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(57) Abréegée/Abstract:

Audio amplifiers are used In many known forms In music systems, for example for domestic use or for playing music in cinemas,

discos etc., but also In public address systems, as are known, for example, in public buildings, schools, universities etc. for making
announcements. The invention proposes an audio amplifier (1) for amplifying an input signal into an output signal using an output
amplifier stage (6), wherein the output amplifier stage (6) iIs designed to amplify an intermediate signal into the output signal, and
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erein the output amplifier stage (6) Is In the form of an amplifier which operates in switching mode, and having a limiter device (4)
iIch Is designed, from a program and/or circuit point of view, to generate the intermediate signal on the basis of the input signal,
erein the level of the intermediate signal is always limited as a function of an adjustable maximum level in such a way that the

output signal does not exceed the maximum level independently of the input signal.
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Abstract

Audio amplifiers are used in many known forms in music systems, for example for
domestic use or for playing music in cinemas, discos etc., but also in public address
systems, as are known, for example, in public buildings, schools, universities etc. for
making announcements. The invention proposes an audio amplifier (1) for amplifying an
input signal into an output signal using an output amplifier stage (6), wherein the output
amplifier stage (6) 1s designed to amplify an intermediate signal into the output signal,
and wherein the output amplifier stage (6) 1s in the form of an amplifier which operates 1n
switching mode, and having a limiter device (4) which 1s designed, from a program
and/or circuit point of view, to generate the intermediate signal on the basis of the input
signal, wherein the level of the intermediate signal is always limited as a function of an
adjustable maximum level 1n such a way that the output signal does not exceed the

maximum level independently of the input signal.
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Description
Title
Audio Amplifier and Method for Reconfiguring an Audio Amplifier

The invention relates to an audio amplifier for amplifying an input signal into an output
signal, comprising an output amplification stage, wherein the output amplification stage
is designed as an amplifier that operates in the switched mode to amplify an
intermediate signal into the output signal. The invention furthermore relates to a method

for reconfiguring an audio amplifier.
Background Information

Audio amplifiers are used in many known designs in music systems, e.g. for home use
or to provide music in movie theaters, discotheques, etc., or in public address systems
which are used e.g. in public buildings, schools, universities, etc. to disseminate
announcements. Audio amplifiers of that type can be based on any type of amplifier
principle and are all based on the principle of converting an input signal into an

amplified output signal.

Standards now govern the output interfaces of audio amplifiers, however, wherein two
different technologies for implementing the standards are currently in use. The two

technologies differ in terms of how the electromechanical acoustic signal transformers

are supplied with the output signal.

On the one hand, low-impedance operation of audio amplifiers is known, wherein the
audio amplifier is a low ohmic, controlled voltage source and directly drives the
connected loudspeakers and electromechanical acoustic signal transformers. When
used in public address systems in large buildings or spaces, however, this technology
often requires that the cross section of the loudspeaker lead be disproportionately large,

due to the currents that are required and the length of the loudspeaker leads.
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In applications of this type in particular, a different technology is utilized, e.g. high-
impedance operation, which is also known as 100-volt technology. According to this

technology, the output signal of the audio ampilifier is transformed to 100 volts using a
low-frequency transmitter and, as in the case with energy distribution networks at this
voltage level, are transmitted to a plurality of loudspeakers connected in parallel. Each
loudspeaker has a separate transmitter or transformer for adjusting the voltage and
impedance. The advantage of the technology is that Ioudspeakér leads having a smali
cross section can be used for power supply, the public address system can be
expanded very easily by connecting additional loudspeakers in paraliel, and the
loudness level of individual loudspeakers can be adjusted by tapping into the transmitter
or transformer in the loudspeaker. High-impedance systems are not limited to a voltage

level of 100 volts; a voltage level of 70 volts is also common, for instance.

Disclosure of the Iinvention

Witﬁin the scope of the invention, an audio amplifier is disclosed, and a method for

reconfiguring a or the audio amplifier is disclosed.

