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CiA402, CAN over EtherCAT (CoE), Servo Drive Profile (SoE), Ethernet

. 31.25us ETG.7000.2 over EtherCAT (EOE), File Access over EtherCAT (FoE),
EtherCAT. Distributed Clocks
Address Conflict Detection (ACD), Quality of Service (QoS), Device Level
Ethe;&et/lfs 1ms cTisl Ring (DLR), Precision Time Protocol (PTP)
& ; 250ps (IRT) 242 Conformance Class A, B (RT), and C (IRT), Precision Time Control
PIRIOIFL! 1ms (RT) T Protocol (PTCP), Media Redundancy Protocol (MRP)
NJEJT
S FTARTHEIEY S 112 Up to 8 channel 10 Link Master per ICSS, I0-Link standard-compliant
é TI0-Link AEHR— b o with Standardized Master Interface (SMI)

70O THEEATEZAH#EELEY FOFMIZDULVTIL. Industrial Communications ToolkitzE & < f=& LY
SDK 8.01 release EtherNet/IP EtherCAT PROFINET IO Link



https://upload.wikimedia.org/wikipedia/commons/1/1c/Profinet_logo.svg
https://software-dl.ti.com/mcu-plus-sdk/esd/AM243X/08_01_00_36/exports/docs/industrial_protocol_docs/am243x/ethernetip_adapter/index.html
https://software-dl.ti.com/mcu-plus-sdk/esd/AM243X/08_01_00_36/exports/docs/industrial_protocol_docs/am243x/ethercat_slave/index.html
https://software-dl.ti.com/mcu-plus-sdk/esd/AM243X/08_01_00_36/exports/docs/industrial_protocol_docs/am243x/profinet_device/index.html
https://software-dl.ti.com/mcu-plus-sdk/esd/AM243X/08_01_00_36/exports/docs/industrial_protocol_docs/am243x/iolink_master/index.html

Sitara Hardware and Software for CC-Link IE TSN

 Linux: Endpoint and switch with 802.1Qbv (EST)
— sockets and qdisc configured using iproute2 / tc , 802.1AS 2011 with linuxptp /ptp4l

» freeRTOS (R5)
— Endpoint
— cut through switch, 802.1AS ptp , and 802.1Qbv (EST)
« Two Ethernet switch solutions on Sitara devices
— Use the same low level driver interface, VLAN based priority by defaul t
— Common Port Switch (CPSW)

— Industrial Communications Subsystem (ICSS)
* Also used to implement legacy and custom industrial protocols
» Required if also EtherType based EST/ Qbv timeslot is needed
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TSN Industrial Features

TSN (G550 1SN Crow

802.1Q v v

[TSN] 802.1AS time 802.1AS-2011 (example SW), 802.1AS-2011 (example SW),

synchronization 802.1AS-2020 (AS-Rev) 802.1AS-2020 (AS-Rev)

[TSN] number of queues 8 gates —One per priority 8 gates —One per priority
queue queue

[TSN] 802.1Qbv (TAS) / EST : 8/16 64 /128

number of schedule entries

[TSN] 802.3br & 802.1Qbu v v

Frame Preemption / IET

Cut-through switching + bridge <1.2us < 1.5us

delay
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TSN (Time Sensitive Networking)
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TSN (Time Sensitive Networking) & [&

e A —HX Yy FENLT., BRIORAMEEZHRIEL., VT7ILIA LEFHERTES
K DIZLT=#EE - AEDY—ILEY k

« IEEE802.1 TSN Task GrouplZ. |IEEE 8024y k7 —4 %4 L THEERY
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IEEES021F#E A4 —H Ry F M 5802.1 TSNAD:

Source: Janos Farkas and Jordon Woods, . .
TSN/A Conference 2018 P rOfl Ies .

802.1BA 802.1CM IEC/IEEE 60802

Audio Video Bridging Fronthaul (for cellular) Industrial Automation

etc.

