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An audio power amplifier is an audio component that
amplifies the incoming signal generated from a preamplifier
and delivers sufficient currents into a loudspeaker that
reproduces the signal in sound. Therefore, an audio power
amplifier must perform at least two important tasks:
(i) signal amplification (to be precise, it is voltage
amplification), and
(ii) current amplification.
In addition, an audio amplifier must operate with high
stability, wide bandwidth, low noise and distortion, etc,
while it performs voltage and current amplification. In this
white paper, we will discuss a new audio power amplifier
topology that offers advantage over the conventional
topology for ease of optimizing the overall performance.
Conventional audio power amplifier
A popular high performance audio amplifier design is shown
in Figure 1. The power amplifier is consisted of 3 amplifying
stages namely input stage, second stage and output stage.
The input stage is formed by a differential amplifier
(transistors Q1 and Q2, and current source CS1), which
compares the input signal and the feedback signal taken from
the output. The difference between the input and feedback
signal is amplified by the differential amplifier and directly
coupled to the second stage.
A second stage shown in Figure 1 is formed by transistors
Q3, Q4, Q5 and active load CS2. Transistor Q3 works as
emitter follower to provide high input impedance to the
output of the differential amplifier so that the voltage gain of
the first stage is not affected. With the use of active load, the
second stage will provide a high voltage gain for the power
amplifier. Additionally, a simple VBE multiplier, which
contains a NPN transistor (Q5) and 2 resistors, is used to set
the biasing current for the power transistors in output stage.

The output stage in Figure 1 is formed by complementary
NPN-PNP power transistors in emitter follower
configuration. The biasing current is set by the VBE
multiplier in the preceding stage. Since voltage gain for
emitter follower is unity, the voltage gain for the output stage
is also unity. However, the output stage has a high current
gain that allows the power amplifier to deliver sufficient
currents into a load.
To avoid a DC voltage passing from the input source to the
output of the power amplifier that may damage a
loudspeaker, a coupling capacitor, C1, is placed in the input
to block unwanted DC from the source. Feedback resistors,
RF1 and RF2, set the overall voltage gain. Overall high
frequency stability of the power amplifier is governed by
capacitors CF1 and CC. The output RC network and inductor
will enhance the amplifier’s stability.
To further improve the overall performance of the power
amplifier in Figure 1, complementary input stage and second
stage can be used. Figure 2 shows such a complementary
audio power amplifier design.
Apart from the use of complementary input stage and second
stage, the two amplifiers shown in Figure 1 and 2 are with
identical design topology. The design topology is simplified
in the functional diagram in Figure 3 and it can be
summarized as follows.
An audio power amplifier contains input stage, second
stage and output stage. All three stages are directly coupled.

Global feedback is used to set the voltage gain of the
power amplifier as well as bringing the output to DC ground
level.
 A coupling capacitor is placed in the input to block DC
passing directly from the input source to output.
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Figure 1. A conventional audio power amplifier.
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Figure 2. A conventional audio power amplifier with complementary symmetrical design.
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It should be noted that global feedback is used for dual
purposes: (i) to set the voltage gain of the power amplifier
and, (ii) to bring the output terminal of the amplifier to DC
ground level. In other words, without the use of global
feedback, the output will have a DC voltage that can damage
a loudspeaker. Then we may ask the following question.
Global feedback is already physically connected to the
amplifier, and a coupling capacitor (C1) is also in place, is it
correct to say that no DC voltage will ever reach the output
to harm a loudspeaker? To answer this question, we have to
look at the input signals presenting to the power amplifier.

amplifier design topology as shown in Figure 4. Figure 4A
shows an audio power amplifier without global feedback
while Figure 4B showing global feedback is applied.
A high performance buffer amplifier for use in audio power
amplifier application should have the following properties:






If a signal with very high magnitude is presented to the input
stage of Figure 1, the signal can over drive the transistor Q1
into saturation. When this happens, transistor Q1 will draw
all the currents provided by the current source CS1. Then the
transistor Q2 is turned off momentarily until Q1 recovers
from saturation. When transistor Q2 is turned off
momentarily, the global feedback loop is open. As a result,
the output will be no longer maintaining at DC ground level
as well as producing a severe signal distortion because of
absence in global feedback.
A new audio power amplifier topology
A well-designed audio power amplifier should have an input
stage that has sufficient headroom to accommodate wide
range of input signals. Additionally, we can design an output
stage that can self-maintain at DC ground zero at the output
regardless whether global feedback is applied or not. For
such an output stage, it is referred as to buffer amplifier.
With the use of buffer amplifier, we have a new audio power

