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Steering Angle Sensor Board

Introduction

The Steering Angle Sensor is a vital component in modern vehicle control systems, responsible for accurately
measuring the rotational position and movement of the steering mechanism. By detecting the precise angle and
rate at which the steering wheel or handlebars are turned, this sensor provides essential data to safety and
stability systems such as Electronic Stability Control (ESC), Anti-lock Braking Systems (ABS), and advanced
driver-assistance systems (ADAS).

It is based on an RAA2P4520 inductive proximity sensor paired with the Renesas RL78 MCU, offering high-
precision measurements and robust performance. The sensor system uses both CAN and UART protocols for
flexible communication with various vehicle modules.

Features

= Measures the precise angle and speed of steering wheel rotation for vehicle safety and control systems.
= Uses the Renesas RL78/F1X family MCU for reliable, low-power signal processing and communication.
= Solution is suitable for harsh environments and extreme temperatures

= Immune to Magnetic Stray fields, hence no need for Magnetic shielding

= The RAA2P4520 has been developed according to ISO26262 for implementation in safety-relevant systems
up to ASIL C

Key Applications
= Throttle Orientation Sensor, Throttle Angle Sensor
= Steering Value, Pedal Sensor, Rotor Position Sensor
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Figure 1. Steering Angle Sensor Board
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1. Sensor Overview

The Steering Angle Sensor (SAS) Evaluation Kit is a comprehensive design and testing platform based on the
RL78/F13 microcontroller and the RAA2P4520 inductive position sensor.

This kit enables evaluation of the performance and integration of the RAA2P4520, an advanced magnet-free
inductive position sensor that delivers high accuracy steering angle measurements for automotive applications.
The RL78/F13 MCU manages signal processing and CAN bus communication and provides seamless data
transfer to the electronic control units of the vehicle.

The system is ready for integration into evaluation setups or target platforms, with BoM, schematics, and
firmware available in the kit package.

The GUI enables real-time visualization of steering data for ESC, EPS, and ADAS applications, while onboard
controls allow standalone system operation without external software.

The power supply of the board allows an input voltage of 12V.

The block diagram highlights the main parts of the system (see Figure 2).
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Figure 2. WS129-Steering Angle Sensor Block Diagram
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2. Scope of the Document

The scope of the document is to explain the Steering Angle Sensor hardware and software and guide the user to
get started with step-by-step procedures about operating the board.

3. Sensor Kit Content

The WS129 steering angle sensor kit is delivered pre-assembled and includes the RL78/F1X control board,
RAA2P4520 inductive position sensor board, and software files (source code and GUI).
Items included in the steering angle sensor kit:

= RL78/F1X control board

= RAA2P4520 inductive position sensor board

= Software files (source code and GUI software)

Required items not included in the kit:

= 12V power supply

= CAN Analyzer device

Optional items not included in the kit:

= E1/E2 or compatible debugger

4. Hardware Overview

4.1 IPS Sensor Board

The sensor unit RAA2P452X is a dual-track Inductive Position Sensor (IPS) designed to measure the steering
angle. The measured steering angle is then output to the MCU using UART for further processing.

The RAA2P4520 detects the position of a metallic target by using eddy currents generated in coils printed on a
PCB. A transmitter coil induces voltages in two receiver coils, and these voltages vary depending on the position
of the metal above the coils. By processing these signals, the device accurately determines the target’s location,
and it works with various types of metals.

41.1 Features

= Immune to magnetic stray fields; no shielding required
= Dual Track coil input enabling increased reliability, angle difference or high-resolution measurement
= The RAA2P4520 provides Analog, PWM, UART and SENT Interfaces.

520SASX2

V2 | 28Mayl2025

SPACER_RAAZP4,

Figure 1: IPS Sensor board
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4.2 MCU/Control Board

4.2.1 Power Supply Section

The entire system is powered by a 12V vehicle battery. This voltage is regulated by the ISL78301FVEAZ Low
Dropout Regulator (LDO) which converts the 12V input to a stable 5V output.

For detailed specifications and features of the ISL78301 LDO, visit www.renesas.com/ISL78301.

