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Renesas RZ Family 

Trail Camera Demonstration Guide 

Introduction 

This document describes a battery-powered camera system targeted for the Trail Camera use case. This 
system architecture is not limited to the Trail camera use case but can support other battery-operated camera 
use cases, such as security cameras.  

This camera system contains two processor modules. First is the Renesas RZ/V2L SoC running Yocto Linux. 
This is the main processor and performs AI inference using the on-chip DRP-AI module on the captured images 
to identify objects. The second is the RA2E1 MCU. This is an external microcontroller that is responsible for 
handling motion detection and waking up the main RZ/V2L processor. The RZ/VL also has an on-chip CM33, 
which is simultaneously powered on to quickly capture and store images from the camera sensor for post-
processing by A55, ISP, and the DRP-AI cores. 

One of the key highlights of this design includes optimizing the Linux boot-up time to less than 2s and capturing 
a valid image within 500ms from power up. This is vital for any battery-operated camera system for various 
use cases. 

Required Resources 

Development Tools and Software 

The following tools are used for development: 

• Renesas e2 studio IDE ( e² studio | Renesas ) . Please ensure FSP v3.6.0 is installed during

installation.

• SEGGER JLink software (SEGGER - The Embedded Experts - Downloads - J-Link / J-Trace).

• Tera Term (Download File List - Tera Term - OSDN) on Windows PC.

• Minicom on Ubuntu host machine for accessing UART on Linux.

Hardware 

• Avnet RZ/V2L Board (RZBoard V2L | Avnet Boards).

• Renesas RA2E1 MCU board (https://www.renesas.com/us/en/products/microcontrollers-

microprocessors/ra-cortex-m-mcus/rtk7fpa2e1s00001be-ra2e1-fast-prototyping-board).

• Windows PC with Tera Term software and admin privileges.

• Ubuntu 20.04 host environment as native install, VM or docker environment: For working on Yocto

distro’s.

• UART TTL cables (Raspberry Pi compatible) featuring FTDI chipset. We do not recommend

PL2302-based UART TTL cables as they have shown some issues with Windows drivers.

• Micro USB cables to interface with the host machine.

• Jumper wires.

• Micro-HDMI to HDMI display interface

• Ethernet cable

• USB2.0 ethernet dongle.

• Power supply that can provide 5V at 500mA with micro-USB pin.

• Power supply that can provide 5V at 2.5 A with USB-C pin.

https://www.renesas.com/us/en/software-tool/e-studio?gclid=EAIaIQobChMIsqn2h9ibgQMVSR-tBh2lHQnwEAAYASAAEgJ8H_D_BwE#download
https://www.segger.com/downloads/jlink/
https://osdn.net/projects/ttssh2/releases/
https://www.avnet.com/wps/portal/us/products/avnet-boards/avnet-board-families/rzboard-v2l/
https://www.renesas.com/us/en/products/microcontrollers-microprocessors/ra-cortex-m-mcus/rtk7fpa2e1s00001be-ra2e1-fast-prototyping-board
https://www.renesas.com/us/en/products/microcontrollers-microprocessors/ra-cortex-m-mcus/rtk7fpa2e1s00001be-ra2e1-fast-prototyping-board
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1. Trail Camera Subsystem Overview 

The Trail Camera Subsystem consists of two major components: 

1) Renesas RZBoard V2L 

2) Renesas RA2E1 Fast Prototyping Board. 

1.1 RZBoard V2L 

RZBoard V2L is a power-efficient, vision-AI accelerated development board in a popular single-board computer 
format with well-supported expansion interfaces. This Renesas RZ/V2L processor-based platform is ideal for 
developing cost-efficient Vision-AI and a range of energy-efficient Edge AI applications. The RZ/V2L processor 
has two 1.2GHz Arm® Cortex®-A55 cores, a 200MHz Cortex-M33 core, a MALI 3D GPU, and an Image 
Scaling Unit. This processor SoC further differentiates itself with an on-chip DRP-AI accelerator plus H.264 
video (1920 x 1080) encode/decode function in silicon, making it ideal for implementing cost-effective 
embedded-vision applications. 

RZBoard V2L is engineered in a compact Raspberry Pi form factor with a versatile set of expansion interfaces, 
including Gigabit Ethernet, 801.11ac Wi-Fi, Bluetooth 5, two USB 2.0 hosts, and a USB 2.0 OTG interface, 
MIPI DSI and CSI camera interfaces, a CANFD interface, a Pi-HAT-compatible 40-pin expansion header, and 
a Click Shuttle expansion header. 

The board supports analog audio applications via an audio codec and stereo headphone jack. It also pins out 
five 12-bit ADC inputs for interfacing with analog sensors. 5V input power is sourced via a USB-C connector 
and managed via a single-chip Renesas RAA215300 PMIC device. 

Onboard memory includes 2GB DDR4, 32GB eMMC, 16MB QSPI flash memory, and a microSD slot for 
removable media. 

Software enablement includes a CIP Kernel-based Linux BSP (maintained for 10 years+) plus reference 
designs that highlight efficient vision AI implementations using the DRP-AI core. An onboard 10-pin 
JTAG/SWD mini-header and 4-pin UART header enable the use of an external debugger and USB serial cable. 

1.2 Renesas RA2E1 Fast Prototyping Board. 

The RA2E1 Fast Prototyping Board comes equipped with an R7FA2E1A93CFM microcontroller and is an 
evaluation board specialized for prototype development for various applications. It has a built-in emulator circuit 
equivalent to an E2 emulator Lite so that you can write/debug programs without additional tools. In addition, 
Arduino Uno and Pmod™ interfaces include standard and through-hole access to all microcontroller pins, 
which is highly expandable. 
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The image below highlights the key hardware components in the Trail Camera System. 

                                     

Figure 1.   Trail Camera Overview 

2. Key Features 

The trail camera application provides the following feature set: 

1. Booting Linux in less than 2 sec. 

2. Capturing valid camera images in less than 500ms. 

3. Low power and long operating time. 

4. Demonstrates the DRP-AI NPU subsystem and its capabilities. 

3. RZ/V2L MPU Subsystem 

3.1 Operational Flow 

The diagram below will show the operational flow of the Trail Camera system during power ON. 
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Figure 2.   Trail Camera boot operational flow 

By default, the main processor RZ/V2L is in a power-off state to conserve battery. The RA2E1 MCU is kept on 
power ON to detect motion using the onboard proximity sensor. Once motion is detected, RA2E1 wakes up 
the RZ/V2L processor, which boots up the Linux OS.  

