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AZB Enables I2S/TDM Over Distance

/

2S/TDM /
12c AZB ~

Simple 1°S- and I?C-interface extension
= No intelligence required in slave node

= No processor interaction after set-up
= Zero-MIPS

= No packet collision, no data contention
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Where Did A2B Come From? ANALOC

AHEAD OF WHAT'S POSSIBLE™

Automotive Pressures (hence the name Automotive Audio Bus (A2B))

Explosion in number of microphones and speakers
Increase MPG by reducing weight

Better quality audio for cell phones

Reduce road noise

Manage costs

Reduced complexity — improved reliability u ADI AZB«

Mature Technology

ADI Culture = 31 generation transceivers released to broad market
= Solve tough problems = Over 30 automotive OEM commitments
= Best performance = 15+ M units shipped

QADIAB
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Automotive Audio System [52vices
Traditional Approach

How to connect
all these
Microphones?

® Vehicles Use Analog Connectivity ® Analog Connection
for Microphones High Latency in Digital, CAN-Bus, Enable Wire
DAC and ADC Analog, Shielded Cable

® Newer Applications Like . | R
Acoustic Noise Cancellation ® Too Many Connections!
Require More Microphones

D ADIAB
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Evolution of Microphone Connectivity

MICBIAS

MB_GND

An example of PDM of 100 samples of one |
blue, Os represented by white, overlaid with

DATA >—< DATAZ (L) )—( DATA1

6//

AINITP
AININ
AINZP
AlMNZN
AINIP
AIN3N
AlN4P
AlN4N

©2020 Analog Devices, Inc. All rights reserved.

=
z 3
BB
SRR
" i 't G
T ADAU1977
5V T0 9V
cn?agggen 3.3V TO 1.8V  ovoo
loyr SOMA REGULATOR [—C
=
PROG PGND g
BIAS v -E:
&1
=
1 g :<E 3ez| | B iovoo
o HSIE — LRCLK
-
e e FHIE
< g 22 > BCLK
. - A 323 2 SDATAOUTY
© a
E ADC 3o8 5 SDATAOUTZ
& u-:-
i o
VBA AGND1 AGNDI
T SCLICCLK
AVDDX  ——AVDDZ —) SDAICOUT
BG 12C/SPI ADDRAYICIN
| owcnosmics REF PLL CONTROL ADDRO/ELATCH
v FAULT
AGND2 é’ PDMAST
AGNDx AGND2
—O-0-0-0-0
o -88¢ w2 5y
8 4 O o .II =
o o o -1 | |
& 3

0 00

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

EADI@



A2B = Automotive Audio Bus Qoevices
The NEW Approach

A?B is the way
to go!

v'Cheaper Cables and Less Wires
v'Less Weight — Better Mileage & Less CO, v'All Digital Connections! = More Robust

UTP wire A2B

RN RS o s TR & ~ = PR
i VR - e = - o Ty e s
/ AR PO e S8 : ~- : i

v'Low-Latency N v'Bus-Powered Microphone Nodes

v'Minimum # Connections

D ADIAB
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ANALOG

Beyond Automotive... DEVICES

AHEAD OF WHAT'S POSSIBLE™

A?B Technology Supports Cost-Effective Transport of Audio Data Over Distance

Multichannel Audio (1°S/TDM), Control (1°C), and
Power-Over-Distance on Cost-Effective Cabling e Bidirectional data transfer at

v o 50 Mbps bandwidth
Low and deterministic latency

Light Weight Bus Power Simple SW Easy to
Stack Configure Tools (50 LlS)

System-level diagnostics

Slave nodes can be locally-
powered or bus-powered

Programmable using ADI’s
SigmaStudio® GUI

Uses cost-effective cables

Proven technology being made (unshielded twisted pair)
available to the broad market.

O ADIAB
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AHEAD OF WHAT'S POSSIBLE™

AZB vs Audio Cable/Connector Options

The feature set was optimized for audio transport so it is compared with other audio transport options

Stage,

ProAV

\ cables
i,

\o 7

T

QADIAB
Analog Digital
audio audio
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~ A?B can use a single unshielded
twisted pair and any connector

~ Offers lower cost, size, weight
and other options

/\/\/
Dante over AESG67 over
Ethernet Ethernet

O ADIAB



A2B + Ethernet

Ethen\et/IP
\—////
Speakers
Any uP
ADI jeiipon Ethernet
sensors Audio Network
P and
H Ethernet
Microphones
Audio or Non-Critical Packet/Protocol Any Distance and
Edge Devices Conversion Bandwidth

QADIAB

10// ©2020 Analog Devices, Inc. All rights reserved.



