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Introduction

This document explains test procedures for EtherCAT®™ slave functionalities with the adapted EtherCAT Stack Code for

Renesas RZ/N1 platform. This describes steps to evaluate slave behavior and stack features using TwinCAT®Master
Configuration tool.
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1. Overview

This document describes how to run EtherCAT on the RZ/N1 Series. It is possible either to run a standalone variant
only using one core, the Cortex®-M3-core, or to use two separate cores in the case of the RZ/N1D communicating via
Core To Core. Both cores feature the GOAL (Generic OS Abstraction Layer) which handles the communication of the
cores and provides basic functionality e.g. timer handling.

The EtherCAT protocol runs on Cortex-M3-core in both the standalone and the Core To Core variant. Its task is the
communication with other operators, therefore the alias name of the Cortex-M3-core is communication core (CC) in
this document.

In the Core To Core variant the user application is executed on the Linux based Cortex-A7-core. This core is also
named as application core (AC). In the standalone variant the user application is running on the communication core,
either.

EtherCAT(Ethernet for Control Automation Technology) is an Ethernet based fieldbus system, developed by Beckhoff
Automation. Development of EtherCAT was to apply Ethernet for automation applications (e.g. for motion control, 1/0,
sensors) requiring short data update times with low communication jitter and reduced hardware costs.

Tool to generate EtherCAT Slave Stack Code (SSC Tool) is available to the ETG members free of charge. This can be
downloaded from the ETG website. SSC tool can be used to generate customized stack, device description files (ESI)
and individual source code documentation to suit the developer’s own needs.

Core EtherCAT stack supports basic slave functionalities and mailbox protocols such as CoE, FoE, etc.

1.1 Purpose

This document explains test procedures for EtherCAT slave functionalities with the adapted EtherCAT Stack Code for
Renesas RZ/N1 platform. This describes steps to evaluate slave behavior and stack features using TwinCAT Master
Configuration tool.

1.2 Scope

The document scope is limited to in explaining the usage of SSC tool for EtherCAT Slave Stack code generation, and
testing of its behavior against TwinCAT master and Test Application.

1.3 Abbreviations/Definitions
Table 1. Abbreviations/Definitions

Index Abbreviations Description
IDefinitions
1 CoE CAN application protocol over EtherCAT
2 EEPROM Electrically Erasable Programmable Read-Only Memory
3 ESC EtherCAT Slave Controller
4 ESI EtherCAT Slave Information
5 FoE File Access Over EtherCAT
6 12C Inter-Integrated Circuit
7 MB Mail Box
8 PDO Process Data Object
9 SSC Slave Stack Code
10 EoE Ethernet Over EtherCAT
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14 Reference

Technical information about EtherCAT is available via ETG member site, and information about RZ/N1 is available via
Renesas.

Table 2. Technical Inputs

Technical Inputs

=]
Q.
o
X

EtherCAT Slave Stack Code - Application Note.pdf

ETG2200_V3i0i1_G_R_SlavelmplementationGuide.pdf

r01uh0750ejxxxx-rzn1-introduction.pdf

r01uh0753ejxxxx-rzn1-ethernet.pdf

RZ_N1D_DB_Board_SCHEMATIC.Vxxx.pdf

RZ_N1D_DB_Board_Setup_Notes.Vxxx.pdf

RZ_N1S_DB_Board_SCHEMATIC.Vxxx.pdf

0N WIN|[—~

RZ_N1S_DB_Board_Setup_Notes.Vxxx.pdf

[(e]

RZ_N1L_DB_Board_SCHEMATIC.Vxxx.pdf

-
o

RZ_N1L_DB_Board_Setup Notes.Vxxx.pdf

—_—
—_—

RZ_N1_EB_Board_SCHEMATIC.Vxxx.pdf

N
N

RZ _N1_EB Board_Setup_Notes.Vxxx.pdf
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2. Features
The EtherCAT slave stack code generated by SSC Tool provides the functionality of EtherCAT slave controller.
It features:

o ESM (EtherCAT State Machine)
e mailbox protocols:

— CoE (CAN application protocol over EtherCAT)
e synchronization Modes:

— Free Run

— Sync Manager Synchronization

— DC Synchronization

EtherCAT.

EtherCAT is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany.

3. Project Setup
3.1 Requirements

Table 3. Requirements

Item Description

Board Renesas Electronics
e RZ/N1D-DB Development Board or
e RZ/N1S-DB Development Board or
e RZ/N1L-DB Development Board

If 3ports of ESC is needed on RZ/N1D or RZ/N1S, requires
e RZ/N1-EB Expansion Board

IDE IAR Systems
Embedded Workbench® for ARM Version 8.22.1 or later
Emulator IAR Systems
I-jet
SSC Tool Slave Stack Code (SSC) Tool Version 5.11 or 5.12
Software PLC Beckhoff Automation
TwinCAT3
RO1AN4239EJ0110 Rev.1.10 Page 5 of 27
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3.2 Hardware

Please take care of following the setup guidelines for the RZ/N1 Demo Board from the Linux and U-boot
documentation - RZN1x-Quick-Start-Guide.pdf

Please follow these initial steps to setup the UART and DFU connection.

