vom — Vsmax). The nominal
headroom Hnowm for an amplifier circuit should thus be set to be at least equal to the
required operating headroom Ho. The nominal headroom can thus be seen as an
indication of the minimum actual headroom that may be expected in use (if the supply
voltage were at the nominal output voltage level and the output signal were at the
expected maximum level Vsuax). In the example illustrated in figure 2a the nominal

headroom Hnowm is arranged to be equal to the operating headroom Ho required.

It will also be appreciated that the actual voltage difference between the output signal
and the supply voltage will vary over time as the signal level changes and if the output
signal level at a given point in time is lower than the expected maximum level Vgyax,
e.g. as represented by the dotted line 201g, the actual voltage difference between the
output signal 201 at that time and the supply voltage Vs may be much greater than
required (but the nominal headroom is defined with regard to the maximum signal level
and does not vary).
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In some amplifier designs, as will be discussed in more detail below, the value of the
nominal output voltage Vnom of the DC-DC converter 102, i.e. the nominal supply
voltage, may be varied in use to reduce when the signal level reduces so as to reduce
any excess actual headroom. If the nominal output voltage Vnowm is arranged to vary
with signal level, for example in Class-G or Class-H modes of operation, the relevant
maximum expected output signal level at any given time will be the maximum output
signal level at which that respective nominal supply voltage at that time is used. In
other words in a system where the nominal supply voltage changes with signal level
there will be a nominal headroom associated with each nominal output voltage based
on the maximum signal level that corresponds to that output voltage.

As an example in some implementations a battery voltage of around 3V may be
boosted to a supply voltage Vs of around 8V to be suitable for a Class-D amplifier
driving an on-board loudspeaker. In normal operation the magnitude of the voltage
ripple AVr may be of the order of 100mV or so in some implementations. The required
amplifier headroom may be of the order of a few hundred millivolts, say around 200mV
in some implementations to allow for the on-resistance of output transistors of the size
that may be typically used and also some possible constraint on the maximum and
minimum duty cycle of the periods P1/P2. The operating headroom Ho may therefore
be of the order of a few hundred mv. The nominal headroom for such an amplifier may
therefore be set to be of the order of 500mV or so to cope with this expected voltage
ripple and amplifier voltage drop. The maximum output signal level, when using the 8V
supply voltage, may therefore be limited to around 7.5V. This may be seen as
standard headroom, where the nominal headroom is of the same sort of magnitude as
the required operating headroom, i.e. any excess headroom at the maxim signal level

is relatively small.

In order to provide reasonable energy storage in the output capacitor 103, without
requiring an unduly large capacitance, the DC-DC converter instead may be operated
with a significantly higher output voltage, say of the order of 12V. The supply voltage
could therefore be set at a level which is significantly greater than required for voltage
ripple and amplifier headroom Ha reasons.
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In use, the DC-DC converter 102 would supply power to the amplifier 104 as described
previously but in this case the supply voltage would be a fixed relatively high voltage
supply, say a supply of 12V. The input current limit for the DC-DC converter 102 would
be set to ensure that the current draw from the battery does not exceed the battery
current limit. In at least some operating conditions, e.g. at relatively low signal levels,
the power draw by amplifier 104 may be such that the current demand can be met by
DC-DC converter 102 without exceeding the input current limit. If, however, the
operating conditions change, e.g. the audio signal level approaches a peak signal level,
the DC-DC converter 102 may enter a current limited mode of operation where the
input current to the DC-DC converter is actively being limited. In this case the output
current from the DC-DC converter 102 may be insufficient to meet the demand from the
amplifier 104, however the extra energy stored in the output capacitor will support the
load demand.

Figure 2b illustrates the principles of such operation. Figure 2b indicates a plot 201
representing the output signal from amplifier 104 over time. Also shown is the supply
voltage Vs and how it varies over time. The lower plot of figure 2b represents an
indication of when current limiting is active in the DC-DC converter 102, e.g. the DC-
DC converter has swapped from a normal voltage mode of control to a current-mode
control. Note it will be understood that a current limit monitor (e.g. the second error
amplifier 152 of figure 1b) will normally operate continuously when the DC-DC
converter is operating to ensure that the relevant input current limit is not exceeded.
Thus current limiting control or monitoring may always be operating, however as used
herein the term current limiting or a current limited mode of operation shall be used to
mean that input current is actively being limited, i.e. reduced compared to what the
input current would be in the absence of the current limiting control. Current limiting
can be said to be active if the present input current depends, at that time, on the input
current limit defined for the DC-DC converter 102. For the example DC-DC converter
illustrated in figure 1b current limiting can be said to be active if the switch controller
150 is responsive to the output of the current control loop, i.e. the output of second
error amplifier 152, to override the timing indicated by the voltage error feedback loop,
i.e. output of first error amplifier 151.



10

15

20

25

30

WO 2018/158556 PCT/GB2018/050364

19

At the start of the time period illustrated by figure 2b the supply voltage Vs is at a high
fixed level, say 12V. Note that figure 2b is concerned with changes on the timescale of
the audio input signal S and not on the much faster switching frequency of the DC-DC
converter and ignores any ripple voltage associated with the switching phases of the
DC-DC converter 102 for clarity, however an indication of how the actual voltage may
vary is illustrated in the expanded section 202). Initially, up to a time t1, the power
demand of the amplifier 104 can be met by the DC-DC converter 102 without
exceeding the input current limit. At time t1 however the signal level of the amplified
output signal 201 has reached a level where the DC-DC converter 102 reaches the
input current limit. After this time, until time t2, the DC-DC converter is experiencing
current limiting and the DC-DC converter 102 cannot meet the full current demand.
However the output capacitor 103 can supply charge to ensure that the full current
demand is met. As such the voltage of the supply voltage Vs as maintained by the
output capacitor 103 may begin to droop (over several switching cycles of the DC-DC
converter). However as the initial supply voltage was significantly higher than required
by the amplifier 104 the amplifier 104 still continues to operate correctly. At time t2 the
signal level reduces to a level where the DC-DC converter 102 can meet the power
demand without current limiting. The output capacitor is thus recharged back up to the
high output voltage of the DC-DC converter 102, e.g. 12V, and is thus ready support
load demand for another subsequent signal peak.

