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1 Introduction

The i.MX RT1180 platform integrates a two-port EtherCAT Slave Controller (ESC). This document explains
the usage of EtherCAT peripheral on i.MX RT1180 platform based on i.MX RT1180 SDK and MIMXRT1180-
EVK board. It also describes the usage of the EtherCAT Slave Stack Code (SSC) tool and TwinCAT3 software
in EtherCAT project. The Slave Stack Code (SSC) Tool is a source code example that can be used as a
development base for implementing EtherCAT in devices with their own processor.

2 Hardware platform

2.1 i.MX RT1180 crossover MCU

The i.MX RT1180 crossover MCU of NXP is a dual-core device that features an Arm Cortex-M7 (CM7) and a
Cortex-M33 (CM33) core. The CM7 core can operate at a speed up to 800 MHz and the CM33 core up to 240
MHz with 1.5 MB on-chip RAM. The family supports multiple protocols, bridging communications between real-
time Ethernet and Industry 4.0 systems and offers advanced security with the integrated EdgeLock Secure
Enclave.

The i.MX RT1180 MCU includes an integrated Gbit/s time sensitive networking (TSN) switch and EtherCAT
Slave Controller (ESC). This makes it well suited for industrial and automotive communication applications. The
MCU also supports use of the MCUXpresso ecosystem, which includes an SDK, a choice of IDEs, and secure
provisioning and configuration tools to enable rapid development.

2.2 i.MX RT1180 EtherCAT main features
Typically, industrial automation solutions implement the i.MX RT1180 platform, which includes the following
main features:

* Transmission speed of 100 Mbit/s for integrated Ethernet transceivers

» 2 EtherCAT ports, 8 Fieldbus Memory Management Units (FMMUs), 8 Sync Managers, 128 bytes of user
RAM and 8K bytes of process data RAM

* 64-bit distributed clocks

* Process data interface (PDI) is deactivated (no PDI)

2.3 MIMXRT1180-EVK board

The MIMXRT1180-EVK board is a hardware platform that enables design and evaluation of the most commonly
used features of the i.MX RT1180 processor.

Table 1 shows the EtherCAT ports on the MIMXRT1180-EVK board:

Table 1. EtherCAT ports on MIMXRT1180-EVK

EtherCAT port Connector

EtherCAT port 0 J28

EtherCAT port 1 J32
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3 EtherCAT basic overview

EtherCAT is a high-performance real-time Ethernet communication protocol. it is often used for real-time control
and communication in Industrial automation fields, like servo motor control. Beckhoff developed EtherCAT

in 2003 and the International Electrotechnical Commission (IEC) standardized EtherCAT as the IEC 61158
standard.

EtherCAT is an Industrial Ethernet system and uses standard frames and the physical layer as defined in the
Ethernet standard IEEE 802.3. EtherCAT also addresses the specific demands faced in the automation industry,
listed below:

* There are hard real-time requirements with deterministic response times.
* The system usually comprises many nodes, each having only a small amount of cyclic process data.
* |IT administrators do not commission and maintain fieldbus systems.

The design goal of EtherCAT is to achieve low communication latency and high-bandwidth data transmission,
while meeting the needs of high-time precision control. It is implemented through a master-slave architecture.
A master station is responsible for coordinating the entire network, while the slave station is responsible for
providing input and output data.

EtherCAT is widely used in industrial robots, motion control, automatic assembly systems, and other industrial
automation fields. The key benefits of EtherCAT include:

* High communication speed and bandwidth can reach to 100 Mbit/s.

» Sync performance can reach to nanosecond-level. If all slaves have the same time information, they can set
their output signals simultaneously and affix their input signals with a highly precise timestamp.

» Support for line, tree, star, or daisy-chain topologies: EtherCAT supports almost all topologies. Pure bus or
line topologies with many nodes are possible without limitations.

EtherCAT sends and receives control data from all nodes through a single frame. Figure 1 shows the
propagation path between master and two port slaves. When the EtherCAT frame reaches the slave, the slave
reads data from the EtherCAT frame and writes data to the EtherCAT frame. That frame passes through every
slave and back to the master finally.

EtherCAT
EtherCAT Processing Unit SLAVE
EtherCAT /
master port0 —_H» portl port0 —[_1H»portl port0 —[ - portl
. Al .
output "ﬁ“l input output‘%‘i input output | g,lnput
|

Master Slave A Slave B ‘ Slave N

port0 «——portl port0) €——portl port) «——portl

Figure 1. EtherCAT frame propagation path

3.1 Fieldbus Memory Management Units (FMMU)

Fieldbus Memory Management Units (FMMU) convert logical addresses into physical addresses by the means
of internal address mapping. Figure 2 shows the way logical address map to physical address.
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Figure 2. Logical address mapping to physical address

The i.MX RT1180 MCU supports eight FMMUSs, which the EtherCAT master initializes. The FMMUs can get
data from eight different logical address defined by the EtherCAT master. 'Logical address' refers to the address
space in the master whereas 'physical address' refers to the address space in the slave.

3.2 SyncManager (SM)

The memory of an ESC can be used for exchanging data between the EtherCAT master and a local application
(on a microcontroller attached to the PDI) without any restrictions. Such applications that use the memory for
communication have some drawbacks. These drawbacks are addressed by the SyncManagers (SM) inside the
ESCs. The drawbacks are listed below:

» Data consistency is not guaranteed. Semaphores must be implemented in software for exchanging data in a
coordinated way.

» Data security is not guaranteed. Security mechanisms must be implemented in the software.

» Both EtherCAT master and the application must poll the memory to find out when the access of the other side
has finished.

SyncManager supports both the Buffered mode and the Mailbox mode. The i.MX RT1180 supports eight
SyncManagers. Typically SMO and SM1 are used for mailbox, whereas SM2 and SM3 are used for process
data output and input. The EtherCAT master also initializes the SyncManager. The EtherCAT master reads SM
Information from EEPROM by Sl interface. Therefore, SM Initialization information is defined in an XML file
created by the SSC tool.
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3.3 EtherCAT Distribute clock

EtherCAT Distribute clock enables all the EtherCAT devices to share the same system time. The EtherCAT
slave devices can be synchronized to each other, and therefore, the local applications are synchronized as well.
For system synchronization, all slaves are synchronized to one Reference Clock. Typically, the first ESC with
Distributed Clocks capability after the master within one segment holds the reference time (System Time).

Slave devices output the sync signal according to the system time. That signal can trigger interrupts. Slaves that
support the distributed clock are called DC slaves. Figure 3 shows distribute clock and propagation delay.