VBat
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B340A-13-F C2 7 N NC 12;: C3 c4
1uF 22uF 22uF
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ISL78301FVEAZ

Figure 3: Power Section

4.2.2 Microcontroller Unit

The RL78/F13 microcontroller interfaces with an IPS sensor to acquire sensor data through the UART
communication protocol. When receiving data through UART, the MCU processes the sensor information
internally. After processing, the MCU transmits the data to a connected system through the CAN bus protocol.
This data is then displayed on a graphical user interface (GUI) for monitoring and user interaction. Additionally,
the MCU controls a load switch using its GPIO because to enter the programming mode, a programming entry
command must be sent during power-up over the programming interface (1-Wire UART) from MCU to
RAA2P4520 between a specific timeframe.

4221 Specifications

= CPU Core: RL78 core, max. 32MHz

= Voltage Range: Operates from 2.7V to 5.5V

= Memory: Up to 128KB Flash and 8KB SRAM

= Analog: 10-bit ADC with up to 8 channels

= Interfaces: CAN and LIN

= Timers/PWM: Multiple PWM outputs and motor-control timer for body and motor functions.

= Safety: ECC for RAM, PLL lock, watchdog oscillator, and stack overflow detection ensures system reliability.

R16UHO0047EU0100 Rev.1.00 RENESAS Page 5
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For more information visit www.renesas.com/RL78/F13.
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Figure 4. MCU Section

4.2.3 Load Switch

The NPS4053GV-Q100 load switch supplies +5V_OUT to the IPS sensor from a regulated +5V LDO input with
its ON pin controlled by the MCU using CTRL to enable power.

For Programming the current limit threshold through a resistor, review the datasheet.
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Figure 5. Load Switch Section
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424 Connecti

vity

= The system uses the CAN bus for communication.
= The MCU processes data received from the sensor and transfers it to the CAN transceiver.
= The processed data is then sent over the CAN network, where it is displayed on the GUI for monitoring and

user interaction.

By CAN H
IVT‘ u2 L
Eéo 3 VCC CANH ! 4 Mi'
nF P o o
—_ 16V _5 | Vref CANL 6 oL m
= l 744235510 RL R2
1 8 ==c5 C6 0603 0603
> TXD S [ IOOpFT 100pF s s
U CAN RX 4 RxD GND |2 L7 CANL
TIATIO50T/CM,118 —
Figure 6: CAN Interface
4.2.5 Connectors
4251 Battery Connector (P2)

This connector provides the 12V vehicle battery input to the system power section.

4.2.5.2

CAN and Programming Connector (P1)

The connector provides CAN_H, CAN_L for external CAN devices, debug signals including reset, clock, and
data pins for MCU programming, along with ground and power reference in a single line.

4.2.5.3

J1 provides a stable +5V output to power the IPS sensor or modules, and includes UART lines for serial
communication between the MCU and sensor or external UART devices.

UART Connector J1

+5V +5V_OuT
J1
P1 1
6 2
5) CAN H 3
4 4
3 RESET 5
2 6
1 7
61300411121 = 8
61300611821
VBat )
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> 1@
g
= 61300211121
Figure 7: Connectors
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5. Software Overview

5.1 RL78/F13 Pin Configurations

O Pa3/ANIS /KRS

O PR2/ENT4/KR2

O Fa1/8NI3 /KR
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Figure 8. RL78/F13 Pin Configurations