1. Connect the board to a Linux PC via the UART and the DFU interface. After the driver for the device has been
installed, four additional serial ports will exist. The board uses the 3rd port for serial output. On Linux PCs, if you
have no other serial-over-USB devices attached, this is /dev/ttyUSB2.

2. Open a serial terminal on the Linux PC e.g. with
cu -e -0 -115200 -1 /dev/I XXX
Replace the “XXX” with the serial device where the UART of the board is connected to.

Device connection between EtherCAT master and slave is shown below.

Table 4. EtherCAT connection for RZ/N1D-DB

Function Connector Description
EtherCAT Port A CN4 Connect to PC with TwinCAT3
EtherCAT Port B CN1 No connection or connect to other EtherCAT Slave

Table 5. EtherCAT connection for RZ/N1S-DB

Function Connector Description
EtherCAT Port A CN5 Connect to PC with TwWinCAT3
EtherCAT Port B CN1 No connection or connect to other EtherCAT Slave

Table 6. EtherCAT connection for RZ/N1-EB

Function Connector
EtherCAT Port C J24

Description
No connection or connect to other EtherCAT Slave

Table 7. EtherCAT connection for RZ/N1L-DB

Function Connector Description
EtherCAT Port A CN5 Connect to PC with TwinCAT3
EtherCAT Port B CN1 No connection or connect to other EtherCAT Slave

If RZ/N1L-DB or RZ/N1-EB is used, it’s necessary to change Switch or Jumper setting on board as shown below.

Table 8. SW/Jumper Setting for RZ/N1L-DB

SW/Jumper Default Setting Setting for EtherCAT Description
SW5-2 OFF ON I12C Cat

Table 9. SW/Jumper Setting for RZ/N1-EB
SW/Jumper Default Setting Setting for EtherCAT Description
Jumper CN15 MDC1 MDC2 MDIO2 connected
Jumper CN16 MDIO1 MDIO2 to PHY2 and PHY3

RO1AN4239EJ0110 Rev.1.10
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3.3 Sample Application

Several sample applications are provided for EtherCAT device stack They show how to set up and use the stack. The

following examples can be found in the folder goal/appl/goal ecat/.

e 00 _rpc_cc — communication core (Core To Core variant only)
o 01 io_data—simple IO application (Standalone variant, Core To Core variant for AC)

3.4 Configuring the sample application
3.41 Generating the Slave Stack Code

SSC Tool is used for generating the slave stack code.

1. Start the SSC Tool from the Window Start menu.

. EtherCAT Slave Stack Code Tool ~

T EEPROM Programmer
. EtherCAT Development Docume...

s5c  S5C Tool

2. Select File > New.

By EtherCAT Slave® - Slave Stack Code Tool

File | Project Tool Help
|_’| Mew  Ctrl+N |- Slave Settings

5 Open Ctrl+0 S50 Version £.12
Caonfig File Version1.4.00

[l Sawe  Ctrl+S

| File name
Save As In&
aoeapplc
Exit aneapplh
Ma”'b';;u T appllhterface h
fe Compiler bootmode o

RO1AN4239EJ0110 Rev.1.10
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3. Click the [Import] button and select the SSC Tool configuration file at,
“goal\protos\ecat\ssc\Renesas EtherCAT RZN1x-DB SSCconfig.xml”

Slave Stack Code Tool | New Project

(® Default
(O Custom | EL9800 | 2Axis Cifd02 Sample

Default SlavestackCode configuration.
A1l zettings are available.

Import

0K

4.  After the configuration file is read, the window changes as follows:

Slave Stack Code Tool | New Project

() Default

(® Custom | Reresas EtherGAT RZM1x-DE SSCconfie <Renesas Electronics Carplr s

Wendor: Renesaz Electronice Corp. (0x7EE).
Wersion: 0.0.0.1

fraementz mav be added which are MOT covered by the licenze from
Butomation GmbH.

Shall be set if the Slave code executes on a Renesas RZAMN1 Evaluat

MOTE: This configuration iz not provided by Beckhoff Sutomation and files or file

~

Beckhoff

ian Board.

0K

Once the configuration file is read, it is registered in Custom and is selectable from

the drop-down list.