Whilst such an approach may provide the ability to meet the peak audio demand whilst
not exceeding a battery current limit, it does however require a relatively high supply
voltage to be maintained, which is not desirable for power efficiency. As noted above
the DC-DC converter 102 should be operated to provide a supply voltage Vs which has
sufficient voltage headroom for the signal being amplified. However if the difference
between the signal being amplified and the supply voltage Vs is greater than a required
voltage headroom, i.e. there is excess headroom, then there may be unnecessary
power wastage in the amplifier. Also the DC-DC converter may consume more power
when operating with a higher output voltage.

Operating with a higher supply voltage than is necessary for standard headroom
reasons thus tends to reduce power efficiency as inherently more power is wasted in

amplifier operation and the DC-DC converter.
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Embodiments of the present disclosure relate to an amplifier arrangement in which an
amplifier receives power from a voltage regulator and a controller is configured to
receive an indication of the level of a signal to be amplified by the amplifier and to
determine whether the signal to be amplified is likely to result in the voltage regulator
experiencing current limiting. In the event that it is determined that current limiting
being applied at the voltage regulator is likely, e.g. based on known or assumed
system parameters, and thus the voltage regulator may be unable to meet the power
demand from the amplifier, then the ampilifier circuit may operate with the voltage
regulator outputting a defined high output voltage. This defined high voltage may be a
relatively high voltage, which is higher than required just for standard voltage
headroom reasons, in order to store energy in a capacitor or other energy storage
element coupled to the supply voltage rail in a similar manner as described with
reference to figure 2b. However when it is determined that voltage regulator is unlikely
to enter a current limiting mode of operation, and the power demand of the amplifier
may be met by the voltage regulator itself, there may be no need to store such
additional energy in an output capacitor or similar. At such times therefore the voltage
output from the voltage regulator may be reduced from the defined high voltage, and
possibly significantly reduced, and may be set based on the expected signal level and
standard headroom. The voltage regulator may comprise a DC-DC converter.

Thus for example, as mentioned above a supply voltage of 8V may be a suitable for a
Class-D ampilifier for driving a loudspeaker when the DC-DC converter is not operating
in a current limited mode of operation, e.g. for a first range of signal amplitudes. If the
controller determines that the DC-DC converter will not operate in a current limited
mode of operation the DC-DC converter may be operated to provide an output voltage
of 8V. If however it is determined that a high level part of the input signal will likely
cause the power demand from the amplifier to result in the DC-DC converter
experiencing current limiting, then the output voltage from the DC-DC converter may be
increased to the defined high voltage, say 12V, to store energy in the output capacitor.
This defined high voltage may be significantly higher than required for standard
headroom reasons. The output voltage is increased to the defined high voltage in
sufficient time before the high signal level part of the signal reaches the amplifier, such
that there is time to charge the output capacitor, or other storage element, to the
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defined high voltage to store charge to support the power demand (for when the DC-
DC converter does enter current limiting). Thus the controller may be part of, or
responsive to, a look ahead module that analyses an indication of signal level
sufficiently far ahead of the signal being amplified.

Figure 3 illustrates one embodiment in which similar components are identified by the
same reference numerals. In the embodiment of figure 3 the input signal S is tapped
from a main signal path upstream of the amplifier 104 and passed to controller 301.
The controller 301 analyses the input signal S to determine whether that part of the
signal, when amplified, will create a power demand that will likely lead to current
limiting be applied within DC-DC converter 102. In some instances the controller may
determine a high-amplitude part of the input signal S by determining whether the input
signal level is above a predetermined threshold.

The controller 301 selectively controls the output voltage of the voltage regulator, i.e.
DC-DC converter 102. The controller may selectively operate in one of at least two
modes. In the event that no high-level part of the input signal Siv is detected the
controller 301 may operate in a first mode of operation and the output voltage from the
DC-DC converter 102 may be controlled to be at, or no greater than, a first voltage V1.
In this first mode of operation the supply voltage may be set to provide a standard
amount of voltage headroom, i.e. the nominal headroom Hnom may be of the order of
the required operation headroom Ho. In the event however that it is detected that a
part of the input signal S will likely lead to current limiting being applied within the DC-
DC converter 102, then the controller 301 operates in a second mode of operation and
controls the DC-DC converter 102 such that the nominal output voltage from the DC-
DC converter 102 is a second voltage, V2, which is higher (and possibly significantly
higher) than the first voltage V1. The controller 301 switches to the second mode of
operation and increases the output voltage of the DC-DC converter 102 before the
high-amplitude part of the signal reaches the amplifier 104 and in sufficient time that
the output capacitor 103 can be charged to a voltage greater than the first voltage V1,
for example in time that output capacitor can be charged to substantially the second
voltage V2. The controller 301 thus switches to the second mode of operation before
the DC-Dc converter enters an active current limiting mode of operation, and
sufficiently before that the output capacitor 103 can be charged to substantially the
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second voltage V2. In this second mode of operation the supply voltage may be set
significantly higher than is required for standard headroom, i.e. the nominal headroom
Hnow is significantly higher than the required operational headroom Ho. Thus this
second mode of operation may deliberately provide a significant excess headroom (He
= Hnom — Ho) in order to store sufficient energy in the output capacitor. In effect the
excess headroom is provided to allow a significant voltage droop of the supply voltage
Vs over a plurality of cycles of the DC-DC converter 102 whilst still maintain the
required operating headroom Ho.

In order to provide this look-ahead functionality the controller 301 taps the input signal
Siv from the signal path ahead of some delay before the amplifier 104. The delay may
at least partly implemented by some deliberate delay element 302, e.g. a suitable
buffer, to give a sufficient delay D between the controller identifying a high-level part of
the signal and the high-level part of the signal reaching the amplifier 104. However in
some instances at least part of the delay may be due to inherent propagation delays in
the downstream signal path and/or other signal processing applied to the input signal
Sin before amplification (although if such downstream signal processing various the
signal level being amplified the controller 301 should be configured to take such
downstream processing into account). The controller 301 and delay element 302 can
collectively be seen as being at least part of a look-ahead module 303.

Figure 4 illustrates voltage waveforms similar to those illustrated in the figure 2b to
show one example of operation according to the embodiment of figure 3. Figure 4
illustrates the same amplified signal 201 as shown in figure 2b. Again this signal 201
result in the DC-DC converter 102 experiencing current limiting between times t1 and
t2. In this instance however, as initially the level of the signal being amplified will not
result in current limiting of the DC-DC converter 102, the output voltage from the DC-
DC converter 102 is initially set at the first voltage V1 and thus the supply voltage Vs to
the amplifier 104 is also at V1.

