
Drive down cost of multi-protocol Industrial Ethernet communication 



Agenda 

• AMIC110 features and benefits 

• Supported protocols roadmap (including 

Mechatrolink, EtherCAT, etc) 

• DDR-less operation 

• 3P stack working model 

• Q&A 



1st 2nd 3rd 4.0 

Industry 4.0 and China 2025 
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Power, steam  

and water 

Mass production 

and use of electrical 

energy 

Computerization, IT 

and digital 

communications 

Cyber physical 

systems, advanced 

computerization, 

smart networks and 

factories 



AMIC1x SoC for Industry 4.0 
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Build on your 

foundation 

 Extend your existing solution by adding AMIC110 SoC for industrial 

 Ethernet while reusing your hardware and software platform 

Cost optimized 
 Supports low-cost system implementation and re-use of existing platforms, 

 while allowing support for additional protocols  

Communicate with more than 10 protocols without redesigning your product 

and provide more solutions to your factory automation applications 

Multiple 
protocols 

 Easy migration from existing EtherCAT® ASICs to achieve more 

 performance, scalability and software compatibility  
Versatility 



Grid infrastructure Factory automation Connected drives 

Extends industrial Ethernet across the factory 
floor from PLCs, CNCs, motor drives, sensors 
and other IO devices  

Supports Ethernet redundancy protocols such 
as HSR and PRP which are commonly used 
in protection relays and grid automation 

The right SoC for your industrial automation application 
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Programmable solution allows re-use across multiple applications using Processor SDK software 

SENSING LOW POWER CONNECTIVITY HIGH RELIABILITY INTELLIGENT 

Allows legacy drives to connect to industrial 
Ethernet by supporting  protocols such as 
EtherCAT, Profinet…  



Factory automation systems with AMIC110 SoCs 
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Sitara™ servo drive solutions 

Servo drive solutions from TI 

Safety 
Integrated functional 

safety features ✔ 

Industry 4.0  

services 

Time-Sensitive 

Networking (TSN) ✔ 

Integrated security 

features ✔ ✔ ✔ ✔ 

Predictive 

maintenance ✔ ✔ ✔ ✔ 

Control 

High speed PCIe 

interface ✔ ✔ 

Integrated motor 

control  ✔ ✔ 

Communications 
Multi-protocol industrial 

Ethernet  ✔ ✔ ✔ ✔ ✔ 
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AM6x 



Implementing Industrial Communications is a complex problem 
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Serial-based popular 

standards 

 

CAN 

- CAN-Open 

- DeviceNet 

Modbus 

Profibus 

CC-Link 

Ethernet-based 

popular standards 

 

EtherCAT  

Ethernet/IP 

Profinet 

Powerlink 

Sercos III 

CC-Link IE 

Mechatrolink 

Modbus TCP 

• Key requirements:  

• 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 

Implementation of several of 

these protocols TODAY require 

ASICs or FPGAs 

 
 TI’s Arm processors have a 
flexible, cost-efficient solution that 
eliminates this need 

Similar requirements for Smart Grid Infrastructure  

• Substation Monitoring   – protocols such as IEC61850 and DNP3 

• Solar Inverters – Ethernet based Industrial communications 



Solving complex industrial communications 
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Host 

Interface 

MCU or MPU 
(Protocol Stack) 

One or more 
ASIC/FPGA for: 

- Ind Comm  
(MAC layer) 

- Feedback Interface 

Sitara™ Processors 
AMIC110 

 

Arm 
CPU 

(Stack, control and 
application) 

Shared 
Memory  

PRU-ICSS 

PRU 

UART/MII 

Timer 

PRU-ICSS (PRU based Industrial 

Communications Subsystem) 

TI’s Arm® + PRU solution 
 

• For low-end Sensors and IO 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 



AMIC110 
Benefits 
• PRU-ICSS provides a programmable solution to 

multiprotocol fieldbus support 
• Protocols supported include: EtherCAT, 

PROFINET, EtherNET/IP, MECHATROLINK III, 
HSR, PRP, and more 

 

Industrial Ethernet & Fieldbus Comms for: 
• Factory Automation & Controls 
• Motor Drives 
• Grid Infrastructure 
 
Software and development tools 
• Free TI-RTOS directly from TI 
• Other RTOS from partners 

 

Power Estimates 
• Total Power: <500mW 

 
Schedule and packaging 
• Status:  In Production,    Docs:  Now 
• AMIC110 ICE Board: Now 
• EtherCAT slave TI Design: Now 
• Packaging:  15x15, 0.8mm 
• Extended Temp only (-40C to 105C junction) 

 
 

Arm® 
Cortex ® A8 

300 MHz 
 

JTAG/ETB WDT RTC EDMA 

System Services 

Timers x8 

PRU-ICSS 

Connectivity and IOs GPMC / 
NAND/NOR 
(16bit ECC) CAN x2 

45nm 

Industrial 
Communication 

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

and more 

 