Table 1: Pin Configuration

Pin Pin Name / Port Direction Default Peripheral / User Functionality /
Number Function Assignment
1 P84 / ANI6 / (KR4) 110 Analog Input -
2 P85/ ANI7 / (KR5) 110 Analog Input -
3 P86 / ANI8 / (KR6) 110 Analog Input -
4 P87 / ANI9 / (KR7) 110 Analog Input -
5 P125/ ANI24 / TI03 / TO03 / TRDIOBO / SSI01 / 110 ADC Input, Timer I/O, -
INTP1/SNZOUT1 Serial, Interrupt
6 P120/ ANI25/ T107 / TO07 / TRDIOOD / SO01 / 110 ADC Input, Timer 1/O, -
INTP4 Serial, Interrupt
P41/ TI10/TO10/TRJIOO / SNZOUT2 1/0 Timer 1/0, Snooze Output -
P40/ TOOLO I} Debug / Tool TOOLO
RESET Input Reset RESET
10 P137 / INTPO lfe} External Interrupt
11 P122 / X2 | EXCLK Input Crystal Oscillator / External | Xout
Clock
12 P121 /X1 Input Crystal Oscillator Input Xin
13 REGC — Internal Regulator Cap
Connection
14 VSS Power Ground
15 VDD Power Supply Voltage 5V
16 P30/TI01/TOO1/TRDIO1D / SSI00 / INTP2 / 110 Timer 1/O, Serial, Interrupt, -
SNZOUTO Snooze
17 P17/ TI00 / TOOO / TRDIOB1 / SCK00 / SCL0O / 110 Timer /O, Serial Clock, -
INTP3 Interrupt
18 P16/ TI102 / TO02 / TRDIOC1 / SI00 / SDAOO / 110 Timer I/O, Serial Data, RXDO
RXDO / TOOLRXD UART RX
19 P15/ TI05/ TOO05 / TRDIOA1 / (TRDIOAO) / 110 Timer I/O, Serial Data Out, TXDO
(TRDCLKO) / SO00 / TXDO / TOOLTXD / RTC1HZ UART TX, RTC
20 P14 /TI06 / TO06 / TRDIOCO / SCKO1 / SCLO1/ 110 Timer 1/O, Serial Clock, LIN | LRXDO
LRXDO RX
R16UH0047EU0100 Rev.1.00 RENESAS Page 8
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21 P13/ TI04 / TO04 / TRDIOAO / TRDCLKO / SI01 / 110 Timer 1/O, Serial Data In, LTXDO
SDAO01 / LTXDO LIN TX
22 P12/TI11/TO11/(TRDIOO) / INTP5/ SO10 / 110 Timer 1/O, Serial Data Out, CAN_S
TXD1/SNZOUT3 UART TX, Snooze
23 P11/TI12/TO12/(TRDIOBO)/ SI10 / SDA10 / 110 Timer 1/O, Serial Data In, U_CAN_RX
RXD1 / CRX0 UART RX, CAN RX
24 P10/TI13/TO13/ TRJIO0 / SCK10/ SCL10/ 110 Timer 1/O, Serial Clock, U_CAN_RX
CTXDO CAN TX
25 P33/ AVREFP / ANIO Input ADC Reference Positive /
Analog Input
26 P34 / AVREFM / ANI1 Input ADC Reference Negative /
Analog Input
27 P80/ ANI2 / (KRO) 110 Analog Input / Key Return CTRL
28 P81/ ANI3 / (KR1) 110 Analog Input / Key Return Fault
29 P82/ ANI4 | (KR2) 110 Analog Input / Key Return
30 P83/ ANI5 / (KR3) 1/0 Analog Input / Key Return

5.2 Debugging Using CS+

Users receive the board with pre-flashed code allowing immediate use. However, for customization, updates, or
debugging, a dedicated hardware debugger like E2 is required. The board provides a dedicated connector P1 for
this purpose. Connect E1/E2 (see e? Emulator Lite) with your board through P1.

P1 Connection
1 GND
2 ToOoLo Pin 4- +5V
3 RESET Pin 3- RESET
Pin 2- TOOLO
4 +5V Pin 1- GND
Flash Emulator User system
Programmer
Renesas
Flash Programmer V3

USB cable Target cable

mw——am | E2 emulator ||

Figure 9. System Configuration

After the connection, debugging is primarily managed through the CS+ integrated development environment
(IDE), which facilitates code uploading, testing, and troubleshooting. The following section outlines the step-by-
step debugging process to assist users in effectively managing and modifying the software.

R16UHO0047EU0100 Rev.1.00 RENESAS Page 9
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1. Open the RL78/F13 project in CS+ by double clicking xxx.mtpj.

