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Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

Introduction

This application note is a quick start manual for RZ/T2M&RZ/T2L Safety Motor Control Reference Kit
equipped with MPU of RZ/T2M group by Renesas Electronics Corporation.

Target Device
RZ/T2M, RZ/T2L Group

When applying the sample program covered in this application note to another microcomputer, modify the
program according to the specifications for the target microcomputer and conduct an extensive evaluation of
the modified program.
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1. Overview

1.1 RZ/T2M&RZ/T2L Safety Motor Control Reference Kit Overview

RZ/T2M&RZ/T2L Safety Motor Control Reference Kit (Safety Motor Control Kit) consists of the following
boards and software.
Boards equipped with RZT2M and RZ/T2Lx2 (Safety Motor Control Board)
Firmware featuring motor control, EtherCAT communication, and FSoE-compliant safety drive
functionality
User's manual & circuit diagram of Safety Motor Control Board

By connecting Renesas’ RZ/T series Inverter Board Kit (Inverter Board + BLDC), single-axis motor control
can be achieved. Furthermore, using this kit enables motor stop functions compliant with EtherCAT
(CiA402), FSoE communication, and IEC61800-5-2 standards: STO and SS1-t.

The software features are as follows:
Vector control of permanent magnet synchronous motors using a serial encoder
EtherCAT (CiA402) and FSoE communication
Motor stop functions compliant with IEC61800-5-2: STO and SS1-t

1.2 Connection configuration
Figure 1-1 is shown the Safety Motor Control Kit connection configuration.

BLDC(*)
(Brushless DC Motor)

: Inverter Board(*)
" . l 24VDC(*)

o
&
AL

La| RZ/T2L B |
o o : ICE(*)

RZ/T2M _
i RZ/T2L A

RZ/T2M Motor Solutian Demonstration

USB to microB i = 3 |CE(*)
cable - 5

ICE(*)

(AARR

Safety Motor Control Reference Kit

Ethernet cable(*)

FSoE Master+
Safe 10(*) Ethernet cable(*)

TwinCAT

(EtherCAT Master) | L) EK1100+EL6900+EL9011 o
*: Option
Figure 1-1 Safety Motor Control Kit connection configuration
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1.3 Connection Equipment
Table 1.1 is shown the connection equipment list.

Table 1.1 connection equipment list

ltem Model Remarks
RZ/T Series Inverter Board Kit RTKOEMO0000S05010BJ (Renesas) (*) -
« Inverter Board

- TSM3101N2001E020 (Tamagawa Seiki)

ICE * I-jet (IAR Systems) -
+ J-Link Base Ver.11.0 or later (SEGGER)
FSoE Master + EK1100 (Beckhoff Automation) -

- EL6900 (Beckhoff Automation)
- EL9011 (Beckhoff Automation)

(*) RTKOEM0000S05010BJ can be purchased from the following URL.
https://www.renesas.com/invb-lv-rzt-b

1.3.1 Safety Motor Control Board and Inverter Board Connection
Safety Motor Control Board and Inverter Board connect directly.

Inverter Board Safety Motor Control Board
CNLINV CON14

Figure 1-2 Safety Motor Control Board and Inverter Board connection

RO1AN8173EJ0100 Rev.1.00 Page 7 of 190
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1.3.2 Motor/ Encoder and Inverter Board Connection

For Tamagawa Seiki: TSM3101N2001E020 (Motor/ Encoder (FA-CODER)) and Inverter Board Connection,
please see “RZ/T Series Inverter Board/Kit User's Manual (R12UZ0155)".

1.3.3 PC Connection
Connect the Ethernet cable to the OUT side of the FSoE master and the IN side of the RJ45 connector on
the safety motor control board.

Ethernet cable

1.3.4 ICE
1.3.41 RZ/T2M/RZ/T2L_A IRZ/T2L_B

For how to connect ICE of RZ/T2M, RZ/T2L_A and RZ/T2L_B, refer to “RTKOEF0190D01001BJ User’s
Manual (R30UZ0214)".

1.3.5 Power Supply

DC24V is supplied to Safety Motor Control Board.
For how to power supply, refer to “RTKOEF0190D01001BJ User’s Manual (R30UZ0214)".

If Inverter Board is connected, 24 VDC can be supply from Safety Motor Control Board to Inverter Board. In
this case, don’t supply 24 VDC to Inverter Board.

Just in case, current of Inverter Board is not enough, power of Inverter Board and Safety Motor Control
Board can be separated. If you want to power them separately, refer to “RTKOEF0190D01001BJ User's
Manual (R30UZ0214)".
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2. Operating Environment

21 RZ/T2M
Table 2.1 Operating environment (RZ/T2M)
Item Content
Board Safety Motor Control Board
MPU RZ/T2M Group

R9A07G075M28GBG: 320pinFBGA

Operating frequency

CPU Core0 : 800MHz (Arm® Cortex®-R52)
CPU Core1 : 800MHz (Arm® Cortex®-R52)

Operating voltage

3.3V/1.8V/1.1V

Operating mode

xSPI0 boot mode(x1 boot serial flash)

Device

Serial Flash ROM (64Mbyte)
RENESAS AT25SF128A

Communication protocol

Integrated development environment

EtherCAT
EtherCAT.

e? studio 2025-04-1 (25.4.1)

Emulator SEGGER
J-Link Base Ver.11.0 or later
SSC Tool Provided by EtherCAT Technology Group (ETG)

Slave Stack Code (SSC) Tool Version 5.13

Software PLC

Beckhoff Automation

TwinCAT® 3
Flexible Software Package (FSP) Version.2.3.0
RO1AN8173EJ0100 Rev.1.00 Page 9 of 190
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2.2 RZIT2L_A,RZ/T2L_B
Table 2.2 Operating environment (RZ/T2L_A, RZ/T2L_B)

Item Content

Board Safety Motor Control Board
MPU RZ/T2N GroupRZ/T2L Group

R9A07G074M04GBG: 196pin LFBGA
Operating frequency 800MHz (Arm® Cortex®-R52)
Operating voltage 3.3V/1.8V/1.1V
Memory Serial Flash ROM (64Mbyte)

RENESAS AT25SF128A
Integrated development IAR Systems
environment Embedded Workbench® for Arm Version 9.20.3 Functional Safety
Emulator IAR Systems

I-jet

For this software, Please download the following URL.

https://info.renesas.com/rel-ia-fusa-software-info-request

RO1AN8173EJ0100 Rev.1.00 Page 10 of 190
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3. Related Application Notes
The application notes related to this application note are listed below for reference.

® RTKOEF0190D01001BJ User's Manual (R30UZ0214)
® RZ/T Series Inverter Board/Kit User's Manual (R12UZ0155)
® Encoder Vector Control of Permanent Magnet Synchronous Motor - Serial Encoder (RO1AN8003)

® CiA402 Documents:
- |[EC 61800-7-201 Edition 1.0

Adjustable speed electrical power drive systems Part 7-201: Generic interface and use of profiles for power
drive systems Profile type 1 specification

- IEC 61800-7-301 Edition 1.0

Adjustable speed electrical power drive systems Part 7-301: Generic interface and use of profiles for power
drive systems Mapping of profile type 1 to network technologies
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4. Board Setting

4.1 Safety Motor Control Board Setting
41.1 Switches

SWA1
Pin 1 2 3
OFF | OFF | OFF
SW3 -5
Pin 1 2 3 4
ON ON ON OFF
SW7
Pin 1 2 3
OFF | OFF | OFF
SW9
Pin 1 2 3
OFF | OFF | OFF
SW11
Pin 1 2 3
OFF | OFF | OFF
SW12
Pin 1 2 3 4 5 6 7 8
OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
SW13 -16
Up E Center Down
Switch (Silkscreen: "-") (Silkscreen: "F") (Silkscreen: "LP-B")
Normal connection Pseudo stuck-at fault Loop-back
7~ RATILR RATILE™N RZ/T2L-B RZT2L-B
Swi3 TXD1 —L>—3 RXD1 Stk 2 fxo Pt
A ’:>Rxm
RZMT2L-A RZM2L-B RZT2L-A RZIT2L-A
SW14 Stuck at TXD1
RXD1 —<——{TXD1 RXD1 k—»pjr - :‘
RZT2L-A RZT2L-B RZT2L-B RZIT2L-B
swi1s GTIOC10A —>—>| GTETRGB Stuch .L> GTETRGB ,:) enacion
GTETRGB
RZIT2L-A RZT2L-B RZIT2L-A RZT2L-A
sw1e GTETRGBE ¢——— GTIOC10A GIETRGB &uik a GTIOC1DA:‘
GIETRGB|
SW17
Switch Up E Center Down
WILC!
(Silkscreen "MTU3") (Sikscreen "GFT")
RZT2M RZIT2M
GTIOC3A [—> ¥ _ GTIOC3A ——>Ws
SW17 (MTIOCAC) Setting not allowed (MTIOCAC)
GTIOCoE (Do not set to center) GTIOC2E v
(MTIOC4B) We (MTIOC4B) "

For switch details of Safety Motor Control Board, refer to the “RTKOEF0190D01001BJ User’s Manual
(R30Uz0214)".
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4.1.2 Jumpers

No [JP Setting

1 JP4 1-2 short
2 |JP5 1-2 short
3 |JP6 5-6 short
4  |JP7 1-2 short
5 |JP10 1-2 short
6 |JP11 1-2 short

For Jumper details of Safety Motor Control Board, refer to the “RTKOEF0190D01001BJ User’'s Manual
(R30UZ0214)".

4.2 Inverter Board
4.2.1 Jumpers

No JP Setting
JP7,8,9 1-2 short

2 JP10 2-3 short

3 JP11 2-3 short

For Jumper details of Inverter Board, refer to the “RZ/T Series Inverter Board/Kit User’'s Manual
(R12UZ0155)".
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5. How to Write Program

51 RZ/T2M
5.1.1 Generating the EtherCAT SubDevice Stack

Note:
This sample project does not include the EtherCAT SubDevice stack code.
To generate EtherCAT slave stack code, you need the EtherCAT SubDevice Stack Code (SSC) Tool.
The SSC Tool can be obtained from the ETG (EtherCAT Technology Group).

Before launching the SSC Tool, please check “Appendix : A point of caution when using SSC Tool”.

To execute this guide, patch.exe must be installed on your PC.

Refer to "Appendix : How to install patch” and install patch.exe.

1. Extract RZT2M\RZT2M_SMCRK.zip so that the folder structure looks like this:

r01an8173ej0100-rzt2m-rzt2I-smcr-package
F—Common
L—RZT2M
L—RZT2M_SMCRK
F—RZT2M_SMCRK_ESC_E2S V100
L—RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E2S V100

2. Double-click the .esp file located in the “Common\SSCConfig” folder to launch the SSC Tool.

Renesas_EtherCAT_RZT2 Safety_Motor_Solution.esp

3. Click [Project] — [Create New Slave Files], then click [Current new Slave Files] — [Start].

B8 EtherCAT Slave® - Slave Stack Code Tool

Project | Tool Help

Find Setting Ctrl+F
Create new Slave Files F5 5.13
. FETEnT SO “Version1 500
- Hardware File name
. EtherCAT State Machine
- Synchronisation
—|- Application aoeapplh
: ProcessData a )
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4. When the source code is successfully generated, the message “New Files created successfully” will
appear. Click [OK].

Progress

"SampleApplicationInterface.h"™ : skipped (SAMPLE APPLICATION INTERFACE) L
"applInterface h™ : new file written

"coeappl.c” @ new file written

"coeappl.h" : new file written

"ecatappl.c” : mew file wri Create Files Finished = O X
"ecatappl.h”™ : new file wri

"ecatcoe.c" : new file writ

"ecatcoe.h™ : new file writg Mew filez created successfully .
"ecatslv.c" : new file wrig

"ecatslv.h" : new file wrig

"es;.h"’ : new file \,_Jrir,t:er} Cpen Folder
"mailbox.c" : new file writ

"mailbox.h"™ : new file wWritvem

"objdef.c"™ : new file written

"objdef . h"™ : mew file written

"sdoserv.c" : new file written

"sdoserv.h" : new file written

Generate files finished
Create device description finished "C:\RIT2_esc_dual WS1_RSE beta3\CPUl\rz\fsp\srch\r_ecat
‘utilities\ssc_confighRIT2 EtherCAT . xml™

Create Slave files finished

Cloze

5. Double-click [apply_patch_e2studio.bat] located in the “Common\Patch” folder to execute the batch file.

[%lapply_patch_e2studio.bat

6. After executing the batch file, the Src folder will be moved to:
RZT2M\RZT2M_SMCRK\RZT2M_SMCRK_ESC_E2S_V100\src\ethercat\beckhoff.

CHAWINDOWS\system32ycrnd. X +

—— Move SSC Src folder —-

1 dir(s) moved.
——— Patching process start —-
patching file Src/ciall®2appl.c
patching file Src/ciall®2appl.h
patching file Src/ecatappl.c

patching file Src/ecatcoe.h
patching file Src/ecatslv.c
patching file Src/mailbox.h
patching file Src/sdoserv.h
——— Patching process end —-
—— Move patced Src folder —-—
Press any key to continue
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5.1.2 Building the Project
(1) Launch e?studio, then from the top menu select: [File] > [Import] > [Existing Projects into Workspace],

and click Next.

File Edit Source Refactor
MNew

Open File...

Recent Files

& Refresh

[, Open Projects from File System...

Q Impart

Mavigate Search Project F  Select

Alt+Shift+M »

Select an import wizard:

type filter text

Create new projects from an archive file or directory.

[l

v [= General
J& Archive File

ﬂ I E’ Existing Projects into Workspace|l

=FTESyTEr

[C] Preferences

» = C/C++
» = Install
F5 = Onmnh

Ta GNUARM-NONE/RZ(DS-3) project conversion to GCC ARM Embedded

[} Projects from Folder or Archive
=2 Rename & Import Existing C/C++ Project into Workspace
@ Renesas CS+ Project for CAT8KOR/CATSKD
Ta# Renesas CS+ Project for CC-RX, CC-RL and CC-RH
" Sample Projects on Renesas Website

Convert Line Delimiters To ¥

)
I/?/' < Back

Cancel

(2) Select “Select root directory”, then choose the “RZT2M\RZT2M_SMCRK” folder.

(3) Check both : “RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E2S_V100” and
“‘RZT2M_SMCRK_ESC_E2S_V100”

Also, under Options, check “Copy projects into workspace” to import while copying into the workspace.

ﬁ Import

Import Projects

Select a directory to search for existing Eclipse projects.

© Select root directory: RZ'I?M\RZ'IEM\RE'I?M_SMCR@ ~ ‘

() Select archive file:

Projects:

© RZT2M_SMCRK_ESC_E25_V10D (C:\SharedFolder\Kuma
® RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E2S_V100 (C

Options

[ Search for nested projects

B Copy projects into workspace

[] Close newly imported projects upon completion

[ Hide projects that already exist in the workspace

LT -

Browse...

Browse...

Select All

Deselect All

Refrezh
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(4) Open configuration.xml in the RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E2S V100 project.

v iz% RZTZM_SMCRK_INVBLE_SPM_ENCD_FOC_E25_V100 [Debug]
» [l Includes
> src
w2 configuration.xm
|= RET2M_SMCRE_INVELE_SPM_EMCD_FOC_E25 V100.doxyfile
|%] RZT2M_SMCRE_INVELE_SPM_EMCD_FOC_E25_ V100 Debug_Flat.launch

5 (7) Developer Assistance

(5) Perform code generation.

48 [RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E25_V100] FSP Configuration 3 = H
Board Support Package Configuration v
PP g g Generate Project Content

(6) Build the RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E2S_V100 project.

|@vm|. W it

Project Exple Build ‘Debug’ for project 'RZTZM_SMCRK_INVBLE_SPM_ENCD_FOC_E25 V100" |

> Te% RZT2M_SMCRK_ESC_E25_V100
|5 RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E25_V100 [Debug]|

w il leelndes

(7) Open configuration.xml in the RZT2M_SMCRK_ESC_E2S V100 project.

w L-_—'E- RZIT2M_SMCRE_ESC_E25_V100 [Debug]
> [a) Includes
3 i sre

".2¢ configuration.xml
[x] RZT2M_SMCRK_ESC_E25_V100 Debug_Flat.launch

5 (7) Developer Assistance

(8) Perform code generation.

ﬁ;a [RET2M_SMCRK_ESC_E25 V100] FSP Configuration = B
Board Support Package Configuration O
PP 9 9 Generate Project Content
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(9) Build the RZT2M_SMCRK_ESC_E2S_V100 project.

|@v@v a | | M R Qe

Project Explore Build 'Debug’ for project 'RZT2M_SMCRK_ESC_E25 V100" |
v[i-5 RZT2M_SMCRK_ESC_E25_V100 [Debugl]|

(10) Clean the RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E2S_V100 project.

|15 RZT2M_SMCRK_INVBLE_SPM_ENCD_FOC_E25_V100 [Debug]

> af;? Binaries Mew »
» [t Includes Go Into
> B mt
> (2 rzt_gen Open in Mew Window
> B src Show In Alt+Shift+ W >
» = Debug
> = rzt_cfg [E Copy Ctrl+C
» [~ script
ﬁj configuration.xml 3 Delete Delete
|= RZT2M_SMCRE_INVBLE_SPM_ENCD_FOC_E25_V100.douyfile 5
[¥] RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E25_V100 Debug_Flat.l ouree i’
5> (2) Developer Assistance
Rename... F2
fxy Import..
&y Export..
Renesas F5P »

Build Project

Clean Project

(11) After cleaning, build the RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E2S V100 project again.

| ® {&]-: = | N it Qe

Project Explc Build 'Debug’ for project 'RZTZM_SMCRK_INVELE_SPM_ENCD_FOC_E25_V100" |

> Tr% RZT2M_SMCRK_ESC_E25_V100
|5 RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E25_V100 [Debudg]|

w B leclndes

RO1AN8173EJ0100 Rev.1.00 Page 18 of 190
Dec.19, 2025 RENESAS



RZ/T2M, RZ/T2L Group

Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

5.1.3 Writing the Project

(1) Apply 24V DC to the Safety Motor Control Board and turn on the power.
(2) Connect the J-Link debugger to the RZ/T2M, then open the Debug Configuration.

Q-

= Debug As

Debug Configurations...

Organize Favorites..,

(3) Select “RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E2S_V100 Debug_Flat” and start debugging.

ﬁ Debug Configurations

Create, manage, and run configurations

I FoERX B Y-~

type filter text

[£] C/C++ Application
[€] C/C++ Remote Application
=/ EASE Script
[£] GDB Hardware Debugging
[£7] GDB Simulator Debugging (RHE50)
& Launch Group
~ [c7 Renesas GDB Hardware Debugging
00 Debug Fla
[c¥| RZT2M_SMCRK_INVELB_SPM_ENCD_FOC_E25 V100 Debug_Flat
[t Renesas Simulator Debugging (RX, RL?'-S)

Filter matched 10 of 12 items

5
(‘3/.

Name: RZT2M_SMCRK_INVBLB_SPM_EMCD_FOC_E25_ V100 Debug_Flat
Main #ﬁ- Debugger | = Startup E:/ Source | [] Common

Project:

RZT2M_SMCREK_INVELE_SPM_ENCD_FOC_E25_V Browse...

C/C++ Application:
Debug/RZT2ZM_SMCRK_INVELE_SPM_ENCD_FOC_E25_V100.elf

Variables...

Search Project... Browse...

Build (if required) before launching
Build Configuration: Use Active ~

() Enable auto build
© Use workspace settings

(") Disable auto build

Configure Workspace Settings...

Revert Apply

(4) After the writing process completes and debugging starts, terminate the debug session and press the

reset button (SW2) on the board.

This sample runs in standalone.
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5.2 RZIT2L
This chapter describes the procedure for writing the RZ/T2L functional safety control software to the flash

ROM of the reference board "RTKOEF0190D01001BJ". The diagrams in this chapter are examples on the
RZ/T2L-A side, but the following steps should be performed separately for both the RZ/T2L-A and RZ/T2L-B.

5.2.1 Development Tools
The following tool is required to use the RZ/T2L Functional Safety Control Software (Table 7.66, #4 and #8).

- IAR Systems Embedded Workbench for ARM, Functional Safety edition (EWARM-FS) v9.20.3 "1™

The following tool is required to use the project (Table 7.66, #5 and #9) that writes the RZ/T2L functional
safety control software to the flash ROM of the reference board "RTKOEF0190D01001BJ".

- IAR Systems Embedded Workbench for ARM v9.20.3 or later "

For specifications and usage of the EWARM-FS, I-jet emulator, and reference board, refer to the respective
manuals.

“1: EWARM-FS 9.20.3 SP1 is not supported.

"2: Before using RZ/T2M on EWARM-FS 9.20.3, apply the dedicated device patch to EWARM-FS 9.20.3.
Device patch is provided by IAR Systems.

*3; If you use a version other than EWARM-FS v9.20.3, please convert it to support the target tool version
when opening the project.
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5.2.2 Copying Workspace Folder

The following describes how to copy a workspace folder.

1) Copy the two RZ/T2L workspace folders for the redundant system (named: for RZ/T2L-A
"FSoE_SW_M", for RZ/T2L-B "FSoE_SW_S") to any location on your PC.

(Example)
For RZ/T2L-A : C:\\FSoE_SW_M <« (Copy Table 7.66, #2)
For RZ/T2L-B : C:\FSoE_SW_S < (Copy Table 7.66, #6)

This chapter is explained under the following assumptions. Please replace data paths and names as

necessary.
[RZ/T2L-A]
- Workspace path :"C:\FSoE_SW_M"
- Workspace name :"RZT2L_main"
- Path for project file :"C:\FSoE_SW_M\RZT2L\PL-SW"
- Project name :"RZT2L"

- Hex file output address : "C:\FSoE_SW_M\RZT2L\PL-SW\Debug\Exe"

[RZ/T2L-B]
- Workspace path :"C:\FSoE_SW_S"
- Workspace name :"RZT2L_sub"
- Path for project file :"C:\FSoE_SW_S\RZT2L\PL-SW"
- Project name :"RZT2L"

- Hex file output address : "C:\FSoE_SW_S\RZT2L\PL-SW\Debug\Exe"
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5.2.3 Opening Workspace

The following describes how to open workspace for this project.

1) Start EWARMFS 9.20.3 from Windows [Start] menu.
2) On the [File] menu, select [Open Workspace]. (Figure 5.1, #1 #2)

3) Specify the workspace files in the PL-SW folder (RZT2L_main.eww / RZT2L_sub.eww). (Figure 5.1,

#3)

[ e IAR Embedded Warkbench IDE e ‘Open Workspace X
1. File :Echt View Project Tools Window Help .
153 e Fie e & 3w 4 o« RZTL 5> PLSW &) o
+
™ New Workspace
Organize ¥ New folder =~ O @
7 _Cpen File... Ciri+0 = ~
............................ aiE " :
2 [EI Open Workspace Date modified Type Size
............................. = Debug 2025/12/10 12:14 File folder
D;] Open Header/Source File Ctri+Shift+H — .
& ib 2025/12/10 12:08 File folder
@) | Close Ctri+Fa = settings 2025/12/10 12:15 File folder
@ Save Workspace src 2025/12/10 12:08 File folder
i RZT2L_main.eww 2025/11/28 17:11 IAR IDE Worksp... 1KB
Save Workspace As.
& Close Workspace
& | save Ctri+5
A | Save As...
A Save All
File name: |RZT2L_main.eww | Workspace Files (eww) v
B}, | Page Setup 0}
=l - . L 3_ ” Cancel
! !
@ RZT2L_main - IAR Embedded Warkbench IDE - Arm 9.20.3 = a X
File Edit View Project [I-jet Tools Window Help
. - n n
MO A = XE0N I DC <CQ o520 BO-=0"" -
Debug o
Files &+
E @ RZT2L - Debug o
W PLEW
RZT2L
Debug Log - o x
Log
Wed Dec 10, 2025 12:46:26: |AR Embedded Workbench 9.20.3 (C\Program Files\lAR Systems\Embedded Workbench 9.0 EWARM FS
9.20. HarmibirfarmPROC. dIl)
Wed Dec 10, 20256 12:46:27: Loading the Fet driver
Ready CAP NUM EE= BEE | .
Figure 5.1 Opening Workspace
Procedures of opening workspace are complete now.
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5.2.4 Building the Project

The following describes the steps to build the project. In this projects, build options are optimized for
application by default.

1) Select [Project] > [Rebuild All] to run a build. (Figure 5.2, #1 #2)
2) When the build is complete, error statistics are displayed in the [Build] window.

& RZT2L_main - IAR Embedded Workbench IDE - Arm 9.20.3 - o X
.......

File Edit 1, \r::If]'et Tools Window Help

- erpee=d - -

i 0 e | e e Fes {Q>%r2< B> BO=0" ;8
~ R—

Works [8 Add Group...

. [4] Import File List...

Debug Add Project Connection_

Files Edit Configurations. _

E @RZT2L-D

H PLSWY X | Remove
) Create New Project...
¥ Add Existing Project...

¥ Options...

Versicn Control System

B Make

Messages File Line

Loading CAFSoE_SW_MBZT2LPL-SWADebughExe\RZ T2 out

Saving binary file to CAFSoE_SW_M\RZTZLPL-SWADebug\Exe\RZT2L_CRC hin
..................
: Total number of errors: 0
o Total number of warnings: 1
'

'
l Build succeeded

Figure 5.2 Building the Project

Note: Due to the software specifications, one warning ([Pe177]) will occur, but please ignore it.

Build operation is complete now.
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5.2.5 Writing to ROM

Figure 5.3 shows the area addresses of flash memory and RZ/T2L internal RAM where project codes are
written.

1. Codes are written to external flash memory

by EWARM
:> 2. After RZ/T2L is started, contents of flash is
@ copied to the internal RAM and execute
Flash memory RZ/T2L
H'6000 0000
ATCM

H'6020 0000 PL-SW code PL-SW code H'0000 0000

84 KBytes H'0001 4FFF

H'6021 5000 U-APP code

80 KBytes ATCM
H'6022 9000 checksum :\ H'0002 0000
> U-APP code

4 KBytes

H0003 3FFF
System SRAM_ 1.100F F000

™~ checksum
H'100F FFFF

U-APP: User application

Figure 5.3 Code Area Address

The following describes the procedure for writing a project to flash memory.

1) Overwrite the arm folder (Table 7.66, #11) in the flashloader folder (Table 7.66, #10) with the arm
folder in the EWARM install folder.

B EWARM installation folders

____ﬁ =] P -
==
Embedded Workbench 9.2 1 arm bin
EWARM FS 9.20.3 | I | |

Overwrite arm folder
BRZT2L Functional Safety Control Software

{1
RZT2L flashloader | arm

Figure 5.4 Adding Loader File to EWARM
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2) Build the RZ/T2L functional safety control software project first.
3) Close the workspace for RZ/T2L functional safety control software, and open the workspace for
loader program.

° IAR Embedded Workbench IDE

1. m.f:il;; View Project Tools Window Help

New File Ctri=N
'|:| New Waorkspace

© open Workspace 'Y
* = 4 || « RITL » PswicaderFM v & Search PawloaderfM a

S Qeenfite, ... SO Onganizs v Newfolder Ee o @
2. {1 open Workspace... E> Name k Date modified Type Sm

| src 12/19/2024 112 PM File folder
Open Header/Source File Ctrl=shift+H D SAMPLE WORKSPACE lnsdercww 11/29/2024 416 PM 1AR IDE Workspace 1K8

Close Ctri+F4

Save Workspace
Save Workspace As...
Close Workspace

Save Ctri+S
Save As...

Save All

File name:  SAMPLE WORKSPACE loader.eww "i ‘Workspaca Files [“aven) o

eRE 2.8 @ 0

. SAMPLE WORKSPACE |oader - 4R Embeddad Workbanch IDE - Amm 9,20.3 T =] ®
File Edit View Project |jet Tools Window Help
" D aa o r

Debng

I @RZT2L Joader-D..
s

FAZT2_loader
Log

Thu Dec19, 2024 141443 1AR Embedded Workbench 9.20.3 (C\Program Files\lAR Systems\Embedded ‘Workbench 9.0 EWARM FS 9.20. Hamhbin\armPROC.dI
Thu Dec 19, 2024 1414:4%: Loading the et driver

Figure 5.5 Opening Workspace for Loader Program
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4) Build the loader program.

° SAMPLE_WORKSPACE loader - IAR Embedded Workbench IDE - Arm 9.20.3
: ) e .
File Edit ], [ Project [}ljet Tools Window Help
+: x: H ﬂ [& AddFiles...
‘Warkspace Ce Add Group..
Debug [41| import File List...
Add Project Connection...
Files Edit Confi ti
onfigurations...
O @RZT2L_lot ¢
Hisrc X | Remove
O Create New Project...
'?® | Add Existing Project...
£ Options... Alt=F7
Version Control System
0O Make
Rlsemeie ...
2. ! @ Rebuild Al
& Qean TTTTTTTTTTTTTTTT
& | Batch build...
Messages File
RZT2L_loader.srec
==e==essccccccccc- ]
' Total number of errors: 0§
:Tntal number ofwarnings: 0 §
’ )
3 Build succeeded :
Figure 5.6 Building Loader Program
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5) Start downloading program to the flash memory.

e SAMPLE_WORKSPACE_loader - |AR Embedded Workbench IDE - Arm 9.20.3

0
File Edit " 'I—jet Tools Window Help
1. i prosest |}

: +: t] H E [& | Add Files...
e [Ce Add Group...
[#1| Import File List...
Debug Add Project Connection...
Files Edit Configuraticns...
B @RZT2L_los
s X | Remove

B0 |+ | Create New Project...

™9 Add Existing Project....

¥ Options... Alt+F7
Version Control System »
0 Make F7
B | compile Ctri+F7
@ Rebuild Al
# | Clean
@ | Batch build... F8
Clean Browse Information
C-STAT Static Analysis »
) | Stop Build Ctri+Break
s
2.9 [o Download and Debug Ctri+D ]
e ccecsssssses

ceccsccsccssas
» | Debug without Downloading

"a Attach to Running Target

Log

Thu Dec18, 2024 15:44:22: Downloaded CAFSoE_RefSW_MAZTZLPewloaderFMDebugiExe\RZT2L_loader.outto flash memony.
Thu Dec 18, 2024 15:44.22: 216268 bytes downloadad into FLASH (39 81 Kbytes/sec)

Thu Dec 19, 2024 15:44.23: Loaded debugee: CAFSoE_RefSW_MBZTEL\PswLoaderFM\DebugiExe\RZTEL_loader.out

Thu Dec 19, 2024 15:44:23; LowlevelResel{software, delay 200)

ThuDec18, 2024154425 LwlavslRBasstisatware, delay 200)

ThuDec18, 2024 15.:44:23 Download completad.

