REN ESAS Application Note

Renesas RA Family
EK-RA8T2 EtherCAT CiA402 SubDevice Software

Introduction

This document describes how to set up the sample program for EtherCAT® SubDevice functionality using
the adapted EtherCAT Stack Code for the RA8T2 series.

It also explains how to verify SubDevice behavior and stack features using TwinCAT® as the configuration
tool for the MainDevice.

Target Device

EK-RA8T2
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Renesas RA Family

EK-RA8T2 EtherCAT CiA402 SubDevice Software

1. Overview

This document describes how to set up the sample program for EtherCAT® SubDevice functionality using
the adapted EtherCAT Stack Code for the RA8T2 series.

1.1 Abbreviations / Definitions
Table 1.1 Abbreviations / Definitions

Index | Abbreviations / Definitions Description

1 CoE CAN application protocol over EtherCAT
2 CiA CAN in Automation

3 DC Distributed Clock

4 EEPROM Electrically Erasable Programmable Read-Only Memory
5 EoE Ethernet over EtherCAT

6 ESC EtherCAT SubDevice Controller

7 ESI EtherCAT SubDevice Information

8 ESM EtherCAT State Machine

9 ETG EtherCAT Technology Group

10 FoE File Access over EtherCAT

11 PDO Process Data Object

12 SDO Service Data Object

13 SSC SubDevice Stack Code

14 FSP Flexible Software Package

15 IDE Integrated Development Environment
16 GCC GNU Compiler Collection

1.2 Reference

1.2.1 About RA8T2

Technical information about EtherCAT is available on the ETG member site, and information about RA8T2 is
available from Renesas.

Table 1.2 Technical reference for RA8T2

Document | Description Document Title Document No.
Type
User's Manual | RA8T2 Group User's Manual RAB8T2 User's Manual Hardware r01uh1067ej****

Hardware
Datasheet RA8T2 Group Datasheet RA8T2 Group Datasheet r01ds0436ej****
Quick Start EK-RA8T2 v1 Quick Start Guide Demonstration for the EK-RA8T2 and r20gs0097eg****
Guide instructions on how to customize it for

application development.

User's Manual | EK-RA8T2 v1 User's Manual EK-RA8T2 User's Manual Hardware r20ut5714ej****

RO1AN8284EJ0100 Rev.1.00

Jun.30.26

Re Page 3 of 46
RENESAS



https://www.renesas.com/en/document/mah/ra8t2-group-users-manual-hardware?queryID=963725866c18f0d590d97b9a53d54f0d
https://www.renesas.com/en/document/dst/ra8t2-group-datasheet?queryID=c46d01afcee10bf0b90e1493581b1647
https://www.renesas.com/en/document/qsg/ek-ra8t2-v1-quick-start-guide?r=25611357
https://www.renesas.com/en/document/mat/ek-ra8t2-v1-users-manual?r=25611357

Renesas RA Family EK-RA8T2 EtherCAT CiA402 SubDevice Software

2. Features

This package includes firmware for the EtherCAT SubDevice stack generated by the SSC Tool for Renesas
RA8T2 series processors.

This package includes the following features:
B ESM (EtherCAT State Machine)

B Mailbox protocols:
- CoE (CAN application protocol over EtherCAT)
- FoE (File Access over EtherCAT)

B Synchronization Modes:
- Free Run
- Sync Manager Synchronization
- DC Synchronization

®  |/O function:
- DIP switch input (I/O)
- LED output (I/O)

m  CiA402 drive profile:
- CSP Mode
- CSV mode

P——N
EtherCAT.

EtherCAT is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany.
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EK-RA8T2 EtherCAT CiA402 SubDevice Software

2.1 Folder structure relative to this application note

After extracting the package, the folder structu

Table 2.1 Sample package overview

re is as follows.

Item

Description

r01an8283xx0100-ek-ra8t2-ethercat-package
—— RA8T2_EtherCAT_EK_rev0100
\ F—— common

| F—— CiA402
| | F——ESlI
| | F—— Patch
| | L—— SSCconfig
| —— ETG5003
| | F——ESlI
| | —— Patch
| | L—— SSCconfig
| —— Replacement Files
—— project

F—— CiA402

| L—— e2studio

—— ETG5003

L—— e2studio

—— r01an8283ej0100-ek-ra8t2-ethercat-package.pdf
—— r01an8284ej0100-ek-ra8t2-ecat-cia402.pdf
L—— r01an8285ej0100-ek-ra8t2-ecat-etg5003.pdf

EK-RA8T2 EtherCAT Sample Package
Archive for RA8T2 (EK board)
Common resources for SSC Tool

For CiA402

EtherCAT SubDevice Information
Patch for this CiA402 project

SSC Tool configuration file

For ETG5003

EtherCAT SubDevice Information
Patch for this ETG5003 project

SSC Tool configuration file
Replacement Files

IDE project folder

For CiA402

e2studio project

For ETG5003

e?studio project

This release note

Application note for CiA402 projects
Application note for ETG5003 projects

RO1AN8284EJ0100 Rev.1.00
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3. Requirements (Software and Hardware)

This project was developed and tested in the environment listed below using the following boards and tools.

3.1 Requirements for this Sample Package

Table 3.1 Requirements

Category Name Version Description
Board EK-RAB8T2 evaluation - Renesas
kit EK-RA8T2 - Evaluation Kit for RA8T2 MCU Group
IDE e? studio 2026-04.2 Renesas
Configurator FSP Smart 2026-04.2 RA Flexible Software Package (FSP)
Configurator
Flexible Software FSP for Renesas v6.5.0
Package
GCC Compiler GNU ARM Embedded 13.3.Rel1
Toolchain

GNU ARM A-Profile 13.2.Rel1
(AArch64 bare-metal)

Emulator J-Link ™ 8.60 SEGGER
SEGGER - The Embedded Experts - Downloads - J-Link / J-
Trace
Software SSC Tool 5.13 Beckhoff Automation
ET9300 | EtherCAT Slave Stack Code | Beckhoff Worldwide
TwinCAT3 4026.19 Beckhoff Automation

TwinCAT 3.1 Build 4026 | Beckhoff Worldwide

Tera Term 5.5.1 Tera Term
Tera Term Open Source Project
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EK-RA8T2 EtherCAT CiA402 SubDevice Software

4. Hardware Setup

This section describes the main hardware used in this application. For more information about the boards,
refer to the respective evaluation board user manuals and schematics.

4.1

EK-RA8T2 Board

EtherCATID

ConfigSwitch

EtherCATIN_port

&
-
-
-
M
® o
-
-

e2Studio + FSP

e? studio

USB-C cable

HW Config

TwinCAT3 Master

Application
Figure 4.1. EK-RA8T2 board layout
4.1.1 Jumper and Switch Configuration
The tables below show the jumper settings.
Enable the following settings when using EtherCAT communication.
Table 4.1 Jumper configuration
Reference Jumper Position Description
E71 Short Suppressing 1000Mbps communication (Eth0)
E72 Short Suppressing 1000Mbps communication (Eth1)

Table 4.2 DIP Switch configuration

Sw4 Setting Description
SW4-1 ON I12C mode setting
SW4-2 OFF 12C mode setting
Table 4.3 DIP Switch configuration
SW5 Description
SW5-1,2,3,4 Lower 4 bits: input bit
SW5-5,6,7,8 Upper 4 bits: EtherCAT device ID
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5. Setting up the Host

5.1 Copying the ESI Files
Before starting TwinCAT3, copy the ESI file(.xml) included in the release folder to the TwinCAT destination
folder.

The release folder:
“RA8T2_EtherCAT_EK_rev0100\common\CiA402\ES/’

The ESI file name:
“Renesas EtherCAT RAS8 IO CiA402.xml”

The TwinCAT destination folder:
“TwinCAT\3.x\Config\IO\EtherCAT”

5.2 Installing the Driver

Add the EtherCAT driver for TwinCAT (first time only).