Best of Both

] Ethernet A%B
L . . Microphone, Sensor and
Target Application Backbone, Multimedia Bus Audio Bus
Data Rate (Mbps) 100/1000 50

Fiber, Coax, 4 wire UTP
(Cat5e), STP

Cable Length (meters) 20+
Ring, Star, Pt-to-Pt

Cable Type 2 wire UTP (Cat5e)

40 total (15 between nodes)
Connection Topology Daisy-Chained Line

2 samples for entire bus

Latency On order of ms (50ps)
MCU in Slave Node Required Not Required
Remote Power Yes on PoE variants Yes
Integrated Audio Compression No Yes
GPIO Support No Yes

System Complexity Complex and High Load Simple and No Load

Ethernet

= Distance

Higher data rate

Reuse of existing building wiring

Plug in compatibility to existing equipment

11// ©2020 Analog Devices, Inc. All rights reserved.
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A’B

= Trx cost $2-$5, No Royalties

= Cable cost — UTP with 100 Q impedance

= Bus power — remote microphones, speakers, sensors
= Low deterministic latency (< 50 ps)

= Bidirectional data transfer at 50Mbps

= Advanced system-level diagnostics

= No pP per node to run stack

= Removes endpoint challenges for traditional Ethernet
= Cable/connector cost, Bus power, Low latency

= Audio + non-critical data channels

O ADIAB
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A?B Terminology / System Overview

MASTER NODE
12s/TDM AP AN
A*BHOST —1| posT | 2c ) TRX::E::IER
< > BP BN
DOWNSTREAM A:=1N e UPSTREAM
» 12S/TDM 2 .
rransogver [ A-B System Setup/Discovery Concepts
P _BN ST wosr = Host provides clocking to master
BUS LINK <—/" % = Host programs master registers via 12C
AP AN 5 SLAVE NODE 1 .
SLAVE | [ e = Master discovers slave(s)
TRANSCEIVER 2c ; ;
s BN ™ e, = Clock synchronized to master clock at slaves
= Host programs slaves through master over A?B

A-SIDE AP AN SLAVE NODE N
SLAVE PDM MIC
TRANSCEIVER ARRAY

B-SIDE BP BN

O ADIAB
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Introduction to A?B Concept e

AHEAD OF WHAT'S POSSIBLE™

A?B Bus Topology

12S to I12S over Distance = Point-to-Point
: = Line
Multi-Channel I.ZS (TDM) Daisy-Chained Nodes
Up to 32 Audio Channels upstream and downstream Single Master — Multiple Slaves
Up to 11 Nodes (10 Slaves)

between Each Node
Combinations of microphones and speakers

Audio Data Rates: 48kHz - 44.1kHz
Sampling of: x 1, x 2 (96kHz), x4 (192kHz); +2 (24kHz), +4, +8, .. +32 (1.5kHz)

49.152 Mbit/s. Digital Audio or Other Data

= Tree
Optional Branches

Less than 50 us Latency V'SITDM A2B Max. Data Slots
Mast bet h nod
Node-to-Node and Broadcast oo = e; o S SN ST
AZB unsnieldea twisted-pair wire Data size Each
Clock on Bus EW sl ¥ example Direction Overall
: <—>
Audio Clock Synchronous System Slave 0 16 Bit 32 51
max. 15 meter cable AZB 2c
I>C to I12C over Distance PeriRR "0 - S 24 Bit 32 34
A2B A2B
incl. Mailbox transfers (e.g. CAN protocol messages) 1 Slave 1 < ;I_Master |
| ) el rolp A
GPIO to GPIO over Distance EW y— 2
GPIOs logically combined Slave2 S = H
Interrupt Requests aed rCl > 30V Robust, Line Diagnostics
max. 40 m(_ater cable ﬁ
Power-Supply on Same Bus I
QADIAB
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Master XCVR 12S pin:

\
\
\
\
\ \
\ \
\ \
F Upstream . Downstream SRF Upstream . Downstream SRF Upstream .
A2B Data N-1 A2B Data N A2B Data N A2B Data N+1 A?B Data N+1
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \
\ \
\ \
\ \
\ \
Slave XCVR I2S pin: ; |
Input 12S Upstream Data N 12S Upstream Data N+1 12S Upstre¥1 Data N+2
Output 12S Downstream Data N-2 12S Downstream Data N-1 12S Downstream Data N

A?B Bus Synchronous Data Exchange (Latency)

Output I2S Upstream Data N-2 I2S Upstream Data N-1 I2S Upstream Data N
|npUt I2S Downstream Data N I2S Downstream Data N+1 12S Downstr@m Data N+2
\}
\ \ \
\ \
\ \
\ \
\ \
\
\ Superfralne
\
\
\

Downstream
AZB Data . AZBwData N-1 SR

Latency: ~2 SYNC periods at 48 kHz

(2 x 1/48 kHz < 50 pus)

©2020 Analog Devices, Inc. All rights reserved.
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A’B Software Offerings A

Automotive Audio Serial Bus (A°B)

SigmaStudio - Network configuration tool Unified Diagnostic Services over A2B Library
A2B Software Stack = UDS services as per 1ISO14229-1 over A°B
= With Examples = Application
= Software Update over A%B
No OS Examples Linux Example i . .
= Vehicle Diagnostics over A%B
o BF527 ADSP-21489 ADSP-5C584 ADSP-5C584
A@E{:&?ﬂ“ﬁ%gﬁfﬁyer Application Application Application Application
___________ __4}______4}_______}___ __41___ I‘\él&}ster DS Session Slave
-y A2B Software tack s i B Semert] U8 S
A28 | _AZBTP | | TP Gonnection A2B TP
——————————— 4t —f - = | onen e
patom soseon | P | [T [ e
| | A2B Mailbox Communication Library
A?B DataPipe Library = Lightweight library for command, control over A%B
= Library for carrying asynchronous data packets over Mailbox.
synchronous A2B slots. = Application
= Application ) = Interprocessor communication between host and
= Ethernet/CAN/Async data over A°B slave processors