Thu Dec 18, 2024 15442 B R E T eI chilare, delay 200)

Build  Debuglog

Figure 5.7 Downloading to Flash Memory

ROM writing operation is complete now.
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6. How to Operate Program
6.1 Connecting to TwinCAT

6.1.1 Preparing the ESI File (First Time Only)
(1) Before starting TwinCAT, you need to copy the ESI file for this sample to a specific folder.

Source ESI file (located in Common\ESI folder):
“‘Renesas EtherCAT RZT2 SafetyMotorSolution.xml”

Destination folder (may vary depending on your environment):

- C:A\TwinCAT\3.1\Config\lo\EtherCAT

6.1.2 Installing the TwinCAT Driver (First Time Only)

(1) Launch TwinCAT 3.
(2

)
(3) Select the Ethernet adapter you will use and install the driver.
)

From the Start Menu, select : [TwinCAT 3] — [Show Realtime Ethernet Compatible Devices...]

(4) If the selected Ethernet adapter moves to [Installed and ready to use devices (realtime capable)], the
installation is successful.
D TwinCAT Project2S - Microsoft Visual Stucio Yz £ = O x Installation of TwinCAT RT-Ethernet Adapters X
FILE EDIT VIEW PROJECT BUILD DEBUG | TWINCAT | TWINSAFE PLC TOOLS SCOPE  WINDOW  HELP
B-o-2@d B Activate Configuration -] [TwinCaT RT (<64 2 Ethemet Adaplers Update List
b 2 % | [ <Loca> B0 Restart TwinCAT System z = nstalled and ready to use devices(reakime capable]
= 2 Reload Devices Installed and ready to use devices(for demo use o
@ o-@| &= oo - gtommib\e davices |
e on Ex 2 © Tosgle ek it Sk -6 Incompatible devices
PRI e Ji Pt
b gl SYSTEM 0¥ ek Disabled devices
B E> Disable
» Evo I™ Show Bindings
Figure 6.1. : TwinCAT Driver Installation
RO1AN8173EJ0100 Rev.1.00 Page 28 of 190

Dec.19, 2025

RENESAS




RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

6.1.3 Scanning Devices and Writing to EEPROM
(1) Create a new project in TwinCAT.

(2) In Solution Explorer — 1/0O — Devices, select “Scan”.

Solution Explorer * 1 X
@E-|o-a|p=
Search Solution Explorer (Ctrl+:) P~

fad Solution ‘TwinCAT Project31' (1 project)
4 ] TwinCAT Project3

b Gl SYSTEM

b MOTION

VISION
ANALYTICS
170

#.
2:1 Mappings +':| L Ne.wlltem... |”5.
i Add Existing ltem... Shift+Alt+4
Rename

Add Mew Folder...

Export EAP Config File

gk
‘% Scan

Paste Ctrl+V
Paste with Links

Figure 6.2. Device Scan

(3) If the RZ/T2M is recognized as an EtherCAT device, the EtherCAT port will be displayed as shown
below.

B 2 new /O devices found X

Figure 6.3. Scan Result
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(4) Execute [Scan for boxes].

Solution Explorer * B x
@E-| o8| k=
h Solution Explorer (Ctrl+: P~
21 Solution TwinCAT Project25 (1 project)
4 ol TWinCAT Project25
b i@l SYSTEM
{8l MOTION

B rLC

| SAFETY

i C- v TeXaeShell
&l anavyTics

4 "% Devices 2y
b =# Device 3 (EtherCAT) an for boxes

L

@' Mappings

Figure 6.4. Scan for boxes Window

(5) When prompted for [Activate free run], click OK.

Selution Explorer * 1 X
@E-|o-a| L=
Search Solution Explorer (Ctrl+:) pe

fa] Solution 'TwinCAT Project17" (1 project)
4 ol TwinCAT Project17
bl SYSTEM
MOTION
PLC
| SAFETY
E C++
VISION
ANALYTICS
¥ o]
4 L Devices
4 &3 Device 1 (EtherCAT)
B Image
*B |mage-Info Tc¥aeShell

b2 SyncUnits

B Inputs

b Outputs o Activate Free Run
b [ InfoData

bJH Term 1(EK1100)

B

@ Box 3 (PFFFFFFFF REFFFFFFR)
&% Mappings

Figure 6.5. Activate Free Run

(6) If Box x (PFFFFF..) is displayed, the Safety Control Board’'s EEPROM is empty. You need to write the
EtherCAT SubDevice information for this sample to the EEPROM.
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(7) Steps to write to EEPROM:
- Double-click [Box X] to open the settings screen.
- Select the [EtherCAT] tab.
- Click [Advanced Setting].

Solution Eplore R vincatrrer - <

Q . '| Y@ - & | ﬁ|£| General EtherCAT  Onpline
Search Solution Explorer (Ctrl+:) pe i Type:
m Solution "TwinCAT Project17' (1 project) Product/Revision: -1 /-1
4 Gl TwinCAT Project7 Auto Ing Addr: FFFE (2)
4 L@ SYSTEM EtherTAT Addr: ] 1003 = Adwanced Settings..
MOTION = I—I
PLC B =
| SAFETY Previous Port: Term1 (EK1100) - C X2 OUT
E Ct+ ESl:
VISION ES| File Warsion:
ANALYTICS
y I/0
4 *f'g Devices
4 == Device 1 (EtherCAT)
"5 Image
B | mage-Info
b2 SyncUnits Mame Online Type Size >Addr.  In/0
k Inputs ¥ State 81 UINT 2.0 1560.0 Inpu
b [ Outputs
[ InfoData (1)
b Term 1 (EK1100)
I b @ Box 3 (PFFFFFFFF RFFFFFFFF) |
@ Mappings

Figure 6.6. EEPROM Write Method 1

- Navigate to [ESC Access] — [EEPROM] — [Hex Editor].

- Select [Download from List].

Advanced Settings

- General Hex Editor
(- Distributed Clock

E| ESC Access

EI E*PROM

- Configured Statio
- Enhanced Link De

i FPGA
E----f'\-'her'r'lor_',r (3)

Do load Read from File .. (4) Download from List..

Upload ‘Write to File ..

Figure 6.7. EEPROM Write Method 2
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- Alist of ESl files registered in TwinCAT 3 will appear. Select the appropriate file. For this sample,
choose : [Renesas EtherCAT RZ/T2 SafetyMotorSolution].

== Beckhoff Automation GmbH & Co. KG
EIR Renesas Electronics Caorp.
-a® Renesas BX72M Group
2% Renesas RZ/M2 Group
2% Renesas RZ/T2 Group
----- 2 <, Renesas EtherCAT RZ/T2 Aok 2part (2083 / 512

------ 2 <, Renesas EtherCAT RZ/T2 Aok 3part (2083 / 758

Figure 6.8. EEPROM Write Method 3

(8) After writing to EEPROM, press SW2 on the board to restart the RZ/T2M and reload the EEPROM.
(9) In TwinCAT, delete [Device x (EtherCAT)] and perform a rescan.

4 [Fvo ‘

4 "% Devices
4 [ Device 1 (EtherCAT)

rg Image *IJ Add Mew ltern... Ins
*B |mage-Info *30  Add Existing ltem... Shift+Alt+A
b2 SyncUnits 2 Remove Del
b Inputs Rename
b Outputs 5
r =5 I/0
&> Mappings %1  Add MNew ltem... Ins
'O  Add Existing ltem... Shift+Alt+A
Rename
Add Mew Folder...
Export EAP Config File
Project /O Descriptions L
*";.,_ Scan
Paste Ctrl+V
Paste with Links

Figure 6.9. Rescanning Devices
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(10) If the scan is successful, the following display will appear.

Since the EtherCAT drive is not used for operation verification, select [Cancel].

EtherCAT drive(s) added

Append linked axiz to:;

0 NC - Configuration
() CHC - Configuration

®

Cancel

Figure 6.10. EtherCAT Drive Selection

(11) Execute [Reload Devices] to restart the network.

Figure 6.11. Network Restart

(12) Confirm that the device appears in the tree as shown below and that the Current State in the [Online]

tab is “OP”.

Solution Explorer
At o-a|p-=
Search Solution Explorer (Ctrl+:)

] Solution "TwinCAT Project17' (1 project)
4 o] TWinCAT Project17

b |l SYSTEM
MOTION
@ PLC
4| SAFETY

E C++

VISION

ANALYTICS
4 Fvo

4 % Devices

4 == Device 1 (EtherCAT)
B Image

B Image-Info

2 SyncUnits
Inputs

W Outputs

[ InfoData

[ Term 1 (EK1100)

I [E InfoData

b ™ Term 2 (ELGS00)
= Term 4 (EL9D11)
b a® Box 3 (Renesas EtherCAT RZ/T2 SafetyMotorSolution)

&7 Mappings

AT T T W

A Al TwinCAT Project17 + X

General EtherCAT DG

Process Data Pl

Slots

Startup CoE - Online  Online

AP - State Machine
Bootstrap
Current State: arF
FED S=katy Requested State: ar
Op Clear Error
DLL Status
Port A Carrier / Open
Port B: Mo Carrier / Closed
Mo Carrier & Clozed
Mo Carrier # Clozed
File Access over EtherCAT
Download.. Upload...
MName Online Type Size =Addr.  In/Out
#! Error code a736 UINT 2.0 73.0 Input
#! Statusword 4616 UINT 2.0 75.0 Input
#| Modes Of opera... 9 USINT 1.0 770 Input
#! Position actual v... -1313 DINT 4.0 78.0 Input
#! Velocity actual v... 0 DINT 4.0 82.0 Input
#1 FSOE 00 00 00 00 00 00 FSOE_84FA.. 6.0 86.0 Input
#] WeState 0 BIT 01 1522.3 Input
#! InputTeggle 0 BIT 01 15243 Input
! State 8 UINT 2.0 1560.0 Input

Figure 6.12. Confirming “OP” State
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6.2 Preparing the FSoE Master

This section explains how to create the FSoE master program. There is no specific device required for the
FSoE master, but this document uses the following products from Beckhoff Automation as an example:

- EK1100 : EtherCAT Coupler
- EL6900 : EtherCAT Terminal communication interface, TwinSAFE Logic
- EL9011 : Bus end cover for E-bus contacts

Note:

Perform this procedure after completing “6.1.3 Scanning Devices and Writing to EEPROM” and ensuring
that the Box has been added to the System Manager tree.

In Section 6.2, add the Safety project and PLC project created with TwinCAT version 4026.19.
If your TwinCAT version is older, the projects may not be added successfully.
If you cannot add them, refer to the Appendix: Procedure for Creating the FSoE Master Program.

6.2.1 Adding a Safety Project

The following describes the steps to add a Safety project.

1) In TwinCAT3, select [Solution Explorer] > [Safety Drive] > [SAFETY] > [Add Existing Item...]
2) Select Safety_Drive.tfzip file (Table 7.66, #13)
3) Click [Open] to add the Safety project.

Solution Explorer - a X
@ |’:|,'| '@'@“|I'|E| « v A < Windows (C) > v o r
Search Solution Explorer (Ctrl+:) Organize ¥ Neniolnes - m @
37 Solution ‘Safety_Drive' (1 project) ~
4 ]l Safety Drive - Name Date modified Ty
> @ svstem
4 MOTION @ OneDrive [} safety_Drive.tfzip 2025/10/31 12:05 v
| S =pC
Y
Cor ,:»l.AﬁﬂNe_.W_.‘tam.---. ............... @
= .
wsion 1 10 Al Sl
& AnALYTICS Rename
> 170 ]  Hide SAFETY Configuration
< >
File name: |safety Drive.tfzip v‘ Safe Plc Project Tile (*.splcproj; . ~
""""" (]
[}
_ e, H
Solution Explorer
@& o-a|s-=
Search Solution Explorer (Ctrl+:)
ka1 Solution 'Safety_Drive’ (1 project)
4 nj Safety Drive
b @ sysTem
4 MOTION
0 pic
4 |&] saFETY
4 33 Safety Drive
b . Safety Drive Project
1] Safety_Drive Instance
Ct++
VISION
=
Figure 6.13. Adding Safety Project
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6.2.2 Adding a PLC Project
The following describes the procedure for adding a PLC project.

1) In TwinCATS3, select [Solution Explorer] > [Safety Drive] > [PLC] > [Add Existing ltem...]
2) Select Safety_Drive.tpzip file (Table 7.66, #14)
3) Click [Open] to load the PLC project.

Solution Explorer v X | X
Gﬁl'tl«'| Y@'E"T'|}'|E| « v 4 |« Windows(C) > ‘o )
Search Solution Explorer (Ctrl+:) P~ Organize ¥ New folder m @
%] Solution 'Safety_Drive' (1 project) . -~
- Safety_Drive ~
4l safety Drive | Name Date modified
b (@l sysTem
b | MOTION | St B 2025/10/31 12:05
I Add New Item... Ins
[ ol S SR B o o o ooooooodBoooood
Add Existing Item... Shift+Alt+A
..............................
Rename
ANAL Add Project from Source Control...
b 170
Paste Ctrl+Vv
Paste with Links
Bl Hide PLC Configuration
2 Windows (C)
v < >
File name: safety Drive tpzip v| |PlcProject File (*.pleproj; ) v
|==ceees
Leceeeeee

TcXaeShell

Solution Explorer
DHE-|o-d| }'E

Search Solution Explorer (Ctrl+:)

New Project 'Safety_Drive' already exists! It will be renamed to
‘Safety_Drive_1'

%l Solution 'Safety Drive' (1 project)
4 Ha Safety_Drive
> @l sySTEm

MOTION

b %4 Safety_Drive_1 Project
b 4} safety Drive_1 Instance
b |3 saFETY
E C++
VISION
& anaLyTics

> [&io

Figure 6.14. Adding PLC Project

Adding PLC project is complete now
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6.2.3 Selecting the ErrAck Signal

1.  Inthe TwinCAT 3 System Manager tree, navigate to:[SAFETY] — [safety_project_1] —
[safety project_1 project] — [TwinsafeGroup1] — [Alias Devices], then double-click

[ErrorAcknowledgement.sds].
Click the icon next to [Full Name].
Select MAIN.bErrAck and click [OK].

Solution Explorer

@E-e-a| s

4 3 safety_project_1
a » safety_project_1 Project
2] References
8 Target System

Ld GVLs
ud UserFBs
4 ;% TwinSafeGroupl
4 o7 Alias Devices .
L28ex 2 Renzsps BtherCA, o L2
1 mﬂ ErrorAcknowledgement.sds 1
@'T\anﬁaﬁlﬁmﬁar _____

@ safety_project_1 Instance

Search Solution Explorer (Ctrl+:) P-
2] Selution TwinCAT Project17' {1 project) -
4 o TwinCAT Project17
b ﬁ SYSTEM Linked to:
Name:

Linking | Process Image

Linking Mode:  Manual &

Full Name: | TIID"Device 1 (EtherCAT)"Term 1 (EK1100)"Term 2 (EL6S00) St

]
B

Standard InVar 1

B Attach Variable Standard In Var 1 (Qutput)

Search:

V|><

afety PLC_praject_1
BRI N L BN 1 p———

L MAIN EEndck > 0B 396606.0, BO0L [1.01
b o o o T 3

Show Yariables
B 0nly Urugad
(] Exclude disabled
B Exclude other Devices
B Exclude same Image
B Show Tooltips
() Sort by Name
(] Sort by &ddress
() Showe Variable Groups
B Collapse last Level
Show Yariable Types
(] Matching Type
B Matching Size
(] &0 Types
Aray Mode

Offsets
(] Continuous
lgnore Gaps
(] Show Dialog
Variable Mame / Comment
A1 Hand ower
A1 Take over 4 .

Cancel

Figure 6.15. Selecting ErrAck Signal

RO1AN8173EJ0100 Rev.1.00
Dec.19, 2025

RENESAS

Page 36 of 190




RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

6.2.4 Checking the FSoE Master Device

1. Inthe TwinCAT 3 System Manager tree, navigate to [SAFETY] — [Safety_Drive], then right-click
[Safety Drive Project].

Select [Properties].

Click the [Target System] tab and confirm that the correct FSoE master device is selected (in the
example, “EL6900").

4. The device’s Serial Number will be required in section 6.3.

5. Confirm that [Safe Address] and [Hardware Address] match. If they differ, click the icons in order (a) —
(b) to synchronize the addresses.

Solution Explarer -~ 1 X
ject 1% = X
o &l -| B | ;.E safety_project_1
Search Solution Explorer (Ctrl+:) P~ WA WA
ol Selution 'Safety_Drive' (1 project) Teer Adrministration 3
“ nﬂgmy—[’”"e Backup/Restore
b Sys)|}?PQ® NN NV . e —————
; — Targst Syst EL6400 vl
MOTION poumertaton i P:rga' \yDS th :T 2 (ELB90N} el
» [ PLC Project Settings & it aicalile ez e ial( o0y N 3
4 |5} SAFETY
1 A ) Safety DOVE. o o Software Wersion: 07 4 U
| RN » [ safety_Drive Project it Serial Number: | 2050432 I 4.
f . . | - =
|5 Safety_Drive Instance Scope to This Project GRC: 0x73C6
6\;;‘0N B New Solution Explorer View Map Serial Number: [ Map Praject CRC: [)
ﬁ ANALYTICS Build Dependencies I_Vﬂsﬂn_N“ﬂhﬂ_ 1 b
4 /0 Add 5. 1 Safe Address: o (a) ( )
4 Devices i Manage NuGet Packages... | Hardware Address: 1 1 PR
b= Devicel (therCAT) | 0 L e —————
4 3 Mappings Sort TwinSAFE Groups
## Device 1 (EtherCAT) 1 - D¢ Edit TwinSAFE Group Order
@) Safety_Drive Instance - De Check Safe Addresses

Generate Documentation
Project Export
Remove

X
(54 Open Folder in File Explorer

Figure 6.16. Checking FSoE Master Device
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6.3 Downloading the FSoE Master Project
(1) Verify the Program Before Downloading Before downloading, verify that the created program has no

issues:

1. From the [TWINSAFE] tab, select [Verify Safety Project].

2. If there are no issues, the message [Verification Process succeeded] will appear.

3. Next, select [Verify Complete Safety Project].

4. If there are no issues, the message [Verification Process succeeded] will appear again.

1. [L 2T 2 % X1

.‘
| TWINSAFE ¢ PLC TOOLS SCOPE  WINDI ¢ sample_TwinCATS - Microsoft Visual Studie

1 frrsTrTsTTaSTSSww
1 @ Verify Safery Project : FILE EDIT VIEW PROIECT BUILD DEBUG  TWIN
lgo..._ LIS At et T I L i Lo sl 2l .

o Veri L_omﬂete SaTel\,r Project B - " - Al C T = - |
: t.* Download Safety Project i |Build 4022.29 (Loaded ~| _ ki ﬂ| B &
b | 00—

iy Delete Safety Froject Solution Explarar * B ox
1 ‘}':f Customize Safety Project & o-d | o=

¥ Multi-Download Safety Project(s) Search Sclution Explorer (Ctrl+:) P

- #a" Show Online Data

Sort TwinSAFE Groups »

&1 Solution ‘sample_TwinCATS (1 project)
4 ] sample_TwinCAT3

- . b @ SYSTEM

i s \ [ MOTION
Check Safe Addresses s pLC
Gengrate Documentation 4[5 SAFETY

— P

Export Project (as xml file)
Export Project (as bin filz)

TWINSAFE | PLC TOOLS SCOPE  WIND1

¢ sample TwinCAT3 - Microsoft Visual Studie
{ « Verify Safety Project FILE EDIT VIEW PROJECT BUILD DEBUG TWINI

PSS AR SAR SRR REREE]

3. 4% Verify Complete Safety Project ¢ - Bro-% W N -

| =¥ Download Safety Project i [Build 4022.29 (Londed ~| ciia | D 2@ < @&/ @ 5.
| & Delete Safety Project solution Explarar v B ox
1 #& Customize Safety Froject &g | -

&% Multi-Download Safety Project(s) Search Solution Explorar (Ctrl+:) P

1 " Show Online Data

Sort TwinSAFE Groups » 4 o sample_TwinCAT3
b @l SYSTEM
Edit TwinSAFE Group Order =d
[ MOTION
Check Safe Addresses b BLC
Generate Documentation 4 |5 sAaFETY

Expart Project (as xml filg)
Export Project (as bin file)

Display Datasets CRCs

&1 Salution ‘sample_TwinCATS (1 project)

b I e e tan N e

Note:

If [Verification Process failed] appears, check that there are no duplicate FSoE slave addresses on the same

Figure 6.17. Verifying the FSoE Master Program

network and review the settings in Section 6.2.
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(2) Download the Program to the FSoE Master Device
1. From the [TWINSAFE] tab, click [Download Safety Project].

2. When the confirmation screen appears, click [Yes] to start the download.

LA 2 1 A XX X 3] 3 & -
§ TWINSAFE [{PLC  TOOLS SCOPE  WIND bbbt Kottt i

i o Verify Safety Project

1. | Download safety Project ¥ the corresponding addresses configured in the safety project?

TE§ ~Delete Satety Project
15 Customize Safety Project
Multi-Download Safety Project(s)

| & Verify Complete Safety Project : f "~ ) Check if the addresses configured on hardware terminals match

2. H“:;-m-(;)“]-ﬂ vz | [ xe>e |

4 & Show Online Data

Figure 6.18. Starting FSoE Master Program Download

(3) Confirm the Download Result

1. Inthe [Login] tab, enter the following values and click [Next]:
+ [Username]: Administrator
« [Serial Number]: The serial number confirmed in Section 6.2
+ [Password]: TwinSAFE
2. Inthe [Download Result] tab, confirm that all items have succeeded, then click [Next].

3. Inthe [Final Verification] tab, confirm that there are no issues with the final data, check the box for
“I have manually ~”, and click [Next].

4. In the [Activation] tab, enter the [Password] again and click [Finish].

Download Project Data (Term 2 (EL6300)) | = Download Project Data (Term 2 (EL6900)) ol
Steps Login Steps Download Result
Login feccssenccsess
! i H nfiguration Dataset wniload Result
Username: 1 Administrator ] E [mea=sasa=y
] ' Download Result Output Mappings H Q :
1 H ~ . 1
Serial Number: : 622353 : LS : -] :
H H WINSAFE Connect ! [~] :
1 13 Functionblocks 1 7
Password: 1 ssssseee : bl L---?-----.
| —— -
e - = -
T [ ' | T ymonenne - |
1. : Next : | cancel ‘ 2 : Next : Cancel
-
Download Project Data (Term 2 (EL6900)) = Download Project Data (Term 2 (EL6900)) =
Steps Final Verification Steps Activation
Configured Online Calculated Verification
2 Username: Ad
soncaaa
{9 :
Final Verification : 2 Serial Number:
[
1 9 -
: Q [ Activation Password:
=y ©
'l!7( have manually verified the data shown here and I am
- ﬁware, that the correct functionality must be tested
manually!

— L P 1
p— s — pu—
| fueica| | G|

o[ Next Cancel 5 Finish |8 | Cancel
-dl b i ! :

Figure 6.19. Downloading the FSoE Master Program
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6.4 How to Run the TwinCAT Project

First, power on the Safety Motor Control Reference Kit and ensure that the program written to the

microcontroller on the board is running.
The following steps describe how to execute the TwinCAT project.

Set the EtherCAT Communicati
cycle to 250 ps:

1. Inthe TwinCAT 3 System
window.

Click the [Settings] tab.

(1)

on Cycle. This example shows how to set the EtherCAT communication

Manager tree, click [SYSTEM] — [Real-Time] to open the properties

From the [Base Time] dropdown menu, select “250 us”.

window.
Click the [Task] tab.

In the System Manager tree, click [SYSTEM] — [Tasks] — [PlcTask] to open the properties

In the left-side setting menu for [Cycle ticks], set the value to “1” using the spin button.

Confirm that the right-side

setting menu for [Cycle ticks] shows “0.250 ms”.

fal Solution TwinCAT Project17' (1 project) 2. ||l settines |Cnline  Core Boost  Friorities  Debugging
. . - ——
4 Iinﬂ TwinCAT PrDJECt'I? Router Memary Global Task Config
4 ﬁj S:STEM Confieured Size [ME] 32 S Maximal Stack Siz
b i:j‘kgq_ﬁ.;'i 1 Allocated / Available: 30 /3
4 asks ' Avsilable Cores
=tz Routes Shared £ |solated: 1 =0 = Read from Taree
pm =
l‘il Type System TwinCGAT Core Boost M
TeCOM Objects -
Core | RT-Core | Base Time lCnre Lirnit L
0 B Def..]250 s ~ [P0 % v
m Solution 'TWiHCATF'I’DjECﬂ?' (1 pl’CleCt] LTask | 5! Parameter (Online) Add Symbols
PR | EIZES'ITE i;ojecﬂ? Mo PloTask
4
¥ Li B Auto start
. lcense ] Auto Priority Mansgement
I _F‘lreal-'l'lme Friority a0 =
. 4. = PlcTask Crycle ticks: I_II__,-! LDiSD_ ms
ES Routes Star wodulo 0 2 7
¥n Type System Us  inputupdate '
[&] TcCOM Objects o=
Figure 6.20. Setting EtherCAT Communication Cycle
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(2) Set EtherCAT Synchronization Mode to DC Synchronization

1. Inthe System Manager tree, click [Box X (Renesas EtherCAT RZ/T2 SafetyMotorSolution)] to
open the properties window.

Click the [DC] tab.

Under Operation Mode, select [DC-Synchron].

Click [Advanced Settings...].

Check [Enable SYNC1].

Set the timing for SYNC1 interrupt in [Shift Time (us):].
Click [OK].

N o a bk weDd

] Solution TwinCAT Project17' {1 project)
4 ] TWinCAT Project17
b | SYSTEM
MOTION
b PLC
b [E saFETY
C++
VISION
(& AnaLyTICS
4 /0
4 *f'g Devices
4 == Device 1 (EtherCAT)
B Image
bt Image-Info
2 SyncUnits 2_
Inputs

& InfoData 1.

4
4
——
b ‘ Outputs General EtherCAT ';C lProcess Data  Plz Slots Startup CoE - Online  Online
b [P
I

Operation kode: 'EDTSVTcr::m--_-_-_-:l 3'
e 3
T Advanced Settings... 1
[ = 4.

Advanced Settings X
&-BetbutediGlock Distributed Clock
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Figure 6.21. DC Synchronization Settings Part 1
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8. Inthe System Manager tree, click [I/O] — [Devices] — [Device X (EtherCAT)] to open the
properties window.

9. Click the [EtherCAT] tab.

10. Click [Advanced Settings...] to open the Advanced Settings window.
11. In the Advanced Settings window, click [Distributed Clocks].

12. Set the timing for SYNCO interrupt under Percent of cycle time.

13. Click [OK].

a1 Solution ‘TwinCAT Project17' (1 project)
4 o) TWinCAT Project17

b @ SYSTEM
MOTION
b PLC
4 Ié} SAFETY General AdapterrEtTeEAT—IDnline CoE - Online 1 0.
Ce+ e —— ——
VISION Metld: 9_ 1016627231 21 :[- Advanced Settings... ] 1
@ ANALYTICS Diata rate: 100 MEit/s T ? :'t_Coﬁ o t_ _F'I_ == _l
pl /0 B - guration File ..
4 "% Devices Sync Unit dssienment..

Topology...

~ x

Advanced Settings

11. Digtributed Clocks

DG Mode

[#- State Machine

o CyclicErames —
istributed Clocks
St Sipport
- Redundancy

B Automatic DG Mode Selection

DO in use
Eiox 3 (Renesas EtherCAT REST? S:

(- Diagnosis

Independent DT Time (Master Mode)
DC Time controlled by TwinSAT Time (Slave Mode)
Adiust Reference Clock
DC Time controlled by External Sync Device (External Mode)

12,
Settings S 7MC Shift Time (=)
—————————————
] Continuous Run-Time Measuring Percent of cycle time: |30n v| :
[l 5ync Window Monitoring =ror MEE “a0a00 o F o0
o For Inputs: —ag + 0

[C)sham DC System Time (54 bit)

DeSeTask  [HighestPriarity |

Figure 6.22. DC Synchronization Settings Part 2
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(3) Enable EtherCAT Network Settings

1. In the System Manager tree, click [I/O] — [Devices] — [Device X (EtherCAT)] to open the
properties window.

Click the [EtherCAT] tab.

Click [Sync Unit Assignment...] to open the Sync Unit Assignment window.
If Task is set to <default>, change it to PlcTask.

Click [Apply], then [OK].

A o

] Solution TwinCAT Project1T {1 project)
4 o) TwinCAT Project17

b @l SYSTEM
=] maoToN
b [ pPLC
b "‘§§ SAFETY General Adapterl-Et?EEf‘*T-IDnline CioE - Online
EC++ o d
@ vision Metld: 2, 101662723 21 T
ﬂ ANALYTICS Data rate: 100 MBit/s Export Configuration File ..
4« @wo 1. [ e
e : I Sync Unit Azzsienment.. I
T T T Tk

B | Sync Unit Assignment

Device Sync Unit Mame Fepeat5..  Task 0K

Tem 2 [ELEI00) <default: e T 5 Cancel

Bow 3 [Renesas EtherCAT RZ...  <default:

Apply
B Sync Unit Assignment >
[
Device Sync Unit Mame Repeat5...  Taszk | L EK_ _|
Term 2 [ELEI00] <default: |_F'I£T§k_ - 5. Cancel
Bowx 3 [Reneszasz EtherCAT RZ...  <default: 4 L [PlcT ask] 1
L
I
I
I
I
I
I
I
I
I
I
I
|
L]
Sync Unit Mames: % Predefined Sync Unit Mames: Force} Sync Unit Tazks: e
| | | [ 1
| | | | PlaT ask

Figure 6.23. Sync Unit Assignment Settings
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6. Click the [Activate Configuration] icon in TwinCAT 3.
7. When the Activate Configuration window appears, click [OK].

8. When the Restart TwinCAT System in Run Mode window appears, click [OK] to switch the
TwinCAT 3 project to Run Mode.

File Edit View Project Build  Visualization  Debuw
i0-o |-t RPN
 Build 402619 (Loaded) 6. Azy W [B] 2 X[@]|[

a Activate Configuration

[mPRe | YR a=L | Lol
Search Selution Explorer (Ctrl+:)

2

Activate Configuration > r 1
TcXasShell *

Project: TwinCAT Project17

Target: <Local= o Restart TwinCAT System in Run Mode

(] Autostart PLC Boot Project(s)

Figure 6.24. Starting Run Mode
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(4) Confirm Connection Between TwinCAT 3 and Safety Motor Control Reference Kit

1. Inthe System Manager tree, double-click [Box X (Renesas EtherCAT RZ/T2 SafetyMotorSolution)]
to open the properties window.