From the Start menu, select [TwinCAT3] — [Show Realtime Ethernet Compatible Devices...].

Select the connected Ethernet port from the list of communication ports and install the driver.

If the selected Ethernet adapter appears under [Installed and ready to use devices (realtime capable)], the
installation is complete.

D] TwinCAT Projects - Microsoft Visual Studio Y2 k Laun : P- B x Installation of TwinCAT RT-Ethemet Adapters X
FILE EDT WIEW PROJECT BUILD DEBUG TWINCAT | TWINSAFE PLC TOOLS SCOPE  WINDOW  HELP
B-o-2 W@ - | [TwinCATRT (x64) -] Ethemnet Adapters Update List
BB 2 @ @, <ol Bl Rest CAT Systen e =3 Insl 2k eady to use devices(realtime capable)
T B B Restant TwinCAT (Config Mode) e (=555, - TwinCAT ntel P! Ethernel Adapter (Gigabi)
e ot 2 Relosd Devices pee= £ Installed and ready lo use devices(lor demo use only)
D o-F &= 5 [ICAT Project2s N P Compalible devices
NSO @& Toggle free Run State B | # 1 GF Incomnatile devices
121 Solution “TwinCAT Project2S (1 project) P beurity £ ethemnet 3 A 4xe8173 USE 2.0 to Gigabit Ethemet Adapter
4 ol TwinCAT Project2s o e False 159 WiFi - Intel(R) Dual Band Wireless-AC 8260
e Show Sub htems Folse (P Disabled devices
& momon &
PLC % "
-] A # Link Regist Disable
Ces
» Bvo Show Resltime Ethernet Compatible Devices.. [~ Show Bindings
File Handling »
EtherCAT Devices
About TwinCAT

Note: If you are not using an Intel NIC, the Ethernet adapter may appear under [Installed and ready to use
devices (for demo use only)].

Installation of TwinCAT RT-Ethernet Adapters *

Ethernet Adapters
i @ Installed and ready to use devices(realime capable]
E@ Installed and ready to use devices(for demo use only] —1
[ @ ethernets - 451 432173 USE 3.0 to Gigahit Etheret Adapter

@ Compatible devices

----- @ Incompatible devices

E@ Disabled devices

el W - IntellR) Wi B X201 1B0MHz

RO1AN8284EJ0100 Rev.1.00 Page 8 of 46
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5.3 Generating the EtherCAT SubDevice Stack Code
This chapter describes how to generate the EtherCAT SubDevice Stack Code by using the SSC tool.

* EtherCAT SubDevice stack code is not included in this sample project.
* "EtherCAT SubDevice stack Code (SSC) Tool" is required to generate EtherCAT SubDevice stack code.
* SSC Tool is available from the ETG Association.

EtherCAT Technology Group | EtherCAT Slave Stack Code (SSC) ET9300

1. Start the SSC Tool and open the following folder.
“RA8T2_EtherCAT_EK_rev0100\common\CiA402\SSCconfig”

The following window appears.

File Project Tool Help

Slave Project Navigation Slave Settings
=8 RX{74M EtherCAT I0_CiAL02

: . 55C Version 5.13

i Slavelnformation

. Generic Config File Versionl 530

- Hardware ) File name Description Version

- EtherCGAT State Machine - -

'... Synchronisation oea Aok ADS over EtherCAT

= Application aoeapplh 511

i ProcessData o

- Mailbox applinterfaceh EcatAppl EtherGAT application 5.13

- Compiler bootmode ¢ ESM EtherCGAT State Machine 5.12
bootmode h 511
bootloaderapplc Bootloader Bootloader Sample .12
bootloaderapplh .12
ciadl2applc Cia402appl Cidd02 Sample Spplication 5.13
ciad02applh 5.13
coeapplc GoE CAN Application Profile over EtherCAT 5.13
coeaoolh 5.13

Add File(s)
Conflicts

2. Select Project > Create new SubDevice Files.

File | Project | Tool Help

Find Setting Ctrl+F

: Create new Slave Files F5
e CYETTETIC UEV

RO1AN8284EJ0100 Rev.1.00 Page 9 of 46
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3. Click the [Start] button to start creating the EtherCAT SubDevice Stack Code.

| Create new Slave Files n

| Project File CH¥RAST2 EtherGAT ER_rev0100¥common¥GiAd12¥55Ccon ig¥RAS_EtherGAT CiAd02esp
1
Source Folder C¥RAST2_EtherCAT_EK revi100¥common¥CiAdl2¥SSCoonfigéSrey Change

Ci¥lzers¥ah 14234 74 Decktop¥workspace®r: ¥ 2m_cia S5CERMT2M EtherCAT CiAd
CH#RART2 EtherGAT EK revi 1 10¥common¥ a4 02455 Coonfie

Progress

Gareel

4. When a message “New file created successfully” appears, file creation is complete, and the source files

are located in the following folder.
“RA8T2_EtherCAT_EK_rev0100\common\CiA402\SSCconfig”

Project File CH¥RARTI_EtherGAT_EK revi 100¥common¥CiAdl E5Ceonfig¥RAS_EtherCAT Ciadl2esp

Source Folder C¥RAST2_EtherCAT_EK rev0100¥common¥Cifd 12¥55Coonfig¥Srod

G lzers¥ab 14234 P Dezk top¥work space¥r 7 2m_cia_SSC¥RHTIM EtherGAT Gidd
CHRAET2 EtherCAT_EK rev1004¥common¥Cidd 1 2¥55Coonfie

Progress
"SamplelpplicationInterface h" : skipped (SRMPLE APPLICATION INTERFACE)
"applInterface. h" : new file written

"ciadlZappl.c™ : new file written
"cia402appl .h" : new file wr =

"coeappl.c” : new f£ile writ Create Files Finished —— O *
"coeappl.h"™ : new file writ

"ecatappl.c” : new file wri

"ecatappl.h" : new file wri Mew files created successfully .
"ecatcoe : new file writ

==
"ecatcoe.h™ : new file writ
"ecatslv.c"™ : new f:-Lle wr:f.t:' Oper Folder
"ecatslv.h"™ : new file writ

"esc.h"™ : new file written

"mailbox.c™ : new file written

"mailbox.h"™ : new file written

"objdef.c™ : new file written

"objdef.h™ : new file written

"sdoserv.c"™ : new file wWritten

"sdoserv.h"™ : new file written

Fenerate files finished

Create Slawe files finished

Cloze

RO1AN8284EJ0100 Rev.1.00 Page 10 of 46
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5. Run the patch file below to move the SSC code.
“RA8T2_EtherCAT_EK_rev0100\common\CiA402\Patch\ apply_patch_CiA402.bat”

|I11 apply_patch_CiA402.bat

D ecat_cia402.patch

6. The generated EtherCAT SubDevice stack code is copied to the EtherCAT application source folder.

Source folder: (code generated in the Src folder by SSC)
“RA8T2_EtherCAT_EK_rev0100\common\CiA402\SSCconfig\Src”

Copy destination folder:
“RA8T2_EtherCAT_EK_rev0100\project\CiA402\e2studio\src\ethercat\beckhoff\Src”

RO1AN8284EJ0100 Rev.1.00 Page 11 of 46
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5.4 Setting Up the Sample Code in e? studio

1. Import the sample project. After starting the program, select [File] — [Import] — [Existing Projects into
Workspace]. Check "Select root directory”, select the
"RA8T2_EtherCAT_EK_rev0100\project\CiA402" folder, select the project, and then click [Finish].