O ADIAB
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High-Level Values

423

Automotive

16 //

Cable cost and weight

Bus power - remote microphones, speakers, sensors
Low deterministic latency (< 50 ps) ideal for ANC
Bidirectional data transfer at 50Mbps

Simplified software stack

Advanced system-level diagnostics

Compliance to stringent EMC, EMI, and ESD standards
within Automotive grade

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Multichannel Audio (I2S), Control (12C), and Power over
Distance on Cost-Effective Lightweight Cabling

V//,

ProAvV, Transportation, Smart Buildings

Cable cost — UTP with 100 Q impedance

= Any twisted pair

Bus power — remote microphones and sensors
Low deterministic latency (50 ps) ideal for ANC
Bidirectional data transfer at 50Mpbs
Advanced system-level diagnostics

No uP per node to run stack

Removes endpoint challenges for traditional Ethernet
= Cable/connector cost, bus power, low latency

= Combination of A2B+ Ethernet has more value than each on
its own

Audio + non-critical data channels

O ADIAB
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A?B Ecosystem




Portfolio of Options

Master*: Slave: Eg(lj;)\/cg:m I\I;Igzlt;g ELnltrJ]I1 pltﬁ?]t
AD2428 AD2427 AD2426 AD2429 AS[I);\Z(Z.O
Master Capable Yes No No Yes No
Functional TRX Blocks A+B A+B A B A
[°S/TDM Support Yes No No Yes No
PDM Microphone Inputs 4 4 4 4 2
# of Slaves Supported Upto 10 N/A N/A Upto 2 N/A
Max Node-to-Node Cable Length 15m 15m 15m 5m 5m

_ * Also used for slaves requiring an 12S/TDM interface
Design Tools

Evaluation boards (master, slave, local/bus powered) T

Reference designs (App Notes, schematics, PCB layouts) =| = 3 :5
SigmaStudio Development Environment | ( \' - - 1
Algorithms (audio, voice, ANC, etc.) ,j > 1 IIV\-:%:

For more information please visit:

— ;
— < o
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Qs R
NEW DIGITAL BUS

ARCHITECTURE REDUCES

=== AUDIO SYSTEM COSTS

O ADIAB



http://www.analog.com/A2B

Evaluation and Development Boards

AHEAD OF WHAT'S POSSIBLE™

Evaluation Boards
. EVAL-AD2428WB1BZ

. EVAL-AD2428WG1BZ
. ADZS-AUDIOA2BAMP:

Development Boards

: Bus powered slave board (12S/TDM, 2 mics) $295
. EVAL-AD2428WC1BZ .
. EVAL-AD2428WD1BZ

: Local powered slave board (12S/TDM, no mics) $295

Clockworks - Module and development board + Canbecustomzed wih  ers o xpnsin

EVAL-AD2428WB1BZ

Bus powered slave board (no 12S/TDM, 4 mics) $250
Master & local powered slave board (I2S/TDM, 3 mics) $495

Includes class-D amplifiers to drive speakers $95

EVAL-AD2428WG1BZ

* ADSP-SC589 Dual-core SHARC+ and ARM

AUD DULE
n 1 W 1 k 1 P » The SHARC Audio Module platform consists of a main board (an audio-centric “engine), featuring the SHARC
u I O 0 u e - I I a,q e SC589, supported by audio specific software and peripherals that is targeted at software centric customers
o iii; @

Cortex-A5 SOC audio processing chip

Clockworks 8 channel microphone array <IN e S B N S

boards ("Fins") from Analog Devices and 3rd

parties that provide additional functionality Clockworks: A2B 8-Channel Microphone Array Qs

pair of wires

NVIDIA Drive Xavier Pegasus platform

* No need to have detailed AB information Key Benefits

* Drivers are only read/writes to A°B registers via 12C Offthe shelf solution for microphone based systems

development using A’B

19//

Arrow Thor96 Machine Human Interface o

= Train_SHARC Audio Module(SAM).pptx Use to quickly prototype and test microphene

placement for speech recognition systems

Use multiple arrays for more complex system
prototyping needs

DDE‘NV“.% Can be used with Sigma Studio for A’B network System board stack, bottom side up to show AB interface.

10 Arslg Drsces Confismtisl bfomtin e design

Plus other boards in development R

Microphone board design provided and can be
modified for other microphone count and placement
configurations

CANE Anwing Dsaces, 0. A0 rghes et DADIAE

O ADIAB
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https://wiki.analog.com/resources/tools-software/sharc-audio-module
https://clk.works/a2b-products/
https://ez.analog.com/partnerzone/clockworks/b/announcements/posts/8-channel-microphone-array-for-a2b
https://developer.nvidia.com/drive/drive-agx
https://www.arrow.com/en/products/i.imx8-thor96/arrow-development-tools

SHARC Audio Module (SAM) A

AHEAD OF WHAT'S POSSIBLE™

The SHARC Audio Module platform consists of a main board (an audio-centric “engine”), featuring the SHARC
SC589, supported by audio specific software and peripherals that is targeted at software centric customers

20//
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TReBLBERDE R "ﬁ...‘ﬂ’ﬂ.

