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ABSTRACT

The TAS2781 and TAS2783 are digital input Class-D smart audio amplifiers with speaker protection. The
TAS2783 additionally supports the MIPI Alliance SoundWire interface with SoundWire Device Class Audio
(SDCA). An on-chip low-latency digital-signal processor (DSP) supports advanced audio enhancement and
speaker protection algorithms. The advanced audio enhancement algorithms improve audio quality, increase
clarity, reduce noise, and provide rich bass, and dynamic playback. This document describes the various audio
enhancement algorithms that are in the TAS2781 and TAS2783 amplifiers.

Table of Contents

I T2 e Yo [T T2 4o TSR 2
B o [T 4T 0o T 41 USSR 2
B o 1T - 11T PRSP 3
4 Dynamic Range CompPreSSOr (DRC)..............ii it eee et e et e e st e e st e e e stteeeanseeesnneeeeasteeeanneeeaneeeeanseeeanneeesaneneeas 4
B PSYCRO-ACOUSEIC BASS.......co ettt e e e oottt e e e e e s a e et e e e e e aa b e ee e e e aanbaeeeaeeeanneeeeeeeeanbeeeaeeaannneraaenn 8
6 RALIE NOISE SUPPIESSON..... ... ettt ettt e e e e et e e e e e seateeeeeeeeeaaseeeeeeastteeeeeesasbaseeaeeaassseeeseesansbeneeeeanntaneeaean 9

Figure 1-1. Audio Enhancement Signal Chain............oo ittt e e e e e e st e e e e e e e emteeesneeeeaneeeean 2
Figure 2-1. VOIUME SOft STEPPING. ... ..eeeieiieeiiie ettt e e et e ettt e e e et e e e te e e s aeeeesmeeeeaneeeeenaeeeamseeeenneeeennseeeanseeeeneeeennneas 3
Figure 2-2. VOIUME CONEIOL........ .ttt ettt et e et e s ettt e et et e e ne e e e em et e e emeeeeeanaeeeameeeeemseeeennseeeanseeeanneeeennneas 3
Figure 3-1. Equalizer and High-Pass Filter Controls for Static EQUAalIZET ............ccoiiiiiiii e 3
Figure 4-1. BasiC DRC FUNCHONAIY..........o ittt et e e sttt e et e e e st e e st e e e nee e e emneeeannneeeaneeeeenneeesaneeeenn 4
Lo UL =T o 7o 4 ] o] (=Y SR 4
T [ R (oY= g o [T PSPPSR 5
FIQUIE 4-4. INOISE GaLO......oi ittt ettt e e ettt e st e e st e e e e a et e e s ae e e e s teeeamseeesmseee e s eeeeemseeesmseeeeneeeeamneeeanseeeeaneeeennnes 5
Figure 4-5. EXamPIE DREC PIOL ......oooiiiiiieeiee ettt e et e ettt e ettt e e nte e e sm s et e e eeeeeeneeeeamseeeaneeeeanneeeanneeeeneeeennnes 6
Figure 4-6. TIme ConStant CONIIOIS ...........oiiiiiieiiie ettt et e e et e e et e e saee e e e teeeaneeeesmteeeanseeeeaneeeeanneeeeneeeennnes 6
Figure 4-7. Attack, Release Time WaVETOIM ..........oi ittt ettt et e e e et eesne e e e snaeeeanteeeenteeesnneeeanseeeennee 6
Figure 4-8. 3-BaNd DRC ...ttt ettt e et e et e e ettt e e et eee e a et e e am et e e e s ee e e ne e e e ann et e e R teeeanneeeeneeeeanteeeaneeeanneeeeanneeeans 7
Figure 4-9. Controls fOr DRC REGIONS.......cciiuuiiiiiiieitiee et ee ettt e st e e et e e s aaeeeesaeee e e teee e neeeeamseeeeteeeeanseeeanseeeesseeennneeeanneens 7
Figure 5-1. PSYChO-ACOUSHIC BaSsS EffECL........cuiiiiiiiii ettt e st e e et e e s ae e e e en e e eneeessneeeeanneeeenes 8
Figure 5-2. PSYChO-ACOUSEIC BaSS CONIIOIS. ......c.cuuiiiiiiieiiiee ettt e e et e et e e st e e st e e e e e e e enneeeanneeeeneeeennnes 8
Figure 6-1. Rattle NOISE CharaCteriStiCS. ... ...ceiuiiiiieeiiiee ettt e ettt e st e e st e e e tee e e enseeesmseeeeneeeeenneeesneeeeanneeens 9
Figure 6-2. Rattle N0iS€ SUPPrESSOr CONTIOIS. .........eiiiiiee ettt e e e ettt e st e e ssae e e e teeeesnseeesnseeeenneeeeanseeeanneeeeaneeeens 9
Trademarks