Click the [Online] tab.

3. If “Current Status” shows [OP], TwinCAT 3 is successfully connected to the Safety Motor Control
Reference Kit.

Solution Explorer R Al TwinCAT Project17 + X

@E-o-a p=

General EtherCAT DO Process Data  Plo Slots  Startup € 2- LDnIine H

Search Solution Explorer (Ctrl+:) P - State Machine
fal Selution 'TwinCAT Project17' (1 project) Bocistrap T G re=====n
4 [ TwinCAT Project1? Fre-0p Safe-0p ey, | Sme————
equested State:
b [ SYSTEM op Clesr Errar
MOTION 3.
[ PLC DLL Status
(43 SAFETY Fort A Cartier / Open
Ces Fort B: Mo Carrier / Closed
VISION Mo Carrier / Clozed
(& anavTICS =
Y 170 Ma Carrier £ Closed
4 % Devices File Access over EtherDAT
4 == Device 1 (EtherCAT) Download... Upload...
=8 Image
=8 Image-Info
b 2 SyncUnits MName Online Type Size =Addr..  In/Out
b Inputs #1 Error code 8736 UINT 20 73.0 Input
E = lo;ltEUtS #1 Statusword 4616 UINT 2.0 73.0 Input
‘ ?T“ :t(aEKHDD] #] Modes Of opera... 9 USINT 0 70 Input
|>I I;’T'f Dat %1 Position actual v... -1313 DINT 4.0 78.0 Input
nfoData
b .j Term 2 (EL690D) 1 . . Velocity actual v, 0 DINT 4.0 82.0 Input
_LTerm 2 ELQDT]L #IFS0E 00 00 00 00 00 00 FSOE_84FA.. 6.0 86.0 Input
'; =< Box 3 (Renesas EtherCAT RZ/T2 SafetyMotorSelution) 1 Fl Westate 0 BIT ol 13223 Input
ﬁrmmm____-----------------l # InputToggle 0 BIT 0.1 15243 Input
#l State 8 UINT 2.0 1360.0 Input

Figure 6.25. Confirming Connection Status

(5) Execute the TwinCAT Project
1. In TwinCAT 3, click the [Login] button to log in to the PLC.
2.  When the TwinCAT PLC Control window appears, select [Yes].
3. Click the [Start] button to run the TwinCAT project.

Window  Help 1

TwinCAT PLC Contral *
ch... = A
~ =i safety PLC project_ - - e application 'Port_851" does not exist on device Twin Project1?'. Da
5 safety PLC project 1 1 31 The appl Port 851 d devics TwinGAT Froject17. D
F=| wou want to create it and proceed with download?
I ‘I No Details...
Window  Help 3 C T
ach.. - P
M = safety PLC_project_1 - | {-’ J (a

Figure 6.26. Executing the TwinCAT Project
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6.5 How to Verify Operation
This section explains the procedure for verifying the operation of the Safety Motor Control Reference Kit.

6.5.1 Selecting Safety Drive Function
(1) When selecting STO function

Start the Safety Motor Control Reference Kit with SW9 and SW11 all set to OFF.

SW9 SW11

Figure 6.27. SW Settings for STO Function

(2) When selecting SS1-t function
Start the Safety Motor Control Reference Kit with SW9-1 and SW11-1 set to ON.

SW9 SW11

Figure 6.28. SW Settings for SS1-t Function

RO1AN8173EJ0100 Rev.1.00 Page 46 of 190
Dec.19, 2025 RENESAS



RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

6.5.2 Selecting CiA402 Operating Mode

(1) In TwinCAT 3 System Manager tree, double-click [Box X (Renesas EtherCAT RZ/T2
SafetyMotorSolution)] to open the properties window.

Click the [Slots] tab.

In the left pane of the [Slots] tab, click the [Motor1] row.

In the right pane, select the desired CiA402 operating mode.

Click the [<] button to apply the change.

Confirm that the [Motor1] row now shows the selected CiA402 operating mode.
Click [Activate Configuration] in TwinCAT 3 to restart in Run Mode.

Solution Explorer AR Il TwinCAT Projectl7 & X

[N =H '| o-d ‘ ’E General EtherDAT DG Process Data 2- : Slats =5tartup Inline  Online
Search Solution Explorer (Ctrl+:) P- T ===
ot Module Wodule|dent Mod..  Moduleldent  Desoription
- T Hooroiectt ey e s e e e ———_——— ——— — ———
i) SDI‘:‘D"C;:‘:CNP;;JECH‘ (1 project) 3 5‘1Motur| v 0:00%1 9300 I <l e 00413200 Frofie position made 4.
4 il Twin fopect A< SFoEMotor | FSOE module  GhD0B18800
bl SYSTEM chronoy jon mods
MoTon ooty mode
> B PLC
b |45 SAFETY
[ c++
[&] vision
& anaLvTICS
4 Fvo TwinCAT Project17 + X [[IDT e
4 “"% Devices
4 = Device 1 (EtherCAT) General EtherCa Process Dats  Flo Slots  startup
*B Image -
e ot Madule Moduleldent
Image-Info I_ __________________
b 2 SyncUnits I, S A L L L
= TSFoE Motar 1 FSOE module 000619800
4 Inputs
b B Outputs
b 3 InfoData
b B LFKUIO0L. e .
1. 4] iR Box 3 (Renesas EtherCAT RZ/T2 SafetyMotarSolution) II
T RAE R = = —————
b 2 Module 2 (FSOE medule) File Edit View Project Build Visualization Debu
b WeStat 7 ,
& WeState ie-o|8-n-uud| X Il
b G InfoData r -
© Build 402619 (Loaded) 7. :3|i='.v lal |3 '\|E
Selution Explorer
-
G & " ©-a | T
Search Solution Explorer (Ctrl+:)
Figure 6.29. Changing CiA402 Operating Mode
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6.5.3 Establishing FSoE Communication and Releasing Motor Stop Request
(1) Complete the steps in Section 6.4 and start the TwinCAT PLC program.

(2) Check communication status:
1. Navigate to [SAFETY] — [Safety_Drive] — [Safety_Drive Project] — [TwinSafeGroup1].
2. Right-click [TwinSafeGroup1.sal] and select [Open] to launch the TwinSAFE graphical editor.
3.  In TwinCAT 3, click the [TWINSAFE] menu and select [Show Online Data].

4. Confirm that TwinSafeGroup is in Error state.

&) Solution TwinCAT Project1 7 (1 project) [winsateGrovp o = [
4 o] TWinCAT Project!? —
b [l SvSTEM = | Networki
MOTION
b PLC .3 safeDecouple 1
4 B saFETY L FBDecouplel

4 |43 safety_project_1

4 |4 safety_project_1 Project

«J] References

#8 Target System INPUT1 p8] Declnl ——————— DecOutl [2] OUTPUTI

*j S:;L:FBS INPUT2 [3] Decln2 ———————————— DecOut2 [D] OUTPUTZ

4 |5 TwinSafeGroupl INPUT3 @ Decln? ————————— DecOut3 [D] OUTPUT3

1, gtheslade — — _ INPUT4 [G] Declnd ——————— DecOutd [D] OUTPUTA

& E::> INPUTS }2] Decln5 ———————— DecOut5 [D] OUTPUTS
5I;I+0N Open With... INPUT6 }3] Declnf ————————————— DecOut6 [D] OUTPUTG
B AnAYTICS <> View Code INPUT? ] Declnf ——————————— DecOut? [D] OUTPUTT

INPUTS 3] Decin§ —————————————— DecOut8

'-TvElST\F?‘ PLC  Team Scope Tools Win
Q-"_”-iESafet_yProject TwinSafeGroupl.sal & X

" - . Group ig in state ERROR
¢ " rify Complete Safety Project influ

i:¥  Download Safety Project

— Network1
f2f Delete Safety Project
ﬁ Customize Safety Project :'J safeDecouple 1
3 )
¥ Multi-Download Safety Project(s) L FBDecouplel

@ Downlead Safe Address

@ Delete Safe Address

lés" Show OnlineData | INPUT1 Decin1 DecOu
—_— t

D i R E

INPUT2 O] Declh2 —————————— DecOut2
INPUT3 0] Decln3 ———————————— DecOut3
INPUT4 O] Declnd —————————————— DecOut4
INPUTS [0] Decln5 ——————————— DecOut5 [D] QUTPUTS
INPUTG O] Declné ————————— DecOutb [2] CUTPUTE
INPUTY 0] Decln7 —————————— DecOut7 [] CUTPUTY

INPUTE E Decin8 ———————— DecOutB
State: 0x01

O] QUTPUTI
O] ouTPUTZ
D] CUTPUT3
D] cuTPUTA

QuTPUTS

Figure 6.30. Checking FSoE Communication Status

RO1AN8173EJ0100 Rev.1.00 Page 48 of 190
Dec.19, 2025 RENESAS




RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

7. Communication status can also be checked via LEDs LED13-LED31 on the board. When FSoE
communication is in Error, the LEDs behave as shown in the figure.

RZ/T2L-A RZ/T2L-B LED LED Status Legend
PL-SW Operation | BL PL-SW Operation Lit
FSoE Master Status Virtual Emergency Stop Switch Lit
FSoE State | BL Motor Stop Request to RZ/T2M BL | Blinking
|:| Motor Shutdown Off

Figure 6.31. LED Status in Error State

(3) Next, write a value to the input variable ErrAcklin:

1. Inthe System Manager tree, click [MAIN.bErrAckin].
2. Open the [Online] tab.
3. Click [Write] to open the Set Value Dialog window.
4. Enter “1” in [Dec].
5.  click [OK].
6. Open the dialog again, enter “0”, and click [OK].
Solution Explorer MR TininCAT Project!? # X TwinSafeGroup?.sal Set Value Dialog B x
= YG)'F:‘T'|"'|E| varibe 2+ | Onine | 4, === 5 -_
Search Solution Explorer (Ctrl+:) P~ Value ‘-n»_ajn_(n: $ Des: ’ !_“__I ’ __D_K__-
] Solution 'TwinCAT Project1 T (1 project) [l mew vane: o R 1 Hex e — Cancel
:‘nﬂ TwinCATnmjem?J e e = 3 LD v
b .ﬂ SYSTEM Commen; t
MaTION
4 [jrLc
4 safety_PLC_project_1
b =l safety PLC_project_1 Project
4 OF safety PLC project_1 Instance
Ble asklnauts — — °
-
b B Plclisk OupiEs
TwinCAT Project1? & X Set Value Dialog X
Varisble Flagz  Online B q 6- ﬁ
Walue: 001 () Hex: 000 _Ear:el_-
New Valuz Force.. Relesse ) D

Comment:

Figure 6.32. Writing to ErrAckln Variable
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7.  After this, confirm communication status in TwinCAT. If successful, TwinSafeGroup will change to

RUN state.

8. LEDs on the board will also indicate RUN state as shown below.

TwinSafeGroup status

- Network1

: i safeDecouple
%% FBDecou plel

INPUT1 O] Decini
INPUT2 O] Decin2
INPUT3 O] Decin3
INPUT4 [D] Declnd
INPUTS [B] Decln5
INPUTS [] Declné
INPUT? O] DecinT

INPUTE 3] Decing —

TwinsafeGroupl.sal & X
Group is i state RLIN.

DecOutl
DecOut2
DecOut3
DecOutd
DecOut5
DecOuth
DecOut?
DecOuf

QUTPUT1
QuTPUT2
QUTPUT3
QUTPUT4
OUTPUTS
OUTPUTE
ouTPuT?
QuTPuTE

RZ/T2L-A RZ/T2L-B LED

LED Status Legend

PL-SW Operation BL

FSoE Master Status

FSoE State

PL-SW Operation

Virtual Emergency Stop Switch

Motor Stop Request to RZ/T2M

Motor Shutdown

|:| Lit

Lit
Blinking
Off

Figure 6.33. LED Status in RUN State
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(4) Perform Safety Signal Input and Output

1.  Press SW8 and SW10 on the Safety Motor Control Reference Kit.

2. When the board outputs the safety signal, LED44 to LEDS1 on the board will all turn ON.
3. Atthis time, the signal lines in the function block will be displayed in green.
4

Additionally, the LEDs on the board will appear as shown below: the motor stop request and motor
cutoff LEDs for RZ/T2M will turn OFF.

TwinSafeGroup status

TwinSafeGroupl.sal + X

Group is in state RUN.

MNetwork1

i safeDecouple
I%% FBDecou plel

INPUT1 Decln O OUTPUT

INPUT2 ] Decin2 O ouTPUT2
INPUTS ] Decin3 O ouTPUT3
iNPUT4 [B] Declnd
INPUTS Decln5
INPUTS [B] Declné

INPUT? Decln?

¥ OUTPUT4
O OUTPUTS
¥ OUTPUTG
0¥ CUTPUTT

INPUTE Decing ¥ OUTPUTE

State: 001

RZ/T2L-A RZ/T2L-B LED LED Status Legend

PL-SW Operation PL-SW Operation |:| Lit

FSoE Master Status |:| Virtual Emergency Stop Switch Lit
FSoE State Motor Stop Request to RZ/T2M Blinking

|:| Motor Shutdown Off

Figure 6.34. TwinSAFEGroup and RZ/T2L-A, RZ/T2L-B LEDs during Safety Signal I/O
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1.
2.

o g b~ w

Complete the steps in Section 6.5.3 to release the motor stop request for RZ/T2M.

In TwinCAT 3 System Manager tree, navigate to:[Box X (Renesas EtherCAT RZ/T2 SafetyMotorSolution)]
— [Module 1] — [Inputs] — [Statusword], and double-click.

Open the [Flags] tab.
Change the Display mode of [Statusword] to Hex.
Open the [Online] tab.

Confirm that bit 3 of Statusword is 0. If it is 1, the system is in Fault state and recovery is required.
Perform the steps in Section 6.5.4.2 to recover from Fault.

Solution Explorer - 0 x ITwinCATProjecﬂ'.-" f X _

4 22 Module 1 (csp)
] Inputs
e e U ] G gy
12 Statusword |
#1 Modes of operation display

#1 Position actual value

2,

#1 Velocity actual value
b [ Outputs

daE-o-a| }'E varistid _Fagz_l Gnine
Search Solution Explorer (Ctrl+:) P L] smep E and HIBYTE
fa Solution "TwinCAT Project17" (1 project) Swap 3' 0 and HIWORD
4 ol TwinCAT Project17 Display Sosling: == .
b i:rg'l-l:lECI;ﬂN Drizplay Mode: 4. !.Hﬁ e _V_-i
b PLC
b |3 SAFETY
IE C++
VISION @
(& anaLyTIcs
p 170 TwinCAT Project1? & X _
4 L Devices —— — .
4 =% Device 1 (EtherCAT) Wariable | Flees | D00
2 Image alue: rgm-g;--------l 6-
+0 _ L —— e = _
e
[ Inputs Comment: object 06040
b [ Outputs
I & InfoData
B [i Terrn 1 (EK1100)
4 o€ Box 3 (Renesas EtherCAT RZ/T2 SafetyMotorSolution)

Figure 6.35. Transition to Operation Enable — Part 1
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7. Navigate to [Outputs] — [Controlword], click it.
8. open the [Online] tab.

9. Click [Write].

10. Enter 15 and click OK.

Folution Explorer A AR TwinCAT Project17 + X
) & '| - d | ’E \ariable  Flags [ onine | 8.
Search Solution Explorer (Ctrl+:) P~ Value: o

fal Solution ‘TwinCAT Project17' (1 project) Mew Value: e [ 0. [ | |
4 ol TWinCAT Project17 (D
Comment object 0:6040:0

b @l SYSTEM

D
> g

Ce+ Set Value Dialog

& vision o . | mmm=—y
& Ananmcs Dec L I y Lok )
“ 110 Hew: 0x000F Cancel
4 L Devices -
4 == Device 1 (EtherCAT)
*B Image

*B |mage-Info
2 SyncUnits
Inputs
W Outputs
@ InfoData
[ Term 1 (EK1100)
2 ¥, Box 3 (Renesas EtherCAT RZ/T2 SafetyMotorSelution)
4 o Medule 1 (csp)
d Inputs
%1 Error code
Statusword
Modes of operation display
Position actual value
#1 Velocity actual value
4 ELOuRUS ey
7_ |- Controlword 1
"B farget postion

[

& o

Figure 6.36. Transition to Operation Enable — Part 2
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11. Confirm the value of [Statusword]. If bit 2 is 1, the transition to Operation Enable was successful.
12. You can also confirm this by checking LEDs LED8-LED15 on the board.

Statusword

TwinCAT Projectl7 & X

“Watigble Flzgs  Online

alue: Osd 237

Mew Walue: Release Wite .

Comment: object 060410

RZ/T2M LED LED Status Legend

Motor Start Motor Error Lit

CPUO Initialization Lit
Successful

Operation eneble Fault BL | Blinking

CPU1 Initialization Safety Drive Off
Successful

Figure 6.37. Confirming Operation Enable

Note:

If the motor stop request for RZ/T2M is not released, the transition to Operation Enable will fail and the
system will enter Fault state.
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6.5.4.2 How to Recover from Fault

1. If bit 3 of [Statusword] is 1, the system is in Fault state. You can also check LED14 on the board to
confirm Fault state.

Statusword

Tincaproiecr -

“arisble Flags  Online

MWalue: Ol 2008

Mew alue: Release Write .

Comment: object 050410

RZ/T2M LED LED Status Legend

Motor Start I:I Motor Error¢x) I:I Lit

CPUO Initialization I:l Lit
Successful

Operation eneble I:l Fault Blinking

CPU1 Initialization I:l Safety Drive Off
Successful

(¥¢) The Motor Error LED (LED12) lights up when an error in the motor control system is detected by CPUO.

Figure 6.38. Identifying Fault State
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2. InTwinCAT 3 System Manager tree, navigate to:[Box X (Renesas EtherCAT RZ/T2 SafetyMotorSolution)]
— [Module 1] — [Outputs] — [Controlword].

Open the [Online] tab.
Click [Write].
Enter 128 and click OK.

o o~ ow

Confirm that bit 3 of Statusword is now 0. Fault recovery is complete.

polution Explorer A I Gl TwinCAT Project17 + X

Q- o-a s
Search Solution Explorer (Ctrl+:) P~

&1 Sclution ‘TwinCAT Project17' (1 project)
4 o] TwinCAT Project!?
b @ SYSTEM
MOTION
3 PLC
b [ SAFETY

VISION

& anarymcs
4 1/0

4 L Devices

4 === Device 1 (EtherCAT)

it Image
*B |mage-Info
2 SyncUnits

Inputs
W Outputs
& InfoData
[i Term 1 (EK1100)
a2, Box 3 (Renesas EtherCAT RZ/T2 SafetyMotarSolution)
4 o2 Module 1 {csp)

P Inputs

1 Error code

LT T T T T

Statusword

&
#1 Modes of operation display
#1 Position actual value

F>

Velocity actual value

4 W Oupuis
2. I E- Controlword |

"B Target posmian

\ariable  Flags l-_DW:e-_I 3.

Walue: 1]
New Value: Force .. Felease
Comment; object 0xG040:0

4, w1

b=t

Set Value Dialog 5. X

Hex: 00020 Cancel

Statusword

TwinCAT Project1? + X_

Online 6
.

“ariable  Flags

] ost 221

_'-'-'-'-"—

object 0:6041:0

Walue:

klew Walue:

Comment:

Figure 6.39. Fault Recovery
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6.5.5 Motor Operation Methods

6.5.5.1 CSP Mode (Cyclic Synchronous Position)
1. Follow the steps in Section 6.5.2 to set the motor’s CiA402 operating mode to CSP mode.

© © N o gk~ 0N

Follow the steps in Section 6.5.3 to release the motor stop request for RZ/T2M.

Follow the steps in Section 6.5.4 to transition the CiA402 state machine to Operation Enable.
In TwinCAT 3 System Manager tree, click [Target position].

Open the [Online] tab and click [Write].

Enter 36000 to issue a position command for the motor to move to 3600.0 deg.

The motor rotates and moves to 3600.0 deg.

In the System Manager tree, click [Position actual value].

Open the [Online] tab and confirm that the value is 36000.
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Figure 6.40. CSP Mode Operation Check
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6.5.5.2 PP Mode (Profile Position)
1. Follow the steps in Section 6.5.2 to set the motor’s CiA402 operating mode to PP mode.

2. Follow the steps in Section 6.5.3 to release the motor stop request for RZ/T2M.
3. Follow the steps in Section 6.5.4 to transition the CiA402 state machine to Operation Enable.
4. Inthe System Manager tree, click [Profile velocity].
5.  Open the [Online] tab and click [Write].
6. Enter 30000 to set the velocity profile to 3000.0 rpm.
7. Inthe System Manager tree, click [Profile acceleration].
8. Open the [Online] tab, click [Write].
9. Enter 150000 to set the acceleration profile to 15000.0 rpm/s.
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Figure 6.41. PP Mode Operation Check — Part 1
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10. In the System Manager tree, click [Target position].

11. Open the [Online] tab, click [Write].

12. Enter 36000 to issue a position command for the motor to move to 3600.0°.
13. The motor rotates according to the set profile and moves to 3600.0°.

14. In the System Manager tree, click [Position actual valuel].

15. Open the [Online] tab and confirm that the value is 36000.
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Figure 6.42. PP Mode Operation Check — Part 2
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6.5.5.3 CSV Mode (Cyclic Synchronous Velocity)
1. Follow the steps in Section 6.5.2 to set the motor’s CiA402 operating mode to CSV mode.

Open the [Online] tab and click [Write].

The motor rotates at 2000 rpm.

© N o ok~ wDd

In the System Manager tree, click [Target velocity].

Follow the steps in Section 6.5.3 to release the motor stop request for RZ/T2M.
Follow the steps in Section 6.5.4 to transition the CiA402 state machine to Operation Enable.

Enter 20000 to issue a speed command for the motor to rotate at 2000 rpm.

Click [Velocity actual value], open the [Online] tab, and confirm that the value is around 20000.
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Figure 6.43. CSV Mode Operation Check
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6.5.5.4 HM Mode (Homing)

1. Follow the steps in Section 6.5.2 to set the motor’'s CiA402 operating mode to HM mode.

N o a ke

Confirm that it is 0.

Follow the steps in Section 6.5.3 to release the motor stop request for RZ/T2M.

Follow the steps in Section 6.5.4 to transition the CiA402 state machine to Operation Enable.
In the System Manager tree, click [Position actual value].

Open the [Online] tab and check the current value.

In the System Manager tree, click [Home offset].
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Figure 6.44. HM Mode Operation Check — Part 1
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8. Inthe System Manager tree, click [Home method].
9. Open the [Online] tab and click [Write].
10. Enter 37 to specify Home Method 37.
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Figure 6.45. HM Mode Operation Check — Part 2
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11. In the System Manager tree, click [Controlword].

12. Open the [Online] tab and click [Write].

13. Enter 31 to execute Home Method 37.

14. In the System Manager tree, click [Position actual value].

15. Open the [Online] tab and confirm that the value has changed to 0.
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Figure 6.46. HM Mode Operation Check — Part 3
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6.5.6 Verifying Safety Drive Functions
6.5.6.1 STO (Safe Torque Off)

1. Set the Safety Drive function to STO according to Section 6.5.1.
2. Rotate the motor in CSV mode following Section 6.5.5.3.
3. Turn SW9-2 ON on the board to execute STO.
4.  When STO is executed, the motor stops immediately.
5.  After turning SW9-2 OFF, you can restore the system by following the steps in Sections 6.5.3 and 6.5.4.2.
SW9
Figure 6.47. SW Settings for STO Execution
RZ/T2M LED
Motor Start |:| Motor Error
CPUO Initialization
Successful |:|
Operation eneble |:| Fault
CPU1 Initialization .
Successful |:| Safety Drive
PL-SW Operation PL-SW Operation |:| Lit
FSoE Master Status |:| Virtual Emergency Stop Switch Lit
FSoE State Motor Stop Request to RZ/T2M Blinking
|:| Motor Shutdown off
Figure 6.48. LED Status After STO Execution
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6.5.6.2 SS1-t (Safe Stop 1 — Time Controlled)

o w0 Dd =

Set the Safety Drive function to SS1-t according to Section 6.5.1.
Rotate the motor in CSV mode following Section 6.5.5.3.
Turn SW9-2 ON on the board to execute SS1-t.

When SS1-t is executed, the motor speed gradually decreases and reaches 0 rpm after 3 seconds.

After turning SW9-2 OFF, you can restore the system by following the steps in Sections 6.5.3 and 6.5.4.2.

Swo

Figure 6.49. SW Settings for SS1-t Execution

RZ/T2M LED

Motor Start

CPUO Initialization
Successful

Operation eneble

CPU1 Initialization
Successful

BL

Motor Error

Fault

Safety Drive

RZ/T2L-A RZ/T2L-B LED

LED Status Legend

PL-SW Operation BL PL-SW Operation Lit
. . Lit
FSoE Master Status Virtual Emergency Stop Switch
FSoE State | BL Motor Stop Request to RZ/T2M BL | Blinking
Motor Shutdown off
Figure 6.50. LED Status During SS1-t Execution
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6.5.6.3 Safety Control on RZ/T2L Fault

1.

2.
3.
4

Rotate the motor in CSV mode following Section 6.5.5.3.
Operate any of SW13-SW16 on the board to trigger a fault in the RZ/T2L system.

The motor stops immediately.

Restore the SW13-SW16 settings, press SW2 to restart the system, and then follow the steps in

Sections 6.5.3 and 6.5.4.2 to recover.

Figure 6.51. SW13-SW16 Settings

RZ/T2L-A RZ/T2L-B LED

LED Status Legend

PL-SW Operation

FSoE Master Status

FSoE State

PL-SW Operation

Virtual Emergency Stop Switch

Motor Stop Request to RZ/T2M

Motor Shutdown

Lit

Lit

BL

Blinking

Off

Figure 6.52. LED Status During RZ/T2L Fault

6.5.6.4 Safety Control on FSoE Master Fault

1.

2.
3.
4

Rotate the motor in CSV mode following Section 6.5.5.3.

Disconnect the LAN cable connected to the In Port of the Safety Motor Control Reference Kit.

The motor stops immediately.

Reconnect the LAN cable and follow the steps in Sections 6.5.3 and 6.5.4.2 to recover.

RZ/T2L-A RZ/T2L-B LED

LED Status Legend

PL-SW Operation

FSoE Master Status

FSoE State

BL

PL-SW Operation

Virtual Emergency Stop Switch

Motor Stop Request to RZ/T2M

Motor Shutdown

Lit

Lit

BL

Blinking

Off

Figure 6.53. LED Status During FSoE Master Fault
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7. Software Specification

7.1 Software Configuration
Figure 7.1 shows software configuration of safety motor control kit.

Saft Non

Stte 'U Network 'U 3
E 22 L mjoupu | IF | &
E = |Indication| '# F |2 g el
2| Motor Control EtherCAT g g— g
- (CiA402) 3 5 s

__________________________________

CPU
TCM

____________________

HOn-chip peripheral modules

SCI for cross monitoring
(Use only functional safety platform SW )

SPI, SCI for exchanging user data

T
Non Safety
data(Input)

SPI, SCI for exchanging safety data

(Input)

Safety data

Non Safety
(Output)

data(Output)

e UORIHE e

L | |
On-chip peripheral modules

v (Input)

Safety data
(Output)

Safety data

Figure 7.1. Software Configuration of Safety Motor Control Kit
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7.2 Motor Control (RZ/T2M CPUO0)

7.2.1 Overall Software Structure

The CPUO software of the RZ/T2M in this sample program is based on “RZ/T2M Encoder Vector Control of
Permanent Magnet Synchronous Motor — Serial Encoder (R01AN8003)”.

For details of the base project, refer to the application note RO1AN8003.

RZ/T2M CPUO
(RZT2M_SMCRK_INVBLB_SPM_ENCD_FOC_E2S_V100)

5 Base Project (RO1AN8S003)
®
L -
2 Main
Q
<
: A
% :
2 Motor Manager,
% Position Control, Speed Control, < I\cl;tr}?;:
o Current Control
=
y y

Eii'gir ADC, DSMIF, ELC, GPT, PMW, Shared
_ Driver SCI UART, Watchdog Memory
o
2
|
(=]

BSP
1/0 Port Driver
\4 A
Hardware
|
Figure 7.2. Overall Software Structure of RZ/T2M CPU0O
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7.2.2 Changes from the Base Project
This section describes the changes made from the base project.

Table 7.1. Changes from Base Project

Folder / File Changed Description of Change

rzt Files and folders modified or added
due to changes in Configuration.xml

rzt_gen

rzt_cfg

src | network_cpu_if r_network_cpu_if.c | Added Network CPU I/F module

r_network_cpu_if.n | (see Section 7.2.3)
serial_encoder_driver\mcu\rzt2m\lib\ecl r_ecl rzt2_if.h Updated EC library version from
2.00 to 3.00
r_ecl_rzt2_gcc.a
hal_entry.c Modified processing inside

hal_entry function
(see Figure Figure 7.2)

configuration.xml Added Shared Memory Driver.
(settings in Table 7.2, Table 7.3,
Table 7.4)
Enabled I/O Port PO1_6. (LED9)
Set CPU1 clock to 800 MHz.

.cproject Added include path for
“src/network_cpu_if” .
Added RZ/T2M CPU1 object file.
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RZ/T2M CPUO
hal_entry() start

Y

Initialize board led, RMW , motor manager, HAL
mtr_init()

h 4

Add Initialize Network CPU |/F
R_NETWORK_CPU_IF_Open()

Was the initialization of
Network CPU I/F successful?

Light LED9
R_BSP_PinSet

Y

RMW, Motor Control main loop
mtr_main()

Y

Add Process the command received from Network CPU
R_NETWORK_CPU_IF_CommandProcess()

Y

Update reference data
R_NETWORK_CPU_IF_UpdateCyclicReference()

Y

Report each motor status to Network CPU
R_NETWORK_CPU_IF_ReportMotorStatus()

Figure 7.3. Flowchart of hal_entry Function
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Table 7.2. Added Shared Memory Driver Settings (r_shared_memory)

Property Setting
Common - Parameter Checking Default (BSP)
Module - Name g_shared_memory0
Module - Shared Memory Address 0x301A0000
Module - Shared Memory Size 1024
Module - Semaphore 0
Module - Callback shared_memory_callback

Table 7.3. Added Shared Memory Driver Settings (r_icu_inter_cpu_irq, ch0)

Property Setting
Common - Parameter Checking Default (BSP)
Common - Multiplex Interrupt Disabled
Module - Name g_icu_inter_cpu_irq0
Module - Channel 0
Module - Software Interrupt Priority Priority6
Module - Callback r_shared_memory_callback

Table 7.4. Added Shared Memory Driver Settings (r_icu_inter_cpu_irq, ch1)

Property Setting
Common - Parameter Checking Default (BSP)
Common - Multiplex Interrupt Disabled

Module - Name

g_icu_inter_cpu_irg1

Module - Channel

1

Module - Software Interrupt Priority

Disabled

Module - Callback

r_shared_memory_callback
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7.2.3 Network CPU I/F Module

The Network CPU I/F module uses the Shared Memory Driver to exchange motor control commands,
reference values, and motor status between the Network CPU (RZ/T2M CPU1) and the motor control
system.