In parallel to Linux booting, the CM33 core boots up the FreeRTOS Kernel initializes the camera sensor module 
and starts to capture the images within 500ms from power ON for around 2s (Linux Kernel boot-up time) and 
stores in the shared memory between RZ/V2L processor and CM33 core. 

Once the Linux boot is complete (less than 2s), the RZ/V2L processor will read the images stored in the shared 
memory and run the AI inference on the DRP-AI engine. This reference application project uses the Darknet 
YOLO v3 open-source AI model. Customers can replace this reference AI model with their custom model 
based on their use case. 

The output of the running AI inference is routed to the HDMI port, which will show on the external HDMI monitor. 
Ultimately, the RZ/V2L will be shut down to conserve power, and the RA2E1 MCU will continue to monitor 
motion detection. 
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3.2 Fast Boot Linux Overview 

One of the key requirements of any camera system in the market is to optimize the booting process of the 
Linux kernel to allow the processing of the captured images. This reference application achieves this by 
removing unwanted services and drivers loaded by default during the boot process. This technique is 
referred to as Fast Boot. 

The bootup sequence has been modified to optimize the Linux kernel's boot time to meet the Trail Camera 
use case requirements. The picture below highlights the optimized boot flow compared to the standard boot 
flow of Linux OS. 

 

Figure 3.   Comparison of normal boot flow to trail camera implementation. 

U-boot is removed from the boot sequence. Instead, the ARM Trusted Firmware (ATF) loads the Linux 
kernel, FreeRTOS core on the M33 core, and device tree from the Flash to RAM. The CM33 core initializes 
the camera module and starts capturing the image from the camera sensor until the Linux kernel completes 
the boot-up process within 2 seconds.  
 

 

Figure 4.   Comparison of ATF flow between standard and trail camera implementations 

Linux Kernel, by default, loads all the built-in modules. However, the kernel is optimized to load only the 
necessary modules targeted for trail camera use cases. The current implementation uses “optimized 
systemd” for system and services management. Systemd provides an efficient and modern approach to 
system management, with its parallelization of service startup and on-demand starting of daemons reducing 
boot times and improving system responsiveness. However, systemd, by default, is a heavy mechanism and 
contains too many services and daemons that are started when the system comes up. Therefore, an 
optimized systemd is introduced for the Trail camera system with a minimal number of services to make sure 
the system can work efficiently and boot up as fast as possible. The necessary services are shown below: 
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Figure 5.   Necessary services of Systemd for Trail camera application 
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The optimized kernel only enables the necessary peripherals, as shown below: 

                              

Figure 6.   Post init boot of Trail Camera application 

With the above optimization, the reference application achieves the following: 

1) Boot up the Linux kernel in less than 2s. 

2) Capture valid images using CM33 core in less than 500ms. 

 

4. RA2E1 MCU Subsystem  

4.1 Overview 

The RA2E1 is a small MCU meant to be always on and run the sensor trigger to kick off the boot of the primary 
SoC board, the RZBoard. The RA2E1 is intended to be a low-power board and may be substituted for a board 
featuring the RA4 product, which supports low-power mode to optimize battery performance further. This is a 
simple, off-the-shelf board project with low complexity. 
 

4.2 Operational Flow 

The following is how the RA2 is expected to work. 
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Figure 7.   MCU subsystem operational flow 

 

5. Build RZ/V2L Linux Package 

5.1 Setup Build Environment 

5.1.1 Requirements 

• Ubuntu 20.04 LTS (64bit) is recommended as a build environment as we are using the ‘Dunfell’ 

version. 

• Development packages for Yocto: 

Refer to official Yocto documentation (Yocto Project Documentation) to get started. 

Refer to the official Yocto quick build guide (Yocto Project Quick Build — The Yocto Project ® 3.1.27 

documentation) for a quick start. 

 

The files listed in the table below are part of the release package and are essential for the RZBoard Yocto 
build. 

File Description 
rz_yocto.sh Custom Yocto build script that unpacks VLP and other 

downloaded zip files arranges the layers, applies trail camera 
patches, sets up the environment, and initiates a build. 

RZV2L-Generic-Package.zip Required generic package for Yocto build 

Table 1. Pre-requisite files from the release package 

5.1.2 Install packages on Ubuntu Host. 

1. Update the Ubuntu package manager. 

 
 

2. Install the necessary packages and tools used by Yocto build. 

 

 

 

3. Configure the local git account for the user. 

 

 

$ sudo apt update 

 

$ sudo apt install -y gawk wget git-core diffstat unzip texinfo gcc-multilib \ 

build-essential chrpath socat cpio python python3 python3-pip python3-pexpect \ 

xz-utils debianutils iputils-ping libsdl1.2-dev xterm p7zip-full libyaml-dev \ 

rsync curl locales bash-completion 

 

$ git config --global user.name “Your Name” 

$ git config --global user.email “you@example.com” 

 

https://docs.yoctoproject.org/#brief-build-system-packages
https://docs.yoctoproject.org/3.1.27/brief-yoctoprojectqs/brief-yoctoprojectqs.html
https://docs.yoctoproject.org/3.1.27/brief-yoctoprojectqs/brief-yoctoprojectqs.html
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4. Download the following packages provided by Renesas. Use the highlighted download links and 

follow the links. 

File Name Version Download 
Link 

Comments 

RTK0EF0045Z0024AZJ- 
v3.0.4.zip 

v3.0.4 rzv-verified-
linux-

package-
v304 

This is the VLP release package, 
which contains the BSP base port and 
essential meta layers for the RZ 
family of SoCs. We are using VLP 
3.0.4 for this application. 

RTK0EF0045Z13001ZJ  
-v1.1.0_EN.zip 

v1.1.0 rz-mpu-
graphics-
library-

evaluation-
version-

v110 

This is the Mali driver and graphics 
package that enables the Mali GPU in 
the SoC. 

