Product  “\ww Order Technical 2 Tools & Support &

Folder o e Now Documents #N Software Community
! Eﬁ?ﬁUMENTS TAS5766M, TAS5768M
SLAS965D —SEPTEMBER 2013—-REVISED OCTOBER 2018
TAS576xM 2x50-W/4-Q PurePath™ Smart Amp
1 Features 2 Applications

* PurePath Smart Amp:

— Optimizes and Protects Dynamic
Loudspeakers

— Bass Q-compensation and Frequency
Extension: More Loudness, Bass
Enhancement, Better Clarity and Higher
Fidelity.

— Thermal and Excursion Limitation.

* Stereo Class-D Amplifier With:

— Wide Power Supply Range: 4.5V -26.4V

— Wide Load Range: 2 Q -8 Q;

— High output current: 2x 7.5 A

— Peak output power 2x 50 W/4 Q

— Continuous Power: 2x 20 W w/o heat sink

— Click and Pop free: Power, Mute and Standby
ON/OFF

— Low Output Noise: <60 uVrms at 12 V-supply,
<90 pVrms at 24-V supply

— Low THD+N: <0.02% at 1 W/4 Q, 1 kHz

— Thermal, Over-Current and Short-Circuit
Protected

» Configurable Digital Audio Processor.

— Down Mixing and Custom EQ with 10 BiQuads
« Digital Audio Interface: 1°S or TDM input w.

— 44.1 kHz and 48 kHz FS

— Configurable Digital Output

* Multisegment DAC with Excellent Jitter
Suppression

» Integrated High-Performance Audio PLL
* 1°C control
o 48-pin PowerPAD™ HTSSOP or VQFN Package

e Audio Docks
e Soundbars

* Laptops
e All-In-One Computers
» Digital TVs

3 Description

The TAS576xM PurePath Smart Amp enhance the
bass, sound fidelity and provide more loudness and
at the same time drive a speaker to its thermal and
mechanical limits.

The TAS576xM contains two BTL class-D
amplifiers — with up to 2x50W peak into 4Q. The
amplifier is thermally designed to fit with the typical
speaker so it can handle high peaks for the time it
takes the speaker voice-coil to heat up, and then it
lowers the average power to safe limits.

The wide supply range of 4.5 V to 26.4 V enables the
use of a wide range of different power supply options
from 2-cell Li-lon batteries to fixed 24 V supply.

TI's PurePath Smart Amp technology allow speakers
to be driven with more peak power than their average
power rating, without fear of damage to the speaker
through over excursion or thermal-overload.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TAS5766M HTSSOP (48) 12.50 mm % 6.10 mm
TAS5768M VQFN (48) 7.00 mm x 5.00 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Pin Configuration and Functions

RMT Package
48-Pin VQFN
Top View

..........................................................................................

GND |: GND

pvce | PVCC

GVDD | ; AVCC

GAIN/ESW | FAULT

GND |- |GnD
INNR (30| INNL
DACR 32 Connect to GND 7 DACL
AVDD |23, 5 |vneG
GND [34] 5 |capm
SDA |35, 3]enp
kD 3 |capp
apioz |27, 2|cpvoD
arioz | 38, 1 |pveo
O

XSMT/UVP
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DCA Package
48-Pin HTSSOP

Top View
BSNR| 1 | O 48 | BSNL
OUTNR| 2 47 |OUTNL
GND| 3 46 |GND
OUTPR| 4 45 |OUTPL
BSPR| 5 44 |BSPL
PVCC| 6 43 |PvCC
PVCC| 7 42 |pvccC
GVDD| 8 41 |AVCC
GAIN/FSW| 9 B ____7| 40 | FAULT
GND| 10 : | 39 |GND
|
INNR | 11 | | 38 | INNL
| Thermal
INPR | 12 | PAD | 37 | INPL
|
DACR/| 13 | Connect | 36 | DACL
| to GND
AVDD | 14 | : 35 | VNEG
GND| 15 | | 34 | CAPM
|
SDA| 16 L Jl 33 |GND
SCL| 17 32 |CAPP
GPIO1 | 18 31 |CPVDD
GPIO2| 19 30 |DVDD
ADR2| 20 29 |GND
GPIO3| 21 28 | LDOO
SCLK | 22 27 | XSMT/UVP
BCLK | 23 26 | ADR1
DIN | 24 25 | LRCLK
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Pin Functions

symgoL | HITSOP 1 VORN | 1ypE® DESCRIPTION

ADR1 26 45 I LSB address select bit for 12C

ADR2 20 39 I 2nd LSB address select bit for 1°C

AVCC 41 12 Pl Analog Supply — connect to PVCC

AVDD 14 33 PI Analog Supply

BCLK 23 42 | Audio data bit clock input

BSNL 48 19 BST g%OTt'\sl:_rap negative Left channel output, connect to 220 nF X7R ceramic cap to
BSNR 1 20 BST (%(EJO'It'I\Slth’ap negative Right channel output, connect to 220 nF X7R ceramic cap to
BSPL a4 17 BST g%oTtslt_rap positive Left channel output, connect to 220 nF X7R ceramic cap to
BSPR 5 29 BST g%o_lt_Psgap positive Right channel output, connect to 220 nF X7R ceramic cap to
CAPM 34 5 Charge pump flying capacitor pin for negative rail

CAPP 32 3 Charge pump flying capacitor pin for positive rail

CPVDD 31 2 PI Charge pump power supply, 3.3 V

DACL 36 7 (@) Analog output from DAC left channel, ground centered

DACR 13 32 (0] Analog output from DAC Right channel, ground centered

DIN 24 43 | Audio data input

DVDD 30 1 PI Digital power supply, 3. 3V

FAULT 40 11 oD General fault reporting, Open Drain, High = normal operation, Low = fault condition
GAIN/FSW 9 28 | Sets power stage Gain and selects output switching frequency

3,10, 15, | 4,10, 14, 15,
GND 29,33,39, | 24,25,29,34, |G Ground
46 48

GPIO1 18 37 110 General purpose digital input and output port

GPIO2 19 38 110 General purpose digital input and output port

GPIO3 21 40 110 General purpose digital input and output port

GVDD 8 27 PBY Internal Gate drive supply, connect 1uF to GND

INNL 38 9 | Negative audio input for Left channel. Internally biased at 3 V

INNR 11 30 | Negative audio input for Right channel. Internally biased at 3 V

INPL 37 8 | Positive audio input for Left channel. Internally biased at 3 V

INPR 12 31 | Positive audio input for Right channel. Internally biased at 3 V

LDOO 28 47 PBY Internal logic supply rail pin for decoupling, 1.8 V, connect 1 uF to GND
LRCLK 25 44 | Audio data word clock input

OUTNL 47 18 PO Negative Left channel output

OUTNR 2 21 PO Negative Right channel output

OUTPL 45 16 PO Positive Left channel output

OUTPR 4 23 PO Positive Right channel output

PVCC 6, 1’342’ 13, 26 Pl 4.5-V to 26.4-V Power supply

SCL 17 36 I Input clock for 1°C

SCLK 22 41 | System clock input (also referred to as master clock input)

SDA 16 35 110 Input data for 1°C

gehlsrmal 49 49 G Connect Thermal Pad to Ground

VNEG 35 6 PO Negative charge pump rail pin for decoupling -3.3 V

XSMT/UVP 27 46 | Soft mute control : Soft mute (Low) / soft un-mute (High)
(1) TYPE: BST=Boot Strap, PO=Power Output, G = General Ground, I= Input, O= Output, I/O = Input or Output, , PBY=Power Bypass, ,

PI=Power Input,.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @

MIN MAX UNIT
Vee Supply Voltage: PVCC, AVCC -0.3 30 \%
AVDD, DVDD, CPVDD -0.3 3.9 \%
Input Voltage: INPL, INNL, INPR, INNR -0.3 6.3 \%
\Z Input Voltage: GAIN/FSW, FAULT -0.3 GVDD+0.3 \Y
Digital Input Voltage: DVDD=3.3V -0.3 3.9 \%
Ta Operating free-air temperature -40 85 °C
1, Operating Junction temperature, digital die -40 125 °C
Operating Junction temperature, power die -40 150 °C
Storage temperature, Tgyg —-40 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

Charged device model gCDM), per JEDEC specification
JESD22-C101, all pins®

VALUE UNIT
Human bodyzmodel (HBM), per ANSI/ESDA/JEDEC JS- +2000
Viear @ Electrostatic 001, all pins® .
(ESD) discharge 500

(1) Electrostatic discharge (ESD) measures device sensitivity and immunity to damage caused by assembly line electrostatic discharges in
to the device.
(2) Level listed above is the passing level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that 500-V HBM allows
safe manufacturing with a standard ESD control process.
(3) Level listed above is the passing level per EIA-JEDEC JESD22-C101. JEDEC document JEP157 states that 250-V CDM allows safe
manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

Product Folder Links: TAS5766M TAS5768M

MIN  TYP MAX| UNIT
Vce PVCC, AVCC 45 26.4
Supply Voltage \%
vdd AVDD, DVDD, CPVDD 3 33 3.6
Vi High level input voltage 2 \%
Vi Low level input voltage 0.8 \%
VoL Low level output voltage | FAULT, Rpyyjyp = 100 kQ, PVCC =26 V 0.8 \%
PVCC =24V 3.2 4
. . PVCC =18V 25 3
R. Minimum load impedance Q
PvCC =12V 1.8 2
PVCC =6V 0.9 1
PVCC =24V 1.8 2.2
R PBTL Minimum load pPvCC =18V 14 16 0
L_PBTL dance _
impe PvCC =12V 1.0 1.2
PVCC =6V 0.5 0.6
Lo Output filter inductance Minimum output filter inductance under short-circuit condition 1 4.7 puH
6 Submit Documentation Feedback Copyright © 2013-2018, Texas Instruments Incorporated
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6.4 Thermal Information