32K/32K L1 

McASP 
x2 

GPIO 

UART x6 

SPI x2 

I2C x3 

256K L2 w/ECC 

64K  RAM   

64KB L3 Shared RAM 

LPDDR1/ DDR2/ DDR3/ DDR3L 

 MMC/ 
SD/SDIO x3 

USB2 
OTG 

+PHY x2 

12-bit ADC(1)  

PWM x3 

CPSW 

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 
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Programmable Real-Time Unit (PRU) Subsystem 
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PRU Features & Benefits 

13 



Certified Industrial Communication Protocols 
Faster time to market 
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http://www.ti.com/lit/sprach6 

TI offers firmware to enable multiple 

industrial protocols on the PRU-ICSS in 

Sitara processors free of charge  

 

App note pictured on the right for specific 

protocols supported 

 

 

 

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


Mechatrolink III 
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• Cyclic communication 

 

• Event-driven communication 



Mechatrolink III – 3P’s Solution  
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Mechatrolink III – 3P’s Solution  
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Mechatrolink III – Cyclone vs. AMIC110 
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DDR-less EtherCAT on AMIC110 
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AMIC110 

Ethernet Phy 

Industrial Application 

Protocol Stack 

API 

Protocol Driver 

API 

Protocol 
Firmware 

Arm 

PRUSS 

SPI 

SPI API 

SPI Master I/F to 
Customer HW 

Bootloader 

Tools 

Periph Drivers 

Proc SDK 

TI-RTOS 

TI Example & Customer 
application 

Beckhoff, other third 
party or Customer 

TI Source 
TI Binary 

Customer Drive or  Data 

Acquisition System 

(e.g. C2000) 

Application 

Data Link 

Physical 

Application 

AMIC

110 

EtherCAT slave stack code (SSC) 

AMIC110: EtherCAT stack, SPI master 

C2000    : Motor drive, data acquisition 



Optimization Techniques 

• AMIC110 On-chip 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 

 

 

Type Start address Size Description 
SRAM 0x40200000 0x00010000 64kB internal SRAM 
L3 OCMC 0x40300000 0x00010000 64kB L3 OCMC SRAM 
M3 SHUMEM 0x44D00000 0x00004000 16kB M3 Shared Unified Code Space 
M3 SUDMEM 0x44D80000 0x00002000 8kB M3 Shared Data Memory 



Round-robin Scheduler  

SYS/BIOS Scheduler 

Scheduling: RTOS vs. Bare Metal 
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Sync0 

Task 

(Priority 8) 

Sync1 

Task 

(Priority 8) 

PDI Task 

(Priority 

6) 

LED Task 

(Priority 

4) 

MainLoop 

Task 

(Priority 4) 

Interrupt Controller 

Sync0 

ISR 

Sync1 

ISR 

PDI 

ISR 

LED MainLoop 

Round-robin Scheduler  

Sync0 Task  Sync1 Task 

PDI Task 

LED MainLoop 

P
ri

o
ri

ty
 

RTOS 

Bare Metal Interrupt Mode 

Bare Metal Task Mode 

Preemptive scheduling. Highest 

priority task executes upon 

successful acquisition of 

semaphore. 

Execute if Sync0 sem acquired 

Execute if PDI sem 

acquired 

Execute if Sync1 sem acquired 



Size Comparison 

RTOS Debug  
(Arm mode, DDR, optimization off)  

RTOS Release 
(Thumb mode, On-chip, optimization on)  

Bare Metal Debug 
(Arm mode, DDR, optimization off)  

Bare Metal Release 
(Thumb mode, On-chip, optimization on)  

 

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) 
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RTOS Debug 

RTOS Release 

Bare Metal Debug 

Bare Metal Release 



Get started now: Dev kits, Processor SDK and more 
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Unified SDK 

Processor SDK 

(Linux®, RT Linux, TI RTOS) 

In
d

u
s
tr

ia
l 

 

V
is

io
n

  

In
fo

ta
in

m
e
n

t 

A
u

d
io

  

Unmatched, scalable software and hardware experience 

Online Ethernet 

reference designs 
TI E2E™ 

community 
Development 

documentation,  

guides, app notes etc. 

TMDXICE110 

AMIC110 Industrial 

Communications Engine 

$195 

AM57x 

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 
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Designed to  

Sca le  for  100s  of  

EVM s  and  

End Equipment  

Use Case  based 

tes ts  

Multiple release 

streams supported in 

parallel 

Total platforms tested 

7+ 

Total Processor platform 

families covered 38 

Test cases per Day 

14000+ 



Processor Automated Software Test Framework 



 
Industrial Communication Partners 
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• 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 III 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. 

 

• CouthIT – CouthIT offers integration of the BiSS C encoder for Sitara processors. For more information, contact Krishna@CouthIT.com. 

mailto:AtdSpl@macnica.co.jp
mailto:willems@tmgte.de


Q&A 
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ti.com/amic110 
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