REN ESAS Application Note

RX72M Group

Communications Board Modbus Startup Manual

Introduction

This application note is a quick start guide for Modbus communication with the RX72M communication board
for industrial network evaluation.

Target Device
RX72M
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1. Overview

This is a document of Modbus protocol stack that runs on RX72M, and gives an outline of functions,
application programming interface (API), and application sample when developing and implementing an
application that uses the protocol stack.

This package supports Ethernet-based Modbus TCP, RS-485 serial communication-based Modbus RTU,
and Modbus ASCII protocols.

1.1 Feature

The Modbus protocol is a communication protocol developed by Modicon Inc. (Schneider Electric SA.) for
programmable logic controllers (PLCs), the specifications of which are publicly available.
Refer to the protocol specification (PI-MBUS-300 Rev. J).

The Modbus protocol stack for RX72M allows easy development of the following applications: The stack
mode is specified by the initialization API at application execution time.

- Modbus RTU slave

- Modbus RTU master
- Modbus ASCII slave

- Modbus ASCII master
- Modbus TCP server

- Modbus TCP gateway

The Modbus protocol stack for RX72M supports the following nine function codes:
- 1 (0x01)-Read coils

- 2 (0x02)-Read discrete input

- 3 (0x03) — Read holding registers

- 4 (0x04) — Read input registers

- 5 (0x05)-Write single coll

- 6 (0x06)-Write single register

- 15 (0xO0F)-Write multiple coils

- 16 (0x10) — Write multiple registers

- 23 (0x17) — Read / Write multiple registers

For more information about Modbus, please refer to the following site.
http://www.modbus.org
'Modicon Modbus Protocol Reference Guide Rev.J] (Pl_MBUS_300.pdf)
'Modbus Application Protocol Specification V1.1b3] ( Modbus_Application_Protocol_V1_1b3.pdf)

Note) The version number may be different due to the update. Please refer to the latest manual.

R0O1AN4862EJ0200 Rev.2.00 Page 4 of 33
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1.2 Operating Environment

The sample program covered in this manual run in the environment below.

Table 1.1 Operating Environment
Item Description
Board RX72M communications board
TS-TCS07298 from Tessera Technology
CPU RX CPU (RXv3)

Operating frequency

CPU clock (CPUCLK): 240 MHz

Operating voltage

33V

Operating modes

¢ Single chip mode

e Boot mode (SCl interface)
e Boot mode (USB interface)
e Boot mode (FINE interface)

Device requirements

R5F572MNDDBD
e Code flash memory
Capacity: 2/4 Mbytes
ROM cache: 8 Kbytes
e Data flash memory
Capacity: 32 Kbytes
¢ RAM/extended RAM
Capacity: 512 Kbytes/512 Kbytes

Communications protocol

Modbus

Integrated development environment

e2Studio 2024-10 or later

Tool chain

C/C ++ compiler package V3.06.00 or later for RX family

Emulator (ICE)

Renesas E2 Lite

Evaluation tool

ModbusDemoApplication.exe: Modbus evaluation test program

R0O1AN4862EJ0200 Rev.2.00
Dec 25, 2024
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1.3 Reference document

Technical information on Modbus is available from the Modbus Organization site, and information on the
RX72M communication board is available from the Renesas Electronics site.

- Modbus Organization's site . http://www.modbus.org

- Renesas Electronics website : http://www.renesas.com

Table 1.2 Modbus related documents

Item Description
1 Modbus_Application_Protocol V1 _1b3.pdf

PI_MBUS_300.pdf

2
3 Modbus_over_serial_line_V1_02.pdf
4 Modbus_Messaging_Implementation_Guide_V1_0b.pdf

Table 1.3 RX72M Communication board related documents

Item Description
1 RX72M Group User's Manual: Hardware (RO1UHO804EJ)

2 RX72M Communication Board Schematic (rx72m-com)

Table 1.4 Emulator related documents

Item Description
1 E1/ E20 Emulator, E2 Emulator Lite User's Manual Supplement (RX User System Design)
(R20UTO399EJ)

2 RX Family E1 / E20 Emulator User's Manual (R20UT0398EJ)

R0O1AN4862EJ0200 Rev.2.00 Page 6 of 33
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2. Hardware
For detailed information on the board, refer to the RX72M Group Communications Board Hardware Manual.

General purpose LED USB Serial DC5V Power
(LED1 - LED4) (Power supply)  Supply Power

Ethernet
ch0

Ethernet Se g o
ch1 - - B ‘“'"E}Etherﬂﬂ!"w

| |l_l_l_'l_|_l_|_l_|_l_|l_|_l_|_l_|l |

e 1111 ! lll!i“\ ‘

: tsL- @s

"""" | 3 'Iiii 'i‘.i‘ti'li‘l =
"""" Ldddidide

MCU & Emulator  General purpose R$485
Mode Setting Input Switch Output
(Sw1) (SW5)

JTAG Connector

Figure 2.1 Configuration of the RX72M Communications Board

2.1 Setting up the Board

Before supplying power to the board, set up jumpers and connect the cables. In addition, make settings for
the JTAG configuration mode. This mode is normally used with a short circuit between jumper pins 2 and 3.
However, if the hot plug-in function is to be used, change the combination to jumper pins 1 and 2.

For the detailed locations of the related parts, refer to the RX72M Communications Board Hardware Manual.

|thertAT"'w- s

i Jpeiattestop] mis| et
L

| Jumper pins |

Figure 2.2 Setting up Jumper Pins
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2.2 Selecting the Power Source

Power to the RX72M can be supplied from a 5-V DC power source or through the USB port. Use whichever
is suitable for the configuration of your operating environment.

