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Next-generation vehicles for the road ahead
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((DADAS & Autonomous Driving
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Cars
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Premium Audio

OEMs are increasingly aiming to address:

Passenger safety features that meet
evolving regulatory requirements

Immersive in-cabin entertainment
systems with premium audio
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OEMs can reimagine the in-cabin experience with TI’s new
chips

AM275x-Q1 MCUs and AM62D-Q1 processors

Deliver premium audio using highly-integrated SoCs with a
next-generation C7x DSP core, enabling greater than four
times the processing performance of competing devices.

TAS6754-Q1 Class-D audio amplifier

Deliver class-leading audio performance and power consumption
with half the number of inductors compared to existing Class-D
amplifiers with TI's 1L modulation technology.
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TI &30 SoC EFNSEEMARRFEIT

TI’'s Audio SoCs revolutionizing Automotive Audio design

Immersive 3D sound } —
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Quieter Cabins [ Y :
Road Noise Cancellatlon 4
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Boost listening experience - } Wodula
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Affordable system: Single-chip solution for all your need

4x Arm® Cortex A53 4X Arm® Cortex R5F

& T DDR based DDR less

32 plus speakers tuning
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Unified Software
Personalized Sound

Engine Sound Synthesis, Chime BUESERE: FRENTE. EENE=FESER

Faster TTM: Production ready software, rich third-party eco-system

Secured high quality Audio
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Future-proof : Scalable memory and performance with one platform
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Why Tl SoCs for automotive premium audio processing

Industry leading audio Advanced memory Comprehensive SoC
processing solution integration
Vector « C7x achieves 4-8x more Séng:: - : « HW enabled PTP and
based processing compared to Y + Up to 4.5MB AUdlo_ AVTP/AVB stack with
DI =N scalar-based architecture aC?r?eSrSn L2 Networking s

* C7x with MMA forms NPU,

N « Up to 10MB+ on-chi « HSM fulfilling SHE/EVITA
and process both traditional DDR-_|ESS E, AM. with dpbl . highest level requirements,
and Al based audio design gspl |t expandaple SEVIOYAN e storage, crypto
algorithms. PP P HWA and more

: * Industry-standard Cortex®- )
Optional A53 and Cortex®-R5F cores + LPDDR4-32b, and * ASIL-B complaint target.
110 0t | for readily deployable OSPI option Process AUTOSAR/safety

software OS or AVAS
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AM275x-Q1 and AM62D-Q1: Achieve industry-leading
processing performance for automotive audio systems

The AM275x-Q1 MCU and AM62D-Q1 processor
both integrate TI's next-generation C7x DSP core
for audio applications.

» Achieves four to eight times more
processing performance than competing
devices

* Runat 1GHz, providing 40 GFLOPS per core

* Each core is capable of managing multiple audio
features simultaneously

 Features of the C7x DSP include:

»  256-bit vector architecture
* Single-cycle accessible L2 memory

* Integrated NPU to enable Al algorithms
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Enable immersive automotive audio with highly-integrated,
scalable devices

C7x DSP cores

NPU accelerator

LPDDR4 (optional)

/

Arm® Cortex A53
and/or R5F cores

HW Async SRC
(optional)

On-chip RAM Audio Networking

Hardware Security
Module

TEXAS
INSTRUMENTS

The AM275x-Q1 MCUs and AM62D-Q1
processors integrate:

* Up to two vector-based C7x DSP cores

*  Multiple Arm® cores

*  On-chip memory with external memory options
* Audio networking with Ethernet AVB

* Neural processing unit for Al enablement

* Hardware security module

*  Functional safety-capable

Helps OEMSs deliver premium features including:

+ Spatial and localized audio

+ Latency-reduced active noise cancellation

* Real-time audio tuning

*+ AVAS, ESS and other passenger safety sounds
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Two different architectures for a range of use cases

AM275x-Q1 MCU AM62D-Q1 processor
Single-chip DSP solution for premium audio Single-chip DSP solution for premium
with DDR-less microcontroller audio with DDR-based processor