It also calls the Motor Manager API to execute control operations.

7.2.3.1 Module Structure

The module structure diagram is shown in Figure 7.4.

Shared Memory

Network CPU I/F

Application Call API <
(main) API r > Ccommand queue area
Get command
Call command CommandProcess | || | | el
Shared
Update Cyclic Get reference Memory »  Cyclic reference area
Set reference Reference Driver

Report Motor Status Set motor status

Motor Manager
API

Motor status area

& Set motor status
<

Figure 7.4. Network CPU I/F Module Structure

This module mainly provides three types of APlIs:
(1) Command Process
Checks whether motor control commands are stored in the Command Queue Area of Shared Memory.

If commands exist, the corresponding Motor Manager API is called to execute the process.

(2) Update Cyclic Reference

Checks whether various reference values in the Cyclic Reference Area of Shared Memory have been
updated.

If updated by the Network CPU, the corresponding Motor Manager API is called to set the new reference
values.

(3) Report Motor Status
Calls the Motor Manager API to obtain various motor statuses and checks for updates.

If updated, reflects the status in the Motor Status Area of Shared Memory.
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7.2.3.2 Shared Memory Allocation

Table 7.5. Shared Memory Allocation (Command queue area)

Start Address

Name

Size [bytes]

Usage

0x301A_0000 Command queuen (n=0 ... 7) 16 X 8 (=128) Command queue
0x301A_0080 head 4 Queue head
0x301A_0084 tail 4 Queue tail

Table 7.6. Shared Memory Allocation (Cyclic reference area)

Start Address

Name

Size [bytes]

Usage

0x301A_0100

f4_ref _position

Reference position

0x301A_0104

f4 ref speed

Reference speed

0x301A_0108

f4_ref _torque

Reference torque

Table 7.7. Shared Memory Allocation (Motor status area)

Start Address

Name

Size [bytes]

Usage

0x301A_0180

f4_pos_deg

Current position

0x301A_0184

f4_speed

Current speed

0x301A_0188

u1_status

State machine:
0x00: STOP
0x01: RUN
0x02: ERROR

0x301A_0189

reserved1

Unused

0x301A_018C

u2_error_status

Error status:

0x0000: No error

0x0001: HW overcurrent error
0x0002: Overvoltage error
0x0004: Overspeed error
0x0080: Undervoltage error
0x0100: SW overcurrent error
0x0200: Inverter overheat
error

OxFFFF: Unknown error

0x301A_018E

reserved2

Unused

0x301A_0190

u1_ctrl_loop_mode

LOOP MODE:

0: d-axis current control
1: g-axis current control
2: Speed control

3: Position control

0x301A_0191

reserved3d

Unused

0x301A_0194

u1_in_position

Position control completion:
0: Not completed
1: Completed

0x301A_0195

reserved4

Unused

0x301A_0198

u1_offset_cal_finished_flag

Offset measurement status:
0: Measuring
1: Completed
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0x301A_0199 reservedb 3 Unused
7.2.3.3 API
Table 7.8. Network CPU I/F API List
API Description
R_NETWORK_CPU_IF_Open Initializes the Network CPU I/F and the Shared

Memory Driver.

Flowchart: Figure 7.5

R_NETWORK_CPU _IF_Close Terminates the Network CPU I/F and the Shared
Memory Driver.

Flowchart: Figure 7.6

R_NETWORK_CPU_IF_CommandProcess Checks if motor control commands are stored in the
Command Queue Area of Shared Memory.

If commands exist, calls the corresponding Motor
Manager API to execute the process.

Flowchart: Figure 7.7

R_NETWORK_CPU_IF_UpdateCyclicReference Checks if reference values in the Cyclic Reference
Area of Shared Memory have been updated.

If updated by the Network CPU, calls the Motor
Manager API to set new reference values.

Flowchart: Figure 7.8

R_NETWORK_CPU_IF_ReportMotorStatus Calls the Motor Manager API to obtain motor status
and checks for updates.

If updated, reflects the status in the Motor Status
Area of Shared Memory.

Flowchart: Figure 7.9

RO1AN8173EJ0100 Rev.1.00 Page 74 of 190
Dec.19, 2025 RENESAS



RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

< R_NETWORK_CPU_IF_Open() start )

return NETWORK_CPU_IF_ERR_PARAM

Are parameteres correct ?

Open the Shared Memory
R_SHARED_MEMORY_Open()

Was opening

the Shared Memory successful ? return NETWORK_CPU_IF_ERR_OPEN

Get the Shared Memory status
R_SHARED_MEMORY_StatusGet()

A 4

Was getting

the Shared Memory status successful ? return NETWORK_CPU_IF_ERR_OPEN

Has the opposite driver been opend?

Initialize the control structure.
Make this module status "Open”.

A 4

< return NETWORK_CPU_IF_SUCCESS )

Figure 7.5. R_NETWORK_CPU_IF_Open function flowchart
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( R_NETWORK_CPU _IF_Close() start )

A

Close the Shared Memory
R_SHARED_MEMORY_Close()

Was closing

the Shared Memory successful ? return NETWORK_CPU_IF_ERR_CLOSE )

Reset the control structure.
Make this module status "Not open".

A

< return NETWORK_CPU_IF_SUCCESS )

Figure 7.6. R_NETWORK_CPU_IF_Close function flowchart
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( R_NETWORK_CPU_IF_CommandProcess() start )

Is this module status "Open"? return NETWORK_CPU_IF_ERR_NOT_OPEN >

‘ Set "max_loop" ‘

l

Dequeue a command from the command queue
network_cpu_if_err = network_cpu_if_command_dequeus()

: N
Is network_cpu_if_err ©
"NETWORK_CPU_IF_SUCCESS"?
What is the command?
case NETWORK_CPU_IF_CMD_RESET ‘ Reset the specified instance to stop state

| R_MOTOR_SERIAL_ENCODER_VECTOR_Reset()

case NETWORK_CPU_IF_CMD_MOTOR_START [ s -
tart to drive motor
‘ R_MOTOR_SERIAL_ENCODER_VECTOR_MotorStart()

case NETWORK_CPU_IF_CMD_MOTOR_STOP
- - - - - Stop driving motor

R_MOTOR_SERIAL_ENCODER_VECTOR_MotorStop()

case NETWORK_CPU_IF_CMD_MOTOR_RESET
I _ _ “ Cancel error and reset parameters

| R_MOTOR_SERIAL_ENCODER_VECTOR_MotorResel()

case NETWORK_CPU_IF_CMD_MOTOR_ERROR_CANCEL -
‘ Cancel error without reset any parameters

“‘ R_MOTOR_SERIAL_ENCODER_VECTOR_MotorErrorCancel()

case NETWORK_CPU_IF_CMD_ERROR_SET ——
‘ Set error with given error flags

| R_MOTOR_SERIAL_ENCODER_VECTOR_ErrorSet()

case NETWORK_CPU_IF_CMD_CTRL_TYPE_SET ‘

"

Set control type
R_MOTOR_SERIAL_ENCODER_VECTOR_CtriTypeSet()

case NETWORK_CPU_IF_CMD_POSITION_COMMAND_MODE_SET —
‘ Set position status

?|R_MOTOR_SERIAL_ENCODER_VECTOR PositionCommandModeget)

case NETWORK_CPU_IF_CMD_ROTOR_ANGLE_OFFSET_SET
‘ Set rotor angle offset

“ R_MOTOR_SERIAL_ENCODER_VECTOR_RotorAngleOffsetSet()

case NETWORK_CPU_IF_CMD_CURRENT_OFFSET SET
‘ Set AD current offset

‘ R_MOTOR_SERIAL_ENCODER_VECTOR_CurrentOffsetSet()

case NETWORK_CPU_IF_CMD_CURRENT_OPEN_LOOP_SET
‘ Set commands for constant current open-loop

|  R_MOTOR_SERIAL ENCODER_VECTOR_CurreniOpenLoopSet()

case NETWORK_GPU_IF_CMD_ACCEL_TIME_SET -
‘ Update f4_accel_time

R_MOTOR_POSITION_ParameterUpdate()

"

case NETWORK_CPU_IF_CMD_MAX_SPEED_RAD_SET
‘ Update f4_posprof_max_speed_rad

‘ R_MOTOR_POSITION_ParameterUpdate()

N e B

case Default

A

Substract 1 from the "max_loop" I‘

Is the "max_loop" 07

C return NETWORK_CPU_IF_SUCCESS —>‘

Figure 7.7. R_NETWORK_CPU_IF_CommandProcess function flowchart
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CR_N ETWORK_CPU_IF_UpdateCyclicReference() starD

Is this module status "Open"? return NETWORK_CPU_IF_ERR_NOT_OPEN )

Read the "Cyclic reference area" in the shared memory.
err = network_cpu_if_read()

Is err
"NETWORK _CPU_IF_SUCCESS"?

return err )

No

Has the "f4_ref_position" been Updated?

Set the updated value.
R_MOTOR_SERIAL_ENCODER_VECTOR_PositionSet()

No
Has the "f4_ref speed" been Updated?

Set the updated value.
R_MOTOR_SERIAL_ENCODER_VECTOR_SpeedSet()

No
Has the "f4_ref_torque" been Updated?

Set the updated value.
R_MOTOR_SERIAL_ENCODER_VECTOR_TorqueSet

Y

( return NETWORK_CPU_IF_SUCCESS )

Figure 7.8. R_NETWORK_CPU_IF_UpdateCyclicReference function flowchart
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< R_NETWORK_CPU_IF_ReportMotorStatus() start )

Is this module status "Open"? return NETWORK_CPU_IF_ERR_NOT_OPEN )

Get current motor position
R_MOTOR_SERIAL_ENCODER_VECTOR_PositionGet()

Y

Get current motor speed
R_MOTOR_SERIAL_ENCODER_VECTOR_SpeedGet()

Y

Get current motor status
R_MOTOR _SERIAL ENCODER VECTOR StatusGet()

y

Get current error status
R_MOTOR_SERIAL_ENCODER_VECTOR_ErrorStatusGet()

Y

Get the current mode of control-loop
R_MOTOR_SERIAL_ENCODER_VECTOR_LoopModeStatusGet()

A 4
Get in-position flag
R_MOTOR_SERIAL_ENCODER_VECTOR_InPositionFlagGet()

Y

Get offset calibration status
R_MOTOR_SERIAL_ENCODER_VECTOR_OffsetCalibrationStatusGet()

No
Are there one or more status updates?

Write the current motor status to shared memory.
err = network_cpu_if_write()

Is err "NETWORK_CPU_IF_SUCCESS" ?

return err )

Yes

A 4
( return NETWORK_CPU_IF_SUCCESS >

Figure 7.9. R_NETWORK_CPU_IF_ReportMotorStatus function flowchart
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7.2.3.4 Private Functions
Table 7.9. Network CPU I/F Private Functions List

Private Functions Description

network_cpu_if write Writes data to Shared Memory.

Flowchart: Figure 7.10

network_cpu_if read Reads data from Shared Memory.

Flowchart: Figure 7.11

network_cpu_if command_dequeue Reads commands from the Command Queue.

Flowchart: Figure 7.12

( network_cpu_if_write() start )

A 4

Set the timeout

A

Write data to the Shared Memory
fsp_err = R_SHARED_MEMORY _Write

h 4

A

Substract 1 from the timeout

Is the timeout "0"? return NETWORKCPUIFERRWRITETIMEOUT)

No

Is the fsp_err "FSP_ERR_IN_USE"?

No

Is the fsp_err "FSP_SUCCESS"? return NETWORK_CPU_IF_ERR_WRITE )

( return NETWORK_CPU_IF_SUCCESS )

Figure 7.10. network_cpu_if_write function flowchart
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( network_cpu_if_read() start )

A

Set the timeout

A 4

Read data from the Shared Memory
fsp_err = R_SHARED_MEMORY_Read

A 4

h 4

Substract 1 from the timeout

Is the timeout "0"? return NETWORK_CPU_IF_ERR_READ_TIMEOUT )

yes
Is the fsp_err "FSP_ERR_IN_USE"?

Is the fsp_err "FSP_SUCCESS"? return NETWORK_CPU_IF_ERR_READ )

( return NETWORK_CPU_IF_SUCCESS )

Figure 7.11. network_cpu_if_read function flowchart
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< network_cpu_if command_dequeue() start )

A 4

Read "head" from the shared memory.
err = network_cpu_if read()

No
Is err "NETWORK_CPU_IF_SUCCESS" ?

Is the queue empty? return NETWORK_CPU _IF_ ERR_BUF_EMPTY )

Read the command from the shared memory.
err = network_cpu_if_read()

No
Is err "NETWORK_CPU_IF_SUCCESS" ?

Yes

Add 1 to the current "tail".

A

Write "tail" to the shared memaory.
err = network_cpu_if_write()

No
Is err "NETWORK_CPU_IF_SUCCESS" ?

Yes

( return NETWORK_CPU_IF_SUCCESS >

Figure 7.12. network_cpu_if _ command_dequeue function flowchart
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7.2.3.5 Callback Function
Table 7.10. Network CPU I/F Callback Functions List (r_network_cpu_if.c)

Private Functions Description

shared_memory_callback Callback function for the Shared Memory Driver.
This interrupt occurs when RZT2M CPU1 writes to Shared Memory.
No processing is performed inside the callback function.

Consider adding processing if necessary.
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7.2.3.6 Macro Definitions

Table 7.11. Network CPU I/F Macro Definitions List (r_network_cpu_if.h)

Macro Name

Value

Remarks

CFG_CMD_Q_NUM 8 Number of command
queues (must be a
power of 2)
CFG_CMD_Q_OFFSET 0x0000 Offset address of
Command Queue Area
CFG_CYCLIC_REF_AREA OFFSET 0x0100 Offset address of Cyclic
Reference Area
CFG_MTR_STATUS AREA OFFSET 0x0180 Offset address of Motor
Status Area
CFG_NETWORK_CPU_IF_TIMEOUT 100 Timeout value for

Shared Memory
read/write

CFG_SHARED_MEMORY_INSTANCE_ADDR

&g_shared_memory0

Pointer to Shared
Memory Driver instance

CFG_MOTOR_CTRL_INSTANCE_ADDR

&g_st_serial_encoder_vector

Pointer to Motor Control
instance

NETWORK_CPU_IF_CMD_DATA_MAX_BYTE

12

Maximum data size for
command queue

7.2.3.7 Enumerations

Table 7.12. Network CPU I/F Enumerations List (r_network_cpu_if.h)

Enumerations Definitions Remarks
network_cpu_if err_t NETWORK_CPU_IF_SUCCESS No error
Network CPU I/F NETWORK_CPU_IF_ERR_OPEN Open error
Error Codes NETWORK_CPU_IF_ERR_CLOSE Close error

NETWORK_CPU_IF_ERR_PARAM

Parameter error

NETWORK_CPU_IF_ERR_NOT_OPEN

Not open error

NETWORK_CPU_IF_ERR_BUF_FULL

Command queue full

NETWORK_CPU_IF_ERR_BUF_EMPTY

Command queue empty

NETWORK_CPU_IF_ERR_WRITE

Write error

NETWORK_CPU_IF_ERR_WRITE_TIMEOUT

Write timeout

NETWORK_CPU_IF_ERR_READ

Read error

NETWORK_CPU_IF_ERR_READ_TIMEOUT

Read timeout

NETWORK_CPU_IF_ERR_EXCEED_PAYLOAD

Data exceeded
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Enumerations Definitions Remarks

network_cpu_if status_t | NETWORK _CPU_IF_STATUS_NOT_OPEN Not open

Network CPU I/F NETWORK _CPU_IF_STATUS_OPEN Open
Status

network_cpu_if cmd_t NETWORK_CPU_IF_CMD_NONE No command

Network CPU I/F
Command Definitions

NETWORK_CPU_IF_CMD_RESET Commands used in

CommandProcess API

NETWORK_CPU_IF_CMD_MOTOR_START

NETWORK_CPU_IF_CMD_MOTOR_STOP

(See Figure 7.6)

NETWORK_CPU_IF_CMD_MOTOR_RESET

NETWORK_CPU_IF_CMD_MOTOR_ERROR_CA
NCEL

NETWORK_CPU_IF_CMD_ERROR_SET

NETWORK_CPU_IF_CMD_CTRL_TYPE_SET

NETWORK_CPU_IF_CMD_POSITION_COMMA
ND_MODE_SET

NETWORK_CPU_IF_CMD_ROTOR_ANGLE_OF
FSET_SET

NETWORK_CPU_IF_CMD_CURRENT_OFFSET
_SET

NETWORK_CPU_IF_CMD_CURRENT_OPEN_L
OOP_SET

NETWORK_CPU_IF_CMD_ACCEL_TIME_SET

NETWORK_CPU_IF_CMD_MAX_SPEED_RAD_
SET

7.2.3.8 Structure and Variable Information
Table 7.13. Network CPU I/F Structure Definitions (r_network_cpu_if.h)

Structure Variable Description
st_current_offset_cfg_t f4_iu_offset U-phase current offset
Current offset configuration f4_iv_offset V-phase current offset
structure .

f4_iw_offset W-phase current offset

st_current_open_loop_cfg_t

Open loop current
configuration structure

f4_open_loop_current

Open loop current value

f4_ref speed rpm

Reference speed (RPM)

network_cpu_if cmd_hdr_t head Head of command queue

command queue head/talil tail Tail of command queue

structure

network_cpu_if cmd_q_t cmd Command

command queue structure size Data size
data[NETWORK_CPU_IF Data array

CMD_DATA_MAX_BYTE]

network_cpu_if cyclic_ref t

f4_ref _position

Reference position
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Cyclic Reference structure

f4_ref speed

Reference speed

f4_ref _torque

Reference torque

network_cpu_if mtr_status_t

Motor Status structure

f4_pos_deg Current position
f4_speed Current speed
u1_status State machine
reserved1 Unused area

u2_error_status

Error status

reserved?

Unused area

u1_ctrl_loop_mode

LOOP MODE

reserved3d

Unused area

u1_in_position

Position control completion status

reserved4

Unused area

u1_offset_cal_finished_flag

Offset measurement status

reservedb

Unused area

network_cpu_if cfg_t

Network CPU I/F
Configuration structure

p_shared_memory_instance

Pointer to Shared Memory instance

timeout

Timeout value

shr_mem_cmd_data_max_size

Maximum command data size

shr_mem_cmd_qg_num

Number of command queues

shr_mem_cmd_q_mask

Command queue mask

shr_mem_cmd_q_offset

Offset of Command Queue Area in
Shared Memory

shr_mem_cmd_q_size

Size of Command Queue Area in
Shared Memory

shr_mem_cmd_head_offset

Offset of command queue head
area

shr_ mem_cmd_head_size

Size of command queue head area

shr_mem_cmd_tail_offset

Offset of command queue tail area

shr_mem_cmd_tail_size

Size of command queue tail area

shr_mem_cyclic_ref area_offset

Offset of Cyclic Reference Area

shr_mem_cyclic_ref _area_size

Size of Cyclic Reference Area

shr_mem_ref pos_offset

Offset of reference position area

shr_mem_ref vel offset

Offset of reference speed area

shr_mem_ref tor_offset

Offset of reference torque area

shr_mem_mtr_status_area_offset

Offset of Motor Status Area

shr_mem_mtr_status_area_size

Size of Motor Status Area

shr_mem_mtr_pos_offset

Offset of current position area

shr_mem_mtr_vel_offset

Offset of current speed area

shr_mem_mtr_status_offset

Offset of state machine area

shr_mem_mtr_err_status_offset

Offset of error status area
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shr_mem_mtr_ctrl_loop_mode_offs
et

Offset of LOOP MODE area

shr_mem_mtr_in_pos_offset

Offset of position control completion
area

shr_mem_mtr_cal_finished_flag_off
set

Offset of offset measurement status
area

max_loop

Maximum loop count used by
CommandProcess API

p_st serial_encoder_vector_control

Pointer to serial encoder vector
control structure

network_cpu_if ctrl_t

Network CPU I/F
Control structure

status

Network CPU I/F status

cmd_hdr

Instance of command queue
head/tail structure

timeout_count

Timeout occurrence count

position_offset

Position offset (unused)

cyclic_ref_buf

Buffer for Cyclic Reference area

mtr_status_buf

Buffer for Motor Status area

p_cfg Pointer to Network CPU I/F
configuration structure
network_cpu_if api_t Open Open function
Network CPU I/F Close Close function
API struct
structure CommandProcess Command processing function

UpdateCyclicReference

Cyclic reference update function

ReportMotorStatus

Motor status reporting function
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7.2.3.9 Global Variable Information
Table 7.14. Network CPU I/F Global Variables (r_network_cpu_if.c)

Type Instance Name Description

network_cpu_if ctrl_t g_network_cpu_if_ctrl Network CPU I/F control structure instance.

Initialized by the Open function.

network_cpu_if cfg_t g_network_cpu_if_cfg Network CPU I/F configuration structure instance.
Each member is initialized at instance creation.

Values cannot be changed after initialization.

network_cpu_if api_t g_network_cpu_if_api Network CPU I/F API structure instance.
Each member is initialized at instance creation.

Values cannot be changed after initialization.
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7.3 EtherCAT (CiA402) (RZ/T2M CPU1)

7.3.1 Basic Specifications
Table 7.15. RZ/T2M CPU1 Basic Specifications
Function Item Description
EtherCAT Interface with PHY MiIl
SubDevice Stack MDIO type GMAC
Number of Communication 2 ports (In, Out)
Ports

EtherCAT LED

4 types: RUN, ERR, L/AIN, L/A OUT

EtherCAT Device ID

Configurable via SW12 (8-bit)

Device Profile

CiA402 Drive Profile,
FSoE Safety Drive Connection

Mailbox

Supports CoE

Synchronization Mode

Supports 2 types:
- DC Mode (DC-Synchronous with SM2 event)
- SM Mode (SM-synchronous)

DC Mode Cycle Time Minimum 50 ps
Interrupt Priority Priority 4
(PDI, Sync0, Sync1)
Interrupt Priority (Timer) Priority 6
CiA402 Drive Mode Supports 4 types:
Profile - Profile Position Mode
- Homing Mode
- Cyclic Synchronous Position Mode
- Cyclic Synchronous Velocity Mode
Number of Motor Axes 1 axis
Fusa CPU Role Sends Safety Master PDU received from FSoE

Communication

Master to Functional Safety CPU (RZ/T2L-A)

Sends Safety Slave PDU received from Functional
Safety CPU to FSoE Master

Safety Drive Stop Function

Compliant with IEC61800-5-2: STO, SS1-t (*1)

Motor CPU I/F Role

Provides communication interface with Motor Control
CPU

Communication Method

Shared Memory

Interrupt Priority (INTCPU)

Priority 6

Fusa I/F Role

Provides communication interface with Functional
Safety CPU

Communication Method

Asynchronous Serial (UART)

Interrupt Priority
(ERI, RXI, RXI, TEI)

Priority 2

(*1) In this software, the SS1-t stop function is supported only in Cyclic Synchronous Velocity Mode.
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7.3.2 Overall Software Structure

RZ/T2M CPU1

(RZT2M_SMCRK_ESC_E2S_V100)

c
(=]
§ CiA402 Drive Profile,
= Safety Drive, Fusa CPU Communication
< A Y A
[ ] y y
T
g .
§ : c“g‘:}‘l’;l: Fusa IIF EtherCAT SubDevice Stack
s
A\
\ 4
Ui(I:RIT EtherCAT SSC Port

Shared

Memory Ethernet PHY
§ Dlts Ethernet Selector e
E h A A A

A \ 4 ¥
BSP
I1/0 Port Driver

Hardware

Figure 7.13. Overall Software Structure of RZ/T2M CPU1

RO1AN8173EJ0100 Rev.1.00

Dec.19, 2025

RENESAS

Page 90 of 190



RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

7.3.3 src Folder Structure

Table 7.16. RZ/T2M CPU1 src Folder Structure

Folder / File Description
src ethercat Beckhoff/Src applinterface.h EtherCAT SubDevice Stack
coeappl.c (SSC Tool generated code)
coeappl.h
ecatappl.c
ecatappl.h
ecatcoe.c
ecatcoe.h
ecatslv.c
ecatslv.h
ecat_def.h
esc.h
mailbox.c
mailbox.h
objdef.c
objdef.h
sdoserv.c
sdoserv.h
cia402appl.c CiA402 Drive Profile
cia402appl.h FSoE Safety Drive Connection
(SSC Tool generated code)
renesas samplecia402.c CiA402 Drive Profile
samplecia402.h Safety Drive
Fusa CPU Communication
(Renesas developed code)
fusa_if Fusa I/F Module
motor_cpu_if Motor CPU I/F Module
hal_entry.c hal_entry function
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7.3.4 hal_entry and Main Processing
The flowchart of the hal_entry function is shown in Figure 7-13.

Additionally, the functions called within hal_entry are listed in Table 7-17.

Table 7.17. Functions Called by hal_entry

Function Name Description
R_MOTOR_CPU_IF_Open Open function for Motor CPU I/F.
See Section 7.3.8 for details.
R_FUSA_IF_Open Open function for FuSa I/F.

See Section 7.3.9 for details.

RM_ETHERCAT_SSC_PORT_Open | Open function for EtherCAT SSC Port provided by FSP.

Refer to RZT Flexible Software Package Documentation for details.

change_phy reg Function to modify PHY registers.
Changes the value of “GPIO Control 2 register” for each PHY
(VSC8541) to 0x2000.

ecat_ssc_init Function that performs initialization of EtherCAT SubDevice Stack

Code and CiA402 Drive Profile.
The flowchart is shown in Figure 7.14.

For details of functions and variables in the flowchart, refer to
Application Note ET9300 (EtherCAT SubDevice Stack Code).

R_BSP_PinSet Function provided by FSP. Turns on LED11.

Refer to RZT Flexible Software Package Documentation for details.

MainLoop Main processing function for EtherCAT SubDevice Stack Code
and CiA402 Drive Profile.

Refer to Application Note ET9300 (EtherCAT SubDevice Stack
Code) for details.
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RZ/T2M CPU1
hal_entry() start

Initialize Motor CPU I/F
R_MOTOR_CPU_IF_Open()

Was the initialization of
Motor CPU I/F successful? ,L

Set the initialization success flag to false

Yes

Initialize Fusa I/F
R_FUSA_IF_Open()

A

Was the initialization of
Fusa I/F successful? ¢

Set the initialization success flag to false

Yes

Initialize EtherCAT SSC Port
RM_ETHERCAT_SSC_PORT_Open()

Was the initialization of No
EtherCAT SSC Port successful? ,L

Set the initialization success flag to false

Change PHY register
change_phy_reg()

A

Was the cahnge of No

PHY register successful? ,L

Set the initialization success flag to false
Yes

Initialize EtherCAT SubDevice Stack Code
ecat_ssc_init()

Is the initialization success flag true?

Yes

A

Light LED11
R_BSP_PinSet()

Is bRunApplication true?

Y

Yes Loop process
while(1);

EtherCAT main loop
MainLoop()

Figure 7.14. RZ/T2M CPU1 hal_entry function flowchart
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( ecat_ssc_init() start )

Y

Initilize the stack
Mainlnit()

A 4

Initilize CiA402
CiA402_Init()

Y

Create basic mapping
APPL_GenerateMapping()

Y

Set stack run flag
bRunApplication = TRUE

Y

( ecat_ssc_init() end )

Figure 7.15. ecat_ssc_init function flowchart
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7.3.5 CiA402 Drive Profile

The CiA402 Drive Profile is a device profile for drives and motion control, primarily defining functional
behavior for servo drives, sinusoidal inverters, and stepper motor controllers.

This profile specifies multiple operating modes and corresponding configuration parameters as an Object
Dictionary.

It also includes a Finite State Automaton (FSA) that defines internal and external behavior for each state.

To change states, the Control Word object is used, and the result after transition is reflected in the Status
Word object.

Control Word and various command values (e.g., speed) are assigned to RxPDO, while Status Word and
actual values (e.g., position) are assigned to TxPDO.

For details, refer to the CiA402 specification document.

Cyclic communication

RxPDO
Operational command
target value

PLC AC Servo Unit

TxPDO
Operational status
current values

A 4
) 4

A

A

Figure 7.16. CiA402 Drive Profile Overview

7.3.5.1 CiA402 Operating Modes
Among the operating modes defined by CiA402, this program supports the following:
Table 7.18. Supported Operating Modes

Operation Mode Support Refer for details
Profile position mode Available 7.3.54
Velocity mode (frequency converter) Not available -
Profile velocity mode Not available -
Profile torque mode Not available -
Homing mode Available 7.3.5.5
Interpolated position mode Not available -
Cyclic synchronous position mode Available 7.3.5.2
Cyclic synchronous velocity mode Available 7.3.5.3
Cyclic synchronous torque mode Not available -
Cyclic synchronous torque mode with commutation angle Not available -
Manufacturer specific mode Not available -
RO1AN8173EJ0100 Rev.1.00 Page 95 of 190

Dec.19, 2025 RENESAS




RZ/T2M, RZ/T2L Group

Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

7.3.5.2 Cyclic Synchronous Position Mode (CSP)

In this mode, the target position is periodically transmitted for motor position control.

Table 7.19. CSP Mode RxPDO List

RxPDO Index Description
Control Word 0x6040 CiA402 control command
Target Position 0x607A Position command value [deg] (*1)

(*1) The command value sent to the motor is converted to 1/10 of the input value.
Example: Input 1234 — Motor command value = 123.4.

Table 7.20. CSP Mode TxPDO List

TxPDO Index Description
Error Code 0x603F CiA402 error code
Status Word 0x6041 CiA402 state

Modes of Operation Display

0x6061 Mode type (=8)

Position Actual Value

0x6064 Motor current position [deg] (*2)

Velocity Actual Value

0x606C Motor current speed [rpm] (*2)

(*2) Actual values are converted by multiplying by 10. Example: Output 5678 — Actual value = 567.8.