ADSP-SC589 dual-core SHARC+ and ARM
Cortex-A5 SOC audio processing chip

Can be customized with a series of expansion
boards (“Fins”) from Analog Devices and 3rd

parties that provide additional functionality

A?B Interface allows for expansion through a twisted
pair of wires SAM Baelld

= No need to have detailed A?B information
= Drivers are only read/writes to A%B registers via 12C

Cost: $195.00

A?B Class-D Amplifier Module
(4 Channel x 25 Watts)

O ADIAB
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A’B - Development Tools Strategy e

AHEAD OF WHAT'S POSSIBLE™

Evaluation, Prototyping, System Design System Verification / Production Validation

Rapid Prototyping &
Evaluation Platforms

Available NOW
from ADI

Master/Slave
Capable

Bus or Local
Powered

SigmaStudio GUI

21//

Network Analysis,
System Verification, and
Software Development

Available NOW from
Mentor Graphics with
flows available from
Listen & Total Phase

Network Discovery
and Simulation

Real-Time Bus
Monitoring

Seamless Software
Integration

©2020 Analog Devices, Inc. All rights reserved. EADI AQB



Mentor A%B Tools

A2B Analyzer — Node Simulator

= Emulates either a master or slave node in an A2B network

= Includes powerful host application software
= Easily build & deploy error free networks
= Qut of box support for popular ADI evaluation boards

= Sink and source audio from onboard 3.5 mm analog or
S/PDIF connectors for quick testing and verification

= Real-time on-line audio analysis available with ASIO
= Test automation capability with available SDK & Service API

A’B

A?B Analyzer emulating a
Control Unit
(Master)

22//

i N2

A’B

Mic Mic
(Slave 0) (Slave 1)

©2020 Analog Devices, Inc. All rights reserved.
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43| A2B Analyzer Stereo

Network Builder Node Simulation
uthor

Mentor Automotive A2B Analyzer Application

AHEAD OF WHAT'S POSSIBLE™

A’B

® 3
tout
Output1
stereo 32.bit

|AZB Analyzei|

Speaker
(Slave 2)

Stereo Example #1

+ Add Network

A (A2B Analyze)|AZB Analyzey
Input1 Input2
Stereo 32-bit i
Ou

Stereo 32-bit|Stereo 32-bit|Steren |

IA2B Analyzey A2B Analy

O ADIAB
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Mentor A%B Tools

A?B Bus Monitor PRO — Monitor all A%B traffic R
= Functions as a passive spy node in an A2B network and o
sniffs all A2B data and audio in its path ==
= Capable of logging and capturing multiple days of data on T EEEE||||||||||

the PC for debugging and analysis -
= Interfaces available: USB, Ethernet, microSD, etc. T ——

A’B
| f AB ?
- A’B Bus I\/Ioitor Mic Mic
Control Unit Speaker
(Spy Node) (Slave 0) (Slave 1) (Slave 2)

(Master)

i e | Bus Monitor
M Application

e

B EIEm

O ADIAB
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ANALOG

Mentor Active Noise Cancelation (ANC) Demo

AHEAD OF WHAT'S POSSIBLE™

Demo shows example of ANC for automotive where they have developed options for road noise and
engine noise

Road noise highlights the real time nature of their IP and the A%B bus performance

Underlining IP and expertize is not application or market specific and can be used in a variety of
situations

https://www.mentor.com/embedded-software/resources/overview/anc-in-car-engine-noise-
cancellation-demo-0fcelad3-ddf7-4b58-8692-72fad09542597?sfm=free form

O ADIAB
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https://www.mentor.com/embedded-software/resources/overview/anc-in-car-engine-noise-cancellation-demo-0fce1ad3-ddf7-4b58-8692-72fad0954259?sfm=free_form

Arrow Thor 96 Development Board DEELY

AHEAD OF WHAT'S

Thor96 Board

The Thor8E Board is & single-board computar powered
by the MXP iMX BM Sol, incorporating & quad-cors 64-
bit Arm-AE3, dedicated GPL and VAU, 4K support, Wi-Fi,
Bluetcoth and a wide range of 1'0. BEBoards is a 33-bit
and 64~ hit ARM® Open Flatform hosted by Linaro™ with
the intention 0 serve the sofwarey’ maker and embedded

OEM communities. - -
DoMemmILMCIMIE i Low latency digital audio to multiple microphone

EPU wrth dan, Mmdﬂqﬂﬁd&m&gmﬁntﬂhﬂ_hﬂmh = 1-CELFOORY i 1, B0 s Ind wrivial Temp

e e g e arrays and speakers enabling advanced voice

= His4— 1,050 B0 fpaEnoda

Development board featuring A’B

Lm-Fmrqu-uuhg . . = HOM Dudpad ared O HOM . . . .
A s ey et o i et 1t recognition and active noise cancelation
tha ThorlE canprocam V0l manspariorapesche hot wéeciing rormal of e wirabums comctiviy . .
Superior Grapics and VideoPeormanes o applications
dimia e Theel i mbighe pard EFLlwith ur thader proceaszatial s capable o » Chanl WA Ciaplay sappert
g 257 wdfon o, 1.5 Cpboata/ | wred 30 G FLOPador E3- B caboa bndiona, = Mulb-channal digitel sk arabisd by A/E#

.I-H.-umﬂ,-ﬂ.ﬁ 0, B0, 21 wred Opan CLA. & Tha or boasfiPL can ducade 4K SromArmlag Devicas . .
“"’_":“‘"':“ e i e Part of 96boards ecosystem which includes
baapig i rbvvari farfa caring e, » £0- FinHigh Spaed Commcizr ’ .