&) Import O X
Import Projects -
Select a directory to search for existing Eclipse projects. / .F'.:
ail
© Select root directory: | G¥RABT2_EtherCAT_EK_rev0100¥project¥CiA ~ | Browse...
() Select archive file: Browse
Projects:

B RABT2_EK_esc_|0_CiA402_CPUD (C¥RABT2_EtherCAT_EK_revOi00¥p Select All

Deselect All
Refresh
2. Open "configuration.xml" in the " RA8T2_EK_esc_CiA402_CPUO0" project.
Project Explorer ES Y 8 <

W Tl-ﬁ RABTZ_EK_esc 1O CiA402_CPUQ (in e2studio
» [l Includes
s (3 src
ILJD:E configuraticn.xml
|¥] RABTZ_EK_esc_|O_CiA402_CPUO Debug_Flatlaunch
=1 Developer Assistance loading...

3. Generate the code by selecting "Generate Project Content".

Board Support Package Configuration 0o

Generate Project Content

Device Selection

2 Board Details
FSP version: 6.5.0 .
Evaluation Kit for RA8T2 MCU Gro

Board: EK-RABT2 b Visit https://www.renesas.com/ek

) s manual, quick start guide, errata
Device: R7KAST2LFECAC example projects, etc.
Core: CPUO v
RTOS: No RTOS

RO1AN8284EJ0100 Rev.1.00 Page 12 of 46
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4. Replace the PHY configuration file with the one located in the "ReplacementFiles" folder.

“‘RA8T2_EtherCAT_EK_rev0100\common\ReplacementFiles\ra\fsp\src\r_ethercat_phy”
copy to
“‘RA8T2_EtherCAT_EK_rev0100\project\CiA402\e2studio\ra\fsp\src\r_ethercat_phy”

5. Build the project.

Project Explorer ¢ B G Y § = B i [RAST2_EK esc_IO_CiA402_CF
V|IEC- RABT2_EK esc_IO_CiA402 CPUO( - "~
; Mew >
» [l Includes
y 2 ra Go Into
» 2 ra_gen . i
5 GB sre Open in New Window
» = Debug Show In Alt+Shift+W »
» [= ra_cfg
=] Copy Cirl+C
» = script sl ORy LA
8% configuration.xml [ Paste Ctrl+V
[¥] RASTZ EK _esc IO _CiA402 CPUC JE  Delete Delete
» (7) Developer Assistance PrET 5 A
Rename... F2
g Import..
g Export..
Renesas F5P >
Build Project

Clean Project

6. After connecting the board and J-Link, start debugging and downloading by following the procedure
below.

Push the triangle next to the [Debug] button, then push [Debug Configurations].

Search Project Renesas Views Run  Window Help

oie

(no launch history) f & = 0
A Debug As > ANKO]
© Debug Configurations... ||
Organize Favorites... |
RO1AN8284EJ0100 Rev.1.00 Page 13 of 46
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[Renesas GDB Hardware Debugging] — [RA8T2_EK_esc_CiA402_CPUO Debug Flat] item,
then press [Debug].

&} Debug Configurations O x

Create, manage, and run configurations

Br®EX B Y- Name: RAGT2_EK_esc_IO_CiAd02_CPUO Debug_Flat
type filter text Main | s Debugger| = Startup| 5 Common | s Suurce|

[T] ©C++ Application

[] C/C++ Remote Application
- EASE Script RABT2_EK_esc_IO_CiA402_CPUO Browse...

[t ] GDB Hardware Debugging

[c7] GDB Simulator Debugging (RHB850)

Project:

C/C++ Application:
Debug/RABT2_EK _esc_IO_CiA402_CPU0.elf

Variables... Search Project.. Browse...

Build (if reauired) hefars Llannchina

) . Revert Apply
Filter matched 9 of 11 items

\
@

The following dialog appears. Switch to the Debug Perspective.

a Confirm Perspective Switch X

'ef This kind of launch is configured to open the Debug perspective when it suspends.

This Debug perspective supports application debugging by providing views for displaying
the debug stack, vanables and breakpoints.

Switch to this perspective?

[CJRemember my decision

T

RO1AN8284EJ0100 Rev.1.00 Page 14 of 46
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7. When debugging starts, the program stops at "hal_entry ();" in main.c.
Press the "Resume" button.

File Edit Source Refactor Mavigate Search Project RenesasViews Run  Ren

| SR i)l @R | R] @ik
Debug B %|iv|e § = B
R E RABT2_EK_esc_lO_CiA402_CPUD Debug_Flat [Renesas GDE Hardware Debugging] i
w ﬁ‘u_!é;} RABTZ EK_esc_IO_CiA402 CPUNelf [1] [cores: O]
~ o Thread #1 1 (single core) [core: 0] (Suspended : Signal : SIGTRAP: Trace/breakp
= Reset_Handler() at startup.c:50 Ox2009f2c
g arm-none-eabi-gdb (16.2)
p| Renesas GDB server (Host)

8. Press the "Resume" button again. The program will then run.

File Edit Source Refactor Mavigate Search Project RenesasViews Run  Re

- Qv Bz R R R ik
Debug X B %|i»|e 8 = 0
w E RABTZ EK_esc_|O_CiA40z_CPUD Debug_Flat [Renesas GDB Hardware Debugging]

W Eu_r“;‘;‘ RABT2 EK_esc_|O_CiA402_CPUOelf [1] [cores: O]

~ o Thread #1 1 (single core) [core: 0] (Suspended : Breakpoint)

= main() at main.c:5 0x20073a0
g arm-none-eabi-gdb (16.2)
g Renesas GDB server (Host)
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6. Demonstration of the Sample Application

Before starting this chapter, power on the EK-RA8T2 board and connect the PC/PLC to the ETHO connector.
For details, refer to Chapter 4.

6.1 Connecting to TwinCAT3

Start TwinCAT3 by using the procedure described below,
From the Start menu, select [Beckhoff] — [TwinCAT3] — [TwinCAT XAE].

After the program is started, select [File] — [New] — [Project] to create a new project of the TwinCAT XAE
Project type. The subsequent procedure is described below.

6.1.1 Scanning I/O Devices

1. (Scan for devices): Under Solution Explorer — [I/O] — [Devices], select “Scan” as in the figure below.

Solution Explorer « 0 x

Qe o-F| pl=
h Solution Exolorer (Ctrl+ y-=

ta. Solution TwinCAT Project?’ (1 project)
4 ol TwinCAT Project?
b @l SYSTEM
i MOTION
o pic
R SAFETY
llH C++ TcXaeShell
(& vision
&l Anavmics
4 (& o

**. Devices

@' Mappings

HINT: Mot all types of devices can be found automatically

OK

2. (Selecting port): The EtherCAT port will be displayed as shown below. Select it and click [OK].

Solution Explorer * Q0 x
@i o-a| p=
-h Solution Explorer (Cirl+ P
] Solution TwinCAT Project7” (1 project)
4l TwinCAT Project7
b @l sYSTEM
S MOTION Device 1 (EtherCAT Automation Pratocel) [ —Hatob 3 (Forinet Vinual Ethemet Adapter (] oK
gg mc B 0evice 3 (EtherCAT) [ —HFoF 1 (ASIKUSE to Gigabit Ethemet Family]
) SAFETY Cancal
m C++
[& vision
&l AnALYTICS
4 & 1/0 Unselect Al
b % Device 1 (EtherCAT Automation Protocol)
b =% Device 3 (EtherCAT)
&% Mappings

B! 2 new |/O devices found x

SelectAll

Note). If a valid SubDevice exists on the network, the EtherCAT controller will display the list.
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3. (Activate SubDevice): The SubDevice is displayed in one of the boxes. In our case, “Renesas EtherCAT”

in Box1, shown in the figure below. Click [Activate Free Run].