Figure 3. Distribute clock and propagation delay

Reference clock Slave B local clock Slave C local clock
7 7 7
I ! !
yi 4 4

Master sl Slave A messs=p Slave B mm=lp Slave C

Propagation Delay of AB Propagation Delay of BC

For clock synchronization, i.MX RT1180 takes into account the propagation delays, local clock sources drift, and
local clock offsets, which are described below:

* Propagation Delay: Propagation Delay from one slave to the other slaves.

» Offset: This time interval is the offset between the local clock and reference clock. It includes the propagation
delay from the ESC holding the Reference clock to the device with the slave clock. The initial difference of the
local times results due to the ESCs being powered up at different times.

* Drift: This time interval is the time shift introduced due to the Reference Clock and DC slaves being sourced
by different clock sources. Their clock sources are subject to small deviations of the clock periods.

EtherCAT Processing Unit
A_Tas TeC
Tea / TeB TrC
> portd - portt |28 3 oo - portt B b/ porto —Tportt
Tce
Master Slave A Slave B Slave C/
44— | port0 4—portl [+ port0 #——portl f4—— port0
TwWAB Tweac
TrB
Tea
Figure 4. Propagation delay of each slave

Propagation delay between each slave is shown in Figure 4.

* Tpx indicates the Processing delay of slave x (through EtherCAT Processing Unit, x=A-C).

* Twxy indicates the Wire propagation delay between slaves x and y (assumed to be symmetrical in both
directions, x/y=A-C).

* Tx0, Tx1 indicate the Receive Time Port 0/1 values of slave x (time when first preamble bit is detected, x=A-
C), measured with a write access to DC Receive Time 0 register.
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Propagation delay is calculated between Slave B and C is as follows:

1. Tec=Tpa*Twac:
2. Tcg=Tpc*+Twac:
3. Tg1=Tgot+Tec+TcE;

Assuming that the processing delays of slave B and C are identical, the below equation holds true:
Tec=Tce=(TB1-TB0)/2;
Propagation delay is calculated between Slave B and A,

* Tgx indicates the forwarding delay of slave x (alongside the EtherCAT Processing Unit, x=A-C)

* Tpix indicates the difference between the processing delay and the forwarding delay. Tpig=Tp-TF.
Then, the following expressions are valid:

Tas=Tpa+Twas;

Tea=TrtTwas;

Tea= Tas-Toifr

Ta1=TaotTastTectTcetTRA;

Tas*TeA=(TA1-Ta0)-(Te1-Tro);

So the propagation delay between slave A and B is:
Tas=((Ta1-Ta0)~(TB1-TB0)* TDifr)/2;
Tea=((Ta1-Ta0)-(Te1-TBo)-Toiff)/2;

i.MX RT1180 also takes drifts and offset into consideration. For more details, refer to the i.MXRT1180 Reference
Manual.

a koD~

3.4 EtherCAT operational modes

EtherCAT slaves have the following sync operation modes:

* Free Run mode
* Sync Manager (SM) mode
* Distributed Clock (DC) mode (normal and enhanced)

A description of these modes is provided below.

1. Free Run mode
In Free Run mode, the local control cycle is created by local timer interrupt, Figure 5 shows the Free Run
mode timing.

AN14155 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
Application note Rev. 1.0 — 23 May 2024 Document feedback
6/36



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors AN 1 41 55

Using the i.MX RT1180 EtherCAT together with BECKOFF TwinCAT3 and SSC tool

Local Timer Cycle Time Local Timer

+ -

Min Cycle Time

o
-

T 1 Get and copy

Copy and prepare ;
Py prep inputs

oUtpUTS Outputs valid  Inputs valid

Figure 5. Free Run mode

2. SM mode
In SM mode, the local control cycle is initiated when data input or output event occurs. Figure 6 shows the
SM mode timing.
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Figure 6. SM mode
3. DC mode
a. Normal DC mode
In normal DC mode, the local control cycle is created by the Sync signal. In this mode, the EtherCAT
master must send frame before the Sync event happens. Figure 7 shows the Normal DC mode timing.
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Figure 7. Normal DC mode
b. Enhanced DC mode
Enhanced DC mode aims to achieve greater sync performance. In this mode, the EtherCAT slave must
copy and prepare outputs before the Sync event. When a sync signal arrives, local operation continues
and has a greater performance. Figure 8 shows the Enhanced DC mode timing.
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Figure 8. Enhanced DC mode

4 Integrating EtherCAT Slave Stack code to the SDK demo

Follow the steps below to integrate the EtherCAT Slave Stack code to the SDK demo:

1. Download and install the Beckhoff SSC tool. To download the SSC tool, you must be a member of the
EtherCAT Technology Group (ETG). The SSC tool download link is below:
http://www.ethercat.org/login.aspx?ReturnUrl=%2fmemberarea%2fstack_code.aspx
Figure 9 shows the SSC tool login page.

=N
EthercATo m n E
Technology Group - (
MEMBER AREA
Search -
Member Area | Login
EtherCAT Nr e [ J
Organisation Pofesuidid | |
FAQs
st i Keep me loggedin: [
Vendor ID
Product Guide
i All content within the member ares is infended for internal use of ETG members only. You may not
Conformance copy, distribute or "mirror” these files or printed version of the documents, or any part of it, for any
other purpese without permission in writing from the ETG (EtharCAT Technalogy Group).
EtherCAT P " -
Forget your password? Please send an email to info@ethercat org with your company and user
Safety
Developers Forum
Knowledge Base
Figure 9. SSC tool download page
2. Start the SSC tool as shown in Figure 10.
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ms » EtherCAT Slave Stack Code Tool v O 2 Search EtherCAT Slave Stack Code Tool
MName Date modified Type Size
E EEPROM Programmer Shortcut 2 KB
& EtherCAT Development Documents Shortcut 2 KB
74 S5C Tool Shortcut 2 KB

Figure 10. Start the SSC tool
3. Create a new SSC project by using Select File > New as shown in Figure 11.

B 55C-Device - Slave Stack Code Tool

File | Project Tool Help
Elj Mew  Ctrl+M |- Slave Settings

[ Open Ctr+O SSCVerson 513
H Save Ctrl+5 Config File Version 153.0
Save As File: name Description
- 5 55C-Device.c 55C-Device
=T AppCatan & 55C-Deviceh
i e ProcessData 55C-DeviceObjects h
?‘E:Zliizl aoeappl.c AoE ADS ov
aosappl h
applinterface h Ecatfppl Btk
bootmode . ESM EtherC,
bootmode h

Figure 11. Creating a new SSC project

4. NXP Digital 10 project can be added by using the SCC configuration file, located in the MIMXRT1180-EVK
SDK, as shown in Figure 12. The SDK version used in this application note is 2.14.1.
The SCC configuration file path is below:

SDK 2 14 1 MIMXRT1180-EVK\boards\evkmimxrtll80\ecat examples\digital io
\cm33\SSC\digital io.xml

or

SDK 2 14 1 MIMXRT1180-EVK\boards\evkmimxrtl180\ecat examples\digital io
\cm7\SSC\digital io.xml
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Slave Stack Code Tool | Mew Project 0001
@ Defaut 10011
O Custom | EL9800 | 2A«is CiA402 Sample bl

511
511
513

Default SlaveStackCode corfiguration.
All zettings are available.

