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Notice

1. 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.

2. 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.

7. 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.

8. 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.

9. 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.

10. 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.

11. 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.

12. ltis 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.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

o o M w

(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/contact/.

www.renesas.com

Trademarks

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

© 2024 Renesas Electronics Corporation. All rights reserved.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit
Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the products
covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps must
be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be adequate.
When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be
touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

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

3. Input of signal during power-off state
Do not input signals or an I/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O 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 per the directions given under handling 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 VIL (Max.)
and VIH (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 VIH (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 LSI 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.
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1. Overview

Renesas e? studio is the Integrated Development Environment for Renesas embedded microcontrollers.

e? studio is based on the industry-standard open-source Eclipse IDE framework and the C/C++ Development
Tooling (CDT) project, covering build (editor, compiler, and linker control) and debug phases with an
extended GNU Debug (GDB) interface support.

The e? studio IDE supports the Renesas Flexible Software Package (FSP), an optimized software package
designed to provide easy-to-use, scalable, high-quality software for embedded system design. The primary
goal of FSP is to provide lightweight, efficient drivers that meet common use cases in embedded systems.

The e? studio IDE includes multiple Graphical User Interface (GUI) wizards for auto-generating code,
including and configuring existing drivers, configuring build and debug options, and running the applications
you create. Driver documentation is integrated in the form of tooltips, which are available in the code editor
view.

The Renesas FSP support is included in e? studio releases 2022-07 (64-bit) and higher. Multiple views and
editors are available to support specifically Renesas RA microcontrollers and the open-source GNU Arm
Embedded Toolchain.

This user manual targets “Non-TrustZone device” and “Flat (Non-TrustZone) Project in TrustZone device.”

The e? studio IDE also supports Arm® TrustZone® technology. Arm TrustZone technology divides the system
and the application into Secure and Non-Secure partitions. 2 studio helps users set up new TrustZone-
enabled projects and provides debugging features for secure and non-secure applications on Renesas
devices with Arm TrustZone technology. Refer to this link for more information about RA Arm TrustZone
tools: https://www.renesas.com/sg/en/document/apn/ra-arm-trustzone-tooling-primer.

When using a 3rd-party IDE and toolchain, you can use the Renesas RA Smart Configurator to configure the
software system (BSP, drivers, RTOS, and middleware) for a Renesas RA microcontroller.

Note: The contents displayed on the screen may differ slightly depending on the e? studio, the device used,
and the FSP version.

R20UT5210EJ0101 Rev.1.01 Page 3 of 115
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1.1 System Configuration

Figure 1-1.

Renesas RA In e? Studio

A typical system configuration includes a host machine and a target board, as shown below.
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Figure 1-2. System Configuration
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1.2 System Requirements

1.21 Hardware Environment:

System:  x64 based processor, 2 GHz or faster, CPU has dual cores or more
Memory capacity: We recommend 8 GB or more. At least 4 GB.
Capacity of hard disk: At least 2 GB of free space.

o Display: Graphics resolution should be at least 1024 x 768, and the mode should display at
least 65,536 colors
o Interface: USB 2.0.

Microsoft Visual C++ 2010 SP1 runtime library *1
Microsoft Visual C++ 2015-2019 runtime library *1

*1. This software will be installed at the same time as the e? studio

1.2.2 Operating Environment:

Architecture 0s e? studio
64-bit version Windows 11 2023-10
Windows 10
x64 based processor Linux 2024-01.1
Apple Silicon (AArch64-based) MacOS 2023-01

Note: 64-bit OS is required for e2 studio 2022-07 and higher versions.

1.3 Supported Toolchains

GNU Arm Embedded Toolchain (version: 12.2 or 13.2-Rel1)
LLVM Embedded Toolchain for Arm (version: 17.0.1)

IAR Compiler 9.40.1 or later

Arm Compiler (version: 6.19 or later)

1.4 Supported Emulator Devices

SEGGER J-Link, E2, E2 emulator Lite

1.5 Outline of a RA Project Development

This document provides detailed instructions on how to start developing with Renesas RA. The main steps
are outlined below. By understanding the main steps below, readers can relate better to the procedures
described in Chapters 3 and 4.

Generating a RA project

Configuring the RA project to fit hardware specifications such as clock, ICU, and pin functions
Configuring the FreeRTOS.

Configuring the Azure RTOS.

Configuring the BSP (selecting HAL driver models)

Adding user code

Building the project

Configuring the debugger and launching debugging

R20UT5210EJ0101 Rev.1.01 Page 5 of 115
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2. Installation

The development tools can be installed using either the “FSP with e? studio Installer” or the standard
e? studio Installer.

2.1 Installing the FSP with e? studio Installer

The FSP with e? studio Installer includes the e? studio tool, FSP packs, GCC and LLVM toolchain, and other
tools required to use this software. To download and install the FSP with e? studio Installer, follow the steps
below:

Visit the GitHub page of Flexible Software Package (FSP) for Renesas RA MCU Family:
https://github.com/renesas/fsp/releases

Select FSP with e? studio Installer (for example, setup fsp<version> e2s <version >.exe)and click
on the link to download directly.

v5.0.0 (ue)

Release Notes

Flexible Software Package (FSP) for Renesas RA MCU Family, version 5.0.0.

Minimum e2 studio version for FSP 5.0.0 is e2 studio 2023-10

Download the FSP with e2 studio Windows installer for this release, setup_fsp_v5_0_0_e2s_v2023-10.exe, from here.

Download the FSP with e2 studio Linux Applmage for this release, setup_fsp_v5_0_0_e2s_v2023-10.Applmage, from here.
Refer to https://en-support.renesas.com/knowledgeBase/19934358 for information on installing e2 studio and related

software components in a Linux PC.

If using IAR or Keil MDK, download the Renesas Advanced Smart Configurator for this release, setup_fsp_v5_0_0_rasc_v2023-
10.exe, from here.

All installers are available in the Assets section of this release.

Refer to the README.md in the FSP root folder for setup instructions, hardware details, and related links.

Tools

Arm GNU Toolchain: 12.2

LLVM Embedded Toolchain for Arm: 17.0.1

IAR Compiler: 9.40.1

Figure 2-1. Installation — Download the FSP Package
Run the installation file.

On the Select Install Type page, if you would like to customize the components to be installed, choose
Custom Install, then click on Next.

It is recommended that new users select the Quick Install option to minimize the configuration steps. This
option will install e2 studio, FSP, and GCC ARM Embedded by default. The last step will not be shown if the
user selects Quick Install.

R20UT5210EJ0101 Rev.1.01 Page 6 of 115
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E! Renesas RA Flexible Software Package (F5P) v5.0.0 with &° studio 2023-10 Setup Od >

Renesas RA Flexible Software Package (FSP) v5.0.0 with e” studio 2023-10 Setup \
RA

Install Type

Select Install Type:

I-”é“- Quick Install
Y.~/ Default installation of e* studio, FSP, Arm GMNU Toolchain & LLVM Embedded Toolchain for Arm

Custom Install

Custom installation of e’ studic, FSP, Arm GNU Toclchain & LLVM Embedded Toolchain for Arm

v202310202041 Uzer: All Users < Back Install Cancel

Figure 2-2. Installation — Select Install Type

You may use the default folder or change it on the welcome page by clicking on [Change...]. Click on Next
to continue.

E! Renesas RA Flexible Software Package (F5P) v5.0.0 with e’ studic 2023-10 Setup | X
Renesas RA Flexible Software Package (FSP) v5.0.0 with e studio 2023-10 Setup \
RA
~

Install directory ready
Install Location: C:\Renesas\RA\e2studio_v2023-10 fsp v5.0.0
[Change...]

Prerequisite software already installed

Internet connection available

Change Proxy Settings...

Ready to install

Software to install:
- Renesas e studio v23.10.0.R20231006- 1456
= Java Runtime v17.0.0
= Renesas FSP Smart Configurator Core w9.3.0.v20231003-1907
= Renesas RA v23.10.0.v20230012-1036
= Just) Adoptiurmn OpenlDK Hotspot JRE Complete v17.0.8.020230801-1951

= Ananify Anadis fastora AT OR WIAINIITIAA 4
¥202310202041 User: All Users < Back Install Cancel
Figure 2-3. Installation — Welcome Page
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On the Extra Features page, click on the required functions, then click on Next.

This page will not be shown if you select Quick Install.

E! Renesas RA Flexible Software Package (F5P) v5.0.0 with e* studic 2023-10 Setup Od =
Renesas RA Flexible Software Package (FSP) v5.0.0 with e* studio 2023-10 Setup \
. RA
Select the extra features you wish to install -
Welcome Pamnt Japanese Language Support
[ ()
Ry
@ Extra Features
0 Paint Chinese (Simplified) Language Support
| |
Ry
O e Chinese (Traditional) Language Support
| |
Ry
P Git Integration
| ]
p— Git SCM Support
P Terminals
| ]
— ANSIA102 compatible Terminal support for Serial, ssh and Telnet
Select All
w202310202041 Uszer 4ll Users < Back Install Cancel
Figure 2-4. Installation - Extra Features
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RA Family Renesas e2 studio 2023 - 10 or Higher — Quick Start Guide

Select the components you want to install on the Customize Features page and click on the Next button to
continue. This page will not be shown if you select Quick Install.

E! Renesas RA Flexible Software Package (F5P) v5.0.0 with e studic 2023-10 Setup | >
Renesas RA Flexible Software Package (FSP) v5.0.0 with e studio 2023-10 Setup \
RA
||
Welcome -
Renesas e2 studio (23.10.0.R20231006-1456) 'Y
R < [/]Jova Runtime (17.0.)
Customise o

Features - Rane
Ren esas RA (23 1[:| D v2023091 2 1035:1

Renesas FSF' Smart Conflguratu:ur Cu:ure (9 3 DVZDB'IDEB 1QD7J

Renesas RA Debug Suppu:urt FI|E5 (23.10.0,720231003-0928)

op Renesas EZ StI.IdID Commu:un Cu:umpu:unents (23 10.0.R20231006-1456)

qr Renesas EE StI.IdID Commu:un Cu:umpu:unents fu:ur ARM Devices (23.10.0.R20231008-1456)

on Renesas EZ StI.IdID Tu:uuls (23.10.0.R20231006-1456)

; GIE |nEegraEl0n Tor Echipse (D .".U.u‘lUn‘_jU‘_‘I'LE'Uﬁ-QU-U W

Select All Optional | | Deselect All Opticnal

Size of install: 741.2 MB

v202310202041 Uzer All Users < Back Install Cancel

Figure 2-5. Installation - Customize Features

On the Additional Software page, select the “GNU ARM Embedded 12.2. MPACCBTI-Rel1” or "GNU ARM
Embedded 13.2. Rel1", “LLVM Embedded Toolchain for Arm 17.0.1” and other necessary software to be
installed, then click on Next. This page will not be shown if you select Quick Install.
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E! Renesas RA Flexible Software Package (F5P) v5.0.0 with &’ studio 2023-10 Setup

O *
Renesas RA Flexible Software Package (FSP) v5.0.0 with e® studio 2023-10 Setup ﬁa

Select the additional software you wish to install

Welcome w [] Renesas RA
Extra Features i200 2l

GMNU ARM Embedded 12.2. MPACETI-Rell  12.2-MPACETL.Rel
Customise LLVM Embedded Toolchain for Arm 17.0.1 17.0.1 I
Features v [] menesas OF
Additional [] QE for AFE 2.1.1

[] QE for Motor 1.2.0
Software [] QE for Capacitive Touch 3.3.0

[ QE for BLE[RA,RE, RX] 1.6.0

[] QE for Display[RX,RA] 3.2.0

w [] Renesas Al
Renesas Reality Al for RA 23.10.0
Renesas Reality Al Data Storage Tool 1.1.0

0 B download required

v202310202041 Uszer &ll Users < Back Install Cancel

Figure 2-6. Installation — Select Additional Software

Tick the checkbox to accept the license agreement, then click on Next to continue.

E! Renesas RA Flexible Software Package (F5P) v5.0.0 with &’ studio 2023-10 Setup

O *
Renesas RA Flexible Software Package (FSP) v5.0.0 with e® studio 2023-10 Setup ﬁa

Welcome Please read and accept the following Software Agreements
Extra Features Renecas &2 ctudio License Terms and Conditions for REMESAS e studio ~
Customise OpenlDK License Agreem

This Renesas ed studio license agreement ("Agreement”] is between

Features ARM D5-5 Toolchain Integ vy, entity on whose behalf you are entering into this Agreement
. Renesas F5P v3.0.0 ("Client") and Renesas Electronics Corporation, a Japanese
sl GMU ARM Ermnbedded 12.; (company with its registered office at 3-2-24, Toyosu, Koto-ku,
Software LLYM Embedded Toolchai Tokyo 135-0061, Japan ("Renesas"). YOU SHOULD READ THIS
rbedded 1o0IEhal | A GREEMENT CAREFULLY, AS IT CONSTITUTES A BINDING
@ Licenses Renesas Common Library| |coNTRACT BETWEEN CLIEMT AND RENESAS,

The Renesas IDE Software (defined below) is intended for

commercial use by a company or corporation only and is not
designed, developed or produced for any private use or purpose. If
wou are an individual, or you intend to install the Renesas IDE

L » | |Software on behalf of an individual, or the Renesas |DE Software is  w

IEI accept the terms of the Software Agreements! I Print all...

v202310202041 Uszer &ll Users < Back Install Cancel

Figure 2-7. Installation — Software Agreements
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Select the shortcut name for the start menu on the Shortcuts page and click the Next button to continue.

Note: If you already have installed e? studio in another location, it is recommended that you rename this
installation to distinguish it from the other e2 studio(s).

E! Renesas R4 Flexible Software Package (FSP) v5.0.0 with e’ studio 2023-10 Setup

O Py
Renesas RA Flexible Software Package (FSP) v5.0.0 with e studio 2023-10 Setup ﬁm

Welcome Shortcuts to important programs and files will be created in the fellowing locations:

Extra Features

IIr1 start menu group: | Renesas RA v3.0.0 |I
Customise

Features @ Restore Default

Additional
Software

Licenses

@ Shortcuts

w202310202041 User: All Users < Back Install Cancel

Figure 2-8. Installation — Shortcuts
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Check the Summary and click on Install to continue.

E! Renesas RA Flexible Software Package (F5P) v5.0.0 with e studic 2023-10 Setup | >
Renesas RA Flexible Software Package (FSP) v5.0.0 with e studio 2023-10 Setup \
RA
~
Welcome Ready to install
Extra Features Software to install:

» Reneszas e studio v23.10.0.R20231006-1456

Customise = Java Runtime v17.0.0

Features = Renesas F5P Smart Configurator Core +8.3.0.v20231003-1907

Additional » Renesas RA v23.10,0.v20230912-1036

Software = Git integration for Eclipse v6.7.0.202300050840-r
« TM Terminal w4.5.100

Licenses = Just) Adoptium OpenlDK Hotspot JRE Complete v17.0.8.v20230801-1951
« TM Terminal v11.3.1.20230%150108

Shortcuts « T Terminal Control +11,3.1.202309150117
» T Terminal Local Connector Extensions +11.3.1.202309130108

@ Summar}f « TM Terminal 55H Connector Extensions v11.3.1.2023097150108

= TM Terminal Senal Connector Extensions v11.3.1.202309130108
» T Terminal Telnet Connector Extensions v11.3.1.202309150108
« Terminal (Console) View v11.3.1,.202309150117

= openjfx.media.feature v17.0.6.202303271016

» ppenifi.standard.feature v17.0.6.202303271016 W

V000 User Alsers BT T

Figure 2-9. Installation — Summary

Click on OK to finish the installation.
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E! Renesas RA Flexible Software Package (F5P) v5.0.0 with &’ studio 2023-10 Setup | X
Renesas RA Flexible Software Package (FSP) v5.0.0 with e® studio 2023-10 Setup \
RA
Welcome Installation of Renesas RA Flexible Software Package (FSP) v5.0.0 with e® studio 2023-10 is
complete,
Extra Features
) Pleasze click OK to close.
Customise
Features
. [ Launch &2 studio?
Additional _
Software [+] View Release Motes?
) [+] View What's New?
Licenses
[] View Renesas FSP User Manual?
Shortcuts
Summary
Installirlg... Useful Links:
Renesas FSP: Ch\Renesas\RA\edstudio w2023-10 fep v5.0.0
@ Results | (PSPPI s [ U ISRV i JSEDUPRRSE o T (SIS N I R (TR et £ b A T I o Y JSSPSNR i i )
v202310202041 User: All Users < Back Mext > Cancel
Figure 2-10. Installation — Complete Installation
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2.2 Installing e? studio and FSP Independently
This section describes the independent installation of the following components.

« e?studio IDE
o« GCC ARM Embedded Compiler
« Renesas Flexible Software Package (FSP)

2.21 Installing e? studio
To install e2 studio for RA, follow these steps:

1. Download e? studio 2023-10 (64-bit version) offline installer from https://www.renesas.com/e2studio
2. Unzip the download file and run the e? studio installer to invoke the e? studio installation wizard page.

3. If an e? studio is installed on your PC, the options to modify, remove the existing version, and install the
e? studio in a different location will be shown. It is possible to install multiple versions of e2 studio by
selecting Install to a different location. Click on the Next button to continue.

EM Renesas e studio 2023-10 Setup O >

LENESAS

Renesas e studio 2023-10 Setup

e? studio version 23.1.0.R20230106-1356 is already installed.
What do you want to do?

~—., Upgrade
{ Gd | Upgrade to version 23.10.0.R20231006-1456.
— Location: ChRenesas'e?_studio

Install
Install to a different location.

v202310061604 Uzer All Users < Back Install Cancel

Figure 2-11. Install Multiple Versions of e? Studio
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4. Install Type page:
Select the type of installation.
This page offers the [Lite Install] (installation in the Lite mode), [Standard Install] (installation in the
advanced mode), and [Custom Install] (installation in the custom mode) options.
We recommend that you select [Lite Install]; however, [Custom Install] is selected here for the sake of
explanation. Click on the Next button to continue.

EM Renesas e studio 2023-10 Setup O >

LENESAS

Renesas e studio 2023-10 Setup

Install Type

Please select the & studic installation type. Click here for help selecting a type and to see what features are included,

Select Install Type:

. Lite Install (Recommended)
| |;| | This installs &* studic in Lite Mode,
“~—" This maode offers a simplified experience focused on simple code editing & debugging with only impartant features

—. Standard Install
| |;| | This installs ° studio in Advanced Mode.
“—" This mode offers all extended debugging functionality and other advanced features

Custom Install
@ Custom installation of &” studio

This mode is allows you to select which features are installed

w202310061604 User: All Users < Back Install Cancel

Figure 2-12. Installation — Install Type Page

5. On the Welcome page, the default installation location is set to C: \Renesas\e2 studio. You can
click on [Change...] to modify it. Click on the Next button to continue.
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EM Renesas & studio 2023-10 Setup O .

LENESAS

]

Renesas e” studio 2023-10 Setup

e2 studio version 23.1.0.R20230106- 1556 was found at the location and will
be upgraded to version 23.10.0.R20231006-1456.

[Change..i]

Install Location: C\Renesas\ed_studio |

Prerequisite software already installed

Internet connection available

Change Proxy Settings...

Ready to install

Software to install:
» Renesas e? studio v23.10.0.R20231006-1456
» Java Runtime v17.0.0
= Renesas e2 studic Common Components (Lite] v23,10.0,R20231006- 1456
» Renesas e studio Commaon Components (Full) +23.10.0.R20231006-1456

e Dmmmrar 2T rbindim T mmmmm om0 e e +r Fme ADRA Mmncim e R
V202310061604 User: All Users < Back el e
Figure 2-13. Installation — Welcome Page
6. Device Families page:
Check the checkbox for RA. Checkboxes of other device families are optional.
Click on the Next button to continue.
R20UT5210EJ0101 Rev.1.01 Page 16 of 115
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EM Renesas & studio 2023-10 Setup O .

Renesas e” studio 2023-10 Setup

Select the device families you wish to install support for | t E N ESAS

Welcome “\ RA

@ Device Families . Build, Debug & Code Generation support for Renesas RA devices
) W
Rz
Build, Debug & Code Generation support for Renesas RZ devices
0 B RL78
RULU 778 Build, Debug & Code Generation support for Renesas RL78 devices
0 AW RX
R

Build, Debug & Code Generation support for Renesas RX devices

TR
RH850 Debug support for Renesas RHE50 devices
AW RE
NG
Build & Debug support for Renesas RE devices

Synergy
O=RENESAS

Build, Debug & Code Generation support for Renesas Synergy devices

o dialog ™

Renesas Company  Build & Debug support for Renesas DA devices

Select All

v202310061604 Uzer All Users < Back Install Cancel

Figure 2-14. Installation — Device Families Page
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7. Extra Features page:
Select Extra Features (that is, Language support, Git Integration, RTOS support, and so on) to install.
For non-English language users, select the language to support at this step.
Click on the Next button to continue.

M Renesas & studio 2023-10 Setup O >
Renesas e” studio 2023-10 Setup
Select the extra features you wish to install | z E N ESAS
Welcome P Japanese Language Support
: - [ ()
Device Families Ry
@ Extra Features O Py Chinese (Simplified) Language Support
| |
Al
P Chinese (Traditional) Language Support
L =)
Ry
PamnN Git Integration
=)
p— Git SCM Support
P Terminals
(=)
p— ANSIA102 compatible Terminal support for Serial, ssh and Telnet
Select All
w202310061604 Uzer: All Users < Back Install Cancel

Figure 2-15. Installation — Extra Features Page
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8. Customize Features
Ensure that Renesas

page:
RA Family Support is checked.

Click on the Next button to continue.

EM Renesas e studio 2023-10 Setup O >
Renesas e studio 2023-10 Setup
LENESAS
Welcorme Select th.e c.Drr?Fl_:nTI;er?ts.y_D:u want to install.
A
Do e ar F‘_u.f_-r?.e.s.afs_e?_. studlo_Cumml?rj -C;I:.n:r?p;c_nnfnt.s FLitej (23.10.0.R20231006-1456)
Extra Features on Renesas ed studic Common Components (Full) (23.10.0.R20231006-145E)
=TS % [¥) Renesas e2 studio Common Components for ARM Devices (23.10.0.R20231006-1436)
Features Common components for Renesas e2 studic
op B Renesaz e2 studio Tools (23.10.0.R20231006-1436)
I Lt Renesas RA Family Support (23.10.0.R20231006-1456) I
Renesas - SUppQ '.'.:-.= ow project generat - D & de
qr [_] Renesas BL Family Support (23.10.0.R20231006-1456)
Select All Optional | | Deselect All Optional
Size of install: 741.2 ME
Ternporary space required: 1.3 GB
Available: 120.9 GB
w202310061604 Uszer &ll Users < Back Install Cancel

Fi

gure 2-16. Installation — Customize Features Page
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9. Additional Software page:
Select the GCC Toolchains & Utilities tab and check the GNU Arm Embedded 12.2. MPACBTI-Rel1
or "GNU ARM Embedded 13.2. Rel1”, “LLVM Embedded Toolchain for Arm 17.0.1” check box to
install the GNU Arm Embedded toolchain.
Click on the Next button to continue.
Note: With no Internet access available, additional software installation can be skipped because the
software catalog cannot be downloaded. You can continue installation, anyway.