RTK0EF0045Z15001ZJ  
-v1.1.0_EN.zip 

v1.1.0 rz-mpu-
video-
codec-
library-

evaluation-
version-

v110 

H.264 video codec libraries and 
drivers. 

r11an0549ej0740  
-rzv2l-drpai-sp.zip 

v7.40 rzv2l-drp-
ai-support-
package-

version-740 

This package contains the DRP-AI 
library and driver features. 

r01an6238ej0111  
-rzv2l-cm33-multi-os-
pkg.zip 

v1.1.1 rzv2l-multi-
os-

package-
v111 

This package provides the M33 core 
package containing FSP and IPC for 
inter-core communication. 

Table 2. List of Packages to manually download for building Yocto disto 

 

5. Copy all the downloaded zip files (shown stated above) to a folder (e.g., ‘~/yocto,’ as shown below) 

in Ubuntu Host PC.  

 
 

6. Copy the files ‘rz_yocto.sh’ and ‘RZV2L-Generic-Package.zip’ from the release package into 

‘~/yocto’ folder as shown below. 

 

 

Figure 8.   All the files are expected to be present in the Yocto root directory. 

$ cd ~/Downloads/renesas-yocto 

$ mkdir ~/yocto 

$ mv *.zip ~/yocto 

https://www.renesas.com/us/en/document/swo/rzv-verified-linux-package-v304rtk0ef0045z0024azj-v304zip
https://www.renesas.com/us/en/document/swo/rzv-verified-linux-package-v304rtk0ef0045z0024azj-v304zip
https://www.renesas.com/us/en/document/swo/rzv-verified-linux-package-v304rtk0ef0045z0024azj-v304zip
https://www.renesas.com/us/en/document/swo/rzv-verified-linux-package-v304rtk0ef0045z0024azj-v304zip
https://www.renesas.com/us/en/document/sws/rz-mpu-graphics-library-evaluation-version-rzv2l-rtk0ef0045z13001zj-v110enzip
https://www.renesas.com/us/en/document/sws/rz-mpu-graphics-library-evaluation-version-rzv2l-rtk0ef0045z13001zj-v110enzip
https://www.renesas.com/us/en/document/sws/rz-mpu-graphics-library-evaluation-version-rzv2l-rtk0ef0045z13001zj-v110enzip
https://www.renesas.com/us/en/document/sws/rz-mpu-graphics-library-evaluation-version-rzv2l-rtk0ef0045z13001zj-v110enzip
https://www.renesas.com/us/en/document/sws/rz-mpu-graphics-library-evaluation-version-rzv2l-rtk0ef0045z13001zj-v110enzip
https://www.renesas.com/us/en/document/sws/rz-mpu-graphics-library-evaluation-version-rzv2l-rtk0ef0045z13001zj-v110enzip
https://www.renesas.com/us/en/document/sws/rz-mpu-video-codec-library-evaluation-version-rzv2l-rtk0ef0045z15001zj-v110enzip?r=1844066
https://www.renesas.com/us/en/document/sws/rz-mpu-video-codec-library-evaluation-version-rzv2l-rtk0ef0045z15001zj-v110enzip?r=1844066
https://www.renesas.com/us/en/document/sws/rz-mpu-video-codec-library-evaluation-version-rzv2l-rtk0ef0045z15001zj-v110enzip?r=1844066
https://www.renesas.com/us/en/document/sws/rz-mpu-video-codec-library-evaluation-version-rzv2l-rtk0ef0045z15001zj-v110enzip?r=1844066
https://www.renesas.com/us/en/document/sws/rz-mpu-video-codec-library-evaluation-version-rzv2l-rtk0ef0045z15001zj-v110enzip?r=1844066
https://www.renesas.com/us/en/document/sws/rz-mpu-video-codec-library-evaluation-version-rzv2l-rtk0ef0045z15001zj-v110enzip?r=1844066
https://www.renesas.com/us/en/document/sws/rz-mpu-video-codec-library-evaluation-version-rzv2l-rtk0ef0045z15001zj-v110enzip?r=1844066
https://www.renesas.com/us/en/document/sws/rzv2l-drp-ai-support-package-version-740?r=1558356
https://www.renesas.com/us/en/document/sws/rzv2l-drp-ai-support-package-version-740?r=1558356
https://www.renesas.com/us/en/document/sws/rzv2l-drp-ai-support-package-version-740?r=1558356
https://www.renesas.com/us/en/document/sws/rzv2l-drp-ai-support-package-version-740?r=1558356
https://www.renesas.com/us/en/document/sws/rzv-multi-os-package-v111?r=1570181
https://www.renesas.com/us/en/document/sws/rzv-multi-os-package-v111?r=1570181
https://www.renesas.com/us/en/document/sws/rzv-multi-os-package-v111?r=1570181
https://www.renesas.com/us/en/document/sws/rzv-multi-os-package-v111?r=1570181
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5.2 Initiate Yocto Build 

Add execute permission to the ‘rz_yocto.sh’ script file. 

 

To set up the yocto packages and prepare the build, run the following command: 

The above command will: 

1. Create a directory ‘yocto_rzboard.’ 

2. Extract all the individual downloaded packages and set up the meta layers. 

3. Apply changes, a.k.a patches, to build for the trail camera system. 

4. Create a ‘build’ folder and configure it with the right ‘MACHINE’ and ‘DISTO’ build configuration. 

Run the below command to build Yocto disto. 

 

When building is complete, run the below command to copy the Trail Camera application artifacts to the 
output folder: 

 
The output images will be located at ~/yocto/output/ 

This directory will have the same contents as the release directory: 
‘images/RZBoard_Windows_Flashing/images/’ 

Make a backup copy of the release package and replace the contents of the ‘images’ directory with the 
contents of the ‘output’ directory. 

 

6. Build RA2E1 MCU Package 

The release package contains the source code for the RA2E1 sensor trigger in the path src/RA2E1_MCU/ 
Motion_sensor_FPB_RA2E1.zip. 

Please ensure the workstation is set up correctly with all the right tools, as listed in the Software Tools 
section.  
 

6.1 Importing the Project 

1. Launch e2 studio ISDE. e2 studio can be launched from the Windows start menu.  

$ chmod a+x rz_yocto.sh 

$ ./rz_yocto.sh setup rz_avnet 

 

 

$ ./rz_yocto.sh build rz_avnet 

 

 

$ ./rz_yocto.sh output rz_avnet 
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2. In the Eclipse Launcher window, specify the destination for the new workspace. It is recommended 
to keep the path simple and avoid using spaces.  