By Import Configuration file(s)
«e v <« ecat_examples » digital_io » cm7 » 55C » ~ (] O Search S5C

Organize « Mew folder == - (] o

" Name Date modified Type Size

7 Quick access
Src 9/15/2023 12:52 PM File folder

@ OncDrive - NXP [] digitalioaeml ~ 9/14/2023 12:53 P XML Document 6KB

TnTeTTTE I NXL66653
'_. 3D Objects
[ Desktop
Documents
; Downloads
ﬁ Music

[&] Pictures

m Videos

=2 0SDisk (C:)

== FCL_LIB (\\ncl-sha.nxp.com] (Cs)

e Netwnrl v

File name: |digita|_io.xm\ v| |SSC Toel configuration file (*x -~ |

| Open | | Cancel |

Figure 12. Importing SSC configuration file

5. On this stage, SSC Tool (version 5.13) successfully adds the NXP ECAT Digital IO modular project. This
project can be located in the drop-down menu as shown in Figure 13.

Slave Stack Code Tool | Mew Project n

() Default

(® Custom |EL9800 | 24ds CiA402 Sample e
ELSB00 | 2fxis CiA402 Sample

This contigurd £ 800 | 8Bit Digital 1/0. 16Bit Analog Input

Evaluation Ki ELS200 | Bootloader Sample

The comespo FCT100/FC1121 | 4Byvte 140 Sample Application
FC1100/°Wing or previous (x86) | 4Byte 140 Sample Application
EL3800_CiA4 Infineon ¥MC EtherCAT Slave Sample <Irfineon Technologies:>
Microchip-HBI-INDEX-16 <Microchip

Microchip-HEI-INDEX-8 <Microchip=

Microchip-HBI-MDP-16 <Microchips=

Microchip-HEI-MDP-8 <Microchip=

Microchip-HEI-M5P-1& <Microchip:

Microchip-HBI-SP| <Microchip:

MN¥P ECAT Digital 10 modular <MXP=

profichip PAAET100-EC «<Profichip GmbH>
Renesas R-IN3ZM3-EC <Renesas Hectronics»

Renesas RZ/N1L-DB <Renesas Blectronics:

Import  [SK-FM3-176PMC-FA _ Hardware Only <Spansion Inc. I
SK-FM3-176FPMC-FA <Spansion Inc.>
TI AM335x Sample <Texas Instuments Incorporated:» [

Figure 13. Locate the NXP project in the drop-down menu
6. Clicking OK opens the project-related window as shown in Figure 14.
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B EtherCAT Slave” - Slave Stack Code Too - O X

File  Project Tool Help

Slave Project Navigation Slave Settings

= Ehechiidevs S5C Version 5.13
i Slavelnformation
Generic Config File Version 1.5.0.0
Hardware File name Description Version | A

EtherCAT State Machine
i Synchronisation
- }\Pplicaﬁgn aoeappl.h 511

AoE ADS over BtherCAT

- ProcessData applinterface h EcatAppl EtherCAT application 513
rjlam: bootmade ¢ ESM EtherCAT State Machine 512
bootmode.h 511
bootloaderappl.c Bootloader Bootloader Sample 512
bootloaderappl b 512
ciad02appl.c CiA402appl CiA402 Sample Application 513
cia402applh 513
coeappl.c CoE CAN Application Profile over BtherCAT 513

coeapplh 513 v

Add File(z)
Conflicts

&# Info I, Warning @Error

Figure 14. Project-related window

7. To create or import application files, click Tool > Application. Select Import or Create New, as shown in
Figure 15. The Application file can also be found in the below Application file path in MIMXRT1180-EVK
SDK:

SDK 2 14 1 MIMXRT1180EVK\boards\evkmimxrtll80\ecat examples\digital io
\cm33\SSC\digital io.xlsx

or

SDK 2 14 1 MIMXRT1180EVK\boards\evkmimxrtll80\ecat examples\digital io
\cm7\SSC\digital io.xlsx
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Slave Project Navigs

BEg ECAT-IO - Slave Stack Code Tool

Toocl | Help
Show Conflict Window

File  Project

=~ ECATHO Options 113

- Slavelnfom

- Generic EEPROM Programmmer 500

- Hardware Appllcatlon 3 Create new

- BtherCAT 5

- Synchronisation Import

=1 Application aoeappl h
- ProcessData applinterface h EcatAppl Ether

- Mailbox

. Compiler bootmode.c ESM EtherCAT
bootmode h
bootloaderappl.c Bootloader Boo
bootloaderappl.h

ciad(Zappl c
ciad(0appl h

Figure 15. Importing or creating a new Application

CiAd402appl CiA

8. The Application file can also be configured through Excel, as shown in Figure 16. SSC Tool generates an

XML file automatically based on this Excel file.

AutoSave (@ digital_io.xlsx ~ P Search (Alt+Q)
File Home Insert Page Layout Formulas Data Review View Help Team
i = i KK E=E] ®- | Bt General S B B [remal
B Copy ~
Paste b === = 3= 5 0 .00 Conditional Formatas | Neutral
B I U~ ifiv v A 9. === £ 32 FH - “ 9 & eutra
v <F Format Painter = | = A = = = EE et $-% 2 9 48 Formatting v Table v
Clipboard K] Font K] Alignment (F] Number [F]
o7 < F
A B c n E F G
1 Device Profile 5001 Modular Device Frofile Usage Hotes: X ) X
5 Modul Profile r 0 — The FIO mapping object and SymcManager azsigoment object doesn
3 = The following objects are fixed included in the SSC and shall
4 — Entries less or equal one 8Bit shall not overlsp byte borders.
5 — Entriez greater 85Bit szhall slways start at an exact word borde
8
7 1]
8 The object dictionary defined here shall be used complementary with ETG. 5001 and ETG. 1000
)
10 Index ~ ObjectCode ~ BB ~ Datalype * Hame v [Default - Mex
14 /0B Erams (0x0800 - OxFFF)
16
16 Sf0x16nn RxPD0 Mapping (0z1600 - 0x17FF)
17 0z1600 RECORD ExFI0
18 1 UIHT3Z 070000101
19
20 Ff0x1Ann TxFD0 Mapping (Dx1A00 — Ox1BFF)
21 0x1A00 RECORD T=FI0
22 1 WIHT3Z 060000101
23
42 //0xBnm Input Data of the Module (0x8000 — Ox8FFF)
43 0x6000 RECORD
44 1 BOOLEAW LED 001
45 /0 nns Output Data of the Module (0x7000 - Ox7FFF)
46 0x7000 RECORD
47 1 BOOLEAW LED 001
48 //0xBnnx Configuration Data of the Module (0x8000 - OzBFFF)
49
50
51 S nm Information Data of the Module (0x8000 - Ox9FFF)
62
53
54 Fi0zhnos Diagnosiz Data of the Module (0xADOD — OxAFFF)
65
56
57 F0xFxxz Device Objects (DxFOOD — OxFFFF)
68 0xF000 RECORD Modular Device Frofile
59 1 WIHT16 Index distence 0x10
&0 2 VTHT1& Mazimun number of modules
&1

Figure 16. Configuring the Application through Excel
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9. After creating or importing an Application file, create new slave files, as shown in Figure 17. Click Project >
Create new Slave Files.

