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Industry 4.0 and China 2025
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AMIC1x SoC for Industry 4.0

Multiple
protocols

Communicate with more than 10 protocols without redesigning your product
and provide more solutions to your factory automation applications

Build on your
foundation

)

Extend your existing solution by adding AMIC110 SoC for industrial
Ethernet while reusing your hardware and software platform

Versatility

Easy migration from existing EtherCAT® ASICs to achieve more
performance, scalability and software compatibility

Cost optimized

Supports low-cost system implementation and re-use of existing platforms,
while allowing support for additional protocols
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The right SoC for your industrial automation application

Connected drives Factory automation Grid infrastructure

Allows legacy drives to connect to industrial Extends industrial Ethernet across the factory Supports Ethernet redundancy protocols such
Ethernet by supporting protocols such as floor from PLCs, CNCs, motor drives, sensors as HSR and PRP which are commonly used
EtherCAT, Profinet... and other 10 devices in protection relays and grid automation

Programmable solution allows re-use across multiple applications using Processor SDK software
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HIGH RELIABILITY CONNECTIVITY INTELLIGENT LOW POWER SENSING
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Factory automation systems with AMIC110 SoCs
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Sitara™ servo drive solutions

Safety

Industry 4.0
services

Control

Communications

Integrated functional
safety features

Time-Sensitive
Networking (TSN)

Integrated security
features

Predictive
maintenance

High speed PCle
interface

Integrated motor
control

Multi-protocol industrial

Ethernet

AMIC110
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Implementing Industrial Communications is a complex problem

* Real-time, low-latency and reliability
* Several standards are developed to meet these requirements
++120 Serial based standards.
*+25 Ethernet based standards.
* Enhanced MAC (medium-access layer) functionality for different standards requiring specialized hardware

Ethernet-based

Serial-based popular Implementation of several of popular standards
standards these protocols TODAY require

CAN ASICs or FPGAs Ethernet/IP

- CAN-Open Profinet

EtherCAT

@
TI’'s Arm processors have a Powerlink e
flexible, cost-efficient solution that <\
Modbus e ! Sercos Il -
Profibus eliminates this need CC-Link IE

CC-Link Mechatrolink

Modbus TCP

- DeviceNet

Similar requirements for Smart Grid Infrastructure
. Substation Monitoring — protocols such as IEC61850 and DNP3
. Solar Inverters — Ethernet based Industrial communications
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Solving complex industrial communications

Host
Interface One or more Arm UART/MII

MCU or MPU B  ASIC/FPGA for: B — ‘ i
(Protocol Stack) S - Ind Comm = m. :

(MAC layer) (Stack, control and Timer

application)

- Feedback Interface

PRU
Shared
Memory

PRU-ICSS

TI,S Arm® + PRU SOIUtion v'PRU-ICSS (PRU based Industrial

Communications Subsystem)

* For low-end Sensors and 10 devices, AMIC110 can be used standalone
» Supports multiple protocols using the same hardware

« Easily adapt to changing standards

» Scalable solution for HMI, PLC and I/O devices
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AMIC110

Benefits

* PRU-ICSS provides a programmable solution to
multiprotocol fieldbus support

* Protocols supported include: EtherCAT,
PROFINET, EtherNET/IP, MECHATROLINK I,
HSR, PRP, and more

Industrial Ethernet & Fieldbus Commes for:
* Factory Automation & Controls

* Motor Drives

e  Grid Infrastructure

Software and development tools
* Free TI-RTOS directly from Tl
* Other RTOS from partners

Power Estimates
» Total Power: <500mWwW

Schedule and packaging

Status: In Production, Docs: Now
AMIC110 ICE Board: Now

EtherCAT slave Tl Design: Now
Packaging: 15x15, 0.8mm
Extended Temp only (-40C to 105C junction)