Solution Explorer * R x

Qe o-d| p=
p-

faJ Solution TwinCAT Project?” (1 project)
4 ol ™WinCAT Project7
b @l sysTEM
4 |z MOTION
b I8 NC-Task 1 SAF
B P
3| SAFETY
“ C++
& wision
@ anawymics TcXaeShell
4 @vo
4 "L Devices
4 &2 Device 3 (FtherCAT) o Activate Free Run
£¥ Image
*® Image-info
2 SyncUnits
Inputs
B Outputs
& InfoData
=€, Box 1 (Renesas FtherCAT RX74M I0+CiA402 2port)
4 g% Mappings
@ NC-Task 1 SAF - Device 3 (EtherCAT) 1
| NC-Task 1 SAF - Device 3 (EtherCAT) Info

Search Solution Exg

| Bum WIZN

v v v v v

4. If the detected device is "Box1 (PFFFFFFFF)" as shown in the figure, the ESI file has not been loaded,
so proceed to 6.1.2, Updating EEPROM Data. If the detected device shows the desired ESI file name,

such as "Box1 (Renesas EtherCAT xxxx)", select Free run.

Solution Explorer TwinCAT Project25 + X

Q& o-a|p-

search Solution Exp

General Adapter EtherCAT Online CoE - Online

3] Solution ‘TwinCAT Project25' (1 project) Name: :Dewce 3 (EtherCAT)

4 TwinCAT Project25
b @l sYSTEM
= MOTION
Bl riC
il SAFETY
N C++
& AnavyTics
4 @ o
4 "L Devices
4 =% Device 3 (EtherCAT)
@ Image
*® Image-Info
& SyncUnits
b Inputs
b B Outputs
> Bl InfoData
b I: Box 1 (PFFFFFFFF RFFFFFFFR|

2% Manninns

Objectld:  |0x03010030

Type: EtherCAT Master

Comment:

TcXaeShell

o Activate Free Run E
L) LA (M)

RO1AN8284EJ0100 Rev.1.00
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6.1.2 Updating EEPROM Data

If data from another application has already been written to the EEPROM, overwrite it.
The following shows the procedure for replacing the data on the EEPROM:

1. Double-click [Box 1] to display a panel on the right side of the window.
2. Select the [EtherCAT] tab.

. . L]
3. Click the [Advanced Setting] button.

General |EtherCAT| DC Process Data Plc Startup CoE - Online  Online

Type: M EtherCAT RAS ETG5003 2port

Product/Revision: 8195/ 512

Auto Inc Addr: 0 \

EtherCAT Addr: [ 2 Advanced Settings...

Identification Value: 0
Previous Port: Master

ESl: C¥TwinCAT¥3.1¥Config¥lo¥EtherCAT¥Renesas EtherCAT RAS ETGS003.xml

4. Select [ESC Access] — [EEPROM)] — [Hex Editor].

-+

General HEK
Mailbox

i Distributed Clock
ESC Access
EZPROM
Configured S
Enhanced Lir
Smart View

Hex Editor

T

5. Select [Download from List]

Download Read from File... Download from List...
Upload Write to File...
RO1AN8284EJ0100 Rev.1.00 Page 18 of 46
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7.

Select the ESl file

“RA8T2_EtherCAT_EK_rev0100\common\CiA402\ESI\Renesas EtherCAT RA8 IO CiA402.xm/”

Write EEPROM

Available EEPROM Dezcriptions:

[] Show Hidden Devices

s

o]

-2t Beckhoff Automation GrbH & Co. KG
EI;_{ Renezas Electronics Carp.

H-ag FHN3ZM3IEC Evaluation Board
-a® Renesas RAB Group
--a® Renesas EtherCAT Ra

O 3 ul=]1 I Ye:

8 ETGR003 2part (8135 /512)

“u roup
-a%, Renesas RX7AM Group
-a%, Renezas RZ/M2 Group
-a® Renezas RZ/T2 Group

Caricel

8.

9.

Option A - Create ESI binary file from ESI XML and download.
1.

2.
3.
4.
5.

6.

Click [OK] and then [Download].

Scan the device again so that the ESI file is recognized.

SSC Tool — [Tool] —» [EEPROM Programmer.

[FILE] — [OPEN] —Browse and select the ESI file.

[FILE] — [Save AS] — Select type as binary.

A binary file will be generated in the specified folder.
[Read from File] Select the ESI binary file — [Download].

Confirm the write status using the [Upload] option.

After the data is replaced, restart the RA8T2 (by turning it off and on, or resetting it) so that the new data is

applied to the microcomputer. Execute [Restart TwinCAT System].

RO1AN8284EJ0100 Rev.1.00
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6.2 Sync Modes

The SubDevice Stack Code supports different modes of synchronization which are based on three physical
signals: (PDL_) IRQ, Sync0 and Sync1.

After setting the synchronous mode, please reflect the setting in [TwWinCAT] — [Restart TwinCAT (Config

Mode)] — [Reload Devices].

Note). This project's initial settings are "DC Synchronization".

6.2.1 Free Run
In this mode, there is no SubDevice application synchronization; “AL_EVENT_ENABLED” and
“DC_SUPPORTED?” are disabled.

6.2.2 Sync Manager Synchronization
In this mode, the SubDevice application is synchronized with the Sync Manager. “AL_EVENT_ENABLED” is
enabled and “DC_SUPPORTED” is disabled.

Solution Explorer AR ISl TwinCAT Project®8 + X
& o-8|F - General EtherCATE Process Data Startup Cof - Online Online
Search Solution Explorer (Ctrl+: P -
R] Solution ‘TwinCAT Project38’ (1 project) Operation Mode: SM-Synchron v <:
4 o] TWinCAT Project98 A
b @l SvSTEM Advanced Settings...
= MOTION
!im PLC Advanced Settings
£ SAFETY
fid o+ SN Distributed Clock it
. @vo Distributed Clock
4 " Devices Cyclic Mode
i P:vlceZ(E!herCATJ Operation Mode: SM-Synchron v <:
Image )
*8 |mage-Info [JEnable Sync Unit Cycle (ps): ‘ ‘
b 2 SyncUnits ' '
b Inputs SiNCa
b W Outputs Cycle Time (ps): Shift Time (ps):
b B infoData Svnc Unit Cvele
|| 4 R Box 1 (Renesas EthercAT RZ/T2)| '
4 TxPDO-Map
%! InputCounter
4 [ RxPDO-Map
& OutputCounter
b @ WcState F il
4 @ InfoData
¥ State
4 ¥ AdsAddr =
# netld
¥ port
&% Mappings SYNC1
cna
[]Use as potential Reference Clock
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6.2.3 DC Synchronization

SyncManager/Sync0 and SyncManager/Sync0/Sync1 synchronization are supported, and both
“AL_EVENT_ENABLED” and “DC_SUPPORTED” are enabled.

$This sample program confirms operation with the sync unit cycle set to 4000 ps.
Please change “Free run Cycle (ms)” to 4 in the “Adapter” tab.

Solution Explorer
A& o-a|p-=]

Search Selution Explorer (Ctrl+:) P -

551 Solution TwinCAT Project®’ (1 project) © Netwofk Adapter

4 ) TwinCAT Projectd ® 05 (NDIS) QP () DPRAM
b @l SYSTEM
b = MOTION |ClTibg 5 (ASIX AX88179 USB 3.0to Gigabit Ethernet |
PLC | ¥DEVICE¥(456EAADS- 1822-4373-A475-BEDEAEDFO416) |
SAFETY
[ie] C++ Search...
VISION
ANALYTICS |aO cecBB39205 | Compatible Devices...
p ;gn . IP Address: [169.254.108.200 (255.255.0.0) |
V| EVICES
I 4 == Device 1 (EtherCAT) I [ Promiscuous Mode (use with Wireshark only)
M ma
o ge

Virtual Device M
B Image-Info [Jvirtual Device Mames

B2 SyncUnits

b Inputs (O Adapter Reference
b Outputs Adapter:

I+ [E InfoData

b a® Box 1 (Renesas EtherCAT RZ/T2 10 CiA402 3port)

Freerun Cycle (ms):

4 = /O Idle Task: [ 1/O Idle Task w

&7 Mappings

1. Controller settings for enabling DC synchronization.

General Adapter EtherCGAT  Online GoE - Online

BB~ o-a|p=]

Solution Explorer (Ctrl+:) P~ Netld: [10.186.20827.1 [ | Advanced Settines. . |
olution “TwinCAT Project30’ (1 project) Datarate: |100 MEBit = | Expoy{onfiguratian File...
[l TwinCAT Project30
] SYSTEM Advanced Settin
k= MOTION ) ___
iafj pic & Machine Distributed Clocks
- Cyclic Frames
IQ' SAFETY D't ibuted Clocks Dl — I
@ Ces =) T || Automatic DG Mode Selection
& anavTics Fof Support DG in use
Redundancy
E 1/O Reference Clock: Box 1 (Renesas Ett
Emergency
4 "% Devices & Di ; )
12agnosis Ihdependent DG Tirme (Waster Maode)
DT Time contralled by TwinZAT Time (Slave Made
Adjust Reference Clock
*¥ 1mage-Info
J&' i DC Time controlled by External Sync Device (Extel
b= SyncUnlts External Sync Device:
[ Inputs
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2. SubDevice settings for enabling DC synchronization.