By ECAT-10 - Slave Stack Code Tool

File | Project | Tool Help

Find Setting Ctrl+F

Create new Slave Files  F5 J

... Generic Corffig File Ve
Hardware File nan
i EtherCAT State Machine

aoeappl
-+ Synchronisation
&=l Application aoeappl

Figure 17. Creating new Slave files

10. Click Start. A new project file is created, as shown in Figure 18. XML file and src folder can be found in the
related project folder.

Project File | ChUsers'rd 90529 Desktop \WXPAECAT-IO esp |

Source Folder |C:\Users\rmfﬂlﬂﬁzﬁ\Desktcp\NXP\Src\ |

ESI File |C:\UsersWB-DEZE\Desktop\NXP\ECAT-IO xml |
C\Users ' 30525 Desktop ' NXP
Progress
"EtherCATSampleLibrary . h"™ : skipped (SAMPLE APPLICATION INTERFACE) ~
"SamplelpplicationInterface.c"™ : skipped (SAMPLE RPPLICATION INTERFRCE)
"SamplelpplicationInterface h"™ : skipped (SEMPLE RPPLICATION INTERFRCE)
"applInterface . h™ : new file wWritten
"coeappl.c" @ new file writ) . ..
L Create Files Finished — — O X

"coeappl -h"™ : new file writ
"ecatappl.c”™ : new file wri
"ecatappl.-h"™ : new file wri]
R e e e e Mew files created successfully .
"ecatcoe _h"™ @ new file writ
: new file wrig
"ecatslv h"™ : new file writ)

"esc . h"™ : mnew file written

"ecatslv.c

Open Folder

"mailbox.c"™ @ new file writ
"mailbox.h"™ : new file written
"gbjdef.c" : new file written
"objdef h" : new file written
"sdoserv.c"™ : new file wWritten

"sdoserv.h"™ : new file wWritten

Fenerate files fimnished

No Process data SyncManager defined.

Create dewvice description finished "C:\Users'\nx£f30525\Desktop \NXP"ECAT-IO xml"™

Create Slawve files finished

Close

Figure 18. Start creating new Slave files

11. Copy and replace the project file from the src folder created by the SSC tool to the src folder in the
MIMXRT1180-EVK SDK, as shown in Figure 19.
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src folder path:

C:\1lxtdoc\2 SDK\SDK 2 14 1 MIMXRT1180-EVK\boards\evkmimxrtll80\ecat examples\
digital io\cm33\SSC\Src

or

C:\1xtdoc\2 SDK\SDK 2 14 1 MIMXRT1180-EVK\boards\evkmimxrtll80\ecat examples\
digital io\cm7\SSC\Src

Fat

Mame Date modified Type Size

Src 9/15/2023 12:52 FM File folder
E@ digital_ic.xlsx 0/14/2023 8:29 AM Microsoft Excel W... 22 KB
|:| digital_ic.xml 9/14/2023 12:53 PM AML Document & KB

Figure 19. MIMXRT1180-EVK SDK demo folder
12. Build and compile the SDK project and download it to the MIMXRT1180-EVK board, as shown in Figure 20 .
Connect MIMXRT1180-EVK EtherCAT port0 with EtherCAT master.

Busy

Starting debugger session: Loading debug file

Downloading: Cannecting....
E T . T T T N T T T "
. T TR TR TR TR TR TR T T T

Cancel

Figure 20. Downloading code to the MIMXRT1180-EVK board
13. SM and FMMU configuration can be found in XML file created by SSC tool.

-] <Fmmu >
— outpu‘ts

-l <sm MinSize="#x24" MaxSize="#x80" DefaultSize="#x80" Startiddress="#x1088" ControlByte="#x26" Enable="1">

L MBoxOUT
=l <Sm MinSize="#x24" MaxSize="#x280" DefaultSize="#x80" StartAddress="#x1888" ControlByte="#x22" Enable="1">

=l <Sm DefaultSize="1" StartAddress="#x1188" ControlByte="#x64" Enable="1">

— Qutputs
""T<S” DefaultSize="1" StartiAddress="#x1480" ControlByte="#x20" Enable="1"3>

Figure 21. SM and FMMU configuration in XML file
14. Object Dictionary mapping is shown in Figure 22. Object 0x1C13 decides that object 0x1A0n would be used
and object 0x1AOn decides that object 0x600n would be used.
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Input

TxPDO

Object 0x1AO00

ObjectOx6000

Object 0x1C13

Object Ox1AON

ObjectOx600n

Output

RxPDO

Object 0x1600

ObjectOx /7000

Object 0x1C12

-

Object 0x160n

Object0x/00n

Figure 22. Object Dictionary mapping

5 Setting TWinCAT3 in Config mode

This section describes the process for configuring the TwinCAT3 software in Config mode.

5.1 Installing TwinCAT Master driver and scanning EtherCAT devices

Follow the steps below to install the TwinCAT Master driver and scan EtherCAT device:

1. Open TwinCAT3 and create a new TwinCAT project, as shown in Figure 23.

New Project
b Recent Sort by: [ Default - Search (Ctrl+E)
4 Installed .
ia TWinCAT XAE Project (X.. TwinCAT Projects  TYPE: TWinCAT Projects
b Visual C++ TwinCAT XAE System Manager

b Other Project Types Configuration
b TwinCAT Measurement
TwinCAT Projects

TwinCATPLC

b Online

Not finding what you are looking for?
Open Visual Studio Installer

Name: TwinCAT Project?

Location: [CATwinCAT Project\

S

[ Create new selution -]

Solution:

Solution name: TwinCAT Project? Create directory for solution

[] Add to Source Control

OK

Figure 23. Creating a new TwinCAT project

?