2.3 Debug environment
Source code debugging is performed by connecting a CPU board to a PC via the E2 Emulator Lite. The
connection between the CPU board, the E2 emulator Lite and the host PC is shown in Figure 2.3.

User interface cable e ( )
USB cable
—c—o__ |
[ll:l C1 0 )
. D 0 i
0 . o
[ | -
E2 emulator lite
C—/C—Eano |:|’ UL

I\- II_‘\. <
RX72M Com Board / - tﬂm
LT

Host PC

Figure 2.3 Connection between CPU board, E2 emulator Lite and host PC

The document about the CPU board is shown below.
Reference document
- RX72M Communication Board Schematic (rx72m-com)
CPU board schematic
- RX72M Group User's Manual: Hardware (RO1UHO0804EJ)
Hardware specifications (pin layout, memory map, specifications of peripheral functions, electrical
characteristics, timing) and operation description

The document about the Renesas development tool (E2 Emulator Lite) is shown below.
Reference document
- E1/E20 Emulator, E2 Emulator Lite User's Manual Supplement (RX User System Design)
(R20UTO399EJ)
- RXFamily E1/E20 Emulator User's Manual (R20UT0398EJ)

R0O1AN4862EJ0200 Rev.2.00 Page 8 of 33
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3. Installing the e? studio
Download RX72M compatible e2studio (2024-10 or later) from the following website.
https://www.renesas.com/e2studio_download

3.1 Installing the CC-RX Compiler V3.06.00
The compiler selection screen appears while installing e2studio. By selecting [Renesas CCRX v3.0 6.00] and

selecting [Next], CC-RX V3.0 6.00 compiler compatible with RX72M will be installed together.

@ Renesas CC-RX Compilers

»

[]Renesas CCRX v3.00.00 v2.00.0C

@ GCC for Renesas RX (Registration Required)

»

[1GCC for Renesas RX 4.8.4.201803  4.5.4,201802

[ GCC for Renesas RX 4.8.4.201801 4.5.4. 20180

Figure 3.1

e2studio-Compiler selection

To start e2studio, please run "e2studio.exe" located in the installed folder below.

e2_studio_rx72m\eclipse

3.2 Registering the Tool Chain

Register the CC-RX compiler v3.06.00 so that it can be used with the e? studio for RX72M.

(1) Start the e? studio for RX72M.

(2)  Select [File] — [New] — [C/C++Project].

&) workspace RX - e? studio

File Edit Navigate Search Project RenesasViews Run Renesas Al Window Help
New Alt+Shift+N » Renesas C/C++ Project >
Open File... [©] C/C++ Project

[}, Open Projects from File System... '=<_|> Project...
Recent Files b .=.:> Other.. Ctrl+N
Close Editor Ctril+W

Figure 3.2

e2studio-Project selection

R0O1AN4862EJ0200 Rev.2.00
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(3) In the [Templates for New C/C++ Project] dialog box, select [Renesas RX] — [Renesas CC-RX
C/C++ Executable Project] — [Next].

Templates for New C/C++ Project

#~ Makefile Project 2
( o
CMake a~=." Create a Makefile project using COT's new Core Build
Make System. Over existing content or a new project with op
Renesas Debug .
Renesas RX Renesas CC-RX C/C++ Executable Project
=TSN A G/C++ Project for Renesas RX using the Renesas
CC-RX toolchain.
Renesas CC-RX C/C++ Library Project
EEE A §/C++ Library Project for Renesas RX using the
Renesas CC-RX toolchain.
Renesas Debug Only Project
aenesas Renesas Debug Only Project
Figure 3.3 e2studio-Project selection
(4) In the [New Renesas CC-RX C/C++ Executable Project] dialog box, enter a desired project name
and select [Next].
(5) In the [Select toolchain, device & debug settings] dialog box, select [Toolchain Management] under
[Toolchain Settings].
(6) In the [Renesas Toolchain Management] dialog box, select [Add] — [Browse...] to refer to the

installation folder "C:¥Renesas¥RX¥3 0 _6".
The registration was successful if "v3.06.00 has been added under "Renesas CCRX".

Renesas Toolchain Management - e

{=lele]

Scan for installed toolchains on startup

Toolchain Type Installation Path

v [v] Renesas CC-RX
v3.06.00 C¥Program Files (x86)¥Renesas¥RX¥3_6_0¥
v3.03.00 C¥Program Files (x80)¥Renesas¥RX¥3_3_0¥
v3.01.00 C:¥Program Files (x86)¥Renesas Electronics¥CS+¥CC¥CC-RX¥V3.01.00%
v2.08.01 C:¥Program Files (x86)¥Renesas¥RX¥2_8 1%

~ [v] GCC for Renesas RX
8.3.0.202405 C¥ProgramData¥GCC for Renesas RX 8.3.0.202405-GNURX-ELF¥rx-elf¥rx-elf¥
8.3.0202311 C¥ProgramData¥GCC for Renesas RX 8.3.0.202311-GNURX-ELF¥rx-elf¥rx-elf¥
8.3.0.202305 C:¥ProgramData¥GCC for Renesas RX 8.3.0.202305-GNURX-ELF¥rx-elf¥rk-elf¥

[] KPIT GNURX-ELF Toolchain

Figure 3.4 e2studio-Project selection
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4. Sample application

4.1 Overview

This sample application program can be divided three blocks broadly.

