ENESAS Quick Start Guide

Renesas RA Family
Quick Start Guide: Modbus Serial

Introduction

This document is a quick start guide for evaluating Modbus® communication with the RA microcomputer
evaluation board.

Modbus protocol is a communication protocol developed by Modicon Inc. (Schneider Electric SA.) for
programmable logic controllers (PLCs), and its specifications are open to the public.

For details, refer to the protocol specifications (PI-MBUS-300 Rev.J).

Target Device
RA8T2, RASM2

Supported Evaluation Boards
MCK-RA8T2, EK-RA8M2, EK-RA8T2
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1. Overview

This document is for the Modbus protocol stack that operates on the RA board, and describes the function
overview, application programming interface (API), and application samples for developing and implementing
applications using the protocol stack.

This package supports the RS-485 based Modbus RTU/ASCII protocol.

1.1 Abbreviations / Definitions
Table 1-1 Abbreviations/Definitions

Index Abbreviations Description
IDefinitions
1 USB Universal Serial Bus
2 PC Personal Computer
3 SwW Switch
4 EWARM Embedded Workbench® for ARM
5 LED Light Emitting Diode

1.2 Reference

For technical information about Modbus, please visit the Modbus organization site. Information about RA
evaluation board is available through Renesas.

Table 1-2 Technical Inputs

Index Technical Inputs
1 Modbus Application Protocol Specification Vxxx
2 MCK-RA8T2 Quick Start Guide /
r12qs0088ejxxxx
3 MCK-RA8T2 User's Manual /
r12uz0172ejxxxx
4 Evaluation Kit for RA8M2 Microcontroller Group EK-RA8M2 Quick Start Guide /
r20gs0069egxxxx
5 Evaluation Kit for RA8BM2 Microcontroller Group EK-RA8M2 v1 User’s Manual /
20ut5451egxxxx
6 Evaluation Kit for RA8T2 Microcontroller Group EK-RA8T2 v1 Quick Start Guide /
r20gs0097egxxxx
7 Evaluation Kit for RA8T2 Microcontroller Group EK-RA8T2 v1 User's Manual /
r20ut5714egxxxx
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2. Features

The Modbus protocol stack for RA allows for quick and easy development of the Modbus RTU/ASCII
applications. The following nine codes can be implemented in this stack.

(0x01) - Read caoils

(0x02) - Read discrete input
(0x03) - Read holding registers
(0Ox04) - Read input registers

(0x05) - Write single coil

(0x06) - Write single register

(OxOF) - Write multiple coils

(0x10) - Write multiple registers
(0x17) - Read/Write multiple registers

CONOIORLN =

For more information about Modbus, refer to the following site:
http://www.modbus.org

Note: The version number may differ depending on the update. Refer to the latest manual.
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3. Sample Program Package Configuration

This sample program package consists of three components:
e Modbus sample project using Modbus protocol stack

e Modbus sample application using Modbus protocol stack
e Modbus sample demo application

3.1 Modbus Sample Project

e Modbus_Serial / project / MCK-RA8T2
e Modbus_Serial / project / EK-RA8M2
e Modbus_Serial / project / EK-RA8T2
- These folders contain a folder called “RA_Modbus” which includes a Modbus sample project for
MCK-RA8T2 / EK-RA8M2 / EK-RA8T2 boards that uses the Modbus protocol stack.
- The sample project is created for GCC compilers. If you want to use another compiler, refer to
section "5.2 Creation of new Modbus Project" and create another project.

3.2 Modbus Sample Application

e Modbus_Serial / src / modbus_func.c, modbus_user.c, new_thread0_entry.c
- Users can register their own implementations of Modbus function codes in the Modbus protocol
stack.
- The code in this directory provides examples of the Modbus protocol stack initialization process
and the Modbus function codes processing using the Modbus protocol stack API.

3.3 Modbus Demo Application
e  Modbus_tool / ModbusDemoApplication.exe

- This executable file is Modbus demo application used for Modbus communication. It can be
used to demonstrate the operation of Modbus sample application.
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4. Project Setup

4.1 Operating Environment Requirements

The sample program package described in this manual runs in the following environment.

Table 4-1 Operating environment

environment

Item Description
Board RA evaluation board
Integrated development IAR Systems

- IAR Embedded Workbench® for Arm Version 9.70.2 or later

Renesas Electronics
- 2 Studio 2025-12 or later
- Renesas RA Smart Configurator 2025-12 or later

Toolchain

IAR Embedded Workbench for Arm
- IAR C/C++ Compiler for Arm 9.70.2 or later

e? Studio
- GCC Arm Embedded (13.2.1.arm-13-7) or later
- LLVM for Arm (21.1.1) or later
- Arm Compiler 6.24 or later

MCU software package

FSP (Flexible Software Package) v6.4.0 or later

Emulator

J-LINK® OB

Communications protocol

Modbus RTU or Modbus ASCII

Client tool

ModbusDemoApplication.exe: Modbus Demo Application

R20AN0824EJ0110 Rev.1.10
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4.2 Setting the Board

Connect the PC to a supported evaluation board.

Power is supplied by connecting a USB cable to the board.

For Modbus serial communication, use RS485 connector and connect to PC with RS-485 cable.

The MCK-RA8T2 board connection setup diagram, EK-RA8M2 board connection setup diagram, EK-RA8T2
board connection setup diagram and Switch SW4 setting table are described below.

e2Studio + FSP

RENESAS

COELEEL TR Lt

i
[ | —
| —
o —
| —
o —
§ —
o —
o —
—
o —

USB-C cable RS-485 A terminal — CN19 pin 2
oty RS-485B terminal — CN19pin3
Modbus Demo RS-485 GND terminal — CN19 pin 4
Application
Figure 4.1: MCK-RA8T2 board connection setup
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e2Studio + FSP

e’ studio

USB-C cable

RS-485 A terminal — J32pin3
RS-485B terminal — J32pin2
RS-485 GND terminal — J32 pin 1

[

sap

i

Modbus Demo

Figure 4.2: EK-RA8M2 board connection setup
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e2Studio + FSP

e? studio

USB-C cable

Modbus Demo

RS-485 A terminal — J40pin3
RS-485B terminal — J40pin1
RS-485 GND terminal — J40 pin 2

Figure 4.3: EK-RA8T2 board connection setup

Table 4.1 Switch SW4 setting
Sw4 Setting Description
SW4-8 OFF RS485 enabled
R20AN0824EJ0110 Rev.1.10 Page 9 of 51
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5. Setting Up the Modbus Sample Project

This section describes the procedure for importing/creating a Modbus sample project. Before this, read
section "4.1 Operating Environment Requirements" first and complete the installation of the tools.

5.1 Import Modbus Sample Project
This section describes the procedure for importing the Modbus sample project and changing the evaluation

board.

1. Import the sample project. Start e2 studio, select [File] — [Import], and when the Import window appears,
select [General] — [Existing Projects into Workspace].

a Import

Select

Create new projects from an archive file or directory.

Select an import wizard:
e filter text

~ [= General
,E Archive File
L CMISIS Pack
I (= Existing Projects into Workspace I
L) File System

=1 Preferences
() Projects from Foldengr Archive
I=f Rename & Import Exis\ng C/C++ Project into Workspace
¥ Renesas CS+ Project for QATSKOR/CATBKD
¥ Renesas CS+ Project for CNRX, CC-RL and CC-RH
&" Sample Projects on Renesas \Vebsite
v [ C/C++
[€] C/C++ Executable
& C/C++ Project Settings

] * |

AN

=9

Cancel

R20AN0824EJ0110 Rev.1.10
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: Modbus Serial

Check "Select root directory" and select the Modbus sample project folder
(“Modbus_Serial/project/[evaluation board]”).

& Import (] x

Import Projects D
Select a directory to search for existing Eclipse projects. / ‘

I © select root directory: | C:¥Modbus_Serial¥project¥MCK-RABT2 - I Browse.
") Select archive file:
Projects: \
- RA_Modbus (C:¥Modbus_Serial¥projectNACK-RABT2¥RA_Modbus) Select All
Deselect All
Refresh
| Options
|| Search for nested projects
|| Copy projects into workspace
|| Clgse newly imported projects upon completion
[ Hide projects that already exist in the workspace
Working sets
(] Add project to working sets New.

@ < Back voir [ ] coe

2. Execute the Modbus Sample Project.
Refer to "6. Execution of Modbus Sample Project" and follow the steps.

R20AN0824EJ0110 Rev.1.10
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5.2 Creation of New Modbus Project
This section describes the procedure for creating a new Modbus sample project.

5.2.1 Common Procedures for all Evaluation Boards
This section describes the procedures common to all evaluation boards.

1. Set up a new project. Start e2 studio and select [File] — [New] — [C/C++ Project].

File Edit Source Refactor Navigate Search Project Renesas Views Run Renesas Al Window Help

New Alt+5Shift+N > Renesas C/C++ Project 3
Open File... [c=| Makefile Project with Existing Code
L] Open Projects from File System... [t ] C/C++ Project
Recent Files 3> 9 Project...
Claze Edito: Cirl+W  [&=] Convert to a C/C++ Project (Adds C/C++ Nature)
2. Select "Renesas RA C/C++ Project”
&) MNew C/C++ Project m| *
Templates for New C/C++ Project
All Renesas RA C/C++ Project
CMake P Create an executable or static fibrary G/C++ project for Renesas RA.
Make
Renesas Debug
Renesas RA FSP Solution
F=amm Create an FSP Solution for Renefas RA comprising a
Solution Praject and C/C++ projects for each processor core
< >
.2‘. < Back | Next > Finish Cancel
R20AN0824EJ0110 Rev.1.10 Page 12 of 51
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3. Enter any project name.