The controller 301 effectively analyses the input signal Sy ahead of the signal being
amplified by a period equal to the delay D. The controller may, in one embodiment,
detect a high-amplitude part of the threshold by detecting when the input signal
exceeds a threshold Vrir. For the purposes of explanation Figure 4 illustrates a
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threshold Vrur® which is scaled appropriately for the amplified signal, but it will be
appreciated that this may simply be a scaled version of a threshold Vtvr which may
applied to the input signal Sn. At a time t0 the controller 301 detects a high-amplitude
part of the input signal that will eventually appear at the output at time t1. The
controller 301 thus switches to the second mode of operation at this time, i.e. t0, and
increases the nominal output voltage of the DC-DC converter 102 to V2. The output
capacitor 103 is thus charged to the voltage V2 over a period before the high level part
of the input signal is amplified at time t1. When the high level part of the input signal is
amplified at time t1, and the DC-DC converter 102 then experiences current limiting,
the energy stored in the output capacitor 103 helps support the power supply to the
amplifier 104 which thus ampilifies the signal without clipping. As the power demand of
the ampilifier can no longer be met by the DC-DC converter 102 the charge of the
output capacitor 103 is depleted over time (and over a period that may encompass
several tens or hundreds of switching cycles of the DC-DC converter) and the supply
voltage Vs droops, but remains sufficient to provide sufficient voltage headroom for the
amplifier 104, i.e. the supply voltage remains above the signal level plus the required
operational headroom Ho. In other words the excess headroom provided by the high
voltage V2 is sufficient to allow a significant voltage droop of the supply voltage Vs and
still provide the required operating headroom Ho.

At time t2 the signal 201 being amplified has again dropped to a low level and thus the
controller may be changed back to the first mode of operation with a nominal output
voltage of V1 from DC-DC converter 102. The output capacitor 103 will thus discharge
back down to V1. The controller 301 may thus increase the output voltage of DC-DC
converter 102 to the higher voltage V2 when a high-amplitude part of the input signal is
detected, e.g. the input signal level is above the threshold. This high voltage operation
may be maintained whilst the input signal level remains above the threshold and for a
period of time afterwards corresponding to the delay D so that all of the high amplitude
part of the signal is amplified before changing back to the first mode of operation at the
lower output voltage.

As mentioned previously, in the first mode of operation the supply voltage V1 may be
set to provide standard headroom. The maximum output signal level (Vsuax) for the
first mode of operation is effectively equal to the scaled threshold Vtur' - as an input
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signal above V1 would result in swapping to the second mode of operation. The
supply voltage V1 may therefore be set to provide standard headroom for a maximum
output signal level of the scaled threshold Vrvr’. For example, consider that the
threshold Vrxr corresponds to an output signal level of 7.5V. A nominal headroom
Hnowm of about 500mV may be suitable for standard headroom (to provide sufficient
amplifier headroom Ha and to allow for voltage ripple). Thus the voltage V1 may be set
to be equal to 8V. In this example the nominal headroom is thus of the order of just
over 6% of the supply voltage.

In various embodiments in the first mode of operation the magnitude of the nominal
headroom in the first mode may be of the order of 15% or less of the magnitude of the
nominal supply voltage, or of the order of 10% or less. This may be seen as a
standard headroom.

In some embodiments the magnitude of the nominal headroom may be of the order of
1V or less.

In the second mode of operation the supply voltage is set so as to store sufficient
energy in the output capacitor, or some other energy storage element coupled to the
supply rail. In this case the nominal supply voltage is set to provide significant excess
headroom so that significant droop of the supply voltage below the nominal voltage can
be experienced, over many switching cycles, and the actually supply voltage remains
high enough to provide the operating headroom Ho. The controller 301 swaps to the
second mode of operation when the input signal Sy exceeds the threshold Vrur which,
in the example above, corresponded to an output signal level of 7.5V. In the second
mode of operation the maximum expected output signal level may be limited by design
as discussed above, and may, for example, be of the order of 8.5V. In the second
mode of operation the supply voltage may be raised to a nominal supply voltage of 12V
say, i.e. V2 = 12V in this example. The nominal headroom in the second mode of
operation is thus 3.5V, which is significantly higher than the 0.5V that may be required
for standard headroom reasons. The nominal headroom in this case is of the order of
30% of the magnitude of the nominal supply voltage.
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In some embodiments therefore the magnitude of the nominal headroom in the second
mode of operation may be of the order of at least 20% of the magnitude of the nominal
supply voltage, or at least 25% of the magnitude of the nominal supply voltage.

In some embodiments the excess headroom (i.e. Hvom — Ho) in the second mode may
be of the order of at least 10% of the magnitude of the nominal output voltage. In the
first mode any excess headroom may be lower than 10% of the magnitude of the
nominal output voltage and may be lower than 5% of the magnitude of the nominal
output voltage. In other words the excess headroom in the second mode of operation
may be sufficient to allow a voltage droop of at least 5% of the supply voltage from the
nominal value, or a voltage droop of at least 10%, or in some embodiments at least
15% or at least 20%. Such a large voltage droop could not be tolerated if standard

voltage headroom were to be provided.

In some embodiments the nominal headroom in the second mode may be of the order
of at least 1V or at least 2V.

It will of course be appreciated that any specific figures for supply voltage and
headroom are given by way of example only and are not limiting. The exact figures will
depend on a particular implementation.

In this way peaks of the signal are supported by the output capacitor 103 being pre-
charged to a high level but only when required, thus enabling the amplifier to be
operated with a lower voltage supply voltage at other times when the high voltage is
not required, thus greatly increasing power efficiency.

It will be appreciated by one skilled in the art that there is some similarity to Class-G or
Class-H ampilifier techniques. In a Class-G or Class-H amplifier the supply voltage Vs
supplied to the amplifier is varied based on an indication of the signal to be amplified.
If the signal S to be amplified has a relatively low level the supply voltage Vs may be
reduced to reduce the excess voltage headroom and consequently reduce power
wastage. If the input signal level S then increases the supply voltage may be
increased to provide appropriate voltage headroom. There may be relatively
continuous tracking of the supply voltage Vs with the signal level or the supply voltage
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may be varied between one or more set levels when the signal level falls in various

bands, e.g. by comparison with one or more thresholds.