All trademarks are the property of their respective owners.

SLOA329 — AUGUST 2022 TAS2781, TAS2783 Audio Enhancement 1
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLOA329
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLOA329&partnum=TAS2781,

13 TEXAS
INSTRUMENTS

Introduction www.ti.com

1 Introduction

The TAS2781 and TAS2783 devices are mono, digital input Class-D audio amplifiers optimized for efficiently
driving high-peak power into small loudspeakers. The Class-D amplifier is capable of delivering 25 W of
continuous power into a 4-Q load with less than 1% THD+N at a supply voltage of 18 V. The broad voltage
input range and the high output power makes this amplifier versatile enough to work with battery power or with
line-powered systems. An on-chip low latency DSP supports Texas Instruments' SmartAmp speaker protection
and audio enhancement algorithms. The integrated speaker voltage and current sense provides for real-time
monitoring of loudspeakers, which permits pushing peak sound pressure levels (SPL) while keeping speakers
from being damaged. The Y-Bridge power architecture improves amplifier efficiency by internally selecting the
supplies for optimal headroom. The TAS2783 amplifier supports MIPI SoundWire v1.2, with SDCA.

The audio enhancement algorithms inside the TAS2781 and TAS2783 devices consist of volume control,
equalizer filters, dynamic compressors, and some specialized functions such as psycho-acoustic bass enhancer,
rattle noise suppressor, and posture control.

Volume Psycho- Rattle
Audio In O—» »  Acoustic Equalizer DRC Noise —»0 Audio Out
Control
Bass Suppressor

Figure 1-1. Audio Enhancement Signal Chain

The volume control is used to increase or decrease the intensity of the sound output. A soft ramp feature is
supported so as to enable real-time updates without any audible distortion.

The equalizer filters are primarily used to provide a flat loudspeaker response and to extend the bass response.

The dynamic range compressors are used to compress loud signals and provide consistent loudness.
The compressors use RMS-based signal-level tracking to control the power pumped into the speaker. The
compressors can be applied at different audio frequency bands and can be independently configured.

The psycho-acoustic bass enhancer improves the bass perception by generating harmonics. The bass
frequencies are removed to improve the efficiency of the loudspeaker but the bass perception remains the
same due to the missing fundamental effect of psycho acoustics.

The rattle noise suppressor is a specialized algorithm that suppresses mechanical noise caused due to severe
speaker rattle near resonance frequency.

2 Volume Control

The volume control block applies a gain to the input signal and also provides headroom for further audio
processing. The purpose of the volume gain is to be consistently loud across all music genres and movies.
When used in combination with dynamic range compressors the control makes soft music sound loud — which is
especially important when playing audio in noisy environments specially in small speakers. Volume control also
supports soft-stepping. A change in volume is applied using a smooth time profile to eliminate any artifacts.
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Figure 2-1. Volume Soft Stepping
——  » Soft Stepping
Figure 2-2. Volume Control
3 Equalizer

The equalizer filters are used to make the loudspeaker response flat and also to compensate for any non-linear
distortion such as speaker rub-and-buzz.