1. Real time OS and TCP/IP stack.

2. Modbus protocol stack sample program, which uses FRTOS+TCP.

3. Modbus application sample program, which uses Modbus protocol stack sample program.

4.1.1 Modbus protocol stack (Sample program)
This sample application includes a sample program of Modbus protocol stack, which provides TCP or serial
communication based on Modbus protocol. This sample program uses RTOS and TCP/IP stack (for Modbus

TCP protocol).

4.1.2 Modbus application (Sample program)
This sample application includes Modbus application sample program, which use FRTOS+TCP and Modbus

protocols stack sample program.
Please refer to this chapter and chapter 5. Test communication by sample application in detail.

4.2 Block diagram
A block diagram of this sample application is shown in Figure 4.1.

Modbus Application (src/)

address.c

io_port.c

modbus_init.c function_code.c gpio_rts.c

Master Application

RS485 SW Reading
Direction Control GPLED Control

Task for Initializati itialization of
Task for Application Modbus Stack

\4 v

Stack Initialization API Master Mode
API

Modbus v v v

Protocol Stack Communication I/F (TCP/IP or Serial)
(r_modbus_rx/)
Tasks for Modbus Stack JCP/IP Communication for Serial Communications
TCP Server/Gateway mode for RTU/ASCII mode
and Debugging
A 4
Middlewares TCP/IP

TCP/IP Stack
izati Tasks for TCP/IP Com. Ethernet

Task Scheduling

- ETHERNETO

| RX72M

I IDSW, GPSW, GPLED I

| TS-RX72M-COM

Ether PHY, RJ45 usB RS485 Transceiver
Serial

Figure 4.1 Feature block diagram of sample application

R0O1AN4862EJ0200 Rev.2.00 Page 11 of 33
Dec 25, 2024 RENESAS



RX72M Group Communications Board Modbus Startup Manual

5. Test communication by sample application

5.1 Hardware connection
The Modbus protocol stack has different hardware connection methods depending on the stack mode.

51.1 Modbus TCP Server Stack Mode

Ethernet straight cable
, (100r1000r1000 BASE-T)
DHCP server  gthernet straight cable Ethernet straight cable
(100r1000r1000 BASE-T) {100r1000r1000 BASE-T)
9 HUB
= % %
B ! L=
5 7
RX72M Com Board
PC (Windows) USB E2 emulator lite  yser
interface interface
cable cable
Figure 5.1 Hardware connection example in Modbus TCP server stack mode

In this sample program, the IP address is automatically acquired from the DHCP server. When the sample
program starts, the log message shown in Figure 5.2 is output to the terminal software.

1 COMSE - Tera Term VT
File Edit Setup Control Window Help

Figure 5.2 Modbus TCP sample program startup log output message
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5.1.2 Modbus RTU/ASCII stack mode

Use RS-485 communication to connect the RX72M communication board to the PC.
The RS-485 transceiver module on the RX72M communication board is connected to the serial | / F channel
10 of the MCU, and the J6 pin is connected to RS-485.

Table 5.1 RS-485 I/F connection pin for Modbus RTU/ASCII (channel 6)
MCU port Channel 10 RS-485 transceiver connection pin RS-485 transceiver connection pin
(MCU side) (J6 side)

P86(RXD10) R A(1)

PC7(TXD10) D B(2)

P80(RTS10) DE GND(3)

Board_3V3 VCC -
GND GND -

P86(RXD10) R A(1)

Figure 5.4 is an example of connection when setting up Modbus RTU / ASCIl communication with RX72M

communication board.

UsSB
interface

cable RS485-USB RS485

A

=120
=

% % RX72M Com Board
PC (Windows) USB E2 emulator lite yUser
interface interface
cable cable
Figure 5.3 Hardware connection example in Modbus RTU/ASCII stack mode

RO1AN4862EJ0200 Rev.2.00
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51.3 Modbus TCP Serial gateway stack mode

Change the LED display on the Modbus RTU / ASCII slave device via the gateway device using the
application that runs on Windows PC and the Modbus command.

Two evaluation boards are required to check the operation. It becomes evaluation board A (for gateway
device) and evaluation board B (RTU / ASCII slave device)

On the evaluation board B (RTU / ASCII slave device) side, please download the RTU_SLAVE executable
file of Modbus RTU / ASCII stack referring to the mounting procedure of Modbus RTU / ASCII stack.

Table 5.1 Gateway device default settings

Operation mode MODBUS_RTU_MASTER_MODE
Baud rate 115200bps

Parity None

Stop bit 1

Ethernet straight cable

. (100r1000r1000 BASE-T)
DHCP server  Ethernet straight cable Ethernet straight cable
(100r1000r1000 BASE-T) (100r1000r1000 BASE-T)
% HUB %
m RS-485 [
g )
% % RX72M Serial
PC (Windows) USB E2 emulator lite User ComBoard  Slave
interface interface
cable cable
Figure 5.4 Hardware connection example in Modbus TCP serial gateway stack mode

[Limitations]
The gateway function uses the function of Modbus RTU / ASCII master mode.

Therefore, in Modbus TCP serial gateway mode, Modbus communication is only possible with function codes
supported in Modbus RTU / ASCIl master mode.

R0O1AN4862EJ0200 Rev.2.00 Page 14 of 33
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6. Project Setup

Describes the procedure to execute communication in the sample application.
Complete the hardware connection according to the protocol stack mode to be operated by the sample
application referring to 5.1 Hardware Connection in advance.

6.1 Modbus TCP Server Setup Procedure
This chapter describes the procedure for building Modbus TCP.

1. Import the sample project. After the program is started, by selecting [File] — [Import] — [Existing
Projects into Workspace]. Check the "select root directory" and click “Browse...” button.
—Select 'rx72m_modbus_eva’ —Check “modbus_rx72m” — [Finish].