Conventional class-G and class-H operation however is purely concerned with voltage
headroom and adjusts the voltage purely to ensure there is sufficient voltage headroom
for the present signal voltage or signal range. At each operating voltage it is expected
that the DC-DC converter 102 can meet the power demand of the amplifier and any
output capacitor 103 is only charged to a level to support the load demand between the
charging phases of the DC-DC converter 102. Thus for class-G or class-H operation
the supply voltage will be defined based on the required standard operating headroom,
i.e. amplifier headroom Ha and voltage ripple AV, for that particular signal level or
band of signal levels. In each case the nominal headroom between a particular supply
voltage and the corresponding output signal level or maximum output signal for a band
of signal levels that all use the same supply voltage, would be relatively low, say of the
order of 10% or less of the magnitude of the relevant supply voltage.

By contrast the present embodiments switch to the high voltage mode of operation
based on a determination of when the DC-DC converter 102 will enter a current limited
mode of operation and operates with a sufficiently high voltage for a period before the
higher signal level is incident on the amplifier such that the output capacitor stores
additional energy and can help support the load demand during all switching phases of
the DC-DC converter. The second mode of operation provide excess headroom,
significantly greater than what is required for conventional headroom. As discussed
above in the second mode of operation of some embodiments of the nominal
headroom may be at least 20%, or at least 25% of the magnitude of the particular
supply voltage.

In embodiments of the present disclosure the controller 301 may determine when the
DC-DC converter 102 may enter a current limited mode of operation by determining
when the signal level of the input signal exceeds a threshold Viug.

The threshold Vg may be determined based on parameters of the DC-DC converter
102 and the amplifier 104 and possibly other relevant system parameters.
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In one example the threshold Vryr may be determined or calculated as illustrated with
respect to figure 5. The maximum output current that may be supplied by the DC-DC
converter 102, i.e. a power supply output current limit, may be determined based on
the input current limit applied to the DC-DC converter 102 and an efficiency value of
the power supply, i.e. the DC-DC converter 102. The current limit to be applied will be
defined in use and can be a known value. The efficiency value for the DC-DC
converter 102 may be a worst-case expected efficiency value. This value will typically
be known from design or simulation of the DC-DC converter but in some instances
historic measured efficiency values may be used.

Based on this maximum output current that can be supplied from the DC-DC converter,
before entering current limiting, and an efficiency value of the amplifier, an output
current limit from the amplifier 104 may be determined. This would represent the
maximum expected current that could be delivered from the amplifier 104 before the
DC-DC converter 102 would enter current limiting. The efficiency value for the
amplifier may likewise be a known value based on design of the amplifier and/or

measured values.

Based on the parameters of the load 105 being driven by the amplifier 104 this
maximum output current limit from amplifier 104 can be converted to an indication of
the maximum output amplitude, i.e. drive voltage, that the amplifier 104 could drive
without exceeding the current limit. The load parameter may in particular be the load
impedance R. In some instances the load inductance L may additionally or
alternatively be used to determine the output amplitude limit. These impedance and/or
inductance values may be known for the relevant load, especially for an on-board
loudspeaker, at the time of device manufacture. However in some instances these
values could be assumed based on the expected type of load or at least some

measurement could be made in use.

The current drawn by the load 105 for a certain amplitude driving signal may also
depend on the audio frequency and thus to determine an amplitude limit an indication
of the minimum audio signal frequency may additional be taken into consideration.
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Finally this output amplitude limit may be converted to an input signal amplitude limit
based on the gain of the amplifier 104 (and possibly any gain adjustment in the signal
path between the point at which the controller 301 taps the input signal and the
amplifier 104).

In this way an input signal amplitude threshold Vrr may be defined, above which it is
expected that the power demand would result in the DC-DC converter entering a

current limited mode of operation.

Note that figure 5 illustrates the various steps in calculating a threshold Vg in order to
explain the principles that may be used in determining an appropriate threshold. In
practice it would not be necessary to perform these as individual steps in sequence
and for instance a single calculation could be performed with all relevant inputs and/or
various of the inputs described above could be combined in a suitable way.

In some instances each of the inputs described may be known for a particular
implementation and may not vary in use. In such cases it would be possible to
determine a suitable threshold value to be stored or programmed to be available to
controller 201. Vg could for instance be stored in memory or loaded into memory at
start-up by system software.

In at least some embodiments however at least some of the inputs may vary in use.
For instance the input current limit to be applied to the DC-DC converter may be
programmable and varied, in use, depending on the battery state.

When the battery is relatively deeply discharged, current drawn from the battery can
cause a drop in battery voltage to a voltage so low that it results in a system reset. The
input current limit for the DC-DC converter 102 may be set so as to avoid drawing too
large a current for this reason. However when the battery is fully charged the voltage
drop is less of a problem as the voltage will not drop below the reset threshold.

In some embodiments therefore the battery voltage may be monitored and the input
current limit controlled based on the battery voltage, with the current limit being
decreased as the battery discharges. This has the advantage of allowing the DC-DC
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converter 102 to draw more current at high battery charge state and therefore the
threshold Vg level can be higher. A higher threshold Vrir means the amplifier circuit
operates in the lower voltage mode for a greater audio signal dynamic range,

increasing efficiency.

Thus in some embodiments the amplifier circuit may include a threshold generator, e.g.
a threshold calculation module as illustrated in figure 6. Figure 6 shows an amplifier
circuit 600 in which similar components are identified by the same references numerals

as used previously.

In figure 6 a threshold calculator 601 is provided to determine a threshold Vg to be
applied by controller 301 to determine whether to operate with the high defined voltage
V2 or a lower operating voltage, e.g. V1 or lower. The threshold calculator may
comprise a dedicated circuitry for determining the threshold value Vg and/or may

comprise a software module, for instance running on a suitable processor.

The threshold calculator 601 may run at system power-on or reset to produce Vrur
and/or may operate continuously if the parameters used to calculate the threshold vary

in use.

The threshold calculator may receive at least some of the input described previously.
The input current limit for the DC-Dc¢ may be programmable and may be stored in
memory and can be read by the Vg Calculator. In some instances the input current
limit may be adaptive as described above.