Canc

X
p-

2. Set TwinCAT3 to restart in Config mode, as shown in Figure 24.
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TwinCAT | TwinSAFE  PLC  Team  Scope XML T
Windows J
! 22 Activate Configuration
| & Restart TwinCAT System
1Y Restart TwinCAT (Config Mode)
| # Reload Devices
Scan
I & Teggle Free Run State
1 Show Online Data
i Show Sub lterns
& Hide Disabled Items
: & Software Protection...
Access Bus Coupler/IP Link Register...
Update Firrmnware/EEPROM ]
Figure 24. Set TwinCAT3 to Config mode

3. Keep TwinCAT in Config mode and select “Show Realtime Ethernet Compatible Devices
Figure 25.

...., as shown in

TwinCAT | TwinSAFE PLC HILM) Scope TE(T)
r Windows r

k|

Activate Configuration

Restart TwinCAT System

Restart TwinCAT (Config Mode)

Reload Devices

@ 5

Scan

Toggle Free Run State
Show Online Data
Show Sub Items

Hide Disabled Items

Software Protection...

& Bi'E @

bl
m
£

Access Bus Coupler/IP Link Register...
Update Firmware/EEPROM »

Show Realtime Ethernet Compatible Devices...

File Handling 3
Selected ltem »
EtherCAT Devices »

Figure 25. Select “Show Real-time Ethernet Compatible Devices”

4. Make sure that the EtherCAT master device driver is installed on your system. This demo uses the PC as
master and Intel (13)1219-LM as the PC network controller as shown in Figure 26. If the PC is used as
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TwinCAT master, the PC network controller must support the EtherCAT master. For the list of TwWinCAT3
supported network controllers , refer to the URL:
https://infosys.beckhoff.com/english.php?content=../content/1033/tcsystemmanager/9810943371.
htm|&id=8751857768543711394

Installation of TwinCAT RT-Ethernet Adapters X
Ethemet Adapters Update List
? Installed and ready to use devices{realtime capable]
B ? Installed and ready ta use devices(for demo use only] Install

I? Ethernet 2 - Realtek USE GBE Family Controllsr
L3R WieFi - Intel[R) Wi-Fi 6 A%201 160MHz
Sl Ethermiet [R) Ethemet on [13] 1219-LM
I? Compatible devices
: @ Incampatible devices
Ll Disabled devices

Disable

[~ Shaw Bindings

Figure 26. Installation of TwinCAT RT-Ethernet Adapters
5. Place the XML file created by SSC tool in the TwinCAT3 config folder, as shown in Figure 27. The
TwinCAT3 config folder path is below:

TwinCAT\3.1\Config\Io\EtherCAT

|| Beckhoff EtherCAT Terminals.xml XML Document 54 KB
|j Beckhoff FB1XXxml XML Document 43 KB
|j Beckhoff FCxoox xml :43 XML Document 21KB
|j Beckhoff FM3xxx.xml 3/25/2022 %43 AM XML Document 36T KB
|j Beckhoff [Lxxxx-B110xml 2943 AM XML Document 8KB
[} ECAT-10xmI 6/27/2023 12:08 PM XML Decument 30KE

Figure 27. TwinCAT3 config folder
6. Click Reload Device Descriptions to update the XML file, as shown in Figure 28.

TwinCAT | TwinSAFE PLC EBAIM) Scope TEM WL HiTN  HOW)  #BEIH)
T Windows 3
Activate Configuration
Restart TwinCAT System
Restart TwinCAT (Config Mods)

Reload Devices

a@E|E=

Scan

Toggle Free Run State

# @

Show Online Data
Show Sub Items
Hide Disabled ltems

L

Software Protection...

Access Bus Coupler/IP Link Register...
Update Firmware/EEPROM ’

Show Realtime Ethernet Compatible Devices...
file Handling v
Selected Item 3
EtherCAT Devices v Update Device Descriptions (via ETG Website)...

TcProjectCompare Reload Device Descriptions

o B

Multiuser Explorer Manage User Defined Whitelist...
e B Manage User Defined Blacklist...
AutomationML

Bode Plot

Filter Designer

About TwinCAT

Figure 28. Reloading Device Descriptions
7. Right click Devices and select Scan, as shown in Figure 29.
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Selution Explorer
@i -

Search Solution Explorer (Ctrl+;)

-
-

| p -

fa] Solution "TwinCAT Project?' (1 project)
4 gl TwinCAT Project?
bl SYSTEM
MOTION
4 [ pLC
b B Untitled2
[ saFeTY
@ C++
AMALYTICS
a /0

1  Add New ltem...
*3  Add Existing ltem...
Add New Folder...

Ins

Shift+Alt+4

Export EAP Cenfig File

T
“5  Scan

Paste
Paste with Links

Ctrl+V

Figure 29. Scan Master Device

8. The EtherCAT master device (Device 3) is detected, as shown in Figure 30.

2 new /O devices found

*

[1Device T {EtherCAT Automation Pratacal]  Twi-F jintellH] Wwi-Fi & A=207T TeOMHz]]

Device 3 [EtherCAT]  [Ethemet [IntelR] Ethernet Connection [13] 1215-Lk] |

Figure 30. Master Device detected

| 0K I

Cancel

Select Al

Unzelect &l

Right click Device 3 and click Scan to find the associated EtherCAT slave device, as shown in Figure 31.

=

28 m| T EIRTAW)...

Ins

2% imi g ENBETG).. Shifts Aft+ A
b2 X mrm Del
4 Inp
b W Ou Change Netld...
b B Infy Save Device 3 (EtherCAT) As...
E2d r
us Mappings Append EtherCAT Cmd
Append Dynamic Container
Online Reset
Online Reload
Online Delete
— =
Change Id...
AR Change To 3
[E th
» | o = Crl+C
| & =mm Ctrle X
i #R(P) CtrleV
own File

Paste with Links
| & Independent Project File

| @ Disable

Figure 31. Scan Slave Device
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9. At this stage, the Box is detected. If it is the first-time scan of the EtherCAT slave device, the box is
displayed as shown in Figure 32.

8 ANALY |ILS
4 I/
4 ¥ Devices
";., Image
% Image-Info
b2 SyncUnits
4 Inputs
b Bl Outputs
b & InfoData
| b 4 Box 1 (P26483052 RDDD20111)|
Figure 32. EtherCAT slave device detected

5.2 Updating EEPROM data and writing a value online in Config mode

This section describes the steps to update EEPROM data and writing the write value online in Config mode.

1. Click Box 1 and select Advanced Settings in EtherCAT pane, as shown in Figure 33.

General EtherCAT DC Process Data Plc Startup CoE - Online Online

Type: S5C-Device

Product/Revision: -1840119807 J 65537

Auto Inc Addr: 0

EtherCAT Addr [ || = Advanced Settings...
0 .