EM Renesas e studio 2023-10 Setup O >

Renesas e studio 2023-10 Setup

Select the additional software you wish to install | z E N ESAS

Welcome [[] Renesas E2 Self-Checking Program V1.02.00 v1.02.00 1000 B ~
Device Familics [] Renesas E.E Lite Self-.C.h.ecking Prograrm V1.00.00 +1.00.00 1000 B
S
Extra Features i GMNU ARM Embedded 12.2. MPACETI-Rell 12.2.1.20230214 1000 B I
s L LR ARKM Embedded 105 SULT1U 1050057 T 0B
Eeatiies [] GNU ARM Embedded 9.3.1 20202 9.3.1.2020q2 1000 B
GMNU ARM Embedded 8.2.1 20194 8.2.1.2018g4 1000 B

Additional I LLVM Embedded Toolchain for Arm 17.0.1 17.0.1 537.8 MB |
Software » [ Renesas P3P

[] Renesas FSP v5.1.0 5.1.0 117.7 MB

[] Renesas FSP v5.0.1 5.0.1 114.9 MB "

111.2 ME download required

V202310061604 User: All Users < Back Install faueel

Figure 2-17. Installation — Additional Software Page

10. Licenses
Read and accept the software license agreement to proceed with the Next button.
Please note that you must accept the license agreement, or installation cannot proceed.
11. Shortcuts
Select the shortcut name for the start menu and click the Next button to continue.
12. Summary
Click on the Install button to install Renesas e? studio.
13. Installing...

The installation will start. Depending on the items selected in the “Addition Software” dialog, new dialogs
may open to proceed with the installation of these software packages.
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2.2.2 Setting Up the GNU Arm Embedded Toolchain

The GNU Arm Embedded Toolchain can be installed during e? studio installation. Alternatively, after e? studio

has been installed, the GNU Arm Embedded Toolchain can be installed separately.

To install the GNU Arm Embedded Toolchain, follow these steps:

1. Download version 12.2.rel1 of the GNU Arm Embedded Toolchain supported by Renesas RA (arm-gnu-
toolchain-12.2.rel1-mingw-w64-i686-arm-none-eabi.exe) from https://developer.arm.com/downloads/-

/arm-gnu-toolchain-downloads

Keep all default settings in the installation wizard.

as~wb

variable and click on [Finish] to complete the installation.

2.2.3 Installing the Renesas RA Flexible Software Package (FSP)

To install the FSP, follow these steps:

Run the installer to install the GNU Arm Embedded Toolchain on the host machine.
Select the installation language. Click on [Yes] in the installation confirmation dialog.

1. Visit the GitHub page of Flexible Software Package (FSP) for Renesas RA MCU Family:

https://github.com/renesas/fsp/releases

When the Install wizard Complete dialog appears, check the box Add path to an environment

2. Find and download the latest FSP packs installer (for example, FSP Packs <version>.exe). The
FSP Package Installer includes the driver library, HTML User's Manual, and a readme file.

MD5 Checksums

FSP_Packs_v5.0.0.zip 669b14f09baddf3f124bc22f8cd11a84
FSP_Packs_v5.0.0.exe e6c10f42bfaba2bfaab9a5b4abfcde12
fsp_documentation_v5.0.0.zip cbc95d60af9955fdc161af048a026268
setup_fsp_v5_0_0_e2s v2023-10.exe e287cB88e5ac12f7b82996a1a2afocfof

MDK_Device_Packs_v5.0.0.zip bac7c614a09d2718becc62b17e760adb

v Assets 10

@fsp_documentation_vS‘0.0.zip

I (DFSP_Packs v5.0.0.exe I

DFSP_Packs v5.0.0.zip
@MDK_Device_Packs_vS‘0.0.zip
@setupjsp,vS,O,(LeZsinOZ 3-10.Applmage

Msetun fso v5 0 0 e2s v2023-10 exe

setup_fsp_v5_0_0_e2s v2023-10.Applmage 7801a3a269e8639200f9ab66bc3734ab
setup_fsp_v5_0_0_rasc_v2023-10.exe 27c30bd4707d97fd7979230c6cbe3b28
setup_fsp_v5_0_0_rasc_v2023-10.Applmage 47bc45b2ca8388d9b77d82aa56499f6a

23.2 MB

137 MB

115 MB

32.1 MB

1.57 GB

198 GR

4 days ago
4 days ago
4 days ago
4 days ago
4 days ago

4 davs ano

Figure 2-18. Installation — Download the FSP Packs
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Ensure that a compatible e? studio was installed and closed during this installation.

Run the FSP packs installer and click on Next to continue.

Click on | Agree to accept the agreement.

Browse to the folder where e? studio is installed (for example, C: \Renesas\e2 studio)and click on
Install.

o0k w

{4 Renesas FSP v5.0.0 Setup - X

Choose Install Location

a 2 E N E SAS Choose the folder in which to install Renesas FSP v5.0.0.

The installation path must point to the root of the e2 studio installation (e.g.
C:¥Renesas¥e2_studio). Please make sure e2 studio is dosed before installation.

Browse to folder where e2 studio is installed

C:¥Renesas¥e2_studio¥ | E Browse... l

Space required: 190.9 MB
Space available: 571.1GB

< Back Install Cancel

Figure 2-19. Choose Install Location

7. Click on Finish to finish the installation.

2.3 Updating e? studio

To update e? studio, run the new version of e? studio installer (either FSP with e? studio installer or
standard e? studio installer). Download the installer according to Chapter 2.

Please note that you should not overwrite an existing installation. Before the IDE upgrade, users must
uninstall the old version of e? studio. However, to keep both old and new e? studio versions, you can create a
new folder as an installation destination for the new e? studio version.

2.4 Updating FSP

To update FSP, run the new version of FSP installer. Please download the installer according to Chapter
2.2.3.

2.5 Uninstalling e? studio
Users can uninstall e2 studio by following the typical steps to uninstall a program on the Windows OS.

1. Click on Start — Control Panel — Programs and Features
2. From the currently installed programs list, choose “e? studio” and click the Uninstall button.
3. Click on Uninstall to confirm the deletion in the Uninstall dialog.
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At the end of the uninstallation, e2 studio will be deleted from the installed location, and the shortcut in the
Windows menu will be removed.

Note: If you have installed e? studio at multiple locations, you may not be able to find the uninstaller in Apps
& features of the Control Panel. In such cases, launch the e2 studio uninstaller located at: {e2

studio installed folder}/uninstall/uninstall.exe.
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2.6

Installing RA SC for Keil MDK and IAR EWARM

The RA Smart Configurator (RA SC) is a desktop application designed to configure device hardware, such
as clock setup and pin assignment, as well as initialization of FSP software components for a Renesas RA
microcontroller project when using a 3rd-party IDE (Keil MDK and IAR EWARM) and toolchain.

To download and install the RA SC Installer, follow the steps below:

1.

Visit the GitHub page of Flexible Software Package (FSP) for Renesas RA MCU Family:
https://github.com/renesas/fsp/releases

Search for the RA SC installer and download it (for example, setup fsp<version> rasc <version
>.exe).

v5.0.0 (o)

Release Notes

Flexible Software Package (FSP) for Renesas RA MCU Family, version 5.0.0.
Minimum e2 studio version for FSP 5.0.0 is e2 studio 2023-10
Download the FSP with e2 studio Windows installer for this releass, setup_fsp_v5_0_0_e2s_v2023-10.exe, from here.

Download the FSP with e2 studio Linux Applmage for this release, setup_fsp_v5_0_0_e2s_v2023-10.Applmage, from here.
Refer to https://en-support.renesas.com/knowledgeBase/19934358 for information on installing e2 studio and related

software components in a Linux PC.

If using IAR or Keil MDK, download the Renesas Advanced Smart Configurator for this release, setup_fsp_v5_0_0_rasc_v2023-
10.exe, from here.

All installers are available in the Assets section of this release.

Refer to the README.md in the FSP root folder for setup instructions, hardware details, and related links.

Tools

Arm GNU Toolchain: 12.2

Figure 2-20. Installation — Download the RA SC Package

2. Run the installation file.

On the welcome page, you may use the default folder or change it by clicking on [Change...]. Click on
Next to continue.
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EM Renesas RA Flexible Software Package (FSP) v3.0.0 with RA Smart Configurator 2023-10 Setup

Renesas RA Flexible Software Package (F5P) v5.0.0 with RA Smart Configurator 2023-10 Setup

O >

(G-

Internet connection available
Change Proxy Settings...

Install directory ready

ation: C\Renesas\RA\sc v2023-10 fsp v5.0.0

Prerequisite software already installed

Ready to install

Software to install:
= FSP Smart Configurator v23.10,0.R20231006-1456
= Renesas RA Smart Configurator v23.10.0.v20230922-0951
+ Java Runtime v17.0.0
« openifx.media.feature v17.0.6.202303271016

v202310202041 Uzer All Users < Back Install

Cancel

Figure 2-21. Installation —- Welcome Page

3. Tick the checkbox to accept the license agreement and click on Next to continue.
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EM Renesas RA Flexible Software Package (FSP) v3.0.0 with RA Smart Configurator 2023-10 Setup O .
Renesas RA Flexible Software Package (F5P) v5.0.0 with RA Smart Configurator 2023-10 Setup \
RA
Welcome Flease read and accept the following Software Agreements
. FSP Smart Configurator License Terms and Conditions for REMESAS e studio ~
Licenses
Renesas F5P v3.0.0

This Renesas e2 studic license agreement ("Agreement”] is between
the entity on whose behalf you are entering into this Agreement
("Client") and Renesas Electronics Corporation, a Japanese company
with its registered office at 3-2-24, Toyosu, Koto-ku, Tokyo 135-0061,
Japan ("Renesas"). YOU SHOULD READ THIS AGREEMEMT CAREFULLY,
AS [T CONSTITUTES A BINDING CONTRACT BETWEEN CLIENT AND
REMESAS.

The Renezas IDE Software (defined below) is intended for commercial
use by a cormpany or corporation only and is not designed, developed
or preduced for any private use or purpose, If you are an individual, or
you intend to install the Renesas IDE Software on behalf of an
individual, or the Renesas |DE Software is expected to be used for a
private purpose directly or indirectly, you should click "MNe" on the
installer.

Otherwise, by clicking the "l accept” button or other button or

< > | |mechanism designed to acknowledge agreement to the terms of an - w

I | accept the terms of the Su:uftwarehgreementsél Print all...

v202310202041 Uzer All Users < Back Install Cancel

Renesas Commen Library E

Figure 2-22. Installation — Software Agreements

4. Check the Shortcuts and click on Install to continue.

EM Renesas RA Flexible Software Package (FSP) v3.0.0 with RA Smart Cenfigurator 2023-10 Setup O >
Renesas RA Flexible Software Package (FSP) v5.0.0 with RA Smart Configurator 2023-10 Setup \
RA
Welcome Shertcuts to important programs and files will be created in the following locations:
Licenses

In start menu group: | Renesas Electronics Smart Configurator

@ Shortcuts (%) Restore Default

202310202041 User: All Users Mext > e

Figure 2-23. Installation — Shortcut

5. Click on OK to finish the installation.
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M Renesas RA Flexible Software Package (FSP) v3.0.0 with RA Smart Configurator 2023-10 Setup O .
Renesas RA Flexible Software Package (FSP) v5.0.0 with RA Smart Configurator 2023-10 Setup AW
RA
Welcome Installation of Renesas RA Flexible Software Package (FSP) v5.0.0 with RA Smart Configurator 2023-10
is complete,
Licenses
Please click OK to close.
Shortcuts
Installing... [~] Open Quick Start Guide?
[+ View Renesas FSP User Manual?
Results
v202310202041 Uzer: All Users < Back Mext = Cancel

Figure 2-24. Installation — Complete Installation

Note: Refer to "Renesas RA Smart Configurator Quick Start Guide" for more information on using RASC
with Keil MDK and IAR EWARM.
You can refer to this document through the following steps:
(1) After installing RASC, open “rasc_quick_start.html” in the installed eclipse folder.
(2) Open from the RASC Help menu.

3. Project Generation

This chapter describes the creation of a new RA project. The e? studio includes a wizard to help quickly
create a new RA project. This is achieved by the ability of the wizard to match the project to a particular RA
device and board.

The project generator can set up the pin configurations, interrupts, clock configurations, and the necessary
driver software.

As a prerequisite, the FSP and the toolchain must be installed on the host machine as described in Chapter
0.

3.1 Generating a New RA Project for a Non-TrustZone device

This chapter describes how to generate an RA project for a non-TrustZone device. For a TrustZone device,
please refer to Chapter 0

A simple project generation wizard is available in e? studio to generate a new RA project with a project name
and the associated device and board, including board-level drivers.

Start the e? studio application and choose a workspace folder in the Workspace Launcher. To configure a
new RA project, follow these steps:
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1. Select File — New — Renesas C/C++ Project — Renesas RA.

Q waorkspace - &° studic

File JEdit Source Refactor Mavigate Search Project Renesas Views Run  Window Help

New Alt+Shift+M >I| Renesas C/C++ Project > Renesas Debu
Open File... Makefile Project with Existing Code Renesas RA I

4
[} Open Projects from File System... [E] C/C++ Project
Recent Files > 9 Project..
= O 5= Outl
Close Editer Ctrl+W Convert to a C/C++ Project (Adds C/C++ Nature) a
Close Al Editors Ctrl+Shift+W | & Source Folder i
provide
Save Ctes | & Folder

Figure 3-1. Project Generation — New Project Creation

2. Select Renesas RA: Renesas RA C/C++ Project template. Click on Next to continue.

&) New C/C++ Project O *

Templates for Renesas RA Project

2 Renesas RA C/C++ Project
C/Ce+ ===~ Create an executable or static library C/C++ project for Renesas RA.
@' < Back Next = | Finish Cancel

Figure 3-2. Project Generation — Select RA Project

3. Inthe project generation wizard, enter the following project information:
— Project name: enter a name, for example, RA_Tutorial

— Use default location: Checked. If you want to create a project in a different location, uncheck this
checkbox and enter a new location.

— Click on Next to continue.

8

Renesas RA C/C++ Project

Project Mame and Location

Project name

I| RA_Tutorial I

Use default location
Ch\workspace\RA_Tutorial Browse...

default

You can download more Renesas packs here

@' < Back Mext = Finish Cancel

Figure 3-3. Project Generation — New RA Project Generation Wizard
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4. In the device selection dialog, enter device and tool information:
— Board: EK-RA6M3

— Toolchain version: Latest GNU Arm Embedded Toolchain approved for use with Renesas RA (for
example, GCC ARM Embedded 12.2.1.arm-12-mpcbt)

— Debugger: J-Link (ARM)
— Keep all other fields as default.
— Click on Next to continue.

BB Renesas RA O/ + Project a x
Renesas RA C/C+ + Project —

Device and Tools Selection

Device Selection

P49 Version: | S

. Evaduation kit for FASME MCL Group )
Board: ;EIC-HAEM! VI Wisit hitpe! fwersrenesas com/ralel -radon to get kit user's
- | kgt , errak ke,
Device RTFABM LA HACFC "‘“"L‘l:': bt quicle, errata, design pakage. exaeple -
Cone (st
s = Dewic e Details
Larsquige '.é}: "-:'t“ Trufifene Mo
Pans. 176
T ¥

Taalchaing Debusgiper

GNUARM Embedded J-Link ARM w
ARM Compiler 615

ARM Compdler &16

ARM Compsler 612

ARM Cosmpiler 617

LR L 202084 bl

? = e

Figure 3-4. Project Generation — Device Selection

5. Build Artifact Selection: Executable
RTOS Selection: No RTOS

Q Renesas RA C/C++ Project O X

Renesas RA C/C++ Project =

Build Artifact and RTOS Selection o

Build Artifact Selection RTOS Selection
® Executable No RTOS vI
* Project builds to an executable file

O static Library
* Project builds to a static library file

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

@ < Back | Einish Cancel

Figure 3-5. Artifact And RTOS Selection
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6.

In the project template dialog, select a project template, for example, Blinky.

BB Fenesas RA C/Ce = Project

Renesas RA C/Cs - Project

Praject Template Selection

Project Termplate Selection

@ *| Bare Metal - Blinky

the C Furftaime ENnrcnment
(Fenets AN pack]

Bare metsl P3P progect that mcludes BSP and will blink LEDs if svailable. This project will instialize clocks, pins, stacks, and

o &' Bare Metal - Minimal

|Fenedsws AN pack]

Code Generation Settings
[ s Rervesas Code Formather

Bare retsl PSP propect that scludes B5R Thas progect wall snrtishee clacks, pans, stacks, and the C runtime ermanonment,

Cancel

7.

Figure 3-6. Project Generation — Project Template

Click on the Finish button to create a new project.

You may be prompted to open the FSP Configuration perspective. Click on Yes to open the

perspective.
(In Eclipse, a ‘perspective’ is a predetermined arrangement of panes and views.)

e? studio creates a new project with various views. Among them are the Project Explorer View, the RA

Project Configuration Editor, and the Visualization View.
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File Edit Navigate Search Project RenesasViews Run

5 Detug

LR

Window  Help
[E7] RA_Tutorial Debug_Flat

-l et

iR

| ®-{-BIF F-iB

Wt Q-
QB | B C/Ces {5 FSP Configuration

[ Praject Explorer 532

Bg
~ 1% RA_Tutorial
[l Includes .
@ Project
(2 ra_gen
o e Explorer
(= ra_cfg View

(= script

ik configuration.xml

2| RTFABM3AH3CFC.pinctg

2/ RA_Tutorial Debug_Flat.launch
(@) Developer Assistance

395 [RA_Tutorial] FSP Configuration &3

Pin Configuration

Select Pin Configuration

= O

Generate Project Content

i Export to CSV file 57| Configure Pin Driver Warnings

[ RABM3-EK.pincfg

vl Manage configurations...

Generate data: | g_bsp_pin_cfg

Pin =1 [  Pin Configuration
Selection

RA Project
Configuration Editor

#3 Cycle Pin Group

Name

Type filter text

Value

- — — =
% FSP Visualization 37 G Package = B

RENESAS

v ¢ Ports ~
« PO
¥ P1
¥ P2
+ P3
v P4

» PR b
< >

Pin Function | Pin Number

Summary | BSP | Clocks | Pins | Interrupts| Event Links | Stacks| Components » legend
—
[ Properties 23 Iyl Problems @ Smart Browser EJiEN § = O [%PinConflicts &2 7y 8§ = 8
Property Value Oitems _
Description Module Pin Location
< >

Figure 3-7. Project Generation — New Project Creation View

3.2 Generating a New RA Project for a TrustZone device

This chapter guides users to generate an RA project for a TrustZone device. For a non-TrustZone device,
please refer to chapter 3.1.

Arm TrustZone technology allows you to create projects for both secure and non-secure applications. For
more information about the RA Arm TrustZone tool, please see the link below.

https://www.renesas.com/document/apn/ra-arm-trustzone-tooling-primer.

Flat projects (projects that are not TrustZone enabled) create a self-contained ELF executable without a
security partition, making it suitable for immediate execution on a target device.

3.21 Flat (Non-TrustZone) Project

To create a new Flat (Non-TrustZone) project, follow these steps:

1. From the menu, select File — New — Renesas C/C++ Project — Renesas RA.
2. Select Renesas RA: Renesas RA C/C++ Project template. Click on Next to continue.
3. In the project generation wizard, enter the following project information:

— Project name: Enter a name, for example, RA_Flat.

— Use default location: Checked. If you want to create a project in a different location, uncheck this
checkbox and enter a new location.

Click on the Next button to continue.
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ﬁ Renesas RA CfC++ Project

O X
Renesas RA C/C++ Project —
Project Name and Lecation

Project name

[FEFT=e

Use default location

C¥workspace¥RA_Flat

Browse...
default

You can download more Renesas packs here

-
(2/.

< Back Finish

Cancel

Figure 3-8. Project Generation — New RA Project Generation Wizard
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4. In the device selection dialog, enter device and tool information:
— Board: EK-RA6M4
— Toolchain version: Latest GNU Arm Embedded Toolchain approved for use with Renesas RA (for
example, GCC ARM Embedded 12.2.1.arm-12-mpacbti-3)
— Debugger: J-Link (ARM)
— Keep all other fields as default.
— Click on Next to continue.

BB Fananas A Ces Propt [=]

.4
Renesas BA C/C + Project —
Diewic e anad Tock: Srlection
[ Do e Sk Sy
| P e . et
Evibitions ot Foor RGNS WACL) Gromp .
( Boars [ExRasies =] Vinit it s Loy a ek e b e kit wmer
T I v, guich SLAN Gude, ST, Siigh pPaCLBgE, Exarrple
Diewice: L Pt i el | = prects, o w
|
Cove: TMEE
| e Do e Dietady
| Longuamge @ Cices Yrastlore Yoz 4
Pirm '] w
]
Tox; usine Detsgger
GHLARME Embedded Hink a8M
AEM Coampaler £.15
AR Compaler 616
AFM Commpalor 612
AN Ciwpmbed 617
TR 1N HERa
[ [
|
) = =

Figure 3-9. Project Generation — Device Selection

5. Project type selection: Flat (Non-TrustZone) Project

ﬁ Renesas RA C/C++ Project

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 TrustZene 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

(O TrustZone Non-secure Project
* Renesas RA device project for TrustZone nen-secure execution

* All code, data and peripherals placed in this project will be initialized as
nen-secure

* Must be associated with a secure project or secure bundle
* Non-secure startup handler will be called after secure code initialization

?) < Back Finish Cancel

Figure 3-10. Project Type Selection
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6. Build Artifact Selection: Executable
RTOS Selection: No RTOS

ﬁ Renesas RA C/C++ Project

Renesas RA C/C++ Project
Build Artifact and RTQOS Selection

Build Artifact Selection RTOS Selection

@) Executable No RTOS w
* 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

g < Back Finish Cancel

Figure 3-11. Artifact and RTOS Selection

7. In the project template dialog, select a project template, for example, Blinky.

8 Renecas R4 O/C++ Project
Renesas RA C/C++ Project

Project Termplate Selection

Praject Ternplate Selac tion
)

' Bare Metal - Blinky

Bare metal FSP project that includes BSP and wall Blink LEDs of avallable. This project will inthiadize ¢loc ks, ping, stac ks, and
the C runtime envirenment.

[Renesas. RANEE tack)

O " Bare Metal - Minimal

Bare metal F5P project that includes BSR This project will initialize clocks, ping, stacks, and the C runtime environment.
[Renecss. AN sack)

Code Generation Settings
[+] Use Renesas Code Formatter

Figure 3-12. Project Generation — Project Template
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8. Right-click on the project name and select Build Project. The project is built without error.