# Renesas RA CfC++ Project

Renesas RA C/C++ Project

Project Name and Location

Project name
|RA_Nodhus |

[#] Use defa

y¥workspace RA¥RA_Modbus | 'Brow

You can download more R&gesas packs here

@ <Back [ WNext> |  Finish Cancel

4. Select "Toolchains”

B Renesas RA C/C++ Project (m] X
Renesas RA C/C++ Project —
Device and Tools Selection
Device Selection
FSP Version: | 6.4.0 Board Description
Board: Customn User Board (Any Device)
| Device: R7FAQE1073CF)
Core: CM23 Device Details
Language: Oc Oces TrustZone No
Pins 32
Processor Cortex-M23
IDE Project Type Debugger
‘ e” studio managed build J-Link ARM
Toolchains
LLVM Embedded Toolchain for Arm
[GNU ARM Embedded
ARM Compiler 6.23
13.2.1.arm-13-7 Manage Toolchains
@
L/ < Back Next > Cancel
R20AN0824EJ0110 Rev.1.10 Page 13 of 51
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5. Select the FSP Version and Board

{8 Renesas RA C/C++ Project ] X

Renesas RA C/C++ Project —

Device and Tools Selection

Device Selection

FSP Version:| 6.4.0 Board Description

| Board: Custom Use y D "
Devi FPB-RAGE1
evice: FPB-RAGE2
Core: ;Eg::‘::: Device Details
Language: (MCK-RA4T1 TrustZone No
MCK-RABT2 Pins 32
MCK-RA6T3 Processor Cortex-M23
1‘ RA4AW1T ADK
RAGM3 PK
IDE Project TypRsSK-RAOLT Debugger
o studio man(foSK-RAZLT o J-Link ARM
RSSK-RA4L1
4 RSSK-RABT1
Toolch
O ooL-RA2A2
LLVM Embed{yK-RABM1
GNU ARM EmVOICE-RAZLT
ARM Comp“e\a’OIC[-RAdE‘I
VOICE-RAGE1
13.2.1.arm-13-7 . Manage Toolchains...

®

6. Select the project type for “Flat (Non-TrustZone) Project”

{3 Renesas RA C/C++ Project [m] >

Renesas RA C/C++ Project —

Project Type Selection

Project Type Selection

(@ Flat (Non-TrustZone) Project

» Renesas RA device project without TrustZone separation

* All code, data and peripheral settings will be configured in
this project
Renesas RA device will remain in secure mode
EDMAC RAM buffers will automatically be placed in non-
secure RAM

() TrustZone Secure Project
® Renesas RA device project for TrustZone secure execution
» All code, data and peripherals placed in this project will be
initialized as secure
* Secure project settings such as TrustZone partitions, linker
maps and a list of secure peripherals will be passed to a
selected non-secure project
After initialization, a call to the non-secure startup handler
will be made

() TrustZone Non-secure Project
® Renesas RA device project for TrustZone non-secure execution

—
Q) < Back Finish Cancel
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7. Select “None”

Renesas RA C/C++ Project —

Preceding Project or Smart Bundle Selection

(®) None Choose this option when creating a project for the primary processor core (no preceding project or Smart
Bundle).

() Smart Bundle:

Workspace, File System... Variables...

Noxsadlos Mol o sk Mexdla Matalls

Einish Cancel

8. Select “FreeRTOS (xxx)”.

ﬁ Renesas RA C/C++ Project O *

Renesas RA C/C++ Project —.
Build Artifact and RTOS Selection

Build Artifact Selection RTOS Selection

(®) Executable No RTOS v
* Project builds to an executable file

() static Library
* Project builds to a static library file

() Executable Using an RA Static Library
* Project builds to an executable file
® Project uses an existing RA static library project

R20AN0824EJ0110 Rev.1.10 Page 15 of 51
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9. Select “FreeRTOS - Minimal - Static Allocation” under Project Template Selection.

ﬁ Renesas RA C/C++ Project

Renesas RA C/C++ Project

Project Template Selection

Project Template Selection

Q' FreeRTOS - Minimal - Static Allocation

Empty FreeRTOS FSP project with no threads. FreeRTOS is pre-configured for static memory
allocation. This project will initialize the MCU using the BSP

O Q " FreeRTOS - Blinky - Static Allocation
E FreeRTOS F5SP project that includes BSP and will blink LEDs if available. FreeRTOS is
pre-configured for static memory allocation. This project will initialize the MCU using the BSP
FreeRTOS will also be initialized and a single thread to blink the LEDs will be started.
-

Code Generation Settings
Use Renesas Code Formatter

@

< Back MNext >

Cancel

Once the project is created, it appears in the “Project Explorer” and the “FSP Configuration” tab is displayed.

{5 Project Explorer X =R
~ 15 RA_Modbus

iy Includes

Bra

2 ra_gen

3 src

(= Debug

= ra_cfg

= scnpt

45 configurationxml

X] RA_Modbus Debug_Flatlaunch

(7) Developer Assistance

5% § = O & [RA_Modbus] FSP Configuration X

Summary
Project Summary
Hosert: MCK-RABT2
Device: RTKAST2LFECAC
Core: CM33
Toolchain: GCC ARM Embedded

Toolchain Version: 132 1 am-13-7
FSP Version:

Project Type: Flat

Location:

Selected software components

Board Support Package Common Files
/O Port

FreeRTOS

Arm CMSIS Version 6 - Core (M)
FreeRTOS Port

RABMS-EK Board Support Files

Q=0

R20AN0824EJ0110 Rev.1.10
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10. Create New Stack
Select "New Stacks" to be configured.

{2} *IRA_Modbus] FSP Configuration X

Stacks Configuration

Threads < | New Thread ® | Remove [ Mew Thread Stacks % | New Stack > 2. £

v ¢ HAL/Common A Add stacks to the selected thread by using the ‘New Stack’ toolbar button
2 g_ioport /O Port (r_ioport) here from the clipboard.
4% FreeRTOS Port (rm_freertos_port)
& New Thread

Select “Networking” — "ModbusSerial(r_modbus_serial_slave)”.

4

% | New Qtark ~ — s Staels =
Al >
bar button (ab Aniiog 5 the o| o ol et e @ - 4Ej ‘5133 gEg :ﬁ g‘: - AN AN A -
el ; | ] e U ) (50 50 2 450 58 o o i s
otosdet > A @ @ I 5 6 ) o e
Conicily. 3 TR DO @ @ i il (= =Sl
o : [E D @ I — @ 5 @ e o
, | o o et et D 5 60 02 20 0 0D o b bl it e @
:Z::toring . e i INCLEY @ ?-:7:'5 iEI izii SE:E {EF ¢E‘3 Bl Gl Bel B b B
; M S L S - =5
Motor > BLE Mesh Network modules el
|| Networking > || 4 AWS Cellular Interface on GM (rm_cellular_gm _aws) : ::
Power > 4 AWS Core HTTP ]
RTOS @ AWSs Core MQTT 5 f
Security 4 AWS loT Over-the-air Update Library e
Sensor 4 AWS Transport Interface on MbedTLS/PKCS11 (rm_aws_transport_interface_port) R :
Storage » BLE SPP Transport on SPI (rm_ble_abs_spp_transport) : n
System 5 BLE SPP Transport on UART (rm_ble_abs_spp_transport) 24
Teies y  # \etherCAT SSC Port (rm_ethercat_ssc_port) 2 3
Toariator 3 4  EtNernet (r_ethercat_phy) _—
: 4 Etheet (r rmac_phy)
At S @  EthernX Generic PTP Timer (r_gptp)
4 Ethernet NAC (r_rmac)
4  FreeRTOS+IP
4 GTL BLE Abstraxtion (rm_ble_abs_gtl)
@ HTTP Client/Servdy on DA16XXX (rm_http_onchip_da16x)
4 LwlIP HTTP Server
@ LwiP HTTP Server FS
@  LwIP system FreeRTOS pX\rt
4  MQTT Client on DA16XXX N\n_maqtt_onchip_dal6sxxx)
4 Modbus serial wrapper to timgr driver(r_modbus_serial_port_timer)
4  Modbus serial wrapper to uart driver(r modbus_serial_port_uart)
[ # Modbusserialir modbus_serial_slave) |
& ModbusTCP{r_modbus_tcp_server)
@ NFC loT Reader on PTX (rm_nfc_reader ptx)
s COD BIC Ahetrartinm feme hiln abe cnnl
R20AN0824EJ0110 Rev.1.10 Page 17 of 51
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The stack is configured as follows:

Threads % | New Thread ®) Remove |=|

~ ‘Q HAL/Common
+ g_ioport /O Port (r_ioport)
4° FreeRTOS Port (rm_freertos_port)
~ & New Thread
& ModbusSerial{r_modbus_serial_slave)

Objects

New Thread Stacks

%] New Stack > == !

|
m

@ Modbus serial wrapper to uart
driver(r_modbus_serial_port_uart)

®

@ Modbus serial wrapper to
timer
driver(r_modbus_serial_po

@ rt_timer)

Y

@ g_uart0 UART (r_sci_b_uart)

®

%" Add Requires Tiemr

%) New Object > u) Remove

% Add DTC Driver for % Add DTC Driver for
Transmission Reception [Not
[Recommended but recommended]
optional]

4

R20AN0824EJ0110 Rev.1.10
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11. Add Heap

Select “New Stack” — “RTOS” — “FreeRTOS Heap 4”.