Configuration: 802.1Qcp | 802.1acc [ P802.1ABcu | P802.1acw [ P802.1CBev
YANG TSN YANG for YANG for YANG & MIB
Data Model Configuration LLDP Qbv, Qbu, & Qci for 802.1CB

Base technology:

802.1AS g 802.1Qat j§ 802.1Qau jj 802.1Qbu j§ 802.1Qbv g 802.1Qci 802.1CB P802.1Qcr | P802.1CS
Timing & Stream Credit Based Frame Scheduled Per-Stream Frame Async. Traffic Link-local
Synch Rsv. Prot. Shaper Preemption Traffic Filtering Repl. & Elim. Shaping Rsv. Prot.
+ Time Synchronization « Ultra reliability
— Timing and Synchronization (802.1 ASrev) — Frame Replication and Elimination (802.1CB)
+ Bounded Low Latency — Path Control and Reservation (802.1Qca)
— Credit based shaper (802.1Qat) — Per-Stream Filtering and Policing (802.1Qci)
— Frame preemption (802.3br, 802.1Qbu) « Dedicated resources & API
— Scheduled Traffic (802.1Qbv) — Stream Reservation Protocol
— Cyclic Queuing and Forwarding (802.1Qav) — TSN configuration (P802.1Qcc)
— Asynchronous Traffic Shaping (P802.1Qcr) — Link-local Registration Protocol 12
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W IEEE 802.3 Z# PHY Ethernet PHY
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Sitara AM243x /| AM64xx ET@HD25EY OTSNEEHE

Application

Cores

Cortex
A53

Security
Acceleration

| —
DDR4/LPDDR4
\=

2 MB Shared SRAM w/ ECC

AM64x

Real-time Cores

Cortex W Cortex
R5F R5F

MCU with FFI

Cortex
MA4F

System Services

PRU-ICSS-Gb

PRU-ICSS-Gb

L}

General

Connectivity and 10

Low-
latency
interfaces

2 port Gb Ethernet

—_—

High Speed
CPSW

Switch

[
RGMII / Ml

P
RGMII / Ml

P
RGMII / Ml

[
RGMII / Ml

RGMII / RMII
[
[

RGMII / RMII

¥ 1 PRU-ICSSG : Programmable Real-time Unit-Industrial Communication SubSytem
32 CPSW : Common Platform Ethernet Switch ((.FAEthernet MACE ¥ 21— /L)

PRU-ICSSG*¥1ZF|IFH L7=TSN xs
 REEXEETO LOLIZHE

« PROFINET over TSN
« Cortex-R5F L MFreeRTOS E[Z5E%&E

. JO4YSTIIIERISCTOEYHIZLY
N—Fx7DHEHRE L THEETE - BTG

CPSW *2Z F|FH L 7=TSN

o BEMNLTA—Y Ry b - TSNIZHIG
+ Cortex-A53_EMDLinux =3
e TSNME]F[Z/v— K = 77X B L ~Gb Ethernet MAC

X3 20184 m 5PROFINET over TSNTEZ/\/ —/I\— A vt ETETR, "
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* The key features supported on Sitara AM64x Linux (iproute2 package) are:
— Integrated switching including cut-through
— Timing over packet (802.1AS-2011, IEEE1588, gPTP)
— Preemption (IET, 802.1Qbu/802.3br) with Linux packet scheduler
— Time aware shaper (EST, 802.1Qbv) with Linux packet scheduler

* Quality of service (QoS) including TSN works by preventing interference from lower priority traffic

https://training.ti.com/jp/time-sensitive-networking-using-linux-
am64x-processors

#i3 TEXAS INSTRUMENTS 07/ N

AM64x: Integrated Switch

slication demonstrations P e
@ [Time sensitive networking using Linux on AM64x processors Lk g\ = % ) (]
- . - °
AMGax |

SR | (NUX TIME SENSITIVE |_-_H_'_| \_"_| “ l
Development

NETWORKING
LAN, Linux Host

USING AM64x

10Mbit/s of 200byte realtime traffic (VLAN PCP 3

TCP throughput
test (VLAN PCP 0)