(

Arm®
Cortex ® A8
300 MHz

Industrial

Communication
32K/32K L1

Subsystem
EtherCAT®, PROFINET®,
EtherNET/IP™, HSR/PRP,

and more

256K L2 w/ECC

64K RAM
64KB L3 Shared RAM

LPDDR1/ DDR2/ DDR3/ DDR3L

System Services
| EDMA_ woT
=
NAND/NOR

Connectivity and 10s

12-bit ADCY

USB2
OoTG
+PHY x2

CAN x2
MMC/
UART x6 SD/SDIO x3

CPSW
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http://www.ti.com/product/AMIC110/samplebuy
http://www.ti.com/product/AMIC110/technicaldocuments
http://www.ti.com/tool/tmdxice110
http://www.ti.com/tool/TIDA-00299

Arm + PRU SoC Architecture

ARM Subsystem Programmable Real-Time Unit (PRU)

Subsystem
Cortex-A PRUO PRU1
_ - (200MHz) (200MHz)
L1 L1
Insctrut|:1t|on CDat;t Shared Data Data
ache ache RAM RAM RAM
L2 Data Cache

L3 Interconnect

il T

Shared

On-chip SRAM

Peripherals

Peripherals

Memory

Access Times:
* Instruction RAM = 1 cycle
L4 Interconnect « DRAM=3 Cycles

i « Shared DRAM = 3 cycles
Peripherals
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Programmable Real-Time Unit (PRU) Subsystem

* Programmable Real-Time Unit PRU Subsvstem Block Diaaram
(PRU) is a low-latency Y g
microcontroller subsystem i

Y sl S w0 RXTX +—

+ Two independent PRU
execution units 32 GPO

Data RAMO

— 32-Bit RISC architecture 30 GPI
— 200MHz - 5ns per instruction »
— Single cycle execution - No 2
— Dedicated instruction and data = RAM
RAM per core g
— Shared RAM 2 maserir i
— (to SoC interconnect)
. Industrial <——— =
Includes Interrupt C_ontroller for cthenet ——> MIMRXTX +~— 3
system event handling o Slave IF
MDIO o} (from SoC interconnect)
« Fast |/O interface «— |EP (Timer)
— Up to 30 inputs and 32 outputs Events to UART
on external pins per PRU unit  peuinre < —
Events from c?.','ﬂ%';er — MPYIMAC
Peripherals -'
+PRUs
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PRU Features & Benefits

Each PRU has dedicated instruction and
data memory and can operate
independently or in coordination with the
ARM or the other PRU core

Access all SoC resources (peripherals,
memory, etc.)

Interrupt controller for monitoring and
generating system events

Dedicated, fast input and output pins

Small, deterministic instruction set with
multiple bit-manipulation instructions

Use each PRU for a different task; use
PRUs in tandem for more advanced
tasks

Direct access to buffer data; leverage
system peripherals for various
implementations

Communication with higher level
software running on ARM; detection of
peripheral events

Input/output interface implementation;
detect and react to I/O event within two
PRU cycles

Easy to use; fast learning curve

Wi» TEXAS INSTRUMENTS
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Certified Industrial Communication Protocols
Faster time to market