B =2 ol PRI R Wit confiqueation o - o phudic - o s
e bt Haigee Segech FPromet Reorisd Yeed Bon Window Help
% %W |t etng || I R Fiat e, e b = BrAi-reBR A A RO DS F
p=H-Dpo-o=m Q5| GOt {5 PR Conlgurton
_ = 0 [ [FAF] PP Confiquanon % = O | % pr Vipssication % |5 Package =
%7 1| (¥} & | [
ik A Flat (Do) Sy et o |1 -RHE HIESHR, u
& Earunen
i ngluder Project Summary e ~
&a ’
- Board: EK-RARL
Drrwizin: RTFAEMAAFICFE
Tesldchain: GOC ARM Embadded
Toodchain Versioa: 1031 20210824
8 F&P Varslon: ]
= Puoject Type: Fiat
1] rFasnAF 5B pircig i "
% 18, Do, Plrtoursch Leathon: CRA_profeciie?_sludoM 2207 _FEPA0LFAA_Fial o= = 'EE NESAS
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Figure 3-13. Project is Built Successfully
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3.3 Importing an Existing RA Project

To import an existing RA Project, please follow the below steps.

1. Click on File — Import.

File Edit Mavigate Search Project RenesasViews R

MNew Alt+Shift+M »
Open File...
) Open Projects from File System...
Recent Files »
Close Editor Ctrl+W
Close All Editors Ctrl+Shift+ W
Save Ctrl+5
Save As...
Sawve All Ctrl+Shift+5S
Revert
Move...
[¥] Rename.. F2
& Refresh F5
Convert Line Delimiters To 3
Print... Ctrl+P
Ii._,—. Import... I
7 Export.
Properties Alt+Enter

Figure 3-14. Import Project

2. Inthe Import dialog, select General — Existing Projects into Workspace. Click on Next.
Note: To rename the project to be imported, select General — Rename & Import Existing Projects

into Workspace instead.

Create new projects from an archive file or directory.

Select an import wizard:

Q Import O X
Select E\A El

‘ type filter text

v = General
& Archive File
4 CMSIS Pack
1 Existing Projects into Workspace I

2 File System
] Preferences
2 Projects from Folder or Archive
Rename & Import Existing C/C++ Project into Workspace
= Renesas CS+ Project for CA78KOR/CA78KO0
@ Renesas CS+ Project for CC-RX and CC-RL

@ < Back

Figure 3-15. Select the Type of Import

3. Inthe Import Projects dialog, select Select archive file, then Browse... to browse to the compressed

file (.zip) containing the project.

If the existing project is stored in a folder, then Select root directory should be selected.
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4. Select the project to import and click on Finish.

& import O X

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

() Select root directory:  C\Users\Renesas\e2_studio\workspace\ Browse...
(®) Select archive file: ‘ C:\Users\Vinh Loi\Desktop\RA_Tutorial zip Vi Browse...
Projects:
I RA_Tutorial (RA_Tutorial/) I Select All
Deselect All
Refresh
Options

Search for nested projects

Copy projects into workspace
[IClase newly imported projects upon completion
[ Hide projects that already exist in the workspace

Working sets

] Add project to working sets New...
Select...
@ < Back Next > Cancel

Figure 3-16. Select the Project in the Compressed File

5. The project will be imported to e? studio.

&5 Project Explorer & =S
v == RA_Tutorial [Debug]

! Includes

®ra

2 ra_gen

2 src

& Debug

= ra_cfg

= script

# configuration.xml

2 R7FABM3AH3CFC.pincfg

= ra_cfg.txt

2 RA_Tutorial Debug_Flat.launch
2 RA6M3-EK pincfg

@ Developer Assistance

Figure 3-17. The Imported Project
3.4 Generating and Using a RA Static Library

This section describes how to generate an RA static library project and an executable project that references
the library project.

3.4.1 Creating the Static Library Project

The following steps show an example of creating an RA static library project.
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1. Select File — New — Renesas C/C++ Project — Renesas RA.
2. Select Renesas RA C/C++ Project template. Click on Next to continue.

& New C/C++ Project O >
Templates for Renesas RA Project
Renesas RA C/C++ Project
C/C++ TR Create an executable or static library C/C++
project for Renesas RA.
@' < Back Mext = Finish Cancel

Figure 3-18. Project Generation — Select Library Project Template

3. On the project details page, enter a name for the static lib project (for example, RA_Lib) and click Next.

a Renesas RA C/C++ Project

Renesas RA C/C++ Project

Project Name and Location

Project name

[[Ra_Lit] |

Use default location
Ch\workspace\RA_Lib

default

¥ou can download more Renesas packs here

"
(?/.

Browse...

< Back Mext = Finish Cancel

Figure 3-19.

Library Project Configuration
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4.

In the Device and Tool Selection dialog, select a board (here, we will use EK-RA6M3). Keep everything
else as default and click on Next.

ﬂ Renesas R OCs + Project

[m] x
Renesas RA C/C+ - Project —
Device and Tools Selection
Device Sedection
FSP Version: | I e
" Evaduation kit for FAGMY MU Group )
Boarde  [EN-RAEM3 4 [ e e B 4 etk e
S e marual gk e quide, ermats, desgn pas kage, mample
Dence R At B W TR A =,
S
B = Dz e Dietails
Language:  BIC (Css TrustZone Mo L
Fang 176 ("]
T ¥
Taalchaing Debugger
GNUARM Embedded J-Link ARM w
ARM Compsler 615

ARM Compder &16
ARM Compsler 612
ARM Compier 617

WLE L 20210824 bl

B [ ome

Figure 3-20. Select Device and Toolchain
5. Build Artifact Selection: Static Library
RTOS Selection: No RTOS
Click on Next to continue.

g Renesas RA C/C++ Project

Renesas RA C/C++ Project

==
Build Artifact and RTOS Selection

Build Artifact Selection RTOS Selection
(O Executable

* Project builds to an executable file
(® Static Library
* Project builds to a static library file

I MNe RTOS ~ I

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

@

< Back Mext > Finish Cancel

Figure 3-21. Artifact and RTOS Selection
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6. In the project template dialog, select Bare Metal - Blinky, then click Finish to create the project.
BB Fenesas RA C/Ce = Project ] b4
Renesas RA C/C- - Project —

Praject Template Selection |

Project Termplate Selecton
]

*| Bare Metal - Blinky

Bare metsl P3P propect that mncludes B5P and will blink LEDs if swailable. This project will initialize clocks, pins, stacks, and
the C ruitsfie e ment

[Rene RA NN pack]

ol

" Bare Metal - Minimal
Bare metsl P3P propect that ncludes B5R This progect will nitiskee clocks, pans, stacks, and the C runtime ervananment,
(Fenesw RA N pack]

Code Generation Settings
[ Use Remesas Code Formatter

Mext » Finish Cancel

Figure 3-22. Select Project Template for Library

7. The e? studio may prompt you to switch to the FSP Configuration perspective. Click on Open
Perspective to open it.

8. Click on Generate Project Content.
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&
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" R [T RIFABMAAHACFC
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Sekecoed solvwmsle COmpONEnis
Simphe apehestion that ks an LED. Ms RTOS ncuded
Bosd Support Packaps Common Files R
Vi Port |

Arm CHISIS Version § - Cona (M)
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Figure 3-23. Generate Library Project Content
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9. From the Project Explorer window, open hal entry.c under RA Lib\src\.

[ hal_entry.c & =
® * Copyright [2020] Renesas Electronics Corporation and/or its affiliates. Ala

#include "hal_data.h"

void R_BSP_WarmStart(bsp_warm_start_event_t event);

extern bsp_leds_t g_bsp_leds;

@ * @brief Blinky example application[]
=void hal_entry (void)

{
“#if BSP_TZ_SECURE_BUILD

/* Enter non-secure code */
R_BSP_NonSecureEnter();
#endif

/* Define the units to be used with the software delay function */
const bsp_delay_units_t bsp_delay_units = BSP_DELAY UNITS_MILLISECONDS;

/* Set the blink frequency (must be <= bsp_delay_units */
const uint32_t freq_in_hz = 2;

/* Calculate the delay in terms of bsp_delay_units */
const uint32_t delay = bsp_delay_units / freq_in_hz;

Figure 3-24. Old hal_entry.c

Then rename the function hal entry () tohal entry 1lib(), and add a declaration for
hal entry 1lib().

[ hal_entry.c =2 ==
© * Copyright [2@28] Renesas Electronics Corporation and/or its affiliates. Ala
#include "hal_data.h"
oid R BSP WarmSta bsp warm start_event_t event);
void hal_entry 1lib();
extern bsp_leds_t g_bsp_leds;
3 -'l~ 3 oL Rlicls “\1 ::1-: +ionD
Ivoid hal_entry_lib (void)
1
-#if BSP_TZ_SECURE_BUILD
/* Enter non-secure code */
R_BSP_NonSecureEnter();
#endif
/* Define the units to be used with the software delay function */
const bsp_delay_units_t bsp_delay units = BSP_DELAY_UNITS_MILLISECONDS;
/* Set the blink frequency (must be <= bsp_delay_units */
const uint32_t freq_in_hz = 2;
/* Calculate the delay in terms of bsp_delay_units */
const uint32_t delay = bsp_delay_units / freq_in_hz; v
>

Figure 3-25. New hal_entry.c
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Build the Library Project. The build outputs a static library file 1ibRA Lib.a.

1 Project Explorer & B®|e v=0D
~ = RA _Lib [Debug]
v B Archives
& Includes
®ra
£ ra_gen
v & src
£ hal_entry.c
= Debug
= ra_cfg
= saript
& configuration.xml
= R7TFA6M3AH3CFC.pincfg
= RAGM3-EK.pincfg
@ Developer Assistance

Figure 3-26. The Built Static Library
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3.4.2 Using Static Library in Executable Project

This chapter shows how to use the static library created in the previous chapter (3.4.1) in an RA executable
project by performing the following steps:

o Create an RA C executable project.
« Modify the source code to call a function “hal_entry_lib()” declared in the static library project.
« Build and run the RA C executable project.

Follow the following steps:

Select File — New — Renesas C/C++ Project — Renesas RA.

Select Renesas RA C/C++ Project template. Click on Next to continue.

Enter the project name RA_App and click on Next to continue.

In the Device and Tool Selection dialog, select a board (here, we'll use EK-RA6M3). Keep everything
else as default and click on Next.

5. On the Build Artifact and RTOS Selection page, select Executable. In RTOS selection, select No
RTOS. Click on Next.

oD~

Note. The Build Artifact and RTOS Selection page, Unavailable is “Executable Using an RA Static
Library”.

Q Renesas RA C/C++ Project O X
Renesas RA C/C++ Project =
Build Artifact and RTOS Selection
Build Artifact Selection RTOS Selection
@) Executable I No RTOS ~
* Project builds to an executable file
@ < Back Einish Cancel

Figure 3-27. Artifact and RTOS Selection
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6.

In the project template dialog, select Bare Metal - Minimal. Click on the Finish button to create a
project.

BB Fenesas RA C/Ce = Project

Renesas RA C/C+ - Project
Praject Templste Selection

Project Termplate Selecton

& *| Bare Metal - Blinky

Bare metsl P3P propect that mncludes B5P and will blink LEDs if swailable. This project will initialize clocks, pins, stacks, and
ihe £ FuRi b S Fo ek

|Fene A pack]

o *| Bare Metal - Minimal
Bare metal P3P propect that ncludes B5R This progect will nitishoe chocks, pans, stacks, and the C runtime ermvironment,
[Peneds RA NN pock]
Code Generation Settings
[ Wse Reresas Code Formatter

Figure 3-28. Project Generation — Project Template
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7. Add the Existing RA Library.
Set the Project Properties.

— Select and add Settings — Libraries — Libraries (-) “'a — RA_Lib.

— Select and add Settings — Libraries — Libraries search path (-L) “‘D —
"${workspace_loc:/RA_Lib/Debug}".

— Select Apply and Close.

|t}-|:e filter text

Resource
Builders
w C/C++ Build
Build Variables
Environment

O] II (]
ool Chain Editor

C/C++ General
MCu

Project Matures
Project References
Renesas QE
Run/Debug Settings
Task Tags

Validatien

Settings

& Tool Settings &8 Toolchain & Build Steps

(2 Target Processor
(2 Optimization

Libraries (-1}

[Ele &

| X

(::lv v§

Build Artifact Binary Parsers & Error Parsers 2

(2 Warnings
# Debugging
~ B3 GNU ARM Cross Assembler
(3 Preprocessor
2 Includes
# Warnings
(# Miscellaneous
w 8 GNU ARM Cross C Compiler
(2 Preprocessor
3 Includes
(& Optimization
@ Warnings
(# Miscellaneous

~ B8 GNU ARM Cross C Linker

B oo Library search path (-L)

Wiscellaneous

~ B85 GNU ARM Cross Create Flash Image
# General

~ 8 GNU ARM Cross Print Size

@ General

Apply and Close

[E]a & #

Cancel

Figure 3-29. Setting the Project Properties

8. From the Project Explorer window, open hal entry.c under RA App\src)\.

[ hal_entry.c %
1 finclude "hal_data.h"
2
3 FSP_CPP_HEADER
4 void R_BSP_WarmStart(bsp_warm_start_event_t event);
5 FSP_CPP_FOOTER
6
8 ® * main() is generated by the RA Configuration editor and is used to generate t
11 ©void hal_entry(void)
12

&13 /* TODO: add your own code here */
14
15 -#if BSP_TZ_SECURE_BUILD
16 /* Enter non-secure code */
17 R_BSP_NonSecureEnter();
18 #endif
19
20
22 @ * This function is called at various points during the startup process. This
27 ©void R_BSP_WarmStart(bsp_warm_start_event_t event)
28
29 if (BSP_WARM_START_RESET == event)
30 {
31 -#if BSP_FEATURE_FLASH_LP_VERSION != @
32
33 /* Enable reading from data flash. */
34 R_FACI_LP->DFLCTL = 1U;
35
36 /* Would normally have to wait tDSTOP(6us) for data flash recovery. Ple
37 * C runtime initialization, should negate the need for a delay since t
38 #endif

Figure 3-30. Old hal_entry.c
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Remove function “R_BSP_WarmStart()” and its declaration.

Add codes to call the LED blinking library function “hal_entry_lib()” in the “hal_entry()” function and add a
declaration for the library function.

[ hal_entry.c &
1 #include "hal_data.h"

2

3 = =

4 extern void hal_entry_lib()
5

6

FSP_CPP_TOOTER

8 ® * main() is generated by the RA Configuration editor and is used to generate t
11 =void hal_entry(void)
12 {
¥13 l wadd vour own code here */
14
15 =#if BSP_TZ_SECURE_BUILD
16 /* Enter non-secure code */
17 R_BSP_NonSecureEnter();
18 #endif
19
20
21
22 ~#if BSP_TZ_SECURE_BUILD
23
24 BSP_CMSE_NONSECURE_ENTRY void template_nonsecure_callable ();
25
26 /* Trustzone Secure Projects require at least one nonsecure callable function i
27 ~BSP_CMSE_NONSECURE_ENTRY void template_nonsecure_callable ()
28 {
29
30 ¥
31 #endif

Figure 3-31. New hal_entry.c

9. Build the application project.

10. Set a breakpoint where the library function “hal_entry_lib()” is called. Run the RA_App project.
When the program stops at the breakpoint, resume it. Confirm that the library function that blinks the
LEDs (for example, “hal_entry_lib()”) is executed.

*# Debug = %% 8 = 3 wyarables % Breakpoints % Expressions = E
I v [ RA_App Debug [Renesas GDB Hardware Debugging] I g XHER I EES]N §
~ @ RA App.elf [1] [cores: 0] I [v] @ hal_entry.c [line: 14] [type: Hardware]
+ Thread #1 1 (single core) [core: 0] (Running)
# arm-none-eabi-gdb (7.8.2)
# Renesas GDB server (Host)
¢ hal_entry.c % [d startup.c main.c = 5 FoOutline & Project Ex.. T
1 #include "hal_data.h" A BE% Y 8
2 v & RA_App [Debug] ~
3 FSP_CPP_HEADER _ & Binaries
4 extern void hal_entry_lib(); ) Includ
5 FSP_CPP_FOOTER = & Includes
6 = Debug
8 @ * main() is generated by the RA Configuration editor & script
11 =void hal_entry(void) -
12 { .
1 x cadd yvaur own code here */ . hal’entr}‘; ik
I M00008b1c hal_entry_1ib(); v & RA_App Debugjlin
- - S A A Pl T
< > < >
B Console # Tasks [l Problems @ Smart Browser 0 Memory |&E®E8 e~y =0
RA_App Debug [Renesas GDB Hardware Debugging]
Hardware breakpoint set at address @xblc A
Hardware breakpoint set at address @x66©
Hardware breaknoint set at address @xblc v
——————————————— (&} @ @ oo
Wiritable Smart Insert
Figure 3-32. Application Project Executing Library Function
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3.5 RA Project Configuration Editor

The RA Project Configuration editor view displays the current project configuration settings. The settings are
saved in the file “configuration.xml”. The project configuration settings are grouped into multiple pages that
allow you to set several configurable aspects of the project, such as how pins and clocks are set up and
which drivers are included. Drivers can range from simple hardware-level drivers to RTOS-aware
applications. Multi-thread specific components like mutexes, semaphores, and events can be configured.

To edit the project configuration, make sure that:

« FSP Configuration perspective is selected in the upper right-hand corner of the e2 studio window or click
on Window — [Perspective] — [Open Perspective] — Other... — [FSP Configuration] and the
“configuration.xml” file is opened.

B e il PN A Tuicrial condiguesion uml - ¢ thudc - o =
Fle [t Baeagetr Sepeh  Prewt  Peories Yeed Bun Wiedew Hels
LR - N tr Debesg « | | T PA_App Debneqy Flsi = - B-f-L% 8 % -0 = = g -
D - - T | . =14 FSP Confguumtion |
[ - o S e - o
! summary Click here to generate »
& e progect content
5 A e
5w La Project Summary preran ”
b “'MW‘-‘MI
o Enaied Board: ER-RALMY "
5 ke Dwice; RIFASMIAHICFC
& an Tocdchain; GOC AR Embaddsd
= hpn Tosolehain Versioa: 1031 20090834
= PSP Warsion: ]
:"'h":' Puoject Type: Fual "
Y Location: CIRA_prajecthed_stuSad022-07_FSPIDLRA_Tetoral <=

Selectad soltwste companents

RN i) PO Simpls appication thet binks an LED, He ATOS ncieded Il

(7 Deerloper Azuntence

Based Suppont Packags Cosmes Filed i
VD Pont i
A CMIESIS Varsian § - Core (M) w5 5 Dvrenasas O g [
RnII-U]EK&wrﬂ-Su-pw'lfki il =
Double-click xml file to
open A Configuralion
Page selection
| Gy | BSF| Chocia| P | intimmapets | vl Laniks | Stacis | Componns | v Legend
o Properier 3 (|5 BE @ AT=R T80T i} = 0O [Hg e Cenlicn | D) Coranie 3¢ X 1 ' il = B8-~" 0
RA_Tutarlal LIFT Busbd Comscle [RA_Tutorial] |
| s ;'lb: ilzw - Formateberkeley "BA_Tuteslsl.eli™ L
[ e— Property Wt L1 dete bss dar g {1 prame
e 4ATE B 1148 B Lled B _Tuborlsl.elf
dersed il 11906 Budld Pindshed. ® errors, § weonings. (took Ly, JF7es)
i e
[PREEETEE] Rapip X0, 2D, WEAEPSAM v v

Figure 3-33. RA Project Configuration — RA Project Configuration View
There are 8 pages (or tabs) in the RA Project Configuration editor.
The Summary page contains project-specific summary information.
The BSP page allows users to select the FSP version, the type of RA board, and the device.

The configuration steps and options for the Clocks, Pins, Interrupts, Event Links, Stacks, and
Components pages are discussed in the following chapters.

3.5.1 Summary Page

The Summary page contains a project-specific summary which includes details of the currently selected
device, board, RA software components, etc. There are also useful links to the ‘Renesas Presents’ YouTube
channel and the FSP user manual.
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If you add new threads and modules/objects to a thread, this information will also be shown on the Summary
page.

55 [RA_Tutorial] FSP Configuration =0
3

Summar o
y Generate Project Content

Project Summary

AEMNESAS ~
Board: EK-RAEM3
Device: RTFABM3AH3CFC
Toolchain: GCC ARM Embedded .
. . Information about board
Toolchain Version: 10.3.1.20210824 * devi . :
evice, toolchain and FSP
FSP Version: [
Project Type: Flat
Location: C:/RA_projectie?_studicl_FSARA_Tutorial ==
Selected software components
Simple application that blinks an LED. No RTOS included. vl
Board Support Package Comman Files vl Software component
IO Part vl “|included inthe project
Arm CMSIS Version 5 - Cora (M) v5 9 0+renesas. 0 fop I
RAGBM3-EK Board Support Files vl N

Sumimary | B5P | Clacks | Ping| Interrupts | Event Links | Stacks | Components

Figure 3-34. Summary Page

3.5.2 BSP Page

The BSP Page allows users to select the FSP version, board, and device. Users can also import the CMSIS
board information from this page.

Board Support Package Configuration o

Generate Project Content

Click here to select FSP version

[ Restore Defaults

Device Selection
) Board Details| Click here to import
FSP version: [H Evatusorrze]  CMSIS board
infarmation

Bl:‘ﬂ I'd: EK-MWS i I‘:I Visit |".:_:J'5:-"- W L L T = Y gf‘t kit user's

! manual, quick start guide, errata, design package, example
Device: | R7FASM3AHICF( M
M4 \ Click here to select device

Core:

RTOS: No RTOS ARM core type

Click here to select board

SummryIBSF‘ICIocks Pins | Imterrupts | Event Links | Stacks | Components

Figure 3-35. RA Project Configuration — BSP Page
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When the BSP page is selected, the e? studio Properties view will display the available properties for the
selected board. According to the project's requirements, these properties may be modified in the Properties

view as necessary.

Tyect bepow o

34 Ay

=1 P
= i WA Tunessd
& Bipie

3.5.3 Clocks Configuration Page

Figure 3-36. Board Properties

The Clocks Configuration page sets up the initial clocking for the application. Clock sources, PLL settings,
and clock divider settings can be selected for each output clock.