INPUT STAGE




Unity voltage gain
High power capacity
High speed and high current gain
High input impedance and low output impedance
Input and output are self-maintained at DC ground level
Output protected against over current and over heat
Stable with and without global feedback applying to it

Figure 5 shows an example of a high performance buffer
amplifier. For the sake of clarity, over current and over heat
protection circuits are not shown. Complementary N-type
and P-type of MOSFET and BJT transistors are employed.
MOSFET transistors (Q1 to Q6) are used so that high input
impedance and high speed are easily achieved. An op-amp is
employed to work as a DC servo so as to maintain the output
at DC ground level at all time.
Three pairs of BJT power transistors are illustrated. But
obviously MOSFET power transistors can be used equally
well. For very high power application, higher number of
power transistors can be added in parallel. It is well-known
that VBE, the DC potential difference between the base and
emitter of the BJT power transistor, has negative temperature
coefficient, ie, higher the temperature lower the VBE. In
order to properly compensate it, vertical and lateral
MOSFETs are chosen for Q1 - Q4 and Q5 - Q6, respectively.
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Figure 3. A conventional audio power amplifier topology.
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Advantages of the new topology
From the functional point of view, since the first two stages
provide all necessary open loop gain for the whole power
amplifier, the first two stages can be simply called “voltage
gain stage.” And the output stage can be called “current gain
stage.” It is clear that these two stages are independent and
separated by capcitor C1, and they constitute a complete
audio power amplifier. See Figure 4.
Since the voltage gain stage and current gain stages are

independent, they can be optimized to the best possible
design before they are put together to construct the audio
power amplifier. It is, otherwise, difficult to be achieved in
conventional design.
Figure 6 shows an audio power amplifier employing a buffer
amplifier as the current gain stage. It is clear that the
coupling capacitor is now moved from the input to the
interface between the voltage and current gain stages. There
are several advantages of placing the coupling capacitor at
the position shown in Figure 6 as discussed in the following.
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Figure 4. A new audio power amplifier topology.
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Since the input impedance of the current gain stage (buffer
amplifier) is very high, a small value capacitor is sufficient.
It is in the order of 0.1uF compared with 10uF or higher
electrolytic capacitor using in the input of the power
amplifier in Figure 1.


As the capacitance is small, a high quality film capacitor
can be used without making the size too large. Film capacitor
produces far more neutral sound than electrolytic capacitor.


Current gain stage has a unity voltage gain. If a coupling
capacitor has any sonic impurity, the impurity is only
amplified by the current gain stage with a factor of one. But
for the coupling capacitor in Figure 1, the sonic impurity will
be amplified by the gain around 20 to 30 times.


Global feedback can be applied to the amplifier in Figure 6.
As a result, an audio power amplifier with global feedback is
shown in Figure 7. Two feedback loops are used. The first
feedback loop encloses the voltage gain stage. It is formed by
RF1, which together with RF2 sets the combined voltage

gain for the voltage gain stage. The second feedback loop
forms the global feedback, which encloses the whole
amplifier. The global feedback is formed by RF3, which
together with RF2 sets the overall voltage gain of the audio
power amplifier. Since the first feedback loop has already
improved the performance of the voltage gain stage, only a
small amount is needed for the global feedback to further
improve the overall power amplifier.
Up to this point, we have only discussed about unbalanced
audio power amplifier, ie, single-ended input and output.
Fortunately, the new topology can be easily applied to fully
balanced audio power amplifier. Figure 8 shows how a fully
balanced amplifier can be achieved.
There are many different approaches for implementing the
voltage gain stage in Figure 6 to 8. Op-amps, discrete
transistors and combination of them can be easily applied. A
discrete approach will always offer added flexibility and
better performance.
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Figure 5. A buffer amplifier (US patent 8854138).
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Conclusion
A new audio power amplifier topology is presented in this
white paper. This new topology allows a power amplifier to
be separated into two independent stages: voltage gain stage
and current gain stage. These two stages can be optimized
individually before they are put together to form a power
amplifier. With the use of the current gain stage, a
loudspeaker can be completely isolated from the voltage
gain stage if no global feedback is chosen. Some details are

given showing how a current gain stage is implemented by a
buffer amplifier. The buffer amplifier does not require global
feedback to bring the output to DC ground level. In addition,
a DC blocking capacitor can be placed in the interface
between the voltage gain stage and current gain stage instead
right in the input. A smaller and better quality capacitor can
be used. As a result, the performance of an audio power
amplifier can be more easily to be optimized than
conventional design.
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Figure 6. An audio power amplifier using the new topology without global feedback.
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Figure 7. An audio power amplifier using the new topology with global feedback.
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Figure 8. A fully balanced audio power amplifier employing the new topology.
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