0 SteeringAngleSense_MCU_RSF10BAC_V4.a5085..  6/23/2025 4:18 PM MTUD File 471 KB
’@ SteeringAngleSense_MCU_RSF10BAC_VA.mipj 50222025 6:03 PM MTPI File 422 KB
r' SteeringAngleSense MCU_RSF10BAC V4 rcpe RCPE File 143 KB
E r_og_porto 5/22/2025 5:38 PM C File 5KE
[ rmaine 5/22/2025 1:34 PM C File GKB
E r_og_cgec 5/21/2025 4:33 PM C File S5 KB
[ reqg egeh 5/21/2025 4:33 PM H File 1KB
E I_0g_CgC_Usenc 5/21/2025 4:33 PM C File 4 KB
E r_cg_macrodriver.h 5/21/2025 4:33 PM H File 5 KB
| r_eg_porth 5/21/2025 4:33 PM H File KB
| r eq port user.c 52172025 4:33 PM C Fila AKB
r_ 1 oy serial.c 5/21/2025 4:33 PM C File OKE
[ r_cq_serialh 5/21/2025 4:33 PM H File 18 KB
E r_cg_serial_user.c 5/21/2025 4:33 PM C File G KB

Figure 10. .mtpj File in the Project

2. After the project opens (see Figure 11), click on the Build icon (marked as 1), or press F7 to build the
project. After the build is successful, click on the Download icon (marked as 2), or press F6 to download

the project.

- - 1- Build 2- Download
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Bser K EHS X o0 90 K88 | W00% ¥ 5..":5”" > L&, §® L L4 5
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Figure 11: Build and Download the Project

Line 1/M00 Cokome) | insert ‘Westem European (Windows) it DISCONNEC
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3. After the download is successful, CS+ opens the debug window (see Figure 12).
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Figure 12: Debug Window

4. After the download is completed, click on the Execute icon as highlighted in Figure 13.
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Figure 13: Execute the Program
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5.2.1 GUI Setup

For the GUI setup, download the provided executable file and install it on a PC. The GUI displays a dashboard
(see Figure 14), featuring a steering angle dial, current angle readout, and plausibility status for easy monitoring
and user interaction.

Steering Angle Sensor Demo

Angle: 0° Angle: 209.834°
Plausibility Status: Plausibility Status:
Figure 15: GUI Interface when Sensor Board is Figure 14. GUI Interface after Rotating the
Not Connected to GUI Gears on Sensor Board

5.2.2 Software Algorithm Flowchart

The software primarily operates two tasks.

= Communication Task — The MCU reads sensor data through UART, processes it to compute a high-resolution
angle, and transmits this data over CAN.

= Plausibility Check Task — This task verifies the data for logical consistency and reasonableness, updates
status accordingly, and reflects the validated state on the GUI.

/ Sensor Program
\ Mode Entry

Switch ON Sensor Module

//_

Peripheral Initialization
Clock, UART, CAN, Timer

Send Program entry command

Scheduler Initialization:

Task1: Communication Tasks Switch OFF Sensor Module

Task2: Plausibility Checker Task

Receive Data from Sensor

Sensor Program Mode entry

Receive data =

Expected Result

Scheduler Start

Figure 16. Algorithm Flowchart (a)
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Read Raw data from
sensor over UART

Process read data &
convert to High
Resolution Angle

Send high resolution
angle over CAN bus

Task2

Process the raw data &
check for Plausibility

Update the Plausibility
check result

Scheduler Loop

Validate & Run Tasks for
specified number of ticks

Scheduler
tick done?

Figure 17. Algorithm Flowchart (b)

This structure ensures data accuracy and reliable communication in the system.

6.

6.1 Schematics
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Figure 18: Steering Angle Sensor Schematic
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6.2 MCU and Sensor Board
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Figure 21: IPS Board Bottom View
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Figure 22: Assembled Board MCU and IPS Sensor
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7. Device Setup

The following is the step-by-step device setup.
1. Power on the board by connecting a 12V battery to the P2 connector.

P2

Connection

12v

GND

Pinl- VBAT
Pin2- GND

2. Connect your CAN Analyzer device to the board using the P1 connector, linking the CANH, CANL, and

5V lines.
P1 Connection
4 +5V
5 CAN_H
6 CAN_L

3. Connect the CAN Analyzer device to your PC using a USB cable.

4. Rotate the gears on the sensor board; the results are displayed on the GUI.

» bin 6- CAN_L
—®Pin5-CAN_H
Pin 4- +5V

5. The GUI shows Plausibility- NOT OK when you rotate the steering very fast, confirming the system
detects rapid motion correctly.

i
&

. SPACER_RAA2P4S

CAN Analyzer

Figure 23. System Configuration

v

GUI
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8. Bill of Materials (BOM)

