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Abstract
Class-D audio amplifiers seem to be a perspective way of development of electronics as they can obtain excellent power
efficiency together with good performance characteristics. Moreover, they can be easily integrated on a single chip,
resulting in clear, comprehensive and non-reckless construction of the audio amplifier. Because the power efficiency is
considerably high, some designs even do not need any heat sink, since the heat dissipation can be fully provided by the
chip package. In this paper a construction of such an amplifier, being based on the integrated circuit TPA3122, is
described. This construction has been developed at Tomas Bata University in Zlin, using conventional component base.
Moreover, the paper provides a comparison of the measured performance of the amplifier to the theoretical values
provided by the manufacturer of the chip.
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1. Introduction
The Class-D amplifiers are also widely known as “PWM amplifiers”, “switching amplifiers” or even the “digital
amplifiers”. Although they are intended for power amplification of audio signals, compared to the conventional linear
amplifiers, their principle of operation differs greatly. While the linear amplifiers only adapt the processed signal to the
required level and impedance of their load (usually loudspeakers or headphones) by employing their devices in linear
mode of their operation, the Class-D amplifiers do the same using pulse width modulation technique.
A block diagram of a generic class-D amplifier is depicted in the Figure 1. The actual level of the driving signal is
compared with a triangular signal, generated inside the amplifier, which results in occurrence of rectangular pulses, the
proportions of whose are in relevance to the level of the driving signal. These pulses are further processed by drivers of
the output transistors. Because the transistors are operated in the switching mode, their power dissipation is minimized.
For these purposes, MOSFET transistors are usually employed. Their great advantage is that when in “on” state, their
resistance is considerably low, resulting in very low power dissipation. When turned “off”, they are not flown by the
electric current so the power dissipation is also negligible.
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In fact, most of the power dissipation occurs during the time of their switching between the “on” and “off” states, as
this operation consumes a short period of time in which the resistance of the transistor’s channel is increasing or
decreasing, i.e. there is current and voltage present at the same time, resulting in joule heat loss. At the output of the
amplifier, there is an LC filter, acting as an integrator. Its purpose is to suppress the rectangular pulses and restore the
analogous driving signal. This happens because the proportions of the rectangular pulses vary in time, resulting in
fluctuating component that occurs at the back end of the filter. Most of the designs also utilize a feedback circuit that
helps the amplifier to keep the DC component of the signal at the required level. A detailed description of the
waveforms that occur inside the Class-D amplifier is depicted in the Figure 2.

Fig. 1. Generic Class-D amplifier [1]

Fig. 2. Detailed description of the waveforms occurring in the Class-D amplifier [1]
As stated above, the most significant advantage of the Class-D amplifiers is their power efficiency. While the
highest theoretical efficiency of the conventional Class-AB amplifiers is no higher than approximately 60 % [1,2], the
Class-D amplifiers can reach the efficiency up to 95 % [1]. When no high output powers are required, almost the whole
amplifier can be integrated on a single chip, not even requiring additional heat sink.
The main disadvantage is based primarily on the fact that the signal is sampled with the operating frequency of the
amplifier. Therefore, the frequency range of the driving signal must be limited by means of an antialiasing filter. The
discontinuous operating principle may also result in worsened response to step changes of the driving signal, and,
moreover, the existence of various signals with steep edges inside the circuitry of the amplifier may lead to undesirable
interferences, resulting in decreased signal-to-noise ratio or troubles in the field of electromagnetic compatibility. Single
chip solution, described of this paper, also limits the performance of the whole by the parameters of the currently
applied integrated circuit.
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This paper shows performance of the amplifier constructed on the basis of a single chip amplifier TPA3122 and
provides the comparison of the really measured values with parameters declared by the manufacturer.
2. A single chip Class-D amplifier TPA 3122
As stated above, there exist single chip solutions, enabling to create a simple and power efficient Cass-D amplifier
by adding only a few components that cannot be integrated in a single package. One of the representatives of such a
group is the integrated circuit TPA 3122. Its application, recommended by the manufacturer, is depicted in the Figure 3.