Values for power supply (i.e. DC-DC converter) efficiency n and audio amplifier
efficiency n may be stored in memory. The speaker resistance, inductance and
minimum audio signal frequency may also be stored in memory and may
programmable. In some instances a measure of loudspeaker impedance and
inductance and how it varies over time may be determined in use for some other
reason, e.g. for speaker protection and in some instances the impedance and/or
inductance value may be updated in operation.
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Likewise if the gain of the ampilifier 104 is variable in use the gain of the amplifier may
also be used to vary the threshold Vrur.

The threshold value Vg is provided to the controller 201. The controller 201 also
receives an indication of the input signal Siy in order to determine whether the level of
input signal is above a threshold. In some embodiments the controller 201 receives the
input signal Siv itself and determines whether the signal level is above the threshold

VTHF{-

The controller 301 may thus comprise a level detector 602, such as an envelope
detector, to determine an envelope level Env for the input signal Sn. The envelope
detector 602 may, for example, peak detect the input signal, with a relatively fast attack
time to increases in signal level but with a decay time set with respect to the expected

signal frequencies to maintain an envelope value.

A comparator 603 may be provided for comparing the determined signal level with the
threshold Vrur. A mode controller 604 may be responsive to the comparator 603 to
generate a Mode control signal to control an appropriate mode of operation of the DC-
DC converter. In some instances the Mode control signal be a suitable voltage
reference signal for indicating the desired output voltage to be generated by the DC-DC
converter 102.

To provide sufficient time to charge the output capacitor 103 to the defined higher
voltage, e.g. V2, before a high level part of the signal reaches the amplifier 104, without
requiring the delay 302 to be unduly long, the controller should preferably respond
quickly to any increases in input signal level. As discussed the envelope detector 602
may therefore have a fast attack time. In some embodiments the input signal received
by the envelope detector 602 may be processed in some way, for instance being
filtered by a pre-emphasis filter to emphasise any rise in signal level, as will be
understood by one skilled in the art, so as to provide a fast response to increases in
signal level.

To avoid unnecessary changes in mode between the defined high voltage mode
applied when the DC-DC converter may be current limited and the lower voltage mode
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where current limiting is not expected, the envelope detector may have a slower decay
time and/or at least one of the comparator or mode controller may apply some degree
of hysteresis to changing between modes. For example the voltage threshold Vir
may be the threshold applied to switch into the defined high voltage mode of operation,
but the high voltage mode of operation may be maintained until the signal level drops
below a lower threshold.

In some embodiments the controller 301 may not contain an explicit peak detector and
in some embodiments may not derive and actual envelope signal Env, and the Mode
control signal may be generated by other means, for instance a comparator coupled
without peak detection to the input signal Si, the comparator having hysteresis and/or
a timeout, to effectively provide a type of envelope detection and generate the Mode

control signal.

Further in some embodiments the controller 301 may receive some other indication
regarding the amplitude or envelope of the input signal. For instance in some
embodiments the signal level of the input signal may be determined by some upstream
processing and provided to the controller or some other signal indicative of the likely
signal amplitude may be provided.

Embodiments therefore use an indication of signal level to determine when the DC-DC
converter 102 may enter experience current limiting and in particular determine when
the input signal level exceeds a threshold Vs which is determined to correspond to
likely current limited mode of operation. If the signal level is above the threshold the
controller 301 controls the DC-DC converter 102 in the second mode of operation,
which is a defined high voltage mode, to produce an output voltage that is higher than
required for the peak voltage level of the amplifier. The controller 301 operates in this
second mode in order to pre-charge the output capacitor 103 to support a current
demand during amplification of the high level part of the signal. If however the signal
level remains below the threshold the controller 301 may operate the DC-DC converter
in a first mode with a lower output voltage.
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In some embodiments further efficiency gains may be realised by operating the DC-DC
converter using Class-G or Class-H type techniques in the first mode of operation, with
the second mode of operation being a different mode of operation.

As mentioned previous Class-G or Class-H type operation is a known type of operation
for amplifiers where the supply voltage Vs to the amplifier is adjusted based on an
indication of signal level so as to provide appropriate voltage headroom for the signal
being amplified, or the maximum signal level within a range, but to reduce the excess

voltage headroom.

When operating in the first mode of operation, i.e. when the DC-DC converter is not
operating in a current limited mode of operation, the output voltage of the converter
may thus be controlled based on an indication of the signal level to control the supply
voltage to track the signal level, either substantially continuously between a minimum
voltage and the voltage threshold Vg in a Class-H implementation, or to one of a
plurality of defined voltage levels for defined bands of signal level for a Class-G type

implementation.

The envelope detector 602 of controller 301 may thus provide an envelope value that
can be used by mode controller 604 to implement Class-H tracking or which may be
used by comparator 603 to compare against a plurality of different voltage thresholds to
determine an appropriate supply voltage to be supplied by the DC-DC converter 102.
The first node of operation may therefore be seen as having various sub-modes of
operation or as a mode with a variable voltage based on voltage headroom.

In some embodiments the DC-DC converter 102 may have a minimum output voltage
that can be achieved. Thus in some embodiments the mode controller 604 may control
the DC-DC converter 102 in the first sub-mode of operation for input signal levels which
are lower than the current limiting threshold Vrr and may vary the output voltage of
the DC-DC converter between the minimum voltage Vun and a maximum voltage V1
for the first mode of operation. The voltage V1 will correspond to a voltage which
provides sufficient headroom for amplifying signals which are just below the threshold
Vg for current limiting. Thus, as described previously, V1 may be set to provide a
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nominal headroom that is sufficient for the required operating headroom Ho, i.e. the
amplifier headroom Ha and voltage ripple AVr.

For a boost converter, i.e. a DC-DC converter with a step-up topology, the minimum
output voltage may correspond to a step-up factor of 1, i.e. the minimum output voltage
may be equal to the input voltage. In such a case rather than operate the DC-DC
converter 102 to effectively provide the battery voltage as an output, with associated
power consumption due to operation of the DC-DC converter 102, in some
embodiments the controller 301 may also be operable to control the DC-DC converter
102 to operate in a bypass mode. In the bypass mode the switching components of
the DC-DC converter 102 may be disabled, or at least the switching frequency
significantly reduced to reduce power consumption, with the battery voltage being
supplied directly to the output. The DC-DC converter 102 may therefore comprise part
of a voltage regulator 605, wherein in the bypass mode the voltage regulator may
disable the DC-DC converter 102 and deliver the battery voltage as the output voltage
of the voltage regulator.