Table 7.21. CSP Mode Motor Settings

Item

Setting

OOP MODE

Position control

Position command generation mode

Trapezoidal drive motion
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7.3.5.3 Cyclic synchronous velocity mode (CSV)

In this mode, the target velocity is periodically transmitted for motor speed control.

Table 7.22. CSV Mode RxPDO List

RxPDO Index Description
Control Word 0x6040 CiA402 control command
Target Velocity Ox60FF Velocity command value [rpm] (*1)

(*1) The command value sent to the motor is converted to 1/10 of the input value.
Example: Input 1234 — Motor command value = 123.4.

Table 7.23. CSV Mode TxPDO List

TxPDO Index Description
Error Code 0x603F CiA402 error code
Status Word 0x6041 CiA402 state
Modes of Operation Display 0x6061 Mode type (=9)
Position Actual Value 0x6064 Motor current position [deg] (*2)
Velocity Actual Value 0x606C Motor current speed [rpm] (*2)

(*2) Actual values are converted by multiplying by 10. Example: Output 5678 — Actual value = 567.8.

Table 7.24. CSV Mode Motor Settings

Item

Setting

LOOP MODE

Speed control

RO1AN8173EJ0100 Rev.1.00
Dec.19, 2025

RENESAS

Page 97 of 190




RZ/T2M, RZ/T2L Group

Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

7.3.5.4 Profile position mode (PP)

In this mode, speed and acceleration are set for motor position control.

Table 7.25. PP Mode RxPDO List

RxPDO Index Description
Control Word 0x6040 CiA402 control command
Target Position 0x607A Position command value [deg] (*1)
Profile Velocity 0x6081 Profile velocity [rpm] (*1)
Profile Acceleration 0x6083 Profile acceleration [rpm/s] (*1)
Profile Deceleration 0x6084 Profile deceleration [rpm/s] (*3)

(*1) The command value sent to the motor is converted to 1/10 of the input value.
Example: Input 1234 — Motor command value = 123.4.

(*3) Not used in this software.

Table 7.26. PP Mode TxPDO List

TxPDO Index Description
Error Code 0x603F CiA402 error code
Status Word 0x6041 CiA402 state
Modes of Operation Display 0x6061 Mode type (=1)
Position Actual Value 0x6064 Motor current position [deg] (*2)
Velocity Actual Value 0x606C Motor current speed [rpm] (*2)

(*2) Actual values are converted by multiplying by 10. Example: Output 5678 — Actual value = 567.8.

Table 7.27. PP Mode Motor Settings

Item

Setting

LOOP MODE

Position control

Position command generation mode

Trapezoidal drive motion

Accel/Decel time [s]

(Profile Velocity) / (Profile Acceleration)

Max trapezoidal speed [rpm]

(Profile Velocity) / 10
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Accel/Decel Time

Acceleration

ProfileAcceleration / 10

[ .

Time

- ProfileAcceleration/ 10

Max Speed (Trapezoidal Profile)
Speed A

ProfileVelocity / 10

R e

E Time
: >
Position A E
Target Psotion /10 :
' Time
— : »
Figure 7.17. Trapezoidal Drive Motion Settings for PP Mode
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7.3.5.5 Homing Mode (HM)

In this mode, Homing Method 37 is used to change the motor’s current position.

Table 7.28.: Homing Mode RxPDO List

RxPDO Index Description
Control Word 0x6040 CiA402 control command
Home Offset 0x607C Commanded current position [deg] (*1)
Home Method 0x6098 Homing method
Homing Speed For Switch 0x6099 Switch homing speed (*3)
Homing Speed For Zero 0x6099 Zero homing speed (*3)
Homing Acceleration 0x609A Overall homing accel/decel (*3)

(*1) The command value sent to the motor is converted to 1/10 of the input value.
Example: Input 1234 — Motor command value = 123.4.

(*3) Not used in this software.

Table 7.29.: Homing Mode TxPDO List

xPDO Index Description
Error Code 0x603F CiA402 error code
Status Word 0x6041 CiA402 state
Modes of Operation Display 0x6061 Mode type (=6)
Position Actual Value 0x6064 Motor current position [deg] (*2)
Velocity Actual Value 0x606C Motor current speed [rpm] (*2)

(*2) Actual values are converted by multiplying by 10. Example: Output 5678 — Actual value = 567.8.

Table 7.30.: Homing Mode Motor Settings

Item

Setting

LOOP MODE

Position control

Position command generation mode

Trapezoidal drive motion
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C

Homing mode start

)

Y

Enter 15 in the

"Control Word"

(Transition to operation enabled)

Y

The "Status Word" is chenged to 0x1637

Y

Enter any value in

the "Home Offset"

Y

Enter 37 in the

"Home Method"

Y

Enter 31 in the

"Control Word"

(Execute Homing method 37)

Y

The "Control Word" is chenged to 0x3237

(Homing method

37 is completed)

Y

the "Actual Position" is changed to the "Home Offset" value

Figure 7.18. Flowchart for Executing Homing Method 37
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7.3.5.6 CiA402 State Transitions

As defined by CiA402 FSA (Finite State Automaton), the sample program supports the following transitions.

Table 7.31 shows the corresponding transition numbers, their triggers, and behavior.

Start Q

0

A4
Not ready to
Switch on
1
S = 15
_: Switchon < Fault
disabled [
A
A
2 7 14
A4
10 Readyto | 13 | Fault reaction
Switch on active
A
12 "3 6 9
—— Switched on 8
A
4 5
16 A 4
Quick stop > Operation | |
active » 11 enabled
Figure 7.19. CiA402 State Transition Diagram
Table 7.31. CiA402 State Transitions
ranﬁltlon Trigger Behavior
o.
0,1 Automatically triggered if EtherCAT State Machine (ESM) isin | No action
2 opP See Figure 7.20
3 Control Word = 7 or Control Word = 15 See Figure 7.21
4 Control Word = 15 See Figure 7.22
5 Control Word =7 See Figure 7.23
6 Control Word = 6 No action
7 Control Word = 0 No action
8 Control Word = 6 See Figure 7.23
9 Control Word =0 See Figure 7.23
10 Control Word = 0 No action
11 Control Word = 2 See Figure 7.23
12 Control Word = 0 No action
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A) When executing transition 2 and a motor error occurs

B) When executing transitions 3 or 16 and motor operation is
13 prohibited

C) When Operation Enabled and a motor error occurs
D) When Operation Enabled and STO / SS1-t request occurs

See Figure 7.24

14 Automatically triggered when Fault Reaction Active See Figure 7.25

15 Control Word = 128

See Figure 7.26

16 Control Word = 15

See Figure 7.27

7.3.5.7 CiA402 Error Code

When transitioning to Fault Reaction Active, the error code (0x603F) is set according to the error that

occurred.
Table 7.32 lists the error cod

es.

Table 7.32. Error Code (0x603F) List

Error Type Error Code Description
0x2214 HW overcurrent error (0x0001) occurred
0x3211 Overvoltage error (0x0002) occurred
0x7310 Overspeed error (0x0004) occurred
Motor Error
0x3221 Undervoltage error (0x0080) occurred
0x2220 SW overcurrent error (0x0100) occurred
0x4310 Overtemperature error (0x0200) occurred
0x7120 Undefined error (OxFFFF) occurred
Motor Stop Request OxFFO00 STO request occurred
O0xFFO01 SS1-t request occurred
I\P/Irootr?irb?t);;ration 0x2250 Motor operation is prohibited
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7.3.5.8 Functions for CiA402 Drive Profile

This section describes the functions implemented in this sample software.

For functions implemented in the EtherCAT SubDevice Stack Code generated by SSC Tool, refer to:
“Application Note ET9300 (EtherCAT SubDevice Stack Code)".

Table 7.33. CiA402 State Transition Functions (samplecia402.c)

Function Name

Description

CiA402_StateTransition1

No processing in this software (*1)

CiA402_StateTransition2

Flowchart shown in Figure 7.20 (*

CiA402_StateTransition3

Flowchart shown in Figure 7.21 (*

CiA402_StateTransition4

Flowchart shown in Figure 7.22 (*

CiA402_StateTransition5

1)
1)
1)
1)

Flowchart shown in Figure 7.23 (*

CiA402_StateTransition6

No processing in this software (*1)

CiA402_StateTransition7

No processing in this software (*1)

CiA402_StateTransition8

Flowchart shown in Figure 7.23 (*1)

CiA402_StateTransition9

Flowchart shown in Figure 7.23 (*1)

CiA402_StateTransition10

No processing in this software (*1)

CiA402_StateTransition11

Flowchart shown in Figure 7.23 (*1)

CiA402_StateTransition12

No processing in this software (*1)

CiA402_LocalError

Flowchart shown in Figure 7.24 (*

CiA402_StateTransition14

Flowchart shown in Figure 7.25 (*

CiA402_StateTransition15

Flowchart shown in Figure 7.26 (*

CiA402_StateTransition16

1)
1)
1)
1)

Flowchart shown in Figure 7.27 (*

(*1) Called when state transitions 1-16 defined in CiA402 FSA (Figure 7.19) occur.

Table 7.34. Functions for CiA402 (samplecia402.c)

Function Name

Description

APPL_MOTOR_MotionControl_Main

Motor control function called periodically from
CiA402_Application function.

Flowchart shown in Figure 7.28

check_position_limit

Checks whether the current position exceeds the limit.

Flowchart shown in Figure 7.29

int32_to_real32

Converts int32 to real32 (float)

uint32_to_real32

Converts uint32 to real32 (float)

rom_to_rads

Converts rpm to rad

update_actual_value

Retrieves motor’s current position and speed.

Flowchart shown in Figure 7.30

process_error_state

Called when a motor error occurs.

Flowchart shown in Figure 7.31
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process_profile position_mode

Called in PP mode.

Flowchart shown in Figure 7.32

process_homing_mode

Called in HM mode.

Flowchart shown in Figure 7.33

process_cyclic_position_mode

Called in CSP mode.

Flowchart shown in Figure 7.34

process_cyclic_velocity_mode

Called in CSV mode.

Flowchart shown in Figure 7.35

APPL_GetDevicelD

Function to retrieve EtherCAT ID

CiA402_StateTransition2() start

C

Y

Get motor status
R_MOTOR_CPU_IF_StatusGet()

Was Getting motor status successful?

Was motor status "error"?

Transition2 failed.
return 1

)

Transition to fault state active.
process_error_state()

4

Transition2 succeed.
return O

Transition2 failed.
return 1

) C

)

Figure 7.20. CiA402_StateTransition2 function flowchart
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CiA402_StateTransition3() start

C

)

Y

Check if motor operation has allowed.
check_motor_allow()

Has motor operation allowed?

Transition to fault state active.
CiA402_LocalError()

Get calibration status
R_MOTOR_CPU_IF_OffsetCalibrationStatusGet()

Was Getting calibration status successful?

Was the calibration completed?

Transition3 failed.
return 1

Has the calibration started?
Is the calibration start flag "1" ?

Motor stop and
Set 1 to the calibration start flag

Execute the calibration
R_MOTOR_CPU_IF_CtrlTypeSet()
R_MOTOR_CPU_IF_MotorStart()

No

A

Y

A 4

Transition3 succeed.
return 0

Was executing the calibration
successful?

Yes

Wait until the calibration is completed.
return 1

><7

Set 1 to the calibration start flag

Figure 7.21.

CiA402_StateTransition3 function flowchart
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C

CiA402_StateTransition4() start )

What is the current CiA402 mode?

case PROFILE_POSITION_MODE:
case HOMING_MODE:
case CYCLIC_SYNC_POSITION_MODE:

Set the TRAPEZOID mode to the position command mode
R_MOTOR_CPU_IF_PositionCommandModeSet()

h 4

A4

Set the position mode to the control mode
R_MOTOR_CPU_IF_CtriTypeSet()

ere Stting the TRAPEZOID mode and
Setting the position mode successful?

Transition4 failed.
return 1

Set the velocity mode to the control mode
R_MOTOR_CPU_IF_CtriTypeSet()

case CYCLIC_SYNC_VELOCITY_MODE:

>

default:

Yes
Was Setting the velocity mode successful?

Transition4 failed.
return 1

\ 4

Issue motor start command
R_MOTOR_CPU_IF_MotorStart()

Wa

s the issue of motor start successful?

Transition4 failed.
return 1

Transition4 succeed.
return Q

Figure 7.22. CiA402_StateTransition4 function flowchart
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CiA402_StateTransitionX() start
(X=5,8,9, 1)

Y

Issue motor stop command
R_MOTOR_CPU_IF_MotorStop()

Was the issue of motor stop successful?

TransitionX failed.
return 1

TransitionX succeed.
return 0

Figure 7.23. CiA402_StateTransition5, 8, 9, 11 function flowcharts
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( CiA402_LocalError() start )

A

Light LED14.
R_BSP_PinSet()

Y

counter =0

No
Is this axis active?

Yes

Tansition to "fault reaction active"

A

Set error code to the object "Error Code(0x603F)"

What is error code?

case ERROR_FAIL_SAFE_STO

Execute STO
exe_STO()
case ERROR_FAIL _SAFE SS1. T
- - N Satrt SS1-t
7 start_SS1_t()
default
Y
Add 1 to counter <

Is counter less than MAX_AXES?

( CiA402_LocalError() end )

Figure 7.24. CiA402_LocalError function flowchart
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< CiA402_StateTransition14() start >

What is error code?

case ERROR_FAIL_SAFE_STO
case ERROR_FAIL_SAFE_SS1_T No
> Was STO or §S1-t completed?
default
Yes
A 4 A 4
Transition14 succeed. \‘ Wait until STO or SS1-t is completed.
return 0 /‘ return 1

Figure 7.25. CiA402_StateTransition14 function flowchart

C CiA402_StateTransition15() start )

Y

Issue motor error chancel command
R_MOTOR_CPU_IF_MotorErrorCancel()

Was the issue of motor error
chancel command successful?

Transition15 failed.
return 1

Clear error code

A

Clear error LED14, LED15
R_BSP_PinClear

A

Transition15 succeed.
return O

Figure 7.26. CiA402_StateTransition15 function flowchart
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( CiA402_StateTransition16() start )

Y

Check if motor operation has allowed.
check_motor_allow()

Transition to fault state active.

i ?
Has motor operation allowed? CiA402_LocalError()

Issue motor start command
R_MOTOR_CPU_IF_MotorStart()

4

Was the issue of motor start successful? Trans:te'?SrL61faIIEd' )

Transition16 succeed.
return 0

Figure 7.27. CiA402_StateTransition16 function flowchart
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( APPL_MOTOR_MotionControl_Main() start )

Update actual value's
update_actual value()

What is the current CiA402 state?

case OPERATION_ENABLED

Check mator stap req
check_motor_stop_req(}

default

Y
Clear LED10
R_BSP_PinClear({)

v

Light LED10
R_BSP_PinSet()

l

Get the motor status
R_MOTOR_CPU_IF_StatusGet()

Was the motor status "error"?

Transition to fault state active.
process_error_state()

Was the motor status "run™?

What is the current CiA402 mode?

No

[case PROFILE_POSITION_MODE

process_profile_position_mode() ‘

———————— |

1

icase HOMING_MODE

process_homing_mode() ‘

case CYCLIC_SYNC_POSITION_MQDE

s

process_oyelic_position_mode() ‘

— |
case CYCLIC_SYNC_VELOCITY_MODE

1

s

process_cyclic_velocity_mode() ‘

———— |

default

Update the Mode of Operation Display (0x6061) }4

( APPL_MOTOR_MotionConirol_Main() end )

Figure 7.28. APPL_MOTOR_MotionControl_Main function flowchart
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( check_position_limit() start

)

The actual position

oesn't exceed the max software limitation
or

the actual position exceeds

the target position.

Yes

The actual position
exceeds the min software limitation
or
the actual position doesn't exceed

the target position.

Yes

No

No

A

Clear internal limit flag

Set internal limit flag

A 4

< return FALSE

) C

return TRUE

Figure 7.29. check_position_limit function flowchart
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( update_actual_value() start )

Y

Get the motor position
R_MOTOR_CPU_IF_PositionGet()

No
Was getting the motor position successful?

Update the object "position actual value" (0x6064)

A 4

Get the motor velocity
R_MOTOR_CPU_IF_SpeedGet()

No
Was getting the motor velocity successful?

Update the object "velocity actual value” (0x606C)

4

( update_actual_value() end ><7

Figure 7.30. update_actual_value function flowchart
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( process_error_state() start )

h 4

Get the motor error status
R_MQOTOR_CPU_IF_ErrorStatusGet()

Was getting the motor error status
successful?

return )

What is the motor error status?

case 0x0001

error = 0x2214

case 0x0002

error = 0x3211

case 0x0004

error = 0x7310

case 0x0080

> error = 0x3221
case 0x0100
> error = 0x2220

case 0x0200

> error = 0x4310

default

> error = 0x7120

Y
Notify error and
switch to fault state active
CiA402_LocalError( error )

Y

< process_error_state() end >

Figure 7.31. process_error_state function flowchart
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( process_profile_position_mode() start )

The actual position doesn't exceed the internal limit.

The object "Profile Velocity” (0x6081) was changed
or
the object "Profile Acceleration” (0x6083) was changed.

The object "Profile Acceleration”
(0x6083) is not 0.

Convert the "Profile Velocity” from uint32 to real32,
divide the value by 10, convert from rpm to rad.

No

Is the command
"R_MOTOR_CPU_IF_PosProfMaxSpeedRadSet()"
successful?

Update the local profile velocity.

A4

Calculate the accel time.
{accel time = profile velocity / profile acceleration)

No

Is the command
"R_MOTOR_CPU_IF_AccelTimeSet()"
successful?

Update the local profile Acceleration.

A 4

Convert the "Target Position" from uint32 to real32,
divide the value by 10.

A 4

Send target position.
R_MOTOR_CPU_IF_RefPositionSet()

Y

( process_prafile_position_maode() end )

Figure 7.32. process_profile_position_mode function flowchart
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( process_homing_mode() start )

What is the status of homing mode?

case homing don't start
No
> Is there the homing start request?
Yes
No
Is the Homing Method 377
Yes
Set the offset
so that the actual position value equals the home offset.
Is the command No
"R_MOTOR_CPU_IF_PositionOffsetSet()"
successful?
Yes
h 4
Set the status of homing mode to "homing complete” Set the status of homing mode to "homing don't start”
case homing complete
No
> Is there the homing start request?
i Yes
A 4
Set the status of homing mode to "homing complete” Set the status of heming mode to "heming don't start”
default
A
Set the status of homing mode to "homing don't start”
A

C process_homing_mode() end )

Figure 7.33. process_homing_mode function flowchart
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( process_cyclic_position_mode() start )

The actual position doesn't exceed the internal limit.

Convert the "Target Position" from uint32 to real32,
divide the value by 10.

A 4

Send target position.
R_MOTOR_CPU_IF_RefPositionSet()

Y

( process_profile_position_mode() end )

Figure 7.34. process_cyclic_position_mode function flowchart

( process_cyclic_velocity_mode() start >

h 4

Convert the "Target Velocity" from uint32 to real32,
divide the value by 10.

Y

Send target position.
R_MOTOR_CPU_IF_RefSpeedSet()

( process_profile_position_mode() end )

Figure 7.35. process_cyclic_velocity_mode function flowchart
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7.3.5.9 Macro Definitions

This section describes the macro definitions implemented in this sample software.

For macro definitions implemented in the EtherCAT SubDevice Stack Code generated by the SSC Tool,

refer to:

“Application Note ET9300 (EtherCAT SubDevice Stack Code)”.

Table 7.35. Macro Definitions for CiA402 Drive Profile (samplecia402.c)

Macro Name

Definition Value

Remarks

CFG_POS_MODE

MOTOR_CPU_IF_POS_MODE_TRAPEZOID

Motor position control
mode setting

7.3.5.10 Changes After SSC Tool Generated Files

This section describes the modifications made to the EtherCAT SubDevice Stack Code generated by the

SSC Tool.

For details of the original source code before modification, refer to:
“Application Note ET9300 (EtherCAT SubDevice Stack Code)".

Table 7.36. List of Changes After SSC Tool Generation

File Name

Change

Details

cia402appl.c

Added include paths

Added hal_data.h, samplecia402.h,
r_fusa_if.h

Modified CiA402_Init function

Added initialization for new members in
TCiA402Axis structure and initialization for
added objects

Modified CiA402_StateMachine function

Changed to call each CiA402 transition
function listed in Table 7.33 during state
transitions

Deleted CiA402_LocalError and
CiA402_DummyMotionControl functions

CiA402_LocalError is defined in
samplecia402.c

Modified CiA402_Application function

Changed to call CiA402 transition functions
listed in Table 7.33 during state transitions.

Enabled motor operation in SM mode as well
as DC mode.

Replaced CiA402_DummyMotionControl with
APPL_MOTOR_MotionControl_Main

Modified WriteOxF030 function

Updated processing to match changes in
PDO Assign and PDO mapping

Modified APPL_GenerateMapping
function

Updated to correctly calculate process data
size

Modified APPL_InputMapping function

Modified APPL_OutputMapping function

Updated to match changes in PDO Assign
and PDO mapping

Modified APPL_Application function

Added call to FSoE_ Application function
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Deleted APPL_GetDevicelD function

APPL_Application is defined in
samplecia402.c

cia402appl.h | Added macro definitions See Table 7.38
Changed macro definition values Changed MAX_AXES to 1
Added/modified Object Dictionary See Table 7.39
definitions
Added members to TCiA402Axis structure | See Table 7.37
ecatappl.c Added include path Added samplecia402.h
Added extern declaration Added declaration for LocalAxes structure
Modified MainLoop function Added processing to call exe_SS1_t function
every 1 ms
ecatcoe.h Fixed structure alignment to 1 —
ecatslv.c Modified StartinputHandler function Removed processing that sets bits 2 and 3 of
AL Event Mask Register to 1
mailbox.h Fixed structure alignment to 1 —
Changed macro definition value Changed MBX_HEADER_SIZE to
SIZEOF(TMBXHEADER)
sdoserv.h Fixed structure alignment to 1 —

Table 7.37. Added Members in TCiA402Axis Structure (cia402appl.h)

Member Name Role
bFSoElsActive FSoE module active flag
bCalibration Calibration execution flag
bSTOCompleted STO completion flag
bSS1tStarted SS1-t completion flag
u32LocalProfVel Stores previous profile velocity value
u32LocalProfAcc Stores previous profile acceleration value
i32SS1tStartVel Stores motor speed at SS1-t start
i32SS1tTime Stores time from SS1-t start to completion
i32SS1tent Counter used in SS1-t processing
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Table 7.38. Added Macro Definitions (cia402appl.h)

Macro Name Definition Value Remarks
STATUSWORD_HOMING_MASK 0x2400 Statusword homing bit mask
STATUSWORD_HOMING_NOT_STARTED | 0x0400 Homing not started
STATUSWORD_HOMING_COMPLETED 0x2000 Homing completed
CONTROLWORD_HOMING_START 0x0010 Homing start bit
HOMING_METHOD_37 0x0025 Homing Method 37
ERROR_FAIL_SAFE_STO 0xFFO0 Error code for STO
ERROR_FAIL_SAFE _SS1 T O0xFFO1 Error code for SS1-t
MAX_FSOE_MODULES MAX_AXES Number of FSoE modules

MAX_AXES +

MAX_MODULE MAX_FSOE_MODULES Total number of modules
PP_MODULE_ID 0x00419800 ID for PP mode
HM_MODULE_ID 0x00519800 ID for HM mode
FSOE_MODULE_ID 0x00619800 ID for FSoE module

Number of mappings for PDO
ENTRIES_1600 5 0x1600
ENTRIES 1601 6 Number of mappings for PDO

- 0x1601

Number of mappings for PDO
ENTRIES_1602 2 0x1602

Number of mappings for PDO
ENTRIES_1603 2 0x1603

Number of mappings for PDO
ENTRIES_1604 11 0x1604

Number of mappings for PDO
ENTRIES_1A00 5 0x1A00

Number of mappings for PDO
ENTRIES_1A01 5 0x1A01

Number of mappings for PDO
ENTRIES_1A02 5 Ox1A02

Number of mappings for PDO
ENTRIES_1A03 5 Ox1A03

Number of mappings for PDO
ENTRIES_1A04 11 Ox1A04
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7.3.5.11 Object Dictionary

Table 7.39. Object Dictionary List

Index ObjectCode | SI DataType | Access Object Name
0x1nnn Communication Area
0x1000 VAR - UDINT RO Device type
0x1001 VAR - USINT RO Error Register
0x1008 VAR - STRING(43) | RO Device Name
0x1009 VAR - STRING(4) | RO Manufacturer Hardware Version
0x100A VAR - STRING(4) | RO Manufacturer Software Version
0x1018 RECORD 0 USINT RO Identity Object
1 UDINT RO Vendor ID
2 UDINT RO Product Code
3 UDINT RO Revision Number
4 UDINT RO Serial Number
O0x10F1 RECORD 0 USINT RO Error Settings
1 UDINT RO Local Error Reaction
2 UINT RwW Sync Error Counter Limit
0x10F8 VAR - ULINT RO Timestamp Object
0x1600 RECORD 0 USINT RO pp RxPDO
1-5 | UDINT RO Sublndex 00x
0x1601 RECORD 0 USINT RO hm RxPDO
1-6 | UDINT RO Sublndex 00x
0x1602 RECORD 0 USINT RO csp RxPDO
1-2 | UDINT RO Sublndex 00x
0x1603 RECORD 0 USINT RO csv RxPDO
1-2 | UDINT RO Sublndex 00x
0x1604 RECORD 0 USINT RO FSOE RxPDO
1-11 | UDINT RO Sublndex 0xx
0x1A00 RECORD 0 USINT RO pp TxPDO
1-5 | UDINT RO Sublndex 00x
0x1A01 RECORD 0 USINT RO hm TxPDO
1-5 | UDINT RO Sublndex 00x
0x1A02 RECORD 0 USINT RO csp TxPDO
1-5 | UDINT RO Sublndex 00x
0x1A03 RECORD 0 USINT RO csv TxPDO
1-5 | UDINT RO Sublndex 00x
0x1A04 RECORD 0 USINT RO FSOE TxPDO
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1-11 | UDINT RO Sublndex 0xx
0x1C00 ARRAY 0 USINT RO Sync Manager Type
1-4 | USINT RO Sublndex 00x
0x1C12 ARRAY 0 USINT RO * RxPDO Assign
1-2 | UINT RO * Sublndex 00x
0x1C13 ARRAY 0 USINT RO * TxPDO Assign
1-2 | UINT RO * Sublndex 00x
0x1C32 RECORD 0 USINT RO SM output parameter
1 UINT RO * Synchronization Type
2 UDINT RO Cycle Time
4 UINT RO Synchronization Types supported
5 UDINT RO Minimum Cycle Time
6 UDINT RO Calc and Copy Time
8 UINT RwW Get Cycle Time
9 UDINT RO Delay Time
10 UDINT RwW Sync0 Cycle Time
11 UINT RO SM-Event Missed
12 UINT RO Cycle Time Too Small
13 UINT RO Shift Time Too Short Counter
32 BOOL RO Sync Error
0x1C33 RECORD 0 USINT RO SM input parameter
1 UINT RO * Synchronization Type
2 UDINT RO Cycle Time
4 UINT RO Synchronization Types supported
5 UDINT RO Minimum Cycle Time
6 UDINT RO Calc and Copy Time
8 UINT RwW Get Cycle Time
9 UDINT RO Delay Time
10 UDINT RwW Sync0 Cycle Time
11 UINT RO SM-Event Missed
12 UINT RO Cycle Time Too Small
13 UINT RO Shift Time Too Short Counter
32 BOOL RO Sync Error
0x6nnn CiA402 Drive Profile Area (ETG.6010)
0x603F VAR - UINT RO Error Code
0x6040 VAR - UINT RW Control Word
0x6041 VAR - UINT RO Status Word
0x605A VAR - INT RW Quick stop option code
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0x605B VAR - INT RW Shutdown option code
0x605C VAR - INT RW Disable operation option code
0x605D VAR - INT RW Halt option code
0x605E VAR - INT RW Fault reaction option code
0x6060 VAR - SINT RwW Modes of Operation
0x6061 VAR - SINT RO Modes of operation display
0x6062 VAR - DINT RO Position demand value
0x6063 VAR - DINT RO Position actual internal value
0x6064 VAR - DINT RO Position actual value
0x6065 VAR - UDINT RW Following error window
0x6066 VAR - UINT RW Following error time out
0x6067 VAR - UDINT RW Position window
0x606C VAR - DINT RO Velocity actual value
0x6072 VAR - UINT RW Max Torque
0x6077 VAR - INT RO Torque actual value
0x607A VAR - DINT RW Target position
0x607B RECORD 0 USINT RO Position range limit
1 DINT RW Min position range limit
2 DINT RW Max position range limit
0x607C VAR - DINT RW Home Offset
0x607D RECORD 0 USINT RO Software position limit
1 DINT RW Min position limit
2 DINT RW Max position limit
0x607F VAR - UDINT RW Max profile velocity
0x6080 VAR - UDINT RW Max motor speed
0x6081 VAR - UDINT RW Profile velocity
0x6083 VAR - UDINT RwW Profile acceleration
0x6084 VAR - UDINT RwW Profile deceleration
0x6085 VAR - UDINT RW Quick stop deceleration
0x6091 RECORD 0 UDINT RW Gear ratio
1 UDINT RwW Motor revolutions
2 UDINT RW Shaft revolutions
0x6099 RECORD 0 USINT RO Homing speeds
1 UDINT RwW Speed during search for switch
2 UDINT RwW Speed during search for zero
0x609A VAR - UDINT RW Homing acceleration
0x60B0 VAR - DINT RwW Position offset
0x60B1 VAR - DINT RW Velocity offset
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0x60B2 VAR - INT RW Torque offset
0x60B8 VAR - UINT RW Touch probe function
0x60B9 VAR - UINT RO Touch probe status
0x60BA VAR - DINT RO Touch probe position 1 positive value
0x60BB VAR - DINT RO Touch probe position 1 negative value
0x60C2 RECORD 0 USINT RO Interpolation time period
1 USINT RW Interpolation time period value
2 SINT RwW Interpolation time index
0x60D0 RECORD 0 USINT RO Touch probe source
1 INT RW Touch probe 1 source
0x60EQ VAR - UINT RW Positive torque limit value
Ox60E1 VAR - UINT RW Negative torque limit value
0x60F4 VAR - DINT RO Following error actual value
0x60FD VAR - UDINT RO Digital inputs
0x60FE RECORD 0 USINT RO Digital outputs
1 UDINT RW Physical outputs
2 UDINT RW Bit mask
Ox60FF VAR - DINT RW Target velocity
0x6402 VAR - UINT RW Motor Type
0x6502 VAR - UDINT RO Supported drive modes
0x67nn FSoE Safety Drive Connection (ETG.6100)
0x6760 RECOED 0 USINT RO FSOE Slave Frame Elements
1 USINT RO Command
2 GAP None Sublndex 002
3 UINT RO Connection ID
4 UINT RO CRCO
0x6761 RECOED 0 USINT RO FSOE Inputs
1-8 | BOOL RO Sublndex 00x
0x6770 RECOED 0 USINT RO FSOE Main Frame Elements
1 USINT RO Command
2 GAP None Sublndex 002
3 UINT RO Connection ID
4 UINT RO CRCO
0x6771 RECOED 0 USINT RO FSOE Outputs
1-8 | BOOL RW Sublndex 00x
0x6780 RECOED 0 USINT RO Safety Parameter
1 USINT RW Sensor Test Channel 1 active
2 USINT RW Sensor Test Channel 2 active
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0x6790 RECOED 0 USINT RO FSOE Info Data

1 UINT RO FSOE Connection ID

2 UINT RO Device Type

3 UDINT RO Vendor ID

4 UDINT RO Product Code

5 UDINT RO Revision Number

6 UDINT RO Serial Number

7 UINT RO Network Flags

8 UINT RO Network Port

9 UINT RO Network Segment Address
0x6791 RECOED 0 USINT RO FSOE Communication Parameter

1 STRING(2) | RO Version

2 UINT RO Safe Address

3 UINT RO Connection

4 UINT RO Watchdog Time

5 ARRAY RO Unique ID

[0..5] OF
BYTE

6 UINT RO Connection Type

7 UINT RO Communication Parameter Length

8 UINT RO Application Paramter Length
0x67A0 RECOED 0 USINT RO FSOE Connection Diagnosis

1 UINT RO Connection State

2 UINT RO Connection Diagnosis
0xFO000 RECOED 0 USINT RO Modular Device Profile

1 UINT RO Index distance

2 UINT RO Maximum number of modules
0xF010 ARRAY 0 USINT RO Module List

1-2 | UDINT RO Sublndex 00x
0xF030 ARRAY 0 USINT RO Configured Module Ident List

1-2 | UDINT RO Sublndex 00x
0xF050 ARRAY 0 USINT RO Detected modules

1-2 | UDINT RO Sublndex 00x
0xF980 RECOED 0 USINT RO Safe Address

1 UINT RO FSoE Address

* This is RW only if its status is PreOP.
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7.3.6 Safety Drive

This software implements a function to stop the motor controlled by RZ/T2M when a system abnormality is
detected.