Fig. 3. Recommended application diagram of the integrated circuit TPA 3122D2 [3]
The operation voltage of the integrated circuit is 10 to 30 V, according to the expected load. When loaded by 4 Ω,
the amplifier should deliver the output power of 10 W per channel when supplied with the voltage of 17 V. 15 W per
channel are expected when the load is as high as 8 Ω and the power supply voltage is 28 V. The gain of the amplifier
may be selected by two gain select pins. The supported gains are 20, 26, 32 and 36 dB.
Because the circuit operates with non-symmetrical power supply voltage, decoupling capacitors must be used at the
front-end and the back-end of the chip. The recommended capacity of the front-end capacitors is 1 µF while the backend capacitors should have the capacity of 470 µF. Both, the front-end and the back-end capacitors define the lower
roll-off frequency. The upper roll-off frequency is given by the devices of the output LC filter. In the circuit depicted in
the Figure 3, the inductances of 22 µH and the capacities of 0.68 µF are prescribed. However, the values of the
supplementary devices may be changed in order to adapt the circuit to the desired operating conditions. More
information may be found in the appropriate datasheet [3].
3. Constructed sample
In order to perform measurements to be compared with the manufacturer’s data, the hereby described amplifier has
been constructed and measured. In contrast to the Figure 3, certain changes were made in the wiring diagram in order to
adapt the amplifier to the 8Ω load which enables to reach higher output power. The final wiring diagram is depicted in
the Figure 4. As the amplifier is operated in the switching mode, EMC phenomena have been considered [4, 5, 7] as
well as heat transfer problems [6, 8].
The power supply voltage is blocked by means of local blocking capacitors C7 to C12. The gain of the amplifier is
set to 20 dB by connecting the pins 14 and 15 with the ground. With this setting, the input impedance is 60 kΩ,
resulting in the low roll-off at the frequency of approximately 40 Hz, when the capacity of the capacitors C1 and C2 is 1
µF. For single ended connection and 8 Ω load, the inductance of the output inductor as high as 47 µH is recommended,
as well as the capacitance of the filtering capacitors should be 390 nF. In this construction, this is achieved by
connection of the capacitors C15 and C16, resp. C17 a C18 in parallel.
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The pictures of the constructed sample are depicted in the Figure 5.

Fig. 4. Circuit diagram of the constructed amplifier

Fig. 5. Pictures of the constructed sample
4. Performance comparison
The comparison of theoretical and really measured parameters was performed in the following ways:
• Output power versus power supply voltage.
• Frequency response.
• Crosstalk at the frequency of 1 kHz.
The measurement was made with the aid of the following instrumentation:
• Signal generator,
• Oscilloscope,
• Programmable power supply source,
• Resistors 20 W,
• The amplifier.
The comparison of the measured parameters with the data published in the datasheet by the integrated circuit’s
manufacturer is provided in the subchapters below.
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4.1. Output power versus power supply voltage
The output power was measured by means of an oscilloscope. Due to the lack of the distortion meter, the maximum
output level was determined in the following way: The total harmonic distortion is, at the maximum output level,
mainly given by the amplitude limitation. When the limitation begins to be observable on the oscilloscope’s screen, the
estimated THD is usually approximately 1 %. Sometimes, the amplifier manufacturers tend to specify the output power
at the distortion of 10 %. In this case, the signal is clipped quite heavily, but the portion of the output power is higher,
even with the amplitude did not increase due to the clipping. This is because the output power is given by the area
below the signal curve and this area is higher for rectangular shape of the signal rather than in case of harmonic signal.
However, since the 1 % point is detectable as it is at the limit of detection by human’s eye, the 10 % THD is not easy to
identify from the oscillogram. Therefore the output power was measured at the point where the 1 % THD was expected
to occur. The measurement was processed using the 1 kHz driving signal the level of which was increased until smooth
clipping occurred at the screen of the oscilloscope. Afterwards, the output power delivered to the appropriate load was
calculated. With the 8 Ω load, the generator did not provide sufficient output level to drive the amplifier to higher
output power than approximately 7 W.
In the Figure 6, the graphs showing output power versus the power supply voltage provided by the producer of the
integrated circuit are depicted.
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Fig. 6. Output power declared by the manufacturer. Left – 4 Ω load, right – 8 Ω load [3]
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Fig. 7. Output power measured on the hereby presented sample. Left – 4 Ω load, right – 8 Ω load
The graphs depicted in the Figure 7 show that in reality, the output power without detectable clipping is slightly lower
than the values declared by the manufacturer of the integrated circuit.
4.2. Frequency response
The frequency response graphs are not directly provided by the manufacturer. However, in order to achieve 40 Hz
lower roll off frequency and sufficiently high higher roll off frequency, the values of the appropriate devices are
recommended in the integrated circuit’s specification. The frequency response of the circuit was measured and the
results are depicted separately for both loads, 4 Ω and 8 Ω, in the Figure 8.
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Fig. 8. Frequency response measured on the hereby presented sample. Left – 4 Ω load, right – 8 Ω load

4.3. Crosstalk at the frequency 1 kHz
The crosstalk between left and right channel has been measured at the frequency of 1 kHz. Although the
manufacturer declares the typical crosstalk to be as low as –60 dB, the measured value was approximately -45 dB.
5. Conclusions
Class-D audio amplifiers seem to be a perspective way of development of electronics as they provide high power
efficiency together with the possibility of integration and device dimensions diminishing. It is therefore not a surprise
that integrated circuits manufacturers have included suitable drivers or whole amplifier solutions in their production
program. One of such circuits is TPA 3122 by Texas Instruments. Within this paper, a description of the sample
constructed on the basis of this integrated circuit is provided as well as comparison of several parameters measured on
the sample with the “typical” values given by the manufacturer.
Namely, output power versus power supply voltage was measured as well as the frequency response and crosstalk
between the channels. In all measurements, the measured values were close to the values declared by the manufacturer,
however, they were not as optimistic as declared in the appropriate datasheet. Therefore there exist potential to improve
the design, mainly by utilizing external power transistors with low on-state resistance and better decoupling capacitors.
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