Lo ooy malk o Digtai i e ] other Analog Devices technologies
ﬂ-mlppfhk- H:tql-#ﬂ..l:ﬁ-bnl.hil F d araa g apmciicaliorn

P imchralagy by drakgDeicna Rurirg o sl charma dgfal weclsverm i
Cullunll:n-lh'll‘nﬂdnﬂh‘lbuﬁm-ﬂﬂ » bt
Whia Wi Fiard Etharrat ; gl bonrdconprines, e Thorl inben fe » Bnilcing Autcrastion

lhhtrp_'mm-ﬁ-iﬂ ' i EEE B 11w b g nfinc » Drorms
WLAN wrd B } dnik mmbd —'bm-h:h-lﬂ":hq-JM-Hh- = WirdaaaMeriioning

a}-_-mmngqu-i.ud H:quﬂTpuLlhg-ﬁiu-:Lr-g-d » Bl Exacution ard Sabaystara

&, the Thar2l : 40 pin e apmed ot med 0 E04 pin » artarative CabinElctrericn

Hl-qnﬁlph = Wil baching Lewming
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Clockworks: A2B 8-Channel Microphone Array DEVICES

AHEAD OF WHAT'S POSSIBLE™

Key Benefits
Off the shelf solution for microphone based systems
development using A%B

Use to quickly prototype and test microphone
placement for speech recognition systems

Use multiple arrays for more complex system
prototyping needs

Can be used with Sigma Studio for A2B network System board stack, bottom side up to show A2B interface.
design

Uses ADAU7118 PDM to I2S interface IC

Microphone board design provided and can be
modified for other microphone count and placement
configurations

8 microphones on bottom board in above stack

26/ O ADIAB
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Clockworks: A%B to SignalBlox® Adapter DR

AHEAD OF WHAT'S POSSIBLE™

Key Benefits

Adapter board with
A?B module

When combined with SignhalBlox ADC and DAC
modules and carrier board provides an off the
shelf solution for multichannel audio systems
development using A’B

Use to quickly prototype and test complex audio
systems

Can be used with SigmaStudio for A?B network
design

See SignalBlox datasheets for the carrier board
and module descriptions

Add more sections for greater than 8 channels

Optional SignalBlox modules for power and
analog signal processing

System configuration for A2B with ADC and DAC.

27/ O ADIAB
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AHEAD OF WHAT'S POSSIBLE™

DE Design Works

Industrial A°B — SHARC ADSP-SC589
Plug-in or Stand-Alone Operation

= (2) AD2425
= ADAU1462 Sigma DSP
= | T8650 Power

= CAN, RS232, RS485, Analog and Digital
|10, Expansion Header

DE offers custom design and prototypes for “Mini Board”
Industrial, Medical, and Military Customers = AD2425

AN ;
DESIGN WORKS™ '"'""®

28//
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NVIDIA : A2B Automotive SoC Platforms DEVICES

AHEAD OF WHAT'S POSSIBLE™

: : A2B UES ~ UFS [1:0]
AD2428 master NVIDIA Drive Xavier Pegasus platform B |
= SoC: NVIDIA Tegra Xavier (12nm) —— 128mMB 2x qSP!
= Mass production: Now Y A% NOR | 1 DAPIT
- Harness ,0A02428W[: il o
- DAP[3:2] ®
Application:

= ADAS and Autonomous vehicles

29
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https://www.nvidia.com/en-us/self-driving-cars/drive-platform/

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Design Service Options

Alliances Members

= DE Design

= Clockworks Signal Processing
= Mentor

= Phoenix Engineering Corp

= pbdSound

= Cardinal Peak

Many offer customization on existing boards

Other audio partners

30/ O ADIAB
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Complementary
ADI Audio Products
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ADI Premium Audio Processor Portfolio & Roadmap
Scalable Flexibility and Performance

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

ANALOG

Multi-Core

Broad Portfolio of SHARC Floating-Point Audio Processors
Optimized for Scalable Low Latency Audio, Large On-Chip SRAM, C Compiler

40nm Performance System Cost Optimized 28nm Lowest-cost
EAVB/CAN, FFT, DDR, BGA EAVB/CAN, DDR, BGA/LQFP Large SRAM, DDR, BGA/LQFP,

Advanced Filter Accelerator
ADSP-SC58x ADSP-SC57x (equivalent ~2.5GHz SHARC)
Dual-SHARC + ARM Dual-SHARC + ARM

ADSP-2158x ADSP-2157x

Dual-SHARC Dual-SHARC

ADSP-2156x
Single-SHARC

2x 500MHz / 1.5MB 2x 500MHz / 1.8MB Up to 1GHz / 1.6MB

EDSP SigmaDSP: 32-bit Fixed-point

mromaceamo | ENEry-level audio & sample based processing

Sigma300 Sigma350
. ADAU-145x l ADAU-146x
» 300MHz, 1.2GMACs » 2x SRAM & connectivity

Programmable
SHARC MHz
/ DSP SRAM

(Bytes)

32
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Key Features of ADSP-SC5xx/ADSP-215xx Portfolio

33

Feature EEl ADSP-SC58x
ADSP-2158x Multi-Core

Il ADSP-SC57x

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

ADSP-2156x  SHWE

529-ball BGA (0.8p)