For details on the Clock Generation Circuit (CGC), see the RA hardware user’s manual. To update the

project, follow these steps:

1. Select a value in the drop-down list for the clock setting on GUI.
Note: If the value goes out of range, it will turn red, and the "!" mark will be displayed.

i [RA_Tutorial] RA Configuration

Clocks Configuration

| XTAL 24MHz

}\L ~1CLK Div /2
PLL Src: XTAL v k> PCLKA Div /2
)
PLL Div /2 v > PCLKB Div /4
|
PLL Mul x20.0 v > PCLKC Div /4
| USBMCLK 24MHz | [PLL2a0mhz Hlctock sre L ~ K> PCLKD Div /2
Clock Src: HOCO
HOCO 20MHz » Clock Src: MOCO SDCLKout On
Clock Sre: LOCO 1
| LOCO 32768Hz | Clock S XTAL BCLK Div /2
Clock Sre: SUBCLK )
| MOCO BMHz | BCLK/2
| SUBCLK 32768Hz | UCLK Div /5

<

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

= g

o

Generate Project Content

& Restore Defaults

v %{ ICLK 120MHz ~ *
v % PCLKA 120MHz
v —>{ PCLKB 60MHz
v —>{ PCLKC 60MHz
v % PCLKD 120MHz
v % SDCLKout 120MF
v —>{ BCLK 120MHz
v % BCLKout 60MHz
v % UCLK 48MHz
4

>

Figure 3-37. RA Project Configuration — Clocks Configuration

R20UT5210EJ0101 Rev.1.01
Jul.16.24

RENESAS

Page 49 of 115




RA Family Renesas e2 studio 2023 - 10 or Higher — Quick Start Guide

% [RA_Lib] FSP Configuration ¢ hal_entry.c @ *[RA_Tutorial] FSP Configuration ==

. . [+
Clocks Configuration Generate Project Content

& Restore Defaults

PLL Src: XTAL v || PCLKA Div /2 + — PCLKA 120MHz \
|
PLL Div /2 v | BCLKE Div /4 v > PCLKB 60MHz \
|
PLL Mul x20.0 v |5 PCLKC Div /4 v —> PCLKC 60MHz |
|
| USBMCLK 24MHz | PLL240MHz > Clock Sre: PLL ~ 4> PCLKD Div /2 + — PCLKD 120MHz |
HOCO 20MHz v SDCLKout On v — SDCLKout 120MHz |
T
LOCO 32768Hz | > BCLK Div /2 + — BCLK 120MHz \
|
' MOCO 8MHz | BCLK/2 ~ — BCLKout 60MHz |
| SUBCLK 32768Hz | > UCLK Div /5 + — UCLK 48MHz |
‘> ECLK Div /4 v s FCLK 60MH; | ¥

Summary BSPBCIockS Pins| Interrupts Event Links| Stacks| Components

Figure 3-38. Value Goes Out of Range

2. Save the Project Configuration Settings, for example, using the Ctrl-S shortcut.
3. Click on the Generate Project Content button.

i [RA_Tutorial] FSP Configuration £ -
o

Generate Project Content

Clocks Configuration

EZ Restore Defaults

| XTAL 24MHz ~
PLL Src: XTAL v |> PCLKA Div /2
PLL Div /2 : v |> PCLKB Div /4
PLL Mul xzo.o¢ v > PCLKC Div /4

| USBMCLK 24MHz || PLL240M Hz¢ — Clock Src: PLL ~ ~4>PCLKD Div /1

HOCO 20MHz v SDCLKout On

| LOCO 32768Hz | > BCLK Div /2 :

| MOCO 8MHz | BCLK/2 :

| SUBCLK 32768Hz | > UCLK Div /5 y

< >

Figure 3-39. Generate Project Content
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4. The file “bsp_clock _cfg.h” is updated with the selected clock configuration.

I& Project Explorer & | *=

==

v bsp_clock_cfg.h =

/* generated configuration header file - do not edit */ A

v 5 RA Tutorial [Debug] ~ 1
& Binaries 2 #ifndef BSP_CLOCK_CFG_H_
i 3 #define BSP_CLOCK_CFG_H_
o e 4 #define BSP_CFG_XTAL_HZ (24000800) /* XTAL 24080808Hz */
Era 5 #define BSP_CFG_PLL_SOURCE (BSP_CLOCKS_SOURCE_CLOCK_MAIN_OSC) /* PLL Src: XTAL */
v & ra_gen 6 #define BSP_CFG_HOCO_FREQUENCY (2) /* HOCO 2@MHz */
B bsp_dock cigh 7 #define BSP_CFG_PLL_DIV (BSP_CLOCKS_PLL_DIV_2) /* PLL Div /2 */
B bsp pin cigh 8 #define BSP_CFG_PLL_MUL BSP_CLOCKS_PLL_MUL_20_@ /* PLL Mul x26.8 */
e ] #define BSP_CFG_CLOCK_SOURCE (BSP_CLOCKS_SOURCE_CLOCK_PLL) /* Clock Src: PLL */
« common_data.c 10 #define BSP_CFG_ICLK_DIV (BSP_CLOCKS_SYS_CLOCK_DIV_2) /* ICLK Div /2 */
& common_data.h 11 #define BSP_CFG_PCLKA_DIV (BSP_CLOCKS_SYS_CLOCK_DIV_2) /* PCLKA Div /2 */
@ hal_data.c 12 #define BSP_CFG_PCLKB_DIV (BSP_CLOCKS_SYS_CLOCK_DIV_4) /* PCLKB Div /4 */
& hal datah 13 #define BSP_CFG_PCLKC_DIV (BSP_CLOCKS_SYS_CLOCK_DIV_4) /* PCLKC Div /4 */
P 14 #define BSP_CFG_PCLKD_DIV (BSP_CLOCKS_SYS_CLOCK_DIV_2) /* PCLKD Div /2 */
S 15 #define BSP_CFG_SDCLK_OUTPUT (1) /* SDCLKout On */
£ pin_datac 16 #define BSP_CFG_BCLK_DIV (BSP_CLOCKS_SYS_CLOCK_DIV_2) /* BCLK Div /2 */
@ vector_data.c 17 #define BSP_CFG_BCLK_OUTPUT (2) /* BCLK/2 */
® vector datah 18 #define BSP_CFG_UCK_DIV (BSP_CLOCKS_USB_CLOCK_DIV_5) /* UCLK Div /5 */
RAGM3-PK.cov 19 #define BSP_CFG_FCLK_DIV (BSP_CLOCKS_SYS_CLOCK_DIV_4) /* FCLK Div /4 */
" 20 #define BSP_CFG_CLKOUT_SOURCE (BSP_CLOCKS_CLKOUT_DISABLED) /* CLKOUT Disabled */
S 21 #define BSP_CFG_CLKOUT DIV (BSP_CLOCKS_SYS_CLOCK_DIV_1) /* CLKOUT Div /1 */
2 hal_entry.c 22 #endif /* BSP_CLOCK_CFG_H_ */
Pk v 2| WP M

<

D Properties =

e -
f = B Console

Figure 3-40. bsp_clock_cfg.h is Updated

3.5.4 Pin Configuration Page

The Pin Configuration page provides a graphical user interface for generating the pin configuration settings

for the project.

ﬂ:';} [R&_Tutonal] FSP Configuration %

Pin Configuration

= 0
[»)

Generate Project Content

Select Pin Configuration

| RABM3-EK.pincfg

L

_ﬂ Export to CSV file [E-] Configure Pin Driver Warnings

Manage configurations... (1 )

Generate data: | g_bsp_pin_cfg

Pin Selection

=13

|T}fpe filter text

» + Ports
+ Peripherals
+ Other Pins

(2)

Pin Configuration

#} Cycle Pin Group

MName

Value Link

(3)

Pin Function | Pin Mumber

Surmmary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

Figure 3-41. RA Project Configuration — Pin Configuration GUI

The Pin Configuration window consists of 3 parts:

1. Select pin configuration: Select the pin configuration file and specify the name for the associated data
structure. Clicking on [Manage configurations] allows the duplication or removal of the pin configuration.
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m Manage Pin Configurations O X
Multiple Pin Configuration Management
Modify pin configuration list or import/export external file
RABM3-EK pincfg (Current) Add...
R7FA6M3AH3CFC pincfg
Remove
Rename...
Duplicate
Merge to...
Import...
Export...
OK

Figure 3-42. RA Project Configuration — Merge Pin Configurations

[Add]: Adds a new pin configuration file.
[Remove]: Removes the selected pin configuration file.
[Rename]: Changes the name of the pin configuration file.
[Duplicate]: Duplicates the selected pin configuration file.
[Merge to]: Merges the peripheral channels and pin numbers into the selected pin configuration file.
[Import]: Imports a pin configuration file to be used in another configuration file.
[Export]: Exports the selected pin configuration file into another configuration file.
2. Pin Selection: Select a pin or peripheral that will be set up.
3. Pin Configuration: Sets up for function/property of the selected pin / peripheral.

The best way to configure pins is to configure the peripherals to be used in the project using the steps below:

1. Select a peripheral in the Pin Selection pane, for example, Connectivity: SClI — SCI4. The
configuration for this peripheral will be shown in the Pin Configuration pane.

2. Select an Operation Mode for the peripheral, for example, Simple SPI.

3. Select the pins you would like to use for the input/output functions of the selected peripheral in the
selected mode.

Note: You can jump to the port setting by clicking on the arrow on the right side of the pin.
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iﬂf:‘:j‘ *[RA_Tutorial] FSP Configuration &3

Pin Configuration

Select Pin Configuration

= g
o

Generate Project Content

_ﬂ Export to C5V file E Configure Pin Driver Warnings

[ RABM3-EK. pincfg

W

Manage configurations... Generate data: | g_bsp_pin_cfg

Pin Selection = 13
Type filter text |
Analog:CMP A

Analeg:DAC12

+ Connectivity:IC

SCI0
5C1
5CI2
" SCI3
" SC4
5CI5
5Cle
¥ SCI7
5C18
SC19
Connectivitu:SPI

(1)

Connectivity: CAN
+ Connectivity:ETHERC

w " Connectivity:5CI

L

Pin Function | Pin Mumber

Pin Configuration =} Cycle Pin Group

MName Value Lock Link
Pin Group Selection Mixed
Operation Mode I Simple 5PI I (2)
v Input/Qutput
THD_MOSI + P900 &
RXD_MISO + P315 (3) B =
SCK + P90l I =
CTS_RTS_SS Flone
SDa Mone
SCL Mone
< >

5CI4

When using Simple [2C mode, ensure port pins output type is n-ch cpen drain,
When switching between 12C and other modes, first disable.

Medule name:

Usage:

Surnmary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

Figure 3-43. RA Project Configuration — Pin Configuration Setting (By Peripheral)
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A single pin can also be set up following the steps below:

1. Select a pin in the Pin Selection pane, for example, Ports — P0 — P003. The configuration for this pin
will be shown in the Pin Configuration pane.
2. Enter properties for this pin, for example:

{8k *[RA_Tutorial] FSP Configuration 3 = 0
Pin Configuration D
Generate Project Content
Select Pin Configuration _Eﬂ Export to CSV file E Configure Pin Driver Warnings
| RABM3I-EK.pincfg v | Manage configuraticons... Generate data: |g_b5p_pin_cfg
Pin Selection B &  Pin Configuration * ) Cycle Pin Group
|T‘.-'pefi|terte>d: | Name Value Link
v 7 Ports ~ Symbolic Mame
v ¥ PO Comment . (2)

~ PODD Mode{ Disabled

 PODT » Input/Qutput
;;;; PO03 MNone

« PO
POO3
POO6
POO7

« PO03

« PO09
PO10 < >

v oM Modul P03
POl odule name:

< P Port Capabilities:  ADCO: AMNOY
po v ADCO: PGAVSSD

Pin Function | Pin Number

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

Figure 3-44. RA Project Configuration — Pin Configuration Setting (By Single Pin)

3. The Visualization view shows this pin change.
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==

[}

o FSF Viswalization >

:l Y e = d Pin Function = >

P003 is
changed to
be set

(OK status)

Figure 3-45. RA Project Configuration — Package View (Connection Status)

It is possible to migrate a pin configuration from one device to another device on this page. Use the Import a
pin configuration button on the toolbar to perform this migration. This function allows the migration of the
pin configuration to the new device while retaining user setup.

To import an existing pin configuration to the current project, click Manage configurations... — Import and
select the pin configuration file to import.
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i:é} [RA_Tutorial] FSP Configuration &3

= B %% FsP Visualization

Pin Configuration | - 2 (| £
9 Generate Project Content n ‘
Select Pin Configuration _§ﬂ Export to CSV file [5-| Configure Pin Driver Warnings
| RABM3-EK. pincfg vI Manage configurations... I Generate data: |g_b5p_pin_cfg
Pin Selection = laz Pin Configuration ~2 Cycle Pin Group
|T}.-pEfi|tE|— text | MName Value Link
v « Poris A
+ PO
¥ P1
v P2
¥ P3
¥ P4
v P5 < >
¥ PG
D7 s
Pin Function | Pin Number
Summary | BSP | Clocks | Pins| Interrupts | Event Links | Stacks| Components| » Legend
. 8 & Import Configuration O *
Multiple Pin Configuration Management Pin Configuration Import \
Maodify pin configuration list or import/export external file Import pin configuration file on the local system. @
RABM3-EK.pincfg (Current) Add... Frem Cenfiguration file: | | Browse... |
R7FAGBM3IAHICFC.pincfg
EenTe Pin configurations:
Select All
Rename...
: Deselect All
Duplicate
Merge to...
[[] Merge symbolic name(s)
Export... [] Merge port comment(s)
Finish Cancel

Figure 3-46. Import An Existing Pin Configuration to The Current Project

The import function might prompt the user about conflicts and provide the following options for the user:

e Cancel the import operation

e Ignore the conflicts and import the conflicting settings anyway
e Continue the import operation without importing the conflicting settings.
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3.5.5 Stacks Configuration Page

The Stack Configuration page allows you to:

« Configure threads within an RA project.

« Add RA modules and objects to a thread.

« Modify module and object properties in the Properties View.

£ [RA_Tutorial] RA Configuration

Stacks Configuration

Generate Project Content

Threads

~ &' HAL/Commaon
@ q. ioport /0 Port Driver onr iopqr'l

(1)

Objects

(3)

HAL/Common Stacks &0 Mew Stack >

@

b q_loport IO Port Deiver
on f_iopaort

(2)

] Rermave

Summary BSP Clocks Pins Interrupts Event Links Stacks Components

[l Properties

h_ioport |/O Port Driver on r_ioport
Bettings Property

Pl Info |~ “ommen

Parameter Checking
~ Module g_ioport /0 Port Driver on r_i

Value

(4)

Default (BSP)

Figure 3-47. RA Project Configuration — Stacks Configuration GUI

The Stacks Configuration page consists of 3 panes:

1. Threads pane: Add/remove threads. Details are explained in Chapter 6.
2. Stacks pane: Add/remove FSP module instances, that is, 10 port, SCI, UART, etc.

3. Objects pane: Add/remove kernel objects. Details are explained in Chapter 6.

In addition, the Properties view supports the Threads Configuration and is used to modify module/object

properties.
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A module can be added to the existing project following the steps below:

Select a thread, such as HAL/ICommon. The modules and objects in this thread are shown.

2. Inthe Stacks pane, click on %] New Stack to add a module to the thread, that is, New Stack —
Monitoring — Clock Accuracy Circuit (r_cac).

o
3. Click the Generate Project Content Ge=rtePeisctontent hytton to generate the source code content.

4. The Properties view shows the properties of the selected module. Users can change them according to
their requirements.

i¥ [RA_Tutorial] FSP Configuration > = 38

Stacks Configuration (3) G

Generate Project Content

Threads = HAL/Common Stacks & | New Stack > 5| Remove

~ ! HAL/Comman (1) —— - - (2)
g.1oport 70 Port (rioport) & g_l.oport.l_eG Port 0 g_caL:(}Cbck Accuracy
4 g_cac0 Clock Accuracy Circuit (r_cac) (r_ioport) Circuit (r_cac)
® (i)

Objects

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

[T Properties ¢ BT 9 § = 83
g_cac0 Clock Accuracy Circuit (r_cac) (4)
Settings  Property Value 63

APl Info ~ Common
Parameter Checking Default (BSP)
w Medule g_cac0 Clock Accuracy Circuit (r_cac)

Name g_cacO

Reference clock divider 32

Reference clock source Main Oscillatar v
< >

Figure 3-48. RA Project Configuration — Add New Module to Thread

Note: For another example, refer to chapter 6.1 which describes the procedure for adding the General
Purpose Timer (GPT) module to the Blinky Thread.
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An added module may require dependent modules or configuration settings. Necessary dependent modules
will be added automatically. Optional dependent modules are suggested to be added manually by the user.
In this case, users should click on the suggested modules to add and configure their properties (for example,
Add New Stack — Connectivity — USB PCDC (r_usb_pcdc).

LF *IRA_Tutonial] FSP Configuration = =]
Stacks Configuration o
9 Generate Project Content
Threads % | New Thread ] R ve =) HAL/Common Stacks & Mew Stack » =2 Extend Stack > x| Remove
v ¢ HAL/Comman .
48 g_ioport /O Port (r_ioport) +# ;;_-.gpo:;tc Port & g__r:c_?ICIz:I&ccu racy
& g_cac0 Clock Accuracy Gircuit (r_cac) f-lopo freurtireacy
& g_pcdeo USE PCDC (r_usb_pede) @ ®
=
@ g_basict USS (r_usb_basic)
Dependent module which is N
added automatically @
=
1 1
Objects &] New Object > 1] Remor: 9 Add DMAC Driverfor | | &% Add DMAC Driver f
= ver fior -] ver for
; . Suggested dependent module. Transmission Reception [Optional]
> [Optional]
Click on it to add

Sumemary | BSP | Clocks | Ping | Interrupts | Event Links | Stacks | Compeonents

[C] Properties % 7 £t =n
@q_pede0 USB PCDC (r_usb_pede)
| Settings  Property Value
APl Info_| ™ Common
I Bulk In Pipe USE PIPEY
Bulk OQut Pipe USB PIPE2
Interrupt Out Pipe LUSB PIPES
~ Maodule g_pcdo USE PCDC (r_ush_pedc)
Name: g_peded

<

Figure 3-49. RA Project Configuration — Dependent Module
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A module or a module stack can also be added by performing a copy-and-paste operation on the Threads
Configuration page. Right-click on a module and select Copy to copy it. Right-click in the stack pane of the

same or a different thread in the same project and select Paste. A copy-and-paste operation is also

available.

AF g iopadt 1D Port [r_joped)

HALCommeom § tacks

# gpcdkn USH PODC r_ush_podk)

7]

Generate Prepect Conbent |

4| Mew Stack > & Extend Stack > o | Bemaove

¢ g oo Oock Accuracy Cirouit {r_cac) Tewm
0 g podod LS8 PCOC [ el podc) R Conmurit 3
B 5 uadt LIART if_g2i_uar] m ST
3 W Vabdate
1
@ g basicn LISB [r_us:_basic) 57 A [pp—— —
Traecue 155 G-t
Reco] MERRS
@ optiond " -
s K Dclete Dirlete
T I s
Osjeets v 57 Ackd WAL Oriverfor | | 55 Add BMAL Briver for =
Tismariztion Rrception [Cptonal] gL
[Oypezaal] Ly Export.
D Maduls Rsurdel
0 PRunis 3
- 15 Drbugds ¥
Compare 'With 3
Surmmary | BSP | gk | Pind | Inderapts | Evend Links | Stadk | Compeanpnits Raplace With ¥
= ]
Generate Project Conent
Thread 3 ] HAL Camenan Stacks o M Scks = o u
w ‘q' HAL/Commaon

#F g lopon L0 Port (r_lopen]

s g e ek A curady Tz uit [r_oae])
& g podct USE PCOC (il podk )

& g uart LART {r_sci_uari)

& g_pedod USE PODC [r_ub_peek)

o

& g_uand UART {r_so_use)

o

i

I

& g baticOUSE (r_uth_bags)

@

% Add DT Drrves for
Transmessamn
[Foes cormamached Easd
cpteznal]

Bd DT Drrpr for
B eprtinn [Mot
Pes S|

5 Ak DAAL Driver for & Ackd DALAL Driver for
Trafsrssee R eptane [Optisnal]

[Cpticenal]

i

.Su-'mury BSP Oocis Pins Internapts | Eveni Links Stacks Components

Team

Rericuns ¢ Confugurations
W Vakdate

¥

[ Propedtien =

Properies sre mod svadsbis

o
B

woow W

Figure 3-50.

Copy and Paste Operation
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There will be a name conflict between the old module instance and the new one. Renaming one of the
module instances will solve the problem.

Note that only the copy-and-paste of g_ioport will have no name conflict.

Threads

§§§ *[RA_Tutorial] FSP Configuration x |

= 8

Stacks Configuration

&) New Thread o) Remove [ HAL/Common Stacks

v Eﬁ‘% HAL/Common 9
4% g_ioport /0 Port (r_jioport)
= g_cacd Clock Accuracy Circuit (r_cac)
4 g_pcdcoUSB PCDC (r_usb_pedc) @
B g_uartd UART (r_sci_uart) i
ﬁ} g_uartd UART (r_sci_uart) -

47| New Stack > = Extend Stack > 32 Remove

@ g_uartd UART {r_sci_uart)

A

Generate Project Content

&

Add DTC Driver for
Transmission
[Recommended but
optional]

% Add DTC Driver for
Reception [Not
recommended]

“i Add DTC Driver for
Transmission
[Recommended but

ptional]

%% Add DTC Driver for
Reception [Not
recommended]

Objects

&) Mew Object = i) Remave

<

\

Mame conflict after “copy and
paste” operation

Summary|BSP |C\uck5 ‘ Pin;|\nterrupls|Event Linksl [} Stack;J Components

Settings

APl Info

B Properties X

HAEYE § -0

g_uart0 UART (r_sci_uart)

Rename one of the module
instances to solve the conflict

Property Value
w Module g_uartd UART (r_sci_uart)
~ General
| Name guartd ——
Channel []
Data Bits EBbits
Parity Mone

Figure 3-51.

Module Instance Name Conflict
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A module or a module stack can also be added by performing the export and import operation on the Stacks
Configuration page. Right-click on a module and select Export... to export the configuration of the module
to an XML file. Right-click in the stack pane of the same or a different thread in the same project and select
Import... to import the configuration from the exported XML file. The name conflict can be solved by
renaming one of the module instances.

HAL/Comman Stacks & NewStack > == Extend Stack > % | Remove
4 g_pcdc0 USB PCOC (r_usb_pcdc) @ g_uart0 UART (r_sci_uart)
@® @
= = Resource Configurations
L L 1 r -
i
4 g_basico US8 (r_usb_basic) %% Add DTC Driver for %9 Add DTC Driver for gyqld \elidate
Transmission Reception [Not Tof Cut Crrl+X
[Recommended but recommended] U@ copy CulsC
® optional] a )
— Paste Ctrl+V
L L Delete
59 Add DMAC Driver for | | 54 Add DMAC Driver for
Transmission Reception [Opticnal]
[Opticnal]
¥
< » >
>
> =7
& expon [ I
Stack Export ‘2
Export a stack to a configuration fragment on the local file system. g 5 ]
To file: [CWUsersVTEMPYuartmi o] [ erowse |
Options
O Include commeon properties.
e

Figure 3-52. Export the RA Stack

=8

T "[RA_Tutorial] FSP Configuration X

Stacks Configuration

Generate Project Content

Threads & New A - HAL/Common Stacks 4] New Stack > = Stack > )

v mit HAL/Common — = = ) -
& t VO Port | rt) & g_ioport 10 Port 4 g_cac! eam _pedc) & g_uar
i R (r_ioport) Cireuit [

@ g_cac0 Clock Accuracy Gireuit (r_cac) G N
& g pedc0 USB PCOC (r_usb_pedc)

) &l Validate
& g_uartd UART r_sci_uart) @ @ ! o @
@ g_vart1 UART (r_sci_uart)

%7 AddC
Transe
[Recon
optior

T
5 Add DMAL Driver for
Reception [Optional]

>
»
>
< »
L »
Summary |BSP | locks | Pins | Intermupts | Event Links | Stacks | Comgonents
8 mport [m] *
Stack Import
¥
Import stacks from a configuration fragment on the lacal file system. H
From file: | C:¥Users¥TEMP¥uartxmi | v|| Browse..
Stacks:
A g uar1 UART ir_sci_uan)| Select All
Deselect All
Options
O include common properties
G

Figure 3-53. Import the RA Stack
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3.5.6 Components Configuration Page

The Components Configuration page enables the individual modules required by the application to be

included or excluded.