 

 

Figure 9.   Setting up e2 studio workspace for RA2E1 MCU project. 

 

3. Click Launch to start e2 studio in the specified path. When prompted, log into your My Renesas account 

or click Cancel to dismiss the popup window asking for permission to log and report usage (it will 

remain disabled). Select No when prompted to set up a password hint.  

4. The welcome screen may appear inside the new workspace. You can dismiss it by clicking the Hide 

button at the top-right corner.   

 

                                                              

Figure 10.   Hide the button on the welcome screen on the e2 studio. 
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5. Go to File -> Import. Click import.  

 

                                       

Figure 11.   Import menu option. 

 

6. Expand General -> Existing Project Into workspace. Click Next.  

                              

Figure 12.   Import option for existing projects. 
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7. On the Import dialog, Click Select archive file. Then click on Browse and navigate to the lab 
materials folder. Select the Motion_sensor_FPB_RA2E1.zip archive file to import from.  

                         

Figure 13.   Selecting archive file location. 

8. Click Finish.  

At this stage, you have successfully imported the project into your workspace.   

 

6.2 Build e2 studio project 

1. The project is now ready to be compiled. Press the “hammer” icon to start building the project.  

 

                                                                      

Figure 14.   Build icon in e2 studio. 
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2.  The toolchain will report compilation and build status to the console pane in the lower-right corner of 
e2 studio. When the build is completed, it should confirm that there are zero errors and zero 
warnings.  

 

     

Figure 15.   Build log showing successful build. 

The application is now ready to be programmed and run on the FPB-RA2E1 board.  

7. Programming the Platform 

7.1 Powering up the system 

The trail camera system has two independent boards: the RA2EK1 FPB and the RZBoard V2L. Each board 
needs to be powered separately. Use a USB-C power cable to power the RZBoard and a USB micro power 
cable for the RA2EK1. 

⚠ Caution: To avoid electrical damage, both power sources must be on the same ground plane. To ensure 

that the two power sources are on the same ground plane, either use a single USB power source or USB 
power delivery hub or, at the very least, from a power strip with common grounding. 
 

7.2 Programming RA2E1 FPB 

The programming of the FPB-RA2E1 is performed from within the e2 studio IDE as follows: 

1. Once the project is imported and built, the application is now ready to be programmed and run on the 
FPB-RA2E1 board. Press the “bug” icon to begin the debug session.  

 

Figure 16.   Debug button icon in e2 studio 

 

2. You may be prompted to update the J-Link debugger firmware. Click Yes to update. It will take a few 
moments to complete.  
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Figure 17.   Firmware update notification from JLink module 

 

3. Windows could also prompt you to allow the gdb server through your firewall. Click the checkbox to 
allow it through private networks, then Allow access.  

 

Figure 18.   Windows firewall permission request popup. 
 

4. e2  studio will perform flash programming routines, prompting you to switch to the Debug perspective. 
Select the Remember my decision check box and click Switch. LED5 near the debug USB port will 
blink while programming.  

  
5. The debug session has now started, and the application has been paused at its entry function 

(Reset_Handler).   
  

6. Click the Resume button or press F8 on the keyboard to start the application.  

  

 

Figure 19.   Resume button icon in e2 studio. 

7. The Program will stop again, this time at the start of the main function. Low-level initialization routines 
are now completed. Click the ‘Resume’ button or press the ‘F8’ key to resume the application and 
execute user code.  

  
  

At this point, the programming should be successfully completed. 
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7.3 Programming RZBoard V2L 

At this stage, it is assumed that the user followed the instructions to build the Linux package. The output 
images can be found under the ‘~/yocto/output/’ folder. 

Please note that this location only holds the images, not a formatted release package.  The images will need 
to be packaged with the scripts manually. At this stage, it is recommended to follow the instructions 
mentioned in the “Programming RZBoard with Prebuilt Images” sections to program the built images onto the 
target hardware. 

 

8. Booting Trail Camera System 

At this stage, it is assumed that the trail camera system is powered on and the images are programmed to 
the targeted core. Please refer to the instructions in the “Powering up the system” section on how to power 
up the system. 
 
Before powering ON, it is recommended that the board be set up with a test image in front of the camera 
mount, as shown below. This is a critical step to getting a valid output. 
 
 

 

Figure 20.   Trail camera minimal setup. 
 

A complete setup would involve an HDMI display, but a minimal setup would still include the trail camera 
unit, two power supplies, a UART cable, and a stationary test image. You may need to ensure the image is 
between 2 and 3 feet from the trail camera. You will likely require the HDMI display to view and align the 
image. 
 
During the bootup process, the CM33 core initializes the camera sensor, captures the images, and stores 
them in the shared memory between CM33 and the RZ/V2L processor.  
 
After the system boots up, the following script, found at /home/root/app-run/capture_v1.0.sh, is executed 
automatically. In its default mode, this script invokes the application, which performs the inference model 
using DRP-AI and generates an image with markdowns.  
 



Renesas RZ Family Trail Camera Reference Design 

R12UZ0160EU0106  Rev.1.60  Page 19 of 49 

Jul.17.24  

 

 

Figure 21.   Post init application flow with auto-launch. 

 

8.1 AI Inference Application 

The following diagram shows the general flow of the AI inference application.  
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Figure 22.   AI application flow. 

 

The following is the image of the RZBoard on display. 

 

Figure 23.   DRP-AI post-processed image 

 

The console log for the image looks as follows: 



Renesas RZ Family Trail Camera Reference Design 

R12UZ0160EU0106  Rev.1.60  Page 21 of 49 

Jul.17.24  

 

 

Figure 24.   AI inference application console logs. It will differ based on the environment and target 
image. 

 

The darknet YOLOV3 model deployed in the demo application can identify multiple objects from the same 
image in seconds. The model can simultaneously identify faces, people, animals, computer displays, and 
many other objects. 