176-lead LQFP

ADSP-2157x
$  SHARC+ Total (MHz, peak) 2x 500 MHz 2x 500 MHz 1 GHz
8 ARM Cortex-A5 (MHz, peak) 500MHz (SC58x) 500MHz (SC57x) -
L1 SHARC+ SRAM (w/parity) 2x 640 KByte 2x 384 KByte 640 KByte
E L2 Shared System SRAM (w/ECC) 256 KByte 1 MByte 256K >1 MByte
%EJ DDR Interface (including DDR3L) Single or Dual 16-bit 16-bit (BGA only) 16-bit (BGA only)
ARM cache with parity No Yes -
»  Filter (FIR/IIR) Engines 1 (CCLK/4) 1 (CCLK/4) 1 (CCLK)
‘g FFT/IFFT HW accelerator Yes (CCLK/4) No No
% Security Engines Yes (CCLK/4) Yes (CCLK/4) Yes (CCLK/2)
< SINC filter / HAE Yes No No
Serial ports (Full-duplex 12S/TDM) 8 4 8
._g S/PDIF interface 2 1 2
2 MLB Interface 3/6 pin 3/6 pin 3 pin
Asynchronous SRCs 8x Stereo 4x Stereo 8x Stereo
E‘; Ethernet MACs (EAVB) 2 1 No
% § CAN20 2 2 No
% é‘i USB interfaces 2 1 No
O — PCle Yes No No
Packages 349-ball BGA (0.8p) 400-ball BGA (0.8p) 400-ball BGA (0.8p)

120-lead LQFP

©2020 Analog Devices, Inc. All rights reserved.
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ADI SigmaDSP Comparison Table EE -

ANALOG
DEVICES
ADAU1462 ADAU1463
ADAU1466 ADAU1467
Core Frequency 294
(MHz2) 75 50 25 50 50 172 ADAUL450: 147 294 294
Program RAM
(kWord) 15 1 0.5 1 0.5 3.5 8 24 24
Instructions per 6144 6144 6144
sample @ 48 kHz 1536 1024 512 1024 1024 3584 (SIMD) (SIMD) (SIMD)
Parameter RAM 1 1 1 1 05 4 :DD :GJ 11215519: 186 ADAU1462: 48 ADAU1463: 48
(kwWord) ADAU1452: 40 ADAU1466: 80 ADAU1467: 80
Data RAM 6 5 05 4 05 8 Shared with Shared with Shared with
(kWord) ' ' Parameter RAM Parameter RAM Parameter RAM
ADC /DAC 0/0 214 214 212 212 0/0 0/0 0/0 0/0
Channels
Digital I1/0 8/8 8/8
Channels 16/16 8/8 8/8 2 X Digital Mics 2 ¥ PDM Mics 24124 48 /48 48 /48 48 /48
Aux ADC 4 ch, 8-bit 4 ch, 8-bit 4 ch, 10-bit 6 ch, 10-bit 6 ch, 10-bit 8 ch, 10-bit
GPIOs 12 12 4 5 12 14 14 26
Selfboot 12C 12C 12C 12C / SPI 12C / SPI 12C / SPI
Master Port 12C / SPI 12C / SPI 12C / SPI
ASRCs i ADAU1450: No
(Channels / No No No No No ﬁgﬁgiﬁé; ig ;g ADAU1451: 16 / 8 16/8 16/8
Sample Rates) ’ ADAU1452: 16/ 8
S/PDIF 1450: No In/Out In/Out
1451/52 :1/0 96 kHz (192 kHz) (192 kHz)
Pacakae 48-Lead LQFP 48-Lead LQFP 48-Lead LQFP 32-Lead LFCSP 32-Lead LFCSP | 100-lead TQFP & | 72-Lead LFCSP 72-Lead LFCSP 88-Lead LFCSP
9 7X7mm 7X7mm 5x5mm 5x5mm LQFP 14 x 14mm 10 x 10 mm 10 x 10 mm 12 x 12 mm

7 X7 mm

34//
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http://www.analog.com/media/en/technical-documentation/data-sheets/ADAU1701.pdf
http://www.analog.com/media/en/technical-documentation/data-sheets/ADAU1401A.pdf
http://www.analog.com/media/en/technical-documentation/data-sheets/ADAU1702.pdf
http://www.analog.com/media/en/technical-documentation/data-sheets/ADAU1761.pdf
http://www.analog.com/media/en/technical-documentation/data-sheets/ADAU1781.pdf
http://www.analog.com/media/en/technical-documentation/data-sheets/ADAU1452_1451_1450.pdf