TwinCAT Project30 ® X

Solution Explorer

D o-a| L=
Search Solution Explorer (Ctrl+:)

m Solution TwinCAT Project30’ (1 project)
4l TWInCAT Project30
b @ SYSTEM
b = MOTION
ofi riC
& sareTy
L‘ﬂ C++
& ANALYTICS
4 o
4 ‘c_g Devices
4 == Device 5 (EtherCAT)
*® Image
*® |mage-Info
b 2 SyncUnits
b Inputs
b Outputs

b InfoData
4 2® Box 1 (Renesas EtherCAT RZ/T2 CiA402+FoE 2port)

b a€ Module 1 (csp - axis)
b [ WcState
b [ InfoData

‘;: Mappings

Solution Explorer

Team Explorer

General EtherCAT DG

Operation Mode:

Process Data  Plc

Slots  Startup  GoE - Online  Online

DC-Synchron

~

| Aduanced Settings |

Advanced Settings

Distributed Clock:

istribnted Clock

Gyclic Mode

Operation Mode
1] Enable
BYNG O

Gycle Time (us)

® Sync Unit Cycls

) User Detined

1] Enable SYNG ©

SYNG 1
) Syne Unit Cyels
® =YNG 0 Cycle

1] Enable SYNG 1

| M |
Syne Unit Gyols [us): [4000
Shift Time (us)
%1 ~ User Defined CR
+EYNGO Gycle
|| Based on Tnput Reference
Gycle Time (us): 4000
X1 v | Shift Time (us) R

LI Use as potential Retersnce Glock

Note: SYNCO and SYNC1 are level-triggered interrupts. This can cause synchronization issues because
multiple interrupts may be generated during a single pulse. To avoid this issue, the pulse width can be
reduced by changing word 2 of the EEPROM configuration value in the ESI file. This sets register
0x982 of the EtherCAT SubDevice during power-up. This issue can also be resolved by waiting for
the line to go low in the interrupt handler by reading status register 0x98E.
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6.3 Evaluating the I/0 Controller

I/O communication can be verified using the LEDs on the EVB and the DIP switch.

DIP SW

To confirm the 1/0O output, use TwinCAT3 to select [Digital Output] — [Online] —[Write] and enter the desired

value.

LEDs 0 to 3 turn on according to the set value.

@ - o-a|p=]

SAFETY
E C++
VISION
ANALYTICS
4 ]
4 %L Devices
4 == Device 2 (EtherCAT)
": Image
"5 Image-Info
2 SyncUnits
Inputs
Il Cutputs
[ InfoData
=€ Box 1 (Renesas EtherCAT RAS 10+CiAd02 Zpc
4 22 Module 1 (csp - axis)
b Inputs
4 N Outputs
B Control Word
B+ Max Torque
B Target Position
B+ Position Offset
- Velocity Offset
B Torque Offset
B+ Touch Probe Function
BB+ Positive Torque Limit Value

I+ Negative Torgue Limit Value
IIv Digital Qutputs I
by Wostate

[

Search Solution Explorer (Ctrl+:) P~

PLC -

Variable Flags  Online
Walue: 15
Mew Value: e
Comment:

object 0x60FE: 1. This cutput value is valid only when this module is placed ¢

Set Value Digleg *
— | Dec [ | (T L *
Hex: (Ox0000000F Cancel
| . - H- 15
| Ul Float: 2.1019477e-44 B |
| U Book 1} 1 Hex Edi... |
] Binany: OF 000000 4 | B
Ul Bit Size: O1 C8 O1s @32 Os4 O H—1
[] N

Entire Solution

-/ ||€3 1€rror ||| 4 0Warnings || @ 00f 1 Message | Clear | Build + |

Search Error List

™ Description

Project File
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To confirm the 1/O input, use TwinCAT3 to select [Digital Input] — [Online]. The 4-bit input value of the DIP

switch is displayed in the Value field.

@i o-a|p-

Search Solution Explorer (Ctrl+:) P~
PLC -
SAFETY
E Cs++

VISION

ANALYTICS
4 Fwo

4 L Devices

4 == Device 2 (EtherCAT)

j,, Image
j,, Image-Info
a Synclnits

Inputs
W Cutputs
& InfoData
2 ¥ Box 1(Renesas EtherCAT RAS I0+CiA402 2pc
4 o Module 1 (csp - axis)

4 Inputs
Error Code
Status Werd
Actual Position
Actual Velocity
Actual Tergue
Teuch Probe Status
Touch Probe Position 1 Positive Ve
Touch prebe position 1 negative v

Following Error Actual YValue
% Digital Inputs

b Bl Outputs

[

g oy B Sy S S S

Variable Flags ~ Online

Value: I 5 I

MNew Value: Frree

Comment: object Ox60FD:0

Release

Error List

Entire Scluticn

Search Error List

- ||a0Errur5 ||| 1 0Warnings || O 0 Messages | Clear | Build + Int
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6.4 CiA402 Drive Profile Check
This chapter describes how to check the operation of the CiA402 drive profile.

6.4.1 Rescanning the Device
(1) Press the [Restart TwinCAT (Config Mode)] button.
(2) Inthe [Restart TwinCAT System in Config Mode] dialog box, click on [OK].
(3) Inthe [Load I/O Devices] dialog box, click on [Yes].
( In the [Active Free Run] dialog box, click on [Yes].
The operation is successful if "Box 1" in the System Manager tree has turned to "Box 1 (Renesas
EtherCAT RAS8 I0+Cia402 2port)".

~
o

Note). When scanning the device, the CiA402's ESI is used, so the axis configuration settings are displayed.
Select [NC-Configuration]

EtherCAT drive(s) added *

ASppend linked asis bo: (®) WL - Configuration

() CMC - Configuration
Cancel

6.4.2 Checking the Operation Mode
(1) Double-click [Box 1] in the System Manager tree. A panel will be displayed on the right side of the
screen.
(2) Select the [Online] tab and check that "Current Status" is "OP".
(3) Inthe System Manager tree, expand + on the left side of "Box 1".

6.4.3 CiA402 State Transition

To check operation in CSP and CSV modes, the state must be changed to "Operation Enabled" in both
modes.

Change the state by setting a value in the "Control Word" object and check the state by verifying the value
of the "Status Word" object.