DSP cores Arm® Cortex R5 DSP core Arm® Cortex A53

NPU accelerator NPU accelerator Arm® Cortex R5
Gb Ethernet w/

AVB Gb Ethernet w/

1.25MB AVB

10.75MB of on-chip LPDDR4

on-chip RAM Hardware Security RAM  INterface  Hardware Security
Module Module

I3 TEXAS 13 TEXAS
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Two architectures, Single software investment
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AM275 Audio SDK Software stack | FreeRTOS based

Application

Programming
interface

Library/
Algorithm

Drivers &
IPC

0s

Customapp Demo App

Customapp Demo App

Custom Demo Tuning

HSM vendor

Audio Weaver Audio Weaver AUTOSAR MCU+ SDK driver API
SDL
AWE ; SDL eAVB? ASRC ] Bootloader
Vel Dolby DCX AWE VectorLib DM Firmware ooy
MCcASP, I2C, SPI, GPIO, AL 8. G, LT e — MCAL IPC, 12C, SPI,
UART, eCAP, PWM, SD, C , ' g ’ : GPIO, UART,
Long FIR, Audio Analytics eCAP, PWM, OSPI RTE) PWM, CAN-FD 12C, GPIO, UART HSM SHE Stack
! CDD IPC
FreeRTOS or Foundational
FreeRTOS FreeRTOS FreeRTOS or AutoSAR AUtOSAR FreeRTOS securit
orie orte - 5
0 DSP DSP - 0 - 0 /
ASR eun
a 0} a o) da
Main domain ‘ ‘ Wakeup domain ‘ ‘ Security subsystem

Third Party(3P) component

- 3P component optimized on C7x DSP by Tl 9

[1] Eval version packaged w/ SDK
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Audio over Ethernet

A?B Audio Architecture

Audio Tuner &
Amnlifier (DSP)

Central Compute

Ethernet UTP/STP hamess _—

e '
Audio bus Need dedicated harness & A?B ICs re-use zonal ethernet backbone Cost savings from A2B ICs & dedicated harness ( >$4)
Network Architecture Dedicated network & Need conversion Seamless routing on high-speed Homogenous Ethernet based networking solution
to 12S at IVI/CC) Ethernet Zonal backbone
Open standards based Proprietary IEEE, Interoperable solution De-risk supply/cost constraint
Audio Clock synchronization Proprietary & not synced w/ rest of n/w IEEE 802.1AS based Synchronized to rest of the Car network for seamless
transport
Network Security Unsecured Secure network using MACsec Cybersecurity compliance
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Audio over Ethernet

Talker

CRF Tx

AVTP CRF source

D

Network

Audio Stream

A

CRF stream

Audio Stream

CRF stream
—_—

Listener

Listener

CRF Rx

Audio Stream

CRF stream

AVTP End point

AVB
Switch

Talker

Media Tx
Listener

CRF Rx

AVB End point

B

CRF stream

Audio Stream

Talker
Media Tx

Listener

CRF Rx

AVTP End point

C

Listener

CRF stream

;

Media Rx

Listener

CRF Rx

AVTP End point

* CRF Talker, samples the clock (reference clock) and
generates a stream of timestamps to transmit over the
network.

* CRF Listener receives the generated timestamps and
recovers the media/codec clocks from these
timestamps.

* Audio talker (Source) is an AVB end station that is
the source or producer of a stream.

* Audio listener (listener) is an AVB end station that is
the destination or consumer of a stream

* Bridge is a network device that is utilized for AVB
streams switching.
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Audio Weaver benefits