ABSTRACT
. . This document shows the industrial communication protocols supported by each of the devices in the
T1 offers firmware to enable multi ple Sitara™ Arm® Cortex®-A processor portfolio, as well as where and how to get these protocols.
industrial protocols on the PRU-ICSS in
. Contents
Sitara processors free of charge 1 IIOGUEHON - e eeee e eeeeeseeeeeeee e eeeee e eeeeeeee oo eeeee oo e e eeeee e oo s eeeee e e s s s e eeeseeses s eereseeeen 2
2 Industrial Communication Parners..........cicveiiiiiiiiiiiniiririi s issrs s ir s s s ss s s sa s s s sasasas 2
3 Ethernet-Based ProfoColS .......c.veiiiiiieni it i e e e e s as st s s r e st s s sn s s aa e am s na s ne e an 3
. . . 4 0T Loy Iy T T 1= PP 6
App note pictured on the right for specific B
List of Figures
p rOtOCOIS Su p pO rted 1 Typical Software Implementation Using the PRU-ICSS ... . mens 2
List of Tables
1 PROFINET Supporting DEVICES ..u.uiueiiiiiiiiieiiitissisi s sa i s a s s s s s s s s s e s nn s bas e anaan 3
2 EtherCAT Supporting DEVICES .......oeniiee et e et e e e e e e e e e e ae e emeneanannenn 3
3 EtherNet/IP Supporting DEVICES .....uov it iirirrrisa s ra s raras s sa s s s am e s s sansssnsnrnsasasan 4
— 4 Supported Devices fOr OP T UA ...t et e e e e st et sa e em e aa s n s s aasaneasaneanennennnn 4
5 CC-Link IE Field Basic SUppOrting DEVICES ... .uiverruieiirueisriirara s isa s sasesrasssssassssnsrnsasasas 4
6 Mechatrolink 11l SUPPOTtNG DEVICES. ... .vnuuiaeeiieen i te e et e se e e e rs e aama e e e enname e e nnnn s nnnas 5
7 SORTE SUPPOMTNG DBVICES .. e eeieiin e ettt et ea e et e e s e e e e e e e ane e emeneanannann 5
8 PRP SUpPOrting DEVICES ..vuuueuiirirureriiiiniassisisnsssasss s rrs s s s sas s s s sasasrssnsassnansssnsasanasasan 5
9 HSR SUPPOMING DBVICES .....neeiec ittt ettt e e e e e e s e e e s e e e e e se e s aneaemennnaannann 5
10 EnDat 2.2 Supporting DeviCeS ... e iiiiiiiiiieiiiieiieiiirsis s srasa s s s s s s s s e s s s e an s n e s e e nn 6
11 HIPERFACE DSL Supporting DEVICES ...ttt s s s s e e s aea s e s e aeaans 6
12 Tamagawa Supporting DEVICES........uiiiiiuiiiiiiieiiiiaieiie s s e s st i s s s s s b assassnsssnasen 6

http://www.ti.com/lit/sprach6
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Mechatrolink Il

Transmission cycle time : TMCYC

A4

A

Master
CMD| CMD)| CMD CMD MD MSG
YN #1 #2 #n #1 #m #n BB SYN%
RSP RSP RSP RSP RSP/ o ACKor
#1 #2 #n #1 #m = PP
Slave
o N N o ™
Sync Cyclic communication Retry Message Megszage
N > NS AN y
Master
CMD CMD CMD CMD
#1 #2 #3 #n
RSP RSP RSP RSP
#1 | #2 ! #3 | #n
Slave E i | E i E |
I — 3 e le—>
1 1 1 1 1 ! I
| 50msELP | S0msEl | i 50msklm ; 50ms AP |
Comm. ( Command / Response communication -\‘
Phase L /

Cyclic communication

Event-driven communication
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Mechatrolink Il = 3P’s Solution

Mechatrolink Il

Sitara processors currently support Mechatrolink Ill, as specified in Table 6. The solution is available from
Systec in Japan, or Macnica for outside of Japan. For more information, contact Macnica at
AtdSpl@macnica.co.jp.

Table 6. Mechatrolink lll Supporting Devices

0s AMIC AM335x AM437x AMS7x 66AK2G
Linux Master

Slave
RTOS Master

Slave AMIC110

Additional Resources:
« Macnica’'s Mechatrolink Il IP specifications

Wi» TEXAS INSTRUMENTS
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Mechatrolink Il = 3P’s Solution

£ | https://www.m-pression.com/solutions/hardware/mechatrolink-iii

.
RESS'ON Macnica Group &% Inquiry Form ™ H&E | Search.. Q

Solutions by Maenica

Solutions

MECHATROLINK-IIl Master/Slave IP
Camera Kits
Boards Compatible with Yaskawa Electric JL-100//L-102 LSI
Hardware IP | MECI-MTROLINK
V-by-One HS |
HDMI 2.0 . . . .
MECHATROLINK-IIl Master/Slave IP together with CPU communicates with the products adapting
SLVS-EC MECHATROLINK-III standardized by MECHATROLINK Members Association.
ION 64b/66b
MECHATROLINK-III »
) . + Functionally compatible with JL-100 which is the ASIC for MECHATROLINK-III
R Master/Slave communication.
Hardware/Software IP + Parameters required for MECHATROLINK-IIl communication are set either by cpu or
Software IP through external pins.
) + Certified by MECHATROLINK Members Association.
Evaluation
Discontinued )
Supported Devices