RO1AN4239EJ0110 Rev.1.10
Mar 29, 2019 RENESAS
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5. After clicking the [OK] button, the following window opens.
By EtherCAT Slave” - Slave Stack Code Tool - O hed
File  Project Tool Help
[ Slave Settines
350 Version 812
Config File Versionl 4.0.0
File name Description “erzion A
aoeapple
- Application aoeapplh 51
i.. ProceszsData L
Mailbax applvterface h Ecatfppl EtherGAT application 512
- Campiler bootmode o ESM EtherCAT State Machine 512
bootmaode b 1
bootloaderappl Bootloader Bootloader Sample 512
baotloaderapplh 512
ciadl2applc Gifd02appl CiAd02 Sample Application 512
ciadl2applh 512
coeapplc CoE CAM Application Profile over EtherGAT 512
coeapplh 512 W
Add File(s)
Gonflicts
€ Info & Warning &3 Error
New project created
6. Select Project > Create new Slave Files.

BER EtherCAT Slave™ - Slave Stack Code Tool

File

Project | Tool

Help

% O Project Update 2

E..

Find Setting Ctrl+F " o.12
Werzionl 400
. Create new Slave Files  F5 -

- Synchronisation

= Application aceapplh
----- ProcessData
. Mailbae applinterface k
- Gompiler bootmode o
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7. Click the [Start] button to start creating the EtherCAT Slave Stack Code.

Create new Slave Files :

Project File D¥Connect_it RZN¥Software¥G0 AL ¥goal¥protos¥ecat¥ssc¥ Renesas EtherCAT RZN1x-DEesp ‘

Source Falder |D¥0Dnnect_iI_RZN¥SDﬂware¥GOHL¥gua|¥prutus¥acat¥ssc¥5r: ‘ Change

ESI File |D:¥ODnnect_|t_HZN¥Sthware¥GOP.L¥goaI¥protos¥ecat¥ssc¥Renesas EtherGAT F‘ Change
[r¥Cionnect_it_RZN¥Software¥GOAL¥eoal¥protos¥ecatizec

Progress

Gancel

8. When a message “New file created successfully” appears, the creation processing is completed and the source files
are located in the following folder.

“goal\protos\ecat\ssc\Src”

54}
File
m  Froject File  [D¥Connect_it RZN¥Goftwars¥GOAL¥goa Mprotos¥enatssc¥Renasas EtherCAT RZN1x-DBssp |
=] Reng Source Folder [D¥Gonnect it RZN¥Software¥GO AL¥e0aprotos¥ecat¥ssc¥Sro¥ |
g ESI File [D¥Connect it RZM¥Software¥GOAL¥eoaMprotostiecatéssc¥ Renesas EtherCAT F|
i E D¥Gonnect it RZM¥Saftwars¥G0 AL ¥e0alprotos¥ecatésac il
| Progress -
B"A "SampleRpplicationInterface h" : skipped (SAMPLE_ APPLICATION_INTERFACE) ~
"applInterface.h” : new file written
g : new file written

new file writzen

: mew file wri Create Files Finished — [ X
: new file wril
: new file writ
"ecatcoe.h" : new file wrig New files created sucoessfully
"ecatslv.c" : new file writ
"ecatslv.h" : new file writ
"esc.h” : new file IIIE:LEEED COpen Folder
"mailbox_c" : new file writ
"mailbox.h"™ : new file wri
"objdef_ c" : new file written
"objdef.h"™ : new file written
"sdoserwv.c" : new file written i
"sdoserv.h" : new file written
Cenerate files finished
Create device on f£inished "D:\C t_it RIN\. GCORL\goal\protos\ecat\ssc

\Renesas EtherCAT RZN1x-DB :ml"™

Create Slave files finished

< Close

PO T a1 e T T T T i R R £ Ao
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3.5 Running the sample application

The RZ/N1D and RZ/N1S use the U-Boot bootloader for initial setup of the hardware and loading of the Cortex-M3
firmware. Additionally the RZ/N1D U-Boot bootloader is used for booting the Linux Kernel. The RZ/N1L is working
without any bootloader. This chapter describes how to install the management software on the flash of the board. If no
bootloader was yet installed on the RZ/N1D and RZ/N1S please refer to the Linux documentation - Quick Start Guide
for U-Boot and Linux - RZNIx-Quick-Start-Guide.pdf.

There are many similarities between the derivatives of the RZ/N1 series but some minor difference, too. Therefore here
is a more detailed explanation how to run a sample application on each.

All standalone projects and the CC project of the Core To Core variant contain different workspaces for each board
variant. The project workspaces ending on * eb contain the configuration for the CPU Board together with the
extension board (4 switch ports). The other project workspaces contain the configuration for working with the CPU
Board only.