TAS576xM
THERMAL METRIC® RMT (48 PINS) | DCA (48 PINS) UNIT
4 LAYER PCB® ZF';ég G

Rgia Junction-to-ambient thermal resistance 30 30
Roactop) Junction-to-case (top) thermal resistance 15 14
RgiB Junction-to-board thermal resistance 6 13 CAW
YT Junction-to-top characterization parameter 0.2 0.6
\AL) Junction-to-board characterization parameter 6 13
Roacbot) Junction-to-case (bottom) thermal resistance 1.9 0.7

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
(2) For the PCB layout see the TAS576xMRMTEVM User Guide. A 4 layer 60x60mm 1oc PCB was used
(3) For the PCB layout see the TAS576xMDCAEVM User Guide. A 2 layer 60x60mm loc PCB was used

6.5 DC Electrical Characteristics

All specifications at T, = 25°C, AVDD = CPVDD = DVDD = 3.3V, fg = 48 kHz, system clock = 512 f5 and 24-bit data, V¢c =
12V to 24V, R_ =4 Q (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Class-D output offset voltage (measured PVcc =12V, gain set to 14 dB 1 10 mV
| VOS | | differentially) _
Input is Bipolar Zero data PVcc =24V, gain set to 20 dB 15 15 mV
Ros(on) FI?irnaltr(l)-zti)nurce on-state resistance, measured VCC = 24V, Iy = 500 mA, Ty = 25°C 120 mo
. Gain pin voltage < 3V 13 14 15 dB
G Analog Gain from INxx to OUTxx —

Gain pin voltage > 3.3 V 19 20 21 dB
ton Turn-on time XSMT =2V 15 ms
torr Turn-off time XSMT =0.8V 0.8 ms
GVDD | Gate Drive Supply Voltage IGVDD < 200 pA 6.9 \Y
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6.6 AC Electrical Characteristics

All specifications at T, = 25°C, AVDD = CPVDD = DVDD = 3.3V, f5 = 48kHz, system clock = 512f5 and 24-bit data, V¢ =
12V to 24V, R = 4 Q unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Ksvr Power supply ripple rejection 2%?12?\/” ripple at 1 kHz, gain = 20 dB, zero input -60 dB
THD+N = 10%, 1 kHz, 24-V supply, 8-Q load 30 w
Po Peak output power

THD+N = 10%, 1 kHz, 24-V supply, 4-Q load 50 w

Ra = 100 kQ, Rb = open 8

F Output switch frequency multiple of FS Gain | Ra =20 kQ, Rb = 100 kQ 10

- setto 14 dB Ra =39 kQ, Rb = 100 kQ 12

Ra =47 kQ, Rb = 75 kQ 16

Ra =51 kQ, Rb = 51 kQ 8

Output switch frequency multiple of FS Gain | Ra =75 kQ, Rb = 47 kO 10

Fsu t to 20 dB

setto Ra = 100 kQ, Rb = 39 kQ 12

Ra = 100kQ, Rb = 20 kQ 16

o . ) 1W, 1 kHz, 4R load, 12 V supply 0.05%

THD+N  Total Harmonic Distortion + Noise

1W, 1 kHz, 8R load, 24 V supply 0.05%

. . 20-22 kHz, A-weighted, 14 dB gain, 12 V supply 60 puv
Vy Output integrated noise - -
20-22 kHz, A-weighted, 20 dB gain, 24 V supply 85 puv
. . . 20-22 kHz, A-weighted, 14 dB gain, 12 V supply 103 dB
SNR Signal to Noise Ratio - -
20-22 kHz, A-weighted, 20 dB gain, 24 V supply 106 dB
Crosstalk Vo =1 Vs, 20 dB gain, 1 kHz, 4-Q load -90 dB
Ip Peak output current 1 kHz, 10 ms, 3-Q load, 24-V supply 7.5 A
8 Submit Documentation Feedback Copyright © 2013-2018, Texas Instruments Incorporated
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6.7 Electrical Characteristics

All specifications at T, = 25°C, AVDD = CPVDD = DVDD = 3.3V, f5 = 48 kHz, system clock = 512 fg and 24-bit data, V¢ =
12 Vto 24V, R_ =4 Q (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Resolution 16 24 32| Bits
DATA FORMAT (PCM MODE)
Audio data interface format 123, left juztri]f(ijefirbr'i\%ht Justified
Audio data bit length 16, 24, 32-bit acceptable
Audio data format MSB First, 2s Complement
fs Sampling frequency 8 48| kHz
CLOCKS
64, 128, 192, 256, 384, 512,
System clock frequency 768, 1024, 1152, 1536, 2048, or
3072 Fge Lk, Up to 50MHz
PLL input frequency /SCL Clock Clock divider uses fractional divide D>0, P=1 6.7 20| MHz
Frequency 400kHz) Clock divider uses integer divide D=0, P=1 1 20| MHz
DIGITAL INPUT/OUTPUT
Logic Family: 3.3V LVCMOS compatible
\m High level input voltage 0.7xDVpp \%
Vi low level input voltage é)\./SD)D( \%
I High level input current VN = Vop 10 HA
I low level input current ViNn=0V -10 HA
Vou High level output voltage loy = —4 mA 0.8xDVpp \%
VoL low level output voltage loL =4 mA 05%/2,32 \%
DAC DYNAMIC PERFORMANCE, MEASURED ON DACL and DACR
THD+N at —1dB -90 dB
Dynamic range 109 dB
Signal to noise ratio 109 dB
Channel separation 109 dB
DAC ANALOG OUTPUT, MEASURED ON DACL and DACR
Output voltage 2.1 Vrms
Gain error | % | of FSR 2% 6%
Gain mismatch, channel to channel || % | of FSR 1/2% 6%
Bipolar zero error |At bipolar zero| 1 5 mV
POWER SUPPLY REQUIREMENTS
DVpp Digital Supply Voltage 3 3.3 3.6 \%
AVpp Analog Supply Voltage 3.3 3.6 \%
Charge-pump supply voltage 3 3.3 3.6 \%
fs = 48 kHz, Input is Bipolar Zero data 12 15 mA
Ibp DVpp supply current at 3.3V fs = 48 kHz, Input is 1 kHz -1 dBFS data 12 15 mA
fs = N/A, power Down Mode 0.5 0.8 mA
fs = 48 kHz, Input is Bipolar Zero data 11 16 mA
AYDD/ CPVDD supply currentat [~ 4g khz, Input is 1kHz -1 dBFS data 24 2| mA
lcc fs = N/A, power Down Mode 0.2 0.4 mA
. XSMT =2V, no load, PVec =12V 20 35| mA
PVCC Quiescent supply current
XSMT =2V, no load, PVec =24 V 32 50| mA
o) S%(t;&v?#igf;;gt supply current in | XSMT = 0.8V, no load, Pycc =12V 30 HA
XSMT = 0.8V, no load, PV¢cc =24 V 50 400 HA

Copyright © 2013-2018, Texas Instruments Incorporated

Product Folder Links: TAS5766M TAS5768M

Submit Documentation Feedback

9


http://www.ti.com/product/tas5766m?qgpn=tas5766m
http://www.ti.com/product/tas5768m?qgpn=tas5768m
http://www.ti.com
http://www.ti.com/product/tas5766m?qgpn=tas5766m
http://www.ti.com/product/tas5768m?qgpn=tas5768m
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS965D&partnum=TAS5766M

TAS5766M, TAS5768M
SLAS965D —SEPTEMBER 2013—REVISED OCTOBER 2018

I

TEXAS
INSTRUMENTS

www.ti.com

6.8 Timing Requirements - I°C Bus Timing

MIN MAX | UNIT
¢ SCL clock f Standard 100 KH
clock frequenc z
sct auency Fast 400
. . Standard 4.7
tBUF Bus free time between a STOP and START condition ps
Fast 1.3
. Standard 4.7
tLow Low period of the SCL clock ps
Fast 1.3
. . Standard 4
th High period of th eSCL clock ps
Fast 0.6
. . Standard 4.7
trs-suU Setup time for (repeated) START condition ps
Fast 0.6
ts-HD . . Standard 4
Hold time for (repeated) START condition ps
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Figure 1. Register Access Timing
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6.9 Typical Characteristics

All measurements taken at 1kHz, unless otherwise noted. Measurements were made using the TAS5766MDCA EVM.
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Figure 2. Total Harmonic Distortion + Noise vs Frequency
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Figure 4. Total Harmonic Distortion + Noise vs Frequency
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Figure 5. Total Harmonic Distortion + Noise vs Frequency
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Typical Characteristics (continued)

All measurements taken at 1kHz, unless otherwise noted. Measurements were made using the TAS5766MDCA EVM.
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Figure 8. Total Harmonic Distortion + Noise vs Power
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Figure 9. Total Harmonic Distortion + Noise vs Power
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Figure 10. Total Harmonic Distortion + Noise vs Power
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Figure 11. Total Harmonic Distortion + Noise vs Power
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Figure 12. Total Harmonic Distortion + Noise vs Power
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Figure 13. Total Harmonic Distortion + Noise vs Power
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Typical Characteristics (continued)

All measurements taken at 1kHz, unless otherwise noted. Measurements were made using the TAS5766MDCA EVM.
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Figure 14. Gain/Phase vs Frequency
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Figure 15. Gain/Phase vs Frequency
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Figure 16. Maximum Output Power vs Supply Voltage
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Figure 17. Maximum Output Power vs Supply Voltage
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Figure 18. Power Efficiency vs Output Power
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Figure 19. Power Efficiency vs Output Power
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Typical Characteristics (continued)

All measurements taken at 1kHz, unless otherwise noted. Measurements were made using the TAS5766MDCA EVM.
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Figure 20. Power Efficiency vs Output Power
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Figure 21. Power Efficiency vs Output Power
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Figure 24. Power Efficiency (PBTL) vs Output Power
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Figure 25. Maximum Output Power vs Supply Voltage
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Typical Characteristics (continued)

All measurements taken at 1kHz, unless otherwise noted. Measurements were made using the TAS5766MDCA EVM.
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Figure 26. Total Harmonic Distortion + Noise (PBTL)
vs Frequency

Figure 27. Total Harmonic Distortion + Noise (PBTL)
vs Frequency
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Figure 28. Total Harmonic Distortion + Noise (PBTL)
vs Power
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Figure 29. Total Harmonic Distortion + Noise (PBTL)
vs Power
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7 Detailed Description

7.1 Overview

The TAS576xM PurePath Smart Amp enhance the bass, sound fidelity and increased loudness by driving the
speaker to its thermal and mechanical limits.

