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RENESAS: WHO WE ARE

Renesas empowers a safer, smarter and more sustainable future where Headquarters
technology helps make our lives easier. Tokyo, Japan

A leading global provider of microcontrollers, Renesas combines our expertise

in embedded processing, analog, power and connectivity to deliver Approx. 22,000
complete semiconductor solutions. These Winning Combinations employees *
accelerate time to market for automotive, industrial, infrastructure and loT
applications, enabling billions of connected, intelligent devices that enhance
the way people work and live.

Operating in
30+ countries

1,348.5 billion yen

revenue in 2024

Approx. 20,000
-/ J / . _ patents & pending applications

7§ ‘l- /
o o

* Consolidated, as of December 31, 2024
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OUR PURPOSE

To Make Our Lives Easier ...and with \A«‘
by complementing human capabilities Zephyr’

; “
v A
~\
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BROAD AND SCALABLE PRODUCT PORTFOLIO

Microcontrollers & Microprocessors, System-on-Chips (SoCs)

=
C7eme
(e

RISC-V
products

(Crery
(G

AW

R-Car

High-end 32/64-bit MPUs

High-resolution HMI, Industrial network & real-time control

Advanced 32-bit MCUs

Arm ecosystem, Advanced security, Intelligent loT

High Power Efficiently 32-bit MCUs

Motor control, Capacitive touch, Functional safety, GUI

General-purpose 64-bit MPUs (RZ/Five Group)
Application-specific 32-bit MCUs

Ultra-low Energy 8/16-bit MCUs
Bluetooth® Low Energy, SubGHz, LoRa®-based Solutions
Automotive actuators & sensors, Low-end ECUs

Automotive 32-bit MCUs

Rich functional safety and embedded security features

Automotive SoCs
Next generation of automotive computing

Semiconductor World is

complex

Analog and Power Devices

Analog products » RF products

Clocks & Timing » Sensor products
Interface & Connectivity » Space & Harsh environment
Memory & Logic

Power & Power management

Programmable Mixed-signal,
ASIC, & IP products

Wireless Power = Power Management

Battery Management = Sensors

Power Devices » Video & Display

© 2025 Renesas Electronics Corporation. Al rights reserved. Page 4
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SOFTWARE ARCHITECTURE

Zephyr OS .g

Zephyr OS g
3rd Party Libraries

Application Services §

3

8

hal_renesas for Renesas devices: RA, RX, RZ

System Architecture

Application

Smart Objects / High Level APIs / Data Models

T T e [ o T e

TCP/UDP

IPv6/IPv4

“-

g
o O A

Kernel Services / Schedulers

Device
Management

15.4

Main target
area for
development

Power Management

Platform

 CryptoHW  Flash

hal_renesas

© 2025 Renesas Electronics Corporation. All rights reserved.
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https://docs.zephyrproject.org/latest/security/security-overview.html
https://docs.zephyrproject.org/latest/security/security-overview.html
https://docs.zephyrproject.org/latest/security/security-overview.html

SOFTWARE ARCHITECTURE (HAL_RENESAS)

Flexible Software Package (FSP)

~
Arm TrustZone
) Security
Real-Time OS [ ‘Secure Bootloader (MCUboot), TF-M, FSP Crypto APIs, TinyCrypt
Azure RTOS FreeRTOS Storage Capacitive Touch Controls & Sensors
ThreadX Virtual EEPROM Buttons, Siiders, Motor Cnrt Algorithms
Block Media - USB, SDHI, SPI Wheels SensorAPls
Self & Mutual
N N

Azure RTOS FreeRTOS Hardware Abstraction Layer (HAL) Drivers

Clock
ADC 10 Ports Accuracy y
USB Circuit

hal_renesas

Connectivity
NetX Duo & Add-ons,

USBX
(CDC, MSC, HID, Ausio,
BLE, WIFl, CAT-M1 e

USE Middleware

it oac Sigma Delta tormal usaHs/ Pl

usBFS \

HuB, Bu)

Extornal
Connectivity
ey Apc Interrupt

M‘:#:TL!;S:';<'331 Operational 20 Drarwmg Event Link GLCDC!
e ks REEE I
Mgl Comparators. JPEG Watchdog Flash Ethernet H
crpmcs | e syt e rivers Zep r
sppwnsaes (| s S | oo | e | Soconen | o | T
(SCE) (SCE) . . . .
. e (re-use HAL drivers/ Device (contain configs: fsp_cfg &
oard Support Package J . . e
| oIS Coe, D7 v i drivers in FSP/ RDP) rdp_cfg and portable files to
work with Zephyr OS)

Interface

EREEEE

Device Driver

Communication

[ sa J(" sor [ smpte nc |[ usamasic |( usencoc |( useemsc | usepuo | emerc ][ ow
s rmwllmmlﬁ[mu_lr_gw %{
03 00 [0 (03 00 [0] (03 0 0 1 A

areain
FSP/RDP

Timer Memory | safety Image capture | Other
Re-useable | | | e @m(Ee)e | (o | )G
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SOME EXAMPLES
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ZEPHYR RTOS
GRAPHICS

Includes LVGL graphics libraries for a high-quality GUI

Embedded device library LVGL

GUI example sample projects with
required device drivers (drw, glcdc,
mipi_dsi, lcdc etc..)