3.5.1 Standalone Variant — RZ/N1D and RZ/N1S

It is possible to load the code via debugger into RAM, which is a very fast approach to test the user application, or to
flash the Cortex-M3 core. In both cases the applications are located at goal\projects\goal ecat and must be built using
IAR Embedded Workbench.

e NID-DB - goal\projects\goal ecat\0l io_data\iar\renesas\rznld demo_board\rznld_demo_board.eww
e NID-EB - goal\projects\goal _ecat\01 io_data\iar\renesas\rznld _demo_board eb\rznld _demo_board eb.eww

e NIS-DB - goal\projects\goal ecat\01 io_data\iar\renesas\rznls_demo_board\rznls demo_board.eww

3.5.2 Loading application into RAM via IAR Embedded Workbench

To compile a project, follow these steps:

Start the IAR Embedded Workbench

Open a project via Open/Workspace

Go to the workspace folder and open it:

In case the CPU board is used together with the extension board, please ensure to select the correct IAR-project.
Compile the project via “Project/Compile” or “Project/Rebuild all”.

Power up the device

6. Open a serial terminal e.g. PuTTY and connect it to the serial interface where the UART is connected to (also see
step 1 in section 3.2 for selecting the correct device). The following settings must be configured for the connection:

b s

e

Configure the seral line

Speed (baud) 115200 |
Data bits E |
Stop bits |'I |
Parity Mone v
Flow contral HONSKOFF ~

Figure 3.1: Serial Terminal settings RZ/N1D and RZ/N1S

RO1AN4239EJ0110 Rev.1.10 Page 11 of 27
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7. Press any key on your keyboard to interrupt the bootloader.
8. Ensure to configure the U-boot boot command to release the Cortex-M3 core after reset. This is done
by the command:
setenv bootcmd "mw 0x04000004 1 && rznl _start cm3 && loop 0 1"
followed by
saveeny
and reset the board.
9. Connect the debugger to the system via the “Download and Debug” button of the IAR Embedded Workbench.
10. After the Debug view opened, click on the “Go” button.

3.5.3 Loading application into flash via dfu-util

The board uses the u-boot bootloader for initial setup of the hardware and loading of the Cortex-M3 core firmware. This
chapter describes how to install the compiled management software on the flash of the board. If no bootloader was yet
installed on the board please refer to the Linux documentation — Quick Start Guide for U-Boot and Linux - RZN/x-
Quick-Start-Guide.pdf-

The following steps describe the installation of management software:

Connect a Linux PC to the board according to section 3.2.
Power up the board.
Hit any key to stop the autoboot of the u-boot
Type “dfu” in the serial terminal of the board and hit enter.
On a Linux terminal start the command
sudo dfu-util -a'sf cm3'-D FIRMWARE.bin
Replace FIRMWARE.bin with the file name of the software to install. The binary is placed at the subfolder Debug-
RAM\Exe of the IAR project folder.
6. When the download process is complete, press Ctrl+C on u-boot.
7. If the autoboot command was already configured, go to step 10.
8. Set the autoboot command in the u-boot:
setenv bootcmd "sf probe && sf read 0x4000000 d0000 80000 && rznl_start cm3 && loop 0 1"
9. Save the command to the flash: saveenv
10. Reset the device

SAEECE A e

3.54 Standalone Variant — RZ/N1L

The RZ/N1L does not use any bootloaders. If any application is stored in flash, it will be started automatically. Both,
loading into RAM and flash can be done using IAR Embedded Workbench .

e NIL-DB - goal\projects\goal ecat\0l io_data\iar\ renesas\rznll_demo_board\rznll_demo_board.eww

Start the IAR Embedded Workbench

Open a project via Open/Workspace

Go to the workspace folder and open it:

Compile the project via “Project/Compile” or “Project/Rebuild all”.

Power up the device

Open a serial terminal e.g. PUTTY and connect it to the serial interface where the UART is
connected to (also see step 1 in section 3.2 for selecting the correct device). The following
settings must be configured for the connection:

Sk W=
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Corfigure the seral line

Speed (baud) 115200 |
Data bits E |
Stop bits |1 |
Parity None v|
Flow control XONAXOFF  ~ |

Figure 3.2: Serial Terminal settings RZ/N1L

7. Choose either the Debug-RAM or the Debug-ROM configuration. First it is used for debugging via IAR Embedded
Workbench , second is loading the application into the flash.

@ rzn1l_demo_board - AR Embedded Workbench IDE - Arm 8.22.1

File Edit View Project |-jet/JTAGjet Tools Window Help

Figure 3.3 : IAR Embedded Workbench Configurations RAM and ROM for RZ/N1L

8. If you have chosen Debug-ROM click on “Download and Debug”. Change reset mode to “Hardware” and press
“Stop Debugging”. This is not necessary if you choose the Debug-RAM configuration.