Import
& mp

Import Projects

Select a directory to search for existing Eclipse projects.

I ‘
[
a
(@) Select root directony: | C:¥m72m_modbus_eva .|

() Select archive file:

Projects:
[+] modbus_n72m (C:¥n72m_modbus_eva) ; Select All
Deselect All
2. Open "cofiguration.xml".

Iy Project Explorer > -
v 25 modbus_rx72m (in rc72m_modbus_eva) [TCP_SERVER
m Includes
2 r_modbus_rx
& src
I';.',‘; rna-dbus_nt?2m.scfg|
modbus_ne?2m ASCII_MASTER_FREERTOSlaunch
modbus_n72m ASCI_SLAVE_FREERTOS launch
modbus_n72m RTU_MASTER_FREERTOS.launch
modbus_ ?2m RTU_SLAVE FREERTOS.Jaunch
modbus_ne?2m TCP_GATEWAY FREERTOS.launch
modbus_ne?2m TCP_SERVER_FREERTOS launch

?) Developer Assistance

R0O1AN4862EJ0200 Rev.2.00 Page 15 of 33
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3. Select the "Components" tab.
Confirm that all components are enabled.

type filter text

v (= Startup
w = Generic
& rbsp
wv (= Dnvers
v = IO Ports
& Config_PORT
w | = Communications
@ Config_SCI10
& Config_SCl6
 r_ether rx
& r_ptp_light_rx
w = Timers
% r_cmt_rx
w = RTOS
v = RTOS Kemnel
& FreeRTOS_Kemel
w [ RTOS Object
& FreeRTOS_Object

Owverview Board  Clocks | System Pins Interrupts

4. Generate the code with the "Generate Code" button.

12} modbus_n72mscfg X =0

Software component % &

configuration Generate Code |Generate Report

Components g2 i3 1%, = 4 3% Configure @

v & Generic i
& rbsp
v & Dnvers
v = /O Ports
& Config_PORT
= Communications
& Config_SC110
& Config_SCI6
& r_ether_nx
& r_ptp_light_rx
v = Timers
% r_cmt_n
~w (= RTOS &

R0O1AN4862EJ0200 Rev.2.00 Page 16 of 33
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5. Select [Build Configurations] — [Set Active] — [TCP_SERVER_FREERTOS]

CrAUIrn FAFFATA

MNew >
Go Into

Open in New Window
Show In Alt+Shift+W >

=] Copy Cirl+C
a Paste Ctri+V
n 3 Delete Delete
ur Source >
E" .'\r"'\-.l VE..

E LI Rename... F2

g Import..
iy Export..

Build Project
Clean Project

Refresh F5

Close Project

Close Unrelated Project

Build Targets >

Index >

Build Configurations »

Source >
QO Runas N
45 Debug As >

Team >

Camnans With »

; 10| &=
guratmn Generate Code Generate Report r‘ : .
= Configure @
|
Set Active » 1 ASCII_MASTER_FREERTOS
Manage... 2 ASCII_SLAVE_FREERTOS
Build All 3 RTU_MASTER_FREERTOS
Clean All 4 RTU_SLAVE_FREERTOS

3 TCP_GATEWAY FREERTOS

Build Selected...
WE 6 TCP_SERVER_FREERTOS “

6. Execute the build.

{5 Project Explorer %Y § < 0O |E

*~ |5 modbus _rx72m (in rx72m_modbus

Rl Includes

=} r_modbus_rx

B src

k= trash

i:: modbus_rx72m.scfg E
modbus_nd2m ASCI_MASTE -
modbus_rk72m ASCI_SLAVE_ %
modbus_rk72m RTU_MASTEF
modbus_rk72m RTU_SLAVE_F
modbus_rk72m TCP_GATEWR
modbus_rk72m TCP_SERVER_

(?) Developer Assistance e
(%]

pwal ITCP SFRVED . _
Mew
Go Into

Open in New Window
Show In

Copy
Paste
Delete
Source
Move.,

Rename...

Impaort...
Export..

modbus_m72m.scfg X

Alt+5hift+W »
Ctr+C
Ctri+V
Delete

b

F2

Build Project

-~

7.  After connecting the board and J-Link, start debugging in the following procedure.

R0O1AN4862EJ0200 Rev.2.00
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8. Select the drop-down menu next to the bug icon and selecting “Debugger Configurations ”

b

Mo launchn Nistony)

3l Debug As ¥

| Debug Configurations.. |

Organize Favorites...

[Renesas DBG Hardware Debugging] — [modbus_rx72m_TCP_SERVER_FREERTOS] item, then
press [Debug].

| @ Debug Configurations O X
Create, manage, and run configurations _ﬁ\
1 1
% - 7 -
#oEXE Name: | modbus_n72m TCP_SERVER_FREERTOS |
| type filter text || Main %% Debugger B> Startup % Source  [C] Common
I E_. C/C++ Application . ~ Project: 5
£ | C/C++ Remote Application
EASE Script modbus_x72m Browse...
[€] GDB Hardware Debugging C/C++ Application:
R SORSrusacr DEbugging SHHEC) TCP_SERVER_FREERTOS/modbus_rx72m.x
# Launch Group = = =
|| » €7 Renesas GDB Hardware Debugging Variables... Search Project... Browse...

| [£"] modbus_nc72m ASCII_MASTER_FREERTOS
| [€7] modbus_nc72m ASCII_SLAVE_FREERTOS
[£7 modbus_n72m RTU_MASTER_FREERTOS Build Configuration: Use Active =

Build (if required) before launching

' 72m RT REERT
! B OB diw YL SLANE_FREERTIR O Enable auto build (O Disable auto build
c | modbus 72m TCP GATEWAY FREERTOS ® Coad . B o
-';-‘| debus_rx?Zm TCP_SERVER_FREERTOS ! USE Wﬂlkspace Set'tlnqs onrigure orEspace Pnlnq§...
[£7] Renesas Simulator Debugging (RX, RL78) L
Revert Apply

Filter matched 14 of 16 items
1 I

© e

Following dialog will appear, so switch to the debug screen.

