EtherCAT® Master on Sitara™ Processors

EtherCAT® Master on Sitara™ Processors Training Series [Part 3]
Time-Triggered Send (TTS) + Sitara Scalability & Flexibility
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Presentation Notes
Hello, everybody. In this video, we will cover the third part of EtherCAT master on Sitara Processors Training Series.

In Part 3 we will briefly explain PRU-ICSS Time Triggered Send (or TTS) and how TTS can be used along with EtherCAT master for some application which require precision time. Also, in Part 3, of these series, we will re-cap why Sitara offers a scalable and flexible solution for EhterCAT master. 


 





o :
Training series agenda

Part 1:

e Overview of Training Series

e Sitara processors family in factory automation

e EtherCAT protocol technology review

Part 2:

e Acontis EtherCAT master software architecture on top of TI-RTOS and RT Linux
e CoDeSys EtherCAT master software architecture on top of RT Linux

Part 3:

e EtherCAT master + time-triggered send (TTS)

e EtherCAT master on Sitara: A scalable and flexible solution
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Presentation Notes
This training will present a TI’s ready-to-use EtherCAT masters solutions for Sitara processors. EtherCAT master on Sitara  runs on different operating systems, such as TI-RTOS and RT Linux, and runs in any  of the devices EMACs interfaces (which are CPSW and PRU ICSS_EMAC). 

The training series is divided in three sections.
 
Part 1 (this video) gives an overview of what will be covered in the training, how Sitara family fits in the different factory automation levels, and an introduction to the EtherCAT technology.

Part 2 covers  the essential understanding of two commercial EtherCAT master (acontis EC-Master and CoDeSys 3S), and how these masters works on top of TI’s Sitara HW and SW framework. 

In Part 3 we will briefly explain PRU-ICSS Time Triggered Send (or TTS) and how TTS can be used along with EtherCAT master for some application which require precision time. Also, in Part 3, of these series, we will re-cap why Sitara is a scalable and flexible solution for EhterCAT master. 





EtherCAT Master + Time-Triggered Send (TTS)
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®
PRU-ICSS time-triggered send (TTS)

e The EMAC time-triggered send (TTS) is used to expand classical Ethernet to meet
deterministic, time-critical, or safety-relevant conditions:

— Helps to reduce transmission jitter from 10us range to 40ns
— Can be dynamically enabled and disabled by the host
— Designed to facilitate transmission of packets at pre-defined cyclic instants/triggers

e How it works:
— TTS initializes when the application provides the first cyclic trigger and the cycle period.
— PRU firmware then sets cyclic triggers repeatedly and sends queued cycle packets.
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What is TTS?
- The EMAC Time Triggered Send (TTS) is used to expand classical Ethernet to meet deterministic, time-critical or safety-relevant conditions
- TTS helps to reduce transmission jitter from 10us range to 40ns. 
- TTS can be dynamically enabled and disabled by the Host. 
- TTS is designed to facilitate transmission of packets at pre-defined cyclic instants/triggers. 
How it works: when initializing TTS, the application must provide the first cyclic trigger and the cycle period. 
The PRU firmware then sets cyclic triggers repeatedly and will send cyclically the packets provided before the trigger, in a high priority queue. 


TTS jitter reduction through PRU-ICSS
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For more details refer to:
http://processors.wiki.ti.com/index.php/ICSS EMAC LLD developers quide#Time_Triggered Send
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The picture shows a quick visual explanation of jitter transmission reduction on cyclic packets when TTS is used.

This is achieved thanks to a Timer Interrupt sent from PRU to ARM, which ensure cyclic packets that need to be sent, are queue before the next cycle. In the picture TX Cycles are mark as T1, T2, T3, etc.




http://processors.wiki.ti.com/index.php/ICSS_EMAC_LLD_developers_guide#Time_Triggered_Send
http://processors.wiki.ti.com/index.php/ICSS_EMAC_LLD_developers_guide#Time_Triggered_Send

EtherCAT Master + TTS bus timing diagram
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Presenter
Presentation Notes
Time-Triggered Send affects the start of the EtherCAT cyclic packet transmission cycle (shown in the picture in yellow).

Some advantages of TTS, when used with EtherCAT master are:

Jitter reduction in the master clock 
Which allows shorter/tighter EtherCAT cycle times
This could be advantageous in designs that don’t use Distributed Clocking
When EtherCAT cycle times are very short, jitter becomes a concern, specially, when jitter start to be a large percentage of the cycle time.

Another advantage, is that reduction of TX cycle jitter, is suitable for applications requiring precision send capability.
And/or Applications with large numbers of slaves
And/or applications requiring frequent communications with slaves such as motion control, and safety-critical applications.

Observed jitter reduction of cyclic data frames, on AM57x, was from 11µs to 40ns.