Ene -
Al
Analog »
Audio >
Bootloader >

[

4 Modbus serial wrapper

timer

driver(r_modbus_serial_

@ rt_timer)

Y

% Add Requires Tiemr

Connectivity >

DsP >
Input >
Monitoring >
Motor *
Metworking ?
Power ]
RTOS | @

Add DTC Driver for

Reception [Not
recommended]

Security R
Sensor X L 4
$

>' - %] Remove

FreeRTOS Buffer Allocation 2
FreeRTOS Heap 1
FreeRTOS Heap 2

Storage > FreeRTOS Heap 3
System » I 4 FreeRTOS Heap 4 I
Timers » 4 FreeRTOS Heap 5
Transfer >
4" Search...

The stack will be configured as follows:

Threads

% | New Thread %] Remove

New Thread Stacks

~ “‘i HAL/Commaon

~ f# New Thread

@ FreeRTOS Heap 4

Objects

& g_ioport I/O Port (r_ioport)
@ FreeRTOS Port (rm_freertos_port)

# ModbusSerialir_modbus_serial_slave)

& '] New Object > % | Zemove

& New Stack > == futend Stack > %) Remo

@®

@ Modbus Serialir modbus_serial_slave)

@ Modbus serial wrapper to uart

@ Modbus serial wrapper to

driver{r_modbus_serial_port_uart) timer
driver(r_modbus_serial_po
@ @ rt_timer)
s Y
1 1
& g_uartd UART (r_sci_b_uart) % Add Requires Tiemr
@
A

%" Add DTC Driver for
Transmission
[Recommended but
optional]

% Add DTC Driver for
Reception [Not
recommended]

R20AN0824EJ0110 Rev.1.10
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12. Set Support Dynamic Allocation and Total Heap Size
Open “Properties” of “New Thread” in “Stacks” and change “Support Dynamic Allocation” and “Total
Heap Size” in “Memory Allocation” to the following values.

Support Dynamic Allocation : Enabled
Total Heap Size : 0x10000

Threads @ | New Thread | Remove New Thread Stacks % | Mew Stac
[« = HAL/Common . - - -
40 g_ioport /O Port (r_ioport) # ModbusSerialir_modbus_serial_slave)
47 FreeRTOS Port (rm_freertos_port)
v ® .
P ModbusSerial{r_ modbus_serial_slave) ~
4 FreeNTOS Heap 4 - - .
@ Modbus serial wrapper to uart @ Modbus serial wrapper to
driver{r_modbus_serial_port_uart) timer
driver(r_modbus_serial_po
@ @ rt_timer)
'y 'y
1 [
L g_uart0 UART {r_sci_b_uart) % Add Requires Tiemr
Objects
@
-
|
% Add DTC Driver for | % Add DTC Driver for
wmmary | BSP | Clocks | Pins nterrupts | Event Links | Linker Sections | Stacks | Components
!l Problems & Consold [] Properties < 4" Search =g Progress
Jew Thread
Settings Property Value
~ Common
» General
Hooks
» Stats
~ Memary Allocation
Clear Memory on Free Disabled
Support Static Allocation Eoablad
Support Dynamic Allacation Enabled
Total Heap Size 0x10000
Application Allocated Heap Disabled
> Timers
“FreeRTOS Heap4” stack configuration errors are resolved.
R20AN0824EJ0110 Rev.1.10 Page 20 of 51
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13. Set Stack size

Open “Properties” of “BSP” and change “Main stack size” and “Heap size” in “RA Common” to the

following values.

Main stack size : 0x1000, Heap size : 0x2000

Summary Clocks Pins| Interrupts Event Links Linker Sections Stacks Components
(2! Problems &

MCK-RABT2

wsole [T Properties X

Settings Property
» Security
Clocks
Cache settings
1/0 Ports
Enable inline BSP IRQ functions
Main Oscillator Wait Time
~ RA Common

Main stack size (bytes)
Heap size (bytes)
Bootloader Secondary XIP
MCU Vee (mV)

Value

Enabled
8163 gycles

0x1000
0x2000

Disabled
3300

Open “Properties” of “New Thread”, then click on “Stacks” and change “Minimal Stack size” in “General”

to the following values.

Minimal Stack size : 512

Threads @ | New Thread % | Remaove New Thread Stacks

[v s HAL/Common
& g_ioport /O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)

~ [ew st ®

@ Modbus Serial(r_modbus_serial_slave)

1

@ Modbus serial wrapper to uart
driver(r_modbus_serial_port_uart)

@

4 Modbus serial wra
timer
driver(r_modbus_s

@ rt_timer)

Y

ry
1

@ g_uartd UART (r_sci_b_uart)

Objects % | New Object >

% Add Requires Tiem

1

wmmary | BSP | Clocks | Pins Interrupts | Event Links | Linker Sections D
*! problems Bl Console [l Properties X 4 Search =g Progress

New Thread

Settings Property
v General
Custom FreeRTOSConfig.h
Use Preemption
Use Port Optimised Task Selection
Use Tickless Idle
Cpu Clock Hz
Tick Rate Hz

Max Priorities

% Add DTC Driver for

Minimal Stack Size
Max Task Name Len
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14. Perform the steps for each evaluation board.
Refer to the following for the evaluation board you are using and follow the steps:

¢ MCK-RA8T2, EK-RABM2 : 5.2.2 MCK-RA8T2 /| EK-RA8M2 Creating Procedures
o EK-RA8T2 : 5.2.3 EK-RA8T2 Creating Procedures
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5.2.2 MCK-RAS8T2/ EK-RA8BM2 Creating Procedures
This section describes the procedures for creating MCK-RA8T2 / EK-RASM2.

1. Add Timer Driver

Click “New” — “Timer, General PWM (r_gpt)” to “Add Requires Timer”.

Threads & | New Thread % | Remove New Thread Stacks

& Mew Stack > == Fxtend Stack > %) Remoy

~ -’? HAL/Common

& g_ioport 1/0 Port {r_ioport)

# FreeRTOS Port (rm_freertos_port)
~ 4 New Thread

4 ModbusSerial (r_modbus_serial_slave)

O]

& FreeRTOS Heap 4

@

4 MadbusSeria Iir_modbus_serial_slave)

1

4 FreeRTOS Heap 4
# Modbus serial wrapper to uart

& Modbus serial wrapper to

driver{r_modbus_serial_port_uart) timer
driver(r_modbus_serial po
@ @ rt_timer)
.l‘ 'y
. . & g_uartd UART {r_sci_b_uart)
Objects € | New Object > »
@ New ? I'ﬁ Timer, General PWM (r_gpt) I
= =
T Timer, Low-Power (r_agt)
| %7 Add DTC Driver for | I %" Add DTC Driver for @ Timer, Ultra-Low-Power (r_ulpt)
S 7 PTG RS T e S [P

The stack is configured as follows:

Threads % | New Thread ® | Remove — MNew Thread Stacks @] New Stack > —— nd Stach
~ "‘ HAL/Common e - - P
4 g_ioport I/0 Port (r_ioport) ModbusSerial(r_modbus_serial_slave) FreeRTOS Heap 4
4 FreeRTOS Port (rm_freertos_port)
~ & New Thread
- ® @
% ModbusSerial{r_modbus_serial_slave) o,
& FreeRTOS Heap 4 L
4 Modbus serial wrapper to uart E
driver{r_modbus_serial_port_uart) .
® @
Y A
1 1
& g_uartd UART (r_sci_b_uart) & g_timer0 Timer, General
PWM (r_gpt)
@ @
ry

€ | New Object > %] Femay i

Objects

. &7 Add DTC Driver for
Transmission
[Recommended but
optional]

% Add DTC Driver for

Reception [Not
recommended]
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2. Set UART

Open “Properties” of “g_uart0 UART (r_sci_b_uart)” in “Stacks” and change “Channel” (values vary
depending on the evaluation board), “DE Pin” and “Receive FIFO Trigger Level” to the following values.
To change the serial transmission mode, baud rate, parity bit, or stop bit, see “5.3 Settings the Serial

Transmission Modes / Baud Rate / Parity Bit / Stop Bits”.