Thus if the input signal level is such that the battery voltage itself would provide
sufficient conventional voltage headroom for the signal to be amplified, taking into
account the gain applied by the amplifier 104 and any downstream processing between
the controller 301 and the amplifier 104, the mode controller 603 may control the DC-
DC converter 102 in a bypass mode of operation. If the signal level increases so that
the battery voltage is no longer sufficient, but the signal level remains below the current
limiting threshold Vr1r the DC-DC converter 102 may be controlled with an appropriate
voltage reference to provide sufficient conventional voltage headroom for the signal
being amplified. If the signal level exceeds the current limiting threshold Vg the DC-
DC converter 102 is switched to the second mode of operation and the output voltage
of the DC-DC converter 102 is increased to the high voltage V2 and thus provide
excess voltage headroom.

In some embodiments however the DC-DC converter may be a buck-boost converter
capable of both step-up and step-down operation. In which case the DC-DC converter
102 may always be operated with the output voltage being controlled in the first mode
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between the minimum output voltage, which may be lower than the battery voltage
VeatT, and the maximum output voltage V1 for the first mode of operation.

The maximum voltage output by the DC-DC converter 102 in use will be the high-
defined voltage V2 used in the second mode of operation. This voltage may be
programmable to account for different manufacturers using output capacitors of
different sizes. The controller 301 may thus be response to an indication Vuax of the
high voltage to be used in the second mode. The controller 301 may also be provide
with an indication Vuin of the minimum voltage that can be achieved by the DC-DC
converter 102 and also an indication of the Gain applied by the amplifier 104.

As mentioned above the delay 302 may be set so as to allow time for the output
capacitor to charge to the define high voltage, i.e. Vuax, before the high level part of the
signal reaches the amplifier 102. The amount of the delay may be determined by the
largest change in supply voltage. For the step-up topology this may be the time to
enable the DC-DC converter 102 to charge the output capacitor from an initial voltage
of Vearr up to the defined high voltage Vuax. For a buck-boost converter the required
voltage change could be from Vun to Vmax. The voltage slew rate of the supply voltage
is known from the DC-DC converter design and depends on at least some of the
topology, switching frequency, inductor ripple current, output capacitor and load.

In some embodiments the delay may be programmable to allow different choice of DC-
DC converter components, e.g. inductor and output capacitor, and also switching
frequency.

The delay 302 may also include additional delay for digital to analogue conversion
and/or pulse width modulation as part of the audio amplifier implementation. This
portion of the delay is dependent on amplifier topology, is known from design and has a
fixed duration.

Figure 7 illustrates voltage waveforms similar to those illustrated in figures 2 and 4 to
show one example of operation according to the embodiment of figure 6. Figure 7
illustrates the same amplified signal 201 as shown in figures 2 and 4.
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In this example initially the signal level is at a level where the battery voltage Vearr
would provide sufficient voltage headroom for the amplifier 104. Thus, as described
above the controller 301, may, in some instances, operate the DC-DC converter 102 in
a bypass mode of operation and the battery voltage may be provided directly as the
output voltage of the voltage regulator. This may, for instance, be the case where the
DC-DC converter 102 is a boost converter.

At a time ta the level of the signal being amplified has increased such that the battery
voltage Vearr is no longer sufficient. The controller 201 thus enables the DC-DC
converter 102 and increases its output voltage to a level sufficient for this increased
signal level. It will be understood that the controller 301 will be aware of this signal
level increase at a time before the increase reaches the amplifier by an amount equal
to the delay time D. The amount of this delay is set with regard to the maximum time
taken to slew to the maximum output voltage V2 in the second mode of operation and
thus may be a greater delay than is required for Class-H tracking. The controller can
thus determine the appropriate time to implement the relevant increase or decrease in
output voltage. Between time ta and t0 the output voltage of the DC-DC converter may
be controlled to track the amplitude of the signal being amplified with appropriate
headroom. Purely for the purposes of illustration figure 7 shows that with a buck-boost
converter the supply voltage may also be controlled to be lower than the battery
voltage when appropriate.

At time t0, in a similar manner as described above, it is detected that the input signal
level exceeds the current limiting threshold Vrir. Thus the output voltage of the DC-
DC converter 102 is increased to the defined high voltage V2 to charge the output
capacitor 103 to this voltage. This additional energy stored in the output capacitor 102
supports the load current demand during this period of high signal level until time t2,
where the signal 201 being amplified has again dropped to a low level and thus the
DC-DC converter 102 may be switched back to the first mode of operation and may
resume Class-H operation.

By way of contrast for the purposes of explanation figure 7 also illustrates, by dashed
line 701, the operation of the voltage supply that would be implemented if current
limiting were not to occur. In such a case it would be expected that the supply voltage
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Vs would track the signal level in the same way as illustrated up until time t0. In this
case the high level part of the signal, which is output between time t1 and t2, would still
be detected in advance of it being amplified but the amount of look ahead required may
be less. The supply voltage is thus increased before the high level part of the signal is
amplified at t1 but the supply voltage only tracks the signal level with conventional
headroom. The supply voltage during the high level part of the signal between t1 and
t2 is thus much lower than the voltage V2 used to provide excess headroom when
current limiting is an issue. As such less time is required to charge the output capacitor
103 to the required output voltage and the supply voltage can be maintained on a
cycle-by-cycle basis of the DC-DC converter 102. Figure 7 illustrates that the high
voltage V2 used in the second mode of operation thus has significant excess
headroom compared to the standard headroom for class G/H tracking.

Embodiments of the present disclosure thus provide amplifier arrangement that can
meet audio power requirements whilst offering good efficiency and without requiring
unduly large capacitances. Embodiments allow the techniques of Class-G and/or
class-H type ampilifiers to be used with a DC-DC converter that may experience current
limiting in use due to a define battery current limit. A defined high voltage mode may
be entered when it is determined that the input signal level exceeds a threshold at
which current limiting is expected. In some embodiments a threshold calculator may
calculate an appropriate threshold based on one or more variable parameters, such as
an input current limit for the DC-DC converter.