 

9. Flashing Prebuilt images 

9.1 Programming RZBoard with Prebuilt Images 

9.1.1 Hardware Setup  

You will need the following accessories to perform the flashing: 

1. USB to micro-USB cable. 

2. UART cable with individual pins. Please use an FTDI-based cable and avoid PL230x, as there are 

driver issues with this on Windows. 

3. USB-C power supply that can deliver at least 2.5A of power. 

4. Jumper wire to force the board into SCIF mode, a.k.a UART image load mode. 

5. Host machine with Windows OS or Linux OS. 

The Avnet RZBoard uses the USB 2.0 OTG port for flashing, which requires the cable to be a USB 2.0 Micro-
B type on one end. 

Attaching USB-C power will immediately power up and boot the board. Removing the USB-C power plug is 
the only way to remove power. Booting is indicated by changes in the LEDs and console output on the TTL 
UART port. Due to the electrical modifications performed, the power ‘On’ switch S1 on the RZBoard can no 
longer control power on/off. 
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The image below shows a disassembled trail camera RZBoard used to demonstrate the needed IO 
connections. 

 

Figure 25.   Trail Camera disassembled RZBoard to demonstrate IO connections for flashing. 
 

9.1.2 Flashing procedure on Windows 

The Release package contains a directory named ‘RZBoard_Windows_Flashing.’ This directory contains the 
images, tools, and scripts necessary to program the RZBoard on Windows OS successfully. It also includes 
images for bootloaders, MCU RTOS, and Linux system images. 

Refer to the image below to navigate to the prebuilt folder starting from the root of the release package. 

 

Figure 26.   Directory flow from root of the release package to Windows flashing directory. 
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Below is a summary of the flashing process. 

 

Figure 27.   RZBoard flashing process summary. 

The following is the flashing procedure. 
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1. Before performing image flashing, ensure the ‘Fastboot USB driver’ is installed on the Windows host PC. 

Check the Appendix section for more details. 

2. Connect the UART TTL cable to the Avnet board’s UART port. 

3. Connect the USB to USB 2.0 micro-B cable between RZBoard and Windows host PC. 

4. Identify the TTY COM port number using Windows device manager or Tera Term. 

5. The USB port number will automatically be detected by the flashing scripts. 

6. Update the value for ‘COM’ in the config.ini file with the number identified in step 4. 

 

          

Figure 28.   changes to config.ini 
 

7. Make sure the RZBoard is powered off. 

8. Set the board configuration to put the RZBoard to SCIF download mode, initiating an image load from 

the UART port. Use a jumper wire between the pins as indicated in the diagram below and ensure that 

the switch is set as indicated in the image.  

 

 

             

Figure 29.   RZBoard scif (UART load) mode hardware configuration 
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9. On the host machine, execute the batch script ‘usb_bootloader.bat.’ 

 

 

Figure 30.   Select the script ‘usb_bootloader.bat’ to run. 
 

10. Power on the board and observe the host pc running the flashing commands. This stage uses UART 

file transfer to load bootloaders onto the QSPI or flash. 

11. The Tool will automatically run and load a flash writer binary, which in turn loads and flashes three 

binaries: the flash writer utility, ATF, and u-boot, one after the other. 

 

 

 

Figure 31.   UART load of Flash Writer binary 
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Figure 32.   UART Load of fip binary. 
 

12. Wait for it to complete. Once it’s done flashing, close the Tera Term. You should see a print like the 

one below. 

           

Figure 33.   UART flashing console debug info from the board. 
 

13. Power off the board. 
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14. Remove the jumper wire you inserted in step 8. Proceed to set up the hardware connection as shown 

below by changing the boot switch settings to boot from QSPI.  

                         

 

 Figure 34.   RZBoard normal boot hardware configuration. 
 

15. Next, run the batch script ‘usb_rootfs_trail_cam.bat.’ 

16. Power on the RZBoard. 

17. It will start flashing the system image via a USB port.  

          

 

Figure 35.   Command Windows as seen from a Windows host. 
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18. In a couple of minutes, it will complete the image flash onto the emmc. 

19. After the system image flashing is completed, IPL and ATF will be written into QSPI flash. 

 

 

 Figure 36.   SQPI flash is erased to prepare for flashing optimized IPLs  
 

20. Tera Term has logs from the board that show flashing completed. 

       

Figure 37.   Tera Term output showing RZBoard flashing complete. 
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Close the Tera Term. 

21. Power off and then power on the board. 

22. It will boot normally, and the TTL UART will show boot up of the log that looks like the following image: 

 

Figure 38.   Tera Term console showing RZBoard boot console. 
 

23. This completes our flashing process on Windows. 

9.1.3 Flashing procedure on Linux 

The Release package also contains a directory named ‘RZBoard_Linux_Flashing.’ This directory contains the 
images and scripts necessary to successfully program the RZBoard on Linux OS. 

Refer to the image below to navigate to the prebuilt folder starting from the root of the release package. 

 

Figure 39.   Directory flow from root of the release package to Linux flashing directory. 
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Below is a summary of the flashing process. 

 

Figure 40.   RZBoard Linux flashing process summary 

The following is the flashing procedure. 
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1. Before performing image flashing, ensure all necessary packages are installed on the Linux host PC. 

See the Appendix section for more details. 

2. Connect the UART TTL cable to the Avnet board’s UART port. 

3. Connect the USB to the micro-USB cable between the RZBoard and the Linux host PC. 

4. Identify the TTY COM port number on the Linux host PC and check it by running the following command. 

 

5. The TTY COM port (USB-serial in Linux) is generally named “/dev/ttyUSB*” where * is replaced by the 

port's number. You use the cute-com application to test the uart. 

6. The USB otg port will automatically be detected by the scripts. 

7. Make sure the RZBoard is powered off. 

8. Set the board configuration to put the RZBoard into SCIF download mode, initiating an image load from 

the UART port. Use a jumper wire between the pins as indicated in the diagram below and ensure that 

the switch is set as shown in the image.  

             

Figure 41.   RZBoard scif (UART load) mode hardware configuration 
 

9. On the Linux host machine, execute the following commands. 

 

<serial_port>: must be replaced by the actual serial port on board, listed in Step 4. If no 

<serial_port> is addressed, the Python script will use the default port ‘/dev/ttyUSB0’. 

10. Power on the board and observe the host pc running the flashing commands. This stage uses UART 

file transfer to load bootloaders onto the QSPI or flash. 