The audio amplifier according to one aspect of the invention is suited and/or designed to amplify
an input signal into an output signal. The audio ampiifier can be used e.g. in music systems
or, preferably, in public address systems, in patrticular in public address systems for use

in complex regions. The output signal of the audio amplifier is preferably defined as the
signal that is output to electromechanical acoustic signal transformers and/or
loudspeakers. The input sighal is preferably designed as an analog signal that

originates at a microphone or another audio source.

The audio amplifier includes further, optional components and at least one output
amplification stage which is suited and/or designed to amplify an intermediate signal
into the output signal. The intermediate signal is designed, in particular, as a signal that

is generated on the basis of the input signal.



10

15

20

235

CA 02725037 2012-11-05

22386-2772

The output amplification stage is designed as an amplifier that is operated in the
switched mode, in particular as an amplifier that amplifies a pulse-width modulated
signal that is generated on the basis of the inpuf signal and/or the intermediate signal,

or that represents the intermediate signal.

—

Within the scope of an aspect of the invention it is provided that a limiter device is integrated
In the audio amplifier, which is programmed and/or electronically configured to generate the
Intermediate signal on the basis of the input'signal, wherein the level of the intermediate
signai is always limited as a function of an adjustable maximum level in @ manner such

, ‘that the output signal does not exceed the maximum level independently of the input

signal.

An aspect of the invention is based on the idea of providing an audio amplifier that can be used

in a flexible manner for low-impedance operation and for high-impedance operation. Due to

the adjustable maximum level, the audio amplifier is preferably not limited to certain
discrete power outputs, but rather can be scaled within a wide range in terms of power
output or maximum output level. A further advantage is that, in high-impedance

operation, a transmitter or transformer is not required at the output of the audio
amplifier.

A turther useful advantage of aspects of the invention can resuit from the fact that combinations
of low-impedance and high-impedance applications are used in many tasks involving
acoustic irradiation. It can be practical, for example, to use low-impedance technology

to acoustically irradiate a main room containing a stage, but to implement high-
Impedance technolcjgy in secondary rooms, hallways, etc. Until now it was necessary to
provide various audio amplifiers or switchable audio amplifiers which usually had to |
provide different internal supply voltages, depending on the operating mode. In certain
cases it was also necessary to connect transformers or transmitters to the outiet of the
audio amplifier. In contrast, in the case of the novel audio amplifier, the maximunﬂ output
voltage or level voltage is realized not exclusively by the internal supply voltage, but
rather by the limiter device which limits the audio signal in a small-signal range i.e.

upstream of the output amplification stage.
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According to one preferred embodiment, the output ampilification stage is supplied with

only a single bipolar voltage supply and/or is designed as a class-D amplifier and/or with
constant amplification. This preferred embodiment underscores the advantage of the
invention, namely that of providing an audio amplifier that includes cost-effective
circuitry. The supply voltage of the bipolar voitage supply is preferably selected such
that the output amplification stage can deliver the highest output voltage necessary at
the minimally specified impedance of the loudspeaker that is connected. Designing the
output amplification stage as a class-D amplifier and/or with constant amplificationis
based on the fact that amplifiers of that type deliver consistently high efficiency across

wide ranges of the input level of the intermediate signal.

According to one possible practical implementation of the invention, the audio amplifier
can be switched between a low-impedance operating mode and a high-impedance
operating mode by adjusting the maximum level. In low-impedance operation, the
loudspeakers or electromechanical acoustic signal transformers are controlled directly
by the audio amplifier; one possible typical impedance is 4 ohms. In high-impedance
operation, the signal voltages or signal levels are up to 70 volts (70-volt technology) or
up to 100 volts (100-voit technology). The electromechanical acoustic signal

transformers preferably include transformers and/or transmitters that transform the
output signal. This practical implementation once more underscores the idea of the
invention of providing an audio ampilifier that can be used in a flexible manner according
to various stan‘dards', in particular in high-impedance and low-impedance operation,

wherein, due to the selected design of the ampilifier, there is no need to provide a
plurality of internal supply voltages or a transmitter at the output of the audio amplifier.