Channel : MCK-RA8T2 : 2, EK-RA8M2 : 5
DE Pin : Enable

Receive FIFO Trigger Level : One
Interrupts / Callback : NULL *1

*1:

Since the UART callback function is set in the Modbus protocol stack initialization process, the
Interrupts/Callback property setting of "g_uart0 UART(r_sci_b_uart)" should be set to the default

"NULL".
Threads | New Thread ®_| Remove New Thread Stacks
‘:’ HAL/Comman I E
&£ g_ioport I/O Port (r_ioport)
& FreeRTOS Port (rm_freertos_port) L]
~ @ New Thread
4% ModbusSerial(r_modbus_serial_slave)
19
Objects € | New Object > move
% Add DTC Driver for - Add DTC Driver for
Transmission | ’ Reception [Mot
1 | IRarmmemandad bt rararmmandadl
summary | BSP | Clocks | Pins Interrupts | Event Links | Linker Sections Stacks Component
£l Problems B Jvy-) O 70074 X
3_uart0 UART (r_sci_b_uart)
Settings T0It5 4
| Common
filinto ~ Module g_uartO UART {r_sci_b_uart)
~ General
Name g artO
Channel
Data Bits Bbits
Parity None
Stop Bits 1bit
» Baud
> Flow Contral
~ Extra
~ RS-485
DE Pin
DE Pin Polarity Active High
DE Pin Assertion Time 1
DE Pin Negation Time 1
Clock Source Internal Clock
Start bit detection Falling Edge
Noise Filter Disable
Receive FIFQ Trigger Level One
~ Interrupts
Callback
Receive Interrupt Priority Priority 12
Transmit Data Empty Interrupt Priority Priority 12
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3. Set Timer

Open “Properties” of “g_timer0 Timer, General PWM (r_gpt)” in “Stacks” and change “Mode”, “Period”,

“Period Unit” and “Overflow/Crest Interrupt Priority” to the following values.

Mode : One-Shot

Period : 750

Period Unit : Microseconds
Interrupts / Callback : NULL *2
Overflow/Crest Interrupt Priority : Priority 12

*2:

Since the Timer callback function is set in the Modbus protocol stack initialization process, the
Interrupts/Callback property setting of "g_timer0 Timer, General PWM (r_gpt)" should be set to the
default "NULL".

Threads

[v i"} HAL/Common 1 I
& g_ioport /O Port (r_ioport)
4% FreeRTOS Port (rm_freertos_port)
v & New Thread

% | New Thread ®|Remove =

New Thread Stacks

% | New Stac

-
1

& ModbusSerialir modbus_serial_slave) @

$ g_uartd UART (r_sci_b_uart)

4% FreeRTOS Heap 4

Objects < | New Object >

summary |BSP |Clocks | Pins Interrupts | Event Links

#! Problems B Console [ Properties

3_timer0 Timer, General PWM (r_gpt)

A

% Add DTC Driver for
Transmission
[Recommended but
optional]

% Add DTC Driver for

Reception [Not
recommended]

Linker Sections | Stacks | Components

Settings Property Value
v Common
gt Paramater Checking Default (BSP)
Pin Output Support Disabled
Write Protect Enable Disabled
v Module g_timer0 Timer, General PWM (r_gpt)
v General
> Compare Match
Name g_timerQ
Channel 0
Mode One-Shot
Period 750
Period Unit Microseconds
> Output
> Input
> Pin Polarity
v Interrupts
Callback NULL
Overflow/Crest Interrupt Priority Priority 12
Capture/Compare match A Interrupt Priority Disabled
Capture/Compare match B Interrupt Priority Disabled
Underflow/Trough Interrupt Priority Disabled
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4. Set xTimerPendFunctionCall() Function
Open “Properties” of “New Thread” in “Stacks” and change “xTimerPendFunctionCall() Function” to the
following values.

xTimerPendFunctionCall() Function : Enabled

Threads % | New Thread ® | Remove = New Thread Stacks
~ @ HAL/Common I A
49 .
_t g ioport /O Part {r foport) $ g_uartd UART (r_sci_b_uart)
k o Port (rm_freertos_port)
~ 8 New “‘IFEﬂd|
% ModbusSerialr modbus_serial_slave) @
& FreeRYOS Heap 4 r A
% Add DTC Driver for % Add DT
Objects | New Object > » Transmission Receptic
[Recommended but recomm
optional]

wummary |BSP | Clocks |Pins Inter\pts | Event Links | Linker Sections Stacks | Components

%! problems B Console [T PropenN

New Thread
Settings Property Value
v Optional Functions
vTaskPrioritySet() Function Enabled
uxTaskPriorityGet{) Function Enabled
vTaskDelete{) Function Enabled
vTaskSuspend() Function Enabled
%ResumeFrom|SR() Function Enabled
vTaskDelayUntil{) Function Enabled
vTaskDelay() Function Enabled
xTaskGetSchedulerState() Function Enabled
xTaskGetCurrentTaskHandle{) Function Enabled
uxTaskGetStackHighWaterMark() Function Disabled
uTaskGetldleTaskHandle() Function Disabled
eTaskGetState() Function Disabled
xEventGroupSetBitFromISR() Function Enabled
uTimerPendFunctionCall() Function
aTaskAbortDelay() Function Disabled
xTaskGetHandle() Function Disabled
xTaskResumeFromISR() Function Enabled
W
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5. Generate the code
Generate the code with "Generate Project Content".

s,a.r [RA_Modbus) FSP Configuration >

=0

Pin Configuration

0

Generate Project Content

Select Pin Configuration :ﬂ Export to CSV file ilco nfigure Pin Driver Warnings

RABT2 MCK ] Generate data: | g_bsp_pin_cfg

Pin Selection = I+ a

-1 i Pin Configuration
| Type filter text Name Value Link
[v « ports A
> ¥ PO

=} Cycle Pin Group

6. Add Modbus Sample Application

Copy modbus_func.c, modbus_user.c, and new_threadQ_entry.c from src folder of the sample program

package to the src folder of project and overwrite them.

i i.:' - Q - 'L:J_f # - q - = w "T" y» ModbusDem... * src
iy ProjectExplorer X E1 % 7V § = O | Ra_ Az &
* I5 RA_Modbus [Debug]
: Stack ij modbus_func.c
mi Includes | ==
B ra J modbus_userc
i
e J new_threadd_entr.c
e ra_gen Threa [
_
tel hal_entryc v ﬁ .
(g new_thread(_entry.c
(= Debug L
= ra_cfg v @
{3 Project Explorer X = i'f_. = {_‘3: [RA_Modbus] FSP Configuration X
~ |5 RA_Modbus [D - .
o A Modbus Debugl Stacks Configuration
iy Includes
Bra
& ra_gen —— % | New Thread
“ 3 arc H REIT‘ID"I’E =
Lg] hal_entry.c v ot HAL/Common -
(] modbus_func.c & g_ioport I/O Port (r_iopo
t¢] modbus_userc 4 FreeRTOS Port (rm_freert
Le| new_thread0_entry.c ~ & New Thread
(= Debug & Modbus TCP Server (rm_
& ra_cfg & FreeRTOS Hean 4 ki
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5.2.3 EK-RAS8T2 Creating Procedures

This section describes the procedures to create EK-RA8T2.

1. Add Timer Driver

Click “New” — “Timer, General PWM (r_gpt)” to “Add Requires Timer”.

Threads & | New Thread % | Remove

~ -’? HAL/Common

& g_ioport 1/0 Port {r_ioport)

# FreeRTOS Port (rm_freertos_port)
~ 4 New Thread

4 MadbusSeria Iir_modbus_serial_slave)

& FreeRTOS Heap 4

Objects €| New Object > %

ry

| %7 Add DTC Driver for

Bine | lnbnen st | Buvrnt 1talee 1 taline Cncbtnne | €oarder | Frrmannante

fomnmnane | DEB | Aol

| I %7 Add DTC Driver for

New Thread Stacks & New Stack > == Extend Stacl =] Resr
& ModbusSerial{r_modbus_serial_slave) 4 FreeRTOS Heap 4
@ @
£y
T
# Modbus serial wrapper to uart & Modbus serial wrapper to
driver{r_modbus_serial_port_uart) timer
driver(r_modbus_serial po
@ @ rt_timer)
- 'y
1
& g_uartd UART {r_sci_b_uart)
@ New b I'ﬁ Timer, General PWM (r_g_pt) I

Timer, Low-Power (r_agt)
@ Timer, Ultra-Low-Power (r_ulpt)

The stack is configured as follows:

Threads @ | New Thread ®|Remove [=) New Thread Stacks

% | New Stack > =

4
2nd Stack

~ "‘ HAL/Common

& g_ioport I/O Port (r_ioport)

4 FreeRTOS Port (rm_freertos_port)
~ & New Thread

®

# ModbusSerial(r_modbus_serial_slave)

@ FreeRTOS Heap 4

@

& ModbusSeria l{r_modbus_serial_slave)

 FreeRTOS Heap 4
4 Modbus serial wrapper to uart

driver{r_modbus_serial_port_uart)

®

B ER

ry
1

ry
1

@ g_uart0 UART (r_sci_b_uart)

®

PWM (r_gpt)

@

L] g_timer0 Timer, General

€ | New Object > %] Femay i

Objects

. &7 Add DTC Driver for
Transmission
[Recommended but
optional]