11. The Tool will automatically run and load a flash writer binary, which in turn loads and flashes three 

binaries: the flash writer utility, ATF, and u-boot, one after the other. 

12. Wait for it to complete. Once it’s done flashing, you should see a print like the one below. 

$ ls -la /dev/serial/by-id/* 

 

 

 

 

$ chmod a+x usb_util.py 

$ ./usb_util.py --serial_port <serial_port> --full 
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Figure 42.   UART load of Flash Writer, ATF, and U-Boot binary 
 

13. Power off the board. The script on the Linux Host PC still runs, and it shows ‘Waiting for device…’ on 

the terminal. 

14. Remove the jumper wire you inserted in step 8. Set up the hardware connection as shown below by 

changing the boot switch settings to boot from QSPI.  

 

 

                         

Figure 43.   RZBoard normal boot hardware configuration. 

15. Next, power on the RZBoard. 

16. It will start flashing the system image and optimized IPLs via a USB port.  

17. In a couple of minutes, it will complete the images flash onto the emmc and QSPI flash. 

18. The terminal has logs that show flashing completed. 
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Figure 44.   Terminal output showing RZBoard flashing complete. 
 

19. This completes our flashing process on Linux. 

 

9.1.4 Programming the Sensing MCU with Prebuilt Images 

The trail camera PoC usually uses the FPB-RA2E1. However, a different MCU board may be used in some 
select units. The general difference is in the flashing protocol and additional features supported on the 
board-SoC combination. Some boards, like the FPB-RA4E1, use JLink SWD, while the FPB-RA2E1 board 
uses a Renesas E2 Lite emulator circuit. 

In most cases, the PoC will use FPB-RA2E1. While the prebuilt images are a great starting point, it is always 
recommended that the application be refactored using e2 studio / Quick connect Studio or a combination of 
the two software to use the latest FSP and toolchain. The scripts provided are helpers, not the preferred 
method of flashing the MCU board. Using e2 studio, as described in the section Programming RA2E1 FPB is 
the ideal method as it uses the project files first to build the application as described in Build RA2E1 MCU 
Package. 

Additional tools like the Renesas Flash programmer and Segger JLinkCommander can be used to flash the 
board. These are beyond the scope of this document. The product links to Renesas Flash Programmer and 
JLink/J-Trace are as follows: 

• Renesas Flash Programmer (Programming GUI) | Renesas 

• SEGGER - The Embedded Experts - Downloads - J-Link / J-Trace 

The PoC release package contains the images and all the flashing tools needed in the pre-built release 
directories under ‘images.’ While the flashing of the RA2E1 board is covered here, the alternative boards 
using JLink are covered in the appending section. 

 

9.1.5 FPB-RA2E1 MCU board (E2 Lite boards) 

The release package contains a directory named ‘Download_Script_RA2E1’. This folder contains the prebuilt 
image and a flashing script for the FPB-RA2E1 board. The Windows batch file ‘BL2_download.bat’ 
automatically flashes the connected RA2E1 FPB board with the program for motion sensor activation of the 
power switch. The program binary, Renesas flash programmer executable, and all dependencies are 
packaged in that folder. 

The following is the flashing process for the MCU board using the script: 

1. Change the jumper on the plain side of the FBP-RA2E1 board to flashing mode. 

2. Connect the FPB-RA2E1 board to the Windows host machine using a USB 2.0 to micro-USB cable. 

The board will power on and be detected by the Windows device manager. 

3. Run the ‘BL2_download.bat’ script in the command line or by directly double-clicking on it. 

https://www.renesas.com/us/en/software-tool/renesas-flash-programmer-programming-gui?gclid=EAIaIQobChMI0YCB3uG1ggMVQx2tBh3cpQwuEAAYASAAEgKgx_D_BwE&downloads-type-filter=software---tools-evaluation-software#downloads
https://www.segger.com/downloads/jlink/
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4. Check the log at the end. 

 

PS C:\Renesas\Trail-Camera\Trail_Camera-
System_Release_Package_v1.6\images\Download_Script_RA2E1> .\BL2_download.bat 
… 
… 
Connecting the tool (E2 emulator Lite) 
Tool: E2 emulator Lite (OBE130001) 
Interface: 2 wire UART 
Tool Firmware Version: V3.03.00.005 
 
Emulator power supply: OFF 
Connecting the target device 
Speed: 1,000,000 bps 
Connected to 
 
Erasing the target device 
  [Code Flash 1]       00000000 - 0001FFFF 
  [Data Flash 1]       40100000 - 40100FFF 
  [Code Flash 1]       00000000 - 000087FF 
Writing data to the target device 
  [Code Flash 1]       00000000 - 0000806B 
  [Config Area 1]      01010018 - 01010033 
Verifying data on the target device 
  [Code Flash 1]       00000000 - 0000806B 
  [Config Area 1]      01010018 - 01010033 
 
 
Disconnecting the tool 
 
Operation successful 

 

Figure 45.   Consolidated Console log for MCU flashing script 

5. Swap the jumper again to normal execution mode. 
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10. Appendix 

10.1 Hardware Wiring Procedure 

This section describes the wiring procedure for building your own PoC system from ordered parts. The PoC 
can be ordered premade or in parts. Premade units are usually back-ordered. Hence, it’s more likely that a 
unit is built from parts. This is relatively simple and requires the bare minimum of skills. 

For questions about ordering parts and components, please get in touch with sales@renesas.com. 

10.2 Prerequisites: 

The following parts are needed to build the Trail Camera PoC hardware: 

1. Avnet RZBoard SBC 

2. Renesas FPB-RA2E1 

3. QCIOT-014 Motion Sensor Board 

4. PMOD Motion on/off switchboard 

5. Arducam OV5640 MIPI CSI2 camera module 

6. Mechanical Mounting kit for holding the PoC together. 

The following equipment is needed for this activity: 

1. 6” Male to male jumper wires (4 wires). 

2. Soldering station 

10.3 PMOD Motion on/off-board 

The motion on/off board is a simple button board that is optional but provides a helpful feature to save time in 
testing. The PoC takes 30 seconds to power down from boot and image processing. This button lets the user 
break the timer and immediately push the PoC to power down. 