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 data carrier such as an optical or electrical signal carrier. For many
applications embodiments of the invention 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
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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.

Note that as used herein the term module shall be used to refer to a functional unit or
block which may be implemented at least partly by dedicated hardware components
such as custom defined circuitry and/or at least partly be implemented by one or more
software processors or appropriate code running on a suitable general purpose
processor or the like. A module may itself comprise other modules or functional units.
A module may be provided by multiple components or sub-modules which need not be
co-located and could be provided on different integrated circuits and/or running on
different processors.

Embodiments may be implemented in a host device, especially a portable and/or
battery powered host device such as a mobile telephone, an audio player, a video
player, a PDA, a mobile computing platform such as a laptop computer or tablet and/or
a games device for example. The host device may comprise one or more audio output
transducers, e.g. loudspeakers to be driven by an amplifier arrangement as described.

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. An amplifier circuit for amplifying an audio signal, comprising:

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting an output voltage, the voltage regulator
comprising an output capacitor coupled to the output node;

an amplifier connected to receive the output voltage from said output node of the
voltage regulator as a supply voltage;

the voltage regulator being operable in a voltage-control mode to maintain the
output voltage at a nominal output voltage and in current-control mode to
apply current limiting so as to limit an input current drawn by the voltage
regulator via the input node so as not to exceed a defined input current
limit; and

a controller for defining the nominal output voltage;

wherein the controller is operable in a first mode to define the nominal output
voltage so as not to exceed a first voltage magnitude and is operable in a
second mode to define the nominal output voltage to be equal to a second
voltage magnitude, the second voltage magnitude being greater than the
first voltage magnitude;

wherein the controller is configured to monitor an indication of the level of the
audio signal for a high-amplitude part of the audio signal that could result in
the voltage regulator operating in the current-control mode to apply current
limiting; and

wherein the voltage controller is configured to operate in said first mode until
such a high-amplitude part of the audio signal is detected and, on such
detection to operate in the second mode of operation until such a high-
amplitude part of the audio signal has been amplified;

wherein the second voltage magnitude is greater than required for voltage
headroom for amplifying the high-amplitude part of the audio signal so as to
allow for a voltage droop of the output voltage over a plurality of switching
cycles of the voltage regulator when operating in the current-control mode.

2. An amplifier circuit as claimed in claim 1 wherein, on detection of a high-
amplitude part of the audio signal, the controller is configured to change to the
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second mode of operation such that the output capacitor is substantially charged
to the second voltage magnitude before the high-amplitude part of the audio
signal is amplified by the amplifier.

An amplifier circuit as claimed in claim 1 or claim 2 wherein the controller is
configured to detect a high-amplitude part of the audio signal by determining
when the indication of the level of the audio signal exceeds a first threshold
corresponding to a signal level that would be expected to lead to the voltage
regulator operating in the current-control mode to applying current limiting.

An amplifier circuit as claimed in claim 3 comprising a threshold generator for
determining said first threshold.

An amplifier circuit as claimed in claim 4 wherein the threshold generator is
configured to determine said first threshold based on said defined input current

limit.

An amplifier circuit as claimed in claim 5 wherein the defined input current limit is

configurable and is configured to vary with a battery voltage at said input node.

An amplifier circuit as claimed in any of claims 3 to 6 wherein the threshold
generator is configured to determine said first threshold based on at least one of:
voltage regulator efficiency; amplifier efficiency; audio load impedance; audio

load inductance; a minimum audio frequency; and amplifier gain.

An amplifier circuit as claimed in any of claims 3 to 7 wherein the controller
comprises a comparator for comparing said indication of the level of the audio
signal with said first threshold.

An amplifier circuit as claimed in any preceding claim wherein the second voltage
magnitude is greater than required for voltage headroom for amplifying the high-
amplitude part of the audio signal so as to allow for a voltage droop of the supply
voltage of at least 10%.
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An ampilifier circuit as claimed in any preceding claim the second voltage
magnitude is greater than required for voltage headroom for amplifying the high-
amplitude part of the audio signal so as to allow for a voltage droop of the supply
voltage of at least 15%.

An amplifier circuit as claimed in any preceding claim wherein the controller is
configured such that in said first mode of operation the nominal output voltage
provides a nominal headroom of 15% or less of the magnitude of the nominal
output voltage, wherein the nominal headroom is the voltage difference between
the nominal output voltage and the maximum output voltage of the amplifier.

An amplifier circuit as claimed in claim 11 wherein the controller is configured
such that in said first mode of operation the nominal output voltage provides a
nominal headroom of 10% or less of the magnitude of the nominal output voltage.

An amplifier circuit as claimed in any preceding claim wherein the controller is
configured such that in said second mode of operation the nominal output voltage
provides a nominal headroom of at least 20% of the magnitude of the nominal
output voltage, wherein the nominal headroom is the voltage difference between
the nominal output voltage and the maximum output voltage of the amplifier.

An amplifier circuit as claimed in claim 13 wherein the controller is configured
such that in said second mode of operation the nominal output voltage provides a
nominal headroom of at least 25% of the magnitude of the nominal output
voltage.

An amplifier circuit as claimed in any preceding claim wherein the controller is
configured to receive a version of the audio signal and to determine said
indication of the level of the audio signal.

An amplifier circuit as claimed in claim 15 wherein the amplifier circuit comprises
an envelope detector for receiving the version of the audio signal and
determining an envelope value as said indication of the level of the audio signal.
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An amplifier circuit as claimed in any preceding claim comprising a delay in a
signal path for the audio signal upstream of the amplifier.

An amplifier circuit as claimed in claim 17 wherein said delay comprises a buffer
of configurable size.

An amplifier circuit as claimed in claim 17 or claim 18 wherein said delay has a
delay duration which is at least equal to the time that would be required for the
output capacitor to be charged to from a lowest expected voltage level in the first
mode of operation to the second voltage magnitude.

An amplifier circuit as claimed in any preceding claim wherein in the first mode of
operation the controller is configured to vary the nominal output voltage of the
voltage regulator based on the indication of the level of the audio signal.

An amplifier circuit as claimed in any preceding claim wherein, in the first mode of
operation, the controller is operable to control the voltage regulator in a pass-
through mode to pass the input voltage directly to the output node as the supply
voltage if the indication of the level of the audio signal is below a second
threshold.