PROCESSORS

B
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SitaraZ7 84w vHYTD TSN HR—

TSN (Time Sensitive Networking) & (&, IEEE802.1Q-2018 ) 7L A A L« 4 —H v MEEEICET 2 REMNGRAETY
- BMAERHERICOVTE, KTA k- RS- () FIBCESL
- TSNIFZS#,. BRRGT7 TV r—>aV (BERA. 7A—T4FLETA, EH) T, MASPLKTEHILHAFE
— TIMSitara & Jacinto DEH T O+ v H TTSNEHYR— k

Sitara AM64x (&, 15 TH)H T 1Ghit/s TSN Z#R A
— Timing over packet(+3% v + OFZIRE#A) (802.1AS-2020. IEEE1588)
— Time aware shaper(FEIE25# > = —E > J #4E) (EST, 802.1Qbv)
-~ FYT>FL 3 (IET. 802.1Qbu/802.3br)
- AYPRL—ZEDMEBRA v F U HEE
- .,HEI B Linux SDK 8.0 TSN Documentation (2£3&) c‘:*j'/7°)b

S|tara processors-including-am64x (9%

SBEEBFTEDYILHIT - ik—
— PROFINET over TSN
— CCLink IE TSN

Gate Open . . DUT forwards buffe redql
Start Time packetwhen Gate § open:
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https://www.ti.com/lit/spry316
https://software-dl.ti.com/processor-sdk-linux/esd/docs/08_00_00_21/linux/Foundational_Components/Kernel/Kernel_Drivers/Network/CPSW3g.html
https://e2e.ti.com/support/processors-group/processors/f/processors-forum/1009997/am6442-linux-time-sensitive-networking-on-sitara-processors-including-am64x

SPE (Single Pair Ethernet)
| APL (Advanced Physical Layer)
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SUH L« RP Ethernet &HF 3TV HHRER

Standards
Bandwidth

Cable reach
specification

Power dissipation

Communication

Media Access Control
interface

Available TI PHYs

|IEEE 802.3cg T0BASE-T1L
10 Mbps

1,000 m (2.4 V p2p); 200 m (1
V p2p)

<110 mW
Full duplex

Media Independent Interface

(MII), Reduced Media
Independent Interface (RMII)

DP83TD510

IEEE 802.3bw 100BASE-T1
100 Mbps

50 m

<220 mW
Full duplex

MIl, RMII, Serial Gigabit Media
Independent Interface (SGMII),
Reduced Gigabit Media Independent
Interface (RGMII)

DP83TC811

IEEE 802.3bp 1000BASE-T1
1000 Mbps

15m

<600 mW
Full duplex

RGMII, SGMII

DP83TG720
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10BASE-TILOBE

- RIEEE{=E(1,000m)A A[ BE

70 FOILEBROZOMOIERENTE(CLRY, ARL—EFEIYD - /) —
FORBDERERTY—LLARET—RIGEITHE

BRAS2WE TOHOEHEEMNAHE

FHRELE VAT LOREME. REME, LEERNOBIEICLDELGIREE
7__\_9 {Ej‘zgiii#o

777&U-T—F%—>3>~thZ-T-h%—&ayﬁ%wsE»
TAT " F— A= 3 0GEADGCANEFIN, RS485, CAN, 7«14 —JL
K/AAR, HARTOV O DEEMZ ELTEE SN TULVET,
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R#EEthernet 7R O JLREEE L T®D802.3 cg/bw/bp

Y433/ FatyvHY  ASIC/FPGA

LA¥—5-_7 WWW (HTTP), BF A —JL
FIYb—S 3 VEEE (SMTP), 7 7 4 L& FTP),
etc...
L1v—4
S URKR—ME
L1v—3
*y bI—VE
_LA¥—2 IEEE 802.3 ca =l
T—2U2I8E ZHEMAC Ethernet
__________ MAC
L1v—1
I
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