% Add DTC Driver for

Reception [Not
recommended]
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2. Set UART
Open “Properties” of “g_uart0 UART (r_sci_b_uart)” in “Stacks” and change “Channel” (values vary
depending on the evaluation board), “DE Pin” and “Receive FIFO Trigger Level” to the following values.
To change the serial transmission mode, baud rate, parity bit, or stop bit, see “5.3 Settings the Serial
Transmission Modes / Baud Rate / Parity Bit / Stop Bits”.
Channel : 7
DE Pin : Enable
Receive FIFO Trigger Level : One
Interrupts / Callback : NULL *1
*:
Since the UART callback function is set in the Modbus protocol stack initialization process, the
Interrupts/Callback property setting of "g_uart0O UART(r_sci_b_uart)" should be set to the default
"NULL".
Threads | New Thread ® | Remove New Thread Stacks
ﬂ" HAL/Comman | E
1
&£ g_ioport I/O Port (r_ioport)
& FreeRTOS Port (rm_freertos_port) L]
~ @ New Thread
& ModbusSerialir_modbus_serial_slave)
Objects % | New Object > =
" Add DTC Driver for % Add DTC Driver for
Transmission Reception [Not
Rarmammandad bt rarammandad]
summary | BSP | Clocks | Pins Interrupts | Event Links | Linker Sections Stacks Component
£l problems B Jvy-)l O JOrF1- %
3_uart0 UART (r_sci_b_uart)
Settings 7otz
» Common
filinto ~ Module g_uartO UART {r_sci_b_uart)
v General
Name g artO
Channel
Data Bits 8hits
Parity None
Stop Bits 1bit
» Baud
» Flow Control
~ Extra
v RS-485
DE Pin
DE Pin Polarity Active High
DE Pin Assertion Time 1
DE Pin Negation Time 1
Clock Source Internal Clock
Start bit detection Falling Edge
Noise Filter Disable
Receive FIFQ Trigger Level One
~ Interrupts
Callback
Receive Interrupt Priority Priority 12
Transmit Data Empty Interrupt Priority Priority 12
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3. Set Timer

Open “Properties” of “g_timer0 Timer, General PWM (r_gpt)” in “Stacks” and change “Mode”, “Period”,

“Period Unit” and “Overflow/Crest Interrupt Priority” to the following values.

Mode : One-Shot

Period : 750

Period Unit : Microseconds
Interrupts / Callback : NULL *2
Overflow/Crest Interrupt Priority : Priority 12

*2-

Since the Timer callback function is set in the Modbus protocol stack initialization process, the
Interrupts/Callback property setting of "g_timer0 Timer, General PWM (r_gpt)" should be set to the
default "NULL".

Threads

[v i"} HAL/Common 1 I
& g_ioport /O Port (r_ioport)
4% FreeRTOS Port (rm_freertos_port)
v & New Thread

% | New Thread ®|Remove =

New Thread Stacks

% | New Stac

-
1

& ModbusSerialir modbus_serial_slave) @

$ g_uartd UART (r_sci_b_uart)

4% FreeRTOS Heap 4

Objects < | New Object >

summary |BSP |Clocks | Pins Interrupts | Event Links

#! Problems B Console [ Properties

3_timer0 Timer, General PWM (r_gpt)

A

% Add DTC Driver for
Transmission
[Recommended but
optional]

% Add DTC Driver for

Reception [Not
recommended]

Linker Sections | Stacks | Components

Settings Property Value
v Common
gt Paramater Checking Default (BSP)
Pin Output Support Disabled
Write Protect Enable Disabled
v Module g_timer0 Timer, General PWM (r_gpt)
v General
> Compare Match
Name g_timerQ
Channel 0
Mode One-Shot
Period 750
Period Unit Microseconds
> Output
> Input
> Pin Polarity
v Interrupts
Callback NULL
Overflow/Crest Interrupt Priority Priority 12
Capture/Compare match A Interrupt Priority Disabled
Capture/Compare match B Interrupt Priority Disabled
Underflow/Trough Interrupt Priority Disabled
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4. Set xTimerPendFunctionCall() Function
Open “Properties” of “New Thread” in “Stacks” and change “xTimerPendFunctionCall() Function” to the
following values.

xTimerPendFunctionCall() Function : Enabled

Threads % | New Thread ® | Remove = New Thread Stacks
~ @ HAL/Common I A
49 .
_t g ioport /O Part {r foport) $ g_uartd UART (r_sci_b_uart)
k o Port (rm_freertos_port)
~ 8 New “‘IFEﬂd|
% ModbusSerialr modbus_serial_slave) @
& FreeRYOS Heap 4 r A
% Add DTC Driver for % Add DT
Objects | New Object > » Transmission Receptic
[Recommended but recomm
optional]

wummary |BSP | Clocks |Pins Inter\pts | Event Links | Linker Sections Stacks | Components

%! problems B Console [T PropenN

New Thread
Settings Property Value
v Optional Functions
vTaskPrioritySet() Function Enabled
uxTaskPriorityGet{) Function Enabled
vTaskDelete{) Function Enabled
vTaskSuspend() Function Enabled
%ResumeFrom|SR() Function Enabled
vTaskDelayUntil{) Function Enabled
vTaskDelay() Function Enabled
xTaskGetSchedulerState() Function Enabled
xTaskGetCurrentTaskHandle{) Function Enabled
uxTaskGetStackHighWaterMark() Function Disabled
uTaskGetldleTaskHandle() Function Disabled
eTaskGetState() Function Disabled
xEventGroupSetBitFromISR() Function Enabled
uTimerPendFunctionCall() Function
aTaskAbortDelay() Function Disabled
xTaskGetHandle() Function Disabled
xTaskResumeFromISR() Function Enabled
W
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5. Set Clocks

Change "PLL2 Src", "SCICLK Src", and "GPTCLK Src" in "Clocks" to the following values.

PLL2 Src : XTAL
SCICLK Src : PLL2R
GPTCLK Src : PLL2P

Clocks Configuration

T FLLIM LY 3

IV SIVIFLE FLL £are
SUBCLK 32768Hz LIPLLZ Src: XTAL

VI

!

PLLZ Div /3

!

PLL2 Mul x300.00

PLLZ 2.4000Hz

=

PLL2P Div /4

PLL2Q Div /3

PLLZR Div /5

T FLL I RCSHUAUIICL

~ —= PLL2P &600MHz

~ —= PLL2C 800MHz

~ —= PLLZR 4280MHz

BCLKA Disabled

CLKOUT Disabled

o

Generate Project Content

E7 Restore Defaults

= MIRFLLR LI O
[ ICLK Div /4

[ PCLKA Div /8
[ PCLKE Div /16
> PCLKC Div /8
[ PCLKD Div /4

[~ PCLKE Div /4

= BCLK Div /28

w —= BCLKA Div /6

o —= CLKOUT Div /11

bt SCICLK Src PLL2R

v | scICLK Div /4

SPICLK Disabled

CANFDCLK Disabled

~ —= SPICLK Div 1

w —= CANFDCLK Div /6

w |—> GPTCLK Div /2

/ GPTCLK Src: PLL2P

Sumrary |BSP Pins bekerropt=TEvent Links | Linker Sections | Stacks | Components
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6. Generate the code
Generate the code with "Generate Project Content".

s,a.r [RA_Modbus) FSP Configuration >

=0

Pin Configuration

0

Generate Project Content

Select Pin Configuration :ﬂ Export to CSV file ilco nfigure Pin Driver Warnings

RABT2 MCK ] Generate data: | g_bsp_pin_cfg

Pin Selection = I+ a

-1 i Pin Configuration
| Type filter text Name Value Link
[v « ports A
> ¥ PO

=} Cycle Pin Group

7. Add Modbus Sample Application

Copy modbus_func.c, modbus_user.c, and new_threadQ_entry.c from src folder of the sample program

package to the src folder of project and overwrite them.

i i.:' - Q - 'L:J_f # - q - = w "T" y» ModbusDem... * src
iy ProjectExplorer X E1 % 7V § = O | Ra_ Az &
* I5 RA_Modbus [Debug]
: Stack ij modbus_func.c
mi Includes | ==
B ra J modbus_userc
i
e J new_threadd_entr.c
e ra_gen Threa [
_
tel hal_entryc v ﬁ .
(g new_thread(_entry.c
(= Debug L
= ra_cfg v @
{3 Project Explorer X = i'f_. = {_‘3: [RA_Modbus] FSP Configuration X
~ |5 RA_Modbus [D - .
o A Modbus Debugl Stacks Configuration
iy Includes
Bra
& ra_gen —— % | New Thread
“ 3 arc H REIT‘ID"I’E =
Lg] hal_entry.c v ot HAL/Common -
(] modbus_func.c & g_ioport I/O Port (r_iopo
t¢] modbus_userc 4 FreeRTOS Port (rm_freert
Le| new_thread0_entry.c ~ & New Thread
(= Debug & Modbus TCP Server (rm_
& ra_cfg & FreeRTOS Hean 4 ki
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5.3 Settings the Serial Transmission Modes / Baud Rate / Parity Bit / Stop Bits
This section describes the settings of serial transmission modes, baud rate, parity bit and stop bits.