Table 2: Steering Angle Sensor BOM

Quantity Designator Description Manufacturer Manufacturer Part Number
C1, C8, C11 0.1pF +10% 16V Ceramic . .
4 Lo ' . Wirth Elektronik 885012206046
c13 Capacitor X7R 0603 drih =iexdron!
1pF £10% 25V Ceramic Capacitor . )
1 Cc2 X7R 0805 Waurth Elektronik 885012207078
22pF +20% 10V Ceramic Capacitor N .
2 C3,C4 X5R 0805 Wiirth Elektronik 885012107011
100pF +10% 16V Ceramic . )
2 C5, C6 Capacitor X7R 0603 Waurth Elektronik 885012206028
1pF +10% 10V Ceramic Capacitor . )
1 C7 X7R 0603 Warth Elektronik 885012206026
10pF +5% 50V Ceramic Capacitor . )
2 C9, C10 COG, NP0 0603 Warth Elektronik 885012006051
100pF £20% 16V Ceramic .
1 C12 Capacitor X5R 1210 Taiyo Yuden EMK325ABJ107MM-T
1 D1 Diode 40V 3A Surface Mount SMA Diodes Incorporated B340A-13-F
6 Position Receptacle Connector
1 Jl 0.100" (2.54mm) Through Hole Wirth Elektronik 61300611821
Gold
51pH 2 Line Common Mode Choke
1 L1 Surface Mount 3 kQ 200mA DCR Warth Elektronik 744235510
10hm
Connector Header Through Hole 4 N .
1 " Warth Elektronik 61300411121
Pl position 0.100" (2.54mm) . !
Connector Header Through Hole 2 .
1 " Warth Elektronik 61300211121
P2 position 0.100" (2.54mm) . !
240Q £1% 0.1W, 1/10W Chi .
2 R1, R2 AL 'P Vishay Dale CRCWO0603240RFKEA
Resistor 0603
Chip Resistor, 10KQ, +/- 1%, 0.125
RCO0603FR-0710KL, RCO603FR-
3 R3, R4, R5 W, 0805, Tape and Reel, 1 kQ +1% | Yageo O71KL
0.1W, 1/10W Chip Resistor 0603
+19 i
1 R6 15 kQ 1% 0.1W, 1/10W Chip YAGEO RC0603FR-0715KL
Resistor 0603
+19 i
1 R7 100 k2 £1% 0.1W, 1/10W Chip YAGEO RC0603FR-07100KL
Resistor 0603
40V, Low Quiescent Current,
1 Ul 150mA Linear Regulator for Renesas ISL78301FVEAZ
Automotive Applications
1 u2 IC TRANSCEIVER HALF 1/1 85O TJA1050T/CM,118
MCU 16-Bit RL78/F13 RL78 CISC
1 U3 32KB Flash 3.3V/5V 30-Pin LSSOP | Renesas R5F10BACLSP#W5
Embossed Tape
1 ua 5.5V, 55 mQ2 load switch with Nexperia NPS4053GV-Q100H
precision adjustable current limit
8 MHz +10ppm Crystal 18pF 150Q
1 Y1l 4-SMD, No Lead Abracon LLC ABM3BAIG-8.000MHZ-1Z-T

R16UHO0047EU0100 Rev.1.00

Dec 1, 2025

RENESAS

Page 16



WS129-SAS-REFZ EVK Manual

9. Board Layout
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Figure 24: Top Mask Figure 25. Bottom Layer
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Figure 26. Top Silkscreen Overlay Figure 27. Bottom Silkscreen Overlay
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Figure 28. Top Solder Mask Figure 29. Bottom Solder Mask
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10. Ordering Information

Part Number

Description

WS129-SAS-REFZ

WS129 Steering Angle Sensor Board

11. Revision History

Revision Date Description
1.00 Dec 1, 2025 Initial release.
R16UHO0047EUO0100 Rev.1.00 RENESAS Page 18
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

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

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

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

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

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

become possible.
5. Clock signals

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

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

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi1 (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 Vi. (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

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

addresses as the correct operation of the LS| 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.



Notice

1.

10.

1.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

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.

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

(Disclaimer Rev.5.0-1)

Contact Information

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/

© 2025 Renesas Electronics Corporation. All rights reserved.
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