Previous Port: Master

Figure 33. EtherCAT slave device detected
2. Click Write EEPROM and choose XML file created by SSC tool. On clicking OK, the EEPROM is written as
per the selected configuration as shown in Figure 34.
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& Mailbox || Device Emulation (state machine emulation) Hevison Mo WU
[#)- Distributed Clock SPI/ 8716 uC Interface Serial Ma.: M}
- ESC Access BUSY Open Drain 7] BUSY High Active
(= EPROM INTOpen Drain [ INT High Active Product Revision: L ]
Configured Statio )
" Enhanced Link De 32 Bit Interface Malbox
i 2mart View WD Open Drain A WD High Active [ACsE Osee  Deek LJfeE
‘. Hex Editor [ Input Latch Aok
::GA Bootstrap Corfiguration
- IVIEMO " 9 )
v Syne Signal Configuration Out Stat/Length: 0 0
[1SYNCOOpen Drain [ SYNCD High Active
In Stast/Length: 0 0
SYNCOEnabled [ SYNCOto PDIIRG " ¥ (N b CH
YNC1 i
Do owes Goncrernpe | SiwCrtarsen
| | to
Qut Stan/Length: 4096 128
Impulse Length (us): 25,600 5 5
In Start/Length: [4224 [128
| Twte E7ROM.. ] 2+ Fead EPROM.. |
-General | yu e pepROM x
1 Mailbox
- Distrbutl - pyailable EEPROM Descriptions: [ Show Hidden Devices | 0K 4
= ESC Ace -
: E.:PR IZ % Beckholf Automation GmbH & Co, KIG Cancel ]
j-E
s |
Figure 34. Smart View Editor displaying the options available to write EEPROM

3. Delete the old box and scan the box again. The new box with EEPROM burned can be found as shown in
Figure 35.

4 F o
4 "% Devices
4 == Device 3 (EtherCAT)
jg Image
*® Image-Info
# SyncUnits
Inputs
B Outputs
[ InfoData
B Box 1 (ECAT-I0)

R R v

Figure 35. New box can be found
4. Activate Free Run, as shown in Figure 36.

Microsoft Visual Studio

o Activate Free Run

Mo

Figure 36. Active Free Run
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5. Make sure EtherCAT slave is in Operation (OP) mode, as shown in Figure 37.

General EtherCAT DC Process Data  Plc Statup  CoE - Online  Onling

State Machine

Ea—C

Pre-Op Sate-Op

Cument State: |OP |

Requested State: | QF |

Op Clear Emor

DLL Status
Port A: |Carrier / Open |

Port B: | Mo Carmier # Closed |
Port C: Mo Carmier # Closed

Part D: Mo Carmier # Closed

File Access over BtherZAT
Download .. pload...

Figure 37. EtherCAT slave in OP mode

6. In TwinCAT Config mode, you can pass an 'Online Write value' (Online Write '0' or Online Write '1') to
the EtherCAT slave. For example, if value ‘1’ is written to the RxPDO variable LED, the user LED on the
MIMXRT1180-EVK board lights up.

4 BER Box 1 (ECAT-IO)
4 TPDO
4 [y RxPDO

b G wi A Changelink..
O Inf Clear Link(s)
Go To Link Variable

Take Mame Ower from linked Variable

Mowve Address...

i Online Write '0'
Online Write "1

+3  Online Write..,

Online Force...

Releaze Force

2 Add to Watch

Remowve from Watch

Figure 38. Online write in Config mode
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6 Using TWINCAT3 in Run mode

This section describes the process for configuring the TwinCAT3 software in Run mode.

1. First, create a new PLC project. Right click PLC and then click Add New Item, as shown in Figure 39.

| 13 | Add New Item... Ins

P & O Add Existing Item... Shift+Alt+A
b o :

& SAFQ: Add Project from Source Control...

[Gad C++ Paste Ctrl+V

@& AN Paste with Links

Figure 39. Creating a new PLC project in TwinCAT3
2. Add a Standard PLC Project, as shown in Figure 40.

Add New Itern - TwinCAT Project? [ X
4 Installed Sort by: | Default v|EE Search (Ctrl+E) P~
Plc Templates ;
IR | ﬂ Standard PLC Project Plc Templates Type: Pic Templates
b Online Creates a new TwinCAT PLC project
m Empty PLC Project Ple Templates containing a task and a program.
Narne: [Untitled2 |
Location: | C\Users\nxf90529\sourcelreposh TwinCAT Project T\ TwinCAT Project ' = | Browse...

Figure 40. Creating a Standard PLC Project in TwinCAT3
3. Write PLC related codes as shown in Figure 41.
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MAIN * 2 TwinCAT Project? Selution Explorer

| e @ti-lo-59®
3 Delay : TON: Search Selution Explorer (Ctrl+;)
4 LedIn AT %I* : BOOL; MOTION
5 LedCut AT %Q* : BOOL; 4 PLC
§ EROAR 4 [0 Untitled2
! 4 %] Untitled2 Project
[ External Types
[+ [-3] References
o [ DUTs
1|  Delay(IN := TRUE, BT := T£15); 3 GVLs
= 2z  IF Delay.(Q THEW 4 (= POUs
3 Ledfut := NOT LedIn;
4 Delay(IN := FALSE): ] MAIN (PRG)
s END IF: 3 VisUs
- [ E'::l PlcTask (PlcTask)
2[5 Untitled2.tmc
B O} Untitled? Instance
SAFETY
E C++
& anavmcs
4 o]
P 4“% Devices
4 == Device 1 (EtherCAT)
jg Image
Error List jﬂ Image-Info

Solution Explorer BIEETNSTE LTSS

Entire Solution - | |

Figure 41. Writing PLC project codes

4. Link the ESC input and output variables to the PLC project variables. For this, right click 'LED' and choose

Change Link, as shown in Figure 42.
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P 1 IntoData
4 [ Box 2 (ECAT-I0)
4 [ TxPDO

w_

M Change Link...

4 B RxPDO |L
% LED | X
b [ WcState

b @ InfoData

4 [ Box3 (!an92|

4 [ Input ma
® LED

Clear Link(s)
Go To Link Variable

Take Name Over from linked Variable

Move Address...

Online Write ‘0’

B | Attach Variable LED (Input)

Search: Ii

[©-54 PLC
=44 Unlited2

le

B4l U
+r MAIN.Ledn > 1B 3850720.800L[10] |

Figure 42. Linking ESC variables to PLC variables

Show Variables

A Only Urwased

[ Exchade disabled

[ Exchude other Devices
[ Exchade same Image
[®] Show T oolips

] Sot by Address

[[] Show Variable Groups
(W] Collapse last Level

5. Switch to Run mode as shown in Figure 43 and ensure that the EtherCAT slave runs in OP mode.
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| TwinCAT | TwinSAFE PLC EIBA(M) Scope TEM

Windows 3

L]
-
b

”ﬁEE o

Activate Configuration
Restart TwinCAT System

Restart TwinCAT (Config Mode)

Reload Devices

Scan

Toggle Free Run 5tate

Show Online Data
Show Sub ltems
Hide Disabled ltems

8 @@

Software Protection...