5.3.1 Settings the Serial Transmission Modes
This section describes the settings of serial transmission modes.

1. Set ModbusSerial
Open “Properties” of “ModbusSerial(r_modbus_serial_slave)” in “Stacks” and change “Serial Stack
Mode” to the following values.

e  When communicating at RTU
Serial Stack Mode : MODBUS_SERIAL_SLAVE_RTU_MODE

e  When communicating at ASCII
Serial Stack Mode : MODBUS_SERIAL_SLAVE_ASCII_MODE

Threads % | New Thread % | Remove MNew Thread Stacks @] New Stack > == Extend Stack

v .’." HAL/Common
& g_ioport |/O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
~ & New Thread
& ModbusSerial(r_modbus_serial_slave)

4 FreeRTOS Heap 4

®

& FreeRTOS Heap 4
4 Modbus serial wrapper to uart 4 Modbus serial wrapper to
driver(r_modbus_serial_port_uart) timer
driver(r_modhbus_serial_po
@ @ rt_timer)
ry \ ry
1 \ 1
Objects % | New Object > mov: @ g_uart0 UART (r_sci_b_uart) @ g_timer0 Timer, General
[ | PWM (r_gpt)
@ ®
. \
1 1 \

iummary |BSP | Clocks |Pins Interrupts  Event Links | Linker Sections | Stacks Components
£l Problems Bl Console [T Properties %

ViodbusSerial(r modbus_serial_slave)
Settings Property Value

~ Common
Parameter Checking Default (§SP)

Receive task priority 2

Receive task stack size 0x400

Send task priority 2

Send task stack size 0x400

Serial Mailbox Receive Max Elements 8

Slave ID 1

~ Module ModbusSerialir modbus_serial_slave)
MName g_modbus_serid|_slave0
| Serial Stack Mode MODBUS_SERIAL SLAVE_RTU MODE

Serial Communication Speed MODBUS_SERIAL SLAVE RTU_MODE

Callback for Function Code ODBUS_SERIAL SLAVE ASCII_MODE
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2. Set UART
Open “Properties” of “g_uart0 UART (r_sci_b_uart)” in “Stacks” and change “Data Bits” to the following
values.

e  When communicating at RTU
Data Bits : 8 bits

e  When communicating at ASCII
Data Bits : 7 bits

Threads % | New Thread | Remove New Thread Stacks % | New Stack >

~ "" HAL/Common
¥ g_ioport I/O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
~ & New Thread ® ®
& ModbusSerial(r_ modbus_serial_slave)

4 FreeRTOS Heap 4

4 ModbusSerial (r_modbus_serial_slave) Fr

4 Modbus serial wrapper to uart 4 Modbus serial wrapper to
driver{r_modbus_serial_port_uart) timer
driver(r_modbus_serial_po

@ @ rt_timer)

A
1

@ g_timer0 Timer, General
PWM (r_gpt)

®

Objects & | New Object > % | lemove

ummary |BSP | Clocks | Pins Interrupts | Event Links | Linker Sections | Stacks | Components
A Problems & Console [ Properties X
|_uart0 UART (r_sci_b_uart)

iettings Property Value
v Common
Parameter Checking
FIFQ Support
DTC Support
Flow Cantrol Support
~ Module g_uartQ UART (r_sci_b_uart)
v General
Name
Channel
Data Bits
Parity
Stop Bits Thits
> Baud Ybits

- -l

AP Info Default (BSP)
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5.3.2 Settings the Baud Rate

This section describes the settings baud rate. Baud rate that can be set in the Modbus protocol stack is
9600 bps / 19200 bps / 115200 bps.

1. Set ModbusSerial
Open “Properties” of “ModbusSerial(r_modbus_serial_slave)” in “Stacks” and change “Serial
Communication Speed” to the following values.

e  When communicating at 9600 bps
Serial Communication Speed : 9600

e  When communicating at 19200 bps
Serial Communication Speed : 19200

e  When communicating at 115200 bps
Serial Communication Speed : 115200

Threads % | New Thread ® | Remave New Thread Stacks % | New Stacl

~ -’Z" HAL/Common
+ g_ioport IO Port (r_ioport)
4 FreeRTOS Port (rm_freertos_part)
~ & New Thread
& ModbusSerial(r_modbus_serial_slave)

4 FreeRTOS Heap 4 !

& Modbus serial wrapper to uart & Modbus serial wrapper to
driver{r modbus_serial_port_uart) timer
driver(r_modbus_serial_po
@ @ rt_timer)
ry \ Y
1 \ 1
Objects %] New Object > %] femaove @ g_uart0 UART (r_sci_b_uart) @ g_timerD Timer, General
[ | PWM (r_gpt)
® ®
A \
1 A |

Summary | BSP | Clocks Pins Interrupts | Event Links | Linker Sections | Stacks Components
# problems B Console [ Properties >

ModbusSerial(r_modbus_serial_slave)

Settings Property Value
v Common
Parameter Checking
Receive task priority
Receive task stack size 0x400
Send task priority
Send task stack size 400
Serial Mailbox Receive Max Elemants
Slave ID
v Module ModbusSeriallr_modbus_serial_slave)
Name
Serial Stack Mode MQDBUS_SERIAL_SLAVE_RTU_MODE
| Serial Communication Speed 115200

Callback for Function Code 600
9200

Default (BSP)
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2. Set UART
Open “Properties” of “g_uart0 UART (r_sci_b_uart)” in “Stacks” and change “Baud Rate” to the following
values.

e  When communicating at 9600 bps
Baud Rate : 9600

e  When communicating at 19200 bps
Baud Rate : 19200

e  When communicating at 115200 bps
Baud Rate : 115200

Threads & | New Thread | Remove New Thread Stacks

v .’? HAL/Common
& g_ioport /O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
v & New Thread @
& ModbusSeria lir_modbus_serial_slave)

4 FreeRTOS Heap 4

& ModbusSerial (r_modbus_serial_slave)

&

4 Modbus serial wrapper to uart
driver(r_modbus_serial_port_uart)

®

©

&

Objects % | New Object >

le

ummary | BSP | Clocks | Pins Interrupts | Event Links | Linker Sections | Stacks Components
Yl Problems B Console [I Properties

j_uart0 UART (r_sci_b_uart)

Settings Property Value

~ Common
E— Default (BSP)
Disable
Disable

Disable

Parameter Checking
FIFO Support
DTC Support
Flow Control Support
~ Module g_uart0 UART (r_sci_b_uart)
> General
~ Baud
| Baud Rate [175200]
Baud Rate Modulation Disabled
Max Error (%) 5
> Flow Control
> Extra
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5.3.3 Settings the Parity Bit
This section describes the settings parity bit.

1. Set UART

Open “Properties” of “g_uart0 UART (r_sci_b_uart)” in “Stacks” and change “Parity” to the following
values.

e  When communicating none parity

Parity : None
e  When communicating odd parity
Parity : Odd
e  When communicating even parity
Parity : Even
Threads % | New Thread | Remove Mew Thread Stacks

w # HAL/Common
¥ g_ioport IO Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)

4 Modb usSerial(r_modbus_serial_slave)

~ I New Thread ®
¥ ModbusSerial{r modbus_serial_slave) oy
47 FreeRTOS Heap 4 1
4 Modbus serial wrapper to uart 4 Modbus seri;
driver{r_modbus_serial_port_uart) timer
driver(r_mod|
@ @ rt_timer)
'y
I
Objects a Mew Object > I\_ lemave + g_timer0 Tim
- PWM (r_gpt)
)
wummary | BSP | Clocks | Pins Interrupts | Event Links | Linker Sections | Stacks  Components
¥ Problems B Console [ Properties <
j_uart0 UART (r_sci_b_uart)
Settings Property Value
inf ~ Common
I Parameter Checking Default (BSP)
FIFO Support Disable
DTC Support Disable
Flow Control Support Disable
v Module g_uart0 UART (r_sci_b_uart)
~ General
Name
Channel
Data Bits
| Parity
Stop Bits
» Baud
> Flow Control
» Extra
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5.3.4 Settings the Stop Bits
This section describes the settings stop bits.

1. Set UART

Open “Properties” of “g_uart0 UART (r_sci_b_uart)” in “Stacks” and change “Stop Bits” to the following

values.

e  When communicating 1 stop bit
Stop Bits : 1 bit

e  When communicating 2 stop bits
Stop Bits : 2 bits

Threads % | New Thread ® | Remove New Thread Stacks

A ‘-’-1 HAL/Common

& g_ioport /O Port (r_ioport)

¥ FreeRTOS Port (rm_freertos_port)
~ & New Thread ®

4% ModbusSeria I{r_modbus_serial_slave)

& ModbusSerial (r_modbus_serial_slave)

47 FreeRTOS Heap 4
4 Modbus serial wrapper to uart

4 Modbus seri

Objects & | New Object > ®) femove

driver{r_modbus_serial_port_uart) timer
driver(r_mod
@ @ rt_timer)
ry Y
& g_timer( Tim
FWM (r_gpt)

wmmary  BSP Clocks |Pins Interrupts | Event Links | Linker Sections | Stacks | Components
f_ Problems & Console T Properties X

j_uart0 UART (r_sci_b_uart)

Settings Property Value
~ Commaon
i Parameter Checking Default (BSP)
FIFO Support Disable
DTC Support Disable
Flow Control Support Disable
~ Module g_uartD UART (r_sci_b_uart)
~ General
MName uart0
Channel
Data Bits
Parity
Stop Bits 1bit
) Baud ﬁ
» Flow Control 2bits
% Cwbes
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6. Execution of Modbus Sample Project

Before you begin, read "4.2 Setting the Board" to complete the hardware connections. Also, read "5.
Setting Up the Modbus Sample Project" to complete the preparation of the Modbus sample project.