. . 1 B a ™
ZE2E G CcO NIl @a:Em R D
Disabled [no reset)

Software

[ Hardware

Core

System

Enable Run to ‘main_tas

Figure 3.4: Changing Reset mode of RZ/N1L in Debug-ROM configuration

9. Connect the debugger to the system via the “Download and Debug” button of the IAR Embedded Workbench.
10. After the Debug view opened, click on the “Go” button.
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Mar 29, 2019 RENESAS




RZ/N1D, RZ/N1S, RZ/N1L Group Quick Start Guide: EtherCAT Slave Software

3.5.5 Core To Core variant — RZ/N1D (Communication Core)
The binary file for the Cortex-M3 core is located in the board type related IAR Embedded Workbench folder
e NID-DB -
goal\projects\goal ecat rpc_cc\00 goal rpc_demo\iar\renesas\rznld demo_board\rznld demo_board.eww
e NID-EB -
goal\projects\goal ecat rpc_cc\00 _goal rpc_demoliar\renesas\rznld_demo_board eb\rznld _demo_board eb.eww

Load the binary file to the flash according to the following steps.

Connect a Linux PC to the board according to section 3.2

Power up the board.

Hit any key to stop the autoboot of the U-Boot

Type dfu in the serial terminal of the board and hit enter.

On a Linux terminal start the command

sudo dfu-util -a"sf cm3" -D FIRMWARE
Replace FIRMW ARE.bin with the file name of the software to install. The binary is placed at the subfolder Debug-
RAM\Exe of the IAR project folder.

6. When the download process is complete, press Ctrl+C on u-boot.

7. If the autoboot command was already configured, go to step 10.

8. Set the autoboot command in the u-boot:
setenv bootcmd "sf probe && sf'read 0x4000000 d0000 80000 && sf read 0x80fe0000 b0000
20000 && sf read 0x80008000 1d0000 f00000 && rznl start cm3 && sleep 4 && bootm
0x80008000 - 0x80fe0000"

9. Save the command to the flash: saveenv

10. Reset the device

M e

3.5.6 Core To Core variant — RZ/N1D (Application Core)

The user application runs on the Linux system of the Cortex-A7. Its binary must be created by GCC and downloaded to
the RZ/N1 board manually.

3.5.7 Building and downloading the user application
The following steps describe, how to build a binary and download it to the RZ/N1 board.

1. Navigate with the terminal of a Linux PC to the project of the application core at
goal/projects/goal_ecat_rpc_ac/01 io_data/gcc.

2. Start the build process by executing the Makefile by typing
make

3. Select as target platform “rzn_a7 demo_board”.

4. Power up the board and wait till Linux booted successfully.

5. Copy the binary file build/rzn a7 demo board/goal rzn a7 demo_ board.bin to the
RZ/N1 board by e.g. secure copy (scp).

6. Start the binary file on the target by typing the commands
/goal rzn_a7 demo board.bin -i usb0

The GOAL setups the connection to the communication core via core to core and starts the user application.
The initialization is done when the log message “GOAL initialized” is printed at the terminal, if logging
is activated.
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4. Setting up a TwWinCAT3

41 Copying the ESI Files

Before starting TwinCAT, copy the ESI files that are included in the release folder to TwinCAT destination
“ATwinCAT\3.x\Config\IO\EtherCAT”

ESI file for current release available at,

N1D - “goal\protos\ecat\esi\N 1D\Renesas EtherCAT RZN1D.xml”
N1S - “goal\protos\ecat\esi\N1S\Renesas EtherCAT RZN1S.xml”
N1L - “goal\protos\ecat\esi\N1L\Renesas EtherCAT RZN1L.xml

4.2 Connecting to TwinCAT3
Start TwinCAT3 by using the procedure described below,

From the start menu, select [Beckhoff] — [TwinCAT3] — [TwinCAT XAE (VS2013)].

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

4.3 Scanning I/O Devices

e (Scan for devices): Under solution explorer -> I/O -> Devices, select ‘Scan’ as in Figure below

@ o-a| &=
Search Selution Explorer (Ctrl+;) P~
%] Solution TwinCAT_gECATSlave' (1 project)
4 ] TwinCAT_gECATSlave
bl SYSTEM
MOTION

b = Device 2 (EtherCAT) Microsoft Visual Studio

e Scan for boxes

&* Mappings

Yes

Figure 4.1: Scan Boxes
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o (Selecting port): The EtherCAT port will be displayed as below. Select and press OK

Solution Explorer
@ eo-a| s -
Search Solution Explorer (Ctrl+:)
R Solution TwinCAT_gECATSlave' (1 project)
o] TwinCAT_gECATSlave
b Gl SYSTEM
MOTION
O pLC
5] SAFETY

[Eed <+

b == Device 2 (EtherCAT)
&% Mappings

1 new 140 devices found
[ Device IEtReCAT] [Etheinet [TwinCa T Antel POTE tharmet Adapter [Ggab] [ |
Cancel
Select Al
Unselect Al
| —

Figure 4.2: Select Port

Note: This will list EtherCAT master, if a valid slave is present in the network

o (Activate slave): The slave is listed in the boxes, in our case “Renesas EtherCAT” in box1 shown in figure below.
Press activate free-run.