(110 kel
Ll
e

Access Bus Coupler/IP Link Register...
Update Firmware/EEPROM »

Show Realtime Ethernet Compatible Devices...

Figure 43. Switching TwinCAT to Run mode

6. Then, click Activate Configuration, as shown in Figure 44.

AN14155 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
Application note Rev. 1.0 — 23 May 2024 Document feedback
27136



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors AN 1 41 55

Using the i.MX RT1180 EtherCAT together with BECKOFF TwinCAT3 and SSC tool

- TwinCAT | TwinSAFE PLC EIBA(M) Scope TEM

Windows 4
I £ Activate Configuration
| Restart TwinCAT System

Restart TwinCAT (Config Mode)

Reload Devices

N

+
e
.
-

Scan

Toggle Free Run State

@

Figure 44. Activatng the Configuration

7. Click Run PLC button as shown in Figure 45. Now, the PLC project runs and the user LED on
MIMXRT1180-EVK board blinks every one second.

1| TwinCAT Projectl » <Local= ~ = Untitled2 - | n €]

TwinCAT Projectl MAIN [Online] & X

TwinCAT_Projectl.Untitled2.MAIN

==t #2 3 %
+ @ Delay TON
% Ledin BOCL
# LadInl BOOL
@ LedOut BOCL
o A s -
1
2 Tsims := T#15);
“ LedoutfiER := WOT LedInIES;
z Delay (INGESS := FRLSE):
€ ¢ END_IFFETURN]

Figure 45. Running the configuration

7 EtherCAT operational modes and mode switching in TwinCAT3

7.1 Switching EtherCAT operational modes in TwinCAT3

This section describes the process for configuring the operation modes using the TwinCAT3 software.
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1. Configure SM mode in TwinCAT3. The steps to set SM mode in TwinCAT3 are shown in Figure 46.

General EtherCAT DC Process Data Plc Statup CoE-Onine  Online
Operation Made: 1 SM-Synchron w
| | Advanced Settings... | | 2
Advanced Settings b4
@-Distributed Clock Distributed Clock
Cyclic Mode
Operation Mode: | SM-Synchron ~ | 3
[] Enable Sync Unit Cycle (=): | 4000 |
SYNC 0
Cycle Time (us): Shift Time {us)
Sync Unit Cycla
User Defined
Based on Input Reference
Enable SYNC 1
[[] Use as potential Reference Clack

Figure 46. Set SM mode in TwinCAT3

Cancel |

2. Configure DC mode in TwinCAT3. The steps to set DC mode in TwinCAT3 are shown in Figure 47.
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Genersl Adapter EheCAT Orime  CoF -Orine

] Sheow DC System Time (5454)

For bputs: [ |+ o

Figure 47. Master Device Set DC mode in TwinCAT3

5
(==

alp "
Search S | P~
Hetld 10182248 207.21 e —
) |I ] I2 37 Solution "TwinCAT Project? (1 project]
4 Ll TwinCAT Project?
Advanced Settings gt
# State Machine Distributed Clacks i@ moon
g Qg ames b B rc
bsctenies i saFeTy
—r— ] Automatic DC Mode Selsction i c-+
Redundancy 3 | FADCnuse | [l AnaLyTics
) Emergency Ebﬂ 4 Evo
4 Diagnosis Pelersriod Select... ¥ Devices
b =% Device | (EtherCAT)
) Independent DC Time (Master Mode) | Mappings
() DC Time controbied by TwinCAT Time (Slave Mode) l
Adusst Jock
{2)DC Time controlied by Extemal Sync Device [Etemal Mode)
Ewer [ Select
Settings SYNC Shit Tme {i=)
[ Contruous Fun-Time Measuing Percert of cycle time: EE
= — blution Explorer
[ 5ymc Window Mononng For Qutputs:  [1.300

Jevice 1 (EtherCAT) EtherCAT Master =

B | m
Mise.
(Mame] Device 1 (EtherCAT)
Disabled Enabled
IternType 2
Pathhame THD* Device 1 (Etherd
Persistent

Saveinown File  False

3. Configure DC mode in TwinCAT3. The steps to set DC mode in TwinCAT3 are shown in Figure 48.
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[JUse a8 potential Referense Clack
Cancel
Figure 48. Slave Device Set DC mode in TwinCAT3

8 Conclusion

This application note describes the usage of EtherCAT peripheral on i.MX RT1180 platform. It describes the
functionality of FMMU, SyncManager, 64-bit distribute clock, the calculation of propagation delay, and EtherCAT
operational modes. It also describes the usage of SSC tool and TwinCAT3 based on the RT1180 SDK and i.MX
RT1180 Evaluation Kit (EVK-MIMXRT1180) board.
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9 Related documentation

Table 2 lists and explains the additional documents and resources that can be referred to for more information
about the MIMXRT1180-EVK board. Some of the documents listed below may be available only under a
nondisclosure agreement (NDA). To request access to these documents, contact your local field applications
engineer (FAE) or sales representative.

Table 2. Related documentation

Document Description Link/how to access
i.MX RT1180 Reference Manual Provides a detailed description about Contact your local field applications
(IMXRT1180RM) the i.MX RT1180 and its features, engineer (FAE) or sales representative.

including memory maps, power
supplies, and clocks.

i.MX RT1180 Crossover MCUs for Provides information about electrical
Consumer Products Data Sheet characteristics, hardware design
(IMXRT1180CEC) considerations, and ordering information
i.MX RT1180 Crossover MCUs Provides information about electrical

for Industrial Products Data Sheet characteristics, hardware design
(IMXRT1180IEC) considerations, and ordering information
MIMXRT1180-EVK-UM Provides a detailed description about

MIMXRT1180-EVK board components,
interfaces, and functionality

Security Reference Manual for the i.MX |Provides detail about various chip
RT1180 Processor security components

MCUXpresso Software Development MCUXpresso Software Development MCUXpresso Software Development
Kit (SDK) documentation Kit (SDK) is a comprehensive software |Kit (SDK) documentation
enablement package designed to
simplify and accelerate application
development with NXP MCUs based on
Arm Cortex -M cores.

For more information about the i.MX RT1180 MCU, refer to the URL: https://www.nxp.com/products/processors-
and-microcontrollers/arm-microcontrollers/i-mx-rt-crossover-mcus/i-mx-rt1180-crossover-mcu-with-tsn-switch-
and-edgelock:i.MX-RT1180#documentation.