(1) Select "Inputs" — "Status Word" in the Solution Explorer tree and then select the [Flags] tab on the
right-side panel. A value will then be displayed.
Change the display mode from [Dec] to [Hex]

4 170
4 *é Devices
4 == Device 2 (EtherCAT)
+o Image
*% Image-Info TwinCAT Project]
b2 Synclnits
b Inputs Variable Flags  QOnline
b [l Outputs a
b [ InfoData [_]Swap LOBYTE and HIBYTE
4 % Box 1(Renesas EtherCAT RAS I0+CiA402 Zport) Swap LOWORD and HIWORD
4 22 Module 1 (csp - axis)
F] Inputs Display Scaling: (none) w
#1 Error Code
—— | DisplayMode | Hex
%1 Actual Position -\_’
&1 Actual Velocity
1 Actual Torque
%1 Touch Probe Status
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(2) Check the operation of the profile. Initialize the control word by setting it to 128 (Dec).
b 2 SyncUnits TwinCAT Project]
B Inputs
> [l OCutputs Variable Flags  Online
B InfoData
4 o2 Box 1(Renesas EtherCAT RAS 10+CiA403 Value: a
4 o€ Module 1 (csp - axis)
b Inputs New Value: Force.. Release
4 Outputs
Control Word \ Comment: DbJ ect (o040
B Max Torqulel Set Value Dialog *
B Target Position
- Position Offset
Dec: 124 oK
- Velocity Offset
M Torque Offset Hex O=0080 Cancel
B Touch Probe Function Flaat:
&+ Positive Torque Limit Value
&~ Negative Torque Limit Value 0
- Digital Outputs Bool ] 1 Hes Edit..
b [ WiState )
b @ InfoData Binary: 8000 2
| Mappings Bit Size:

@1 MNC-Task 1 SAF - Device 2 (EtherCAT) 1

D1 08 16

(32 Oe4 O7

(3) Select "Outputs" — "Control Word" in the System Manager tree and then select the [Online] tab on the
right-side panel. A value will then be displayed.
Click on [Write] and set values from [7] to [15] in that order.
et
b 2 SyncUnits TwinCAT Project]
P Inputs
b [ Outputs Variable Flags ~ Online
b @ InfoData
4 o Box 1(Renesas EtherCAT RAS 10+CiA403 Value: 0
d g -
4 Outputs
\ Comment: object 0x6040:0
i Max Torque w[’iamg x
B Target Position
&+ Position Offset [ﬁ
&+ Velocity Offset Des: 13 o
B Torque Offset Hes: 0x000F Cancel
B Touch Probe Function Float:
I+ Positive Torque Limit Value m
I+ MNegative Torque Limit Value ol B 0
[E- Digital Qutputs | Boal 0 1 Hex Edit... »
b WcState al B
b G InfoData | Binany OF 0o 2 B
*, Mappings ] Bit Size: O1 O8 ©16 032 Ot OF N
@7 NC-Task 1 SAF - Device 2 (EtherCAT) 1 e —
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(4) Select "Inputs" — "Status Word" in the System Manager tree and then select the [Online] tab on the
right-side panel. A value will then be displayed.
If the value is [0x1237], the state is "Operation Enabled". Proceed to the next step.
If the value is [0x1208], the state is "Fault" for some reason. Set "Control Word" to [128] once and
return to step (1).

b [ InfoData
4 22 Box 1 (Renesas EtherCAT RAS 10+ CiA402 Zport) | TwinCAT Project]
4 o€ Module 1 (csp - axis)

F] Inputs

Mariable Flags Online

o
1l —
Status Word - peiz37
Actual Position Mew Value: . Release
Actual Velocity

F

F

& Actual Torque

& Touch Probe Status
&

F

F

Comment: object 0x&6041:0

Touch Probe Position 1 Positive Value
Touch probe position 1 negative value
Following Error Actual Value
#| Digital Inputs
4 [ Outputs

[ A [ LT}
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6.4.4 csp Mode
Check that "Module 1" is displayed as "Module 1 (csp-axis)".

(1) Select "Outputs" — "Target Position" in the System Manager tree and then select the [Online] tab on
the right-side panel. A value will then be displayed.
Click on [Write] and set a desired value. As an example, set [100000] here.

= Synclnits
Inputs TwinCAT Project]

W Outputs .
B InfoData Variable Flags Online
=< Box 1 (Renesas EtherCAT RAS [0+CiAd o 2
4 € Module 1 (csp - axis) ue 0
Fl Inputs Mew Value: Force... Release
#1 Error Code
Status Word
Actual Position
Actual Velocity
Actual Torque
Touch Probe Status
Touch Probe Position 1 Posi Set Value Dialog b4
Touch probe positien 1 negdg
Following Error Actual Valug] Dec: Imuuud I [ oK ]
Digital Inputs
4 [ Outputs
1 B Control Word Float: 1.4012385-40
[Viax lorgue
e
K+ Positicn Offset | | Boak a 1 Hex Edit... | 1N
; \T"E'C"ityc?ﬁﬁ:t ~+— Binany: 40860100 PR
orque Offs i | — B
M+ Touch Probe Function || BitSiee: O1 O8 O @32 Osd O |
B+ Positive Torque Limit Value
I+ Megative Torque Limit Value

[~

Comment: object 0n607A:0

T LELELEL

— Hex: 0x00013640 Cancel | R

(2) Select "Inputs" — "Actual Position" in the System Manager tree and then select the [Online] tab on the
right-side panel. A value will then be displayed.

b & InfoData
4 o Box 1(Renesas EtherCAT RAB 10+CiAd]
4 o2 Module 1 (csp - axis)

TwinCAT Project]

Variable Flags  Online 2

4 Inputs
1 #] Error Code Value: TR
%1 Status Word

la’ Actual Position I New Value:
5 Actual Velocoity
& Actual Torque Comment: object 0x6064:0
%1 Touch Probe Status
2! Touch Probe Position 1 Posi
2 Touch probe position 1 neg
2 Following Errer Actual Valus
#1 Digital Inputs
4 [l Outputs
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6.4.5 CSV Mode

Change the operation mode as follows.

(1) Inthe System Manager tree, select "Box 1 (Renesas EtherCAT RA8 10+CiA402 2port)" and then
select the [Slots] tab on the right-side panel.

(2) Select "Axis 1" under "Slot" in the left frame of the tabbed page. The modules that can be added will
be displayed in the right frame of the page, so add "csv-axis".

TwinCAT Project]

General EtherCAT DC

Process Data  Plc

Slot

=€ Axis 0

Slots  Startup CoE - Online Online
Module 3 Medule Moduleld... Description
Csp - axis . e csvesp - axis 0x0D0119800  dynamic switchbewteen csp 2
a€ csp - axis 000219800  Axis only supports cs
p ¥ SUPP! p

{CEV - Axis 00319800 Axis only supports csv

(3) Check that "Module 2 (csv-axis)" has been added in the System Manager tree.

(4) Execute “Reload Devices” to reflect the configuration.

(5) Follow the procedure described in section 6.4.3 to change the state to "Operation Enabled".

(6) Select "Outputs" — "Target Velocity" in the System Manager tree and then select the [Online] tab on
the right-side panel. A value will then be displayed.
Click on [Write] and set a desired value. As an example, set [100000] here.

#1 Digital Inputs

W Outputs TwinCAT Projectl

- Control Word .

K Max Torque Variable Flags  Online

- Velocity Offset

E- Torque Offset Value: o 2

I Touch Probe Function Mew Value: Taas Ralease m

&+ Positive Torque Limit Value !
1 i Megative Torque Limit Value Comment: object 0x60FF:0

i+ Digital Outputs
Target Velocity Set Value Dialeg | 3 x
Whtate
InfoData Dec: | 100000 I ] 4
5 Hex: (0007 8Ra0 Cahcel
sk 1 SAF - Device 3 (EtherCAT) 1
— Float 1,401 2985e-40
- ||€3 2Errors 1 0'Warnings B
|| ||| —+ Boal: I 1 Hex Edit...
520722 ms | 'Box 1 (Renesas EtherCAT | Binary: A0 86 01 00 -
7:00 335 ms | 'Box 1 (Renesas EtherCAT] i Bit Size: 1 e O16 @32 OEL O 7
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(7) Select "Inputs" — "Actual Velocity" in the System Manager tree and then select the [Online] tab on the
right-side panel. A value will then be displayed.

Check that the value set in "Target Velocity" increases up to [100000].