An amplifier circuit as claimed in any preceding claim wherein the voltage
regulator comprises a DC-DC converter.

An amplifier circuit as claimed in claim 22 wherein the controller is configured to
vary a voltage reference signal supplied to the DC-DC converter to define the

nominal output voltage.

An amplifier circuit as claimed in any preceding claim implemented as an

integrated circuit.

An amplifier circuit as claimed in any preceding claim comprising a loudspeaker
configured to be driven by said amplifier.
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An amplifier circuit as claimed in any preceding claim comprising a battery,
wherein the input node of the voltage regulator is coupled to receive the input
voltage from said battery.

An amplifier circuit as claimed in any preceding claim wherein the defined input

current limit corresponds to a battery current limit.

An electronic device comprising an amplifier circuit as claimed in any preceding

claim.

An electronic device as claimed in claim 26 wherein the electronic device is at
least one of: a portable device; a battery operated device; a communication
device; a mobile or cellular telephone device; a smartphone; a computing device;
a laptop, notebook or tablet computing device; a gaming device; a personal
media player; a wearable device.

An amplifier circuit for amplifying an audio signal, comprising:

an amplifier;

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage
regulator comprising an output capacitor coupled to the output node;

the voltage regulator comprising a voltage control loop for controlling the voltage
at the output node to a nominal output voltage and a current control loop
for, when activated, limiting an input current drawn by the voltage regulator
via the input node so as not to exceed a defined input current limit, wherein
the voltage regulator operates according to the voltage control loop unless
the current control loop is activated; and

a controller for defining the nominal output voltage;

wherein the controller is operable in a first mode to define the nominal output
voltage so as not to exceed a first voltage magnitude and is operable in a
second mode to define the nominal output voltage to be equal to a second
voltage magnitude, the second voltage magnitude being greater than the
first voltage magnitude;
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wherein the controller is configured to monitor an indication of the level of the
audio signal for a high-amplitude part of the audio signal that could result in
the current control loop of the voltage regulator being activated; and

wherein the controller is configured to operate in said first mode until such a high-
amplitude part of the audio signal is detected and, on such detection to
operate in the second mode of operation until such a high-amplitude part of
the audio signal has been amplified;

wherein the second voltage magnitude is greater than required for voltage
headroom for amplifying the high-amplitude part of the audio signal so as to
allow for a voltage droop of the supply voltage over a plurality of switching
cycles of the current control loop dominating the voltage control loop.

An amplifier circuit for amplifying an audio signal, comprising:

an amplifier;

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage
regulator comprising an output capacitor coupled to the output node;

the voltage regulator being operable to apply current limiting so as to limit an
input current drawn by the voltage regulator via the input node so as not to
exceed a defined input current limit;

a controller for defining a nominal output voltage generated by the voltage
regulator;

wherein the controller is operable to compare an indication of the level of the
audio signal to a first threshold, wherein the first threshold is indicative of
the input signal that, if amplified by the ampilifier, would be expected to lead
to the voltage regulator experiencing current limiting; and

in the event that the indication of the level of the audio signal exceeds said first
threshold to increase the magnitude of the nominal output voltage of the
voltage regulator from a first operating range to a second higher voltage

level.

An amplifier circuit for amplifying an audio signal, comprising:

an amplifier;
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a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage
regulator comprising an output capacitor coupled to the output node;

the voltage regulator being operable to apply current limiting so as to limit an
input current drawn by the voltage regulator via the input node so as not to
exceed a defined input current limit;

a threshold generator for generating a first threshold indicative of an audio signal
level that would be expected to lead to current limiting being applied by the
voltage regulator; and

a controller for controllably varying a nominal output voltage generated by the
voltage regulator;

wherein the controller is operable in a first mode to control the nominal output
voltage so as not to exceed a first voltage magnitude and in a second mode
to control the nominal output voltage to be equal to a second voltage
magnitude, the second voltage magnitude being greater than the first
voltage magnitude;

wherein the controller operates in the first mode unless and until the indication of
the level of the audio signal exceeds the first threshold and then changes to
the second mode of operation until a predetermined time after the level of
the audio signal has dropped back below the first threshold.

An amplifier circuit for amplifying an audio signal, comprising:

an amplifier;

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage
regulator comprising an output capacitor coupled to the output node;

the voltage regulator being operable to apply current limiting so as to limit an
input current drawn by the voltage regulator via the input node so as not to
exceed a defined input current limit; and

a controller for controlling a nominal output voltage generated by the voltage
regulator;

wherein the controller is operable in a first mode to control the nominal output
voltage so as not to exceed a first voltage magnitude and is operable in a
second mode to control the nominal output voltage to be equal to a second
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voltage magnitude, the second voltage magnitude being greater than the
first voltage magnitude;

wherein the controller is configured to monitor an indication of the level of the
audio signal for a high-amplitude part of the audio signal that could result in
the voltage regulator applying current limiting; and

wherein the controller is configured to operate in said first mode until such a high-
amplitude part of the audio signal is detected and, on such detection to
operate in the second mode of operation until such a high-amplitude part of
the audio signal has been amplified;

wherein the second voltage magnitude is greater than required for standard
voltage headroom for amplifying the high-amplitude part of the audio signal.

An amplifier circuit for amplifying an audio signal, comprising:

an amplifier;

a voltage regulator having an input node for receiving an input voltage and an
output node for outputting a supply voltage to said amplifier, the voltage
regulator comprising an output capacitor coupled to the output node;

the voltage regulator being operable to apply current limiting so as to limit an
input current drawn by the voltage regulator via the input node so as not to
exceed a defined input current limit; and

a controller for controlling a nominal output voltage generated by the voltage
regulator;

wherein the controller is configured to monitor an indication of the level of the
audio signal for a high-amplitude part of the audio signal above a first
threshold; and

wherein the controller is configured to operate in a first mode until such a high-
amplitude part of the audio signal is detected and, on such detection to
operate in the second mode of operation until such a high-amplitude part of
the audio signal has been amplified;

wherein in the first mode of operation the nominal output voltage provides a
nominal voltage headroom of 10% or less of the magnitude of the nominal
output voltage; and
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wherein in the second mode of operation the nominal output voltage provides a
nominal voltage headroom of at least 25% of the magnitude of the nominal
output voltage.
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