Selution Explorer
@ - -

30 Solation “TwinZaT _gICATSewe’ (1 progsct]
4 Jll TeanCAT gECATSIave
b gl ST
& MOTION
M e
I SAFETY
[~ I
a Eva
i " Deacen
4 ) Dedce I [EiherCAT)
+% mage
W s infe

2 Symelisis
Inguis 0 Aotrente Free Fun

M ronolt Visusl Studo

[ T =TT

=% Ben | (Renesii-EtherC AT =
&+ Mappng

=
»
B Cutgets
®
=

Figure 4.3: Activate Slave
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4.4 Updating EEPROM Data
If the data of another application has already been written to the EEPROM, replace the data.

The following shows the procedure for replacing the data on the EEPROM:
(1) Double-click [Box 1] to display a panel on the right side of the window
(2) Select the [EtherCAT] tab.

(3) Click the [Advanced Setting] button.

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

RZ/N1D, RZ/N18S ESI file includes 2 port and 3 port description. Please select the appropriate one.

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

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

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

e NID - “goal\protos\ecat\esi\N1D\Renesas EtherCAT RZN1D.xml”.
e NIS - “goal\protos\ecat\esi\N1S\Renesas EtherCAT RZN1S.xml”.
e NIL - “goal\protos\ecat\esi\N1L\Renesas EtherCAT RZN1L.xml”.

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

e A binary file will be generated in the specified folder.

e [Read from File] Select the ESI binary file — [Download].
o Confirm the write status using [Upload] option.

Option B — Download ESI XML.

e Select [Download from list].

e Select [Available EEPROM Description].

e Select [Renesas Electronics Corp.] — [RZ/N1- Slaves] — [RZ/N1 EtherCAT]
e Click the [OK] button.

After the data is replaced, restart the RZ/N1 (by turning it off and on, or resetting it) so that the new data is applied to

the microcomputer. Execute [Restart TwinCAT System].

RO1AN4239EJ0110 Rev.1.10
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TwinCAT Pregect13 & X

Hex Editor

Timesut Settings
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FivEREU 7 5B
init Commands
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o Distributed Clock
E5C ficcess
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Enhanced Link De
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Figure 4.4: EtherCAT EEPROM Programming
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4.5 Confirming the Communication Status

(Check for slave state): Check the state of EtherCAT slave in ‘Online’ tab. This will show “OP” state.

Search Solution

co@l -9 &=
Explorer (Cirls -

4 = Device 2 (EtherCAT)

State Machine
] Solution TwanCAT Project8T (1 progect) Bostatap
e C— T —
bl SYSTEM Pre-Op Safep -
C Requssted Gate: | |OP
= Momion () Clewr Emor ;
il e
5 i DLL Stous
+ Evo Podt A |Corme / O
4 *F Devioes Fod B | No Camter / Cosed

*¥ Image

% Image-info

2 Synclnits
Inputs

W Outputs

S-lodoliars

i Box 1 (Renesss EtherCAT

4 TAFLARY
L !».'!Eﬂlnput
i W RPDO

B 1Bt Output
b WeStste
4 [ InfoData
¥ State
b # Adsiddr
# DeOutputShify
# DchnputShift

Harme Online Type Size
| 328t Input 243 LIDHNT 4.0
# WeState 1] BIT 01
* Inpufﬂgk

mAddr. /Ol
.o Input
1522.3 Inpaut
15243 Imput

Figure 4.5: Operational Mode- Confirming communication status
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5. Testing the 1/0 Controller Sample Program
5.1 Confirm 1/O data

The sample application “01 io_data” operates as followings:

The behavior differs between Standalone Project and Core To Core CC Project.

5.1.1 Standalone Variant

e [f“32Bit Output” value equals to 0, “32Bit Input” value is incremented by each communication cycle.

e If“32Bit Output” value doesn’t equal to 0, “32Bit Input” value shows the value of switch SW1 on RZ/N1D-DB
board or SW4 on RZ/N1S-DB and RZ/N1L-DB board

e LEDs on RZ/N1D-DB board indicates 8-bits from the least significant bit of “32Bit Output” value.

To confirm I/O communication, select [32Bit Output] — [Online] by using TwinCAT3 and write 0xAA, and check with
a 32Bit Input and status LEDs.

Based on the value the I/O expander BankO LEDs will glow (Example: 0xAA — 10101010, ref: figure below). Also we
can confirm it with the value is updated (incremented counter in TXPDO).

