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Low-Distortion/Low-EMI Dual-Mode Class-D Audio Amplifier with 408uA/498uA Quiescent

Current and 0.00096%/0.00166% THD+N
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Not only in the smart portable and wearable devices with
huge market but the emerging products of Internet of Things
(loT) and smart home, high audio sound quality has always
been requested by user experience. In addition, battery
usage time and electromagnetic interference (EMI) are
getting more important when more circuits and systems are
highly integrated. Among those intfegrated ICs, audio amplifier
is the key component to determine the audio quality, power
efficiency and EMI of the devices.

High-efficiency Class-D amplifier has become the mainstream
structure for audio ampilifier, and its closed-loop topology is
usually adopted to suppress the power stage distortion by
the high loop gain of the loop filter. However, the feedback
mechanism introduces high-frequency PWM components,
which intermodulate with the triangle wave, resulting in the
PWM-residual-aliasing distortion. Due to the design tradeoff
of conventional loop filters between in-band gain and
out-of-band attenuation, power stage distortion and
PWM-residual-aliasing distortion are difficult to be reduced
at the same fime, leading to a limited linearity of conventional
Class-D amplifier. On the other hand, for the widely-used BD
mode PWM modulation in Class-D audio amplifier, the
common-mode and differential output both have
high-frequency components, resulfing in serious EMI issue.
Even though Texas Instruments (Tl) proposed
Common-Mode-Free BD mode (CMFBD) to reduced EMI in
IEEE International Solid- State Circuits Conference, but in
reality, the EMI issue still can’t be ignored with concern of
circuit mismatch.

To solve above-mentioned problems, we designed and
redlized a dual-mode Class-D audio amplifier with low-distortion
mode and low-EMI mode, and its system architecture is
shown in Fig. 1. Under low-distortion mode, an innovative
zero-phase-shift PWM-Residual-Aliasing distortion Reduction
(ZPS-PRAR) technique is proposed. The ZPS-PRAR technique
breaks the tradeoff in conventional loop filter design, making
it possible to suppress both power stage distortion and
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PWM-residual-aliasing distorfion without resorting to higher
switching frequency. Furthermore, the system switching
frequency and operational amplifier design are optimized to
achieve ultra-low quiescent current consumption and highest
figure-of-merit (FOM); on the other hand, under low-EMI
mode, the oufput common-mode correction fechnique is
proposed to solve the EMI problem caused by circuit mismatch.
With the correction technique, there is no requirement of
external EMI-suppressing components to prevent other circuits
from EMI problem and the system can be more cost-efficient.

This work is implemented with cost-efficient 0.5pum CMOS
technology. In low-distortion mode, the measured Class-D
amplifier consumes the world’s lowest quiescent current of
408pA while achieving a competitive total harmonic distortion
plus noise (THD+N) of 0.00096%, as shown in Fig. 2. Compared
with ofher state-of-the-arts, this work achieves high fidelity
with the lowest quiescent current, resulting in the world’s
best FOM of 2354. While in low-EMI mode, the peak value of
the output common-mode spectrum in 30MHz~1GHz band
is greatly reduced by 11dB with the common-mode correc-
fion technique, as shown in Fig. 3. Therefore, this work has
great potential to be applied in portable, wearable, loT
devices and smart home; in addition, this work provides two
selectable modes to meet the different requirements of the
audio quality, quiescent current consumption, EMI, system
cost and size for the various applications in different products.
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Fig.3 Output VCM spectrum with

/ without VCM correction
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