The TAS576xM contains two BTL class-D amplifiers that supply up to 2 x 50W peak power into 4 Q. The
amplifier is thermally designed to match the typical speaker so it can withstand high peaks for the time it takes
the speaker voice-coil to heat up; it then lowers the average power to safe operating limits.

The wide supply range of 4.5 V to 26.4 V enables the use of different power supply options from 2-cell Li-lon
batteries to fixed 24-V supply.

The Smart Amp is available with two different class-D amplifier modulations: BD-mode in the TAS5766M; and,
1SPW-mode in the TAS5768M.

TI's PurePath Smart Amp technology allows speakers to be driven with more peak power than their average-
power rating, without damage to the speaker by voice coil over excursion or thermal overload.

Sophisticated speaker models (electro-mechanical-thermal) are used as a foundation for the protection and
enhancement of the system. This is done by modeling the loudspeaker in the on-chip miniDSP and running an
adaptive algorithm that modifies the output based on the modeled conditions of the speaker.

Tl provides a PurePath Console (PPC) GUI, including a Tl learning board that measures the loudspeaker
parameters. The PPC GUI generates the code for download to the device on boot-up.

Smart Amp technology in the TAS576xM uses information from the SOA (Safe Operating Area) characterization
details for the loudspeaker, as well as real-world temperature, and uses this data in an adaptive control algorithm
in order to control Smart Bass and Smart DRP (Dynamic Range Preservation). The protection side of the
algorithm is also used for thermal protection and mechanical voice coil excursion protection.

7.2 Functional Block Diagram
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DOUT
(GPI03) 5 5
OUTPR
Current
DIN ks Vol — Segment
olume EQ:
LRCLK Serial & Q DAC OUTNR
BCLK Audio Gain Big?j(ad
Port Control K Mute & SD-Control
(SCLK) HighLow- |1 Speaker
Optional pass
& Enhancement Current Closed OUTNL
Mono o & = Segment Loop
Fully mixer rotection DAC AMP
Integrated PLL OUTPL
e Adress Mute GPIO’s Amplifier Gain & SW_Freq adjust
Fault reporting
GAIN/ -
SCL SDA ADR1 ADR2 XSMT GPIO1 GPIO2 ESW FAULT
/UVP
16 Submit Documentation Feedback Copyright © 2013-2018, Texas Instruments Incorporated

Product Folder Links: TAS5766M TAS5768M


http://www.ti.com/product/tas5766m?qgpn=tas5766m
http://www.ti.com/product/tas5768m?qgpn=tas5768m
http://www.ti.com
http://www.ti.com/product/tas5766m?qgpn=tas5766m
http://www.ti.com/product/tas5768m?qgpn=tas5768m
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS965D&partnum=TAS5766M

13 TEXAS
INSTRUMENTS
TAS5766M, TAS5768M

www.ti.com SLAS965D —SEPTEMBER 2013—-REVISED OCTOBER 2018

7.3 Feature Description

7.3.1 Smart SOA

The "Safe Operating Area" (SOA) for a loudspeaker is based on its electro-mechanical-thermal model.
Depending on a speaker's inefficiency, some of the power is dissipated as heat rather than mechanical/acoustic
energy. By understanding the characteristics of the speaker, Smart Amp is able to drive the speaker harder,
without causing the speaker to thermally overload; or, suffer voice coil over-exclusion and fail. SMART SOA are
parameters that are differentiated by a PPC GUI into coefficients that the algorithm uses.

7.3.2 Smart BASS

Smart Bass is an intelligent True Bass Alignment algorithm. Smart Bass uses the combination of the speaker
model and a desired target response selected by the user to equalize the speaker in the bass region. This target
response is critical for the sound character and the user can apply the same target response to very different
speakers and get the same sound.

In conventional adaptive Bass Boost Algorithms, designers need to vary the amount of bass boost whenever the
output volume is changed. This approach is very much an "open loop" process. Smart Bass is a new proprietary
algorithm that combines: True bass extension (in bandwidth and amplitude) and Psycho-acoustic bass extension,
with a smart adaptive control.

Smart Bass varies the mix of True Bass extension and Psycho-acoustic bass extension in real time, depending
on the loudspeakers position in its SOA.

Smart Bass dynamically switches between True Bass and Psycho-acoustic extension based on a number of
parameters such as:

» Capabilities and properties of the speaker, including Q compensation

» Music type

* Volume setting

» Temperature

» User preferences

» Designer preferences

7.3.3 Smart Protection

The two main failure mechanisms for loudspeakers are over temperature and over excursion. By modeling the
current state of the speaker, Smart Protection adaptively changes various settings in Smart Amplifier to avoid
over temperature and over excursion. Design engineers must first provide details of the loudspeaker (driver and
enclosure) into the GUI. From there the appropriate coefficients are generated for the algorithm.

7.3.4 Implementing a Real World Design

Traditionally, system developers and hardware engineers use graphic equalizers in trial-and-error fashion to
boost the bass for each new speaker until the sound is right (or "good enough" in many cases). However, this
typically results in a strange combined response with too much phase shift. This process must be repeated every
time a new speaker is selected. The Smart Bass concept uses the GUI to select a desired target response takes
the speaker out of the equation. By this approach users can obtain a target response with minimum phase warp
and time domain ringing which gives a speedy and tight bass. Conversely, users can select a target response
that has lots of ringing to give a classical heavy ‘oomph’ bass.
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Feature Description (continued)

7.3.5 Modulation Schemes

7.3.5.1 BD-Modulation

The TAS5766M uses this modulation, it is a modulation scheme that allows operation without the classic LC
reconstruction filter when the amp is driving an inductive load with short speaker wires. Each output is switching
from O volts to the supply voltage. The OUTPx and OUTNx are in phase with each other with no input so that
there is little or no current in the speaker. The duty cycle of OUTPx is greater than 50% and OUTNXx is less than
50% for positive output voltages. The duty cycle of OUTPx is less than 50% and OUTNXx is greater than 50% for
negative output voltages. The voltage across the load sits at 0 V throughout most of the switching period,
reducing the switching current, which reduces any IR losses in the load.
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Figure 30. BD-Modulation
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Feature Description (continued)
7.3.5.2 1SPW-Modulation

The TAS5768M uses this modulation, the 1SPW mode alters the normal modulation scheme in order to achieve
higher efficiency with a slight penalty in THD degradation and more attention required in the output filter
selection. In 1SPW mode the outputs operate at ~15% modulation during idle conditions. When an audio signal
is applied one output will decrease and one will increase. The decreasing output signal will quickly rail to GND at
which point all the audio modulation takes place through the rising output. The result is that only one output is
switching during a majority of the audio cycle. Efficiency is improved in this mode due to the reduction of
switching losses. The THD penalty in 1SPW mode is minimized by the high performance feedback loop. The
resulting audio signal at each half output has a discontinuity each time the output rails to GND. This can cause
ringing in the audio reconstruction filter unless care is taken in the selection of the filter components and type of
filter used.
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Figure 31. 1SPW-Modulation
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7.4 Device Functional Modes

7.4.1 Device Protection System

The TAS576xM contains a complete set of protection circuits carefully designed to make system design efficient
as well as to protect the device against any kind of permanent failures due to short circuits, overload, over
temperature, and under-voltage. If an error is detected, the FAULT pin signals according to Table 1.

Table 1. TAS576xM Device Protections

FAULT T NPICAL VALUE) FAULT AcTIoN SELP-CLEARING
Over Current Qutput short or short to PVCC or GND Low QOutput high impedance Self-clearing
Over Temperature T;>150°C Low Output high impedance Self-clearing
Too High DC offset DC output voltage Low QOutput high impedance Self-clearing
Under Voltage on PVCC PVCC <45V High Qutput high impedance Self-clearing
Over voltage on PVCC PVCC > 27V High Qutput high impedance Self-clearing

7.4.1.1 Over Current Protection

The TAS576xM has protection from over current conditions caused by a short circuit or over load on the output
stage. The fault is reported on the FAULT pin as a low state. The amplifier outputs are switched to a high
impedance state when the over current is detected. The outputs are automatically re-engaged after a 1.3s off
time.

7.4.1.2 Thermal Protection

Thermal protection on the TAS576xM prevents damage to the device when the internal die temperature exceeds
150°C. There is a 15°C hysteresis on this trip point. When the die temperature exceeds the thermal trip point, the
device enters into the shutdown state and the outputs are put in high impedance mode. The outputs are
automatically re-engaged after a 1.3s off time if the temperature is below the trip point.

7.4.1.3 DC Protection

DC protection on the TAS576xM prevents damage to the attached speaker when the output DC voltage exceeds
20% of supply voltage. When the voltage exceeds the trip point, the device enters into the shutdown state and
the outputs are put in high impedance mode. The outputs are automatically re-engaged after a 0.65 s off time if
the voltage is below the trip point.