 

Figure 46.   PMOD Button board schematic 

The entire Altium design project is provided in this release of the PoC under the pcb directory. Ensure to 
unpackage the PMOD Motion On/Off Switch.7z before opening the Altium Design software. Otherwise, the 
Designer won’t be able to find all the files needed.  

 

https://www.avnet.com/wps/portal/us/products/avnet-boards/avnet-board-families/rzboard-v2l/
https://www.renesas.com/us/en/products/microcontrollers-microprocessors/ra-cortex-m-mcus/fpb-ra2e1-fast-prototyping-board-ra2e1-mcu-group
https://www.renesas.com/us/en/products/sensor-products/optical-sensors/proximity-sensors/qciot-motionpocz-motion-sensor-quickconnect-iot-module
https://www.arducam.com/product/arducam-5mp-mipi-camera-for-rzboard-v2l-with-renesas-rz-v2l-processor/
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10.4 Wiring Procedure 

Step 1. Connect QCIOT-014 Motion Sensor board to PMOD1 on FPB-RA2E1 board. 

 

Figure 47.   QCIOT-14 board connected to FPB-RA2E1 pmod1 

Step 2. Connect the Switch to PMOD2 on FPB-RA2E1. 

 

Figure 48.   Button board as well as QCIOT-14 board connected to FPB-RA2E1 board 

Step 3. Provide 5V-16V to Motion sensor board. 

 

Figure 49.   Wiring of power between QCIOT-14 and FPB-RA2E1 boards 
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To provide 5V, connect as follows: 

 

Motion Board FPB-RA4E1 

Positive J2-5 

Negative J2-6 

Note: The dot mark near J2 indicates pin1. 

 

Step 4. Connect a jumper wire on J5-8. Connect the other end to the CEN pin on the RZBoard. 

   

Figure 50.   Complete wiring of FPB-RA2E1 to RZBoard CE-EN 
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Step 5. Short the SW1 switch on the RZBoard. 

 

Figure 51.   SW1 switch on RZBoard 

Step 6. Short Pin 1-2 on CN1 connector. 

 

Figure 52.   Pin 1-2 on CN1 connector  
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Step 7. Connect FPB-RA4E1 to the laptop using a USB cable. 

Step 8. Flash the code on FPB-RA2E1. 

Step 9. Short Pin 2-3 on CN1 connector. 

 

Figure 53.   The FPB-RA2E1 and RZBoard  

Step 10. Turn ON the FPB-RA2E1 and RZBoard. 
 

10.5 How to get the console after bootup 

Once the trail camera application has booted, pressing ‘ctrl+c’ on the UART terminal will break the script and 

give you the console. 
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Figure 54.   Drop into console post-bootup. 
 

10.6 Application flow in details 

The RZBoard image contains a script in /home/root/app-run/capture_v1.0.sh which does the following: 

1. Checks for command line options and executes appropriate applications. It has two arguments: 

a. The first option can be: 

i. ‘-s’:  execute ‘gst_app_wayland’ using the same argument we got. This program 

shows what is captured in a slideshow. 

ii. ‘-c’: execute ‘gst_app_wayland’ using the same argument we got. This program 

shows only the very first captured image. 

iii. ‘-a’: execute ‘sample_app_yolo_v3_img’ which is the AI inference model. The 

second argument is passed on to this application, which tells the image to be used 

for inferencing. This is the 25th image by default. 

2. Launches a ‘gstreamer’ command that takes the bitmap file from the previous step and displays it on 

the HDMI display. 

 

Figure 55.   capture_v1.sh command options 
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10.7 Demo Inference App 

The sample application at /home/root/app-run/exe is called ‘sample_app_yolo_v3_img’. This application 
performs the following: 

1. Get the selected image from the second argument of the ‘capture_v1.0.sh’ script. 

2. Copies the appropriate DDR buffer of the selected image. It then creates a bitmap file called 

‘sample.bmp’ from the acquired buffer. 

3. Runs the AI inference by leveraging the DRP-AI module and its interface. The result of this inference 

is a bitmap file at the exact location called ‘sample_output.bmp.’ The bitmap file is located at the 

same location as the application: ' home/root/app-run/exe.’ 

10.8 Camera Operation 

The camera module used in the trail camera application is the OV5640 mipi CSI camera module. One must 
remember that the camera is mounted to the chassis in reverse. This is to provide adequate safe routing to 
the delicate flex cable of the CSI interface. Hence, the images captured by the CM33 are inverted. The 
images captured are inverted by the inference application before inferencing. One must be mindful of this 
while writing their own application and/or modifying the base design. If you remove the OV5640 camera 
module from the housing and hold it straight, the AI model inference will not identify any objects. In this case, 
inverting the test image is the first quick fix to try. 

You can access the camera through gstreamer commands. Refer to the RZBoard documentation for more 
info. 

10.9 Flashing prebuilt images on FPB-RA4E1 MCU board (Segger JLink boards) 

The release package contains a directory named ‘Download_Script_RA4E1’. This folder contains the prebuilt 
image and a flashing script for the FPB-RA4E1 board. The Windows batch file ‘BL2_download.bat’ 
automatically flashes the connected RA4E1 QCIOT board with the program for motion sensor activation of the 
power switch. The program binary, JLink executable, and all dependencies are packaged in that folder. 

The actual JLink commands are in the file ‘s1.Jlink’. The first line in this file tells JLink to expect the R7FA4E10D 
device identifier. If the RA2E1 is replaced by any other pin-compatible MCU, modifying the first line should 
allow the same images and tools to work. However, it is recommended that the application be refactored using 
E2 Studio / Quick Connect Studio or a combination of the two software. 

The following is the flashing process for the MCU board using a script: 

1. Connect the FPB-RA4E1 board to the Windows host machine using a USB2.0 to micro-USB cable. 

The board will power on and get detected by the Windows device manager. 

2. Run the ‘BL2_download.bat’ script in the command line or by directly double-clicking on it. 
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Check the log at the end. 