ﬁ Confirm Perspective Switch >

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

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

Switch to this perspective?

(] Remember my decision

=]~
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9. Click the "Resume" button. The program will run.

mrbremas-= BY " - - v T e e f e — e - P e - e A o - iy A
ﬁ WOrKspace nA - I odbus_m72my/src/sme_gen i__!.-'_i.- mcu/all/resetprg.c - £° studio

File Edit Source Refactor Mawigate 5earch Project Renesas Views Run Renesas Al

R o[ @322/ g - Q-iti
| 5 Debug X E% i+ § = 0|

v £ modbus_rk72m TCP_SERVER_FREERTOS [Renesas GDB Hardware Debugging]
v ¥ modbus_n72m.x [1] [cores: 0]
v @ Thread #1 1 (single core) [core: 0] (Suspended : Signal : SIGTRAP:Trace/breakpoint
= PowerON_Reset_PC() at resetprg.c:207 OxffeD0000
u- ni-elf-gdb -m-force-isa=v3 -m-force-double-fpu (12.1)
w| Renesas GDB server (Host)
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6.2 Modbus RTU/ASCII Setup Procedure
This chapter describes the procedure for building Modbus RTU/ASCII.

Since the program import has been completed in steps 1, 2, 3, and 4 of Chapter 6.1, there is no need to

import it separately.

This chapter describes the explanation starting from switching the Serial mode.

1. Select [Build Configurations] — [Set Active] — [xxxx_yyyy FREERTOS]

Select "xxxx_yyyy" if necessary.

ASCII_MASTER_FREERTOS
ASCII_SLAVE_FREERTOS
RTU_MASTER_FREERTOS
RTU_SLAVE_FREERTOS

New .l T .
Go Into |ters are setup prior to calling this function see ccC
Open in New Window e his funct but st variables
Show In Alt+Shift+sW > av 1ange the stack from the stack
= Copy Ctri+C  lctions
Paste tuctors
#® Delete Delete )
, STACK_ENABLE ==
| Source USED(ustack_area);
Rename... F2 |USED(istack_area);
]
Jixg Import.
i3 Export. IX_ ) || defined(__GNUC_ )
Build Project i the Interrupt Table Register */
Clean Project [B(R_BSP_SECTOP_INTVECTTBL);
Refresh 5|
Close Project ICEPTION_TABLE
S } the Exception Table Register
[B(R_BSP_SECTOP_EXCEPTVECTTEL);
Build Targets »
Index > |
Build Configurations » Set Active k) 1 ASCII_MASTER_FREERTOS
e 5 Manage... 2 ASCII_SLAVE_FREERTOS
O fmic : Build All - 3 RTU_MASTER_FREERTOS h (1
Clears Al [ 4RTU_SLAVE_FREERTOS
Debug As »
e Build Selected.. 5 TCP_GATEWAY_FREERTOS
Team *r 6 TCP_SERVER_FREERTOS
Compare With ?
2. Execute the build.
I’y Project Explorer - .:;' § 20| modbus_m72mscfg X
~ 15 modbus_rx72m (in rk72m_modbus eval ITCP SFRVFI . _ .
nit Includes New :
2 r_modbus_rx Go Into
@ sic Open in New Window }
(= trash Show In Alt+Shift+W >
15 modbus_rx72m.scfg E| Copy Ctrl+C |
modbus_rx72m ASCI_MASTE Pacte POUSLY I |
modbus_n72m ASCII_SLAVE_ % Delete Delete
modbus_rk72m RTU_MASTEF SauNce: 3
modbus_rx72m RTU_SLAVE F Ko
modbus_nd72m TCP_GATEWZ Rename... 2]
modbus_rk72m TCP_SERVER_
3 L Import...
(?7) Developer Assistance
iy Export..
| Build Project |
RO1AN4862EJ0200 Rev.2.00 Page 20 of 33
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3. After connecting the board and J-Link, start debugging in the following procedure.

4. Select the drop-down menu next to the bug icon and selecting “Debugger Configurations ”

Q-

JUNCH NIStory)

3l Debug As ¥
[ Debug Configurations... |
Organize Favorites...

[Renesas DBG Hardware Debugging] — [modbus_rx72m_xxxx_yyyy FREERTOS] item, then press
[Debug].