7.4.2 Reset and System Clock Functions

7.4.2.1 Power-On Reset Function

The TAS576xM includes a power-on reset function shown in Figure 32. With DVDD > 2.8 V, the power-on reset
function is enabled. After the initialization period, the TAS576xM is set to its default reset state.

3.3V .

28V ]

=
AVDD, DVDD, /
CPVDD

Internal Reset Reset Removal

Internal Reset

A ms

UL

Figure 32. Power-On Reset Timing, DVDD = 3.3V

I2S Clocks
SCK, BCK, LRCK
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7.4.2.2 System Clock Input

The TAS576xM requires a system clock to operate the digital interpolation filters and advanced segment DAC
modulators. The system clock is applied at the SCLK input (pin 12) and supports up to 50MHz. The TAS576xM
system-clock detection circuit automatically senses the system-clock frequency. The Smart AMP processing
block only supports 44.1 kHz and 48kHz sampling rates even though the hardware supports all the common
audio sampling frequencies in the bands of 8 kHz, 16 kHz, (32 kHz—44.1 kHz-48kHz), (88.2 kHz—96 kHz), (176.4
kHz-192 kHz), and 384 kHz with +4% tolerance.

Values in the parentheses are "grouped" when detected, e.g. 88.2 kHZ and 96 kHz are detected as "double
rate", 32 kHz, 44.1 kHz and 48 kHz will be detected as "single rate". The sampling frequency detector sets the
clock for the digital filter, Delta Sigma Modulator (DSM) and the Negative Charge Pump (NCP) automatically.
Table 2 shows examples of system clock frequencies for common audio sampling rates.

SCLK rates that are not common to standard audio clocks, between 1 MHz and 50 MHz, are only supported in
software mode by configuring various PLL and clock-divider registers. This programmability allows the device to
become a clock master and drive the host serial port with LRCLK and BCLK, from a non-audio related clock (for
example, using 12 MHz to generate 44.1 kHz (LRCLK) and 2.8224 MHz (BCLK) )

Figure 33 shows the timing requirements for the system clock input. For optimal performance, use a clock source
with low phase jitter and noise.

Table 2. System Master Clock Inputs for Audio Related Clocks

SYSTEM CLOCK FREQUENCY (fsc k) (MHz)
SAMPLING FREQUENCY
128 fs 192 fg 256 fg 384 fg 512 fg 768 fg 1024 fg
44.1 kHz 5.6488 8.4672 11.2896 16.9344 22.5792 33.8688 45.1584
48 kHz 6.1440 9.2160 12.2880 18.4320 24.5760 36.8640 49.1520
tSCKH
"
—_—————— —_—_———rm—— e e — — —— 0.7'DVDD
System Clock
(SCK) _
R R vy b it == 0.3'DVDD
 CYo
N i (i i
Figure 33. Timing Requirement for SCLK Input
Table 3. Timing Requirements for SCLK Input
MIN MAX UNIT
tscy  System clock pulse cycle time 20 1000 ns
tscik  System clock pulse width, High 8 ns
H
tscik  System clock pulse width, Low 9 ns
L

7.4.3 System Clock PLL Mode

The system clock PLL mode allows designers to use a simple 3-wire 1°S audio source when driving the output.
The 3-wire source reduces the need for a high frequency SCLK, making PCB layout easier, and reduces high
frequency electromagnetic interference.

The user must set all the PLL registers and clock divider registers for referencing BCLK. See Clock Generation
and PLL for more information.
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Table 4. BCLK Rates (MHz) by LRCLK Sample Rate for
PLL Operation

BCLK (fs)
Sample f (kHz)
32 64
44.1 1.4112 2.8224
48 1.536 3.072

7.4.4 Clock Generation and PLL

The TAS576xM supports a wide range of options to generate the required clocks for the DAC section as well as
interface and other control blocks as shown in Figure 34.

The clocks for the PLL require a source reference clock. This clock is sourced as the incoming BCLK or SCLK.
The source reference clock for the PLL reference clock is selected by programming the SRCREF value on Page
0, Register 13, D(6:4). The PLL reference clock can then be routed through highly-flexible clock dividers shown
in Table 5 to generate the various clocks required for the DAC, Negative Charge Pump (NCP), Internal modulator
and sections. The TAS576xM provides several programmable clock dividers to achieve a variety of sampling
rates for the DAC and clocks for the NCP, OSR, and the OSRCK for OSR must be set at 16fS frequency by
DOSR on PageO0, Register 30, D(6:0).

If PLL functionality isn’'t required, set the PLLEN value on Page 0, Register 4, D(0) to 0. In this situation, an
external SCLK is required.

Table 5. PLL Configuration Registers

CLOCK MULTIPLEXER FUNCTION BITS
SRCREF PLL Reference Page 0, Register 13, D(6:4)
DIVIDER FUNCTION BITS
DDSP Clock divider Page 0, Register 27, D(6:0)
DDAC DAC clock divider Page 0, Register 28, D(6:0)
DNCOP NCP clock divider Page 0, Register 29, D(6:0)
DOSR OSR clock divider Page 0, Register 30, D(6:0)
DBCLK External BCLK Div Page 0, Register 32, D(6:0)
DLRK External LRCLK Div Page 0, Register 33, D(7:0)
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Figure 34. PLL Clock Source and Clock Distribution

7.4.5 PLL Calculation

The TAS576xM has an on-chip PLL with fractional multiplication to generate the clock frequency needed by the
audio DAC, Negative Charge Pump, Modulator and Digital Signal Processing blocks. The programmability of the
PLL allows operation from a wide variety of clocks that may be available in the system. The PLL input (PLLCKIN)
supports clock frequencies from 512 kHz to 50 MHz and is register programmable to enable generation of
required sampling rates with fine precision.

The PLL is enabled by default. The PLL can be turned on by writing to Page 0, Register 4, D(0). When the PLL
is enabled, the PLL output clock PLLCK is given by Equation 1:

PLLCK — PLLCKINxRxJ.D or PLLCK — PLLCKINxRxK
P P 1)

R=1,234,..15 16
J=04,5,6, ... 63 and D = 0000, 0001, 0002, ... 9999
K =[J value].[D value]
P01,23,..15
R, J, D and P are programmable. J is the integer portion of K (the number to the left of the decimal point)
while D is the fraction portion of K (the number to the right of the decimal point, assuming four digits of
precision).

Examples:
 IfK=8.5,thenJ =38, D=>5000
e IfK=7.12,thenJ=7,D =1200
e IfK=14.03, thenJ =14, D = 0300
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* IfK=6.0004, thenJ =6, D = 0004

When the PLL is enabled and D = 0000, the following conditions must be satisfied:
e 1MHz < (PLLCKIN/P) =20 MHz
e 64 MHz < (PLLCKINXx Kx R /P ) <100 MHz

e 1<J<63

When the PLL is enabled and D # 0000, the following conditions must be satisfied:
e 6.667 MHz < PLLCLKIN / P <20 MHz
e 64 MHz £ (PLLCKIN xKx R /P ) <100 MHz

e 4<J<11

« R=1

When the PLL is enabled:
o fS = (PLLCLKIN x K x R) / (2048 x P)
e The value of N is selected so that fS x N = PLLCLKIN x K x R/ P is in the allowable range.
Example: MCLK =12 MHz and fS = 44.1 kHz, (N=2048)
SelectP =1, R=1, K=7.5264, which results in J =7, D = 5264
Example: MCLK = 12 MHz and fS = 48.0 kHz, (N=2048)
SelectP=1,R =1, K=8.192, which results in J =8, D = 1920

Values are written to the registers in Table 6.

Table 6. PLL Registers

DIVIDER FUNCTION BITS
PLLE PLL enable Page 0, Register 4, D(0)
PPDV PLL P Page 0, Register 20, D(3:0)
PJDV PLL J Page 0, Register 21, D(5:0)
PDDV PLL D Page 0, Register 22, D(5:0)
Page 0, Register 23, D(7:0)
PRDV PLLR Page 0, Register 24, D(3:0)

Table 7. PLL Configuration Recommendations

COLUMN DESCRIPTION
fs (kHz) Sampling frequency
RSCLK Ration between sampling frequency and SCLK frequency (SCLK frequency = RSCLK x sampling frequency)
SCLK (MHz) System master clock frequency at SCLK input (pin 22)

PLL VCO (MHz)

PLL VCO frequency as PLLCK

p

One of the PLL coefficients

PLL REF (MHz2)

Internal reference clock frequency which is produced by SCLK / P

M=KxR The final PLL multiplication factor computed from K and R as described in Equation 1
K=J.D One of the PLL coefficients

R One of the PLL coefficients

PLL fg Ratio between fS and PLL VCO frequency (PLL VCO / fS)

DSP fg Ratio between operating clock rate and fS (PLL fS / NMAC)

NMAC The clock divider value in Table 4

DSP CLK (MHz)

The operating frequency as DSPCK in Clock Generation and PLL

MOD fS

Ratio between DAC operating clock frequency and fS (PLL fS / NDAC)

MOD f(kHz) DAC operating frequency as DACCK in Clock Generation and PLL

NDAC DAC clock divider value in Table 4

DOSR OSR clock divider value in Table DOSR 7 for generating OSRCK in Clock Generation and PLL. DOSR must be
chosen so that MOD S / DOSR = 16 for correct operation.
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Table 7. PLL Configuration Recommendations (continued)