Modules common to all RA projects are preselected (for example, HAL Drivers — all — r_cac).

All necessary modules for the drivers selected on the Stacks page are included automatically. You can
include or exclude additional modules by checking the box next to the required component.

Note: The primary way of adding modules to an application is by using the Stacks page. The Components
page is primarily used as a list of components available in the installed FSPs.

ﬁ- [RA_Tutorial] FSF [:::n‘u;u:'ﬂn:m W

Components Configuration

Component
w g BSP
g Board

i custom
raZal_ek
raZel_ck
razel_fph
ralel_ek
razel_fpb
a1 _ek
a1 _rssk

| rade_fpb
radm_ek
radmz_ek
radm3_ek
radw _ek
raet_fpb
rabmi_ek
rabm2_ek

4 rabm3_ek
rabmig_ek
rabmd_ek
raGms ck

=0

Grnupb}c Yendor o Filger: | All

ersion Description

Custom Boand Support Files
RA241-EK Board Suppart Files
RAZE1-EK Boand Support Files
RAZE1-FPE Board Support Files
RAZE2-EK Board Support Files
RAZE2-FPE Board Support Files
RA2L1-EK Board Support Files
RAZL1-RSSK Board Support Files
RA4E1-FPE Board Support Files
RA4M1-EK Board Support Files
RA4MZ-EK Board Support Files
RA4M3-EK Board Support Files
EK-RA4W1 Board Support Files
RABE1-FPE Board Suppeort Files
RAsM1-EK Board Support Files
RAsM2-EK Board Support Files
RAEM3-EK Board Support Files
RABM3G-EK Board Support Files
RAEMA-EK Board Support Files
RAAMS-CK Roard Sunmort Files

Summary |BSP | Oocks | Pins | Interrupts | Event Links | Stacks | Components

Generate Project Content

w | | Search

Vaniant =

Figure 3-54. RA Project Configuration — Components Configuration
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3.5.7

Interrupt Configuration Page

The Interrupt page allows the management of Events (interrupts) and ISRs (Interrupt Service Routines) for
use with the RA interrupt framework.

The Interrupt page consists of 2 panes:

1. The User Events pane shows a list of events created manually by a user.

2. The Allocations pane shows a list of events that have been provided by instantiated RA modules in the

section 3.5.5.

In each pane, the Event column contains event names. The ISR column contains the subscribers for the
corresponding event in the Event column.

@ [RA_Tutorial] RA Configuration &

Interrupts Configuration

=0

Generate Project Content

User Events

€1 New User Event >

Event

(1)

ISR

Allocations

Interrupt Event

0 USBFS INT (USBFS interrupt)

1 USBFS RESUME (USBFS resume interrupt)
2 USBFS FIFO 0 (DMA transfer request 0)

3 USBFS FIFO 1 (DMA transfer request 1)

4 USBHS USB INT RESUME (USBHS interrupt)
5

(2)

ISR

usbfs_interrupt_handler
usbfs_resume_handler
usbfs_dOfifo_handler
usbfs_d1fifo_handler
usbhs_interrupt_handler
usbhs d0fifo handler

USBHS FIFO O (DMA transfer request 0)

y i

Figure 3-55. RA Project Configuration — Interrupt Page

A user event and its ISR can be created manually by clicking the New User Event button and then selecting

an event to create.

£ [RA_Tutorial] FSP Configuration

= g

#f FSP Visualization = | & Package

Interrup‘ls Configuratlon Generate Project Content {ﬁ Al

User Events & Newlse  ADC ’
AGT >
Event ISR CAC N
CAN ¥
CGC ¥
COMP >
CTsU ¥
| DMAC >
Allocations DOC >
Interrupt Event ISR DR >
(1] USBFS INT (USBFS interrupt) usbfs_interrupt_ha DOTC £
1 USBFS RESUME (USBFS resume interrupt) usbfs_resume_hamt EDM| 3
z USBFS FIFO 0 (DMA transfer request @) usbfs_dofifo_hand| EL oy
3 USBFS FIFO 1 (DMA transfer request 1) usbfs_dififo_handl| EPTPC N

4 USEHS USB INT RESUME (USBHS interrupt) Ll i s

= I & New User Event
Surmmary (BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Com
Enter the name of the ISR for the new user event:
[
oK Cancel

i 1] M

IR IHBE i

= i;; ..

assisi Mt

i

DMACQO INT (DMAC transfer end 0)

Figure 3-56.

Interrupt Page — Adding A New User Event
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The newly created event will be displayed in the User Events pane.

£ [RA_Tutorial] FSP Configuration & ==
, . 0
Interru pts Conflguratlon Generate Project Content
User Events 4 New User Event >
t SR
DMACO INT (DMAC transfer end 0) My\SRI
Allocations
Interrupt Event ISR )
0 USBFS INT (USBFS interrupt) usbfs_interrupt_handler
1 USBFS RESUME (USBFS resume interrupt) usbfs_resume_handler
2 USBFS FIFO 0 (DMA transfer request 0) usbfs_dOfifo_handler
3 USBFS FIFO 1 (DMA transfer request 1) usbfs_d1fifo_handler
4 USBHS USB INT RESUME (USBHS interrupt) usbhs_interrupt_handler v
< >

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

Figure 3-57. Interrupt Page — Generate Source Code

To remove a user event, select the event and click on the ] button in the User Events pane (events added
by instantiated RA modules in the Allocations pane cannot be removed).

£ [RA_Tutorial] RA Configuration =
[¥]

Generate Project Content

User Events 4| New User Event >I ] Remove I

Interrupts Configuration

Event ISR | De-regist

DMACO INT (DMAC transfer end Q) mylISR
Allocations

Interrupt Event ISR ~

0 USBFS INT (USBFS interrupt) usbfs_interrupt_handler

1 USBFS RESUME (USBFS resume interrupt) usbfs resume handler

2 USBFS FIFO 0 (DMA transfer request 0) usbfs_d0fifo_handler

3 USBFS FIFO 1 (DMA transfer request 1) usbfs_d1fifo_handler

4 LISPHS LISP INT RFSHIMEF (1ISRHS internint) nshhs interrunt handler B

Summary | BSP Clocks| Pins Interrupts | Stacks Component5:

Figure 3-58. Remove User Events
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3.5.8 Event Links Configuration Page

The Event Links page lets users specify how non-FSP drivers within an RA project use the Event Link
Controller (ELC). The Ul allows the user to declare that such a driver might produce a set of ELC events or
consume a set of ELC events via a set of peripheral functions.

& *[RA_Tutorial] RA Configuration ==
. . . ]
Event Links Configuration Generate Project Content
User Events 4] New User Event > User Events Consumed £ New User Event
Produced
Peripheral Function Event
Event
Allocations
Peripheral Function Event A
GPT (A) No allocation
GPT (B) No allocation
GPT (Q) No allocation
GPT (D) No allocation
GPT (F) No allocation
GPT (F) No allocation v

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

Figure 3-59. Event Links Page
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To declare a user-produced event:

1. Select the New User Event button on the User Events Produced table.
2. A cascading menu appears containing all the ELC events supported by the selected RA device.
3. The User Events Produced list will be updated with the event selected from the menu.

& *[RA Tutorial] RA Configuration & CGC > ==
Event Links Configuration comp > Generate Pr?jed Content
CTSU >
User Events DMAC > psumed 4] New User Event
Produced DOC > fon Event
Event DRW 2
DT1C >
EDMAC >
| | ELC > ELC SOFTWARE EVENT O (Software event 0) 1
EPTPC > ELC SOFTWARE EVENT 1 (Software event 1)
FCU >
Allocations GLCDC >
Peripheral Function GPT > ~
GPT (A) ICU > Dcation
GPT (B) Inc > pcation
GPT (C) IOPORT > bcation
GPT (D) IWDT > bcation
GPT (E) JPEG s bcation
GPT (F) KEY 5 bcation v
Summary BSP Clocks Pins Interrupts | Ev LPM > [nents

# *[RA_Tutorial] RA Configuration & ' =0

. . . []
Event Links Configuration Generate Project Content

User Events £ New User Event > User Events Consumed 4] New User Event
Produced

Peripheral Function Event
MAYEAS

ELC SOFTWARE EVENT 0 (Software event 0)

Allocations
Peripheral Function Event A
GPT (A) No allocation
GPT (B) No allocation
GPT(Q) No allocation
GPT (D) No allocation
GPT (E) No allocation
GPT (F) No allocation v

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

Figure 3-60. Declare User-Produced Event
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To declare a user-consumed event:

1. Select the New User Event button on the User Events Consumed table
2. A New User Event dialog should open with a combo box containing the available peripheral functions

and available ELC events. Select a Peripheral Function and Event, then click on OK.

3. The selected event will be allocated to the selected peripheral function within the RA configuration. It
should be visible within the User Events Consumed list and the Allocations list on the Event Links

page.

& *[RA_Tutorial] RA Configuration
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=0

# *[RA_Tutorial] RA Configuration 2

Event Links Configuration

Generate Project Content

User Events €] New User Event > User Events Consumed &) New User Event
Produced
al Function Event
Event GPT (A) ELC SOFTWARE EVENT O (Software event 0)
ELC SOFTWARE EVENT 0 (Software event 0)
Allocations
Peripheral Function Event ~
GPT (M) ELC SOFTWARE EVENT 0 (Software event 0) |
m No allocation
GPT(Q) No allocation
GPT (D) No allocation
GPT (E) No allocation
GPT (F) No allocation >

Summary |BSP |Clacks | Pins| Interrupts | Event Links| Stacks Components

Figure 3-61. Declare A User-Consumed Event
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3.6 Editor hover

e? studio supports hovers in the textual editor. This function can be enabled/disabled via Window —
Preferences — C/C++ — Editor — Hovers.

Preferences O X
g =0 4 v -
type filter text Hovers
Code Style

Expand vertical ruler icons upon hovering (does not affect open editors)

Core Build Toolchai
ore bulld foalchains Text Hover key modifier preferences:

Debug
v Editor Text Hover Name Pressed Key Motjfier Whlle Hovering

Combined Hover

Content Assist

Encrypted Files Debugger
Folding l:‘ Renesas 10 Register Help
Hovers |:| RenesasCDocHover
Mark Occurrences l:‘ Problem Description
Save Actions [ ] Documentation
Scalability |:| Macro Expansion
Syntax Coloring Source Shift
Templates |:| Annotation Description
Typing
File Types
Indexer Pressed key modifier while hovering:
Language Mappings Description:
New C/C++ Project W|zard Tries the hovers in the sequence listed below and uses the one which fits best
Property Pages Settings for the selected element and the current context.
Renesas
Task Tags
~ Restore Defaults Apply

Template Default Values

@ ® Apply and Close Cancel

Figure 3-62. Hover Settings
To enable hover, check Combined Hover. To disable it, uncheck it. This function is enabled by default.

The hover function allows the user to view detailed information about any identifiers in the source code:
hover the mouse over an identifier and check the pop-up.

% [RA_Tutorial] RA Configuration | @ hal_entry.c &= = =] Package = = =
o ERIORR eI SR PR | ~ | A package view is not available for the active editor.

83 uint32_t pin = leds.p_leds[i];
84 R_PFS->PORT[pin >> 8].PIN[pin & ©xFF].PmnPFS_b.PODR "=
85 }
86
87 R_PMISC->PWPR_b.PFSWE = @; ///< Writing to PmnPFS regis
88 R_PMISC->PWPR_b.BOWI = 1U; ///< Writing to PFSWE bit di
89
99 * Dalay
91 R_BSP_SoftwareDelayIdelay, bsp_delay_units);
gg } } Jvoid R_BSP_SoftwareDelay (uint32_t delay, bsp_delay units_t units)
i
94 5 i uint32_t iclk_hz;
96 N .Thls uint32_t cycles_requested;
16l “void R_§ uint32_t ns_per_cycle;
162 { 7 uint32_t loops_required = ©;
1e3 N if uint32_t total_us = (delay * units); /** Convert the requested tim
le4 { uinté4_t ns_64bits;
1e5
i:? iclk_hz = SystemCoreClock; /** Get the system clock freq
1:3 } /* Running on the Sub-clock (32768 Hz) there are 38517 ns/cycle. This means one cycle takes 31
Dy £ o foo

11@ }
111 R

< >

|
Figure 3-63. Information from Hover Function
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4. Building

This chapter describes the build configurations and key build features in e2 studio.

4.1 Build Configurations

When a project is created, the default build option is generated. It can usually be used to build the project.

However, if changing build options is necessary (for example, toolchain version or optimization options),
please follow the following steps before building the project.

B Properties for RA Tutorial O x
type filter text Settings Lvow .
Re:
3 SIZ‘:CE 3 Target Processor Command: ‘ ${cross_prefix}${cross_cj${cross_suffiz} ~
ull rs
v C/C++ Build € Optmimtion All options: | -D_ RENESAS_RA_-I"C:\Users\Renesas\e2 studio A
Build Variables & Warnings \workspace\RA_Tuterial\ra\fsphinc” -I"C:\Users

= Debugging
: ~ & GNU ARM Cross Assembler
Logging = .
Settings R ETEp R3S O Expert settings:
Tool Chain Editc f \nc\uc.ies Command
C/C++ General i line pattern:

Environment

v

‘ ${SECURE_BUILD_COMMAND} ${COMMAND} ${cross

& Miscellaneous

MCU
% ~ & GNU ARM Cross C Compiler
Project References i
& Preprocessor
Renesas QE

£ Includes
Run/Debug Settin i

Task Repository
A T Task Tags
Validation

@ Optimization
& Warnings
# Miscellaneous
~ & GNU ARM Cross C Linker

@ # General
& Libraries

i Includes
9ra & Miscellaneous
v Bra gen ~ ® GNU ARM Cross Create Flash Image
% ﬂf ek G & General
o P * ® GNU ARM Cross Print Size
& bsp_pin cfgh 2 General
§ common_data.c
< > v

# common_data.h

by e !
B hal dateh ® @ Apply and Close Cancel
I

i pin_data.c
B vector data.c B8 Properties for main.c O X
5 vector_data.h - S
5 RAEM3-PK csv Settings
v @sic Resource
i€ hal_entry.c v C/C++ Build
& Db " T ; 2 5
s r:du;’g p Settings Configuration: |Debug [ Active ] ~ | Manage Configurations...
- A,-,_(SP_(fg Tool Chain Editc
C/C++ General D Exclude resource from build

Run/Debug Settin ® Tool Settings 4 Build Steps

~ & GNU ARM Cross C Compiler |Command: | ${cross_prefix}${cross_c

(& Preprocessor All optiens: | -D_RENESAS_RA_-I"C:\
& Includes \Renesas\e2_studic\wo
2 Optimization
( Warnings

(% Miscellaneous Expert settings:

Command "¢ e IRE BUILD_COME
line pattern:

< > | < >
< > Restore Defaults Apply
@ Apply and Close Cancel

Figure 4-1. Build — Properties for RA Project And main.c Source File
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Build options can be accessed in the properties window of a project or a source file.

1. O Set the focus at the project name or O set the focus at the source file name.
2. Right-click to select Properties or use shortcut keys [Alt] + [Enter] to open the properties dialog.
3. Click on C/C++ Build = Settings option to view or edit the configuration settings.

The Properties window is supported at project and source level. The Properties window for projects
supports more configurations that apply across all the files within the same project.

4.2 Building a Sample Project

Follow the steps below to build the project.

1. In Project Explorer, click on the RA project to bring it into focus.

2. Click on Project — Build Project or the 4 icon to build this project.
3. Confirm that there are no errors after the build is finished.

File Edit MNavigate SearchRenesasViews Run Window Help

% Debug

Open Project
Close Project
Open FSP Configuration

5 Project Explorer &2 : i

« | RA Tutorial [Debug] o) Bu!ld All _ _ Cirl+Alt+B
= ciudes Bu!ld Con_fl uration! p,jjid braject >
@ ra Build Project Ctrl+B
¢ ra_gen Build Working Set >
B src Clean...
& Debug Build Automatically
= ra_cfg C/C++ Index >
= script Update All Dependencies Alt+D
% configurationxml Change Device
= R7FAGM3AH3CFC.ping ¥ C/C++ Project Settings Ctrl+Alt+P

=| ra_cfg.tet

= RA Tutarial Nehiin Flarsrwwrs

Properties

=

I®vai§?

L
figuration 2
tion
! = HAL/Commor
,35_7
Port Driver on r_ioport %_rlizgr?:nl
Iver on r_rtc
@

Figure 4-2. Build — Building A Sample Project
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4.3 Saving the Build Settings Report
Project build settings in e? studio IDE can be saved to a file using the Project Reporter feature.

1. Right-click in the Project Explorer view to pop up the context menu.
2. Select Save build settings report to save the build settings report.

P Project Explorer % BES YT 8 = 0O |§&RATutor
RA Lib
New >
Go Inte
i User Events P1
Open in New Window
Show In Alt+Shift+W >
Event
] Copy Cirl+C
Paste Ctrl+V
3K Delete Delete
Source >
Rename... Fz
-y Import...
g Export..
Renesas FSP Export 5 Allocations
S Peripheral Ft
Clean Project GPT (A)
Refresh F5 GPT(B)
Close Project GPT(Q)
Close Unrelated Project GPT(D)
GPTI(E)
Build Targets > GPT(R)
Index > GPT(G)
Build Configurations > GPT (H)
ADC12A0
Q FRunAs > ADC4280
# DebugAs v ANC1281
oo 4 Summary | BSP
—— Compare With >
= 0 .
D Properties X |BB  p.c e from Local History. JErov=RT 4y Debug
RA_Tutorial MISRA-C »
Recource | Property ®  C/C++ Project Settings CtrlsAlteP |\
+ Info | Renesas C/C++ Project Settings > | Change Device
de ¥ Run C/C++ Code Analysis Change Toglchain Version
ed [ System Explorer I Save build settings report
las S Casnenan. A Drarant (R e

Figure 4-3. Build — Saving the Build Settings Report
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5. Debugging

This chapter describes using debug configuration and key debugging features for e? studio. The following
illustration refers to the RA project built in Chapter 4.2 Building a Sample Project and based on the following
hardware configuration: J-link ARM emulator and RA6M3 EK board.

Right-click on any perspective icon and select Show Text to show the name of each icon.
Depending on the version of e? studio, text may be displayed by default.

%‘I@ﬂ{s|

E 1 ‘ B % <Smart Configurator> &
Customize...
Save As...
Genel Reset

Close

\

B | B C/C++ 1% Debug|# FSP Configuration

“| New User E

Figure 5-1. Debug — Switch to Debug Perspective
Open the RA project in €2 studio and click Debug to switch to the Debug perspective.

As discussed earlier, a Perspective in Eclipse defines the layout of panes and views in the Workbench
window. Each perspective consists of a combination of views, menus, and toolbars that enable the user to
perform a specific task. For instance,

« The Debug perspective has views that enable the user to debug the program.

« The RA Configuration perspective, together with configuration.xml in the editor window, will open
the RA configuration, as well as the Package and Properties views for project configuration settings.

« The C/C++ perspective has views that help the user to develop C/C++ programs.

If a user attempts to connect the debugger when not in the Debug perspective, e? studio will prompt the user
to switch to the Debug perspective.

One or more perspectives can exist in a single Workbench setup. Users can customize them or add new
perspectives.

5.1 Changing an Existing Debug Configuration

A default debug configuration is automatically created the first time a specific RA project is built. An existing
debug configuration can be changed as follows.

1. Click on the project name in the Project Explorer view to set focus.

2. Click on Run — Debug Configurations... or the s icon (downward arrow) — Debug
Configurations... to open the Debug Configurations window.
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File Edit Mavigate S5Search Project Renesas Views Window Help

# Debug v || R Renesas Debug Tools >
Resume
Suspend
e )
&5 RA_Lib Terminate -
' | -
+[= RA_Tutorial [Debug] | Disconnect
3%, binaries Step Into
B Includes Step Into Selection
2 ra Step Over
tep Over
3 ra_gen Steo R
Step Return
= src
(= Debug Run to Line
= ra_cfg T Use Step Filters Shift+F5
_ ot
A Q, Run Ctrl+F11
50 configuration.xml -
£ RIFAGM3AH3CFCpincfg 4% Debug F11
& ra_cfg.txt. Run History ¥
|¥| RA_Tutorial Debug_Flatlaunch
{7) Developer Assistance O Runks ’
Run Cenfigurations...
Debug History ¥
72.‘} Debug As >
I Debug Configurations... I
% External Tools ¥

Figure 5-2. Debug — Opening the Debug Configurations Window
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3. In the Debug Configurations windows, expand the Renesas GDB Hardware Debugging debug
configuration and click on the existing debug configuration (for example, RA_Tutorial Debug_Flat).

4. Go to the Main tab and browse to add the load module (that is, RA_Tutorial.elf) located in the project

build folder.
m Debug Configurations m} X
Create, manage, and run configurations ﬁ\
Be@XBY >

Name: | RA_Tutorial Debug_Flat

type filter text

€] C/C++ Application
[2] C/C++ Remote Application
= EASE Script ‘ RA_Tuterial Browse...

(5 Main . % Debugger| ® Startup| D Common| &~ Source

Project:

[£] GDB Hardware Debugging C/C++ Application:
[=] GDB OpenOCD Debugging I ‘ Debug/RA_Tutorial.elf I

GDB Simulator Debugging (RH8

=1 Java Applet Variables... Search Project... Browse...
@ Java Application Build (if required) before launching
& Launch Group Build Configuration: |Use Active
& Launch Group (Deprecated)
 Remote Java Application O Enable auto build (O Disable auto build
v [ Renesas GDB Hardware Debuggi (®) Use workspace settings Configure Workspace Settings...
1 RA_App Debug
RA_NonSecure Debug_SSD
ELRA Secure Daobug
1l RA_Tutorial Debug_Flat|
[1 Renesas simulator Debugging (F
< >
Filter matched 17 of 20 items Revert Apply
@ Close

Figure 5-3. Debug - Selecting the Load Module

5. Switch to the Debugger tab and set J-Link ARM and R7TFA6M3AH as the target device.

— Debug Hardware: J-link ARM
— Target Device: RTFA6M3AH
6. Click on the Apply button to confirm the settings.

7. Click the Debug button to execute the debug launch configuration to connect to the J-Link and the RA

board.

] Main

Debug hardware: (-Link ARM | Target Device: ([R7TFAEM3AH

E2 (ARM)

. E2 Lite (ARM)
GDB Settings  Compmmurrres Debug Tool Settings

= Startup | ] Common | B Source

GDB Connection Settings
(® Autostart local GDB server Host name or IP address: | localhost
() Connect to remote GDB server DR gt 61224

Connection timeout (s): | 30

Figure 5-4. Debug — Changing the Connection Settings
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8. For a successful connection, the Debug view shows the target debugging information in a tree hierarchy.
The program entry point is set at Reset Handler () in startup.c.