Hardware agnostic, low-code tooling audio framework

LimiterCore1 B NN
BENEFITS e g e L
| T al e
All key automotive use cases enabled E :i§] :§§.I i
S ot joedrderFilerSmogthed) Deint2 Balancel Interleave3 | SpeedEQ
Entertainment, telephony, voice assistant, AVAS, Chimes, and RNC =4 = Pz ¥uRaEEninEE A Sh s ay Sana R ASEha N,
; ; ; b [Iech ) B i —————]
Full driver support including low latency paths 20 =@ = e | |
60 - 60 - DCSource] =
ighly effic GEEL o)
Highly efficient code for ARM and DSP cores Y St R DES
Multicore Enablement @ F = | Cticke |
- Zi ﬂi - SOFCascadel
Easily access multi heterogenous cores from a single cockpit o a RS U R U I I
_ _ _ . A = i ¥F R P E
Customizable block diagrams showing full system functionality . 7 “\\ i ‘ Erovaml | 0
o ) o L/ A AN - AN =
Unlimited design flexibility }° \\j\l 7 _ B - T
. \j 1‘12 Z
Easy access to 3" party IP ‘ O
Precisely profile target CPU resources (MHz and memory) = = °
- filterType[1] filterType[2]
Run on Windows PC for early development Chve 1ER e

Optional tuning tools

FULL FEATURED
Hierarchy, IP protection, subsystem inspectors, multi-rate, multi-threading, multi-core, automation API, regression testing, custom
module API, control signals, batch processing, latency tracker, debug modules, and more...




Audio Weaver: The Framework

Invent, design, tune, debug, profile: all in Real-Time

From a Black Box to the ToolBox
Full Transparency for the Audio Designs

A AWE Designer - DislogEnhancement Example.awd - 2

AWE Designer _ _ _ CEHE200%®asaal

Windows-based graphical design environment  — e E el 2y
Standard Edition: Design GUI [i] pokn s e
Pro Edition: Works with MathWorks® MATLAB® platform ‘“*k

) sk ospley
AWE Core x
The embedded processing engine | sneomsy sz
Optimized target-specific libraries E N
Available for multiple processors (& oo e
Supports multicore and multi-instance implementation Cheths B e el
H Oupdate 10 [
=1 [Ashow Grid 0 o
Audio IP Modules b o I l
Building blocks from low-level primitives to o =1
complete designs

o o0z o4 06 08 1 12

FautoRange
0 Time (meac) 13125 <

From DSP Concepts and our third-party partners




Audio Weaver: How It Works

Without generating code, AWE Designer sends an audio processing recipe to the AWE Core that tells the
embedded target which modules to use, how to connect the modules, and which parameter settings to use.

AWE Designer AWE Server AWE Core

Bl AW Server - Native - 6.C - X
File Target Flash Audio Help

> « =5
Tunin Heap
cPU-% TCP/IP / g Manage
API r

Fast Heap (1 of 10485760 woeds)

|
|
Fast Heap B (1 of 10485760 words) Y —— Audio
| 4 API
|

Slow Haap (1 of 4036000 words)

Audio

Pipeline
Manager

D Run-time
= Contr Execution Engine

Oupud Messages Enors -
AWECore Version: 8.C 50 ~ » C ,

AP|

clo
Profile clock rate: 10 MHz.
Sy
asic bk size: 16 samples
Commanication bufer sze: 4106 words d Pa Advanced
I e No odule Module Pack
: suppottad
Saw ol 4 = Standard Module
Heap padding a
Core ID; 0[0:0] Pack
Stalic core: ne.

Thieads: 15
Pins:

Voice Module
Pack
A

Inut: 8 channels ¥act
Oupun 2 channels fact

Processing chains built in the AWE AWE Designer outputs an .AWS Script AWE Core is the audio engine and

Designer windows-based graphical file to the AWE Server that includes text- processing library that is embedded into a
design environment using the 550+ Audio based commands to run the .AWD layout. product. AWE Core runs the libraries and
Weaver modules are stored as an .AWD AWE Server sends the .AWB binary to modules selected in the AWE Designer

layout file the embedded AWE Core. layout.