COLUMN DESCRIPTION
NCP NCP (negative charge pump) clock divider value in Table 4
CPf Negative charge pump clock frequency (fS x MOD fS / NCP)
% Error Percentage of error between PLL VCO / PLL fS and fS (mismatch error).
e This number is typically zero but can be non-zero especially when K is not an integer (D is % Error not zero).
e This number may be non-zero only when the TAS576xM acts as a master
Table 8. Recommended Clock Divider Settings for PLL as Master Clock
44.1 kHz
RSCLK 32 64 128 192 256 384 512 768 1024
SCLK (MHz) 1.4112 2.8224 5.6448 8.4672 11.2896 16.9344 22.5792 33.8688 45.1584
PLL VCO (MHz) 90.3168 90.3168 90.3168 90.3168 90.3168 90.3168 90.3168 90.3168 90.3168
P 1 1 1 3 2 3 3 3 3
PLL REF (MHz) 1.4112 2.8224 5.6448 2.8224 5.6448 5.6448 7.526 11.29 15.053
M = KxR 64 32 16 32 16 16 12 8 6
K=J.D 32 16 16 32 16 16 12 8 6
R 2 2 1 1 1 1 1 1 1
PLL fg 2048 2048 2048 2048 2048 2048 2048 2048 2048
DSP fg 1024 1024 1024 1024 1024 1024 1024 1024 1024
NMAC 2 2 2 2 2 2 2 2 2
DSP CLK (MHz) 45.1584 45.1584 45.1584 45,1584 45.1584 45.1584 45.1584 45.1584 45.1584
MOD fg 128 128 128 128 128 128 128 128 128
MOD f (kHz) 5644.8 5644.8 5644.8 5644.8 5644.8 5644.8 5644.8 5644.8 5644.8
NDAC 16 16 16 16 16 16 16 16 16
DOSR 8 8 8 8 8 8 8 8 8
% ERROR 0 0 0 0 0 0 0 0 0
NCP 4 4 4 4 4 4 4 4 4
CP f (kHz) 1411.2 1411.2 1411.2 1411.2 1411.2 1411.2 1411.2 1411.2 1411.2
48kHz
RSCLK 32 64 128 192 256 384 512 768 1024
SCLK (MHz) 1.536 3.072 6.144 9.216 12.288 18.432 24.576 36.864 49.152
PLL VCO (MHz) 98.304 98.304 98.304 98.304 98.304 98.304 98.304 98.304 98.304
P 1 1 1 3 2 3 3 3 3
PLL REF (MHz) 1.536 3.072 6.144 3.072 6.144 6.144 8.192 12.288 16.384
M = KxR 64 32 16 32 16 16 12 8 6
K=J.D 32 16 16 32 16 16 12 8 6
R 2 2 1 1 1 1 1 1 1
PLL fS 2048 2048 2048 2048 2048 2048 2048 2048 2048
DSP fs 1024 1024 1024 1024 1024 1024 1024 1024 1024
NMAC 2 2 2 2 2 2 2 2 2
DSP CLK (MHz) 49.152 49.152 49.152 49.152 49.152 49.152 49.152 49.152 49.152
MOD fg 128 128 128 128 128 128 128 128 128
MOD f (kHz) 6144 6144 6144 6144 6144 6144 6144 6144 6144
NDAC 16 16 16 16 16 16 16 16 16
DOSR 8 8 8 8 8 8 8 8 8
% ERROR 0 0 0 0 0 0 0 0 0
NCP 4 4 4 4 4 4 4 4 4
CP f (kHz) 1536 1536 1536 1536 1536 1536 1536 1536 1536
Copyright © 2013-2018, Texas Instruments Incorporated Submit Documentation Feedback 25

Product Folder Links: TAS5766M TAS5768M


http://www.ti.com/product/tas5766m?qgpn=tas5766m
http://www.ti.com/product/tas5768m?qgpn=tas5768m
http://www.ti.com
http://www.ti.com/product/tas5766m?qgpn=tas5766m
http://www.ti.com/product/tas5768m?qgpn=tas5768m
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS965D&partnum=TAS5766M

13 TEXAS
INSTRUMENTS
TAS5766M, TAS5768M

SLAS965D —SEPTEMBER 2013—-REVISED OCTOBER 2018 www.ti.com

7.4.6 Audio Data Interface

7.4.6.1 Audio Serial Interface

The audio interface port is a 3-wire serial port with the signals LRCLK (pin 15), BCLK (pin 13), and DIN (pin 14).
BCLK is the serial audio bit clock, used to clock the serial data present on DIN into the serial shift register of the
audio interface. Serial data is clocked into the TAS576xM on the rising edge of BCLK. LRCLK is the serial audio
left/right word clock.

Table 9. TAS576xM Audio Data Formats, Bit Depths and Clock rates

FORMAT DATA BITS LRCLK SCH RATE BCLK RATE
12S/LJ 32, 24, 20, 16 44.1 or 48 kHz 128-3072 64, 48, 32
TDM 32, 24, 20, 16 44.1 or 48 kHz 128-3072 128, 265

The TAS576xM requires the synchronization of LRCLK and system clock, but does not require a specific phase
relation between LRCLK and system clock.

If the relationship between LRCLK and system clock changes more than £5 SCLK, internal operation is initialized
within one sample period and analog outputs are forced to the bipolar zero level until resynchronization between
LRCLK and system clock is completed.

7.4.6.2 PCM Audio Data Formats and Timing

The TAS576xM supports industry-standard audio data formats, including standard 12S and left-justified. Data
formats are selected via Register (PgOReg40). All formats require binary 2s-complement, MSB-first audio data,
up to 32-bit audio data is accepted.

The TAS576xM also supports right-justified and TDM. 12S, LJ, RJ, and TDM are selected using Register
(PgOReg40). All formats require binary 2s complement, MSB-first audio data. Up to 32 bits are accepted. Default
setting is 12S and 24 bit word length. The 12S slave timing is shown in Figure 35.

LRCK
(Input)

*DVDD

BCK
(Input)

*DVDD

DATA
(Input)

*DVDD

t:G tI:'H tD::ll:'

DATA

- *DVDD
(Outpuf)

Figure 35. TAS576xM Serial Audio Timing — Slave
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Table 10. Audio Interface Slave Timing
MIN MAX UNIT
tacy BCLK pulse Cycle Time 40 ns
tecL BCLK pulse Width LOW 16 ns
tacH BCLK pulse Width HIGH 16 ns
taL BCLK Rising Edge to LRCLK Edge 8 ns
tBcLk BCLK frequency at DVDD = 3.3V 24576 MHz
) LRCLK Edge to BCLK Rising Edge 8 ns
tos DATA set Up time 8 ns
toH DATA Hold Time 8 ns
tbop DATA delay time from BCLK falling edge 15 ns

The TAS576xM can act as an 12S master, generating BCLK and LRCLK as outputs from the SCLK input.

Table 11. 1S Master Mode Registers

REGISTER FUNCTION

Page 0, register 9, D(0), D(4) and D85) I°S master Mode select
Register 32, D(6:0)
Register 33, D(7:0)

BCLK divider and LRCLK divider

The 12S master timing is shown in Figure 36 and Table 12.

tecs

BCK =-=— 0.5*DVDD
(Outpu
. tacy f . tLﬂ'
LIRCK o= v e o 4 o b o s o 4 ¢ o ¢ -._,> ,,,,,,, e ————— 0.5* DVDD
(Outpu
™ tooo
DATA _._._._,_._,_._,_._X— _____________________ > ________________________ >€ ____ U E*D\,I"DD
(Outpu
Fi bl g Ll
T fos N ton i
DATA _,_._._._._._._._._X— ..................... > ...... * —— — o —— - - UE*D\,I"DD
(Inpuf)
Figure 36. TAS576xM Serial Audio Timing - Master
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Table 12. Audio Interface Master Timing

Audio data word = 24-bit, BCK = 48, 64fg

MSB

LSB

1 I 2 l“““““““‘l 23 I 24 |

MIN MAX UNIT
tacy BCLK pulse Cycle Time 40 ns
tecL BCLK pulse Width LOW 16 ns
tacH BCLK pulse Width HIGH 16 ns
taL BCLK Rising Edge to LRCLK Edge 8 ns
tBcLk BCLK frequency at DVDD = 3.3V 24576 MHz
) LRCLK Edge to BCLK Rising Edge ns
tos DATA set Up time ns
toH DATA Hold Time ns
tbop DATA delay time from BCLK falling edge 15 ns

g
R-channel F
LRCK L-channel
Audio data word = 16-bit, BCK = 32, 48, 64fg
S nn == a0 Tt{eT]
ATA ,\ ,\

DATA x X X a
MSB LSB MSB LSB
Audio data word = 32-bit, BCK = 64is
|2|~ ------------- {s1]==2] 1] 2| - ---Ia1|3:
MSB LSB MSE LSE
Figure 37. Left Justified Audio Data Format
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Itz

LRCK
L-channel R-channel

Audio data word = 13 IJt BCK = 32, 48, 6dis
DATA Bl e K 1 TelteT]
) X

MSB LSB LSB

e R

Audio data word = 24-bit, BCK = 48, 64is

3
- % X

SB LSB MSB LSB

DATA

Audio data word = 32-bit, BCK = 6473

I~ 2 . . {1]2]:]: wed 31| 22
‘I“\ . CLTT mal
MSB LSB MSB LSB
125 Data Format: L-channel = LOW, R-channel = HIGH
Figure 38. 1°S Audio Data Format
145
‘ )

LRCK I L=channel l R=channel I

Audio data word =?16—bit BCK =32 48 64fs

DATA [1]2 - '|“5|”°‘i [ 12 '|15|1$i
s T \—

MSB  LSB | MSBE  LSB

Audio data word =§24-bit. BCK =48 B4dfs

DATA |1|2} -------------- 23 2:1:' |1|2| -------------- -|23|2a:

Audio data word =;32-bil, BCK =84

A\ /A /i

MSB LSB M5B L5B
Right Justified Data Format; L-channel = HIGH, R-channel = LOW

Figure 39. Right Justified Audio Data Format
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1ils

LRCK l

Audio data word={1 &-bit, Offset =0

N 0 = B s [T

‘\ L-channel /7l \ R-channel f
LSB MSB LSB

MEE

Audio data word =i24-bit, Offset=10
| 1 I 2 I........-.......I 23 I;MI I 2 l...-----------.l 23 I 24| | 1 |

‘\ L=channel /‘ \ 7

i MSB LEE i

DATA

Audio data word =!32-b'rl Offset=0 i

e D O ) [T
X X

MSB LSB LEB
TDM Data Format; L-channel = FIRST, R-channel = LAST with OFFSET =0

o

Figure 40. TDM Audio Data Format

1fs

LRCK OFFSET-1 I

Audio data word 'E16’)I‘l Offset =1 i

DATA i 1 | ) }......-l 15 | 18 | q | }......-l 15 |1s | i r
'\ L-channel f ‘\ R-channel f
; MSB SB LSB

Audio data word = 24-bit, Offset = 1

i '1|z|- -------------- £ E7) [ [ P -|23|24| [
DATA - -
: \ L-chamnel f \ R-channel f ;

MSB LSB MSB LSB

Audio data word =i32 iJil Offset=1

DATA ; 'TITI...,..-------,........ stz 1| 2 feeeeeeeeecimmmmnnaa gy |22 ; r
i ‘\ L-channel ;‘ '\ R-channel f

MSB LSB MSB LSB
TDM Data Format; L-channel = FIRST, R-channel = LAST with OFFSET =1

Figure 41. TDM 2 Audio Data Format
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1/fs

. W

i
b |

LRCK ‘OFFSET=N I

L]

Audio data wordl =.1 E-bit, Offset= N

DATA L EN s K K2 N I s D C
\ L-channel f \ R-channal f
MSR |LSR MSB LSB

Audio data word= 24-bit, Offset= N

DATA i '1|2|- -------------- -|23|2d|1|2| -------------- .|23|2d| | r

MSB LSB M5B LSB

Audio data word= 32-bit, Offset= N

AT i 1 | 2 l ...................... W ...................... W r
i '\ L-channel f \ R-channel f

M5B L5B MSB LSB
TDM Data Format; L-channel = FIRST, R-channel = LAST with OFFSET =N

Figure 42. TDM 3 Audio Data Format

7.4.7 TAS576xM Audio Processing Options

7.4.7.1 Overview

The TAS576xM features a configurable miniDSP core. The algorithms for the miniDSP are loaded into the device
after power up. The miniDSP has direct access to the digital stereo audio stream, offering the possibility for
advanced DSP algorithms with very low group delay. The miniDSP can run up to 1024 instructions on every
audio sample at a 48 kHz sample rate.

The TAS576xM Smart Amplifier uses a mix of code sources. ROM based process flow and RAM based process
flow. In the program, different algorithms are called from ROM — such as EQ, DRC and Zero Crossing volume
control enabling a faster program load.

7.4.7.2 miniDSP Instruction Register

Registers on Register Pages 152-169 are 25-bit instructions for the miniDSP engine. For details, see Table 21.
Seven (7) bits of Instr(32:25) in Base register +0 are reserved bits. 1 bit of Instr(24) — (LSB) in Base register +0 is
MSB bit of 25-bit instruction. These instructions control miniDSP operation. When the fully programmable
miniDSP mode is enabled and the DAC channel is powered up, the read and write access to these registers is
disabled

7.4.7.3 Digital Output

The TAS576xM supports an SDOUT output. This can be selected within the process flow, and driven out of a
GPIO pin selected in the register map (e.g. Page 0 / Register 80). The 12S output can be fed back to the signal
host and used for echo cancellation.

7.4.7.4 Software

Software selection for the TAS576xM is supported through TI's comprehensive PurePath Console Development
Environment; a powerful, easy-to-use tool designed specifically to simplify development on the TAS576xM
platform. Visit the TAS576xM product folder on www.ti.com to learn more about PurePath Console and the latest
status on available, ready-to-use DSP algorithms.
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7.4.7.5 Process Flow

An example of the default Process Flow available for the TAS576xM in the PurePath Console target is shown
below:

DIN—» s Stereo Mono Left/Right DACL
Input > 10 Smart
p Volume Bass BiQuads Am DAC
Control > Mix > > P Analog Output

»DACR

GPIO3 ’s Left
(SDOUT) Output

Right

Figure 43. Example Process Flow

This process flow has from input to output:
* Volume block, from -110 db to +6 dB with 0.5 dB steps, including a fixed gain block of 0dB to 12 dB gain

* monobass mixer — mixes the bass into mono below the set frequency, useful for systems where left and right
speaker shares the same cabinet volume, bypassed when not needed.

» 10 Biquads for filtering and EQ. The PPC GUI have an advanced biquad control where various filter and eq
options can be set and controlled.

» SmartAmp block, containing all the blocks for bass Q compensation, bass alignment, excursion control and
power limited

« Digital monitor output enabled on GPIO3

7.4.7.6 Zero Data Detect

The TAS576xM has a zero-detect function. When the device detects the continuous zero data for both L-ch and
R-cn, or separate L-cn and R-ch, Analog mutes are set to both OUTL and OUTR, or separate OUTL and OUTR.
These are controlled by Page0, Register 65, D(2:1) as shown in Table 13.

Continuous Zero data cycles are counted by LRCLK, and the threshold of decision for analog mute can be set by
Page 0, Register 59, D(6:4) for L-ch, and D(2:0) for Rch as shown in Table 14. Default values are 0 for both
channels.

Table 13. Zero Detection Mode

ATMUTECTL VALUE FUNCTION
Bit:2 0 Independently L-ch or R-ch are zero data for zero detection
1 (Default) Both L-ch and R-ch have to be zero data for zero detection
Bit:1 0 Zero detection and analog mute are disabled for R-ch
1 (Default) Zero detection and analog mute are enabled for R-ch
Bit:0 0 Zero detection and analog mute are disabled for L-ch
1 (Default) Zero detection and analog mute are enabled for L-ch

Table 14. Zero Data Detection Time

ATMUTETIML /ATMUTETIMR NUMBER of LRCLKs TIME at 48 kHz
000 1024 21 ms
001 5120 106 ms
010 10240 213 ms
011 25600 533 ms
100 51200 1.07 sec
101 102400 2.13 sec
110 256000 5.33 sec
111 512000 10.66 sec
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7.4.7.7 Power Save Modes
The TAS576xM offers two power-save modes; standby and power-down.

When a clock error (SCLK, BCLK, and LRCLK) or clock halt is detected, the TAS576xM automatically enters
standby mode. The DAC and power amplifier are also powered down. The device can also be placed in standby
mode via software command.

When BCLK and LRCLK remain at a low level for more than 1 second, the TAS576xM automatically enters
power-down mode. Power-down mode disables the negative charge pump and bias/reference circuit, in addition
to those disabled in standby mode. The device can also be placed in power-down mode via I2C command.

When expected Audio clocks (SCLK, BCLK, LRCLK) are applied to the TAS576xM, the device starts its power-
up sequence automatically.

Table 15. Power Save Parameter Programming

REGISTER DESCRIPTION
Page 0, register 2, D(4) I°C standby-mode command
Page 0, register 2, D(0) I°C power-down command
Page 0, register 2, D(4) and D(0) I2C power-up sequence command (required after 1°C standby or power-down command)
Page 0, register 44, D(2:0) Detection time of BCLK and LRCLK halt

7.4.7.8 XSMT Pin (Soft Mute/Soft Un-Mute)

An external digital host controls the TAS576xM soft mute function by driving the XSMT pin with a specific
minimum rise time (tr) and fall time (tf) for soft mute and soft un-mute. The TAS576xM requires tr and tf times of
less than 20ns. In the majority of applications, this is no problem, however, traces with high capacitance may
have issues.

When the XSMT pin is shifted from high to low (3.3V to 0V), a soft digital attenuation ramp begins. —1dB
attenuation is then applied every sample time from OdBFS to —104dBFS.

When the XSMT pin is shifted from low to high (OV to 3.3V), a soft digital “un-mute” is started. 1dB gain steps are
applied every sample time from —104dBFS to OdBFS.

/[ \ 09"

DVop
/ \ E ] - [:'\'."IDD
—_— r < n k —
- - L -
<20ns <20ns
Figure 44. XSMT Timing for Soft Mute and Soft Un-Mute
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7.4.7.9 External Power Sense Undervoltage Protection Mode

The XSMT pin can also be used to monitor a system voltage, such as the 24-VDC LCD TV back light, or 12-VDC
system supply using a voltage divider created with two resistors. See Figure 45.

* If the XSMT pin makes a transition from “1” to “0” over 6ms or more, the
device switches into external undervoltage protection mode. This mode uses 5:5;‘]3‘
two trigger levels.

* When the XSMT pin level reaches 2 V, soft mute process begins.
- 7.25k02

A NN

W v

* When the XSMT pin level reaches 1.2 V, analog mute engages, regardless
of digital audio level, and analog shutdown begins. (DAC and related

circuitry powers down). < XSMT

= 2.75k0

Figure 45. External Power
Sense

A timing diagram describing this is shown in Figure 46.

NOTE
The XSMT input pin voltage range is from —0.3 V to DVDD + 0.3 V.The ratio of external
resistors must produce a voltage within this input range. Any increase in power supply
(such as power supply positive noise or ripple) can pull the XSMT pin higher than DVDD
+0.3V.