According to a development of one aspect of the invention, the limiter device comprises an

- analyzer unit and a limiter unit, wherein the analyzer unit outputs and/or feeds back a imiter

signal to the limiter unit on the basis of an audio carrier signal that is present. The audio
carrier signal can be designed as the input signal, or as a signal that has already been .
processed further. The analyzer unit and the limiter unit form a control loop, the control

being designed such that the output signal does not exceed the maximum level that was
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set, or the intermediate signal does not exceed a maximum level corresponding thereto

In the small-signal range.

The limiter unit can be designed as a preamplification device, the amplification of which
s adjusted as a function of the limiter signal that is fed back, and/or as a damping
device that dampens the audio carrier signal that is present on the limiter signal that is
fed back. Optionally, the analyzer unit can likewise be designed as a limiter module,
thereby enabling the limiter device to perform limitation in two stages; in the first stage -
in the limiter unit — amplification is cdntrolled or regulated and, in the second stage — In

the analyzer unit — damping is controlled or regulated.

According to one possible embodiment, the limiter device is connected upstream of the
output amplification stage and analyzes or limits the analog audio carrier signal, thereby
forming the intermediate signal. According to an alternative embodiment of the
invention, the limiter device is integrated in terms of circuit design such that the audio
carrier signal is pulse-width modulated, and then the pulse-width modulated audio

carrier signal is limited, thereby forming the intermediate signal.

According to a development of one aspect of the invention, the audio amplifier includes a

connectable high pass which is designed e.g. as a second-order Butterworth filter to filter the audio
carrier signal. Preferably, the audio amplifier is designed such that the connectable high

pass is activated exclusively in the high-impedance operating mode. As is the case for
all high-impedance ampilifiers, this is recommended to prevent saturating the
transmitters in the loudspeakers with low-frequency signalis.

According to another development of the invention, the audio ampilifier includes an input
amplification device that is designed to condition the input signal, in particular to adjust

the input impedance and the input level.

Optionally, the audio amplifier also includes a level-adjusting device for adjusting the
- volume and/or the amplification. The level-adjusting device is preferably connected such

that it acts on the audio carrier signal in the smali-signal range.



10

15

20

23

CA 02725037 2012-11-05

22386-2772

According to one preferred embodiment of the invention, the audio amplifier includes a
control device which is desighed as an interface, in particular a manual or
electricallelectronic interface e.g. for a user, and which enables the maximum level to

be selected. The control device preferably acts on the connectable high pass (if

~available) or on the limiter device.

Although one aspect of the present invention was described only on the basis of an output
amplification stage and a limiter device, it lies within the scope of the invention for the
audio amplifier to comprise a plurality of channels,' each of which includes an output
amplification stage that are assigned to one or more limiter devices. Using a
multichannel audio ambliﬂer of that type, it is possible to run a mixed operation of low-

impedance and high-impedance operating modes and, in this manner, e.g. in terms of

~ the aforementioned example, on the basis of an audio amplifier to operate a low-

impedance loudspeaker at an impedance of e.g. 4 ohms, and a high-impedance
loudspeaker in the direct drive mode or using 100-voit or 70-volt technology. To
reconfigure a music system of that type, it is only necessary to switch the operating

mode or modes on the control device.