1. Build the project

Right-click on the project from the “Project Explorer”, then select “Build Project”.

Project Explorer X< ASY § =0
v 1% RA Modbus [[ ~ :
b’ Binaries Go Into
nit Includes
B ra Open in New Window
e ra_gen Show In Alt+Shift+W >
v (B src E Cop Ctrd+C
LE| hal_entry Paste Ctrl+V
L] modbus 3§ Delete Delete
el modbus Source »
Lc| mew_thre B
& Debug Rename... F2
& raclg ia Import..
m_— saript 5 Export...
1es configuratic Harisne Fop Z
ra_cfg.tet
% RA Modbus|_ Bulld Project |
Q) Developer / Clean Project
2 | Refresh F5

Close Project

At this time, make sure there are no build errors.

Project Explorer 3¢ = B {& [RA_Modbus] FSP Configuration
& H] . .
EE Y ! stacks Configuration
v|i=5 RA_Modbus [Debug]

» 3, Binaries

» il Includes Threads 4| New Thread 3] Remove [=]  New Thread Stacks 4] New Stack > =

>Br v i HAL/Commen

> [ ra_gen 48 g_ioport /0 Port (r_ioport) 4% ModbusSerial(r_medbus_serial_slave)

> B SD’cb 4% FreeRTOS Port (rm_freertos_port)

=t . v & New Thread ©

& ra_ctg 4% ModbusSerial(r_modbus_serial_slave)

’ % NP i ' 4% FreeRTOS Heap 4 I
(.} GBI % Modbus serial wrapper to uart 42 Modbus se
L1y ra_clg.tet driver(r_modbus_serial_port_uart) to timer
[ RA_Modbus Debug_Flat.launch Objects 4| New Object > 5 driver(r_ma

5> (7) Developer Assistance @ @ _port_timer

a a

Summary | BSP |Clocks | Pins | Interrupts | Event Links | Linker Sections | Stacks | Components

Problems Console Properties Smart Browser Smart Manual
CDT Build Console [RA_Modbus]
Building file: ../ra/board/ra8t2_mck/board_init.c
Building file: ../ra/board/ra8t2 mck/board leds.c
Building file: ../ra/aws/FreeRT0S/FreeRT05/Source/portable/MemMang/heap_4.¢
Building file: ../ra/aws/FreeRT0S/FreeRTO5/5Source/event_groups.c
Building file: ../ra/aws/FreeRT0S/FreeRT05/Source/queus.c
Building file: ../ra/aws/FreeRTOS/FresRT05/5Source/list.c
Building file: ../ra/aws/FreeRT0OS/FreeRT05/5ource/stream buffer.c
Building file: ../ra/aws/FreeRT0S/FresRT05/5Source/tasks.c
Building file: ../ra/aws/FreeRT0S/FreeRT05/Source/timers.c
Building target: RA_Modbus.elf
arm-none-eabi-objcopy -0 srec "RA Modbus.elf" "RA Modbus.srec”
arm-none-eabi-size --format=berkeley "RA_Modbus.elf"

text data bss dec hex filename

36436 532 84564 121532 1dabc RA_Modbus.elf
13:@9:82 Build Finished. @ errors, @ warnings. (toock 12s.63ms)

R20AN0824EJ0110 Rev.1.10 Page 40 of 51

Mar.31.26

RENESAS




Renesas RA Family Quick Start Guide: Modbus Serial

2. Download the application and run the debugger.
To start debugging, follow the steps below:

In “Project Explorer” view, right-click on the project to be debugged and select “Debug As” — “Debug

Configurations”.
Project Explarer X 2% Y 8 = B & RAModbus] FSP Configuration X
v|I=% RA_Modbus [De New > lon
> iﬁ? Binaries
- Go Into
> b Includes
> B ra Open in New Window 4| Mew Thread 32| Remove 2] New Thread Stacks
’ g e Show In Alt+Shift+W >
> sre art (r_ioport) 4% ModbusSerial(r_modbus_s
» = Debug 2 Copy Cirl+C Sopery
> B ra_cfg = (rm_freertos_port)
» [= script
LE‘:E configuratior o Delete Delete r_modbus_serial_slave) ®
[g} ra_cfo.txt Source y 24
[X) RA_Modbus & Mpdbusserialwrapp}ertol
Dewel A driver(r_modbus_serial_poi
> (@ Developer A: Rename... F2
@
fy Import. Y
- I
3 Export.
= o) g_uartd UART (r_sci_b_uart
Renesas FSP > .
4] New Object >
Build Project ®
Clean Project x
i Refresh Fs — —
%1 Add DTC Driver for
Close Project Transmissicn
15 | Interrupts | Event Links | Linker Sections | Stacks | Components
Build Targets o Properties Smart Browser Smart Manual
Index > dbus]
. - /fsp/sre/bsp/meu/all/bsp_macl.c
AL e A IeTaTs & /fsp/src/bsp/mcu/all/bsp_ospi_b.c
< N /fsp/src/bsp/mcu/all/bsp_register protection.c
ouree /fsp/src/bsp/mcu/all/bsp_sbrk.c
/fsp/src/bsp/mcu/all/bsp_sdram.c
O Runhs > iFenisrc/henimendall fhen sacuritu e
%45 Debug As » [ 1GDB OpenOCD Hardware Debugging (DSF)
Restore from Local History... 7 2 GDB Simulator Debugging (RH850)
MISRA-C » [E] 3Local C/C++ Application
W (/C++ Project Settings Ctrl+Alg+P [E7 4 Renesas GDB Hardware Debugging
Renesas C/C++ Project Settings » [ 5 Renesas Simulator Debugging (RX, RL78)
Ri C++ Code Analysi
%}‘ T SRR I Debug Configurations... I
T >
sam [E7 &RA_Modbus Debug_Flat (Renesas GDB Hardware Debugging)
Compare With
“odbus.elf
B System Explorer y -0 srec "RA_Modbus.elf" "RA_Modbus.srec”
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3. Program download.
When toolchain is the Arm Compiler:

Select “Renesas GDB Hardware Debugging” — “RA_Modbus Debug_Flat”, then select “Startup” tab.
Remove the “Offset (hex)” value "0" for “Load image and symbols” and click “Debug”.

&) Debug Configurations [m] X

Create, manage, and run configurations

O @ 4] B X | B Y~ Name: RA_Modbus Debug_Flat

type filter text Main |3§f& Debugge(| = Startup| &~ Suurce| =] Cummun|
[E] C/C++ Application Initialization Com s
[E] C/C++ Remote Application () Reset and Dyl (seconds): 3
L=/ EASE Script

[£] GDB Hardware Debugging
[£7 GDB Simulator Debugging (RH850)
R Launch Group

~ [£7| Renesas GDB Hardware Debugging

&7 RA_Modbus Debug_Flat

c | Renesas Simulator Debugging (RX

Lead image and symbols \

Filename Load type A Offset (hex)  On connect Add

rﬂ Program Binary [RA_M... Image and Symbols l I Yes

Revert Appl
Filter matched 9 of 11 items \Ve o

When toolchain is not the Arm Compiler:

Select “Renesas GDB Hardware Debugging” — “RA_Modbus Debug_Flat”, then click “Debug”.

@) Debug Configurations [m} X ‘
Create, manage, and run configurations ﬁ
i
i e ERIBY ~ Name: | RA_Modbus Debug_Flat
typa filtay text [ Main | % Debugger B Startup | % Source| [C] Common
[€] ¢/C++ Application A
o o Project:
L€ | C/C++ Remote Application :
' EASE Script RA_Modbus | Browse...
[£] GDB Hardware Debugging C/C++ Application:
[£”] GDB Simulator Debugging (RHI

Debug/RA_Modbus.elf

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

F
v 'tIJ Renesas GDB Hardware Debug¢

if required) before launching

[€¥] Renesas Simulator Debugging (
Build Configuration®
< >

Revert Apply

Filter matched 9 of 11 items
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The following dialog appears, switch to the debug screen.

g Confirm Perspective Switch X

e 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

o] w

4. Program starts.
Click the Resume button.
When debugging starts, the program is suspended at main.c.
Click the Resume button again to run the program.

ﬁ workspace_v6.2.0 - RA_Modbus/raffsp/src/bspfomsis/Device/REMESAS Sa

File Edit Source Refactor Mawvigate Search  Project  Renesas View

| B~ R ~ie ||l O R S I S AR ]

%5 Debug X = | | i= | @ § = B [g starty
~ [£7 RA_Modbus Debug_Flat [Renesas GDB Hardware Debuggir 38
v E RA_Modbus.elf [1] [cores: 0] 448
w i Thread #1 1 (single core) [core: 0] (Suspended : Break ié
= main() at main.c:82 (x2000ebc a3
gl arm-none-eabi-gdb (16.2) 45

e Renesas GDB server (Host)
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7. Modbus Communication Using Modbus Demo Application

This section demonstrates the procedure for checking the demo operation of the Modbus sample application
using the Modbus demo application. For information on configuring the Modbus protocol stack, see "8.1.
Appendix A: Modbus Protocol Stack Configuration".