EtherCAT Master on Sitara: A Scalable and Flexible Solution
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Slide 1:  This slide is for the 5 slide abstract ONLY


Sitara processors portfolio for industrial applications

1/0 Modules, Slave PLCs, entry-
level HMI, RTUs, Merging Units

AM335x
Cortex-A8
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Connected Industrial Drives, PLC,
mid-range HMI

AMA37x
Cortex-A9
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Master PLC, Motion Control,
high-end HMI, Protection
Relays, Ethernet switches

AM57x
Cortex-A15
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AM335x

AMA437x

Highly integrated, power-efficient

ARM Cortex-A8 from 300MHz to
1GHz
Low system cost with support for

PRU-ICSS for industrial protocols,
as well as GbE, CAN, and graphics

High performance, highly
efficient

ARM Cortex-A9 from 300MHz to
1GHz

Expanded peripherals, including
upgraded PRU-ICSS for encoder
feedback, sigma-delta filtering

AM57x

Top-of-the-Line Sitara
performance

Single or dual-core ARM Cortex-
A15 up to 1.5GHz

Integrated M4 and DSP cores

Upgraded graphics performance,
dual PRU-ICSS, PCle
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TI’s Sitara ARM Portafolio is completely scalable for industrial applications. 
TI’s Processor SDK gives the advantage of easy migration between platforms.

EtherCAT master can run on all of our Sitara platforms (AM335x, AM437x, and AM57x). And, on all of the interfaces (CPWS or PRU-ICSS ports). 

Also, it can run on TI-RTOS, Linux, or RT-Linux using TI Processor SDK software framework.

TI’s scalability, and flexibility permits to easily port and reuse EtherCAT master among our Sitara Portafolio.


Key market differentiators
e PRU-ICCS offers TTS to EtherCAT Master.

e EtherCAT Master Tl Designs and ready-to-use software available for Acontis EC-Master
running on both TI-RTOS and RT-Linux OS.

e Tl Design for CoDeSys EtherCAT Master on RT-Linux is in development.

e Tl offers the option to use regular Ethernet port (CPSW-GMAC) or PRU-ICSS for running
EtherCAT Master.

 Scalability and flexibility; EtherCAT master can be easily ported:
— From/to AM335x
— From/to AM437x
— From/to AM57x
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TI Sitara platforms offers the option to use EtherCAT master with TTS. PRU-ICSS TTS is simple to use as a black-box. Only need to be enabled. No special programing is required.

There is ready to use EtherCAT master on Sitara from our 3rd parties (acontis, and 3S), and also as TI-Designs. 
As TI-Designs, with have two already published designs with acontis EC-Master, for AM335x, and AM57x. Also, as mentioned in training series part2, EC-master software for TI-RTOS, and Linux can be download from acontis webpage.
On the other hand, TI Design for CoDeSys EtherCAT Master running on RT-Linux is in development and will be soon published in TI.com. 

TI offers the option to use regular Ethernet port (CPSW or GMAC) or to use PRU-ICSS for running EtherCAT Master.

TI Sitara platform offers scalability and flexibility; EtherCAT master can be easily ported:
From, or to: AM335x, AM437x and AM57x







EtherCAT Master Reference Design for AM57x Gb Ethernet & PRU-ICSS  TID&Signs
TIDEP-0079

* Demonstrates use of EtherCAT Master on AM572x processor * Example for implementing EtherCAT master on both the Gb

* Supports use of either Gb switch (CPSW) or PRU-ICSS for EtherCAT switch (CPSW) and the PRU-ICSS Ethernet ports for design
master flexibility

* Built using the highly-portable industry-accepted Acontis EC- * Highly portable Acontis stack combined with high-performance
Master stack Sitara AM57x CPU provides a flexible EtherCAT master solution

* EtherCAT Class A or Class B master stack according to ETG. 1500 * Cycle CPU consumption: 20us for CPSW and 25us on ICSS-PRU
specification * This reference design is tested on the TMDXIDK5728 board and

includes documentation, software, demo application, and HW
design files.

Tools and Resources

e TIDEP0079

¢ Design Guide

¢ Design files: Schematics, BOM,
Gerbers, software, and more ShrcaTNenut

¢ Device datasheets:
— AM5728BABCXA
— TMDXIDK5728

TR
XML —p XML Parser

Optimized
EtherCAT Master Core Real-Time Ethernet

Driver with direct
HW access

Easy
Operating System
Adaptation

‘ Standard Ethernet MAC ‘
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For checking/testing EtherCAT master please visit our TI designs on ti.com 

http://www.ti.com/tool/tidep0079
http://www.ti.com/lit/gpn/am5728
http://www.ti.com/lit/pdf/sprui64

For more information

Sitara Processors Overview http://www.ti.com/sitara

EtherCAT Masters Tl Designs:
— Acontis EtherCAT Master Stack Reference Design: http://www.ti.com/tool/tidep0043
—  EtherCAT Master Reference Design on Sitara AM57x Gb Ethernet and PRU-ICSS with TTS: http://www.ti.com/tool/tidep0079

Online training:
—  Sitara AM57x Processors: https://training.ti.com/am57x-sitara-processors-training-series
—  Sitara AM437x Processors: https://training.ti.com/am437x

CoDeSys EtherCAT Master: https://www.codesys.com/products/codesys-fieldbus/industrial-ethernet/ethercat.html

Acontis EtherCAT Master for Tl processors: http://www.acontis.com/eng/products/downloads/ethercat-for-ti-
processors.html

Other industrial protocols: http://www.ti.com/tool/PRU-ICSS-INDUSTRIAL-SW

For questions about this training, refer to the E2E Sitara Processors Forums:
https://e2e.ti.com/support/arm/sitara_arm/f/791
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