The equalizer filters consist of multiple biquad filters allowing the following:

* Loudspeaker frequency response compensation

» Extend the bass response of the speaker

» Attenuate frequencies that produce high THD

* Remove dc signals or very low frequency signals that may cause speaker damage due to over excursion

The static filter chain consists of a 10-biquad equalizer filter module and a high-pass filter module.

Equalizer

High Pass Filter

Figure 3-1. Equalizer and High-Pass Filter Controls for Static Equalizer

SLOA329 — AUGUST 2022 TAS2781, TAS2783 Audio Enhancement 3
Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLOA329
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLOA329&partnum=TAS2781,

I3 TEXAS
INSTRUMENTS
Dynamic Range Compressor (DRC) www.ti.com

The High-Pass filter module removes dc signals. The corner frequency, order of the filter, and the type of filter
are programmable.

The equalizer filter consists of 10-biquad filters. Each filter can be programmed with different filter types (high
pass, low pass, equalizer, and so forth) and with different parametric options (corner frequency, bandwidth, gain,
Q-factor, and so forth).

4 Dynamic Range Compressor (DRC)

The dynamic range of an audio signal is the ratio of the loudest signal to the quietest signal. For a loudspeaker,
the rated power and the peak excursion restricts the maximum output signal and the noise floor determines the
minimum output signal. As a result, it is necessary to apply controls in a signal processor to adjust the level of
the audio signal to match the dynamic range of the loudspeaker. Typically, the dynamic range of the loudspeaker
is limited and hence there is a compression (or overall reduction) of dynamic range. To increase the loudness,
dynamic range compressors further reduce the dynamic range by amplifying soft signals.

Dynamic range compressors alter the audio signal based on frequency content and signal level. The
compressors have a gain control element in the main signal path and a side-chain containing a detector and

a gain computer. The detector tracks the signal level and the gain computer alters the gain of the main signal
path based on the signal level. The side-chain activity is governed by five primary parameters — threshold, offset,
ratio, attack, and release. If the signal level is above the threshold, the gain is altered using the ratio and offset
parameter. The ratio determines the slope while the offset determines the starting point for the gain when the
signal level is above the threshold. The alteration of gain is controlled in time using attack and release controls.
The slope is the inverse of the ratio parameter.

Input ’ Delay Gain Output

Gain Computer

Detector La Scale B Filter

T A A A A

Threshold Offset Ratio  Attack Release

Figure 4-1. Basic DRC Functionality

A compressor reduces the dynamic range by turning down the loudest signal dynamically, that is, the
compressor makes loud sounds quieter. The compressor achieves this by making the increase in signal levels
smaller by reducing the gain for signals above the threshold. The ratio parameter for the compressor is always
greater than 1 (that is, slope < 1).
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Figure 4-2. Compressor
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Conversely, an expander increases the dynamic range of the signal passing through and the expander makes
quiet parts of sound quieter. The expander achieves this by making the reduction of signal levels larger by
reducing the gain for signals below the threshold. The most common use of the expander is noise reduction — as
the sound becomes quieter and closer to the noise floor, the expander reduces the signal further resulting in an
improvement in noise reduction. The ratio parameter for the expander is always less than 1 (that is, slope > 1).

Dynamic Range Compression
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Figure 4-3. Expander

Typically, signals are expanded at low levels (to reduce noise) but compressed at high levels (to prevent
amplifier clipping).

The dynamic range compressor also supports a noise-gate feature. Unlike the expander, the noise-gate applies
a fixed gain (that is, attenuation) to the audio signal when the signal is below a certain threshold. This is over
and above the typical expansion gain applied for low signal levels. The noise gate is typically used to remove
background noise between louder sounds.
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Figure 4-4. Noise Gate

The threshold is the beginning of gain adjustment. When the input is below the threshold for compressors, or
above the threshold for expanders, typically the dynamic processor does not engage. When the input is above
the threshold (compression) or below the threshold (expansion), the side-chain asserts itself and reduces the
volume.