The motor stop function complies with IEC61800-5-2 STO and SS1-t.

The 1/O ports used for this function are shown in Table 7.40.

Table 7.40. /0 Ports for Safety Drive Function
1/0 Port Description
P14_2 This port is controlled by RZ/T2L-A.

When “L”, motor operation is prohibited. When “H”, motor operation is allowed.

If the level changes from “H” to “L”, it is considered a motor stop request, and STO or
SS1-t is executed depending on the level of P14_3.

P14 3 I/0O port for selecting the motor stop function.
This port is controlled by RZ/T2L-A.

When “L”, the motor stop function is STO.
When “H”, the motor stop function is SS1-t.

The flow from motor operation start to STO/SS1-t occurrence and recovery is shown in Figure 7.36 and
Figure 7.37.

: : ‘Transition to "Fault reaction active", -
CiA402 Cannottransitonto . Can transitonto -,

) . and after executing STO, . n + - Can transition to
" Clear "Fault
State "Operation enabled"  "Operation enabled" Operation enabled B transition to "Fault" . - "Operation enabled"
& » ' > L] - g > d »
Y LY FaO) Egta EaChe Ll »
. 15 128
Control 0 : i :
Word . T e
: . Execute STO
Motor . .
RPM . e .
L=
Motor operation o .
profibited H" = , , Issue STO
P14 2 Motor operation
- — lowaed e o ] e
"L" = STO
P14_3

Figure 7.36. Flow of Motor Operation, STO, and Recovery
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CiA402  Cannot transiton to . Can transition to . Can transition to

. "Operation enabled" "Fault reaction active".  "Fault” . Clear "Fault’

State "Operation enabled" ; "Operation enabled" ; . "Operation enabled"
: 15 128
Control 0 : i :
Word . A LTt LTttt
: : : 3 seconds . . .
. . P T
Motor : : /_\
RPM . —eee TTTToTrTmmmmmeeT "
. . Execute SS1-t
=
Motor operation o .
profibited H" = . : Issue $S1-t
P14_2 I Motor operaton -} - - |
. allowaed
"H" = SS1-t
P
Figure 7.37. Flow of Motor Operation, SS1-t, and Recovery
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7.3.6.1 Functions for Safety Drive

Table 7.41. Safety Drive Functions (samplecia402.c)

Function Name

Description

check_motor_allow

Reads the level of P14_2 and checks whether motor operation is allowed.

check _motor_stop req

Checks whether a motor stop request occurs during motor operation.

If a stop request occurs, calls CiA402_LocalError function to transition to
“Fault Reaction Active” and starts STO or SS1-t processing.

exe STO

Executes STO.
Sends motor stop command to the motor control CPU and stops the motor.

Also turns on LED15 to indicate STO completion and sets the STO
completion flag in the TCiA402Axis structure to TRUE.

start_ SS1 t

Starts SS1-t processing.

Sets SS1-t related members in the TCiA402Axis structure and sets the
SS1-t start flag to TRUE.

exe SS1 _t

Executes SS1-t processing.

If the SS1-t start flag in TCiA402Axis is TRUE, this function is called every 1
ms from the MainLoop function.

Blinks LED15 every 100 ms to indicate SS1-t execution.

Calculates speed every 1 ms and updates the speed command sent to the
motor control CPU.

When SS1-t processing ends, calls exe_STO function.

7.3.6.2 Macro Definitions

Table 7.42. Safety Drive Macro Definitions (samplecia402.c)

Macro Name Definition Value Remarks

CFG_SS1T_TIME 3000

Sets the time [ms] from SS1-t start to completion.

RO1AN8173EJ0100 Rev.1.00
Dec.19, 2025

Re Page 129 of 190
RENESAS




RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

7.3.7 Fusa CPU Communication

This module sends the Safety Master PDU received from the FSoE Master to the Functional Safety CPU
(RZ/T2L-A).

It also sends the Safety Slave PDU received from the Functional Safety CPU to the FSoE Master.
Communication with the Functional Safety CPU uses the FuSa I/F module.
For details of the FuSa I/F module, see Section 7.3.9 Fusa I/F.
For specifications of the Functional Safety CPU and communication, refer to:
“RZ Family FSoE Application Software Development Handbook (R30UZ0176JJ0110)".

7.3.7.1 FSoE PDO Settings
Table 7.43. FSoE RxPDO List

RxPDO Index Size[bit]
FSoE output Command 0x6770:1 | 8
FSoE output data 1 ox6771:1 | 1
FSoE output data 2 0x6771:2 |1
FSoE output data 3 0x6771:3 | 1
FSoE output data 4 0x6771:4 |1
FSoE output data 5 0x6771:5 |1
FSoE output data 6 0x6771:6 | 1
FSoE output data 7 0x6771:7 |1
FSoE output data 8 0x6771:8 | 1
FSoE output CRCO 0x6770:4 | 16
FSoE output ConnectionID 0x6770:3 | 16

Table 7.44. FSoE TxPDO List

TxPDO Index Size[bit]
FSoE input Command 0x6760:1 | 8
FSoE input data 1 0x6761:1 | 1
FSoE input data 2 0x6761:2 | 1
FSoE input data 3 0x6761:3 | 1
FSoE input data 4 0x6761:4 | 1
FSoE input data 5 0x6761:5 |1
FSoE input data 6 0x6761:6 | 1
FSoE input data 7 0x6761:7 | 1
FSoE input data 8 0x6761:8 | 1
FSoE input CRCO 0x6760:4 | 16
FSoE input ConnectionlID 0x6760:3 | 16
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7.3.7.2 Objects Used for Communication with Functional Safety CPU
Table 7.45. Objects Used for Sending to Functional Safety CPU

Packet Name Object Index Size[byte]
Safety Master PDU FSoE output Command 0x6770:1 1
FSoE output data 1 ~ 8 0x6771:1~8 1
FSoE output CRCO 0x6770:4 2
FSoE output ConnectionlID 0x6770:3 2

Table 7.46. Objects Used for Receiving from Functional Safety CPU

Packet Name Object Index Size[byte]

Safety Slave PDU FSoE input Command 0x6760:1 1
FSoE input data 1~ 8 0x6761:1 ~ 8 1
FSoE input CRCO 0x6760:4 2
FSoE input ConnectionIlD 0x6760:3 2

Communication parameter Connection ID 0x6791:3 2
Connection State 0x67A0:1 2
Connection Diagnosis 0x67A0:2 2
Watchdog Time 0x6791:4 2
Communication Parameter 0x6791:7 2
Length
Application Parameter Length 0x6791:8 2
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7.3.7.3 Functions

Table 7.47. Function List (samplecia402.c)

Function Name

Description

FSoE_Application

Called periodically from APPL_Application function.
Flowchart shown in Figure 7.38

( FSoE_Application() start )

A 4

Read the communication parameter packet
received from the fusa CPU.

R_FUSA_IF_Receive Packet()

as the communication parameter packet
been received from the fusa CPU?

Copy all data from the communication parameter packet
to each local object.

Y

Add 1 to the local FSoE send flag.

No

A 4

Read the slave PDU packet received from the fusa CPU.
R_FUSA_IF_Receive_Packet()

Has the slave PDU packet
been received from the fusa CPU?

Copy all data from the slave PDU packet
to each local object.

Y

Add 2 to the local FSoE send flag.

Is the local FSoE send flag 37
(Have two packets been received?)

Copy all data from each local object
to the master PDU packet.

A 4

Send the master PDU packet to the fusa CPU.
R_FUSA_IF_Send_Packet()

No
Was the master PDU packet sent successfully?

Set 0 to the local FSoE send flag.

Y

( FSoE_Application() end. )

Figure 7.38. Flowchart of FSoE_Application Function
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7.3.7.4 Structures and Global Variables
Table 7.48. Structure List (r_samplecia402.h)

Structure Variable Remarks

fsoe params_t connection_id Used in FSoE_Application function

Communication parameter connection_state
packet structure

connection_diagnosis

watchdog_time

com_parameter_length

appl_parameter_length

Table 7.49. Global Variables (r_samplecia402.c)

Type Instance Name Description

UINT8 u8FSoESendFlag FSoE send flag.
Used in FSoE_Application function.

Initial value is 3.
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7.3.8 Motor CPU I/F

The Motor CPU I/F module uses the Shared Memory Driver to send motor control commands, update
reference values, and retrieve motor status from the Motor CPU (RZ/T2M CPUOQ).

7.3.8.1 Module Structure

The module structure diagram is shown in Figure 7-39.

Shared Memory

Motor CPU I/F

Call API
> API | Command queue area
Set command,
Set data data size, data
> Command  —7+——— | |  |rrrmmrmmemmememeeeeeee-
Shared
Network Set reference Set reference Memory »  Cyclic reference area
. > Reference Set Dri
application river

Get motor status
Get motor status Get L

A

Motor status area

Set offset
Position Offset Set

h 4

Figure 7.39. Motor CPU I/F Module Structure

This module mainly provides four types of APls:

(1)

()

@)

(4)

Command Set
Stores motor control commands, data size, and data in the Command Queue Area of Shared Memory.

Reference Set
Updates various reference values set in the Cyclic Reference Area of Shared Memory.

Get Motor Status
Retrieves various motor status values stored in the Motor Status Area of Shared Memory.

Position Offset Set
API prepared for setting the Home position. Sets an offset to position information.

7.3.8.2 Shared Memory Allocation

Same as the tables described in Section 7.2.3.2.
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7.3.8.3 API
Table 7.50. Motor CPU I/F API List
API Description

R_MOTOR_CPU_IF_Open Initializes Motor CPU I/F and Shared Memory Driver.
Flowchart: Figure 7.40

R_MOTOR_CPU_IF_Close Terminates Motor CPU I/F and Shared Memory
Driver.
Flowchart: Figure 7.41

R_MOTOR_CPU_IF_Reset Command Set API:

R_MOTOR_CPU_IF_MotorStart Stores motor control commands, data size, and data

R_MOTOR_CPU_IF_MotorStop in the Command Queue Area of Shared Memory.

R_MOTOR_CPU_IF_MotorReset
R_MOTOR_CPU_IF_MotorErrorCancel
R_MOTOR_CPU_IF_ErrorSet
R_MOTOR_CPU_IF_CtrlTypeSet
R_MOTOR_CPU_IF_PositionCommandModeSet
R_MOTOR_CPU_IF_RotorAngleOffsetSet
R_MOTOR_CPU_IF_CurrentOffsetSet
R_MOTOR_CPU_IF_CurrentOpenLoopSet
R_MOTOR_CPU_IF_AccelTimeSet
R_MOTOR_CPU_IF_PosProfMaxSpeedRadSet

Flowchart: Figure 7.42

R_MOTOR_CPU_IF_RefPositionSet Reference Set API:
R_MOTOR_CPU_IF_RefSpeedSet Updates various reference values in the Cyclic

R_MOTOR_CPU_IF_RefTorqueSet Reference Area of Shared Memory.
Flowchart: Figure 7.43

R_MOTOR_CPU_IF_PositionGet Get Motor Status API:
R_MOTOR_CPU_IF_SpeedGet Retrieves various motor status values from the Motor
R_MOTOR_CPU_IF_StatusGet Status Area of Shared Memory.
R_MOTOR_CPU_IF_ErrorStatusGet
R_MOTOR_CPU_IF_LoopModeStatusGet
R_MOTOR_CPU_IF_InPositionFlagGet
R_MOTOR_CPU_IF_OffsetCalibrationStatusGet

Flowchart: Figure 7.44

R_MOTOR_CPU_IF_PositionOffsetSet Position Offset Set API:
Sets an offset to position information.

Flowchart: Figure 7.45
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( R_MOTOR_CPU_IF_Open() start )

return MOTOR_CPU_IF_ERR_PARAM >

Are parameteres correct ?

Open the Shared Memory
R_SHARED_MEMORY_Open()

Was opening

the Shared Memory successful ? return MOTOR _CPULIF_ERR_OPEN )

Get the Shared Memory status
R_SHARED_MEMORY_StatusGet()

Y

Was getting

the Shared Memory status successful ? return MOTOR_CPU_IF_ERR_OPEN )

Has the opposite driver been opend?

Initialize the control structure.
Make this module status "Open".

A

( return MOTOR_CPU_IF_SUCCESS )

Figure 7.40. Flowchart of R_MOTOR_CPU_IF_Open Function
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( R_MOTOR_CPU_IF_Close() start )

Y

Close the Shared Memory
R_SHARED_MEMORY_Close()

Was closing

the Shared Memary successful ? retum MOTOR_CPU_IF_ERR_CLOSE )

Reset the control structure.
Make this module status "Not open".

y

( return NETWORK_CPU_IF_SUCCESS )

Figure 7.41. Flowchart of R_MOTOR_CPU_IF_Close Function

( Command API start )

Has the Motor CPU I/F already been opened? return MOTOR_CPU_IF_ERR_NOT_OPEN )

Does the data size of the command

exceed the max data size? return MOTOR_CPU_IF ERR_EXCEED PAYLOAD )

Write the command, data size, and data
to the shared memory.
motor_cpu_if_err = motor_cpu_if_command_engueue()

Y

( return motor_cpu_if_err )

Figure 7.42. Flowchart of R_MOTOR_CPU_IF Command Set API
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( Reference Set API start )

Has the Motor CPU I/F already been opened?

retum MOTOR_CPU_IF_ERR_NOT_OPED

Is this API
"R_MOTOR_CPU_IF_RefPositionSet"?

Add the position offset

Y

Write the reference value to the shared memory.
motor_cpu_if_err = motor_cpu_if_write()

Y

( return motor_cpu_if err >

Figure 7.43. Flowchart of R_NETWORK_CPU_IF Reference Set API

< Motor Status Get API start >

Has the Motor CPU I/F already been opened? retunrn MOTOR_CPU_IF_ERR_NOT_OPEN>

Read the motor status to the shared memory.
motor_cpu_if_err = motor_cpu_if_write()

Is this API
"R_MOTOR_CPU_IF_PositionGet"?

Sub the position offset

( return motor_cpu_if_err )

Figure 7.44. Flowchart of R_NETWORK_CPU_IF Motor Status Get API
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( R_MOTOR_CPU_IF_PositionOffsetSet() start >

Has the Motor CPU I/F already been opened?

return MOTOR_CPU_IF_ERR_NOT_OPI@

Yes

Get the actual position
err = R_MOTOR_CPU_IF_PesitionGet()

Was getting the actual position
successful?

return err )

Update the position offset.
(position offset) = (actual position) - (set value)

Y

< return MOTOR_CPU_IF_SUGCESS )

Figure 7.45. Flowchart of R_MOTOR_CPU_IF_PositionOffsetSet Function
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7.3.8.4 Private Functions
Table 7.51. Motor CPU I/F Private Functions

Private Function Description
motor_cpu_if write Writes data to Shared Memory.
Flowchart: Figure 7.46
motor_cpu_if read Reads data from Shared Memory.
Flowchart: Figure 7.47
motor_cpu_if command_enqueue Writes commands to the Command Queue.
Flowchart: Figure 7.48

( motor_cpu_if_write() start )

Y

Set the timeout

Y

Write data to the Shared Memory
fsp_err = R_SHARED_MEMORY_Write

Y

h 4

Substract 1 from the timeout

return MOTOR_CPU_IF_ERR_WRITE_TIMEOUT )

return MOTOR_CPU_IF_ERR_WRITE >

( return MOTOR_CPU_IF_SUCCESS )

Figure 7.46. Flowchart of motor_cpu_if_write Function
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C network_cpu_if_read() start )

A 4

Set the timeout

Y

Read data from the Shared Memory
fsp_err = R_SHARED_MEMORY_Read

A 4

Y

Substract 1 from the timeout

return MOTOR_CPU_IF_ERR_READ_TIMEQUT >

Is the timeout "0"?

yes
Is the fsp_err "FSP_ERR_IN_USE"?

Is the fsp_err "FSP_SUCCESS"? return MOTOR_CPU_IF_ERR_READ )

( return MOTOR_CPU_IF_SUCCESS )

Figure 7.47. Flowchart of motor_cpu_if_read Function
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( motor_cpu_if_command_enqueue() start )

A

Read "tail" from the shared memory.
err = motor_cpu_if_read()

Is err "MOTOR_CPU_IF_SUCCESS" ?

No
return err

Is the queue full?

retum MOTOR_CPU_IF_ERR_BUF_EMPTY )

Write the command from the shared memory.
err = motor_cpu_if_read()

Is err "MOTOR_CPU_IF_SUCCESS" ?

No
return err

Yes

Add 1 to the current "head".

A 4

Write "head" to the shared memory.
err = motor_cpu_if_write()

Is err "MOTOR_CPU_IF_SUCCESS" ?

No
return err

Yes

( return MOTOR_CPU_IF SUCCESS )

Figure 7.48. Flowchart of motor_cpu_if_command_enqueue Function
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7.3.8.5 Callback Function
Table 7.52. Motor CPU I/F Callback Functions (r_motor_cpu_if.c)

Function Name Description

shared_memory_callback Callback function for Shared Memory Driver.
This interrupt occurs when RZT2M CPUO writes to Shared Memory.
No processing is performed inside the callback function.

Consider adding processing if necessary.
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7.3.8.6 Macro Definitions

Table 7.53. Motor CPU I/F Macro Definitions (r_motor_cpu_if.h)

Macro Name

Definition Value

Remarks

CFG_CMD_Q_NUM

Number of command queues
(must be a power of 2)

CFG_CMD_Q_OFFSET 0x0000 Offset address of Command
Queue Area
CFG_CYCLIC_REF_AREA_ OFFSET 0x0100 Offset address of Cyclic
Reference Area
CFG_MTR_STATUS_AREA_OFFSET 0x0180 Offset address of Motor Status
Area
CFG_MOTOR_CPU_IF_TIMEOUT 100 Timeout value used for Shared

Memory read/write

CFG_SHARED_MEMORY_INSTANCE_ADDR

&g_shared_memory0

Pointer to Shared Memory
driver instance

MOTOR_CPU_IF_CMD_DATA_MAX_BYTE

12

Maximum data size for the
command queue

7.3.8.7 Enumerations

Table 7.54. Motor CPU I/F Enumerations (r_motor_cpu_if.h)

Enumerations Definitions Remarks
motor_cpu_if err_t MOTOR_CPU_IF_SUCCESS No error
Motor CPU I/F MOTOR_CPU_IF_ERR_OPEN Open error
Error Codes MOTOR_CPU_IF_ERR_CLOSE Close error

MOTOR_CPU_IF_ERR_PARAM

Parameter error

MOTOR_CPU_IF_ERR_NOT_OPEN

Not open error

MOTOR_CPU_IF_ERR_BUF_FULL

Command queue full

MOTOR_CPU_IF_ERR_BUF_EMPTY

Command queue empty

MOTOR_CPU_IF_ERR_WRITE

Write error

MOTOR_CPU_IF_ERR_WRITE_TIMEOUT

Write timeout

MOTOR_CPU_IF_ERR_READ

Read error

MOTOR_CPU_IF_ERR_READ_TIMEOUT

Read timeout

MOTOR_CPU_IF_ERR_EXCEED_PAYLOAD

Data exceeded
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Enumerations Definitions Remarks
motor_cpu_if status_t MOTOR_CPU_IF_STATUS_NOT_OPEN Not open
Motor CPU I/F MOTOR_CPU_IF_STATUS_OPEN Open

Status

motor_cpu_if cmd _t

Motor CPU I/F Command
Definitions

MOTOR_CPU_IF_CMD_NONE

No command

MOTOR_CPU_IF_CMD_RESET

MOTOR_CPU_IF_CMD_MOTOR_START

MOTOR_CPU_IF_CMD_MOTOR_STOP

MOTOR_CPU_IF_CMD_MOTOR_RESET

MOTOR_CPU_IF_CMD_MOTOR_ERROR_CANCEL

MOTOR_CPU_IF_CMD_ERROR_SET

MOTOR_CPU_IF_CMD_CTRL_TYPE_SET

MOTOR_CPU_IF_CMD_POSITION_COMMAND_MOD
E_SET

MOTOR_CPU_IF_CMD_ROTOR_ANGLE_OFFSET_S
ET

MOTOR_CPU_IF_CMD_CURRENT_OFFSET_SET

MOTOR_CPU_IF_CMD_CURRENT_OPEN_LOOP_SE
T

MOTOR_CPU_IF_CMD_ACCEL_TIME_SET

MOTOR_CPU_IF_CMD_MAX_SPEED_RAD_SET

Used by
Command Set
API

motor_cpu_if pos _mode t

Motor CPU I/F Position
Control Mode

MOTOR_CPU_IF_POS_MODE_STEP

Step mode

MOTOR_CPU_IF_POS_MODE_TRAPEZOID

Trapezoid mode

motor_cpu_if ctrl_type t

Motor CPU I/F Motor
Control Type

MOTOR_CPU_IF_CTRL_TYPE_POS

Position control

MOTOR_CPU_IF_CTRL_TYPE_SPEED

Speed control

MOTOR_CPU_IF_CTRL_TYPE_TORQUE

Torque control

MOTOR_CPU_IF_CTRL_TYPE_VOLTAGE

MOTOR_CPU_IF_CTRL_TYPE_CURRENT

Open-loop
control

Current control

MOTOR_CPU_IF_CTRL_TYPE_ADJ_CRNT_OFFSET

Adjust current
offset

MOTOR_CPU_IF_CTRL_TYPE_ADJ_POS_OFFSET

Adjust position
offset

motor_cpu_if _motor_err_co
de_t

Motor CPU I/F Motor Error
Codes

MOTOR_CPU_IF_MOTOR_ERROR_NONE

No error

MOTOR_CPU_IF_MOTOR_ERROR_OVER_CURRENT

_HW

HW overcurrent
error

MOTOR_CPU_IF_MOTOR_ERROR_OVER_VOLTAGE

Overvoltage
error

MOTOR_CPU_IF_MOTOR_ERROR_OVER_SPEED

Overspeed error

MOTOR_CPU_IF_MOTOR_ERROR_UNDER_VOLTAG
E

Undervoltage
error
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MOTOR_CPU_IF_MOTOR_ERROR_OVER_CURRENT | SW overcurrent

swW

error

MOTOR_CPU_IF_MOTOR_ERROR_OVER_TEMPERA | Inverter

TURE overheat error
MOTOR_CPU_IF_MOTOR_ERROR_UNKNOWN Unknown error
motor_cpu_if motor_state | MOTOR_CPU_IF_STATEMACHINE_STATE_STOP STOP mode
t MOTOR_CPU_IF_STATEMACHINE_STATE_RUN RUN mode
Motor CPU I/F Motor Status |- T 6R CPU_IF_STATEMACHINE STATE_ERROR | ERROR mode
7.3.8.8 Structures & Variable Information
Table 7.55. Motor CPU I/F Structure Definitions (r_motor_cpu_if.h)

Structure Variable Description
st_current_offset_cfg_t f4_iu_offset U-phase current offset
Current offset configuration f4_iv_offset V-phase current offset
structure f4_iw_offset W-phase current offset

st_current_open_loop_cfg_t

Open loop current
configuration structure

f4_open_loop_current

Open loop current value

f4_ref _speed_rpm

Reference speed (RPM)

CMD_DATA_MAX_BYTE]

motor_cpu_if cmd_hdr_t head Head of command queue

command queue head/tail tail Tail of command queue

structure

motor_cpu_if cmd_q_t cmd Command

command queue structure size Data size
datalMOTOR_CPU_IF_ Data array

motor_cpu_if cyclic_ref t

Cyclic Reference structure

f4_ref position

Reference position

f4_ref speed

Reference speed

f4_ref _torque

Reference torque

motor_cpu_if mtr_status_t

Motor Status structure

f4_pos_deg Current position
f4_speed Current speed
u1_status State machine
reserved1 Unused area

u2_error_status

Error status

reserved2

Unused area

u1_ctrl_loop_mode

LOOP MODE

reserved3

Unused area

u1_in_position

Position control completion
status

reserved4

Unused area
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u1_offset_cal_finished_flag

Offset measurement status

reservedb

Unused area

motor_cpu_if cfg_t

Motor CPU I/F
Configuration structure

p_shared_memory_instance

Pointer to Shared Memory
instance

timeout

Timeout value

shr_mem_cmd_data_max_size

Maximum command data size

shr_mem_cmd_qg_num

Number of command queues

shr_mem_cmd_qg_mask

Command queue mask

shr_mem_cmd_q_offset

Offset of Command Queue Area
in Shared Memory

shr_mem_cmd_q_size

Size of Command Queue Area
in Shared Memory

shr_mem_cmd_head_offset

Offset of command queue head
area

shr_ mem_cmd_head_size

Size of command queue head
area

shr_mem_cmd_tail_offset

Offset of command queue tail
area

shr_mem_cmd_tail_size

Size of command queue tail
area

shr_mem_cyclic_ref area_offset

Offset of Cyclic Reference Area

shr_mem_cyclic_ref area_size

Size of Cyclic Reference Area

shr_mem_ref pos_offset

Offset of reference position area

shr_mem_ref vel offset

Offset of reference speed area

shr_mem_ref tor_offset

Offset of reference torque area

shr_mem_mtr_status_area_offset

Offset of Motor Status Area

shr_mem_mtr_status_area_size

Size of Motor Status Area

shr_mem_mtr_pos_offset

Offset of current position area

shr_mem_mitr_vel_offset

Offset of current speed area

shr_mem_mitr_status_offset

Offset of state machine area

shr_mem_mtr_err_status_offset

Offset of error status area

shr_mem_mtr_ctrl_loop_mode_offset

Offset of LOOP MODE area

shr_mem_mtr_in_pos_offset

Offset of position control
completion area

shr_mem_mtr_cal_finished flag_offset

Offset of offset measurement
status area

motor_cpu_if ctrl_t

Motor CPU I/F
Control structure

status

Network CPU I/F status

cmd_hdr

Instance of command queue
head/tail structure

timeout_count

Timeout occurrence count

position_offset

Position

p_cfg

Pointer to Network CPU I/F
configuration structure
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motor_cpu_if api_t

Motor CPU I/F
APl structure

Open

Open function

Close

Close function

Reset

MotorStart

MotorStop

MotorReset

MotorErrorCancel

ErrorSet

CtriTypeSet

PositionCommandModeSet

RotorAngleOffsetSet

CurrentOffsetSet

CurrentOpenLoopSet

AccelTimeSet

PosProfMaxSpeedRadSet

Command send function

PositionOffsetSet

Position offset setting function

RefPositionSet

RefSpeedSet

RefTorqueSet

Reference value set function

PositionGet

SpeedGet

StatusGet

ErrorStatusGet

LoopModeStatusGet

InPositionFlagGet

OffsetCalibrationStatusGet

Motor status get function
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7.3.8.9 Global Variables
Table 7.56. Motor CPU I/F Global Variables (r_motor_cpu_if.c)

Type Instance Name Description

motor_cpu_if ctrl_t g_motor_cpu_if ctrl Motor CPU I/F control structure instance.

Initialized by the Open function.

motor_cpu_if cfg_t g_motor_cpu_if cfg Motor CPU I/F configuration structure instance.
Each member is initialized at instance creation.

Values cannot be changed after initialization.

motor_cpu_if api_t g_motor_cpu_if api Motor CPU I/F API structure instance.
Each member is initialized at instance creation.

Values cannot be changed after initialization.
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7.3.9 FusallF
The FuSa I/F module communicates with the Functional Safety CPU (RZ/T2L-A) via UART.

For the specifications of the Functional Safety CPU and its communication, refer to:
“RZ Family FSoE Application Software Development Handbook (R30UZ0176JJ0110)".

7.3.9.1 Module Structure

The module structure diagram is shown in Figure 7.49.

Fusa l/IF
Call API
P API
Set the packet Send the packet
» Send Packet >
Network Get the packet UART Fusa CPU
application |« Receive Packet Driver
A

The packet

Receive
the packet
Receive process |« —

Figure 7.49. FuSa I/F Module Structure

7.3.9.2 Transmit/Receive Packets

In the FuSa I/F module, the command codes and size information of packets to be transmitted/received are
registered in the FuSa I/F configuration structure instance (g_fusa_if cfg).

The registered packets are listed below.