+ Cyclone V

Where to Bu
y + Texas Instruments Sitara™ (Single Slave)
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Mechatrolink Il = Cyclone vs. AMIC110

“Servo Motor”
Yaskawa Electric:
SGMJV-A5ADA21

“ServoPack”
Yaskawa Electric:
SGDV-R70F21A

Systec:

SY-M3-03

Macnica:
Sodia - Cyclone V ST SoC Board

Cyclone V SoC

IMI
Connector

Pulse
Transformer

100M Ethernet
PHY

MECHATROLINK-III
Master/Slave IP

AXl4-Lite

Cortex-A9

NosMs

Wi3 TEXAS INSTRUMENTS
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DDR-less EtherCAT on AMIC110

EtherCAT slave stack code (SSC)

e oo e . AMIC110
| Serve i ] |
EAppIica_lioni E Appli- | 3 HTTP, | Application N
Application | fecordng 1y eation | FTP.... €. DS402 Drive Profile Application Industrial Application
:'""E"": :r”ji*": (::_:_i_l_ﬁr::l — | API | Proc SDK
Application : ! : :: TeR H[f'j i ii ‘ Object Dictionary ‘
Layer s i e ] 5 Protocol Stack TI-RTOS
i ice 1 File G T L T Customer HW
AL 11 Service I, e # . g
) | Channel {; i “°C%° {1} ["Ethemet || _ o0 || poomepping | g Bootloader
AM IC ﬁ ﬁ ﬁ II 11 g SPIAPI API Tools
. L Control [Sync Man | | ©
110 e ‘ Matlbox H Process Data ‘ hLSD'S““S1 Setinge L Protocol Driver Periph Drivers
o e
oh ey Protocol
(DL) Info || Address Management Data Link .
EtherCAT %afa Link Layer us
Physical e ‘
sical Layer .
Layer (PHY) Y Y Physical Ethernet Phy

AMIC110: EtherCAT stack, SPI master i Exaj;’;ﬁifjg;mmer
. = P Customer Drive or Data .
ff,
C2000 : Motor drive, data acquisition P G Bsgl:ryoorgﬁtfg;hel:d

(e.g. C2000) Tl Source 19
Tl Binary
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Optimization Techniques

« AMIC110 On-chip Memory

0x40200000 0x00010000 64kB internal SRAM

0x40300000 0x00010000 64kB L3 OCMC SRAM

0x44D00000 0x00004000 16kB M3 Shared Unified Code Space
0x44D80000 0x00002000 8kB M3 Shared Data Memory

* Optimize from AMIC110 Second Boot Loader (SBL) to Processor SDK RTOS drivers
and EtherCAT protocol.
— eliminate code support for unused features of the device
— minimize RTOS debug and error handing components
— eliminate any unnecessary operations and optimize the remaining functions
— compile the code and link the code with the appropriate settings

Wi» TEXAS INSTRUMENTS



Scheduling: RTOS vs. Bare Metal

Bare Metal Interrupt Mode

Bare Metal Task Mode

Round-robin Scheduler
Interrupt Controller

SYS/BIOS Scheduler

SyncO Task Syncl Task
Sync0 Syncl
Task

Task
(Priority 8)

(Priority 8)

PDI Task
(Priority
6)

2
=
o
| —
(al

PDI Task
LED TaSk Ma|n|_oop

(Priority Task Round-robin Scheduler
4) (Priority 4)

MainLoop

MainLoop

Wi3 TEXAS INSTRUMENTS
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Size Comparison

Bare Metal Release

(Thumb mode, On-chip, optimization on)

RTOS Release

(Thumb mode, On-chip, optimization on)

RTOS Debug

Bare Metal Debug

(Arm mode, DDR, optimization off) (Arm mode, DDR, optimization off)