The detector threshold is RMS energy based. RMS energy-based detectors maintain dynamic range based on
the power handling capability of the loudspeaker. An averaging time constant is used to determine RMS of the
input signal. This is known as the energy time constant.
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Figure 4-5. Example DRC Plot

The time required for the compressor to react to an increase in side-chain input level above the threshold is
called the attack, that is, this defines how quickly the gain is turned down. Conversely, when the side-chain input
level falls below the threshold, the time taken to turn the gain back up is called release. Both attack and release
are defined by a time constant resulting in a constant dB-per-second gain change at the output.

Attack (ms) 250
Release (ms) 2000
Energy (ms) 1000

Figure 4-6. Time Constant Controls

Attack
\ Release

Figure 4-7. Attack, Release Time Waveform

There are three dynamic range compressors available — each can be programmed to cover a certain
audio frequency range. The three dynamic compressors (known as the 3-band DRC), each independently

programmable, covers the entire audio range from 20 Hz to 20 kHz using a three-band linked crossover network.
These DRCs use an RMS-based detector.
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Dynamic Range Compressor (DRC)
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Figure 4-8. 3-Band DRC

Each compressor has three regions for signal-level control — low-signal region, mid-signal region ,and high-
signal region — with the threshold, offset, and ratio (compression or expansion) for each region being
programmed. The attack and release are the same across all regions. The side-chain input level is compared

with each threshold to determine the signal region and accordingly the ratio, is used by the gain computer to
apply the gain in the main signal path.

Noise Gate

|:| Enable

Threshold (dB) -80

Attenuation (dB) -12

A

Output

Input
Threshold(dB) Offset(dB) Ratio
Region 0 5 20.815 0.5
Region 1 -82.11 0.26 1.01
Region2 -20.6 -0.27 4

Figure 4-9. Controls for DRC Regions
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5 Psycho-Acoustic Bass

The psycho-acoustic bass module simulates deep bass on small speakers by generating harmonics. This
improves the bass response on small speakers and also improves power efficiency. The fundamental bass
frequencies can be attenuated and removed by the equalizer filters, but the bass is still perceived due to the
presence of the harmonics even if the fundamentals are missing. This helps maintain the same level of bass at
lower power levels or a higher perceived bass at a given power level, because a loudspeaker is more efficient in
generating a high-frequency sound compared to a low-frequency sound.

Input
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Harmonics Generator
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Figure 5-1. Psycho-Acoustic Bass Effect

Figure 5-2. Psycho-Acoustic Bass Controls
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6 Rattle Noise Suppressor

The rattle noise suppressor is a special purpose frequency sensitive compressor that reduces rattle noise. When
loudspeakers are driven hard near the resonance frequency of the speaker, the mechanical movement of the
diaphragm causes air turbulence through the firing ports and results in high-frequency rattle noise. The threshold
of the compressor depends on the signal level at which the rattle noise is produced. If rattle noise is produced

at low signal levels near the resonance frequency then the threshold has to be lowered and vice versa. Only the
audio signal near the resonance frequency needs to be suppressed, hence the compressor is applied around
the frequency region near resonance. The compressor is typically used as a limiter to keep the signal level close
to the threshold limit. The side-chain detector also analyzes energy levels in both the resonance region and

the high-frequency region. The detector analyzes the energy levels to determine the severity of rattle noise and
activates the compressor only if the high-frequency energy does not exceed the resonance energy by a certain

level. The resonance region, the high-frequency region, and the level are all programmable.

Rattle Noise

& e o
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Output Level{dB)
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Figure 6-1. Rattle Noise Characteristics
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Figure 6-2. Rattle Noise Suppressor Controls
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