AN14155 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Application note Rev. 1.0 — 23 May 2024 Document feedback
32/36



https://www.nxp.com/design/software/development-software/mcuxpresso-software-and-tools-/mcuxpresso-software-development-kit-sdk:MCUXpresso-SDK?tab=Documentation_Tab
https://www.nxp.com/design/software/development-software/mcuxpresso-software-and-tools-/mcuxpresso-software-development-kit-sdk:MCUXpresso-SDK?tab=Documentation_Tab
https://www.nxp.com/products/processors-and-microcontrollers/arm-microcontrollers/i-mx-rt-crossover-mcus/i-mx-rt1180-crossover-mcu-with-tsn-switch-and-edgelock:i.MX-RT1180#documentation
https://www.nxp.com/products/processors-and-microcontrollers/arm-microcontrollers/i-mx-rt-crossover-mcus/i-mx-rt1180-crossover-mcu-with-tsn-switch-and-edgelock:i.MX-RT1180#documentation
https://www.nxp.com/products/processors-and-microcontrollers/arm-microcontrollers/i-mx-rt-crossover-mcus/i-mx-rt1180-crossover-mcu-with-tsn-switch-and-edgelock:i.MX-RT1180#documentation
https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors

AN14155

Using the i.MX RT1180 EtherCAT together with BECKOFF TwinCAT3 and SSC tool

10 Acronyms

Table 3 lists the acronyms used in this document.

Table 3. Acronyms

Acronym Description

CM33 Cortex-M33 core

CM7 Cortex-M7 core

DC mode Distributed Clock mode

EtherCAT Ethernet for Control Automation Technology
EEPROM Electrically Enabled Programmable Read Only Memory
ESC EtherCAT Slave Controller

FMMU Fieldbus Memory Management Unit

IDE Integrated Design Environment

PDI Process Data Interface

SDK Software Development Kit

SM Sync Manager

SSC Slave Stack Code

TSN Time Sensitive Networking

TwinCAT The Windows Control and Automation Technology

11 Revision history

Table 4 summarizes the revisions to this document.

Table 4. Revision history

Document ID Release date Description

AN14155v.1.0 23 May 2024 Initial public release
AN14155 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
Application note Rev. 1.0 — 23 May 2024 Document feedback

33/36


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors

AN14155

Using the i.MX RT1180 EtherCAT together with BECKOFF TwinCAT3 and SSC tool

Legal information

Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

AN14155

All information provided in this document is subject to legal disclaimers.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at https://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Suitability for use in non-automotive qualified products — Unless

this document expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.

Trademarks

Notice: All referenced brands, product names, service names, and

trademarks are the property of their respective owners.
NXP — wordmark and logo are trademarks of NXP B.V.

© 2024 NXP B.V. All rights reserved.

Application note

Rev. 1.0 — 23 May 2024

Document feedback
34/36


mailto:PSIRT@nxp.com
https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors

AN14155

Using the i.MX RT1180 EtherCAT together with BECKOFF TwinCAT3 and SSC tool

AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE,
Cordio, CoreLink, CoreSight, Cortex, DesignStart, DynamlQ, Jazelle,
Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore,
Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-
PLUS, ULINKpro, pVision, Versatile — are trademarks and/or registered
trademarks of Arm Limited (or its subsidiaries or affiliates) in the US and/or
elsewhere. The related technology may be protected by any or all of patents,
copyrights, designs and trade secrets. All rights reserved.

AN14155

All information provided in this document is subject to legal disclaimers.

EdgeLock — is a trademark of NXP B.V.
i.MX — is a trademark of NXP B.V.

Intel, the Intel logo, Intel Core, OpenVINO, and the OpenVINO logo —
are trademarks of Intel Corporation or its subsidiaries.

© 2024 NXP B.V. All rights reserved.

Application note

Rev. 1.0 — 23 May 2024

Document feedback
35/36


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors

AN14155

Using the i.MX RT1180 EtherCAT together with BECKOFF TwinCAT3 and SSC tool

Contents
1 Introduction ... 2
2 Hardware platform ..o, 2
21 i.MX RT1180 crossover MCU ..........cccccciieennnee 2
2.2 i.MX RT1180 EtherCAT main features ............... 2
23 MIMXRT1180-EVK board .........ccccoveviveeneennnnne 2
3 EtherCAT basic overview ..........ccccccoeceriiiccnens 3
3.1 Fieldbus Memory Management Units

(FMMU) o 3
3.2 SyncManager (SM) ... 4
3.3 EtherCAT Distribute clock ..........ccccooiiiiiiiiiniies 5
34 EtherCAT operational modes .........ccccevveeeeeeeen... 6
4 Integrating EtherCAT Slave Stack code

to the SDK demo ... 10
5 Setting TwinCAT3 in Config mode ............... 17
51 Installing TwinCAT Master driver and

scanning EtherCAT devices .........ccccooiiiiieennie 17
5.2 Updating EEPROM data and writing a

value online in Config mode .............cccccceeenee 21
6 Using TWINCAT3 in Run mode ..................... 24
7 EtherCAT operational modes and mode

switching in TWinCAT3 .........ccccooiiiiiieieeeenee 28
71 Switching EtherCAT operational modes in

TWINCATS e 28
8 {0707 T2 (117 ('] o 31
9 Related documentation ...........ccccocceeeiiinnnnnes 32
10 ACIronyms ... s 33
1 Revision history ..........cociiiiioioiiicciereces 33

Legal information ..........cccoooiiiiiiiiiieeee 34

Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section 'Legal information'.

© 2024 NXP B.V. All rights reserved.

For more information, please visit: https://www.nxp.com Document feedback

Date of release: 23 May 2024
Document identifier: AN14155


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

	1  Introduction
	2  Hardware platform
	2.1  i.MX RT1180 crossover MCU
	2.2  i.MX RT1180 EtherCAT main features
	2.3  MIMXRT1180-EVK board

	3  EtherCAT basic overview
	3.1  Fieldbus Memory Management Units (FMMU)
	3.2  SyncManager (SM)
	3.3  EtherCAT Distribute clock
	3.4  EtherCAT operational modes

	4  Integrating EtherCAT Slave Stack code to the SDK demo
	5  Setting TwinCAT3 in Config mode
	5.1  Installing TwinCAT Master driver and scanning EtherCAT devices
	5.2  Updating EEPROM data and writing a value online in Config mode

	6  Using TWINCAT3 in Run mode
	7  EtherCAT operational modes and mode switching in TwinCAT3
	7.1  Switching EtherCAT operational modes in TwinCAT3

	8  Conclusion
	9  Related documentation
	10  Acronyms
	11  Revision history
	Legal information
	Contents