@ o k- Veisble Pags Crire
L] Sobation “TwinCAT Project? (1 projec] o
. .J Tl ProjectdT Py Wams e I e II"
bl SYSTEM s
i MoTion Comrrerd
? :lr-f[Tf Set Valus Dialiog X .
. @ = | =3
4 "% Devices Hex [y Carcel | |
4 =8 Device 2 therCaT) Float T RT3 T
e IEEED
*B muge-infn |
B2 Symclleits Bosk (] 1 FEde | |
¥ Inpris I
v Iy Cutputs By 44,00 00 00 |
I Infolets Bi Sirm O O O @2 O 07 [
d ¥ Bou  (Reness FEherCAT | S = |
4 ) THPDO I
_ '"P‘t OM OFF ON OFF OM OFF ON  OFfil
" .
= G infolete
&, Mapgings
Figure 5.1: Sample 10 Application Output
RO1AN4239EJ0110 Rev.1.10 Page 20 of 27

Mar 29, 2019 RENESAS




RZ/N1D, RZ/N1S, RZ/N1L Group Quick Start Guide: EtherCAT Slave Software

5.1.2 Core To Core variant
o If“32Bit Output” value equals to 0, “32Bit Input” value is incremented by each setting cycle(1sec).
o If“32Bit Output” value doesn’t equal to 0, the value of "32Bit Output" is the same as the value of "32Bit Input".

To confirm I/O communication, select [32Bit Output] — [Online] by using TwinCAT3 and write a value other than 0,
and check with a 32Bit Input and Terminal software log.
Also we can confirm it with the value is updated (incremented counter in TXPDO).

" Solution Explorer » § x ADS Symbol Watch

g Symbol falue Type

L 2 SyncUnits 32Bit Tnput UDINT 1/0.Devices.
E Inputs 32Bit Qutput UDINT 1/0.Devices.
g W Outputs

‘-. @ InfoData

e 4 a% Box 1 (Renesas EtherCAT RZ/N1D-DB 2port)

g " TXPDO

4

s

* 32Bit Input
BxPD

WeState

TwinCAT Projectl x

Varisble | Flags | Online

+ @ InfoData
# State Wl 255 !
¥ AdsAddr Mew Va e ce eleaze W ite., 1
% DcOutputShift
# DelnoutShift ot

Figure 5.2: Sample 10 Application Output

WC_T | goal_Inloglegacy:1152] [AC_T|ape|_loop:217] OutputData chareed:

Figure 5.3: Log when changing Output Data
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5.2 Sync Modes

The Slave Stack Code supports different modes of synchronization which are based on three physical signals: (PDI )
IRQ, Sync0 and Syncl.

After setting the synchronous mode, please reflect the setting in [TwinCAT] — [Restart TwinCAT (Config Mode)] —
[Reload Devices].

5.21 Free Run
In this mode there is no slave application synchronization, AL EVENT ENABLED and DC_SUPPORTED disabled.

5.2.2 Sync Manager Synchronization
In this mode the slave application is executed as Sync Manager synchronous. AL EVENT ENABLED enabled and
DC_SUPPORTED disabled.

@|o-@| &= Genersl | ExherCAT [ OC | Process Dets | Statugp | Goff - Grkews | Ok
" N Excdoras IC B} r-e
Solution TvenCAT Peopect 14’ (1 peogect) Operatin Mace Si-Symcteon Y
Ll TwnCAT Progectis
il srstem
& MOTION
Bl rc
u :Mml Advanced Settings
@ E Distributed Clock
a ¥ Dedices
4 B8 Device 2 (TtherCAT) =
B image Opermion Mose M-Syt e |
(3 ) |m|gt.lndu | Enable e i
B Symclnits !
B Ingeats SYHRCD
b Bl Outpuls Coie Trne sl Shit Tima Qi
b Iedelets 8 i
= +% Bon | (Femrias ETherCAT l .
Ld TAPDD -
b RPDO
b WeState
4 I InfoDate
* Sate
b Adidde
# DolutputShaft
# Dclnguthit
&% Mappings SrNC 1
[T e 31 pmentiadl Fistesenoe ek
[+
Figure 5.4: SM- Synchronization
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5.2.3

DC Synchronization
SyncManager/Sync0 & SyncManager/Sync0/Syncl synchronous, both AL EVENT ENABLED and

DC_SUPPORTED are enabled.

1. Master setting for enabling DC synchronization.

2 B0 -

Sokstan TusnCAT Progact 1 {1 pacgact]

B
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L e
.= Advaned Semngs
- e AT 1 Hirbe gy
L+ w3 Bt e A
i [ — :
: "7":“'“"' P — [ LTIy
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Figure 5.5: DC Setting-Master
2. Slave setting for enabling DC synchronization
Genersl  BtheiCAT DC FrocessDats Ststup CoE -Onine Orline
Operstion Mode DC-Synchron -
Advanced Settings ..
Advanced Settings %
Distributed Clock Distributed Clock
Cyclic Mode
Operstion Mode | DC-Synchren ~
[ Enable Syne Unit Cycle (=) 4000
STNCO
Cycle Time (1) Skt Tims (s}
®syne UnitCyde  [x1 ~ User Defined P
) User Defined + SYNCD Cycls
O B
[ Bassd on Input Refersncs
—
SYNCT
(O Sync Unit Cycle Cycle Time (s}
@ SYNC D Cycle ®1 | Shift Time (us} |
[ Use s potential Reference Clock
oK Cancel
Figure 5.6: DC Setting Slave

Note:

SYNCO and SYNCI are level triggered interrupt. It can cause synchronization issues due to multiple interrupts

in a single pulse. To avoid this issue, pulse width can be reduced by changing the word 2 of EEPROM
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configuration value in ESI file. It sets the register 0x982 register of EtherCAT slave during power up. Also can
be solved by waiting for the line to be low in the interrupt handler by reading the status register 0x98E.
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6. Configuration definition for sample program

RZ/N1x group's EtherCAT sample program can be used with the following configuration by defining EWARM
Preprocessor setting, makefile, and configuration file.