- ANALOG
ow-Power Codec Portrolio DEVICES
AHEAD OF WHAT'S POSSIBLE™
ADAU1361 ADAU1761 ADAU1372 ADAU1772 ADAU1777 ADAU1787 ADAU1788
Analog Input Stereo mic Stereo mic Quad mic or line Quad mic or line Quad mic or line Quad mic or Stereo mic or
Stereo input Stereo input input input input line input line input
Digital Mic Input 2 2 4 4 4 8 4
ADC/DAC 2/2 2/2 4/2 4/2 4/2 4/2 2/1
Sampling Rate 8kHz - 96kHz 8kHz - 96kHz 8kHz - 192kHz 8kHz - 192kHz 8kHz - 768kHz 8kHz - 768kHz | 8kHz - 768kHz
Integrated Yes Yes Yes Yes Yes Yes Yes
Headphone Class AB Class AB Class AB Class AB Class AB
Driver
PLL Yes Yes Yes Yes Yes Yes Yes
8MHz-27MHz 8MHz-27MHz 8kHz-27MHz 8kHz-27MHz 8kHz-27MHz 30kHz-27MHz 30kHz-27MHz
Audio None SigmaDSP None Programmable Programmable SigmaDSP SigmaDSP
Processing biquad filter DSP, biquad filter DSP, FastDSP FastDSP
2 coeff banks i% ;:oeff t})o\aNnés, low (64 Low- (64 Low-
atency Latency Latency
Biquads, 3 Biquads, 3
Banks) Banks)
Package Type 32-LFCSP 32-LFCSP 40-LFCSP 40-LFCSP 36-WLCSP 42-WLCSP 42-WLCSP

Featured on the ADZS-AD2428WD1BZ and ADZS-AD2428WG1BZ A%B Evaluation Boards D ADI A8
35/




ADI Class-D Amplifier Portfolio

Low Power (1W - 3W)

= SSM2375/2377 : Analog Input, Mono
= SSM2519/2537 : Digital Input, Mono
= SSM2518 : Digital Input, Stereo

= SSM4567 : Digital Input, Mono,
Boosted 5V, Current and Voltage
Sensing

= SSM4329 : Digital or Analog Input,
Mono, Boosted 5V, Current and
Voltage Sensing, SigmaDSP

36

Medium Power (5W — 50W)
= SSM3302 : Analog Input, Stereo
= SSM3515 : Digital Input, Mono

= SSM3525 : Digital Input, Mono,
Current and Voltage Sensing

=|SSM3582 : Digital Input, Stereo

 Feaured on ADZS AUDIOAZBAVP |

O ADIAB



ADI PDM=->PCM Converter: ADAU7118 Overview  Qoevices

8 channels decimated PDM bitstreams to PCM audio

data

Slave 12S or TDM Output Interface
Configurable TDM slot routing and sizes
24-bit resolution

123dB AW Signal to Noise

4 kHz to 192 kHz output sample rate

Selectable I12C control or Stand-Alone operation
- Featured on Clockworks’ 8-Mic Array Board

37

1.10V TO 1.98V

1.70V TO 3.63V

v

AHEAD OF WHAT'S POSSIBLE™

BCLK
FSYNC
SDATA

DVDD GND IOVDD
U/ d ~
PDM_CLKO0 ()=—
- [
PDM_CLK1 (Q-=— ’
PDM DIGITAL 12S/TDM
INPUT || DECIMATION | ouTPUT
PDM_DATO O—{ ooy FILTERING PORT
. =l
PDM_DAT1 (O > —
PDM_DAT2 (O)— - >
o —
PDM_DAT3 (O—>|
SDA (> 12c
o CONTROL ADAU7118

7y

\
ADDR/CONFIG

I
A
EN

O ADIAB



Application
Examples




Target Markets and Applications

39//

AHEAD OF WHAT'S POSSIBLE™

A?2B Solves Automotive and Other Audio Market Challenges

Automotive and Transportation

= Audio ECU

- Active noise cancellation

- Road noise cancellation

- Personal audio zones/active speakers
- eCall and telematics systems

- Autonomous driving systems

- Smart radio connectivity

Building Technology Consumer
(Smart Buildings)
= ProAV
- Microphone arrays for hands-free/speech - Vital signs monitoring (wearables)
recognition - Home theater

- AV conference rooms
- Residential intercom systems

O ADIAB
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Examples of Applications Enabled by A’B

Transportation

Buses, Airplanes, Ships/Yachts

Public Spaces

Masking Noise for Call Centers,
Office Buildings, Libraries

Automotive

Original + Aftermarket

G =

Music Industry

Studios, Small Stage, Disc Jockey,
Guitar Pickup, Microphone Arrays

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Audio + Non-Critical Data

Smart Buildings, Hospital Beds, Live Voting
Conference Systems, Machine Health

Distributed Audio

Conference Rooms, Halls, Auditoriums,
Churches, Department Stores, Homes

A?B Technology Provides Power, Low-Latency, Distance, Wiring Flexibility

40 //

©2020 Analog Devices, Inc. All rights reserved.

DADI@



A Closer Look at an A°B Application

AHEAD OF WHAT'S POSSIBLE™

Reported DWIN

v Won against Dante

A?B Communication Network for:
v Microphones and Speakers

Head
v Sensor and Actuators ’ unit } ceiling- molinig

v |?C peripherals

Example: Conference Room and
Lecture Hall

The entire listening area must have equal
coverage

v Acoustic echo cancellation

v Ambient noise cancellation
v Sound reinforcement system
v Intelligent equalizer

v Volume Leveler and Modeler

D ADIAB
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ANALOG

Microphone Arrays, Speakers, Sensors

AHEAD OF WHAT'S POSSIBLE™

- Building blocks that can be used in multiple applications
- Can be used to create adaptive noise cancelation (ANC) solutions

- Example solutions
= Molex road noise cancelation sensors

QADIAB
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https://www.molex.com/molex/products/family?channel=products&key=road_noise_cancellation_sensors&pageTitle=Introduction

Additional Applications

Agricultural - Construction Equipment

+ Audio diffusion and noise cancellation
+ Commuincation without requireing operatator to take hands off controls

Reported DIN

v Active noise cancelation
in construction machine

DADIAB

Hospital

» Hospital bed application
» Pressure (is the person on the bed?)