A further subject maﬁer of an aspect of the invention relates to a method for reconfiguring
an audio amplifier according to one of the preceding claims between a low-impedance

operating mode and a high-impedance operating mode, wherein, in a first step, the low-
impedance or the high-impedance loudspeaker system is disconnected from the audio
amplifier, in a subsequent step the maximum level is switched to the high-impedance or
low-impedance operating mode and, in a final step, the high-impedance' or low-
impedance loudspeaker system is connected.Thus, a music system comprising the
audid amplifier is also di_sclosed within the scope of the invention, wherein a low-
irhpedance loudspeaker system and/or a high-impedance loudspeaker system can be
operated in succession, in alternation, or simultaneously, if a plurality of channels is
present.
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In accordance with another aspect of the invention there is provided audio amplifier
for amplifying an input signal to produce an output signal, having an output amplifier
state, wherein the output amplifier stage is designed to amplify any intermediate
signal to produce the output signal and wherein the output amplifier stage is in the

5 form of an amplifier operating in a switch mode, having a limiter device, wherein at
least one of the programming and circuitry of which is designed to take the input
signal as a basis for producing the intermediate signal, wherein the level of the
intermediate signal is always limited on the basis of an adjustable maximum level
such that the output signal does not exceed the maximum level, regardless of the

10 input signal, a control device which is designed to set the maximum level and

actuates the limiter device, wherein the control device is in the form of an interface to
a user, wherein the audio amplifier being switchable be setting the maximum level
between a low-impedance mode and a high-impedance mode as modes of operation,
and wherein reconfiguring the mode of operating requires on the mode of operation

15 on the control device to be changed over.
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Brief Description of the Drawings

Further features, advantages, and effects of the invention result from the description

that follows of a preferred embodiment of the invention, and from the attached figures.

They show:

Figure 1 a block diagram of an audio amplifier according to the invention;

Figure 2 a block diagram of the analyzer unit in the audio amplifier depicted in
figure 1.

Embodiment(s) of the Invention

Figure 1 shows, in a schematic block diagram, an audio amplifier 1 which is designed to
amplify an input signal present at an input interface 2 into an output signal present at an
output interface 3. Audio amplifier 1 is designed such that, at output interface 3, an
output signal for a loudspeaker system (not depicted) can be output using an output
signal, the signal level or signal voltage of which is effectively up to 70 volts and/or up to
100 volts, in a low-impedance operating mode, e.g. designed for an impedance of 4

ohms, or in a high-impedance operating mode.

In the block diagram, the most important components are depicted using a solid line,
and the optional components of audio amplifier 1 are depicted using dashed lines.
Starting at input interface 2, the input signal is routed, optionally using further functional
modules — also referred to as an audio carrier signal in the original state or in the
processed state — to a limiter device 4 which limits the audio carrier signal as a function
of a control signal of a control unit 5, and is forwarded as a limited intermediate signal to

an output amplification stage 6.

Output amplification stage 6 is designed as a class-D amplifier. The class-D amplifier
operates In a switched mode, wherein the theoretical power efficiency is 100%, and the
practical efficiency is 90% due to losses from switching and conduction. In an

embodiment presented as an example, a class-D amplifier can be subdivided into three
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regions, the first region comprising an input for the intermediate signal, a triangular
signal generator and a comparator, the second region comprising a switch amplification

stage, and the third region comprising a low-pass filter.

In the first region, the preferably triangular-wave signal, which is generated by the signal
generator, is modulated by the intermediate signal, wherein the comparator compares
the voltage values of the intermediate signal with that of the signal from the signal
generator and then switches its output on or off depending on which of the two signals
has the higher voltage at that moment. The first region is therefore a pulse-width
modulation (PWM) which provides, as the output signal, a square-wave signal having
the same frequency as the signal of the signal generator, but having rectangles — the
pulse widths — of different widths. The latter depict the information via the amplitude and
frequency of the audio signal. In the second region, the PWM signal is amplified e.g.
using transistors, the transistors being fully enabled or fully disabled, and therefore
being on or off, which is also the reason for the high efficiency of this circuit design. in
the third region, the carrier signal generated by the signal generator is filtered out, for
which a passive LC filter is typically used. Due to the internal design and the
independence of the efficiency of the modulation, the class-D amplifier can also be
operated In a starting voltage range that represents only a fraction of the actual
operating voltage that is available. It should be noted that the present invention i1s not
limited to a certain topology of a class-D amplifier and, in particular, is not bound to a

certain modulation or feedback scheme of the class-D amplifier.