ASCII_MASTER_FREERTOS
ASCII_SLAVE_FREERTOS
RTU_MASTER_FREERTOS
RTU_SLAVE_FREERTOS

I ﬂ Debug Configurations

LE o o

| Create, manage, and run configurations

| L

1 1
TR R ER NS 52 Name: |modbus_n«72m TCP_SERVER_FREERTOS '
type filter text [| Main. %% Debugger| #» Startup % Source| [C] Common
I3 -
| e C/C++ Application - Project
€ | C/C++ Remote Application :
EASE Script modbus_rx72m Browse...
[t] GDB Hardware Debugging C/C++ Application:
1] GDB Simulator Debugging (RHB50) [TCP_SERVER_FREERTOS/modbus_n2mx
f§ Launch Group .
|+ [£7] Renesas GDB Hardware Debugging Variables... Search Project... Browse..
| t-; modbus_k72m ASCII_MASTER_FREERTOS Build (if required) before launching
& "] modbus_nd72m ASCII_SLAVE_FREERTOS
[ [£" modbus_r72m RTU_MASTER_FREERTOS Build Configuration: Use Active -
[ 72m RT VE_FREERT!
- modbus pi72m ATU L AVE FREFRTOS auto build () Disable auto build
£ ] modbus_nd72m TCP_GATEWAY_FREERTOS ® ; . i G
? | modbus_rx72m TCP_SERVER_FREERTOS @ Use woarksp Configure Workspace Settings...
[£7] Renesas Simulator Debugging (RX, RL78) v

Filter matched 14 of 16 items

@ Close
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Following dialog will appear, so switch to the debug screen.

ﬁ Confirm Perspective Switch

|® This kind of launch is configured to open the Debug perspective when it suspends.

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

Switch to this perspective?

(] Remember my decision

T

5.  Click the "Resume" button. The program will run.

I o I SE 1 1 3 .
vorkspace RX - modbus 72mysrc/ s aendr bsodr 3l resetora &< studio
WOTRSaLE \ oUW T el SPC S _Qeny T_LSRy IMCU al Iy TESELRILLC - € SIUUIC

File Edit Source Refactor

Project Renesas Views Run Henesas Al

Mavigate Search
B~ E‘U BE2 et R Q-0 -1

| 4% Debug X E% ¥ § = 0|

v [£7 modbus_nx72m TCP_SERVER_FREERTOS [Renesas GDB Hardware Debugging]
v 1% modbus_n72m.x [1] [cores: 0]
v ® Thread #1 1 (single core) [core: 0] (Suspended : Signal : SIGTRAP:Trace/breakpoint
= PowerQON_Reset PC() at resetprg.c:207 Oxffc00000
u| ni-elf-gdb -rx-force-isa=v3 -n-force-double-fpu (12.1)
w! Renesas GDB server (Host)
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6.3 Modbus TCP Serial Gateway Setup Procedure

This chapter describes the procedure for building Modbus TCP Serial Gateway.
Since the program import has been completed in steps 1, 2, 3, and 4 of Chapter 6.1, there is no need to
import it separately.

1. Select [Build Configurations] — [Set Active] — [TCP_GATEWAY_FREERTOS]
Select "xxxx_yyyy" if necessary.

New ¥ { - q_.. yfoL . . P T 11' |
Go Into Stack pointers are setup prior to calling th
Open in New Window F /* You can use auto variables in this function
Show In Alt+Shift+W > * will be unavailable after you change the sta
B Copy Crd+C B /* The bss sections have not been cleared and t
Paste Cirl+V * and constructors of C++ objects have not bee
‘ P #if defined(__ GNUC_ )
Delet Delet __GNUC__
i) Ciene €€ | #if BSP_CFG_USER_STACK_ENABLE ==
Source > INTERMNAL_NOT USED(ustack_area);
Move #endif
Rename... F2 INTERNAL_NOT_USED(istack_area);
i #endif
| Import...
(i Export. b #if defined(__CCRX_) || defined(__GNUC_)
BmIdProj?ct Initialize the Interrupt Table Register */
Clean Project R_BSP_SET_INTB(R_BSP_SECTOP_INTVECTTBL);

Refresh F5

Close Project P #ifdef BSP_MCU_EXCEPTION_TABLE

o sl Hiiast Initialize the Exception Table Register */
sttt Lt el i R_BSP_SET_EXTB(R_BSP_SECTOP_EXCEPTVECTTBL);
[ Build Targets » | #endif
Index »
Build Configurations 2 Set Active 2 & 1 ASCI_MASTER_FREERTOS
Eotic 3 Manage... 2 ASCII_SLAVE_FREERTOS
: 3 RTU_MASTER_FREERTOS
O RunAs , Build All 2 e
= ) Clean All 4 RTU SLAVE FREERTOS
ebug
> Build Selected.. [_5 TCP GATEWAY FREERTOS |
Team 6 TCP_SERVER_FREERTOS
Compare With » lon:
2. Execute the build.
[t Project Explorer 5% Y § T O |8 modbus.xT2msclg X
v =5 modbus_rx72m (in rx72m_ modbus eval ITCP SFRVFI | _ .
il Includes New ?
2 r_modbus_rx Go Into
E sic Open in New Window
(= trash Show In Alt+Shift+W >
{8} modbus_n72m.scfg & copy Ctrl+C
modbus_n72m ASCII_MASTE Paste Ctrl+V
modbus_ni72m ASCII_SLAVE Delete Delete
modbus_n72m RTU_MASTEF ERS >

modbus_n72m RTU_SLAVE F Move..
modbus_rx72m TCP_GATEWA Rename... 2
modbus_n72m TCP_SERVER_

(@) Developer Assistance "-'J Import...
i3 Export.
[ suildProject
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3. After connecting the board and J-Link, start debugging in the following procedure.

4. Select the drop-down menu next to the bug icon and selecting “Debugger Configurations ”

# e ad q -
Mo launchn Nistony)

3l Debug As ¥
Debug Configurations...

Organize Favorites...

[Renesas DBG Hardware Debugging] — [modbus_rx72m_TCP_GATEWAY_FREERTOS] item, then
press [Debug].