=¥ Box 1(Renesas EtherCAT RAS 10+ CiA402 Zport)

b a€ Medule 1 (csp - axis)
4 o€ Module 2 (csv - axis)
4 Inputs

#1 Error Code

#] Status Word

#1 ActualPosition
Actual Terque
#1 Touch Probe Status
#1 Touch Probe Position 1 Positiw
#1 Touch probe position 1 negati

&

i

Digital Inputs
4 [ Outputs
- Control Word
B+ Max Terque
- Velocity Offset
&+ Toraue Offset

TwinCAT Project]

Variable Flags Online

Values I 21324 I

MNew Value: Tammo

Comment: object tx606C:0

21324
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7. CiA402 Drive Profile

The CiA402 drive profile is a device profile for driving motors and motion control and mainly defines
functional operations for servo drives, sine-wave inverters, and stepping motor controllers. In this profile, the
multiple operation modes and corresponding parameters are defined as an object dictionary. Also, a Finite
State Automaton (FSA) that defines the internal and external behavior of each state is included. When
changing the state, the result of the transition is reflected in the status word object, which shows the current
state by specifying it through the control word object. The control word and various command values (such
as speed) are assigned to RxPDO, and the status word and various real values (such as position) are
assigned to TxPDO. Please see the contents of the CiA402 standard for more details.

Cyclic communication

RxPDO
Operational command
target value

PLC AC Servo Unit

< TxPDO <
Operational status
current values

\ 4
\ 4

Figure 7.1. CiA402 Communication Flow

7.1 Operation Modes

In the application note, the following modes are supported from among the operation modes defined in the
CiA402 standard.

Table 7.1 List of Supported Operation Modes

Operation Mode Support
Profile position mode No
Velocity mode (frequency converter) No
Profile velocity mode No
Profile torque mode No
Homing mode No
Interpolated position mode No
Cyclic synchronous position mode Yes
Cyclic synchronous velocity mode Yes
Cyclic synchronous torque mode No
Cyclic syn.chronous torque mode with No
commutation angle
Manufacturer specific mode No
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7.2 State Transition
In this application note, the following is supported as FSA defined in the CiA402 standard.

Start

o

A\ 4

Not ready to
Switch on

1

A 4

Y

Switch on
disabled

15

A A

\ 4

A
2 7

10

Ready to
Switch on

12

A

3 6

Switched on

16 Y

A 4

Quick stop

active _u

Operation
enabled

13

Fault

14

_| Fault reaction
active

Figure 7.2.

7.3 Object Dictionary
The following is the list of the object dictionaries supported in this application note.

Table 7.2 List of Supported Object Dictionaries

CiA402 State Transition Diagram

. . Data PDO
Operation Mode Object Name INDEX | Category Access Type Mapping
Position actual value 0x6064 | Mandatory ro INT32 Yes
Following error window 0x6065 | Optional rw UINT32 No
Velocity actual value 0x606C | Conditional | ro INT32 Yes
Max torque 0x6072 | Optional w UINT16 Yes
Torque actual value 0x6077 | Conditional | ro INT16 Yes
Cyclic synchronous — -
position mode Target position 0x607A | Optional w INT32 Yes
. + Software position limit 0x607D | Optional c,rw INT32 No
Cyclic synchronous
velocity mode Position offset 0x60B0 | Optional w INT32 Yes
Velocity offset 0x60B1 | Optional rw INT32 Yes
Torque offset 0x60B2 | Optional rw INT16 Yes
Following error actual value 0x60F4 | Optional ro INT32 Yes
Target velocity 0x60FF | Conditional | rw INT32 Yes
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. . Data PDO
Function Group Object Name INDEX | Category Access Type Mapping
L Positive torque limit value 0x60E0 | Conditional | rw UINT16 | Yes
Torque Limiting
Negative torque limit value 0x60E1 | Conditional | rw UINT16 Yes
Home Offset 0x607C | Optional rw INT32 No
Homing - —
Homing speeds 0x6099 | Conditional | c,rw UINT32 No
Touch probe function 0x60B8 | Optional rw UINT16 Yes
Touch probe status 0x60B9 | Optional ro UINT16 Yes
Touch Probe -
Touch probe pos 1 pos value 0x60BA | Optional ro INT32 Yes
Touch probe pos 2 pos value 0x60BC | Optional ro INT32 Yes
Gear ratio Gear ratio 0x6091 | Optional c,rw UINT32 No
. . Data PDO
Other object Object Name INDEX | Category Access Type Mapping
Error code 0x603F | Optional ro UINT16 Yes
Controlword 0x6040 | Mandatory rw UINT16 Yes
Statusword 0x6041 | Mandatory ro UINT16 Yes
Quick stop option code 0x605A | Optional rw INT16 No
Shutdown option code 0x605B | Optional rw INT16 No
Contrqllmg the power Disable operation option code 0x605C | Optional rw INT16 No
drive system
Halt option code 0x605D | Optional rw INT16 No
Fault reaction option code 0x605E | Optional rw INT16 No
Modes of operation 0x6060 | Optional rw INT8 Yes
Modes of operation disp 0x6061 | Optional ro INT8 Yes
Supported drive modes 0x6502 | Mandatory ro INT32 No
General object Motor type 0x6402 | Optional rw INT16 No
Position demand value 0x6062 | Optional ro INT32 No
Pos]lﬂﬁr;ﬁ(;onntrol Position actual internal value 0x6063 | Optional ro INT32 No
Position window 0x6067 | Optional rw UINT32 No
Optional application Digital inputs 0x60FD | Optional ro UINT32 Yes
FE Digital outputs 0X60FE | Optional crw UINT32 | No,Yes
RO1AN8284EJ0100 Rev.1.00 Page 33 of 46
Jun.30.26 RENESAS



Renesas RA Family EK-RA8T2 EtherCAT CiA402 SubDevice Software

7.4 Implementing the Motor Control Program

According to the CiA402 standard from the list of CiA402 protocol stack I/F functions in Table 7.3, implement
the motor control functions. Each function maps the number of each state transition in the CiA402 FSA
shown in Figure 7.2, and the corresponding function is called upon a state transition. In each function,
describe the processing that calls the motor control program or the relevant processing of the main CPU.

Table 7.3. List of CiA402 Protocol Stack I/F Functions

CiA402_StateTransition 1

Description
This function is used when state transition 1 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402A xis

Return Value

0 Normal end
1 Error
Remark | Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.
CiA402_StateTransition2

Description

This function is used when state transition 2 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402A xis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.
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CiA402_StateTransition3

Description
This function is used when state transition 3 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.

CiA402_StateTransition4

Description
This function is used when state transition 4 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.

CiA402_StateTransition5

Description
This function is used when state transition 5 has occurred.
Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.
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CiA402_StateTransition6

Description
This function is used when state transition 6 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.

CiA402_StateTransition7

Description
This function is used when state transition 7 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.

CiA402_StateTransition8

Description
This function is used when state transition 8 has occurred.
Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.
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CiA402_StateTransition9

Description
This function is used when state transition 9 has occurred.
Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.

CiA402_StateTransition10

Description
This function is used when state transition 10 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.

CiA402_StateTransitionl1

Description
This function is used when state transition 11 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.
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CiA402_StateTransition12

Description
This function is used when state transition 12 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.

CiA402_LocalError

Description

This function is used when state transition 13 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402appl.h"

Parameters
UINT16 ErrorCode

Return Value
None

Remark
If the error corresponding to state transition 13 occurs,
call this function after processing required and saving data at error location.

CiA402_StateTransition 14
Description

This function is used when state transition 14 has occurred.
Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.
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CiA402_StateTransition15

Description
This function is used when state transition 15 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.
CiA402_StateTransition16

Description

This function is used when state transition 16 has occurred.

Describe the operation in the case of the state transition.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.

APPL MOTOR_ MotionControl Main

Description

Implement the motion control code when the state of CiA402 FSA is
"Operation enabled". Describe the process for each mode of operation.