For example, if the TAS576xM is monitoring a 12 V input, and dividing the voltage by 4, then the voltage at
XSMT during ideal power supply conditions is 3 V. A voltage spike higher than 14.4 V causes a voltage greater
than 3.6 V (DVDD+0.3) on the XSMT pin, potentially damaging the device. Providing the divider is set
appropriately, any DC voltage can be monitored.

/_ | Digital Attenuation Followed by Analog Mute |

, , , 0.9 * DVDD
¥

XSEMT L | Analeg Mute

___________ - N

0.1 *DVDD

i
-

— >
Figure 46. XSMT Timing for Undervoltage Protection

7.4.7.10 Recommended Power Down Sequence

With inadequate system design, the TAS576xM can exhibit pop on power down. Pops are caused by the device
not having enough time to detect power loss and start the muting process.

The TAS576xM evaluation board avoids audible pop with an electrolytic decoupling capacitor. This capacitor
provides enough time between data loss from USB or S/PDIF and power supply loss for the muting process to
take place.

The TAS576xM has two auto-mute functions to mute the device upon power loss (intentional or unintentional).
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7.4.7.10.1 XSMT =0

When the XSMT pin is pulled low, the incoming PCM data is attenuated to 0, then closely followed by a hard
analog mute. This process takes 150 sample times (t;) + 0.2 mS.

7.4.7.10.2 Clock Error Detect

When clock error is detected on the incoming data clock, the TAS576xM family switches to an internal oscillator,
and continues to the drive the output, while attenuating the data from the last known value. Once this process is
complete, the TAS576xM outputs are pulled to ground with 30kQ.

7.4.7.10.3 Planned Shutdown

These auto-muting processes can be manipulated by system designs to mute before power loss in the following
ways: Assert XSMT low 150t + 0.2 ms before power is removed, shown in Figure 47.

'y |
3.av S .

|
|
|
VDD :
|
o I

15015 + 02ms |

High

XSMT

¥

Low

|
|
|
.
I
|
'y I

s Y ;

Low >

Time

Figure 47. Assert XSMT Low Example

Stop I?S clocks (SCLK, BCLK, LRCLK) 3ms before power down as shown in Figure 48 below:

'y l

B e e e e e e ] . ———————

VDD

A J

o

High

XSMT

A

Low

I
l dmsec
&

= 100000007 =

Low

Time

Figure 48. Stop I°S Clocks Example
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7.5 Programming

7.5.1 I1?C Interface and Slave Address

The TAS576xM supports the 1°C serial bus and the data transmission protocol for standard and fast mode as a
slave device.

Table 16. I°C pins and Functions

SIGNAL PIN 110 DESCRIPTION
SDA 16 110 12C data
SCL 17 | 12C clock

ADR2 20 | 12C address 2
ADR1 26 | 12C address 1

7.5.2 Slave Address

Table 17. I°C Slave Address

Address D7 D6 D5 D4 D3 ADR2 ADR1 R/IW
0x98 0 0
O0x9A 0 1
1 0 0 1 1 X
0x9C 1 0
Ox9E 1 1

The TAS576xM has 7 bits for its own slave address. The first five bits (MSBs) of the slave address are factory
preset to 10011 (0x9x). The next two bits of the address byte are the device select bits which can be user
defined by the ADR1 and ADRO pins. A maximum of four TAS576xMs can be connected on the same bus at one
time. This gives a range of 0x98, 0x9A, 0x9C and Ox9E. Each TAS576xM responds when it receives its own
slave address.

7.5.3 Register Address Auto-Increment Mode

Auto-increment mode allows multiple sequential register locations to be written to or read back in a single
operation, and is especially useful for block write and read operations.

MSB LSB
[ mc | A6 A5 A4 A3 A2 A1 AD
L Auto-increment
0 = Disable
1 =Enable

Figure 49. Auto Increment Mode

7.5.4 Packet Protocol

A master device must control packet protocol, which consists of start condition, slave address, read/write bit,
data if write or acknowledge if read, and stop condition. The TAS5766M supports only slave receivers and slave
transmitters.
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soa | \| / B Y\ T\ "\ . T
o |/ 17 s\__/s -8 5 s e\ __./o\/ [

SCL
Slave address RIW ACK DATA ACK DATA ACK ACK
Start RW: Read operation if 1; ctherwise, write operation Stop
condition ACK: Acknowledgement of a byte if 0 condition
DATA: B bits (byte)
Figure 50. Packet Protocol
Table 18. Read / Write Operation — Basic I1°C Framework
Transmitter M M M S M S M S S M
Write
Data Type St Slave W/ ACK DATA ACK DATA ACK ACK Sp
address
Transmitter M M M S S M S M M S
Read
Data Type St Slave R/ ACK DATA ACK DATA ACK NACK Sp
address
M = Master Device; S = Slave Device; St = Start Condition; Sp = Stop Condition

7.5.5 Write Register

A master can write to any TAS576xM registers using single or multiple accesses. The master sends a
TAS576xM slave address with a write bit, a register address with auto-increment bit, and the data. If auto-
increment is enabled, the address is that of the starting register, followed by the data to be transferred. When the
data is received properly, the index register is incremented by 1 automatically. When the index register reaches
0x7F, the next value is 0x0. The following table shows the write operation.

Table 19. Write Operation

Transmitter | M M M S M S M S M S S M
Data Type St Slave W ACK inc reg ACK Write ACK Write ACK ACK Sp
addr addr datal data2
M = Master Device; S = Slave Device; St = Start Condition; Sp = Stop Condition; W = Write; ACK = Acknowledge

7.5.5.1 Read Register

A master can read the TAS576xM register. The value of the register address is stored in a indirect index register
in advance. The master sends a TAS576xM slave address with a read bit after storing the register address. Then
the TAS576xM transferes the data which the index points to. When auto-increment is enabled, the index register
is incremented by 1 automatically. When the index register reaches 0x7F, the next value is 0x0. The following
table shows the read operation.

Table 20. Read Operation

Transmitter | M M M S M S M M M S S M M M
Data Type | St| Slave W | ACK | inc reg ACK Sr Slave R ACK data ACK NACK Sp
addr addr addr

M = Master Device; S = Slave Device; St = Start Condition; Sr = Repeated start condition; Sp = Stop Condition; W = Write; R 0 read;
NACK = Acknowledge
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7.6 Register Maps

In any page, register 0 is the Page Select Register. The register value selects the Register Page from 0 to 255
for next read or write command.

Table 21. Register Map Summary®

ﬁggister Description Register No Description
Page 0 44 Clock missing detection period
0 Page Select register 59 Auto mute time
1 Analog control register 60-64 Reserved
2 Standby, Powerdown requests 65-66 Auto mute enable and delay
3 Mute 67-82 Reserved
4 PLL Lock Flag, PLL enable 83-85 GPIOn output selection
5 Reserved 86,87 GPIO control
6 Reserved 88,89 Reserved
7 De-emphasis enable, SDOUT select 90 DSP overflow
8 GPIO enables & Mute Control 91-94 Sample rate status
9 BCLK, LRCLK configuration 95-107 Reserved
10 DSP GPIO Input 108 Analog mute monitor
11 Reserved 109-118 Reserved
12 Master Mode BCLK, LRCLK reset 119 GPIO input
13 PLL clock source select 120 Auto mute flags
14-19 Reserved 121-125 Reserved
20-24 PLL dividers Page 1
25,26 Reserved 1 Reserved
27 DSP clock divider 2 Analog gain control
28 DAC clock divider 34 Reserved
29 NCP clock divider 5 Undervoltage protection
30 OSR clock divider 6 Analog mute control
31 Reserved 7 Analog gain boost
32,33 Master mode dividers 8 REF BG Fast
34 FS speed mode 9-15 Reserved
35,36 IDAC number of DSP clock cycles available in one Page 44
audio frame)
37 Ignore various errors 1 Coefficient memory (CRAM) control
38,39 Reserved Pages 44-52 Coefficient buffer — A (256 coeffs x 24 bits)
40,41 I12S configuration Pages 62-70 Coefficient buffer — B (256 coeffs x 24 bits)
42 DAC data path Pages 152-186 | Instruction buffer (1024 instruction x 24 bits),
1512 — 11023 are reserved
43 Reserved Pages 187-255 | Reserved

(1) See Detailed Register Map Descriptions.
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8 Applications and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

One of the most significant benefits of the TAS5766M device is the ability to be used in a variety of applications.
This section details the information needed to configure the device for several popular configurations and
provides guidance on integrating the TAS5766M device into the larger system.

8.1.1 External Component Selection Criteria

The Supporting Component Requirements table in each application description section lists the details of the
supporting required components in each of the System Application Schematics.

Where possible, the supporting component requirements have been consolidated to minimize the number of
unique components which are used in the design. Component list consolidation is a method to reduce the
number of unique part numbers in a design, to ease inventory management, and reduce the manufacturing steps
during board assembly. For this reason, some capacitors are specified at a higher voltage than what would
normally be required. An example of this is a 50-V capacitor may be used for decoupling of a 3.3-V power supply
net.

In this example, a higher voltage capacitor can be used even on the lower voltage net to consolidate all caps of
that value into a single component type. Similarly, a several unique resistors, having all the same size and value
but with different power ratings can be consolidated by using the highest rated power resistor for each instance
of that resistor value.

While this consolidation may seem excessive, the benefits of having fewer components in the design may far
outweigh the trivial cost of a higher voltage capacitor. If lower voltage capacitors are already available elsewhere
in the design, they can be used instead of the higher voltage capacitors. In all situations, the voltage rating of the
capacitors must be at least 1.45 times the voltage of the voltage which appears across them. The power rating of
the capacitors should be 1.5 times to 1.75 times the power dissipated in it during normal use case.