7.1 Setting up of Modbus Demo Application
Launch "ModbusDemoApplication.exe" included in this package and configure the following settings.

Connection : Serial Slave

Serial setting :
Serial Port No (for example, “COM3”)
Baud Rate (for example, "115200bps”)
Communication mode (for example,” RTU”)
Parity (for example,” NONE Parity”)
Stop Bit (for example, "1 stop bit”)

Slave ID : Slave ID (for example, “1”).

Note:

The "ModbusDemoApplication.exe " settings should match the Modbus sample project settings listed in “5.3
Settings the Serial Transmission Modes / Baud Rate / Parity Bit / Stop Bits" and "8.1. Appendix A:
Modbus Protocol Stack Configuration”.

#g! Modbus Demo - 5]

File(F)  Help
Connection Connact
|Serial Slave 1
Serial setting /0
ICOM3 Coils 11}
116200bps § Discrete Inputs 00
RTU v
Slave ID
NONE Parity y E
1 stop bit v
Connection Timeout
5000
192.168.1.100
Ready
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7.2 Modbus Demo Application Specification
Users can see the simple demonstration using this Modbus protocol stack in this sample project.

By communicating with PC through the Modbus RTU / ASCII protocol, LED blinking speed is controlled
dynamically.

For this control, "Read_Discrete_Inputs" and "Write_Single_Coil" function codes are used.
After clicking the "Connect" button, LEDs 1 to 3 will blink periodically.

"Discrete Inputs" are updated depending on whether the user switch listed in “8.3.2 User-defined
Functions” is ON or OFF.

85! Modbus Demo — ] X
File(F) Help
Gonnection Updated according to
Serial Slave user switches
Serial setting IO
COM30 Coils
115200bps Discrete Inputs
RTU
Slave ID
NONE Parity i
1 stop bit

Connection Timeout

5000

192.168.1.100 50

updated periodically

WRITE MULTIPLE COIL ...
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8. Appendix

8.1 Appendix A: Modbus Protocol Stack Configuration
The Modbus protocol stack configuration is described below.

Configuration ‘ Options ‘ Default | Description
Common
Parameter Checking | -+ Default (BSP) Default (BSP) If selected code for
- Enable parameter checking is
- Disable included in the build.
Receive task priority | Legal values range from 0 2 Receive task priority. Legal
through (Max Priorities - 1) values range from 0
through (Max Priorities - 1).
Receive task stack Legal values are 0x400 or 0x400 Receive task stack size.
size higher Legal values are 0x400 or
higher.
Send task priority Legal values range from 0 2 Send task priority. Legal
through (Max Priorities - 1) values range from 0
through (Max Priorities - 1).
Send task stack size | Legal values are 0x400 or 0x400 Send task stack size. Legal
higher values are 0x400 or higher.
Serial Mailbox Legal values are 8 or higher 8 The length of the queue
Receive Max that passes data between
Elements tasks.
Slave ID Legal values are from 1to 247 | 1 The Modbus standard

defines slave ID as 1-247.

Module ModbusSerial(r_modbus_serial_slave)

Name Name Must Be a Valid C g_modbus_seria | Module name.
Symbol |_slave0
Serial Stack Mode - MODBUS_SERIAL_SLAVE_ | MODBUS_SERI | Mode in which the
RTU_MODE AL _SLAVE_RT | MODBUS serial stack
- MODBUS_SERIAL_SLAVE_ | U_MODE should work in as RTU /
ASCIl MODE ASCII Slave. Select the
B desired stack mode.
Serial + 9600 115200 UART communication
Communication < 19200 speed.
Speed - 115200
Callback for Function | Name must be a valid C function_code c | Please enter the user
Code symbol allback callback function name for

"Function Code".
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8.2 Appendix B. Application Programming Interface

Function

- R_MODBUS_SERIAL_SLAVE_Open

p_handle

Description MODBUS serial slave stack is initialized with this function.

Format modbus_err_ t R_ MODBUS_SERIAL_SLAVE_Open (
modbus_serial_slave_handle_t * const p_handle,
modbus_serial_slave_cfg_t const * const p_cfg

)
Parameter modbus_serial_slave_handle_t * const Control block. Allocate an instance

specific control block to pass into the
Modbus Serial API calls.

modbus_serial_slave_cfg_t const * const
p_cfg

Modbus Serial Configuration parameters.

Return value

Error code

&g_modbus_serial_slave0_ctrl, &g_modbus__

Error code MODBUS_ERR_OK MODBUS Serial Slave stack initialized
successfully.
MODBUS_ERR_ALREADY_OPEN MODBUS Serial Slave stack has already
been initialized.
Example R_MODBUS_SERIAL_SLAVE_Open(

serial_slave0_cfg);

. R_MODBUS_SERIAL_SLAVE_Close

Description MODBUS serial slave stack is terminated with this function.
Format modbus_err_t R_ MODBUS_SERIAL_SLAVE_Close (
modbus_serial_slave_handle_t * const p_handle
)
Parameter modbus_serial_slave_handle_t * const Control block. Allocate an instance

p_handle

specific control block to pass into the
Modbus Serial API calls.

Return value

Error code

Error code MODBUS_ERR_OK MODBUS Serial Slave stack terminated
successfully.
MODBUS_ERR_STACK_TERM MODBUS Serial Slave stack terminated
failure.
MODBUS_ERR_NOT_OPEN MODBUS Serial Slave stack is not
initialized.
Example R_MODBUS_SERIAL_SLAVE_Close(&g_modbus_serial_slave0_ctrl);
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8.3 Appendix C: User-defined function

This section describes Modbus sample application. Users can register their own implementation of Modbus
function code with Modbus protocol stack.

8.3.1 Register Function Code

Definition file: src/modbus_func.c
Define the function to be registered in call back function of Modbus protocol stack.

8.3.2 User-defined Functions

User-defined functions are defined in the src/modbus_user.c
User-defined Read/Write functions are used to process each function.

Some functions access the following components of the evaluation board.

Evaluation User LED User-Switch

Boards ® @ ® ® @
MCK-RA8T2 | LED1 LED2 LED3 - -
EK-RA8M2 User LED1 User LED2 User LED3 User-Switch SW1 | User-Switch SW2
EK-RA8T2 User LED1 User LED2 User LED3 User-Switch SW1 | User-Switch SW2

Read/Write functions and tables are provided that correspond to each address of the coil/discrete
input/holding register/input register.
The evaluation board parts and global variables accessed by the functions in each table are as follows.

[Read Coils]

address Access

0001 Above table User - LED(1), g_coils_area

0002 Above table User - LED(2), g_coils_area

0003 Above table User - LED(3), g_coils_area

0004 g_coils_area

0005 g_coils_area

0006 g_coils_area

0007 g_coils_area

0008 g_coils_area

[Write_Single_Coils]

address access

0001 Above table User - LED(D), g_coils_area*1 | *{ : Each LED on the evaluation board turns

0002 Above table User - LED(2), g_coils_area *1 on/off depending on the value written by this

0003 Above table User - LED(3), g_coils_area *1 function.

0004 g_coils_area

0005 g_coils_area

0006 g_coils_area

0007 g_coils_area

0008 g_coils_area
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[Read_Discrete_Inputs]

address access

1001 g_discrete_input_area

1002 g_discrete_input_area

1003 g_discrete_input_area

1004 g_discrete_input_area

1005 g_discrete_input_area

1006 Above table User-Switch(D, g_discrete_input_area *2 ,*2 : The value rea,d by this function is displayed

- : : in “Discrete Inputs” of the Modbus demo

1007 Above table User-Switch®), g_discrete_input_area *2 application.

1008 g_discrete_input_area

1009 g_discrete_input_area

10010 ILLEGAL DATA ADDRESS

10011 g_discrete_input_area

10012 g_discrete_input_area

[Read_Discrete_Inputs]

address access

3001 g_input_reg_area

3002 g_input_reg_area

3003 g_input_reg_area

3004 ILLEGAL DATA ADDRESS

3005 ILLEGAL DATA ADDRESS

3006 ILLEGAL DATA ADDRESS

3007 ILLEGAL DATA ADDRESS

3008 g_input_reg_area

[READ_HOLDING_REGISTERS]

address access

4001 g_holding_reg_area

4002 g_holding_reg_area

4003 g_holding_reg_area

4004 ILLEGAL DATA ADDRESS

4005 ILLEGAL DATA ADDRESS

4006 ILLEGAL DATA ADDRESS

4007 g_holding_reg_area

[WRITE_SINGLE_REGISTER]

address access

4001 g_holding_reg_area

4002 g_holding_reg_area

4003 g_holding_reg_area

4004 ILLEGAL DATA ADDRESS

4005 ILLEGAL DATA ADDRESS

4006 ILLEGAL DATA ADDRESS

4007 g_holding_reg_area
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9. Limitations

No Limitations
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Revision History
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Page 9 Added Figure 4.3
Page 11 Added steps to execute the Modbus sample project
Page 28 - 33 | Added 5.2.3 EK-RA8T2 Creating Procedures
Updated Operating Environment Requirements
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Page 44 Change the description of the settings
Page 45 Added information about Discrete Inputs
Page 48 Updated the User LED and User Switch tables
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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/.
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Renesas and the Renesas logo are trademarks of Renesas Electronics
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