Usage
#include "cia402applh"”

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

At the initial state, this function is described in "main.c" and
calls "CiA402_DummyMotionControl" function for reference.
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8. Appendix
8.1 Appendix A: Precautions When Using the SSC Tool
¢ When opening the SSC Tool

1. Please open the SSC Tool as an Administrator.
Otherwise, generating the SSC code may fail.

2. When opening the SSC Tool for the first time, the following window may be displayed.
Please select [N0] to skip the update check.

Updates *

Check for updates?

[] #pply on each start Yes

Figure 8.1. The update window

2 Regarding SSC Tool settings

3. Please go to [Tool] > [Options] to confirm SSC Tool settings.

B EtherCAT Slave® - Slave Stack Code Tool - O *
File  Project | Tool | Help
v | Show Conflict Window
- i Slavelnfor 2nims i€
: ﬁeneric EEPROM Programmer st o .
E?P:ed:g‘;.?l' Application 3 Deeereter vrson B
i Synchronistmer Aok ADS over EtherCAT
plication aoeapplh 511
ProcezzData L
b applnterfaceh Ecatfppl EtherCAT application 513
‘.. Compiler bootmode ESM EtherCAT State Machine 512
bootmode h 511
bootloaderapplc Bootloader Bootloader Sample 512
bootloaderapplh 512
ciad02apple Cidd02appl CiAd02 Sample Application 513
ciad02applh 513
coeapplc CoE G&M Application Profile over EtherGAT 513
coeapplh 513 w
Add Filels)
Figure 8.2. SSC tool main window
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4. Under the [Generic] tab, uncheck [Open last project] and [Check for updates].

Generic  Editor  Create Files  Configurations

ik startup
[] Open last project

[] Check far updates

EtherCAT vendor information

YWendar name |F{enesas Electronice Corporation |

Vendor ID | 0766 |

Apply on new Projects

Cpen

Figure 8.3. Option settings (1)

5. Under the [Create Files] tab, uncheck [Create device description (ESI)].

Generic  Editor  Create Files  Gonfigurations

[] #dd comments if obzolete code was skipped
| ] Greate device description (ESD |

[] Greate documentation

Figure 8.4. Option settings (2)

6. Click [OK] to apply the updated settings.
This completes the SSC Tool setup for this sample program.
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8.2 Appendix B: How to Install the Patch

This section describes how to install the patch utility in MinGW.

“Mark for Installation”.

1. Download “mingw-get-setup.exe” from the following URL.
https://sourceforge.net/projects/mingw/postdownload
2. Execute “mingw-get-setup.exe”, install “MinGW-installation-manager” according to the dialog.
3.  When the installation is complete, the MinGW-installation-manager window is displayed.
Select “Basic Setup” in the left window, right-click on “msys-base-bin” in the right window, and select
“Mark for Installation”.
T MinGW Installation Manager
Installation Package Settings
W Package Ihztalled Werzion
=1 (=
[] mingw-developer—toalkit-bin :
] mingw32-base—bin X
[] mingws2-goc—ada-bin !
] minew32-gcc-fartran-bin !
[] mingws-goc—g++-bin !
|| [ ] minewdi-gcc-objc-bin !
Unmark I
I Mark for Installation I
Mark for Reinstallation
Mark for Upgrade
Mark for Removal
4. Select “All Packages” in the left window, right-click on “msys-patch-bin” in the right window, and select

T MinGW Installation Manager

Installation Package Settings

A1l Packaees

Bazic Setup

Pl i
MinGW BazeNsugtem
MinEW Libraries
MinGW Contributed
MinGi Autotools

MEYS
M55 Baze Svstem
MinGW Developer Toolkit
MEYS Swetem Builder

Package

|:| mave—openssh-doc
|:| mave—opengsh-lic
|:| mave—opensz-bin
|:| mave—openss|-doc
] mevs-openzsl-lic

A atch-bin

|:| maye—patSsgdoc

Ihztalled YWersion

Unmark

M

|:| mave—patch-lic

Mark for Installation

|:| mavz—per|~hin
|:| mave—perl-doc
|:| mavz—per —html
|:| mave—per|-lic

Mark for Reinstallation

Mark for Upgrade

Mark for Remaoval

1 mevs—oerl-man
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5. Select “Apply Changes” in “Installation” in the above menu bar.

T MinGW Installation Manager

Installation | Package Settings

e Catalogue | Package

ades D mavs-openssh-doc

[] meys-openssh-lic

I Apply Changes I D mavs-openssi-bin

Cluit Alt+F4 ] meys-openssl-doc
M=vS [] meys-openss-lic
M5YS Base Swatem meys-patch-hin
MinGW Developer Toolkit [] meys-patch-doc

MEYS Syztem Builder

D mavs-patch-lic
[l [

6. In the “Schedule of Pending Actions” window, click the “Apply” button.

7. If “All changes were applied successfully; you may now close this dialog.” is displayed, patch.exe has
been installed successfully.

8. Register the path to the installed patch.exe into system environment variables.
After registering, reboot your PC.

9. Start Command Prompt, enter “where patch”.
If the path to the installed patch.exe is displayed, there is no problem.

B¥ Select Command Prompt

G i
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8.3 Appendix C: Changing the EEPROM Capacity Setting
Use the Smart Configurator to change the EEPROM capacity size and generate the code.

According to the EtherCAT specification, the setting must be changed based on whether the EEPROM size
is below or above 32 Kbit.
1. Open "configuration.xml" in the " RA8T2_EK_esc_ETG5003_CPUO0" project.

Select SSC_port stack. [Properties] — [EEPROM Size]

2. Select "Under 32Kbits" or "Over 32Kbits" depending on the capacity of the EEPROM.

5% [RABTZ_EK_esc_ETG5003_CPUO] FSP Configuration X [g startup.c || r_ethercat_phy.c [€] main.c

Stacks Configuration

Gt
4| Mew Thread  #2| Remove HAL/Common Stacks &) New Stack > % Extend
Threads
2 Port
v £ HAL/Common o
4% g_ioport I/O Port (r_ioport)
49 g_ethercat_ssc_port0 EtherCAT S
4% g_mram0 MRAM (r_mram) |
4 g_uart0 UART (r_sci_b_uart) I I I I
ﬁ g_ethercat_phy0 & g_ethercat_phy1 & g_timer0 Timer, General 49 EtherCAT SSC Port
Ethernet Ethernet PWM (r_gpt) Hardware
(r_ethercat_phy) (r_ethercat_phy)
@ @ @ @

Objects 4| Mew Object > &) Remove

Summary | BSP |Cluck5 | Pins | Interrupts | Event Lifls | Linker Sections | Stacks Cumpunent5|
Problems Consale AV-k-FF591 - AF-F-¥ZaFhk

g_ethercat_ssc_port0 EtherCAT S5C Port _ethercat_ssc_port)

Settings Property Value
w Common
Parameter Checking Default (BSP)
Phy Link Polarity0 Active Low
Phy Link Polarity1 Active Low
w Module g_ethercat_ssc_port0 EtherCAT S5C Port (rm_ethercat_ssc_port)
» PHY
> Delay Time of TX Signal
> Interrupts
Mame g_ethercat_ssc_port0
[ EEPROM Size [ Cver 32Kbits |

3. Generate the code with "Generate Project Content".
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9. Limitations

There are no limitations.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an I/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi (Max.) and Vix (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.

- Arm® and Cortex® are registered trademarks of Arm Limited (or its subsidiaries) in the EU and/or elsewhere.
All rights reserved.

- Ethernet is a registered trademark of Fuji Xerox Co. Ltd.

- |IEEE is a registered trademark of the Institute of Electrical and Electronics Engineers Inc

- EtherCAT® and TwinCAT® are registered trademark and patented technology, licensed by Beckhoff Automation
GmbH, Germany.

+ J-Link is a trademark of SEGGER Microcontroller GmbH.

+ Additionally, all product names and service names in this document are a trademark or a registered trademark
which belongs to the respective owners.




Notice

1.

10.

1.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters

TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.
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