8.1.2 Component Selection Impact on Board Layout, Component Placement, and Trace Routing

Because the layout is important to the overall performance of the circuit, the package size of the components
shown in the component list were intentionally chosen to allow for proper board layout, component placement,
and trace routing. In some cases, traces are passed in between two surface mount pads or ground plane
extends from the TAS5766M device between two pads of a surface mount component and into to the
surrounding copper for increased heat-sinking of the device. While components may be offered in smaller or
larger package sizes, it is highly recommended that the package size remain identical to that used in the
application circuit as shown. This consistency ensures that the layout and routing can be matched very closely,
optimizing thermal, electromagnetic, and audio performance of the TAS5766M device in circuit in the final
system.

8.1.3 Amplifier Output Filtering

The TAS5766M device is often used with a low-pass filter, which is used to filter out the carrier frequency of the
PWM modulated output. This filter is frequently referred to as the L-C Filter, due to the presence of an inductive
element L and a capacitive element C to make up the 2-pole filter.
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Application Information (continued)

The L-C filter removes the carrier frequency, reducing electromagnetic emissions and smoothing the current
waveform which is drawn from the power supply. The presence and size of the L-C filter is determined by several
system level constraints. In some low-power use cases that do not have other circuits which are sensitive to EMI,
a simple ferrite bead or ferrite bead and capacitor can replace the traditional large inductor and capacitor that are
commonly used. In other high-power applications, large toroid inductors are required for maximum power and
film capacitors may be preferred due to audio characteristics. Refer to the application report SLOA119 for a
detailed description on proper component selection and design of an L-C filter based upon the desired load and
response.

8.2 Typical Applications

8.2.1 Stereo Application

SDA
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3.3V 10pH .
SCLK 100k 470 nF
3 Ra
BCLK PVCC
DIN 3 o o 1uF < 220 nF 10uH RIGHT
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LRCLK o [CI] 1pF 220 nF
(@) (@) (@)
N\ AN S R AN AN
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Figure 51. Typical Stereo Application
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Typical Applications (continued)
8.2.1.1 Design Requirements

The device is configured to have 20 dB analog gain and switch at 768kHz, by the resistor network on the
GAIN/FSW pin 9.

I°C slave address is set to default 0x98, as a result of the two address pins (ADR1, pin 26 and ADR2, pin 20) set
to ground.

In this setup a master clock is supplied to the device on pin 22 (SCLK). the device can also run with 3-wire 12S
by setting the PLL registers as shown in the Clock Generation and PLL section.

When the device is configured to operate in 3-wire mode of operation where BCLK is used as reference to PLL
(NO SCLK), Tl recommends shorting PIN23 (BCLK) and PIN22 (SCLK) and configuring the device to use SCLK
as PLL reference.

8.2.1.2 Detailed Design Procedure
For the stereo (BTL) PCB layout, see examples in the Layout section.

A 2.0 system generally refers to a system in which there are two full range speakers without a separate amplifier
path for the speakers which reproduce the low-frequency content. In this system, two channels are presented to
the amplifier via the digital input signal. These two channels are amplified and then sent to two separate
speakers. In some cases, the amplified signal is further separated based upon frequency by a passive crossover
network after the L-C filter. Even so, the application is considered 2.0.

Most commonly, the two channels are a pair of signals called a stereo pair, with one channel containing the
audio for the left channel and the other channel containing the audio for the right channel. While certainly the two
channels can contain any two audio channels, such as two surround channels of a multi-channel speaker
system, the most popular occurrence in two channels systems is a stereo pair.

It is important to note that the SmartAmp Flows which have been developed for specifically for stereo
applications will apply the same equalizer curves to the left channel and the right channel. This minimizes the
needed RAM capabilities of the SmartAmp.

When two signals that are not two separate signals, but instead are derived from a single signal which is
separated into low frequency and high frequency by the signal processor, the application is commonly referred to
as 1.1 or Bi-Amped systems. The 2.0 (Stereo BTL) System application is shown in Figure 51.

8.2.1.2.1 Gain Setting and Output Switch Frequency

The analog class-D amplifier gain of the TAS576xM is set by the voltage divider connected to the GAIN/FSW
control pin. Output Stage switch frequency multiplication is also controlled by the same pin, giving a ratio of 8,
10, 12 or 16x the 12S input sample rate. An internal ADC is used to detect the 8 input states. The first four stages
sets the GAIN to 14 dB, while the next four stages sets the GAIN to 20 dB.

A gain setting of 14 dB is recommended for supply voltages of 12V and lower, while a gain of 20 dB is
recommended for supply voltages up to 26.4 V. Table 22 shows the recommended resistor values and the state
and gain:

Table 22. Gain and FSW

Ra Rb INPUT GAIN FSW — FSW w. FSW w.
(to GND) (to GVDD) IMPEDANCE RATIO TO LRCLK 44.1 kHz 48 kHz
10 0kQ OPEN 120 kQ 14 dB 8 353 kHz 384 kHz
20 kQ 100 kQ 120 kQ 14 dB 10 441 kHz 480 kHz
38 kQ 100 kQ 120 kQ 14 dB 12 529 kHz 576 kHz
47 kQ 75 kQ 120 kQ 14 dB 16 706 kHz 768 kHz
51 kQ 51 kQ 60 kQ 20 dB 8 353 kHz 384 kHz
75 kQ 47 kQ 60 kQ 20 dB 10 441 kHz 480 kHz
100 kQ 39 kQ 60 kQ 20 dB 12 529 kHz 576 kHz
100 kQ 20 kQ 60 kQ 20 dB 16 706 kHz 768 kHz
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8.2.1.2.2 Gain Setting and Supply Voltage

If the TAS576xM is to be used in systems operating below 6 V it is recommended to change the maximum DAC
output voltage from the nominal 2 Vrms FS(0 dB) to 1 Vrms FS (-6 dB), by setting register 2 on page 1 D4(Lch) /
DO(Rch), Table 23.

Table 23. GAIN and Supply Voltage

SUPPLY VOLTAGE RANGE GAIN (via GAIN/FSW pin) DAC OUTPUT at FS Page 1 / Register 2
45V -6V 14 dB 1 Vims 00010001
6V-—12V 14 dB 2 Vims default
12V -26V 20 dB 2 Vims default

8.2.1.2.3 DAC to AMP AC Coupling

The TAS576xM uses an external ac-coupling capacitor between DACx output and AMP INPx input and a
capacitor from INNx to ground for minimum dc-offset and click & pop during power on/off. Shown as C13, C14,
C19 & C20 in the drawing here.

The AMP INNPx and INNMXx input stage is a fully differential input stage and the input impedance changes with
the gain setting from 120 kQ at 14 dB gain to 60 kQ at 20 dB gain. The tolerance of the input resistor value is
+20%.

The input ac-coupling capacitor together with the input impedance forms a high-pass filter with the following cut-
off frequency:

F————————- DR —————————— q
13 12 11

Current
— Segment
DAC

Current
— Segment
DAC

360 371 38
—————————— - D —D

C19

Figure 52. DAC to AMP AC Coupling

If a flat bass response is required down to 20Hz the recommended cut-off frequency is a tenth of that, 2 Hz.

Table 24 lists the recommended ac-coupling capacitors for the two gain step over a range of desired system high
pass filter frequency.
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Table 24. F3dB Versus Input AC-Coupling Capacitors
GAIN INPUT IMPEDANCE 0.1 pF 0.22 pF 0.33 pF 0.47 pF 1pF 2.2 uF
14 dB 120 kQ 13 Hz 6 Hz 4 Hz 3 Hz 1.3Hz 0.6 Hz
20 dB 60 kQ 26 Hz 12 Hz 8 Hz 6 Hz 2.7 Hz 1.2 Hz

The input capacitors used should be a type with low leakage, like film or quality ceramic X5R or X7R with high
voltage rating. If a polarized type is used the negative connection should face the DACx output pins. INPx and
INMx are biased at 3Vdc.

8.2.1.2.4 Bootstrap Capacitors

The full H-bridge output stages use only NMOS transistors. Therefore, they require bootstrap capacitors for the
high side of each output to turn on correctly. A 220-nF ceramic capacitor, rated for at least 16 V, must be
connected from each output to its corresponding bootstrap input. See the application circuit diagram in Smart
Amplifier Overview.

The bootstrap capacitors connected between the BSxx pins and corresponding output function as a floating
power supply for the high-side N-channel power MOSFET gate drive circuitry. During each high-side switching
cycle, the bootstrap capacitors hold the gate-to-source voltage high enough to keep the high-side MOSFETSs
turned on.

8.2.1.3 BTL Application Curves

The following graphs shows the frequency response with different output filter configurations: Figure 53: 4-Q load
with 680 nF and 10-pH output filter, Figure 54: 4-Q load with 330 nF and 4.7-uH inductor. Both setups are using
220 nF for the DAC-to-amp AC coupling capacitor.
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Figure 53. Gain/Phase vs Frequency Figure 54. Gain/Phase vs Frequency
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Figure 55. Power Efficiency vs Output Power
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Figure 56. Power Efficiency vs Output Power
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Figure 57. Power Efficiency vs Output Power
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Figure 58. Power Efficiency vs Output Power

8.2.2 Mono/PBTL Application

The TAS576xM can be configured in MONO mode enabling up to 100 W peak output power into 2-Q speaker.

This is done by:

Connect INPL and INNL directly to GND (without capacitors) this sets the device in Mono mode during power

up.

Connect OUTNR and OUTPR together for the positive speaker terminal and OUTPL and OUTNL together for

the negative terminal

In mono mode the right DAC channel, DACR, is used as input for the speaker amplifier, INPR. The left channel

DACL can be used for a external AMP if more channels and power is needed.

The combined output can source up to 15A — so be careful to select inductors that can handle that level of
current, if inductors with that high saturation current is not available, the PBTL connection can be made after the
inductors, this setup is shown in the PBTL application section.
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