Binary 236 KB 87 KB 162 KB (31% smaller) 52 KB (40% smaller)
Memory Usage 317 KB 130 KB 242 KB (24% smaller) 86 KB (34% smaller)
RTOS Debug Bare Metal Debug
Memory region Used Size Region S5ize Rage Used Memory region Used Size Region Size Rage Used
SRAM_LO: @ GB 1 KB @.ee% DDR@: 241984 B 256 MB @.e9%
SRAM_HI: @ GbB B3 KB @ .0e8% OCMCRAM: @ GB 6@ KB 8.8e%
OCMC_SRAM: @ GbB a4 KB 8 .08% VECS: @ Gb 1 KB 8.8e%
DDR3: 316736 B 512 MB B.06%
RTOS Release Bare Metal Release
Memory region Used Size Region Size Xage Used Memory region Used Size Region Size ®age Used
SRAM_LO: e GB 1 KB 8.8e% SRAM_LO: @ GB 1 KB @.ee%
SRAM_HI®: 19184 B 21760 B 88.16% SRAM _HIe: 7424 B 21768 B 34.12%
SRAM_HI1: 88300 B le52@e38 B 83.93% SRAM HI1: 52292 B 1852838 B 49.78%
SRAM HIZ: 2056 B 3 KB 66.93% SRAM_HIZ: 2856 B 3 KB 66.93%
SRAM_CM: 1c KB 1 KB 168 .88% SRAM_CM: 1a KB 16 KB 108 .ee%
SRAM_DM: 4 KB B KB c6.88% SRAM_ D a8 KB 8 KB 108 .00%
DDR3: B GB 512 MB B.ee% DDR3: @ GbB 312 MB 8 .08%

Wi» TEXAS INSTRUMENTS
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Get started now: Dev kits, Processor SDK and more

Unmatched, scalable software and hardware experience

Unified SDK

Industrial

Processor SDK

Infotainment

(Linux®, RT Linux, TI RTOS)

= Sitara™
Si*taraTM AM437x
AM335x : Processors
Processors

13 TEXAS
INSTRUME!

Sitara™
AMS57x
Processors

Sitara™
AMIC110
SoCs

13 TEXAS
INSTRUMENTS

TMDXICE110
AMIC110 Industrial
Communications Engine
$195

o

Online Ethernet TIE2E™
reference designs community

Development
documentation,
guides, app notes etc.
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http://www.ti.com/tool/TIDA-00299
https://e2e.ti.com/support/arm/sitara_arm/
https://e2e.ti.com/support/arm/sitara_arm/
http://www.ti.com/product/AMIC110/technicaldocuments

Processor Software Test Process
Automation enables scale and efficiency

Total Processor platform
families covered

Total platforms tested

00101118
01000010 _ 2 ' 3 8
1001010

Test cases per Day

€D 14000+

Multiple release
streams supported in
parallel

Designed to
Scale for 100s of
EVMs and
End Equipment
Use Case based
tests

Wi» TEXAS INSTRUMENTS
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Processor Automated Software Test Framework
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Industrial Communication Partnhers

+ KUNBUS - KUNBUS offers the broadest support of multiple industrial communication protocols in one package. KUNBUS offers a full
suite of services and expertise related to industrial communication applications, including hardware evaluation kits, hardware modules,
software customization, and certification support for Sitara processors.

* Acontis — Acontis offers EtherCAT master solutions for Sitara processors.

* Matrikon — Matrikon offers the OPC UA stack for Sitara processors on Linux RT.

* Be.Services — Be.Services offers openPowerlink on Sitara processors through Codesys on Linux RT.

*+ CC-Link Partner Association (CLPA) — The CLPA provides the stack for CC-Link IE Field Basic for Linux RT and RTOS.

* Systec — Systec offers the entire Mechatrolink Il solution, including firmware and software stack on RTOS. Macnica offers these services
for Systec outside of Japan. For licensing, contact AtdSpl@macnica.co.jp.

*+ Molex — Molex supplies production master stacks for PROFINET and EtherNet/IP on Sitara processors on RTOS.

« TMG — TMG TE supplies production slave stacks for PROFINET and EtherNet/IP on Sitara processors on RTOS. For more information on
the products visit www.tmgte.de/en, or for licensing contact willems@tmgte.de.

*  CouthlIT — CouthlT offers integration of the BiSS C encoder for Sitara processors. For more information, contact Krishna@ CouthIT.com.

Wi» TEXAS INSTRUMENTS
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Q&A

ti.com/amicl110
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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