B Debug Configurations O X

Create, manage, and run configurations

IR BY - Name: |[modbus_n72m TCP_GATEWAY_FREERTOS
type filter text | | ] Main %% Debugger B Startup| ] Common % Source
E_j C/C++ Application Prioject A
|€ | CfC++ Remote Application
~ EASE Script modbus_rx72m Browse...
.?.-l GDB Hardware Debugging C/C++ Application:
7] GDB Simulator Debugging (RHES0) TCP_GATEWAY_FREERTOS/modbus_nc72m.x
i Launch Group - - -
~ [£7] Renesas GDB Hardware Debugging anables... Search Project.. Browse...
& modbus n72m ASCIl MASTER FREERTOS Buld [ requined) before Iaunching
£ "] modbus_r72m ASCII_SLAVE_FREERTOS
[£"] modbus_m72m RTU_MASTER_FREERTOS Build Configuration: |Use Active =
— modbus n72m RTU SLAVE FREERTOS () Enable auto build () Disable auto build
E| modbus_rx72m TCP_GATEWAY_FREERTOS I :
Use workspace settings Configure Workspace Settings... "

ic*| modbus_72m TCP_SERVER_FREERTOS
[c"] Renesas Simulator Debugging (RX, RL78)
Revert Apply
Filter matched 14 of 16 items b idat
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Following dialog will appear, so switch to the debug screen.

ﬁ Confirm Perspective Switch

|® This kind of launch is configured to open the Debug perspective when it suspends.

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

Switch to this perspective?

(] Remember my decision

w1 w

5.  Click the "Resume" button. The program will run.

Q workspace R - modbus_m72m/src/smc_gen/r_bsp/mcu/all/resetprg.c - ¥ studio

File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al

R S o[ @322/ P R H-QU-ilb-
15 Debug X F%|i» § = O
w c- modbus_rc72m TCP_GATEWAY_FREERTOS [Renesas GDB Hardware Debugging]

v 1% modbus_n72m.x [1] [cores: 0]
v @ Thread #1 1 (single core) [core: 0] (Suspended : Signal : SIGTRAP:Trace/breakpoint
= PowerON_Reset_PC() at resetprg.c:207 0xffc00000
. ru-elf-gdb -m-force-isa=v3 -rx-force-double-fpu (12.1)
w. Renesas GDB server (Host)
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7. Setup a master tool & Demonstration

7.1 Modbus TCP Server

1. Connect “TCP Server” as described in section 5.1.1.

2. Open “ModbusDemoApplication.exe” which is included in this package.

3. Set the "Remote Modbus Server" IP Address (e.g., "192.168.1.100") and Port (e.g.,"502").

4. Press "Connect", the coils will be updated periodically and LEDs 1-4 of the connected TCP server will be

updated and flashing.

a5l Modbus Deme

File(F) Help

Connection

|TCP TErVEr

115200bps
RTU
MOME Parity

1 stop bit

Remote Modbus Server
IP Adress Part

192.168.1.100 | [s02

WRITE MULTIPLE COIL ...

updated periodically

jre]
Gnile
Discrete hputs \
Slave ID

255
Connection Timeout

5000

Figure 7.1: ModbusDemoApplication tcp server setting
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7.2 Modbus RTU/ASCII Slave

1. Connect “RTU/ASCII slave” as described in section 5.1.2.
2. Open “ModbusDemoApplication.exe” which is included in this package.

3. Set the Serial settings
Connection : Serial Slave
COMxx : Adapt to each environment
Baud rate : Match the sample program settings
Mode : RTU or ASCII
Parity : No
Stop bit : 1
Slave ID : 1

4. Press "Connect", the coils will be updated periodically and LEDs 1-4 of the connected RTU/ASCII slaves
will be updated and flashing.

a5 Modbus Demo - g X
File(F)  Help

Connection
|Seria| Slave v|
Serial zetting Lo
foons ] Gels
115200bps v Diizerie L \
RTU v
S~
NONE Parity ~ ] updated periodically
1 =top bit ~

Connection Timeout
5000

192.168.1.100 h02

Info: Serial Slave thread ends.

Figure 7.2: ModbusDemoApplication RTU/ASCII slave setting
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7.3 Modbus RTU/ASCII Master

1. Connect “RTU/ASCII slave” as described in section 5.1.2.
2. Open “ModbusDemoApplication.exe” which is included in this package.
3. Set the Serial settings
Connection : Serial Master
COMxx : Adapt to each environment
Baud rate : Match the sample program settings
Mode : RTU or ASCII
Parity : No
Stop bit : 1
Slave ID : 1
4. Press “Connect” and the coil will wait for input. As you enter values, LEDs 1 to 4 on the connected
Master will update and light up.
Ex),
Input 00 : LED off
Input 01 : LED1 on
Input FF : LED1-4 on
o5 Modbus Demo — O X
File(F)  Help
Connection
|Seria| Master v|
Serial setting 140
[cOMS v] Coils
Discree s \
Slawe ID
] Input data
1 =top bit v
Connection Timeout
192.168.1.100 502
Info: Serial Master thread ends.
Figure 7.3: ModbusDemoApplication RTU/ASCII master setting
RO1AN4862EJ0200 Rev.2.00 Page 28 of 33
Dec 25, 2024

RENESAS




RX72M Group

Communications Board Modbus Startup Manual

7.4 Modbus TCP Serial Gateway

1. Connect another “RTU slave” as described in section 5.1.3.

2. Open “ModbusDemoApplication.exe” which is included in this package.

3. Set the "Remote Modbus Server" IP Address (e.g., "192.168.1.100") and Port (e.g.,"502").

4. Press "Connect", the coils will be updated periodically and LEDs 1-4 of the connected RTU slaves will be

updated and flashing.