Due to limiter device 4 which can be adjusted using control unit 5, the audio carrier
signal is limited symmetrically, and therefore a limited intermediate signal is present at
downstream output amplification stage 6. The level of the particular limitation is
specified in a suitable manner by control unit 5 depending on the operating mode that
was selected. Since the downstream class-D amplifier has constant amplification and
always operates in the linear range due to the selected level of the supply voltage,
entire audio amplifier 1 behaves, as viewed from the outside, like a conventional
amplifier, where the internal voltage supply can be adjusted virtually steplessly. The

limiting is designed such that the maximum output voltage at output interface 3 is not
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determined by the internal voltage supply, but by limiter device 4 in the small-signal
range. The voltage supply for output amplification stage 6 is selected such that it can

deliver the highest output voltage necessary at the minimally specified impedance.

The operating voltage is not switched over or reduced in low-impedance operation,
either; output amplification stage 6, which is designed as an end-stage block, continues
to be supplied with the high operating voltage. Instead, the limitation of the output
voltage at output interface 3 is achieved using adjustable limiter device 4 in the small-
signal range. The “clip limit” is selected such that the maximum output voltage that can

thus be achieved at output interface 3 is appropriate for the selected operating mode.

In one possible embodiment, limiter device 4 can be composed of an analyzer unit 7/
and a limiter unit 8, as depicted in figure 1. In terms of function, analyzer unit 7 analyzes
the audio carrier signal that is present and outputs a limiting signal to limiter unit 8,
thereby enabling it to amplify or dampen the audio carrier signal. Optionally, analyzer

unit 7 also dampens the audio carrier signal.

One possible embodiment of analyzer unit 7 is depicted in figure 2 in a schematic wiring
diagram. The audio carrier signal is supplied to analyzer unit 7 at an input E via a
resistor R 1. Resistor R 1, in combination with a resistor R 2, forms a voltage divider.
Common center point M of this voltage divider is simultaneously connected, as a node,
to the emitters of transistors T1 and T2, wherein transistors T1 and T2 limit the signal.
When they are In the cut-off state, the current of the audio carrier signal flows through
resistor R 1 to a negative input of an operational amplifier IC 2 which is connected to
virtual ground. Since operational amplifier IC2 is fed back to R1 plus R2, the

amplification of the limiter is zero dB. The application of limiter device 4 is specified by a

positive control voltage from control unit 5, which is present at input S. To achieve
symmetrical signal limitation, control signal S is inverted using an operational amplifier
IC1. The inverted control signal is supplied to the base of T1, and the non-inverted
control signal is supplied to the base of T2. If the audio carrier signal exceeds the
control voltage by the base-middle forward voltage at the center point of voltage divider

R1 and R2, then T2 becomes conductive. As a result, T2 clips the input level in the
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positive voltage range at the level of the control voltage plus one diode region. In the
same manner, T1 clips the input signal in the negative voltage range. In this manner,
the selection of the control voltage results in a symmetrical signal limitation of the
control signal of downstream output amplification stage 6. Transistors T3 and T4 are
required only when limiter unit 8 is present. Transistors T3 and T4 provide a trigger
signhal when signal limitation is used in analyzer unit 7 of limiter unit 8. This trigger signal
is 0 volts in the rest state; when signal limitation is used, it increases to positive UB
since T4 becomes conductive. Due to this control loop, hard clipping of the audio signal
in limiter device 4 does not occur; instead, upstream limiter unit 8 reduces the
amplification accordingly until the application limit of the limitation has just been reached

by analyzer unit 7.