SEGGER J-Link Commander V7.80 (Compiled Sep  9 2022 11:04:40) 
DLL version V7.92a, compiled Aug 16 2023 15:34:08 
 
 
J-Link Command File read successfully. 
Processing script file... 
J-Link>device R7FA4E10D 
… 
 
… 
Hardware version: V1.00 
J-Link uptime (since boot): 0d 00h 03m 28s 
S/N: 831195433 
USB speed mode: Full speed (12 MBit/s) 
… 
… 
Target connection not established yet but required for command. 
Device "R7FA4E10D" selected. 
… 
J-Link: Flash download: Total: 0.902s (Prepare: 0.183s, Compare: 0.019s, Erase: 0.157s, Program & Verify: 
0.482s, Restore: 0.058s) 
J-Link: Flash download: Program & Verify speed: 65 KB/s 
O.K. 
… 
… 
J-Link>g 
 
Script processing completed. 
 
 
 
Type "connect" to establish a target connection, '?' for help 
J-Link> 

 
 

10.10 Installing Fastboot USB driver on Windows 

To program RZBoard images on Windows, ‘Android Fastboot USB driver’ is required to be installed on your 
Windows machine. The following are the step-by-step instructions to install the driver: 

1. Navigate to ‘images\RZBoard_Windows_Flashing\Windows+Fastboot+Drivers-+droidwin\’ inside the 

release package. You will see the Setup Information file ‘android_winusb.inf.’ 

 

Figure 56.   Android Fastboot USB driver setup file 
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2. Right-click on it and select ‘Install’ 

 

Figure 57.   Android Fastboot USB driver installation window 

3. If a ‘User Account Control’ window appears, click ‘Yes.’ 

4. Click ‘Install’ in the ‘Windows Security’ window. 

 

Figure 58.   Confirm installing the Android Fastboot USB driver with Windows Security 

5. Wait for the installation to complete. 

6. Successful installation will end with the following notification. 
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Figure 59.   Successfully install the Android Fastboot USB driver 
 

10.11 Installing necessary packages to run the support script for programming 

RZBoard images on Linux 

Installation of some packages is required on your Linux machine when using the support script ‘usb_util.py’ 
for programming RZBoard images. If Ubuntu is used as a Linux OS, please install the following packages: 

 

For Python3, we need to install some modules used in the script. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$ sudo apt update 

$ sudo apt install -y python3 python3-pip 

$ sudo apt install -y bzip2 

$ sudo apt install -y fastboot 

$ pip3 install pyserial==3.5 argparse==1.4.0 pytest==7.4.2 tqdm==4.66.1 
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11. References 

RZBoard 

Product page: RZBoard V2L | Avnet Boards 

Quick start manual : RZBoard+V2L+Quick+StartGuide+v1.1.pdf (avnet.com) 

Block Diagram: Block Diagram of RZBoard 

Yocto User Manual : RZBoard-Linux-Yocto-UserManual-v2.2.pdf (avnet.com) 

RZ/V2L SoC 

Product page: RZ/V2L - General-Purpose Microprocessor Equipped with "DRP-AI" and 3D GPU 

Wiki: RZ/V Series 64-bit MPU - Renesas.info 

DRP-AI tools: RZ/V Software Tools and Scripts – Renesas.info 

 

11.1 IP Configuration 

IP address is a bit tricky to get right. It often won’t show up unless the port is powered up, and it gets 

complicated to identify the interface name and ensure there is an address on it. There is some trial and error 

involved in this step for flashing the system image. You can manually assign the IP address to your host if 

necessary. Refer to the following for more info on Windows IP settings: 

a. How to configure a static IP on Windows 10 or 11 | Windows Central 

b. Change TCP/IP settings - Microsoft Support 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.avnet.com/wps/portal/us/products/avnet-boards/avnet-board-families/rzboard-v2l/
https://www.avnet.com/wps/wcm/connect/onesite/ce8a3314-917a-4f34-88fe-9070f3ead337/RzBoard+V2L+Quick+StartGuide+v1.1.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE.Z18_NA5A1I41L0ICD0ABNDMDDG0000-ce8a3314-917a-4f34-88fe-9070f3ead337-ogmeZpu
https://www.avnet.com/wps/wcm/connect/onesite/0db4f6f2-d463-40d0-9175-60b0adf1a310/P22_762_RZBoard-V2L-diagram.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE.Z18_NA5A1I41L0ICD0ABNDMDDG0000-0db4f6f2-d463-40d0-9175-60b0adf1a310-o2QupOk
https://www.avnet.com/wps/wcm/connect/onesite/9fe02bc9-8335-4da2-924a-1bdde941e534/RzBoard-Linux-Yocto-UserManual-v2.2.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE.Z18_NA5A1I41L0ICD0ABNDMDDG0000-9fe02bc9-8335-4da2-924a-1bdde941e534-oFe8N5b
https://www.renesas.com/us/en/products/microcontrollers-microprocessors/rz-mpus/rzv2l-general-purpose-microprocessor-equipped-renesas-original-ai-accelerator-drp-ai-12ghz-dual
https://renesas.info/wiki/RZ-V
https://renesas.info/wiki/RZ-V/Tools_Scripts
https://www.windowscentral.com/software-apps/windows-11/how-to-configure-a-static-ip-on-windows-10-or-11
https://support.microsoft.com/en-us/windows/change-tcp-ip-settings-bd0a07af-15f5-cd6a-363f-ca2b6f391ace
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12. Website and Support 

Visit the following URLs to learn about key elements of the RA family, download components and related 
documentation, and get support: 

RA Product Information  http://www.renesas.com/rz  

RA Product Support Forum  https://community.renesas.com/rz 

RA Flexible Software Package www.renesas.com/FSP 

Renesas Support  www.renesas.com/support 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.renesas.com/us/en/products/microcontrollers-microprocessors/rz-mpus
https://community.renesas.com/rz
http://www.renesas.com/FSP
https://www.renesas.com/support
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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/O 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 in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are 

generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity 

of the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal 

become possible. 

5. Clock signals 

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program 

execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator 

during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal 

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable. 

6. Voltage application waveform at input pin 

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between 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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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. 

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics 

or others. 

4. 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. 

5. 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. 

6. 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. It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or 

transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document. 

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. 

(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, 

Koto-ku, Tokyo 135-0061, Japan 

www.renesas.com 

 For further information on a product, technology, the most up-to-date 

version of a document, or your nearest sales office, please visit: 

www.renesas.com/contact/. 
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Renesas and the Renesas logo are trademarks of Renesas Electronics 
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