' Modbus Demo

Discrete Inputs |00 | \

File(F) Help
Connection
TGP Gateway ~
o
Coils
116200bps
RTU
Slave ID
NONE Parity

| stop bit

updated periodically

Connection Timeout

Remote Modbus Server
IP Adress

Part

192.168.1.100

502

WRITE MULTIPLE COIL ...

5000 ]

Figure 7.4: ModbusDemoApplication TCP gateway setting
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8. Appendix
8.1 Appendix A. DHCP mode

1. When operating with DHCP, enable the setting for "ipconfigUSE_DHCP" to "1".
“‘rx72m_modbus_eva\src\frtos_config\FreeRTOSIPConfig.h”
2. Build and debug.
x If I pe .s_f_.!"F__[I-I':[ is 1 then FreeRTOS+TCP will attempt t 'Hf i-—-a an }-".
« address, netmask, DNS server address and gateway address a DHCP server. Ifi
i 'v.||.1| IS Flr is 0 then FreesRT( Z'-] CP will use a static |F' 3:-J|J,. : 1
¢ stacl "' revert to using the static II- address even when ipcont gUSE_D "I- isd
£ set to 1 if a valid configuration cannot be obtained from a DHCP server for ar
t reason. The static configuration used is that passed into the stack by thed
£ FreeRTOS_IPInit() function call. */4
#define ipconfigUSE_DHCP
#def ine ipconfigDHCP REGISTER HOSTNAME U4
#def ine ipconfigDHCP_USES_UNICAST |

8.2 Appendix B. Setting the baud rate

1.

In the release environment, the baud rate is set to 115200bps. To change the baud rate, change the
following variable.
“rx72m_modbus_eva\src\modbus_init.c”

The values that can be set are 115200, 76800, 38400, 31250, 19200 or 9600.

Build and debug.

fif def ined({ MCODBUS_RTU ) || defined{ MODBUS_ASCIT )

/% serial connection setting */<

|| defined( MODBUS_GATEWAY )<

st_init_info.
st _init_info.
st_init_info.
st_init_info.
st _init_info.
st_init_info.
st_init_info.

u32_baud rate

ud_parity

ud stop_bit
ud_uart_channel
ud_timer_channel
u32_response_timeout_ms
u32_turnaround_delay_ms

UART _BAUDL 115200
UART _PARITYV_FONE,
UART _STOPBIT _1;
UART _CHANNEL _O;
TAU_CHANNEL _1;
2000;

200;

IS
IS
L
IS
J%
IES
IS

Baud rate for serial port config
Parity for serial port configura
Stop bit for serial port configu
The hardware UART channel to be
The hardware timer charnel to be
Response shall be received withi
Delay in between consecutive rec

%f “(st_init_info.u32 baud rate == )<
.el
return ERR_INVALID_STACK_INIT_PARAMS; <

8.3 Appendix C. Setting Slave ID

1. When changing the Slave ID, please change the following settings. (renge : 1 to 247)
“rx72m_modbus_eva\src\modbus_init.c”
2. Build and debug.
i ifdef MODBUS_ASCIL /x ASCII Slave mode ¥/«
I'r‘IlII:'l o_ASCLT_SLAYE_MUUE , <
felse /& RTU Slave mode */-
HE‘[IELE?_RTL_SLM'E_HZIEE @
ffend i f«
1k /% Slave ID %/+
Heandif«
fendifl
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8.4 Appendix D. Multi-client configuration

This project supports multiple clients.

The initial state is enabled, and clients that can receive will be able to register their IP addresses. Please add
your IP address in the section below.

In the initial state, the only valid IP address is "192.168.1.101"

Example of adding "192.168.1.102" and "192.168.1.103".
“rx72m_modbus_eva\src\modbus_init.c”

uint32_t modbus_init(void);

dhkkkkkkkhkhkkkkhkkhkkhkhkhkhkhhkhkkhkkhkhkhhhhhkhkhkhkhkhkhhhhhhhhkhkhhhhkhhhhkhkhhhhhhhhkhkhkhhhhkhhhhhkkhkhkhhhx

@pbrief Initialize MODBUS protocol stack
@param none
@retval error code

xxxxx *%k *kkk *% *kkkkkk *% *%

*/
uint32_t modbus_init(void)
{
uint32_t ercd;
#if defined( MODBUS_RTU ) || defined( MODBUS_ASCII ) || defined( MODBUS_GATEWAY )
serial_stack_init_info_t st _init_info;
serial_gpio_cfg_t st_gpio_cfg;
#endif
slave_map_init_t st_slave_map;

#if defined( MODBUS_TCP ) || defined( MODBUS_GATEWAY )
/* Enable IP table */
Modbus_tcp_init_ip_table (ENABLE, ACCEPT);

/* register IP address */

ercd = Modbus_tcp_add_ip_addr ("192.168.1.101");
ercd = Modbus_tcp_add_ip_addr ("192.168.1.102");
ercd = Modbus_tcp_add_ip_addr ("192.168.1.103");
if (ercd |I= ERR_OK)

{

return ercd;

}

Note), The number of clients is limited to 8.
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9. Limitations

None
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

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

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

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

Do not input signals or an 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.
4. Handling of unused pins

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

become possible.
5. Clock signals

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

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

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between 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.).
7. Prohibition of access to reserved addresses

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

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

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

evaluation test for the given product.

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

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

*Modbus is a registered trademark of Schneider Electric, licensed to the Modbus Organization, Inc.

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

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




Notice

1.

10.

11.

12.

13.
14.

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.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
www.renesas.com www.renesas.com/contact/.

Trademarks

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

© 2024 Renesas Electronics Corporation. All rights reserved.
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