45 Debug [#]& = o

v &7 RA_Tutorial Debug [Renesas GDB Hardware Debugging]
v i RA_Tutorial.elf [1] [cores: 0]
v o Thread #1 1 (single core) [core: 0] (Suspended : Signal : SIGTRAP:Trace/breakpoint trap)
I = Reset_Handler() at startup.c:53 0xf34 I
w arm-none-eabi-gdb (7.8.2)

i Renesas GDB server (Host)

Figure 5-5. Debug — User Target Connection In The Debug View

5.2 Creating New Debug Configurations

The simplest way to create a new debug configuration is by duplicating an existing one. It can be done by
following the steps below.

1. Open the Debug Configuration window (refer to Figure 5-2. Debug — Opening the Debug
Configurations Window).
2. In the Debug Configurations window, select a debug configuration (for example, RA_Tutorial Debug)

and click on the = icon (which duplicates the currently selected launch configuration). A new debug
launch configuration (for example, RA_Tutorial Debug (1)) is created.
3. The new debug configuration can be configured as described in chapter 0.

&} Debug Configurations O X
Create, manage, and run configurations
lﬁ ~ :5 = ? v Marme: | R&_Tutorial Debug_Flat (1) |
type filter text Debugger | = Startup | B2 Source | [5] Common
| 99 Pl %
[©] C/C++ Application Project
[E] C/C++ Remote Application
= EASE Script | RA_Tutonal Browse...
[c] GDB Hardware Debugging C/C++ Application:
[£] GDB OpenOCD Debugging | Debug/RA_Tutorial.elf
[t GDB Simulator Debugging (RH2
1 Java Applet Variables... Search Project.. Browse...
[ Java Application Build (if required) before launching
& Launch Group
Zl Remote Java Application Build Cenfiguration: | Use Active w
w Renesas GDB Hardware Debugg . . .
E RA_Tutorial Debug_Flat (C) Enable aute build () Disable auto build
[&7 RA_Tutorial Debug_Flat (1) (®) Use workspace settings Configure Workspace Settings...
< >
Revert Apply
Filter matched 14 of 16 items — e
Figure 5-6. Debug — Duplicating A Selected Debug Launch Configuration
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5.3 Basic Debugging Features
This section explains the typical Debug views supported in e? studio.

o Standard GDB Debug (supported by Eclipse IDE framework): Breakpoints, Expressions, Registers,
Memory, Disassembly, and Variables (MMU view is not supported in RA).

¢ Renesas Extension to Standard GDB Debug: 10 Registers, Eventpoints, Trace and Fault Status.

The following are some useful toolbars in the Debug view:

| Disconnect || Step Into (F5) || Step Over (F6) |

4 Debug £ RA_Tutorial Debug_Flat

g @~/ B R rRr @&~ - & %MSP Configuration

3 Debug # = li#le 3 =8 [ startup.c i ==

~ [E1RA_Tutorial Debug_Flat [Renesa: & 59 ©0066elc
v B RA Tutorial.elf [1] [cores: 0] 66

61
~ o Thread #1 1 (single core) 62 PEEGEE2

= Reset_Handler() at starl . 53
+ arm-none-eabi-gdb (7.8.2) Resume (F8) | | Suspend (1 Terminate (Ctrl-F2) | | Download | | Reset | | Restart
#1 Renesas GDB server (Host)
66 /* Infinite Loop. */
67 B8668e26 }
68 }
69
71 ® * Default exception handler.[]
73 “void Default_Handler (void)
74 {
75 ® /** A error has occurred. The
79 ©0ooeeels BSP_CFG_HANDLE_UNRECOVERABLE_]|
80 3
81
82 /* Main stack */
o2 rdatds 117m+0 + o~ matm mdaslLTRCD
< > < >
B Console 2 [i] Debug Shell *! Problems @ Smart Browser &2 EE 8~~~ =0

RA_Tutorial Debug_Flat [Renesas GDB Hardware Debugging]
aLdarLing yowniodau

Option Function Select, writing to address ©xPP000480 with data FREFFFEFFFEAFEF "

SECMPUxxx, writing to address ©x@@eee4e8 with data fcfffffffffffffffcffffffffff

Finished download v
< > < >

Figure 5-7. Debug — Useful Toolbars In Debug Views

Run the program by clicking on the UF putton or pressing F8.

The program execution can be suspended by a breakpoint or by clicking the "' button. When the program
execution is suspended, you can perform the following operations:

« = button or F5 can be used for stepping into the next method call at the currently executing line of code.

« ‘2 putton or F6 can be used for stepping over the next method call (executing but without entering it) at
the currently executing line of code.

U pbutton can be clicked again to resume program execution.

To stop the debugging process, the ® button can be clicked to end the selected debug session and/or

process, or the &F button can be clicked to disconnect the debugger from the selected process.
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The other operations are as follows:

|
« The “= button can be clicked to reset and run the program. It may stop at main () if the breakpoint is
configured in the Debug configuration.

« The T'.ED button can be clicked to reset the program to its entry point at the PowerOn Reset.

o« The B button is used for re-downloading the binary file to the target system.

The Launch Bar, which provides the Build and Debug buttons, is located in the toolbar area of e? studio’s
main window. It is hidden by default. However, it can be displayed by clicking on Window — [Settings] —
[Run/Debug] — [Launching] — [Launch Bar].

Note: When the debug toolbar is displayed, the &F button is shown.
To show the debug toolbar, select Show Debug Toolbar from the icon indicated below.

File Edit Scurce Refactor Mavigate Search Project Renesas Views Run Renesas Al W

| &~ K~ MR EE-NIE I Ik S R
%5 Debug X = | i= = B8 || [ek_ra6m5_blinky_az
 [c7| RA_Tutorial Debug_Flat [Renesas GDB Hardware Debug View Management...

v 2 RA_Tutorial.elf [1] [cores: 0]

v f# Thread #1 1 (single core) [core: 0] (Suspended : Si Layout ?
= Reset_Handler() at startup.c:64 Oxbag Show Debug Toolbar

g arm-none-eabi-gdb (12.1) Show Full Path 2

p| Renesas GDB server (Host) “ ow T Fatns

$

File Edit Source Refactor Mavigate Search Project  Renesas Views

EXE S o |0 B2
1 Debug X - O
S E ] ] = |i» = 8 ||

v [c7 RA_Tutorial Debug_Hat [Renesas GUB Hardware Debugging]
W E R&_Tutonal.elf [1] [cores: 0]
w o Thread #1 1 (single core) [core: 0] (Suspended : Signal ; SIGINT:
= Reset_Handler() at startup.c:64 Oxbag
p| arm-none-eabi-gdb (12.1)
p| Renesas GOB server (Host)

Figure 5-8. Debug — Toolbar in the [Debug] View
5.3.1 Debug View

The Debug View shows executed functions per thread.
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<

<

% Debug 52 B %|i» 8 = F

-

-

dzid H Il oL a1l e el D L Lot
= 3 T g

=
blinky_thread_entry() at blinky_thread_entry.c:73 OxScc
vhApplicationGetTimerTaskMemeory() at main.c:167 0x75¢
hread #2 1007 (single core - Tmr Sve [Suspended]) [core: O] (Suspended : Signal : SIGTRAP: Trace/t
prvTirmerTask() at tirmers.c:382 (x23ec

vApplicationGetTimerTaskMemory() at main.c: 167 0x75c¢

o Thread #3 1002 (single core - Blinky Thread [Ready] Executing) [core: 0] (Suspended : Breakpoint)
blinky_thread_entry() at blinky_thread_entry.c:75 (x5cc
vApplicationGetTimerTaskMemeory() at main.c:167 0x75c

of® Thread #4 1003 (single core - IDLE [Ready]) [core: 0] (Suspended : Signal : SIGTRAP: Trace/breakpoir

vPortExitCritical() at crmsis_gcc.h: 360 Mx8c2
xTaskResumeAll]) at tasks.c:2,315 oxleld
vhpplicationldleHook() at port.c:1,405 (x968
prvidleTask() at tasks.c:3,483 (x18ca
vhApplicationGetTimerTaskMemeory() at main.c:167 0x75c

NPT wem o nm-Amm

- arm-none-eabi-gdb (7.8.2)
s Renesas GDE server (Host)

Figure 5-9. Debug - [Debug] View
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Setting the Display of Executed Functions in the Debug View feature is set in the Debug Configurations
dialog box.

1. Select the Run > Debug Configurations menu and open the Debug Configurations dialog box.
2. Select the Debugger tab and the Debug Tool Settings tab.

3. If you will be using RTOS, set RTOS Integration in Debug View to Yes. If you select No, this
feature will not be available. This selection is set to Yes by default.

&) Debug Configurations [m| X

Create, manage, and run configurations

ﬁ " = Se| = M Mame: |b||nk_\,f_W|th_thread Debug_Flat |

|t}-‘pefi|terta<t | E] Mairl :)tﬁi Debugger I&v Startup | ] Common E Source

[E] C/C++ Application
[E] C/C++ Remote Application Debug hardware: | J-Link ARM ~ ~ | Target Device: | R7FAGM3AH

EASE Script

[£] GDB Hardware Debugging GDB Settings  Connection Settingd Debug Tool Settings
[€] GDE OpenOCD Debugging Use CFI-Fiash Mo v oA
[E7] GDB Simulator Debugging (RHA50) CFl Start 0x0
=1 Java Applet CFl End )
[T Java Application v Semihosting
i Launch Group Semihosting breakpoint address
E_ Remote Java Application . RIOS
w [E] Renesas GDB Hardware Debugging [ RTOS Integration in Debug View Yes o ]
[c7] blinky_with_thread Debug_Flat RI0S Debugging - Large MUmber of 1hreads. MO v
[E7] Renesas Simulator Debugging (RX, RL78) v System
Allow caching of flash contents Yes W
~ Time Measurement
Run Break Time Measurement Yes W
Count Every Core Cycle Yes v

Operating Frequency [MHz]

Revert Apply
Filter matched 13 of 13 items
@

Figure 5-10. Debug - [Debug Tool Settings]

5.3.2 Breakpoints View

The Breakpoints view stores the breakpoints that were set on executable lines of a program. If a breakpoint
is enabled during debugging, the execution is suspended before that line of code executes. e? studio allows
software and hardware breakpoints to be set explicitly in the IDE. Any breakpoints added by double-clicking
on the marker bar are, by default, hardware breakpoints. If the hardware resources are not there, then the
breakpoint setting will fail. If a hardware breakpoint setting fails, an error message will prompt the user to
switch to a software breakpoint.

To select a Hardware or Software breakpoint:

1. Right-click on the marker bar to pop up the context menu. For a hardware breakpoint, select Breakpoint
Types — e? studio Breakpoint. For a software breakpoint, select Breakpoint Types — C/C++
Breakpoints.

To set a breakpoint:

1. As an example, in startup.c atline 62, double-click on the marker bar located in the left margin of the
C/C++ Editor pane to set a breakpoint. A dot ¥ (Hardware breakpoint) or #% (Software breakpoint) is
displayed in the marker bar depending on the Breakpoint Type selected. Breakpoint Type is hardware
breakpoint by default.

2. Alternatively, right-click on the marker bar to choose Toggle Hardware Breakpoint or Toggle Software
Breakpoint to set a hardware breakpoint ¥ or a software breakpoint #&.
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3. Click on Windows — Show View — Breakpoints or icon % (or use shortcut key ALT+Shift+Q, B) to
open the Breakpoints view to view the corresponding breakpoints set. Breakpoints can be enabled and
disabled in the Breakpoints view.

To disable breakpoints, users can choose to disable specific breakpoints or to skip all breakpoints:

1. To disable a specific breakpoint, right-click on the Software breakpoint % or Hardware breakpoint
located in the left margin of the C/C++ Editor pane and select Disable Breakpoint or uncheck the
related line in the Breakpoints view. A disabled breakpoint is displayed as a white dot ( = or ©).

2. To skip all breakpoints, click on the = icon in the Breakpoints view. A blue dot with a backslash will
appear in the editor pane and the Breakpoints view.

14l startup.c # ~ U t:Variabjes % Breakpoints % @ Project Explorer @ Expressions ~ °

51 int32_t main(void); PREPH BB BBG|N 8
s startup.c [line: 59] [type: Hardware]

54 ® * MCU starts executing here ou
56 =void Reset_Handler i

using BSP. */
nit();

/* Call user application. */

eeeeee22 main();
while (1)
/* Infinite Loop. */
00000e26 }
}
69
71 ® * Default exception handler.[]
73 =void Default_Handler (void) . i
74 No details to display for the current selection.
75 @ /** A error has occurred. The user will need to invest
79 ©eeeeels BSP_CFG_HANDLE_UNRECOVERABLE_ERROR(®);
30 }
81
82 /* Main stack */ v
Figure 5-11. Debug - [Breakpoints] View
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Note: If the following error occurs when setting a software breakpoint in the internal code flash area,
"Cannot Insert breakpoint xx in function name at source file name: number of lines:
Remote failure reply: FFFFFFFF add software breakpoint”

Please refer to the following document to enable flash breakpoints.” E2 Emulator, E2 Emulator Lite
Additional Document for User’'s Manual (Notes on Connection of RA Devices)’-"3.3.2. Notes on a
Debugging Operation that Involves Reprogramming of Flash Memory”-"(7) Conditions for using
software breaks in flash memory” and enable flash breakpoints.

E2 Emulator, E2 Emulator Lite Additional Document for User's Manual (Notes on Connection of RA
Devices) (renesas.com)

5.3.3 Expressions View

The Expressions view monitors the value of global variables, static variables, or local variables during
debugging.

Follow the steps below to watch a variable:

1. Click on Windows — Show View — Expressions or icon 51 to open the Expressions view.
2. Drag and drop a variable (for example, g fsp versionin bsp common.c) to the Expressions view.

3. Alternatively, right-click on the variable to select the Add Watch Expression... menu item to add it to
the Expressions view.

|
l¢ startup.c 9 bsp_common.c % ~ B Variables ® Breakpoints [ Project Explorer E Expressions # HElexXx% 2Rt =B
77 X A Expression Type Value Address Name : ngsp_ver‘s:i.on X
78 inor = BSP_API_VERSION_MINOR, e | s e ) 0xf80 Details:{version_id
79 ajor = BSP_API_VERSION_MAJOR, et il Default:{...}
80 major = BSP_CODE_VERSION_MAJOR, - version_id uint32_t 33554432 0xf80 Decimal:{...}
81 minor = BSP_CODE_VERSION_MINOR - build uint8_t 00" 0xf80 Hex:{...}
82 - patch uint8 t 0"\0' 0xf81 Binary:{...}
:Z n structure. */ = minor uint8_t 00! 0xf82 Octal:{...}
B ss MOVE const fsp_pack_version_t BSP_PLACE ®rmajor  uint8 t 2°\002 0xf83
. 36 % Add new expre
. 87 ERSION_MINOR,
. 88 ERSION_MAJOR,
. 89 ERSION_BUILD,
- KL ERSION_PATCH
N
92
93 ion name. */
% 94 MOVE const uint8_t g_fsp_version_string[] BSP_PLACE_:
95 RING;
96
97 ion ID. */
% 98 MOVE const uint8_t g _fsp_version build_string[] BSP_f
99 ILD_STRING;
1lee
102 ©_MCU] v

Figure 5-12. Debug - [Expressions] View
An item selected in the Expressions view can be set as an Eventpoint.

1. Right-click on the target item (e.g., version_id) and select Set Event Break from Renesas Eventpoints.
When the dialog box is displayed, set the conditions and click the OK button.
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1 Expesssions X | @® Eventpointy EE | X x| e 8
Tepe slse Address Mame : version_id
i Details:BREEEAED
corst fsp_pack v [ wcde Default:BLEESEER
Decimal; B30a6080
w (O veroen a. B ek el P e SODD00
e Build Copy Expeessions CelaC Ednary: 181880008
tn paich R Cortal  GEOBE
§el= mranor & Rerrene All
e i Mumbser Foameat »
e AS A SxieTio
Add Expression Group »
Fenvell.. Carl+F
Show Detads Az ¥

e Add Wabch Expeetison...

Watch Exg

Aghd Watc hpoint (C/Ce o)
Cast To Type—.

Dhsplay &z Array...

% Enable Real-time Beiredk

R

Real-time Refresh 3
Fieniesas rentpoants Ilc  nddEvent peesk |

*  Wch | '

BB Add Eventpeint 4

Eventpoint Type: Data Access

[ Address Sc{t-ngs-. Data Access Settings
Agddreds &g _fep_version).version_id) vl

Address Conditions

':'_i,-" None

-j Mazk

‘iaduie; Equais

End Address:

Type: In<iusree

Timer

Comment: :&llg_isa_\.mnsn:-.fmm-n_sd_l

Figure 5-13. Debug - Setting an Item as an Eventpoint

2. An event break is set in the Eventpoints view.

G,P:Expressia-ns #® Eventpoints 3 | @ wm M & = | @> | PG O

Type Address Data Count Timer Handle  Comment
[ B Trace Start

[ & Trace Stop
[] ¥ Trace Record

w Co 2L
i OR &((g_fsp_version).versi... Read/Write Byte 4 8 ((g_fsp_version).version_id)

[ Timer Stop

Figure 5-14. Debug — [Eventpoints] View
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5.3.4 Registers View

The Registers view lists information about the general registers in RA. When the program stops, changed
values are highlighted.

1. Click on Windows — Show View — Registers or icon il o open the Registers view.
2. Click on the name of a register to view the values in different radix format.

When the program stops, changed values are highlighted (for example, in yellow) in the Registers view.

S Console ¥ Registers % [ Debug Shell ! Problems @ Smart Browser He|rict|é§ =8
Name Value Description ~
v g i General Purpose and FPU Register Group

#H r0 0x0 I

#r 0x11f

2 0x13a2

i3 0x60

1 rd 0x1ffe08fc

8 r5 0x1ffe0954

W6 0x1ffe0954

7 0x0

Wi rg 0x13b4

8t rg 0x1

#4110 0x40040d00

1 r11 (%) v
< >
Name : re ~

Hex:@xe

Decimal:@

Octal:e

Binary:®e

Float:®

Default:@ v

Figure 5-15. Debug - [Registers] View
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5.3.5 Memory View

The Memory view allows users to view and edit the memory presented in “memory monitors.” Each monitor
represents a section of memory specified by its location called “base address.” The memory data in each
memory monitor can be presented in different “memory renderings,” which are the predefined data formats
(for example, Hex integer, signed integer, unsigned integer, or ASCII image).

To view the memory of a variable (for example, g fsp version build string):

1. Click on Windows — Show View — Memory to open the Memory view.

2. Clickonthe “ iconto open the Monitor Memory dialog box. Enter the address of the variable
&g _fsp version build string.

Enter address or expression to monitor:

| &g_fsp_version_build_string ~

Monitors m

The global variable “g_fsp_version_build_string”
is presented in memory renderings of “Hex
Integer” format.

nnnnnnnnn

= B8

ot ES %y <

I‘> 8ug_fsp_version_build_string I Address g -3 4 -7 8 -B C-F ~
A pcooocoocoeollre JJEELTEEREN 45565F50 4F495352  55425FAE
1200 5F444C49 49525453 2323474E 60000000
Memory Monitor for 0600EEO0PEEO1210 53462323 45565F58 4F495352 0023234E
sq_{sp_version_build_string” is £00PEEE0PEEE1220 0OPEEEBE BFOEBSFS BCOSBCFS  4770469E
— = == £00P0PO0PORO1238 BFOOBSFS BCOSBCFS 4770460FE 00080075
specified by the address PEOPEEOEREE01240 00001244 ©PEESEER ©OPEEEEe  @0PBSe0
“&g_fsp_version_build_string” 1258 1 ©0OBESEER ©O0EEER2 BEPEREES v
Figure 5-16. Debug — Memory View
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To add a new rendering format (for example, ASCII) for the variable g fsp version build string:

Click on the " Mew Renderings... | tap to select ASCII to add the rendering. This creates a new tab named
&g_fsp_version_build_string <ASCII> next to the tab &g_fsp_version_build_string <Hex Integer>.

B Console « Tasks . Proble.. © Execut.. ®Debug... Memor... 0 Memory # B Live Tr.. B Renesa.. @ Smart.. % Trace O Visual.. * Renesa.. O

Gmme L[ L% B ~
Menitors & X% &g_fsp_version_build_string <Hex Integer> | == New Renderings...

@ &g fsp version_build_string Memory Monitor: &g_fsp_version_build_string : 0x11F0
Select rendering(s) to create:
Raw Image # | Add Rendering(s)

Floating Point
Traditional

Raw Hex

Signed Integer v

/** Unique FSP wersion ID. */
B e PSP VERSION BUILD STRING "Built with Renesas Arm Flexible Software Package version 2.8.8")

@ * Typedef definitions[]

& Console £ 527 [ Memory i1 7] B5% GA Debugger Console @ Smart Browser [fz] Stack Analyfis <" Search

Monitors = % & &g_fsp_version_build_string <Hex Integer> 81g_fsp_version_bfiild_string : 0x39EC <ASCll> 23 gr New Render
@ 8g_fsp_version_build_string Address -3 4-7 8-B €- F!
| 00000000000035:0 I il [8pG  Buil Character string of

BERERERERERAIOFE t wi th R enes as A “g_fsp_version_buiId_string"

GepepepaReERREIARBe  rm F lexi ble Soft -
<« is displayed.

BaeoeeaRRREasAle ware Pac kage Ver

BpepeaReRRaR3A2e  sion 8.8 - L @.8.

Figure 5-17. Debug — New Rendering in Memory View
An item selected in the Memory view can be set as an Eventpoint.

1. Right-click on the target address (e.g., 0x00000C90) and select Set Event Break from Renesas
Eventpoints. When the dialog box is displayed, set the conditions and click the OK button.
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0 Memory 3 | ® Evertpoints S 0| EE S & -
Monitor @ WO g fpoveron budd sting : xCH <Hex Integer» | o New Rendenage
& Bug_fip_version_busld_string Address g3 A -7 B8 C-F
SOOI L

[t e 41287361 = kﬂdlﬁ‘*ﬂﬁq
sooooocoaoeoacss  esecezes 6 Remove Rendering
GOMDMBINBRCER  ETE1EBE3
[ BRIBTEID
BROCO00DDRRBRCER  BROOESFS
SHNGINORIC P BOUELFE Foemat...

e

18
GHAMIONDT  BL Hick Ackiress Column
BROOOBOODR0EDZ0  BBOBRLEY =  raoTo Clipbosd
BHNRBOONDNID0E DO 20

&% Print

NS B
CRGRIRIANE0SE  DRRIRIES Properties
CRICONNMINNIN0TE  PONEAZEY
BMMBIOGADED BRI
BRRSHEOEDRSDHECRE OO 280
DNICNISNINOMICAT  DONSD IR Find and Replice Kui+F

[ mml Reriesas Eventpeints l:-|l-'-. Ackd Event Break |
[l e e et e | SO IRT

M

Add Eventpoint x
a poi

O, Recet to Base Address
G s Addiress...