Table 7.57. List of Registered Receive Packets

# Packet Name Command Code Size Data Received
Info
1 | Start request 0x0101 0x0000 | None
2 | Safety Slave PDU 0x0202 0x0006 | Objects listed in the Safety Slave

PDU row of Table 7.46

3 | Communication parameter 0x0203 0x000C | Objects listed in the Communication
parameter row of Table 7.46

Table 7.58. List of Registered Transmit Packets

# Packet Name Command Code | Size Info Data Transmitted
Acknowledgement of start 0x0102 0x0000 None
request
2 | Safety Master PDU 0x0201 0x0006 | Objects listed in the Safety Master
PDU row of Table 7.45
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7.3.9.3 API

Table 7.59. FuSa I/F API List

API

Description

R_FUSA_IF_Open

Initializes the UART Driver.
Also waits to receive the start request packet.

when reception is complete, it transmits the acknowledgement of start
request packet.

Flowchart: Figure 7.50

R_FUSA_IF_Close

Terminates the FuSa I/F and the UART Diriver.
Flowchart: Figure 7.51

R_FUSA _IF_Send_Packet

Sends a packet to the FuSa CPU.

Takes a pointer to a structure with the command code of the packet to
be sent set in advance.

If that command code is not registered in this module, the packet is not
sent.

Also, if the previous packet transmission is not completed, the packet
is not sent.

Flowchart: Figure 7.52

R_FUSA_IF_Receive Packet

Retrieves a packet received from the FuSa CPU.

Takes a pointer to a structure with the command code of the packet to
be retrieved set in advance.

If that command code is not registered in this module, the packet is not
retrieved.

Also, if reception of that packet has not completed, it cannot be
retrieved.

Flowchart: Figure 7.53

RO1AN8173EJ0100 Rev.1.00
Dec.19, 2025

Re Page 151 of 190
RENESAS




RZ/T2M, RZ/T2L Group

Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

( R_FUSA_IF_Open() start )

Initialize the control structure

Open the serial interface

Was opening
the serial interface successful ?

Set the timeout

return FUSA_IF_ERR_SERIAL _OPEN )

Has the startup request packet
been received?

Send the startup request confirmation reception packet
err = R_FUSA_IF_Send_Packet()

Was the execution of
the send packet function successful ?

Set the timeout

Substract 1 from the timeout

Is the "timeout" 0?

return FUSA_IF_ERR_OPEN_TIMEOUT )

return err )

Has sending the packet
been completed?

A 4

< return FUSA_IF_SUCCESS >

Substract 1 from the timeout

Is the "timeout"” 0?

( return FUSA_IF_ERR_OPEN_TIMEOUT )

Figure 7.50. Flowchart of R_FUSA_IF_Open Function

RO1AN8173EJ0100 Rev.1.00
Dec.19, 2025

Re Page 152 of 190
RENESAS




RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

( R_FUSA_IF_Close() start )

h 4

Close the serial interface

Was closing

the serial interface successful ? retum FUSA_IF_ERR_SERIAL_CLOSE )

Reset the control structure.
Make this module status "Not open”.

4

( return NETWORK_CPU_IF_SUCCESS )

Figure 7.51. Flowchart of R_FUSA_IF_Close Function
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( R_FUSA_IF_Send_Packet() start )

Has the Motor CPU I/F already been opened? return FUSA_IF_ERR_SERIAL_NOT_OPEN >

Check if the send command is registered.

Has the send command

been registered? return FUSA_IF_ERR_INVALID_TX_CMD_CODE >

Has the previous transmission return FUSA_IF_ERR_TX_IN_USE )
been completed?
Copy the send data to the buffer on this module.
Has that copy been successful? return FUSA IF_ ERR_TX BUF_COPY )
Execute the UART write API
Has that write API been executed successfully? return FUSA_IF_ERR_TX_FSP )

( return FUSA_IF_SUCCESS >

Figure 7.52. Flowchart of R_FUSA_IF_Send_Packet Function
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< R_FUSA_IF_Receive_Packet() start )

Has the Motor CPU I/F already been opened? return FUSA_IF_ERR_SERIAL_NOT_OPEN )

Check if the receive command is registered.

Has the receive command

bean reglstered? return FUSA_IF_ERR_NOT_RX_PACKET )

Has that packet

already been received? return FUSA_IF_ERR_NOT_RX PACKET )

Copy the receive data

A 4
< return FUSA_IF_SUCCESS )

Figure 7.53. Flowchart of R_FUSA_IF_Receive_Packet Function
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7.3.9.4 Private Function

Table 7.60. FuSa I/F Private Function List
Private Function

Description

fusa_if receive_process Parses the data received from the FuSa CPU and, if

there are no issues, stores it as a packet.

7.3.9.5 Callback Function

Table 7.61. FuSa I/F Callback Function List (r_network_cpu_if.c)
Function Name

Description
fusa_if callback Callback function of the UART Driver.

The following processing is performed inside the callback:
(1) When one byte of data is received

® Calls fusa_if receive process function.
(2) When transmission is completed

® Notifies FuSa I/F that transmission has been completed.

Consider adding processing as needed.
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7.3.9.6 Macro Definitions

Table 7.62. FuSa I/F Macro Definitions (r_fusa_if.h)

Macro Name

Definition Value

Remarks

CFG_FUSA_IF_UART_INSTANCE_ADD | &g_uart0 Pointer to the UART driver
R instance
CFG_FUSA IF_ CMD_RX_NUM 3 Number of registered
receive packets
CFG_FUSA_IF_CMD_TX_NUM 2 Number of registered
transmit packets
CFG_FUSA_IF_CMDCODE_RX_START | 0x0101 Command code for start
_REQ request
CFG_FUSA_IF_CMDCODE_RX_PDU 0x0202 Command code for Safety
Slave PDU
CFG_FUSA_IF_CMDCODE_RX_PARAM | 0x0102 Command code for
communication parameter
CFG_FUSA_IF_CMDCODE_TX_START_ | 0x0102 Command code for start
REQ request acknowledgement
CFG_FUSA_IF_CMDCODE_TX_PDU 0x0201 Command code for Safety
Master PDU
CFG_FUSA IF_DATASIZE RX START_ |0 Data size of start request
REQ
CFG_FUSA IF_DATASIZE_RX PDU 6 Data size of Safety Slave
PDU
CFG_FUSA IF_DATASIZE_RX PARAM | 12 Data size of communication
parameter
CFG_FUSA_IF_DATASIZE_TX_START_ | 0 Data size of start request
REQ acknowledgement
CFG_FUSA_IF_DATASIZE_TX_PDU 6 Data size of Safety Master

PDU

CFG_FUSA_IF_DATASIZE_MAX

CFG_FUSA_IF_DATASIZE R
X_PARAM

Maximum data size

CFG_FUSA_IF_RXCMDO_CMDCODE

CFG_FUSA_IF_CMDCODE_R

Command code for receive

X _START_REQ packet 0
CFG_FUSA_IF_RXCMDO DATASIZE CFG_FUSA_IF_DATASIZE_R | Data size for receive packet
X_START_REQ 0

CFG_FUSA_IF_RXCMD1_CMDCODE

CFG_FUSA_IF_CMDCODE_R
X_PDU

Command code for receive
packet 1

CFG_FUSA_IF_RXCMD1_DATASIZE

CFG_FUSA_IF_DATASIZE_R
X_PDU

Data size for receive packet
1

CFG_FUSA_IF_RXCMD2_CMDCODE

CFG_FUSA_IF_CMDCODE_R
X_PARAM

Command code for receive
packet 2

CFG_FUSA_IF_RXCMD2_DATASIZE

CFG_FUSA_IF_DATASIZE R
X_PARAM

Data size for receive packet
2

CFG_FUSA_IF_TXCMDO_CMDCODE

CFG_FUSA_IF_CMDCODE_T

Command code for transmit

X_START_REQ packet O
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CFG_FUSA_IF_TXCMDO_DATASIZE

X_START_REQ

CFG_FUSA_IF_DATASIZE_T

Data size for transmit
packet 0

CFG_FUSA_IF_TXCMD1_CMDCODE

CFG_FUSA_IF_CMDCODE_T

Command code for transmit

X_PDU packet 1
CFG_FUSA_IF_TXCMD1_DATASIZE CFG_FUSA _IF_DATASIZE_T | Data size for transmit

X_PDU packet 1
CFG_OPEN_TIMEOUT OxOFFFFFFF Timeout value

7.3.9.7 Enumerations

Table 7.63. FuSa I/F Enumerations (r_fusa_if.h)

Enumeration

Definition

Remarks

fusa_if err_t
(FuSa I/F Error Codes)

FUSA_IF_SUCCESS

No error

FUSA_IF_ERR_INVALID_PARAMETER

Parameter error

FUSA_IF_ERR_SERIAL_OPEN

Open error

FUSA_IF_ERR_SERIAL_CLOSE

Close error

FUSA_IF_ERR_SERIAL_NOT_OPEN

Not open error

FUSA_IF_ERR_INVALID_RX_CMD_CODE

Invalid receive command code

FUSA_IF_ERR_NOT_RX_PACKET

No packet received

FUSA_IF_ERR_INVALID_TX_CMD_CODE

Invalid transmit command code

FUSA_IF_ERR_TX_IN_USE

Transmission in progress

FUSA_IF_ERR_TX_BUF_COPY

Failed to copy to transmit buffer

FUSA_IF_ERR_TX_FSP

Error occurred in FSP function

FUSA_IF_ERR_OPEN_TIMEOUT

Open timeout

fusa_if status t
(FuSa I/F Status)

FUSA_IF_STATUS_NOT_OPEN

Not open

FUSA_IF_STATUS_OPEN

Open

fusa_if rx_status_t
(FuSa I/F Receive Status)

FUSA_IF_RX_NO_DATA

No data received

FUSA_IF_RX_RECEIVED_CMD1

First byte of command code
received

FUSA_IF_RX_RECEIVED_CMD2

Command code received

FUSA_IF_RX_RECEIVED_SIZE1

First byte of data size received

FUSA_IF_RX_RECEIVED_SIZE2

Data size received
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7.3.9.8 Structures & Variables

Table 7.64. FuSa I/F Structures (r_fusa_if.h)

Structure

Variable

Remarks

fusa_if cmd_list t
(Command list structure)

command_code

Command code
information

data_size

Data size information

fusa_if cfg t
(FuSa I/F Configuration
structure)

p_uart_instance

Pointer to UART
instance

open_timeout

Timeout value

rx_cmd_num

Number of receive
packets

tx_cmd_num

Number of transmit
packets

rx_cmd_listCFG_FUSA_IF_CMD_RX_NUM]

Receive packet list

tx_cmd_listICFG_FUSA_IF_CMD_TX_NUM]

Transmit packet list

fusa_if packet _t

command_code

Command code

(FuSa I/F Packet data_size Data size
truct
structure) data[CFG_FUSA_IF_DATASIZE_MAX] Data
fusa_if _ctrl_t fusa_if status FuSa I/F status
(FuSa I/F Control n ; et T — ot
structure) ransfer_complete ransmission complete
flag
tx_tmp Transmit buffer
rx_status Receive status
rx_data_pos Receive data position
rx_tmp Receive buffer
rx_buf[CFG_FUSA IF_CMD_RX NUM] Storage buffers for each
receive packet
rx_complete_flag[CFG_FUSA_IF_CMD_RX_NUM] | Receive flags for each
receive packet
fusa_if api_t Open Open function
(FuSa I/F API structure) .
Close Close function

send_packet

Send packet

receive_packet

Receive packet

RO1AN8173EJ0100 Rev.1.00

Dec.19, 2025

RENESAS

Page 159 of 190




RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

7.3.9.9 Global Variables
Table 7.65. FuSa I/F Global Variables (r_fusa_if.c)

Type Instance Name Description

fusa_if ctrl_t g_fusa_if ctrl FuSa I/F control structure instance.

Initialized by the Open function.

fusa_if cfg t g_fusa_if cfg FuSa I/F configuration structure instance.
Each member is initialized at instance creation.

Values cannot be changed after initialization.

fusa_if api t g_fusa_if api FuSa I/F API structure instance.
Each member is initialized at instance creation.

Values cannot be changed after initialization.
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7.4 Functional Safety Control (for RZ/T2L-A, RZ/T2L-B)

7.41 Overview
The functional overview of the RZ/T2L Functional Safety Control Software is shown below.

- Realization of HFT = 1 functional safety system featuring RZ/T2L

- Safety control operation for the motor controlled by RZ/T2M on the reference board
(RTKOEF0190D01001BJ) in compliance with IEC61800-5-2 : STO, SS1-t.

- FSoE protocol processing compliant with ETG.5100ES (R) V1.2.0

This software uses the following functional safety solution products to realize safety unit with RZ/T2L.:

1. RZ(CR52 core) Family Self-Test Software Kit : RTKOEF0102F01001SJ Ver.1.30
including Diagnostic Software : Ver.1.01

2. RZ/T2L Group SIL3 system software kit : RTKOEF0154F01001SJ Ver.1.03
including Functional Safety Platform Software :Ver.1.00

3. RZ Family FSoE Application Software Kit : RTKOEF0129F01001SJ Ver.1.12
including FSoE Application Software :Ver.1.10

For details on these software products, please refer to the documentation included with each product.
Table 7.66 shows the folder structure of the RZ/T2L functional safety control software.

Table 7.66 Folder Structure of RZ/T2L Functional Safety Control Software71

Folder / file Description
\RZT2L RZ/T2L project folder
‘ \FSoE_SW_M RZ/T2L-A (Main) project folder
[\RzZT2L
\PL-SW
\PswLoaderFM
‘ \FSoE_SW_S RZ/T2L-B (Sub) project folder
[\RzT2L
\PL-SW

\PswLoaderFS
‘ \flashloader Folder for EWARM files for writing ROM on RTKOEF0190D01001BJ

Tlolo|le|N|lo|a|ldlw|N|=2|#

| \arm
‘\TwinCATS FSoE Master Project *

N
N

13 Safety_Drive.tfzip
14 Safety_Drive.tpzip
*: This project is available only on the system comprised of TwinCAT3 (Build 4026.19) as EtherCAT master

and the following FSoE Masters manufactured by Beckhoff Automation. If this is not the case, the user
must add a function described in section 7.4.7 to the FSoE Master.

- EK1100 : EtherCAT Coupler

- EL6900 : EtherCAT Terminal communication interface, TWinSAFE Logic

- EL9011 : Bus end cover for E-bus contacts
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7.4.2 Functional Overview

Table 7.67 shows functional overview of RZ/T2L functional safety control software.

Table 7.67 Functional Overview of RZ/T2L Functional Safety Control Software 72

73ltem Specification Refer to

Motor safety Status check of motor stop mode selector switch (SW9_1 and SW11_1) and natification to 7.4.4
controller unit: | the motor controller MPU (RZ/T2M)

Release of motor safe state and notification to the RZ/T2M 7.45

[Conditions for releasing motor from safety state]

By meeting the following conditions, the user can release the motor from the safe state by

pressing down two system boot switches (SW8 and SW10). The order of pressing

switches does not matter.

- FSoE communication is operated normally by the RZ/T2L and is in the FailSafeData
state.

- SafeData received from the FSoE Master shows that both pseudo emergency stop
switches on the RTKOEF0190D01001BJ (SW9_3, SW11_3) are OFF.

Motor safety control operation and notification to the RZ/T2M 7.4.6
[Conditions for motor safety control operation]
- SafeData received from the FSoE Master shows that pseudo emergency stop switches
(SW9_3, SW11_3) are ON.
- Transition of RZ/T2L FSoE to a state other than ProcessData.
- An error has been detected by PL-SW diagnostics in the safety controller RZ/T2L.

FSoE Protocol processing compliant with ETG.5100ES (R) V1.2.0 -
processing FSoE response performance: 339 us Figure
unit: 7.55
FSoE slave address: 0x0010 (Fixed) -
SafeData size: 1 byte (PDU size: 6 bytes) 7.4.7
SafeData specifications
[Safety Slave PDU side] [Safety Master PDU side]
SafeData is formed from status of safety Outputs the received SafeData directly to
input connectors (CON17, CON18) and safety output connectors (CON15, CON16).
pseudo emergency switches (SW9_3,
SW11_3).
SafeData[7] =! CON17_5 SafeData[7] = CON15_5
SafeData[6] =! CON17_4 SafeData[6] = CON15_4
SafeData[5] =! CON17_3 SafeData[5] = CON15_3
SafeData[4] =! CON17_2 & SW9_3 SafeData[4] = CON15_2
SafeData[3] =! CON18_5 SafeData[3] = CON16_5
SafeData[2] =! CON18_4 SafeData[2] = CON16_4
SafeData[1] =! CON18_3 SafeData[1] = CON16_3
SafeData[0] =! CON18_2 & SW11_3 SafeData[0] = CON16_2
Others Operational status of the safety unit is displayed with LEDs 7.4.8
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7.4.3 Software Configuration

Figure 7.54 shows configuration of RZ/T2L functional safety control software. Hereinafter, Functional Safety
Platform Software and FSoE Application Software are referred to as "PL-SW" and "FSoE Application”
respectively.

User applications 1to 5 User applications 1to 5
5 4 3 2 1 1 2 3 4 5
LED lighting Blank Network Safety data 1/0 FSoE PL-SW PL-SW FSoE Safety data I/O Network Blank LED lighting
application | | application | | communication interface Application Application interface communication ' | application | | application
IC interface IC interface

Safety PDU FSoE

Self-test Self-test | ESoE

Slave Slave
Safety ¢y stack Cross- Cross- stack ¢y Safety
data monitoring monitorin data

RZIT2L-A (Main)

RZIT2L-B (Sub)

Motor
control
information

PL-SW cross-monitoring

Safelnputs Data exchange between FSoE Applications Safelnputs

SafeOutputs SafeOutputs

RZ/T2M
(EtherCAT
communication)

Motor power shutoff Motor power shutoff

PL-SW
Safety application
Non-safety application

&—> Safety data / black channel data

Figure 7.54 RZ/T2L Functional Safety Control Software Configuration71
Table 7.68 shows descriptions of user applications.

Table 7.68 User Application Description74

App N
No Application =
1 |FSoE Application An application for protocol stack processing, which serially exchanges data with

FSoE Application running on the counterpart RZ/T2L.

2 | Safety data I/O interface Software that controls safety input/output ports and exchanges safety data with FSoE
Application.
It also notifies of motor control information to RZ/T2M.

3 |Network communication IC  [[On RZ/T2L-A (Main)]

interface Transmits and receives Safety PDUs to/from RZ/T2M that performs EtherCAT
communication. Also exchanges Safety PDUs and communication parameters with
FSoE Application.

[On RZ/T2L-B (Sub)]

Exchanges communication parameters with FSoE Application.

4 | Blank application An empty task reserved for user processing.

5 |LED lighting application An application for evaluation purpose that controls LEDs to display operation status

of this software.
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Figure 7.55 shows operation sequence of RZ/T2L functional safety control software. Operation sequence of

user applications is controlled by PL-SW. In this sequence, FSoE data for one data communication is

processed per PL-SW cycle.

Startup processing phase ‘

PL'SW startup User application initial setting / diagnostics
RZ/T2L-A  [PL:SWinitial seting APP APP APP APP APP PLSW S A
(Main) diagnostics 1 2 3 4 8 synchronization
RZ/T2L-B [PL-SW initial setting /| APP APP APP APP APP | S B
(Sub) diagnostics 1 2 3 4 5 synchronization
‘ PL-SW cycle processing phase ‘
339 PL-SW cycles
APP APP APP APP APP APP APP APP APP APP APP APP
A —o{eev[ITRETINE - [ R - [
19 30 35 25 35 10 35 10 35 10 35 25 35
B ﬁ{ LS l APP | APP | APP ’ APP ‘APP’ APP ‘APP’ APP ‘APP| APP | APP ’ APP P
7 3 1 2 1 5 1 4 1 4 1 2 1
19 30 35 25 35 10 35 10 35 10 35 25 35

APP1: FSoE Application
APP2: Safety data I/O interface

APP3: Network communication IC interface

APP4: Blank application
APPS5: LED lighting application

Numbers = window time (us)

Figure 7.55 RZ/T2L Functional Safety Control Software Operation Sequence72

Table 7.69 shows addressing of PL-SW and user applications in the memory.

Table 7.69 PL-SW and User Applications Addressing75

Memory Address Software description permiﬁgaet(}taﬁt test Rsoul\t/l)J(\?\ﬁ-tititgg
ATCM H'0000 0000 - H'0001 4FFF | PL-SW code v v
H'0001 5000 - H'0001 AFFF | PL-SW data v
H'0002 0000 - H'0002 4FFF | APP 1 code v v
H'0002 5000 - H'0002 5FFF | APP 2 code v v
H'0002 6000 - H'0002 6FFF | APP 3 code v
H'0002 7000 - H'0002 7FFF | APP 4 code v
H'0002 8000 - H'0002 8FFF | APP 5 code v
H'0002 9000 - H'0003 3FFF | APP 6~16 code (Not used) v
H'0003 4000 - H'0007 FFFF | Not used
System H'1000 0000 - H'1000 OFFF | APP 1 data v
SRAM H'1000 1000 - H'1000 1FFF | APP 2 data v
H'1000 2000 - H'1000 2FFF | APP 3 data
H'1000 3000 - H'1000 3FFF | APP 4 data
H'1000 4000 - H'1000 4FFF | APP 5 data
H'1000 5000 - H'1000 FFFF | APP 6~16 data (Not used)
: : Not used
H'100F FOO0O - H'100F FFFF | PL-SW checksum v
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Table 7.70 shows resources used by RZ/T2L functional safety control software. See user manual of the
reference board (RTKOEF0190D01001BJ) for details about connectors (CONxx) and switches (SWxx).

Table 7.70 Resources used by RZ/T2L Safety Drive Software76

Item Module used Pin used Application
PL-SW SCI1 TXD1 :P02_2 |Cross-monitoring (RZ/T2L-A < RZ/T2L-B)
RXD1 :P02_0
GPT7,9, 10 GTIOC10A :P13_2
GTETRGB :P24_0
CRCA1 None Code data test
FSoE Application SCIO0 TXDO :P16_0 |FSoE-related data exchange (RZ/T2L-A & RZ/T2L-
RXDO :P16_1 |B)
DMACO ch0-1 |None
CRCO None
Data I/O interface PORT P01_3~0 Safelnputs RZ/T2L-A: CON17_5~2 pins
RZ/T2L-B: CON18_5~2 pins
P13_7~4 SafeOutputs RZ/T2L-A: CON15_5~2 pins
RZ/T2L-B: CON16_5~2 pins
P10 _4 Motor stop mode RZ/T2L-A: SW9_1 ™
(STO/SS1-1) RZ/T2L-B: SW11_1
P10_3 Not used RZ/T2L-A: SW9_2 ™2
RZ/T2L-B: SW11_2 2
P10 _2 Pseudo emergency |RZ/T2L-A: SW9 373
stop switch RZ/T2L-B: SW11_3 "3
P10_0 System boot switch |RZ/T2L-A: SW8
RZ/T2L-B: SW10
P14_3 Notification of motor stop mode (STO / SS1-t) to
Rz/T2M
P14_2 Notification of motor operation permission to
RZ/T2M
PO7_2-1 Motor power shutoff
Network communication IC |SCI4 TXD4 :P18_4 |Safety PDU exchange (RZ/T2M & RZ/T2L-A)
interface RXD4 P18 5
DMACO ch2-3 |None
LED lighting application PORT P17_7~5,P17_3 Control of status indicator LED
P21_7~6, P21_2~1

"1: Operation modes are referenced on RZ/T2L startup. Any mode changes during operation will not be
accepted.

"2: These switches must always be "OFF".

"3: Switches SW9_3 and SW11_3 must be "OFF" after the RZ/T2L has been released from reset.
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7.4.4 Selecting Motor Stop Mode

Switches on the reference board (RTKOEF0190D01001BJ) allows users to select motor stop mode. On
startup processing phase of PL-SW, the state of the mode selector switches is identified and reported to the

RZ/T2M. Once reported, any further change made to switch setting will not be accepted.
Figure 7.56 shows signal control for motor stop mode.

Startup processing phase

PL-SW startup Verify SW9_1
RZIT2L-A PLSW APP1 APP2 APP3
(Main) .
l Notify RZ/T2M
When SW9_1 OFF = STO P14.3 | Undefined | 'L
When SW9_1 ON = SS1-t P14.3 | Undefined |  "H"

For RZ/T2L-B, motor stop mode is set by SW11_1. Mode setting must always be
the same between RZ/T2L-A and RZ/T2L-B.

Figure 7.56 Signal Control for Motor Stop Mode73
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7.4.5 Releasing Motor from Safe State
After the safety stop performed by RZ/T2L, motor can be released from the safe state when the following

conditions are satisfied:

[Conditions]
1. FSoE communication is operated normally by the RZ/T2L and is in the FailSafeData state.

2. SafeData received from the FSoE Master shows that both pseudo emergency stop switches on the
RTKOEF0190D01001BJ (SW9_3, SW11_3) are OFF (SafeData[4] = SafeData[0] = "1").
3. The above conditions are satisfied and two system boot switches (SW8 and SW10) have been pressed

down. The order of pressing switches does not matter.

System boot switches are only sampled while above conditions 1 and 2 are satisfied. These conditions can
be identified via status LEDs. See "7.4.8 Status LED Specifications" for details.

Figure 7.57 shows flow of releasing motor from the safety state.

[RZ/T2L-A] [RZ/T2L-B]
T T
RZ/T2L-A FSoE shifts to Synchro- RZ/T2L-B FSoE shifts to
FailSafeData state nized FailSafeData state

seusdo emergency
stop switch = OFF?*

seusdo emergency
stop switch = OFF?*

Start sampling SW8 | | Start sampling SW10
N N

ystem boot switch (SW1
ressed down?

ystem boot switch (SW8
ressed down?

Yes Yes
RZ/T2L-FSoE shifts to Synchro- RZ/T2L-FSoE shifts to
ProcessData state nized ProcessData state

I I

! |
Release motor from safety state Release motor from safety state
RZ/T2L-A PO7_2,P07_1 — "H" Rz/T2L-B P07_2,P07_1 — "H"

Notify RZ/T2M of motor control End
permission (P14_2 — "H")

*: Can be identified by SafeData received from the FSoE

End
Master. Both SW9_3 and SW11_3 must be "OFF" to proceed.

Figure 7.57 Safety State Release Flow74
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7.4.6 Safety control operation

RZ/T2L stops the motor and starts safety control operation when the following conditions are satisfied:

[Conditions]

1. SafeData received from the FSoE Master shows that one or both pseudo emergency stop switch are ON
(SafeData[4] = "0" or SafeData[0] = "0").

2. Transition of RZ/T2L FSoE to a state other than ProcessData due to FSoE communication error

3. An error has been detected by PL-SW diagnostics in the safety controller RZ/T2L.

Figure 7.58 shows sequence of motor safety control operation.

[In STO mode ) Condition match confirmed

Motor power shut off PO7_2 " ‘ w»  Power shutoffimmediately
signal from RZ/T2L-A,  P07_1
RZ/T2L-B
Notification of motor P14 3
stop mode by RZ/T2L-A = L J/
Notification of motor
control permission by P14_2 "H" ‘ L
RZ/T2L-A
[In SS1-tmode] Condition match confirmed Power shutoff after 3
sec from confirmation
Motor power shutoff P07 _2 " w
signal from RZ/T2L-A,  P07_1
RZ/T2L-B 3s
Notification of motor P14 3
stop mode by RZ/T2L-A = "H" l
Notification of motor
control permission by P14_2 "H" ‘ L
RZ/T2L-A
Figure 7.58 Safety Control Sequence75
RO1AN8173EJ0100 Rev.1.00 Page 168 of 190

Dec.19, 2025 RENESAS




RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

7.4.7 SafeData Specifications

RZ/T2L functional safety control software generates SafeData in Safety Slave PDU from the input value of
the safety input connectors (CON17, CON18) on the reference board (RTKOEF0190D01001BJ) and the
value of on-board pseudo emergency stop switch (SW9_3, SW11_3). It also outputs the SafeData value in
Safety Master PDU to safety output connectors (CON15, CON16) on the reference board. Note that this
software is designed on the premise that SafeData received by the FSoE Master is output without changes.
Figure 7.59 shows specifications of SafeData.

FSoE Master
transmits received SafeData as it is

RTKOEF0190D01001BJ
Safety Slave PDU Safety Master PDU

Safe Safe

Data Data
SafeData[7] = !ICON17_5
SafeData[6] = ICON17_4
SafeData[5] = ICON17_3
SafeData[4] = ICON17_2 & SW9_3
SafeData[3] = ICON18_5
SafeData[2] = ICON18_4
SafeData[1] = ICON18_3 SafeData[7:4] SafeData[3:0]
SafeData[0] = ICON18_2 & SW11_3

& & nuunn| ||:||:||:|uu| ||:|nu|:|u| |un|:||:|u|

SW9 3 SW11 3 5432 5432 5432 5432

- - CON17 CON18 CON15 CON16
Switch OFF — "H" Safety input connectors Safety output connectors
Switch ON — "L" 24V applied — "H"

SafeData[7:0] generation example

Example 1: Both pseudo emergency stop switches = OFF, no voltage applied to safety input connectors
-SW9_3="H"
-SW11_3 ="H" — SafeData[7:0] = HFF
-CON17_5~2 ="LLLL"
- CON18_5~2 ="LLLL"

Example 2: Pseudo emergency stop switch SW9_3 = ON, SW11_3 = OFF, no voltage applied to safety input
connectors

-SW9 3="L"

-SW11_3 ="H" — SafeData[7:0] = HEF

-CON17_5~2 ="LLLL"

-CON18 5~2 ="LLLL"

Example 3: Both pseudo emergency stop switches = OFF, 24 V applied to safety input connector CON18_5
-SW9 _3="H"
-SW11_3 ="H" — SafeData[7:0] = H'F7
-CON17_5~2 = "LLLL"
- CON18_5~2 = "HLLL"

Figure 7.59 SafeData Specifications76
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7.4.8 Status LED Specifications

Operation status of RZ/T2L functional safety control software can be identified through LED on the reference
board (RTKOEF0190D01001BJ).
Figure 7.60 shows specifications of status LED.