B Definition for the Board type

1. Standalone Variant, Core To Core Variant for CC

EWARM Preprocessor setting

[Project] — [Options] —C/C++ Compiler — Preprocessor — Defined symbols

Table 10. Preprocessor setting at EWARM project

Index | CPU Board EB Board | Number of ports Defined symbol

1 RZ/N1D-DB no 2 port BSP_PLAT_RZN1DDB=1
RENESAS_CFG_BOARD_RZN1EB=0

2 RZ/N1D-DB yes 2 port or 3 port BSP_PLAT_RZN1DDB=1
RENESAS_CFG_BOARD_RZN1EB=1

3 RZ/N1S-DB no 2 port BSP_PLAT_RZN1SDB=1
RENESAS_CFG_BOARD_RZN1EB=0

4 RZ/N1S-DB yes 2 port or 3 port BSP_PLAT_RZN1SDB=1
RENESAS_CFG_BOARD_RZN1EB=1

5 RZ/N1L-DB no 2 port BSP_PLAT_RZN1LDB=1
RENESAS_CFG_BOARD_RZN1EB=0

2. Core To Core Variant for AC

“/goal/projects/goal _ecat rpc_ac/01 io_data/Makefile”
Table 11. Makefile Settings

Index | CPU Board EB Board | Number of ports Defined symbol
1 RZ/N1D-DB no 2 port CONFIG_MAKE_FEAT_3PORTS_EN=0
2 RZ/N1D-DB yes 2 port or 3 port CONFIG_MAKE_FEAT_3PORTS_EN=1

| Definition for EtherCAT and the number of ports
Standalone variant, Core To Core Variant for AC

. “/goal/appl/goal ecat/01 io data/goal config.h”
Core To Core variant for CC

. “/goal/appl/goal ecat/00_rpc_cc/goal config.h”

3. Macro definition for EtherCAT slave and the number of port
Table 12. Macro definition for EtherCAT slave and its ports

Setting Description
2 port #define GOAL_CONFIG_ETHERCAT 1
#define GOAL_CONFIG_ETHERCAT_3PORTS 0
3 port #define GOAL_CONFIG_ETHERCAT 1
#define GOAL_CONFIG_ETHERCAT_3PORTS 1
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7. Limitations

1. Onthe RZ/NIS, L DB board, 256 byte EEPROM is mounted as standard, therefore, EtherCAT Conformance Test
does not match. If want to conform to the conformance test, increase the capacity of the EEPROM.

2. Inthe case of the standard RZ/N1D, S DB board + EB board configuration, the EtherCAT Enhanced Link
Detection function can not be used. If want to use the Enhanced Link Detection function, allocate the PHY address
from ETHS by simple increase as shown in the table below.

External Ethernet port Internal port of PHY address (now) PHY address for
name EtherCAT Enhanced Link
Detection
ETH5 Port A 2
ETH4 Port B 4 3
ETH3 Port C 10 4
ETH2 (none) 1 1
ETH1 (none) 8 8
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8. Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU 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. 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 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. Unused pins should be handled as described under Handling of
Unused Pins in the manual.

2. Processing at Power-on
The state of the product is undefined at the moment 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 moment 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 moment 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 moment when power is supplied until the power reaches the level at which resetting
has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access these
addresses; the correct operation of LSl is not guaranteed if they are accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable. When

switching the clock signal during program execution, wait until the target clock signal has 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. Moreover, 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.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm that the

change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number may differ in
terms of the internal memory capacity, layout pattern, and other factors, which can affect the ranges of
electrical characteristics, such as characteristic values, operating margins, immunity to noise, and amount
of radiated noise. When changing to a product with a different part number, implement a system-evaluation
test for the given product

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

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

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

- TRON is an acronym for "The Real-time Operation system Nucleus.

- ITRON is an acronym for "Industrial TRON.

+ LITRON is an acronym for "Micro Industrial TRON.

- TRON, ITRON, and 1 ITRON do not refer to any specific product or products.

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

- Additionally all product names and service names in this document are a trademark or a registered trademark

which belongs to the respective owners. a trademark or a registered trademark which belongs to the respective
owners.
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Notice

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 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.

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.

. Itis 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.
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