Supported first by MCU/RA8DA1,
then by RZ/A3x series

EK-RA8D1 Graphics Demo
- 4.5 Inch backlit TFT display
- 480x854 pixels x 30fsp
- DRW GPU available

LVGL demos — Zephyr Project Documentation
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https://docs.zephyrproject.org/latest/samples/modules/lvgl/demos/README.html
https://docs.zephyrproject.org/latest/samples/modules/lvgl/demos/README.html
https://docs.zephyrproject.org/latest/samples/modules/lvgl/demos/README.html

ZEPHYR RTOS
SECURITY

Includes MbedTLS Hardware Accelerator support

Software and Hardware crypto B ~
—

Hardware accelerator for Renesas RA8 devices | o] e

(RSIP-E51A) with MbedTLS library H H H

. Sotware cryptogr ¢'Y ‘.\\\\7 / /,-
. Built-in hardware accelerator for . -
= Izr:n.edd \maa(n| nbt se h l
MQTT connections
ervIC

RM_PSA_CRYPTO

FSP HAL
r_sce
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ZEPHYR RTOS
MULTI-0S

Enables Inter-core Communication with OpenAMP

Integration on Cortex-A with real-time control  Rich Graphics & HMi on Cortex-A  Real-time application on Cortex-M
on Cortex-M (Linux <> Zephyr)

OpenAMP Library Support Available

Inter-core communication hardware feature
support on Renesas RZ (mailbox)

Supported first by RZ/G3S,
then by RZ/G2xx and RZ/V2x series

OpenAMP Linux Zephyr RPMsg — Zephyr Project Documentation

BIG IDEAS FOR EVERY SPACE M zE N ESAS
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https://docs.zephyrproject.org/latest/samples/boards/renesas/openamp_linux_zephyr/README.html
https://docs.zephyrproject.org/latest/samples/boards/renesas/openamp_linux_zephyr/README.html
https://docs.zephyrproject.org/latest/samples/boards/renesas/openamp_linux_zephyr/README.html
https://docs.zephyrproject.org/latest/samples/boards/renesas/openamp_linux_zephyr/README.html

ZEPHYR RTOS
FILE SYSTEMS

Includes multiple file systems at different mount points

FAT FS, LittleFS and EXT2 FS

Connect to
Host PC

Support SDHC card, SoC Flash or external flash chip
Support USB Mass Storage with FAT FS on RAM or L -
FLASH disk o

SD Card

Supported for MCU/RA8x1 (RA8M1, RA8D1 and
RAST1)

File system manipulation — Zephyr Project Documentation
USB Mass Storage — Zephyr Project Documentation
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https://docs.zephyrproject.org/latest/samples/subsys/fs/fs_sample/README.html#fs
https://docs.zephyrproject.org/latest/samples/subsys/fs/fs_sample/README.html#fs
https://docs.zephyrproject.org/latest/samples/subsys/fs/fs_sample/README.html#fs
https://docs.zephyrproject.org/latest/samples/subsys/fs/fs_sample/README.html#fs
https://docs.zephyrproject.org/latest/samples/subsys/usb/mass/README.html#usb-mass
https://docs.zephyrproject.org/latest/samples/subsys/usb/mass/README.html#usb-mass
https://docs.zephyrproject.org/latest/samples/subsys/usb/mass/README.html#usb-mass

ZEPHYR RTOS
MACHINE LEARNING

Includes Arm Ethos-U NPU (Neural processing unit) support

(T3E8EY]

Enable neural networks to be hardware accelerated on
embedded devices.

< BB H e

Tensorflow Lite Micro framework (TFLM) using Arm EK-RA8P1 with Ethos NPU
— - Arm® Cortex®-M85 core (up to

model zoo model (a collection of machine learning _ 1GHz) and Arm® Cortex®-M33
. Hs z) and Arm ortex®-
models optimized for Arm IP) and ERmas  core (Up to 250MH)

- Neural processing support: Arm®
i EthosTM-U55 NPU
#4 - Human machine interfaces:
3 Graphic LCD Controller, 2D
Drawing Engine, Capture Engine
Unit, MIPI DSI and CSI interfaces

15t support will be cloned on RA8P1

Ethosu (NPU) enable support - Zephyr BSP - confluence.eng.renesas.com
TensorFlow Lite for Microcontrollers on Arm Ethos-U — Zephyr Project Documentation