= Temperature,

* Position (is the bed level or at an angle)
* Low precision motor control for the hed
* Audlo Interface to nursing station (intercom)

Machine health (CbM)

u ANALOG

+ Machine monitoring applications
= Listening for changes in noise as an indication of
wear or failure

= Other sensor inputs like temperature, vibration,
humidity, etc. (non- critical data)

Reported Opp

~ Machine Health Monitoring,
with mics and sensors
connected with A2B

DADIAB
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ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

> [T

Pro Audio - Application Examples

Here are a number of Pro Audio applications/use cases that can be enable by A2B,

Linking of multiple guitar amplifiers
+  Allows multiple extension amps/cabinets to be synchronized for time-based
effects and precise phasing control.

Mixer expansion bus
¢+ An expandable mer platform where AZB 15 the mterconnect to additional
units. (this is already bemng pursued by some of our customers. )

Acoustic Instrument embedded processor connection

*  Anacoustic guitar pre-amp to allow a sigmaDSP to be installed insidea guitar
with ne additional holes or power required at the guitar. This can support MEMs
mies +ADC + processing with a simple cable to provide power and link to the
external amplifier.

CADIAB

B
H
i
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Professional Audio Distribution Doeves

+ Using A2B in combination with Ethernet ( Dante)
= AZ2B for the local distribution where wiring/ power
can be challenging

« Use Ethernet to cover the larger distances in
building

DADIAB

SAM Board — can do both A2B and run Dante
CDADIAB
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Creating A Better
Audio Design
Experience
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Audio Landscape AR

AHEAD OF WHAT'S POSSIBLE™

Traditional automotive customers view A2B as the best solution

= Starting to see adoption in electric cars and autonomous systems for non audio
applications as well

In all other applications, A?B is new disruptive technology
= AZB offers better value than all other audio transport options in small encloses
= Value at edge in combination with long distance options (Ethernet)

Leadership in deterministic low latency provides
= High fidelity audio
= Best Adaptive Noise Cancelation (ANC) solution
= Microphone arrays for directional information

Reduced system complexity
= Single UTP
= Bus power
= Connector flexibility

JUSTFOR YOU

O ADIAB
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. . 2 2
Multichannel Audio (IS), Control (I1°C), and Power over ANALOG

Advantag eS Of AZ B Distance on Cost-Effective Lightweight Cabling DEVICES

\-—// e AHEAD OF WHAT'S POSSIBLE™

Low deterministic latency provides multiple channels of high fidelity audio and ability to do adaptive
noise cancelation with lowest system cost/complexity
Q ADIAB

A?B Partner Ecosystem ] QoS

System advantages to reduce cost/complexity

= Single Trx device for $2-$5 without royalties, free Linux driver for host

= No uP needed on slave nodes

= Bus power removes need for power delivery infrastructure — devices

= Lower cost cable vs other protocols — Single CAT5e UTP

= Connector flexibility for cost and space

= Any uP with I12C can act as host and mange conversion to other protocols

Proven technology with existing ecosystem of partner analyzers, monitors, testers, development
platforms, and design services

O ADIAB
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AHEAD OF WHAT'S POSSIBLE™

A’B Partner Ecosystem — — BEiRS

A?B Protocol Analyzers
= Mentor A”B Bus Monitor

The World’s First Automotive Audio

= Total Phase

Specifically designed for...

A?B Testing Solutions Tt ks e 4 rom
= Audio Precision + Mentor

= NOFFZ Technologies
= Alldaq

= HEAD Acoustics

Design Services

= DE Design

= Clockworks Signal Processing
= Mentor — several options

= Phoenix Engineering Corp

= bdSound

= Cardinal Peak

ANC, Audio Algorithms —
= Mentor R ) —
= bdSound

Development Boards '
* Arrow — Thor96 Human Machine Interface o o d ‘ SR 000

= Clockworks
=  Module and EVM kit
= 8 Microphone array module
= DE Design
= Nvidia Drive Xavier: AD2428 on board

Mentor Automative

A’B Analyzer

O ADIAB
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https://www.arrow.com/en/products/i.imx8-thor96/arrow-development-tools
https://clk.works/a2b-products/
https://www.nvidia.com/en-us/self-driving-cars/drive-platform/hardware/

A?B Technology Demonstration BROES

AHEAD OF WHAT'S POSSIBLE™

Qe =

A?B Demo Kit #1

D ADI 4B

A’B Demg Kit - Japan

NA Suitcase EMEA Suitcase Japan Suitcase

Bluetooth Passive I
Black MP3 Speaker Blue MP3 Speakers

STEP-BY-STEP INSTRUCTIONS.

L Bei

Stereo cables Stereo cables Speaker wire

To help customers explore the A?B
- T Teen | technology using a combination of ADI
evaluation boards

Contact ADI to obtain

48 // ©2020 Analog Devices, Inc. All rights reserved.



Summary DEVICES

49

AHEAD OF WHAT'S POSSIBLE™

A?B is a disruptive technology for audio design

Proven technology being opened up to the board market

Analog Devices audio expertise + a portfolio of options and partners = a design environment that
enables a new audio system design experience

O ADIAB
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