B Topic Lights ON during Topic Lights ON when
PL-SW operation | Normal operation (Blink) | 3 PL-SW diagnostics Error detected
FSoE Master state| ProcessData state m Pseudo emergency stop SW | ON

[ m Notification to RZ/T2M Motor stop requested
RZ/T2L FSoE state ) Motor power shutoff by RZ/T2L| Power shutoff
Reset Session  Connection Parameter FailSafeData ProcessData o
= - = - = N = - [BL] - = . = :BI,i\:1k
L = = = = = | : OFF
Safety output connectors
Lights on when "H" is output Safety input conectors
BEDNE Lights on when "H" is input
||:||:||:||:||:|| ||:||:||:||:||:|| pnnl gooo
543 2 54 3 2 [boooo] [0oooao]
CON15 CON16 5432 5432
> CON17 CON18

Figure 7.60 Status LED Specifications77

The conditions of pressing down the system boot switch can be identified through status LEDs.
Figure 7.61 shows LED indication when the motor is released from the safety state.

Sample the system boot switches only the following conditions are met:

PL-SW operating normally [ Noerorfound from PL-SW diagnosfics
FSoE Master in ProcessData state [ 1 Pseudoemergency stop switch OFF

. . Motor stop request to RZ/T2M
RZ/T2L FSoE in FailSafeData state [ — Motor power shutoff by RZ/T2L

SW8 ON
SW10 ON
PL-SW operating normally [ Noerorfound from PL-SW diagnostics

FSoE Master in ProcessData state [0 [ Pseudo emergency stop switch OFF
. 3 1 Notification to RZ/T2M of motor control permission
RZIT2L FSoE in ProcessData state [ [ Cancellation of motor power shutoff by RZ/T2L

=3 :ON
[BL] : Blink
= : OFF
Figure 7.61 LED Indication on Releasing Safety State78
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8. Appendix

8.1 Integrated development environment Installation

8.1.1 EWARM

Please download from the website of IAR Systems.
https://www.iar.com/products#/search?architecture=Arm

8.1.2 e?studio

Please download and install the latest e? studio from the following URL.
However, if you have already installed the latest e? studio, specify a different folder to install.

https://github.com/renesas/rzt-fsp
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8.2 Appendix : A point of caution when using SSC Tool
3 When opening SSC Tool

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

2. When opening the SSC Tool for the first time, the following window may be displayed.
Please select [No] to not check for updates.

Updates X

Check. for updates?

[] Apply on each start Yes

* Regarding SSC Tool settings

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

EtherCAT Slave® - Slave Stack Code Tool = O X
File  Project | Toel | Help
¥ | Show Conflict Window
= i Slavelnfor dlas II 1€
: ﬁzpjvr\li:re EEPROM Programmer it o .
i EtherGAT Application DBSI’IIOn - Wersion A
. Synchronicme _ Aok ADS over EtherCAT
= dpplication aceapplh 511
ProceszData L
Mailbax applhterfaceh Ecatfppl EtherCAT application 513
- Gompiler bootmode o ESM EtherGAT State Machine 512
bootmode b 511
bootloaderapplc Bootloader Bootloader Sample 512
bootloaderapplh 512
ciat02applc CiAd02appl CiAadd2 Sample Application 513
ciat02applh 513
coeapplc CoE CAM Application Profile over EtherCGAT 513
coeapplh 513 W
Add Filels)
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4. Under the [Generic] tab, uncheck [Open last project] and [Check for updates].

Generic  Editar  Create Files  Configurations

o7y startup
[] Open last project

[] Check for updates

EtherCAT vendor information

Wendor name |F{enesas Electronice Corporation |

Vendor ID | 0x 766 |

Apply on new Projects

Cpen

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

6. Click [OK] to apply the updated settings.
This concludes with the SSC Tool setup for this sample program.
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8.3 Appendix : How to install patch
There are two methods as follows:

1. Via Git for Windows (64bit)
2. Via MinGW Installation Manager

8.3.1 Via Git for Windows (64bit)
This section describes how to install patch via Git for Windows.

1. Download the installer (e.g., Git-x.xx.x-64-bit.exe) from the official Git for Windows website.
Git for Windows

2. Run the downloaded installer and follow the setup instructions. Use the default settings unless you have
specific requirements.

3. After installation, add the path to patch.exe to your system’s environment variables.
For a default installation, the path is typically:

“C:\Users\<your-username>\AppData\Local\Programs\Git\usr\bin”
To apply the changes, restart your computer after updating the environment variables.

4. Start Command Prompt, enter “where patch”.
If the path to patch.exe is displayed, the installation was successful.

Git¥usr¥hir

RO1AN8173EJ0100 Rev.1.00 Page 174 of 190
Dec.19, 2025 RENESAS


https://gitforwindows.org/index.html

RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

8.3.2 Via MinGW Installation Manager
This section describes how to install patch via MinGW Installation Manager.

1. Download “mingw-get-setup.exe” from the following URL.

https://sourceforge.net/projects/mingw/

2. Execute “mingw-get-setup.exe”, install “Mingw-installation-manager” according to the dialog.

3. IfIt's completed and 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

all Pa - Package Installed Werzion

] mingw-developer—toalkit-bin

[] mingws2-base—bin :
] mingwd2-gcc—ada-bin !
[] mingws2-gec—fortran-bin !
] mingwd2-gcc—e++-bin !
[ ] minew32-ecc—objc—bin !

Unmark

I Mark for Installation I

Mark for Reinstallation
Mark for Upgrade

Mark for Rernowval

4. Select “All Packages” in the left window, right-click on “msys-patch-bin” in the right window, and select
“Mark for Installation”.

T MinGW Installation Manager

Installation Package Settings

Basic Setup Package Ihstalled Wersion
All Packages
MinGi [] mevs-openssh-doc
MinGW BazeNSugtem [] mevs-openssh-lic
mng é‘brar_'ss 4 [] msvs-openszl-bin
[yl ontribute _ _
MinGEW Autotools D msys-openss| d,l:":
MEYS ] mevs-openzsl-lic

M55 Base System 2 patch-bin I—
MinGW Developer Toolkit [] meys-patehedac Unmark
MSYS5 System Builder [] meys-patch-lic Mark for Installation I

D isys—per-bin Mark for Reinstallation
|:| mays—perl-doc
|:| mavz—per —html
[] mavs-perl-lic Mark for Rernowval
1 mevs—oerl-man

Mark for Upgrade
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5. Select “Apply Changes” in “Installation” in the above menubar.

T MinGW Installation Manager

MSYS Baze Swatem

MSYS System Builder

MinGW Developer Toolkit

| Installation | Package Settings
e Catalogue |
ades
I Apply Changes I
Cluit Alt+F4
M35

Package

D mevs-openssh-doc
[] meys-openssh-lic
D mavs-openssi-bin
[] meys-openssl-doc
D maves-openssl-lic

[] meys-patch-doc
D meves-patch-lic

mevs—patch-bin

6. “Schedule of Pending Actions” window is displayed, click “Apply” button.

7. If “All changes were applied successfully; you may now clone this dialogue.” is displayed, Installing

patch.exe is succeeded.

8. Add the path to the installed patch.exe to the system environment variables.
For example, add the following path in the case of default path.

“C:\MinGW\msys\1.0\bin”

After updating the system environment variables, restart your computer to apply the changes.

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

BE¥ Select Command Prompt

Ft Winc

on 10,0, T4
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8.4 Appendix: Procedure for Creating the FSoE Master Program
This section describes how to create an FSoE master program equivalent to the one prepared in Section 6.2.

(1) Creating the TwWinSAFE Project
1. In the TwinCAT 3 System Manager tree, right-click [SAFETY].
2. Select [Add New Item] to create a new project.
3. Choose [TwinCAT Safety Project Preconfigured ErrAck].
4. Edit the project name as desired. In this document, the project name will be “safety project_1” for
explanation purposes.
5. Click [Add].

6. Set Target System to [Hardware Safety PLC] and Programming Language to [Graphical Editor].

7. Click [OK].

[ Solution TwinCAT Project17' (1 project)
4 ] TwinCAT Project7
b @l svsTEM

Add New ltem... 1

Add Existing ltem...

Rename

Ins
Shift+Alt+A

1,
=]

o Cr+
VISION
& anaLymg
4 1/0

4 %2 Devica [ Hide SAFETY Configuration
4 = Device 1 (EtherCAT)

Add New Item - TwinCAT Project17

4 Installed

5

Sort by:

Search (Ctrl+E)

ErrAck  TwinCAT Safety Project

TwinCAT Safety Project Typer TwinCAT Safety Project

Creates a new sa fety project with a
TWinSAFE group with preconfigured
ErrAck mapping.

onfigured Inputs  TwinCAT Safety Project

lﬁ TwinCAT Empty Safety Project TwinCAT Safety Project

6. mmmmm———————— .
Target System 1 Harduare Safety PLC 1
Programming Language 1| Graphical Editor -1
Author 3142347
Intemal Project Name safety_project_1

Figure 8.1.

TwinSAFE Project Creation Procedure
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)

Importing the Device

1. In the System Manager tree, navigate to [SAFETY] — [safety_project 1] — [safety_project_1
Project] — [TwinSafeGroup1], then right-click [Alias Devices].

Click [OK].

o M D

Select [Import Alias-Device(s) from I/O-configuration]. The Select from 1/O tree window will appear.

Check the box for [Renesas EtherCAT RZ/T2 SafetyMotorSolution].

If the import is successful, the message [Importing of 1 Alias Devices finished] will appear. Click [OK].

[3] Solution TwinCAT Project17' (1 project)
4 o] TwinCAT Project17
b [dll sYSTEM
MOTION
[ pLC
4 4| SAFETY
4 |} safety_project_1
Fl safety_project_1 Project
-3 References
8 Target System
b GVLs
e UserFBs

=g ar-
@] safety.p
[l c++
VISION =]
&l AnaLTICS
4 [lfs]
4 L Devic 2 oo

4 = De.o

Scope to This
Mew Solution Explorer View

Sort Alias Devices

*B |mage-Info

A o e oSl FE e =
T
»

- Select All

L L LT

Select from I/O tree

| 4 Dawra L EtherCATl S s el Ma e m e e e e
14 Box 3 (Renesas EtherCAT RZ/T2 SafetyMotorSolution) :
3.1 Module 2 (FSOE module) i

Al ek ]

H Select None |

Cancel

25

Importing of 1 Alias Devices finished.

‘.-"'7' § Importing and mapping of 1 Alias Devices succeeded:

"~ -Box3 (Renesas EtherCAT RZ_T2 SafetyMotorSelution) - Module 2 (FSOE medule) sds

Figure 8.2. Importing the Device
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®)

Configuring the TwinSAFE Graphical Editor

1. In the System Manager tree, navigate to [SAFETY] — [safety project_1] — [safety_project_1
Project] — [TwinSafeGroup1].

a k0N

Right-click [TwinSafeGroup1.sal].
Select [Open] to launch the TwinSAFE Graphical Editor.

Click the [Properties Window] button to open the Properties window.

In the Properties window, set Map Diag and Map State under Info Data to True.

faJ Solution TwinCAT Project17 (1 project)
4 ) TWinCAT Project17
b (@ sYSTEM
MOTION
PLC
4[] sAFETY
4 [ safety_project 1
4[] safety_project_1 Project
-] References
8 Target System
53 ovLs
i UserFBs
4 ;3 TwinSafeGroup
4 [ Alias Devices

2. -l Enedsknawdedgement sds
TainSateGroup 1 sal

- <Local>

sect1?
TwinSafeGroup.sal + X TwinCAT Project!7

— ] Networkt

B8 Box 3 (Renesas EtherCAT RZ_T2 SafetyMotorSolution) - Modu

Open 1 3.

Alt+Enter

Cor Open With...
& vision
<> View Cod
& AnaLyTIcS e ode
4« o Scope to This
4 ¥ Devices New Solution Explorer View
4 5 Device 1 (EtherCAT)
Properti
S8 g A& Properties
D !
WnCAT S (ARMVT-A) <] B Attach. = | # ApmE e o
|

Map Diag False

HLOB

Analog FB Output Failsafe Values

Set the analog
value s zero.

The defaut

+=>

B Info Data
Map Diag False
Map State False
B Info Data
\Map Diag True
5.
True

Figure 8.3.

Configuring the TwinSAFE Graphical Editor
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(4) Creating Function Blocks
1. Select [VIEW].

2. Select [Toolbox] to display the Toolbox window.

@ TuinCAT Project17 - TcXaeShell

Fil 1. tl| View | Project  Build Debug  TwinCAT 1T
= - ——

i - <> Code
% Builda02 ©  Open )
Open With...

Ctrl+Alt+L
Ctrl+Y, Ctrl+M

£

fal Solution Explorer
-3

Team Explorer

Search Solut]

"™ Bookmark Window Ctrl+K, Ctrl+W

R Selutio .
4 ﬂi Twit % ErrorList Ctrl+\, E
b ﬂg [ Output Ctrl+Alt+0
B A TaskList Ctrl+\, T
I = Toolbox Ctrl+ Alt+X

i [ e e

Ll

T

[

L4008

Command

Toolbox
Toolbox -1 x
Search Toolbox P
4 Comments
&k Pointer

3 Comment
Al CommentConnector
4 Connections
&k Pointer
L, Connection
FA  Network
4 FunctionBlocks (integer)
k  Pointer
safedd
safeCamMonitor
safeCompare
safeCounter
[ safediv
safeEnvelope
[E]  safeLimit
safeLoadSensing
[#]  safeMul
safeSET
[E] safescaling
safesLl
safesLl2
safeSLP
safeSpeed
[E]  safesub
safeViolationCNT
4 FunctionBlocks (boolean)
Kk Pointer
safeddvPosMon
[E] safeand
safeConnShutdown
safeDecouple

=)

Toolbox

Figure 8.4. Creating Function Blocks 1
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3. From [FunctionBlocks(boolean)], select [safeDecouple].

4. Drag and drop [safeDecouple] into the TwinSafeGroup1.sal window to create the function block.

TwinSafeGroupl.sal® ® > TwinCAT Project1?

4. Drag and Drop

—
——
—
—-—-__-_
——
——
-

TwinSafeGrouplsal® # X

ﬂ safeDecouple
FBDecouplel

¥0] Declini
¥0] Decln2
¥) Decin3
¥0] Decing
¥0] Decln3
$0] Declné

#] Decln?
¥] Decing

Toolbox

Search Toolbox

I Comments

I Connections

I FunctionBlocks (integer)

4 FunctionBlocks (boolean)

R
El

EEEEEEEEEEE D

Pointer
safeAdvPosMon

safeDecouple 1
B =

safebstop

safeMon

safeMuting

safeOpmode

safeOr

safefls

safebr

safeTof

safeTon

safeTon2

safeTwehand

safeXor

Figure 8.5. Creating Function Blocks 2
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Assigning Variable Names to Function Block I/O
1. Right-click [DecIn1] on the function block [FBDecouple1].

2. Select [Properties].

3. Under [Parameter Settings], set [Assigned Variable Name] to INPUT1.

4. Similarly, set [DecIn2] to INPUT2.

TwinSafeGroupl.sal & X

'3 safeDecouple
FBDecouplel

Decfutt [
Add New Variable

Change Link

Clear Link{s)

Autolayout B
Show Page Break Preview »

Change Execution Order of FBs
Show Online Value

Show References

Properties
Decln1 InPort

I

Cut CtrleX El Documentation
Copy Chrl-C Comment
Fote ey Bl ParameterSettings _ ________
b Pasi Del KT 1< gned Variable Name INPUT| :
Validate EERpe oo -—=\
= elidaie Al Port Name Decin1 \\
2. 1 g properies | Alt+Enter \ _—
e —— \ © 7 safeDecouple
\ | FBDecouplel
[Finscoroupisar = > e \
- Network1 \}‘
BN ateDecoupie T INPUTT (3] Declnd
R o INPUT2 [B] Decln2
A 9] Decin2
1
INPUTY J5] Declni_—————————— DecOutl II B
4. =E|;Dec\n2 -:— DecOut2 II Bl
iEf]_D;\E— Add New Variable II 19] Decing
19 Decind Change Link / 5] Decin?
Clear Link(s) /
2] Dechns / 3] Decing
E s Autolayout 3 I/
Show Page Break Preview . /
e Change Execution Order of FBs Properties II
15] Declng Show Online Value DecIn2 In Port 7
— Show References o, | » ,'
Gm G " |2 Documentation II
Cory Si=E Comment /
pete o B Parameter Settings _ ________ /
= ' weut2 |
Frv — Validate "UEta'!ﬁe- ________ B —_—
’Oﬂm'"ﬁ’“j-—___vaﬂjieﬁ‘_l : Port Name Decln2
m & Properties | Ale-Enter

Figure 8.6. Assigning Variable Names 1
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5. Repeat steps 1—4 for all terminals.

"— 1 Networki
:' 7 safeDecouple ThaAt
! FEDecouplel ‘N}
I-----_-__ N ----I
I INPUT1 fO] Declni : | DecOut1 OUTPUTI :
| |
I INPUT2 E Decin2 IDeu:DutZ QUTPUTZ |
: INPUT2 O] Decln3 : :DecDut3 QUTPUT3 :
| [INPUT4 fO] Decind 4§ ] DecOutd 0] ouTPUT4 |
I I I I
I IMPUTS E] Decin5 I IDecDut_"'r QUTPUTS
I N;PUTE O] Decin : | DecOuts QUTPUTE :
|
: INPUTY E Decin? § IDeu:lCZrutT|r OUTPUTT |
I inpuTe Declnd I IDeu:Du DL.ITF‘L.ITEI
[ | [ I
Figure 8.7. Assigning Variable Names 2
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Mapping Variables

1. In the TwinSAFE Graphical Editor, select the [Variable Mapping] tab at the bottom.
2. Select the [Variables] tab.

For INPUT1, click [...] to open the Map to window.

Select [Sublindex 001].

Click [OK].

Repeat for other variables.

[ L

agishls Megeing Map Local Variable: INPUT to .. B
| Var\ablasJG\ 2 “orts | Replacement Values | Max Start Deviation Search: Search all levels
| S .

+ | 4 safety project 1 Usage

Variable Scope  Assignment u 4 G| TwinSafeGroup1 ® Unused only

4 Alias Devices
4 Box 3 (Renesas EtherCAT RZ_T2 SafetyMotorSolution) -

[~Jiseai

Direct
GroupPort_ErAck Local  [.|[ ErrorAcknowledgementln (TwinSafeGraup1 E * Channel 1 .”E‘;‘C‘"
VLY < bindex 001 (T : BOOL Size: 1 BitlH]
INPUT1 Local E Y= e Tt =T Out
INPUT2 Local [ 3. E © Sublndex 003 Shaw Variable Types
= S Sltnis o5 Ve e
Variable Mapping TR % Sublndex 006 .
Function block ports
% Sublndex 007 7 Local grou
% Sublndex 008 | e
4 TwinSafeGroup1 group
% FEET ( Graup ports
% ComEr ¥ Local group
% Outirr Dther groups
% OtherErr |
. Safe I/0Ox
® Com Startup e —
@ B Deactive e
@ FBRun (T L
i

Standard I/Os
acilion

Selected ltems Cous

Variable Mapping
Variables | Group Perts | Replacement Values | Max Start Deviation

- Group Search

Variable Scope  Assignment Usages. On
[~ ilocal

GroupPort_Emack Local [ ][ ErrorAcknowledgementin (TwinSafeGrowpt) [T 1.Em Ack ]
INPUT1 Local :\_ |(Box 3 (Renesas EtherGAT RZ_T2 Module 2 (FSOE moduls bindex 001 (T - |[T 1 Network1 FBDecouple1.Decin1 ]
INPUT2 Local | [Z][Box3 (Renesas EtherGAT RZ_T2 Module 2 (FSOE module). Sublndex 002 (T DT 1 Networkl FEDecouple1 Decin2 ]
INPUT3 Local :\. |(Box 3 (Renesas EtherCAT RZ_T2 Module 2 (FSOE module) Sublndex 003 (T 1T 1 Network1 FBDecouple .Decind ]
INPUT4 Local | [-][Bax3 (Renesas EtherCAT RZ T2 Module 2 (FSOE module). Sublndex 004 (T -l 1.Network] FEDecoupleT.Declnd ]
INPUTS. Local |[][Box3 (Renesas EtherCAT RZ T2 Module 2 (FSOE moduls bindex 005 (T DT 1 Network1 FEDecouple1.Decin5 ]
INPUTE Local I‘ |[Box 3 (Renesas EtherGAT RZ_T2 Module 2 (FSOE moduls bindex D06 (T DT 1 Network1 FBDecouple1.Decinb ]
INPUT7 Local |[-][Box3 (Renesas EtherCAT RZ_T2 Module 2 (FSOE moduls bindex 007 (T D 6. SafeGroupl Networki FBDecouplel.Decin? ]
e Loce {3 Conen e GAT T2 5ol e [FO0E mogil) bl 08 Coipbistro L BGREmi emit _ — _
oUTPUTT Local || TwinSeieGroupt NetworclFEDesoupleT DooOul — — || |[oos (Menouss ElerCAT R 12 SalenMotors Medule 2 (FSOE module) Sublndex 001 (Twi 1)\}
OUTPUT2 Local [][T 1 Network1 FBDecouple DecOut2 -] Box 3 (Renesas EtherCAT RZ_T2 Module 2 (FSOE modul blndex 002 (T ]
OUTPUT3 Local [][T 1 Network1 FBDecouple1 DecOut3 |i-][Box 3 (Renesas EtherCAT RZ_T2 Module 2 (FSOE module).Sublndex 003 (T 1) \I
OUTPUT4 Local [][T 1 Network1 FBDecouple1 DecOutd )l-](Box 3 (Renesas EtherCAT RZ_T2 Module 2 (FSOE modul blndex 004 (T 1) \:
OUTPUTS Local [T 1 Network1. FBDecouple.DecOuts V.. |(Box 3 (Renesas EthercAT RZ T2 Moduls 2 (FSOE module) Subindex 005 (T 1]l
oUTPUTE Local [L[T 1 Networkl.FEDecouple1.DecOutd Jj-|[Eox 2 (Renesas EtherCAT RZ T2 Module 2 (FSOE module).Sublndex 006 (Twi 1)\=
ouTPUTT Local [T 1.Networkl.FBDecoupleT.DecOut? I 1[Box 3 (Renesas EtherCAT RZ_T2 Medule 2 (FSOE medule).Sublndex 007 (T ]|
oUTPUTS Local [L[T 1 Networkl.FBDecouple1 DecOutd Ii_ [Box3 (Renesas EtherCAT RZ_T2 SafetyMotorSolution) - Module 2 (FSOE module) Sublndex 008 ( qﬂniafe_cm_ugl)_!

Figure 8.8. Mapping Variables
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(7) Creating the PLC Project
1. In the System Manager tree, right-click [PLC].
Select [Add New Item...] to create a new project.
Choose [Standard PLC Project].
Enter a project name. In this document, the name safety PLC_project_1 will be used.
Click [Add].

a k0D

137 Solution ‘TwinCAT Project!T (1 project)

Add New Item - TwinCAT Project17 ?
4 gl TwinCAT Project1?

b @ svsTEM 4 Installed Sortby:[Default -] &F Search (Ctrl+E)
e 1. =———===x Default PLC Templates 3. BT Sndarapic GNP ORI IR Type: Default PLC Templates
o Creates a new TwinCAT PLC project
Cor e Tyt ﬁ Empty PLCProject  Default PLC Templates  CONtaining atask and a program.
2] vision Rename
& anavmcs X
= Add Project from Source Control...
4 T Devices Paste Ctrl+V
4 = Device 1 (Ether( Paste with Links
28 image

8 lmage-info Hide PLC Configuration

4.
| ] ,
Name oty ic poec ]
Locatien: C:\Users\a314234T\Documents\TcXaeShel\ Twin CAT Project1 T\ Twin CAT Pi ~ Browse...

Figure 8.9. Creating the PLC Project
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(8) Writing the PLC Program
1. In the System Manager tree, navigate to [PLC] — [safety PLC_project 1] — [safety PLC_project_1
project] — [POUs], then right-click [MAIN(PRG)].
Select [Open] to open the PLC project.
3. Add the program shown in the figure.

fal Selution "TwinCAT Project17' (1 project)
4 gl TWinCAT Project?
b (@l SysTEM
— MOTION | o e e o o o -
I PLC 1
I safety PLC project_1
1 4[] safety PLC_project_1 Project |
I P[5 References I
: £3 DUTs 1
i [ 6VLs | MAIN + X 3.
4 [ POUs 1 PEOGEAM MRTN
B MAIN (PRG) . [, e e =
e —————— —-d H 2 VAR :
b [ PlcTask (PlcTask) Export to ZIP EI bErrkck AT 3Q* : BOOL := TRUE;,
.- SAEET\;HFHY_PLC_WDJMJ " [ Export PLCopenXML... CI bERRRckIn AT £I* : BOOL ; 1
E Cas @ Import PLCopenXML... 5 IEND VAR :
VISION T Ctrl+X €
g MFFEALYTICS ! Copy Ctrl+C
A
4 %2 Devices XX Delete Del 3.
4 =% Device 1 (EtherCAT) Rename 2. om————m—m
22 Image Remove Ctrl-Del 1| |bErrick := BERRZCKIn ;!
*® |mage-Info r-('_)_O ______________ 1 [ D U N ——— !
b 2 SyncUnits I___ien_ ____________ 1

Figure 8.10. Writing the PLC Program

(9) Building the PLC Program

1. In the System Manager tree, right-click [safety PLC_project_1 project].

2. Select [Rebuild] to build the project.

3. If successful, [Rebuild All succeeded] will appear, and the two variables declared with VAR will be
generated in the Instance.

Solution Explorer ML MAIN & X

= e g 1| PROGRAM MAIN
@t o-a| s ol e .
== ERaemem———— - P Search Solution Explorer (Ctrl+:) P~ 2 | bErzAck AT 5Q¢ : BOOL := TRUE; |
L3 ouw Compile Ct [a] Solution TwinCAT Project17 (1 project) 4 | bERRACKIn AT :I* : BOOL ; 1
L GvLs ¥ 4 Ll ™winCAT Project!7 S o
4 & PoUs 45 b [dll SYsTEM ,
3 MAIN (PRG) 2 I_r_ _Rebuild 1 MOTION w

safety_PLC_project_1
b % safety PLC_project_1 Project
4 O[] safety PLC_project_1 Instance 2/
4 Pl it — 7
I>. MANSERRAckn | pg
+ W BT vl
|E- MAIN.bErAck |

3. Rebuild All succeeded

Figure 8.11. Building the PLC Program
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(10) Registering the FSoE Master Device

1. In the System Manager tree, navigate to [SAFETY] — [safety_project_1], then right-click
[safety project_1 Project].

2. Select [Properties].

3. In the [Target System] tab, click the icon for [Physical Device] to open the Choose physical terminal
for mapping window.

Select the connected FSoE master device (e.g., EL6900).
Click [OK].
After configuration, device information will update. The Serial Number will be required later.

S

Confirm that [Safe Address] and [Hardware Address] match. If they differ, click the icons in order (a)
— (b) to synchronize.
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Figure 8.12.

Registering the FSoE Master Device

RO1AN8173EJ0100 Rev.1.00

Dec.19, 2025

Re Page 187 of 190
RENESAS




RZ/T2M, RZ/T2L Group Safety Motor Control Reference Kit Startup Manual(EtherCAT/FSoE)

(11) Checking the FSoE Slave Device (Safety Motor Control Reference Kit)

1. In the System Manager tree, navigate to [SAFETY] — [safety_project_1] — [safety_project_1 Project]
— [TwinSafeGroup1] — [Alias Devices], then double-click [Box X (Renesas EtherCAT RZ T2
SafetyMotorSolution) - Module X (FSOE module)].sds.

2. Confirm that [FSoE Address] and [Dip Switch] match the slave device’s FSoE address. If not, click the
update icon.

3. Confirm that [Full Name] and [Linked to] display device information. If they show “not available,” click
the update icon.

b o 3 Renesas Eth..2 (FS0E modulea: =
@E-|o-a| ﬁ|E| Linking | Connection | Safety Parameters | Process Image
SearchiSolutionibplorer(Clile-) PN FsoEaddress: 116 } External Safe Address:
LA
%7 Solution TwinCAT Project1? (1 praject)
Aut ti
4 [l TWinCAT Project1? LinkingMoc 5 ' | Automatic
bl svSTEM Physical Dewice: | TID"Device 1 (EtherGAT)"Box 3 (Rrmrn-n SthnsnT 07m i, [ #H
MOTION e 15 The Update Icon
= Dip Switch: 116 P Emmmmm= P
3 PLC ip Switch f _________________ 1
4 [ SaFETY Input Full Namel TID"Device 1 (EthercaTy Term 1 (EK1100)"Term 2 (EL6900)'Ca |
“ ‘@? safest:f,;;w:’::];“ gt Linked to: || TID"Device 1 (EtherCAT)"Box 3 (Renesas EtherCAT RZT2 Safety | <€=== The Update Icon
4 References Output: Full Name: THD"Device 1 (EtherCAT) Term 1 (EK1100)"Term 2 (EL6900)"Ca |
78 Target System Linked to: || TIID"Device 1 (EtherCAT)*Box 3 (Renesas EtherCAT RZIT2 Safety | €=== The Update Icon
T = e e 3
O User B Name: Message_2 3.
4 7 TwinSafeGroupl 1.
4 Bg AlasDevices | | o o e e o o o o o o e s e e e
Box 3 (Renesas EtherCAT RZ_T2 SafetyMlotorsalution) - Module 2 (FSOE modu\a}sdsﬂl
ThHetEsaEenE -~ ———————————— ==
TwinSafeGroupl.sal
[E) safety_project_1 Instance

Figure 8.13. Checking the FSoE Slave Device

Note 1: If [Dip Switch] shows “n.a” and does not update, communication with the slave device may have been
lost. Reconfigure starting from Section 6.1.

Note 2: If [Full Name] and [Linked to] remain “not available,” reconfigure starting from Section 6.1.
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(12) Selecting the ErrAck Signal

1. In the System Manager tree, navigate to [SAFETY] — [safety_project_1] — [safety_project_1 Project]
— [TwinSafeGroup1] — [Alias Devices], then double-click [ErrorAcknowledgement.sds].

2. Click the icon next to [Full Name].
3. Select MAIN.bErrAck and click [OK].
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Figure 8.14. Selecting the ErrAck Signal
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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.
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.
Input of signal during power-off state

Do not input signals or an 1/0 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.
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.
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.
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 Vi
(Max.) and Vin (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 ViL (Max.) and Vi (Min.).
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.

O Arm and Cortex are registered trademarks of Arm Limited (or its subsidiaries) in the EU and other

countries. All rights reserved.

OIEEE is a registered trademark of the Institute of Electrical and Electronics Engineers Inc
OEtherCAT® and TwinCAT® are registered trademark and patented technology, licensed by Beckhoff

Automation GmbH, Germany.

OFA-CODER is a registered trademark of Tamagawa Seiki Co., Ltd.
OAdditionally 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.

11.

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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