As an option, audio amplifier 1 includes the following components as further functional
blocks: An input amplification device 9 adapts the input signal in terms of impedance
and level to the downstream stages of audio ampilifier 1. For an amplifier according to
the present invention, it is inconsequential whether the input amplifier was designed for
symmetrical or asymmetrical input signals. A level adjuster 10 is used to adjust the
volume and amplification. Level adjustor 10 is not absolutely necessary for the function
of audio amplifier 1, and optionally can be omitted. A switchable high pass 11 Is
activated by control unit 5 exclusively in the direct drive operating mode and/or during
high-impedance operation. As is the case for all high-impedance amplifiers, this is
recommended to prevent saturating the transmitters in the loudspeakers in the
connected line with low-frequency signais. A typical implementation of high pass 11 is a
second-order Butterworth filter having a cut-off frequency of 50 Hz. It is also feasible to
design the cut-off frequency of high pass 11 to be tunable In a stepped or stepless
manner. In low-impedance operation, high pass 11 is deactivated by control unit 5. As
an optional additional function, limiter unit 8 ensures that the distortions of the output
signal do not exceed a certain percentage (e.g. 1%) under any circumstances. If audio
amplifier 1 had to leave its linear region, e.g. if the limit of the operating voltage was
reached or if limited by analyzer unit 7, then limiter device 8 reduces the amplification

until the distortions of the output signal remain limited. According to an alternative
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operating mode, it can also make sense for control unit 5 to adjust the amplification of
entire audio amplifier 1 in limiter unit 8. Thus, the amplification can be freely selected In
the different operating modes e.g. a constant input sensitivity can be achieved in low-

impedance operation and in high-impedance operation.
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CLAIMS:
1. Audio amplifier for amplifying an input signal to produce an output

signal, having an output amplifier state,

wherein the output amplifier stage is designed to amplify any

Intermediate signal to produce the output signhal and

wherein the output amplifier stage is in the form of an amplifier

operating in a switch mode,

having a limiter device, wherein at least one of the programming and
circuitry of which is designed to take the input signal as a basis for producing the
Intermediate signal, wherein the level of the intermediate signal is always limited on
the basis of an adjustable maximum level such that the output signal does not exceed

the maximum level, regardless of the input signal,

a control device which Is designed to set the maximum level and

actuates the limiter device, wherein the control device is in the form of an interface to

a user,
wherein

the audio amplifier being switchable be setting the maximum level
between a low-impedance mode and a high-impedance mode as modes of operation,
and wherein reconfiguring the mode of operating requires on the mode of operation

on the control device to be changed over.

2. Audio amplifier according to claim 1, wherein the output amplifier stage
is at least one of: (a) supplied by means of a single bipolar voltage supply, (b) is in

the form of a class-D amplifier and (c) designed to have a constant gain.

3. Audio amplifier according to claim 1 or 2 wherein the limiter device has
an analyzer unit and a limiter unit, wherein the analyzer unit takes an applied audio
carrier signal as a basis for at least one of outputting and feeding back a limiting

signal to the limiter unit.
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4. Audio amplifier according to claim 3, wherein the limiter unit is in the

form of at least one of a preamplification and an attenuation device.

D, Audio amplifiér according to any one of claims 1-4 comprising a
switchable high-pass filter for filtering the audio carrier signal, wherein the switchable

high-pass filter is activated exclusively in the high-impedance mode.

6. Audio amplifier according to any one of claims 1-5 comprising an input

amplifier device for conditioning the input signal.

7. Audio amplifier according to any one of claims 1-6 comprising a level
adjuster device for matching at least one of the volume and gain of the audio

amplifier.

8. Audio amplifier according to any one of claims 1-7 wherein the control
device, is designed to set the maximum level and actuates the switchable high-pass

filter.

9. Audio amplifier according to any one of claims 1-8 comprising a plurality
of channels, wherein each channel has an output amplifier stage and an associated

limiter device.

10. Method for reconfiguring an audio amplifier according to any one of
claims 1-9 between a low-impedance mode and a high-impedance mode, comprising

the following steps:

a low-impedance of high-impedance loud-speaker system is isolated

from the audio amplifier;

the maximum level is changed over to the high-impedance of the low-

impedance mode;

the high-impedance or low-impedance loud-speaker system Is

connected.
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