Resize to Fit

Auel Wt Ppoind (CrCe ).
POl
Enddiarsess ¥

Eventpoint Type: |Dlafa Access
'.ﬂ.ddrrssiﬂbngs Data Access Settings
Address: [owe20 <]
#Address Conditions

) Mone
12 Mask

Walue Equeais

End Addness:

Type In<luzive

Comment: ;m.;qq

o

Figure 5-18. Debug — Setting an Item as an Eventpoint

2. Anevent break is set in the Eventpoints view.

[0 Memory | @® Eventpoints ><| w® X &

Type Address Data Count Timer Handle  Comment

[] 5@ Trace Start

[0 & Trace Stop
[1% Trace Record
14

W

090 Read/Write Byte 16 090 I

(- Timer Stop

Figure 5-19. Debug — [Eventpoints] View
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5.3.6 Memory Usage View

Memory Usage will be used to get information from a (* .map) file or library list file (, ) from a project. This
will list the total memory size, ROM and RAM ratio usage, and detailed information on sections, objects,
symbols, modules, vectors, and cross references used in the project.

From version 7.3, e? studio supports the graphical view to show usage in the ROM and RAM memory areas.

To show the Memory Usage view, click Window — Show View — Other... — C/C++. In the Show View
dialog, select Memory Usage and click on Open.

E Show View O X

type filter text

@ Fault Status A
| 10 Registers

2 Live Trace Console

0 Memory

0 Memory Browser

I Memory Usage I
MMU

& Modules

#5 OS Resources

&+ Performance Analysis

Tz Peripherals

@ Profile

¥ Real-time Chart
it Registers

2 Renesas Coverane

Figure 5-20. Show Memory Usage View
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The Memory Usage view has three regions: (1) Group Size region, (2) Memory Region Usage region
(Device Memory Usage region is not supported yet), and (3) Detail table region.

Note: When the selected project does not contain the linker script file or no region defined in the linker script
file, the Memory Region Usage region will display a warning message: “Linker script file is invalid.”

S Console i Registers [ Debug Shell L Problems @ Smart Browser | @ Memory Usage {| 0 Memory &S| FFEE= O
Size: Memory Region Usage Device Memory Usage
| Program: 5056 byte(s) Memory Region Usage:
M Constant: 0 byte(s) Linker script file is invalid.
M nitialized Data: 8 byte(s)
M Uninitialized Data: ) 1536 byte(s)
M pgta: 24 byte(s)
Stack: 1024 byte(s)
Others: 16 byte(s)

Section| Object Symbol

Section Group Start addres.. End address  Size (byte) Align Attribute Load addre... 1
~vfp11_veneer Constant 0x000013C0 -— 0 -— - —

vd_bx Constant 0x000013C0 - 0 - —- -

text Program 0x00000000 0x000013BF 5056 - --- -

stack_dum...  Stack Ox1FFE0620  Ox1FFEQATF 1024 -—- - -—-

sdram Uninitialized 0. 0x90000000 0 (3)

rel.dyn Constant 0x0100A160 -—- 0 - - —

.gspi_non_re... Others 0x60000000 - 0 - ---  0x000013C8

.gspi_flash Others 0x60000000 -—- 0 —- - -

.ospi_device... Others 0x70000000 - 0 - --—-  0x000013C8 N

Map file: RA_Tutorial\Debug\RA_Tutorial. map

Figure 5-21. Regions of Memory Usage Views
The following operations are supported in the Memory Usage view:
@: Choose a map or library list file for Memory Usage display.
¢: Refresh all information in the Memory Usage view.
<= Export data for all tabs in the Detail table region
#: Open * .map or *. 1bp file in Editor (there is no library list file in the RA library project).
< Open the Map file output page of the selected project.

<g: Open the Section page of the selected project.
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5.3.7 Disassembly View

The Disassembly view shows the loaded program as assembler instructions mixed with the source code for
comparison. The currently executing line is highlighted by an arrow marker in the view. In the Disassembly

view, users can set breakpoints at assembler instructions, enable or disable these breakpoints, step through
the disassembly instructions, and even jump to a specific instruction in the program.

To view both C and assembly codes in a mixed mode:

1. Click on Windows — Show View — Disassembly to open the Disassembly view.

2. Click on the Q:E.‘? icon to enable synchronization between the assembly source and the C source (active
debug context).
3. In the Disassembly view, right-click at the address column to select Show Opcodes and Show

Function Offsets.
l¢l startup.c % =
void Reset_Handler (void) A
34 {
/* Initialize system using BSP. */
f36 SystemInit();
/* Call user application. */
f3a main();
while (1)
/* Infinite Loop. */
¥
}
v
< >
= Disassembly = | Fnter location he v || € | BGef ¥°= 0
Reset_Handler: ~
000006134: Ox00P008b5 Reset_Handler+e push {r3, 1r}
55 SystemInit();
eoeeef36: exeefee3f8 Reset_Handler+2 bl Oxf4@ <SystemInit>
58 main();
8eeeef3a: Oxfff785fb Reset_Handler+6 bl Bx648 <main>
000eef3e: OxooPefee7 Reset_Handler+le b.n @xf3e <Reset_Handler+le:>
SystemInit:
e0eeef40: exeeee244a SystemInit+e ldr r2, [pc, #144] ; (@xfd4 <SystemInit+148>)
80eeef42: 6xd2f88830 SystemInit+2 ldr.w r3, [r2, #136] ; ©Ox88
eoeeef46: ex43f47083 SystemInit+6 orr.w  r3, r3, #157286460 ; @xfeeeee
105 {
e00e0fda SystemInit+16 push {r4, r5, ré, 1r} o
| Obcodes | | Function Offsets |
Figure 5-22. Debug — Disassembly View
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5.3.8 Variables View
The Variables view displays all the valid local variables in the current program scope.
To observe a local variable (for example, 1eds for function hal entry ()):

1. Click on Windows — Show View — Variables to open the Variables view.
2. Step into the function hal entry () to view the local variable timeout value.

“f Expressions ® Eventpoints - Variables 2 ® Breakpoints [E MMU

BBt eA|® Y= O

Name Type Value Name : l?ds A
v ® lods bsp_leds_t ( Details:{led_count = 3, p_leds = ©x16c4 <g_bsp_prv_leds>}
- Default:{...}
o led_count  uint16_t 3 Decimal:{...}
» p_leds const uint16_t*  Ox16¢4 <g_bsp_prv_leds> Hex:{...}
Binary:{...}
Octal:{...}
v
< >
i [RA_Tutorial] RA Configuration  [d hal_entry.c ¥ [dstartup.c  [€ main.c ==
31 56c ©void hal_entry (void) { ~
32 /* Define the units to be used with the software delay function */
33 const bsp_delay_units_t bsp_delay_units = BSP_DELAY UNITS_MILLISECONDS;
34
35 /* Set the blink frequency (must be <= bsp_delay_units */
36 const uint32_t freq_in_hz = 2;
37
38 /* Calculate the delay in terms of bsp_delay_units */
39 const uint32_t delay = bsp_delay_units / freq_in_hz;
40
41 /* LED type structure */
42 56e bsp_leds_t = g_bsp_leds;
43
44 /* If this board has no LEDs then trap here */
45 574 if (@ == leds.led_count)
46 {
47 while (1)
48 T
49 ; // There are no LEDs on this board
50 } V]

Figure 5-23. Debug — Variables View
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5.3.9 10 Registers View

The 10 Registers are also known as the Special Function Registers (SFRs). The 10 Registers view displays
all the registers defined in a target-specific 10 file. Users can further customize the 10 Registers view by
adding specific 10 registers to the Selected Registers pane.

To view selected IO registers:

1. Click on the 10 Registers view (icon) or select the Window menu — Show View — Other to open the
Show View window, and then select Debug — 10 Registers to open the view.
2. Under the All Registers tab, locate a module (for example, CAC) in the 10 Registers view. Expand its

IO register list.

3. Drag and drop its registers (the CAICR and CASTR) to the Selected Registers pane. A green dot @

next to the 10 register indicates the status of being a selected register.
4. Switch to the Selected Registers tab to view the selected IO Registers.

The expanded IO register list may take longer to load in the All Registers pane. Hence, it is advisable to
customize and view multiple selected 10 registers from the Selected Registers pane.

4’, 10 Registers &

v

Name Value (Hex)  Value (Bin) ... Address Access
v  CAC
CACRO 0x00 00000000 0x40044600 RW
CACR1 0x00 00000000 0x40044601 RW
CACR? 0x00 00000000 0x40044602 RW
CAICR 0x00 00000000 0x40044603 RW
CASTR 0x00 00000000 0x40044604 R
CAULVR 0x0000 000000000... 0x40044606 RW
CALLVR 0x0000 000000000... 0x40044608 RW
CACNTBR 0x0000 000000000... 0x4004460a R
All Registers l.SﬂﬂIﬂL@EEIJ
i’/ 10 Registers & v
Name alue (Hex)  Value (Bin) .. Address Access
v CAC
@ CAICR 0x00 00000000 0x40044603 RW
@ CASTR 0x00 00000000 0x40044604 R

All Registers Selected Registers

Figure 5-24. Debug — 10 Registers View
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An item selected in the 10 Registers view can be set as an Eventpoint.

1. Right-click on the target I/O register (e.g. CACRO0) and select Set Event Break from Renesas
Eventpoints. When the dialog box is displayed, set the conditions and click on the OK button.

i 10 Registers % | o® Eventpoints w
Marne Value (Hes) Address Descrigtion
w2 CAC e ORS00 Clock Freguency Aseuracy Measurement
. s P AerAGPE CAC Control Register 0
2 Add to Selected Registers ICAC Control Register 1
R v fram Selected Registers (CAC Control Register 2
= Collapse all other groups ICAC Interrupt Control Regester
CAC Status Register
Wi CAULVRE @ Refresh CAC Upper-Limit Vabue Setting Register
» M CALLVRE 98 Lock Refresh CAC Lower-Limit Vblue Setting Register
i CACNTER Expand All Groups CAL Counter Bufer Register
4 CAND Collapse Al CANO Medule
2 CANA = it CAN1 Module
2 CRC @ Find CRC Caleulatse
TSy ﬂ Manage Selected Registers. Capacitree Touch Sensing Unat
2, paciz - o B 12-bit DVA converter
%, pag b nt Expanded Groups Debug Function
S pMA B save DMAC Module Activation
» 2 DMACO Copy Direct memary access contnoller O
Z, DMACH 7 2 Direct memary access controller 1
2, DMACZ Shaw Value (Bin) column Dirext memary access controller 2
. DMAC3 Show Access column Direct memaory becess controller 3
. DMACE
T Renesas Eventpoints T Event Greak
2 DMACS I I L I : Hukd I
3, DMACE OxA005 18
2. DMACT Coo 00510 Darect memaory access controller 7

@ 4dd Eventpaint E4

Eventpoint Type: | Data Access

[Address Settings Data Access Settings

Address: D SO0AE00 -
Address Conditions
1) Mone
() Mask

Walue:

End Acdress:

Type Inclusive

Comment: | CaCRn

Figure 5-25. Debug — Setting an Item as an Eventpoint

2. Anevent break is set in the Eventpoints view.

[T] 10 Registers | @® Eventpaints | w ¥ %
Type Address Data Count Timer Handle  Comment

[ i Trace Start

[] & Trace Stop
[]% Trace Record

w o - = |
OR

(- Timer Stop

Ox 40044600 Read/Write Byte 19 CACRO

Figure 5-26. Debug — [Eventpoints] View
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5.3.10 Eventpoints View

An ‘event’ refers to a combination of conditions set for executing break or trace features during program
execution. The Eventpoints view enables users to set up or view defined events of different categories, for
example, trace start, trace stop, or event break.

Data access event break is supported for RA projects. The emulator detects access under a specified
condition to a specified address or a specified address range, allowing complex address and data-matching
criteria to be set up.

The e? studio 2023-01 and later versions support a vector catch feature that stops a program when an
exception occurs. This feature enables stopping a program when an exception occurs without using a
hardware breakpoint.

Event combination (OR, AND (cumulative) and Sequential) can be applied to two or more events.

Table 5-1. Event combination

Event combination Explanation

OR The condition is met when any one of the specified events occurs.

AND (cumulative) ;Ii'rr:]tianzondltlon is met when all of the specified events occur, regardless of the
Sequential The condition is met when the specified events occur in a specified order.

To set an event break for a global variable when address/data is matched (for example, when g bsp leds
is accessed):

Click on Renesas Views — Debug — Eventpoints to open the Eventpoints view.
Double-click on the Event Break option to open the Edit Event Break dialog box.

Click on the Add... button to continue.

«* Eventpoints & %X % E|R|PC1/60A0/4 || = B
Type Address Data Cou... Timer Han.. Comment
[ ]# Trace Start p— N
l:l Trace Stop . Edit Event Break
|:| % Trace Record Trigger: |OR -
I |:| “0 Event Break l Type Address Data Count Timer Channel Comment
[ ]» Timer Start
[ ]u- Timer Stop
<
Project Saved Templates
Add.. Edit.. || Delete | PC: 0/0 OA: 0/4 All: 0/4
[ OK l l Cancel
Figure 5-27 Debug - [Eventpoints] View (1/2)
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Select the Data Access eventpoint type.

Go to the Address Settings tab and click on the [...] icon to browse for the symbol g_bsp_leds. (The
address of this global variable is &g bsp leds.)

Next, switch to the Data Access Settings tab and set the Read/Write selection to Read.

Click on OK to proceed.

Q Add Eventpoint X Q Add Eventpoint X
Eventpoint Type: Data Access &2 Eventpoint Type: Data Access 7
Address Settings | Data Access Settings Address Settings| Data Access Settings
Address: &g_bsp_leds ~ |- Data Settings:
Address Conditions Read/Write:
(® None Size: gBy‘te b
O Mask
Bus Master: CPU
Value: Equal
()a ve S ] Compare Settings:
R
ange Compare: 0
End Address:
Mask Value: 0
Type: Inclusive )
Comparison: Equals
Trigger Count: Timer: Trigger Count: Timer:
Comment: ‘ Comment: ‘
Cancel Cancel

-

e Eventpoints = KR E ‘ PC: 1/6 OA: 1/4 ‘ & | = ~ O
Type Address Data Cou... Timer Han.. Comment

[ ]#® Trace Start

[ ] & Trace Stop

[ | ¥ Trace Record
3 I Event Break

V] OR &g _bsp _leds (0... Read Byte 12

[ ]« Timer Start

[ ]a Timer Stop
< >
Project Saved Templates

Figure 5-28 Debug — Eventpoints View (2/2)
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Perform a reset to execute the program from the start.

The figure below shows that when the variable g bsp leds is accessed (read), the program stops.

A8 hal_entry.c 2 | [d startup.c main.c

56c =void hal_entry (void) { ~
/* Define the units to be used with the software delay function */
const bsp_delay_units_t bsp_delay units = BSP_DELAY UNITS_MILLISECONDS;

/* Set the blink frequency (must be <= bsp_delay_units */
const uint32_t freq_in_hz = 2;

/* Calculate the delay in terms of bsp_delay_units */
const uint32_t delay = bsp_delay_units / freq_in_hz;

* LED tyne etpmycdime *

56e bsp_leds_t leds = g_bsp_leds;
/* If this board has no LEDs then trap here */
574 © if (@ == leds.led_count)
2 while (1) v
< >

Figure 5-29. Debug — Execution of Event Break

To use the feature for stopping a program without using a breakpoint (e? studio 2023-01 and later versions)
when an exception occurs, click on the button shown below to show the Vector Catch window.

2® Eventpoints = w MR b| ||:'C=WEDA="3«"4 | Q@| i
Type Address Data Count Timer Handle  Comment
[] & Trace Start
[J] @ Trace Stop
[] % Trace Record

[] 0 Event Break
[ Timer Start

g Timer Stop

& Vector Catch >

Mector Catch Settings
[JWC_CORERESET | Enable Reset Vector Catch.

] VC_MMERR Enable debug event on a Memory Management exception.
[ ]WC_NOCPERR Enable debug event on a UsageFault caused by an access to a coprocessor.
[]VC_CHKERR Enable debug event on a UsageFault exception caused by an alignment check error or divide-by-zero trap.
[]WC_STATERR Enable debug event on a UsageFault exception caused by a state information error.
(] WC_BUSERR Enable debug event on a BusFault exception.
[ ]WC_INTERR Enable debug event on a fault occurring during exception entry or exception return,
[]VC_HARDERR Enable debug event on a HardFault exception.
VC_SFERR Enable debug event on a SecureFault exception.

Figure 5-30. Debug — Break with the Use of the Vector Catch Feature
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5.3.11 Trace View

Tracing means the acquisition of bus information per cycle from the trace memory during user program
execution. The acquired trace information is displayed in the Trace view. It helps users to track the program
execution flow to search for and examine the points where problems arise.

The trace buffer is limited; therefore, older trace data is overwritten with new data after the buffer has
become full.

To set a trace until the program is suspended, users can do as following:

1.

2.

Click on Renesas Views — Debug — Trace to open the Trace view.

T
Turn on the Trace view by selecting the icon.

B Co.. ¥ Tasks [f Pro.. @ Exe.. Bliv.. ®Sm.. BRen. BDe.. % Trace ¥ % Rea.. 0 Me.

o | L F| 3
No records

Record Label Addr.. Source

. ®Fau.. H

.. = Ren..
v o a[O]e = -

Figure 5-31. Debug — Turn on Trace View
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3. Execute the program and stop program execution by using a breakpoint or by pressing the Suspend
button on the Debug toolbar. The content stored in trace memory at that point in time is displayed as a
trace result.

4. Select the display mode by clicking on the corresponding button. The following figure shows the trace
result before the main () function is executed.

£ [RA_Tutorial] RA Configuration startup.c ¥ id hal entry.c & main.c ==
“void Reset_Handler (void) 2~
34 |
/* Initialize system using BSP. */
f36 SystemInit();
/* Call user application. */
LEE] main();
& while (1)
{ v
< >
B Con.. < Tasks ¥ Pro.. GExe.. ®lLlve. B Ren.. ®Sm.. *“;Real. ® Trace # C Perf.. # Mea.. U Me.. OVisu.. 2Rep, OMe. — H
YT IN T £ [ ERERIER

Listing from record 1 of 11665

Record Label Address Source ~
0 11B8
board_gspi.c 294 R_QSPI->SFMCMD_b.DCOM = 0U; I
11B8 popir3, r4, 15, 16, 17, pc}
1 1186 Disassembly Source
board_gspi.c 294 R QSPI->SFMCMD _b.DCOM = 0U;
1186 strbr3, [r4, #20] .
2 1182 Display mode selection
board_gspi.c 294 R_QSPI->SFMCMD_b.DCOM = 0U;
11R2 hfrrd #0 #1 N
0x00000f3a @ Ons @ DWT % 0 o]

Figure 5-32. Debug - Select Display Mode in Trace View

The trace records are displayed from the oldest data to the latest data by default. The display order can be
changed by clicking on the “Iputton.

B Console % Trace # 0 Memory e =] |ﬁv‘ O %l = =3
C:\Renesas\Workspace\e2_synergy\Data_Flash_Sample\Debug\Data_Flash_Sample.elf: Thread [1]
Listing from record 1 of 9466
Record | Label Address Source ~
19465 3204 Click to
bsp_sci_i2c_h.. 308 while (IR_SCI7->SSR_b.TEND}; _ change
3204 Islsr0, r0, #29 display order
9464 3206
bsp_sdi_i2c_h... 308 while (!R_SCI7->SSR_b.TEND);
3206 bpl.n0x3202 <bsp_sciiic_rx+106>
9463 3202
herm cni %0 b 2N0 waihila 1D €17 <~ €CD L TCAIM. e
0x00003466 6] @ Not Accurate e

Figure 5-33. The Display Order is Changed
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The trace result can be filtered by clicking on the 3 button. You can select filtering by Record and/or
Address.

% Trace 2 ‘% Rea.. @ Me.. *Ren.. O Me.. ¢ Fau. U

o n| Bz Es [Evi@ %[0 %o -
N
Filter X
Record,
Address Address
0
] Range
0
[ ] Exclude
Cancel

Figure 5-34. Debug - Filter Trace Result

The trace result can be saved to a . csv file (with the inclusion of bus, assembly, and source information).
Trace view also allows loading trace results from a . csv file.

% Trace 2 ‘% Rea.. @ Me.. *Ren.. O Me.. ¢ Fau. C

CRNIEY @w\mvawm%mv

| Save trace result | | Load trace result |
N
Figure 5-35. Debug - Save And Load Trace Result
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5.3.12 Fault Status View

The Fault Status view shows the bit status of several fault status registers and the value of the key register
to the user when a hardware fault crash occurs. When a hardware fault occurs, the bits of the register related
to the cause of the fault are checked, and the r0, r1, r2, r3, r12, Ir, pc, and psr register values are displayed.
This is shown in the figure below. This function is available in e studio v5.2 and above.

B Console ¥ Tasks '"! Problems £ Live Trace Console 2 Trace Memory Usage 0 Memory e

» HFSR
» MMESR
* BFSR
» UFSR

» Registers

Figure 5-36. [Fault Status] No Hardware Fault

¥ Fault Status 23

+ HFSR 0x40000000

[J VECTTBL[1]
FORCED [30]
[] DEBUGEVT [31]

» MMFSR 0x0
» BFSROx0

v UFSROx1
|52 UNDEFINSTR [0] |

[J INVSTATE q The p.rocesscr has attempted to execute an undefined instruction h

[J INVPC[2] .
] NOCP 3] When mouse hovers over the bit name,

0 unaueneo(g)| the description of the bit is displayed.
[ DIVBYZERO [9)

~ Registers

0 Ox1#e093c

Ha 0x4001e3fe
2 0x0

1r3 0x4001e0a0
ri2 0x 1#e08b0
or OxFFFFFFEF
ipc Oxdd20
o psr 0« 1000000

Figure 5-37. Fault Status Hardware Fault Occurred
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5.3.13 Run Break Timer

The Run Break Timer feature allows the user to see the last execution performance on the status bar. When
the program is suspended, the user can check the current program counter (PC), the last execution timing
either in time or CPU cycles, and the accuracy or measurement method used.

# Debug

& RA_Tutorial Debug il g | ® * & ~ & ¢ New Connection... MR AN AR =
LN I R R R R A R A R AT T TR R SRR R R Rk N 4
B ‘ B C/C++ i RA Configuration %% Debug
4 Debug = li#| & = =D % Breakpoints # = =
v [ RA_Tutorial Debug [Renesas GDB Hardware Debugging] A FREEHEAN B BEG 7

~ i RA_Tutorial.elf [1] [cores: 0]
v o Thread #1 1 (single core) [core: 0] (Suspended : Breakpoint)
= main() at main.c:4 0x64a
£ arm-none-eabi-gdb (7.8.2)

<

14 startup.c ¥
void Reset_Handler (void)
34 {
/* Initialize system using BSP. */
36 SystemInit();
/* Call user application. */
£33 main();
while (1)
{
<

B Console

«a startup.c [line: 58] [type: Hardware]

No details to display for the current selection.

(=]

i

&2 Outline 5 Project Explorer &
~ 15 RA_Tutorial [Debug]
4 Binaries

~

i Includes
v i%ra
& arm
& board
= fsp
v £ ra_gen

< >

pEE e~y =8

RA_Tutorial Debug [Renesas GDB Hardware Debugging] Renesas GDB server (Host)

Filnisned target connection
GDB: 57968

Target connection status - OK
Starting download

Option Function Select, writing to address ©x0000048@ with data fffffffffffdffff
SECMPUxxx, writing to address 0x00000488 with data fcfffffffffffffffcffffffffffffif...

