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Development of A Switch Mode Class-D Audio Amplifier
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Abstract

This special topic develops a switch-mode class-D audio amplifier. To provide AC
output voltage to the loudspeaker, a single-phase full-bridge inverter with proper
selected LC low-pass filter is established. Owing to the range of audio frequency being
20Hz to 20kHz, the switching frequency is chosen to be 250kHz to obtain enough
switching times. However, traditional metal-oxide-semiconductor field-effect
transistor (MOSFET) cannot operate under high switching frequency. Hence the silicon
carbon (SiC) MOSFET is adopted to construct the power circuit. Next, the bipolar
switching strategy is used to generate the AC output. Through the established shifting
approach, the control force is shifted upward and downward, respectively. Then the two
resulted signals are compared with the carrier wave, which provides proper dead time
to avoid short-circuit between the leg upper and lower switches.

To test the estabilished H-bridge inverter, the input signals containing constant
frequencies, white noise and CD player output are used. Under open-loop condition,
the inverter powered by a DC source with 48V can provide proper outputs to the
loudspeaker. Then the voltage closed-loop control with proportional-integral (PI)
controller is adopted to observe the tracking performance. To further enhance the
arbitrary waveform tracking closeness, the voltage robust tracking error cancellation
controller (VRECC) is added. Although very close voltage command tracking is still
not achieved, significant improvement can be observed from the measured results.
Further improvement may be feasible by increasing the switching frequency using the
suited generator ICs.

Keywords: Class-D audio amplifier, full-bridge inverter, SiC MOSFET, bipolar, Pl
controller, robust control.
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Introduction

Audio amplifiers are used in various plants such as radio wave transmitter, shaker
and audio system, which magnifies the audio signals with larger power to supply the
load. Depending on the application requirement, the bandwidth should be properly
chosen. Basically, it can be classified as linear-mode and switch-mode amplifiers [1-6].
The former is mostly the class-AB amplifier, while the latter is class-D amplifier
established by switch-mode inverter. Owing to the comparatively high-efficiency
capability of class-D amplifier, the size of power device and even the heatsinks can be
reduced. Hence it is widely adopted nowadays.

A class-D amplifier based audio system is composed of a pickup device, a switch-
mode (or pulse-width modulation, PWM) inverter, an output low-pass filter and a
loudspeaker [7]. The audio signal is compared with the carrier wave to generate
switching signal. Then the PWM inverter powered by the DC source produces the
amplified audio signal. Through a low-pass filter, the output voltage powers the
loudspeaker to yield high-fidelity sound. However, the operating performance of the
audio system is influenced by many issues, such as dead time setting [8], distortion
caused by junction temperature of switching devices [9], noise of source [10,11],
insufficiently high PWM carrier, and switching speed of power device, etc.

To possess a high-performance audio system, the single-phase PWM inverter is a
key component affecting the output waveform and hence the audio quality. And the
switching strategy applied to the inverter may result in different output performance.
Some control and switching strategies for the audio system have been presented
including delta-sigma modulator [12], sliding mode control [13], hysteresis control [14],
random switching PWM [15] and constant switching frequency PWM [16-18], etc. The
hysteresis control has the fastest tracking performance, but the output low-pass filter is
hard to design for the PWM inverter. As to the random switching method, the output
harmonics can be uniformly distributed. However, the analog circuit realization is
complicated. For simplicity, the bipolar switching strategy with voltage-loop direct
duty ratio PWM control is adopted. The designed control scheme is first verified under
various fixed-frequency signals and white noise with suited frequency range. Then the
waveform tracking behavior for the CD player output is observed experimentally.
Rather good waveform tracking characteristics by applying the proposed simple robust
control are achieved.
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Fig. 1. The established Class-D audio amplifier: (a) power circuit; (b) control scheme.
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Fig. 2. Analog implementation circuit of open-loop control scheme: (a) dead-time
setting; (b) triangular carrier wave generator.
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Fig. 4. Photos of the Established Class-D Audio Amplifier



Measured Results
A. Resistive Load

(a) Constant frequencies from function generator

With DC-link voltage of 48V, Fig. 5.1 shows the measured results of the established
full-bridge inverter under different constant frequency commands with voltage
feedback controller only. Under lower frequency, the voltage is well-tracking. However,
as the frequency is increased, the low modulation index makes the output voltage
reduced and distorted.
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Fig. 5.1. Measured v, and (v;,V,) of the established full-bridge inverter under
R, =10Q2 and Vggnt =0.5sin(27f1t) without voltage robust controller: (a) f; =20Hz;
(b) f;=1kHz;(c) f;=5kHz;(d) f;=10kHz; (e) f;=15kHz; (f) f; =20kHz



Fig. 5.2 shows the measured results of the established full-bridge inverter under the
same cases but with added VRECC. Similar phenomenon can be observed under lower
frequency. However, slightly improved output voltage waveforms at higher frequency
command can be seen compared to the ones in Fig. 5.1. Notice that the weighting factor
of VRECC is properly turned. As the factor is increased more, the system will be
diverged, which cannot maintain the waveform shape.

(b) CD player output

Next, the command signal is changed to the one from CD player. Fig. 5.3 shows the
measured (Vg ,V, ) of the established H-bridge inverter without and with the adopted
VRECC. Because it is hard to capture the same waveforms, the tracking error (or the
empty area between command and feedback) is observed. As the results, the one with
VRECC has small tracking error.
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Fig. 5.2. Measured v, and (Vg ,V, ) of the established H-bridge inverter under
Ry =10Q2 and V.ot =0.5sin(27f1t) with voltage robust controller: (a) f; =20Hz; (b)
fl =1kHz; (C) fl =5kHz; (d) fl =10kHz; (E) fl =15kHz; (f) fl =20kHz.
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Fig. 5.3. Measured (vj ,V, ) of the established H-bridge inverter with audio signal from
CD player: (a) without VRECC; (b) with VRECC.

B. Loudspeaker

Here, the output resistive load is changed to the loudspeaker and only the audio
signal from CD player is used to see the tracking performance. Fig. 5.4 shows the
measured results without and with the VRECC. Similar phenomenon is seen.
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Fig. 5.4. Measured (Vg ,V, ) of the established H-bridge inverter with audio signal from
CD player using loudspeaker: (a) without VRECC; (b) with VRECC.



5. Conclusion

This special topic has developed a Class-D audio amplifier constructed by the full-
bridge inverter. Using the adopted bipolar SPWM strategy with proper shifting
approach for dead time setting, some measured results under open-loop condition are
given to verify the correct operation with different applied audio signals. Then, the
voltage feedback loop is added to observe the tracking responses. Furthermore, by
adopting the VRECC, the tracking error can be obviously reduced. Despite that the
output voltage waveforms are reduced at higher frequency command, they are not
distorted, which will not affect the audio quality seriously. Overall speaking, the
established full-bridge inverter can supply proper output voltage to the loudspeaker.

Further improvement can be conducted by the following strategies: (i) optimization
on dead time setting; (ii) higher switching frequency; (iii) proper selection on switching
devices; and (iv) addition of current control loop.
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