Tl analog and embedded processing for a premium
automot | ve au d | O SyStem With the AM275x-Q1 and AM62D-Q1 EVMs, engineers can

develop their system with the processors and complementary
analog and power components:

PMIC
TPS6522x-Q1

i Ethernet PHY [ System power
Hll DPB3TG721S-Q1 [

L
Class-D :

tH TAS6754-Q1

Digital
cockpit
)

Digital audio interface
Ti Audio DSP

g 0

o AM62D-Q1

or

) )

Audio ADC

PCM6240-Q1 AM275x-Q1

= | Anogmcimpus || a .'?'i’!‘f??i.‘.’t‘.s..'?f‘.’?f??.‘ff.‘?f.‘.".‘i‘!..........é —
/
New TAS6754-Q1 audio amplifier ¥

* Industry’s first to achieve Class-D performance with half the number of inductors
per channel using TI's innovative 1L modulation technology.
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Single-chip premium audio processing demo on AM62D

Showcases premium automotive audio using the highly-integrated, high-performance
AM62D-Q1: DDR-based processor featuring Tl's C7x vector DSP core with on-chip NPU.

Demo processing utilization

U 65% C7x DSP utilization with
following audio processing —

AM62D-Q1

C7x DSP core 4x Arm® Cortex A53

32-ch Audio tuning, RNC, AVAS, Chime and AVB

RNC stub on 16 samples

32-ch audio tuning

AVAS, chimes

Send/receive AVB packets from

R5F

U 20% 1x A53 utilization: Processing
entertainment and infotainment source
selection

U Cortex-R5F: AVB and Ethernet tuning

NPU accelerator

I3 TEXAS

2x Arm® Cortex R5F

2x Gb Ethernet w/
AVB

INSTRUMENTS

Audio Weaver Layout
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Premium Audio Processing on AM275

Showcases premium automotive audio using the highly-integrated, high-performance
AM275-Q1: DDR-less MCU featuring TI's C7x vector DSP core with on-chip NPU,
accompanied by TI's newest Class-D audio amplifier, TAS6754-QL1.

Demo processing utilization AM275-Q1 7.1.4 Dolby DCX decoding and rendering

U 8% C7x DSP utilization :
showcasing 7.1.4 Dolby DCX

R 4x Arm® Cortex R5F

decoding and rendering

NPU accelerator Dolby Car Experience Implementation

U Class-D audio amplifier’s 1L
modulation technology:
cuts total number of inductors

1§ TEXAS
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needed on board by 50%

|
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|
|
|
|
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|
|
|
|
|
| Dolby Digital Object audio Automotive
- | Bitstream Plus decoder renderer renderer
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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Complete the design with more Tl components

Tl chip sets Optimized system cost & size (Class D AMP TAS6754-
Q1 & DAC / ADC TAS5312-Q1 PCM6240-Q1)

TAS6754-Q1 - Industry’s first to achieve Class-D performance
with half the number of inductors per channel

PMIC

TPS6522x-Q1

Ethernet PHY System power

DP83TG721S-Q1

Audio Networking (DP83TG721-Q1ETH

Digital audio interface

Tl Audio DSP

AM62D-Q1
or

Audio ADC

TAS6754-Q1

PCM6240-Q1 AM275x-Q1

Audio amplifier

Analog/MIC inputs Applications processor or MCU

Significant BOM cost and size savings

Proven, scalable solution with full design support

Achieve ASIL-D Functional safety at system level
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Start reimagining in-cabin experiences today

AM2754-Q1
* Preproduction quantities: ti.com/AM2754-Q1
+ Evaluation module: AUDIO-AM275-EVM

AM62D-Q1
* Preproduction quantities: ti.com/AM62D-Q1
» Evaluation module: AUDIO-AM62D-EVM

_‘@'_ Company blog, “Reimagining the in-vehicle experience
24 with innovative audio processing technology.”

SO Technical article, “Designing high-performance premium
j@“ automotive audio systems with highly integrated

processors.”

TAS6754-Q1
* Preproduction quantities: ti.com/TAS6754-Q1
« Evaluation module: TAS67540Q1EVM

Technical article, “Shrinking automotive audio system
designs with Class-D amplifier 1L modulation.”
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https://www.ti.com/product/AM2754-Q1
https://www.ti.com/tool/AUDIO-AM275-EVM
https://www.ti.com/product/AM62D-Q1
https://www.ti.com/tool/AUDIO-AM62D-EVM
https://www.ti.com/product/TAS6754-Q1
https://www.ti.com/tool/TAS6754Q1EVM

Questions?
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