Finished download
Hardware breakpoint set at address exf3a
Hardware breakpoint set at address exf3a

<

f Pt

& configuration.xml - RA_Tutorial

f

Last execution
timing

Data Watchpoint
and Trace Unit

Current PC

Cycle count

Figure 5-38. Run Break Timer Shows the Last Execution Performance

The following table shows the support of the Run Break Timer feature available for various RA devices.

Table 5-2. Support for Run Break Timer

Device Debugger Support
RA2 Series (Cortex-M23) J-Link System Time
RA4, RA6 Series J-Link Data Watchpoint and Trace Unit (DWT) — Cycle Count and
number of overflows calculated using the System Time

The Run Break Timer feature is supported in e2? studio v7.3.0 and higher versions. For updates in the
specification, refer to the e? studio release note at this link: https://www.renesas.com/e2studio.
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6. Setting up a FreeRTOS Application

This example shows how to generate and build an RA project that includes FreeRTOS objects and a
General Purpose Timer (GPT) module using the project template FreeRTOS — Blinky — Static Allocation.

6.1 General Purpose Timer Example in FreeRTOS

In the FreeRTOS - Blinky — Static Allocation RA project from Project Template Selection, LEDs are
blinked by putting the task to delay for a while before toggling the LEDs state.

In this example, instead of a delay, the Blinky Thread waits for a semaphore and a timer interrupt (generated
by GPT), which puts this semaphore every 1 second so that the thread can resume.

. Interruptin
Blinky Thread every 1 second
starts

Blinky Thread
starts Create a semaphore Put semaphore
Change state of LEDs l

Delay for a while

Get semaphore

Operation of project
FreeRTOS — Blinky — Static Allocation Operation of project "FreeRTOS — Blinky — Static Allocation"

|
|
|
|
| Change state of LEDs
|
|
|
|
| using GPT and semaphore

Figure 6-1. Setting Up a FreeRTOS Application — Introduction
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6.2 Creating the Sample Project

To create a sample FreeRTOS project with GPT and semaphore, configure the RA project as follows:

1. Invoke the New Project editor and follow the steps in Chapter 3.1 (Generating a New RA Project for a
Non-TrustZone device) to generate a new project. However, in the Build Artifact and RTOS Selection

dialog, select FreeRTOS, and in the Project Template dialog, select FreeRTOS - Blinky — Static
Allocation.

B Fenesas RA C/C++ Project O X

Renesas RA C/C++ Project
Bunld Artifact and RTOS Selection

Build Artifact Selection RTQS Selection
®) Executable [Fre=RTOS (vio.46+fsp ) « ||
* Project builds to an executable file
() Static Library
& Project builds to a static library file
(C) Executable Using an RA Static Libeary

* Project builds to an executable file
* Project uses an existing RA static library project

B8 Rencsas RA C/C+ = Project [} *

Renesas RA C/C++ Project
Project Template Selection

Project Ternplate Selection

® f:} " FreeRTOS - Blinky - Static Allocation

Fre=RTOS FSP project that includes B5P and will Blank LEDs if available, FreeRTOS is pre-configured for static memary
allocation, This project will initialize the MCL using the B5R FreeRTOS will also be initialized and a single thread to blink the
LEDs will be started,

(Renesas. FUA I pack]

0 g “| FreeRTOS - Minimal - Static Allocation

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

:F.enr:.a:.ﬁﬁ- p.n:l':!

Code Generation Settings
£ Use Renesas Code Formatter
@ [<Bosx | et Cancel

Figure 6-2. Setting Up a FreeRTOS Application - Create New Project
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2. Open the Stacks page in the RA Project Configuration. Please refer to chapter 3.5.5: Stacks
Configuration Page.

3. Add the GPT module to the Blinky Thread by selecting Blinky Thread in the Threads panel and
selecting %] New Stack — Timers — Timer, General PWM(r_gpt)) in the Stacks panel.

{8} [RA_Tutorial] FSP Configuration (€] hal_entry.c [€] startup.c main.c (€] system.c 1F [RA_FreeRTOS] FSP Configuration = 0

Enter locatic

Stacks Configuration

Threads 4| New Thread s Remove (=  Blinky Thread Stacks 4] New Stack >

v gt HAL/Common 0

Generate Project Content | |No debug context

b Add stacks to the selected thread by using the 'Mew Stack' tool Analog

48 g_ioport /0 Port (r_ioport) Y here from the clipboard. Artificial Intelligence

42 FreeRTOS Port (rm_freertos_port) Audio

Blinky Thread Bootloader

CapTouch
Connectivity
DsP
Graphics
Input
Menitoring
Motor
Networking

Power

Objects 4| New Object > RTOS
Security

Sensor

Storage

System

I Timers Port Output Enable for GPT (r_poeg)
Realtime Clock (r_rtc)

Three-Phase PWM (r_gpt_three_phase)

My v v v v v v v v v v v v v v v v v

e & @

Transfer

4 Search...

I? Timer, General PWM (r_gpt)

Timer, Low-Power (r_agt)

NS Y- TSP [P Y- - PSS o ——"— P

Figure 6-3. Setting Up a FreeRTOS Application — Adding the GPT Module
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4. Configure the GPT module as follows.
— Name: g_timer
— Mode: Periodic
— Period: 1
— Period Unit: Seconds
— Callback: gpt_callback
— Overflow/Crest Interrupt priority: Priority 2

& *[RA_FreeRTOS] RA Configuration #

Stacks Configuration

Threads £ New Thread ® Remove = g_timer Timer Driver on r_gpt Stacks

~ @ Blinky Thread ~ Py
Ié&b g_timer Timer Driver on r_gptl

g_timer Timer Driver on
r_gpt

v

Objects £ New Object >
[ ]

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

T Properties # '*L Problems % Smart Browser £ 7= 0 [%Pin Conflicts =2

g_timer Timer Driver on r_gpt 0 ftems

I SUL UL DU ouica Description
- . q o ~
Settings v Module g_timer Timer Driver on r_gpt

APl Info v General

Name g_timer
Channel 0
Mode Periodic
Period 1
Period Unit Seconds

Qutput

Input

~ Interrupts
Callback gpt_callback
Overflow Interrupt Priority Priority 2
Capture A Interrunt Priority Disabled
< > L4

0

Generate Project Content

%] Remove

it
q
1]
a

Module Pin

Figure 6-4. Setting Up a FreeRTOS Application — GPT Module Configuration
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5. Add a semaphore object to the Blinky Thread by selecting the Blinky Thread in the Threads panel and

selecting New Object — Binary Semaphore in the Objects panel.

& *[RA_FreeRTOS] RA Configuration

Stacks Configuration

Threads

~ & HAL/Common

& g ioport I/O Port Driver on r_ioport
@ Blinky Thread

“ g_timer Timer Driver on r_gpt

Objects

& New Thread %) Remove =

Blinky Thread Stacks

& g_timer Timer Driver on

r_gpt

<l New Objecle

Binary Semaphore

L]
L]

e
Summary |BSP Clocks |Pins Interrupts Eve &

Counting Semaphore
Event Group
Message Buffer

(]
Generate Project Content

&I New Stack >

Mutex
D Properties 8 L Problems ® Smart Bro @ Queue 0 77 8 [Pin Conflicts & R
® Stream Buffer .
Blinky Thread ® Timer Oitems -
Touns Description Module Pin
Settings Stats
Memory Allocation
Timers
Optional Functions
RA
~ Thread
Symbol blinky_thread
Nama Rlinky Thraad v
< > < >
Figure 6-5. Setting Up a FreeRTOS Application — Adding A Semaphore Object
6. Configure this newly created semaphore as follows:
Name: Blinky Semaphore
Symbol: g_blinky_semaphore
i [RA_FreeRTOS] RA Configuration % ==

Stacks Configuration

Threads

~ £ HAL/Common
# g_ioport I/O Port Driver on r_ioport
~ @ Blinky Thread

@ g_timer Timer Driver on r_gpt

Objects

4 New Thread #)Remove =

Blinky Thread Stacks

@ g_timer Timer Driver on

r_gpt

&I New Object > #IRemove

©g_blinky_semaphore Binary Semaphore

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

B Properties Problems se

M 7= 0 [Ppin Conflicts

g_new_binary_semaphore0 Binary Semaphore 0 items
Description
Settings Property Value
Symbol g_blinky_semaphore I
Memory Allocation Static
< > <

]

Generate Project Content

41 New Stack >

% V=0

Module Pin

Figure 6-6. Setting Up a FreeRTOS Application — Semaphore Object Configuration
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7. Press Ctrl + S to save the setting and click the Generate Project Content Generate Pwoiect Content hutton to
generate source code content.
8. Open src\blinky thread entry.c and implement the following contents:
— Add source code to initialize the GPT module before the “while(1)” loop in blinky_thread_entry().
g_timer.p api->open(g timer.p ctrl, g timer.p cfqg);
g timer.p api->start(g timer.p ctrl);
— Delete the task delay instruction and add code to wait for the semaphore in blinky_thread_entry().
xSemaphoreTake (g_blinky semaphore, portMAX DELAY);
— Implement the gpt_callback() function to signal the semaphore for the Blinky thread.
void gpt callback(timer callback args t *p args) {
(void)p_args;
static signed portBASE TYPE xHigherPriorityTaskWoken;

xSemaphoreGiveFromISR (g blinky semaphore, &xHigherPriorityTaskWoken);

}
Pl Project Explorer = B8 [g hal_entryc Le] startup.c lg] main.c Lc| system.c 6% [RA_FreeRTOS] F [€] blinky_thread_e X |
=% 7 & B {
=l = ] ; ff Ther re no LEDs on this board
v 25 RA_FreeRTOS [Debug) - y fere e ne N Es Beare
il Includes z_::; b
» (B ra fa1
@ g | ,,
v @ » g_timer.p_api->open(g_timer.p_ctrl, g_timer.p_cfg);
= e ¥ .p_api- P » B NN H
be] blinky_thread entry.c s g_timer.p_api->start(g_timer.p_ctrl);
Le} hal_entry.c o as
. (= Debug a7 = while (1)
» (= ra_cfg 18

, B seript = /* Enable access to the PFs registers. If using r_ioport module then registe
r‘,i_} configuration.xml
] RTFAGM3AH3ICFC pincfg
# ra_cfgtxt
|X] RA_FreeRTOS Debug_Flat.launch
y @ Developer Assistance

* handled. This code uses BSP IO functions to show how it is used.

R_ES P_PinAccessEnable();

/* Update all board LEDs */
= for (uint32_t i = @; i < leds.led_count; i++)

=5 RA_Lib { /* Get pin to toggle *
=5 RA_Tutorial uint32_t pin = leds.p_leds[i];
/* Write to this pin */
R_BSP_PinWrite((bsp_io_port_pin_t) pin, pin_level);
}

* Protect PFS registers *

R_BSP_PinAccessDisable();

/= Toggle level for next write */
- if (BSP_IO LEVEL LOW == pin level)

{

pin_level = BSP_IO LEVEL_HIGH;
else

pin_level = BSP_IO LEVEL_LOW;
}

f/vTaskDelay(conTigTICK_RATE_HZ);
xSemaphoreTake(g_blinky_semaphore, portMaX_DELAY);

}

3
qvoid gpt_callback(timer_callback_args_t *p_args) {

(void)p_args;

static signed portBASE_TYPE xHigherPriorityTaskkoken;
xSemaphoreGiveFromISR(g_blinky_semaphore, SxHigherPriorityTaskwcken);

}

<

Figure 6-7. Setting Up an FreeRTOS Application — Adding User Source Code

9. Build and run the project on the EK-RA6M3 board. Confirm that the LEDs are turned ON/OFF every 1
second.
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7. Setting up an Azure RTOS Application

This example shows how to generate and build an RA project that includes Azure RTOS objects and a
“General Purpose Timer” (GPT) module using the project template Azure RTOS ThreadX—Blinky.

7.1 General Purpose Timer Example in Azure RTOS

In the Azure RTOS ThreadX — Blinky RA project from Project Template Selection, LEDs are blinked by
putting the task to delay for a while before toggling the LEDs state.

In this example, instead of a delay, the Blinky Thread waits for a semaphore and a timer interrupt (generated
by GPT), which puts this semaphore every 1 second so that the thread can resume.

. Interrupt in
I Blinky Thread every 1 second
starts
Blinky Thread |
starts I Create a semaphore Put semaphore
Change state of LEDs I L
I Change state of LEDs
Delay for a while I |
I Get semaphore
Operation of project I
Azure RTOS ThreadX - Blinky OF.YEFB:EIPG: ﬂf;l‘ﬂject hAzure RTOS ThreadX - Blinky
I using and semaphore

Figure 7-1. Setting up an Azure RTOS Application — Introduction
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7.2 Creating the Sample Project

To create a sample Azure RTOS project with GPT and semaphore, configure the RA project as follows:

1. Invoke the New Project editor and follow the steps in Chapter 3.1 (Generating a New RA Project for a
Non-TrustZone device) to generate a new project. However, in the Build Artifact and RTOS Selection
dialog, select Azure RTOS ThreadX, and in the Project Template dialog, select Azure RTOS ThreadX

— Blinky.

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

Build Artifact Selection RTOS Selection

BB Renesas RA C/C+ + Project O

@) Executable [Pizure RTOS ThreadX (vé.1.11+fsp B0

* Progect builds to an executable file

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

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

Renesas RA C/C++ Project
Project Template Selection

Project Template Selection

B Renesas RA C/C+ « Project O

® '| Azure RTOS ThreadX - Blinky

B5R ThreadX will also be initialized and & sangle thresd to blink the LEDs will be started.

Azure RTOS ThreadX project that includes BSP and will blink LEDs if svailable. This project will initialize the MO wsing the

[Renesas.RA B pack]
s} " Azure RTOS ThreadX - Minimal
Empty ThreadX F5P project with no threads, This project will initialize the MCLU using the B5R
[Renesas. RAN pack]
Code Generation Settings
[ Use Renesas Code Formatter
[ e

Figure 7-2. Setting up an Azure RTOS Application - Create New Project
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2. Open the Stacks page in the RA Project Configuration. Please refer to chapter 3.5.5: Stacks
Configuration Page.

3. Add the GPT module to the Blinky Thread by selecting Blinky Thread in the Threads panel and
selecting %] New Stack — Timers — Timer, General PWM(r_gpt) in the Stacks panel.

[€] hal_entry.c [ startup.c i:é’? [RA_FreeRTOS] F [€] blinky_thread_e L [RA_Azure RTOS] x [ = B %" FSP Visualization £ Package | 22 Disassemb

No deb text
Stacks Configuration o debug contex

4| New Thread 5| Remove Blinky Thread Stacks
- g | ky |

\ Add stacks to the selected thread by using the 'N Heetas
' or by pasting here from the clipboard, Artificial Intelligence

Generate Project Content

v i HAL/Common
49 g_joport I/O Port (r_ioport) Audic
A% Azure RTOS ThreadX Port (rm_th

Bootloader
CapTouch
Connectivity
DsP
Graphics
Input
Monitoring
Motor
Metworking
Power
Security
Sensor

Storage

< z System

Timers

eld|e ¢ ¢

Port Cutput Enable for GPT (r_poeg)

Realtime Clock (r_rtc)

Three-Phase PWM (r_gpt_three_phase)

Timer, General PWM (r_gpt) |

Objects & New Object > |

B L R T T A

Transfer

4" Search...

Timer, Low-Power (r_agt)

Figure 7-3. Setting up an Azure RTOS Application — Adding the GPT Module
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4. Configure the GPT module as follows.
— Name: g_timer
— Mode: Periodic
— Period: 1
— Period Unit: Seconds
— Callback: gpt_callback
— Overflow/Crest Interrupt priority: Priority 2

485 *[RA_Azure_RTOS] FSP Configuration 53 = B
Stacks Configuration - o -
Generate Project Content
Threads 4| New Thread 2] Remove |5 g_timer0 Timer Driver on r_gpt Stacks 4| New Stack > % Extend Stack > %] Remove
v & Blinky Thread ~1 ] . . ~
< g_timer Timer Driver on r_gpt “} g_timer Timer Driver
W on r_gpt
Objects &) Mew Object > It i)
v
Summary | BSP | Clecks |Pins | Interrupts | Event Links | Stacks | Compenents
[ Properties 32 [#] Problems @ Smart Browser % &8 = O [&PinConflicts 52
- = - it
g_timer Timer Driver on r_gpt neme =
Description
Settings Property Value
APl Info Commen
~ Module g_timer Timer Driver on r_gpt
~ Geperal
Mame g_timer
Channel 0
Mode Periodic
Period 1
Period Unit Seconds
Cutput
Input
s Interrypts
Callback gpt_callback
Chverflow/ Crest Interrupt Pricrity  Priority 2

Figure 7-4. Setting up an Azure RTOS Application — GPT Module Configuration

5. Add a semaphore object to the Blinky Thread by selecting the Blinky Thread in the Threads panel and
selecting New Object — Semaphore in the Objects panel.

15k *[RA_Azure_RTOS] FSP Configuration 3 = A

o

Stacks Configuration - -
beneraie F'I'C_]Ef'. Lontent

Threads &) New Thread | Remove [ 4| New Stack =
| BImkyThread I A BIinkyThread Stacks
4% g_timer Timer Driver on r_gpt o
< b3
& g_timer Timer Driver
Objects | 2 New Object > on r_gpt
@& EventFlags
& Mutex
@ (Queue
# Semaphore

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

Figure 7-5. Setting up an Azure RTOS Application — Adding A Semaphore Object

6. Configure this newly created semaphore as follows:
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Name: Blinky Semaphore

Symbol: g_blinky_semaphore

{8k *IRA_Azure_RTOS] FSP Configuration 52  [g] blinky_thread_entry.c = B
Stacks Configuration - 0 -
Generate Project Content

Threads 4| New Thread &= Remove 4| New Stack >
g c ] Blinky Thread Stacks £

v Blinky Thread

4% g_timer Timer Driver on r_gpt v
< > &% g_timer Timer Driver
on r_gpt

Objects 4-| Mew Object > 3| Remove 6]

I @ g_blinky_semaphore Semaphore I |

Summary | BSP' | Clocks | Pins | Interrupts | Event Links | Stacks | Components
=] Properties 52 |#] Problems @ Smart Browser

g_new_semaphore Semaphore

Settings Property Value
MName Blinky Semaphore
Symbaol g_blinky_semaphore
Initial count 0

Figure 7-6. Setting up an Azure RTOS Application — Semaphore Object Configuration
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0o
7. Press Ctrl + S to save the setting and click on the Generate Project Content Generate Project Content hytton to
generate source code content.

8. Open “src\blinky thread entry.c” and implement the following contents:

— Add source code to initialize the GPT module before the “while(1)” loop in blinky_thread_entry().

g_timer.p api->open(g timer.p ctrl, g timer.p cfqg);

g timer.p api->start(g timer.p ctrl);
— Delete the task delay instruction and add code to wait for the semaphore in blinky_thread_entry().
tx semaphore get (&g blinky semaphore, TX WAIT FOREVER) ;

— Implement the gpt_callback() function to signal the semaphore for the Blinky thread.

void gpt callback(timer callback args t *p args) {

(void)p args;

tx semaphore put (&g _blinky semaphore);

[ Project Explorer &3 H %S Y & = B & [RA_Azre RTOS] FSP Configuration I_@ *blinky_thread_entry.c 52 I =
v Iz5 RA_Azure RTOS 43 g_timer.p_api-»open(g_timer.p_ctrl, g_timer.p_cfg); -
i?b Binaries 44 g timer.p_api-s>start(g_timer.p_ctrl);
- a5
%Includes o - while (1)
ra a7
4 {
I ra_gen 48 = /* Enable access to the PFS registers. If using r_ioport module then register pr
i 439 * handled. This code uses BSP IO functions to show how it is used.
blinky_thread_entry.c I 58 =/
I ; = :yntr- = ke 51 R_BSP_PinAccessEnable();
- 52
_E> Debug 53 /* Update all board LEDs */
= ra_cfg 54 = for (uint32_t i = @; i < leds.led_count; i++)
(= script 55 {
£ configuration.xml 26 ’ Get pin‘tc toggle */ .
2| R7FAEM3AHICFC.pincfg ?? uint32_t pin = leds.p_leds[i];
. 58
RA_Azure_RTOS Debug_Flat.jlink 59 /* Write to this pin */
RA_Azure RTOS Debug_Flat.launch 68 R_BSP_PinWrite((bsp_ic port pin_t) pin, pin_level);
& ra_cfg.txt 61 }
Developer Assistance 62
@ P 63 /* Protect PFS registers */
64 R_BSP_PinAccessDisable();
65
66 /* Toggle level for next write */
&7 = if (B5PF I0 LEVEL LOW == pin level)
6 {
63 pin_level = BSP IO LEVEL HIGH;
70 1
71 else
72 = I
73 pin_level = BSP_T0_LEVEL_LOW;
74 }
75
76 //tx_thread_sleep(TX_TIMER_TICKS_PER_SECOND);
77 tx_semaphore_get(&g_blinky_semaphore, TX_WALT_FOREVER);
78 T
79 }
20
81 —woid gpt_callback(timer_callback_args_t *p_args) {
82 (void)p_args;
83 tx_semaphore_put(&g_blinky semaphore);
Sf ¥ o
N < >

Figure 7-7. Setting up an Azure RTOS Application — Adding User Source Code
9. Build and run the project on the EK-RA6M3 board. Confirm that the LEDs are turned ON/OFF every 1

second.
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8. Help

The help system allows users to browse, search, bookmark, and print help documentation from a separate
Help window or Help view within the workbench. From here, users can also access an online forum
dedicated to the e? studio.

Click on the Help tab to open the Help menu.

Help

(2 Welcome ( 1 ) by |

(%) Help Contents (2]

4 Search » = p
Show Context Help B : = :

(3) o -

Show Active Keybindings... Cirl+Shift+L Generate Project Content
Cheat Sheets...
Renesas Help » & RenesasRulz Community Forum (4]
CMSIS Packs Management > Renesas Helpdesk

&f? Add Renesas Toclchains Renesas e2 studio feedback

@ Eclipse User Storage *

=%  Perform Setup Tasks...

"y Check for Updates

gk Install New Software...

"ﬁt} Eclipse Marketplace...

Install New Device Family Support

IAR Embedded Workbench plugin manager..

About e’ studic

@ o

Figure 8-1. Help — Help Menu
Quick Help Tips:

Click on Welcome for an overview of the e? studio and to view Release Notes.
Click on Help Contents to open a separate Help window with a search function.
Click on Show Context Help to open the Help view within the workbench.

Click on RenesasRulz Community Forum to go to an online forum that is dedicated to topics and
discussions related to the e2 studio (an Internet connection is required).

oD~

Under the Help Contents window, there are many useful topics, such as:

The Debugging Projects topic provides useful information such as debug configuration, supported number of
breakpoints, etc.

It can be launched by clicking on the Help menu — Help Contents — e? studio User Guide — Debugging
Projects.

The RA Contents topic provides information about RA project creation using the RA Configuration Editor
and FAQs.

It can be launched by clicking on the Help menu — Help Contents — RA Contents.
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