© 2025 Renesas Electronics Corporation. All rights reserved. Page 12 BIG IDEAS FOR EVERY SPACE W ze N ESAS
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https://github.com/ARM-software/ML-zoo
https://github.com/ARM-software/ML-zoo
https://confluence.eng.renesas.com/display/RAZBSP/Ethosu+%28NPU%29+enable+support
https://confluence.eng.renesas.com/display/RAZBSP/Ethosu+%28NPU%29+enable+support
https://confluence.eng.renesas.com/display/RAZBSP/Ethosu+%28NPU%29+enable+support
https://confluence.eng.renesas.com/display/RAZBSP/Ethosu+%28NPU%29+enable+support
https://confluence.eng.renesas.com/display/RAZBSP/Ethosu+%28NPU%29+enable+support
https://confluence.eng.renesas.com/display/RAZBSP/Ethosu+%28NPU%29+enable+support
https://docs.zephyrproject.org/latest/samples/modules/tflite-micro/tflm_ethosu/README.html#tflite-ethosu
https://docs.zephyrproject.org/latest/samples/modules/tflite-micro/tflm_ethosu/README.html#tflite-ethosu
https://docs.zephyrproject.org/latest/samples/modules/tflite-micro/tflm_ethosu/README.html#tflite-ethosu
https://docs.zephyrproject.org/latest/samples/modules/tflite-micro/tflm_ethosu/README.html#tflite-ethosu
https://docs.zephyrproject.org/latest/samples/modules/tflite-micro/tflm_ethosu/README.html#tflite-ethosu

ZEPHYR RTOS
NETWORK STACKS

Enables Cloud Connectivity with AWS loT Core (MQTT)

Lightweight and secure connectivity using
MQTT protocol

Device identity secured using X.509
certificates stored in flash

TLS encryption ensuring end-to-end secure
communication with AWS loT Core

Supported by EK-RA8x1, EK-RA6M3

Run AWS IOT core MQTT sample on EK-RA8M1 - renesas/zephyr Wiki

AWS loT Ao -
«q :)> MESSAGES EEJ '\/ﬁ‘m \i‘

- — AWS SERVICES
N P4 With these endpoints you can deliver
LA \ RULES ENGINE
/ 00¢ T 7 AWS
tﬂ MESSAGES [ | Sl \ Transform device messages messagesto every VIS
P i & based on rules and route to

| |
R Q Gray s AWS Sewvices

MESSAGES  |[~

AWS loT DEVICE SDK AUTHENTICATION DEVICE GATEWAY

Set of client libraries to connect, & AUTHORIZATION Communicate with g N
authenticate and exchange messages Secxre wi ith mutud devices via MQTT, - ) ac 1 =
authentication and encryption WebSockets, \  MESSAGES l L] = [
andHTTP 11 \‘/‘ ;
APPLICATIONS

DEVICE SHADOWS Applications can connect to
Persistent device state during shadows at any time using an AP

intermittent connections

REGISTRY
Assign a unique identity to
each device

.

© 2025 Renesas Electronics Corporation. All rights reserved.
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https://github.com/renesas/zephyr/wiki/Run-AWS-IOT-core-MQTT-sample-on-EK%E2%80%90RA8M1
https://github.com/renesas/zephyr/wiki/Run-AWS-IOT-core-MQTT-sample-on-EK%E2%80%90RA8M1
https://github.com/renesas/zephyr/wiki/Run-AWS-IOT-core-MQTT-sample-on-EK%E2%80%90RA8M1
https://github.com/renesas/zephyr/wiki/Run-AWS-IOT-core-MQTT-sample-on-EK%E2%80%90RA8M1
https://github.com/renesas/zephyr/wiki/Run-AWS-IOT-core-MQTT-sample-on-EK%E2%80%90RA8M1

RA4L1 - LOW POWER WITH LCD
ARM CORTEX M33@80MHZ - 512KB FLASH WITH 64KB RAM

'

Performance

RAS8

More th
v RAG | e e
RA2 240MHz
100MHz
48MHz

\ 4

= 110-nm low power process

= 32-bit Cortex M33 Core with FPU

= Operating temperature range:
Ta =-40°C to 125°C

= Operating Voltage:
1.6V-3.6V

= High-Speed on-chip oscillator +-1%
w/o any external crystal

= ARM TrustZone

= RSIP-E04A security engine

RA4L1 80MHz 32-bit Arm® Cortex®-M33

Memory

Code Flash
256KB x 2Banks
SRAM 32KB Parity
SRAM 32KB ECC
DataFlash 8KB

SClx6
LPUART x 2

SPIx 1
QSPI x 1
CANFD x 1
USBFS w/o crystal

SSIx 1

Y Analogue

O Timers

NVIC | SWD | ETB

A
{b HMI

12-bit A/D
12-bit D/A
Temperature Sensor
Comparator x 2

{:9:} System

GPT 32-bit (2ch)
GPT 16-bit (4ch)

Low-power AGT 32-bit

(2ch)
WDT
RTC, Calendar

@ Safety

TrustZone
DMA (8ch), DTC, ELC
Interrupt Controller
Clock Generation
On-Chip Oscillator

HOCO
(24/32/40/48/64/80MHz)

LOCO (32KHz)
ILOCO (15KHz)
Low-power Modes

Memory Protection Unit

SRAM Parity Check
ECC SRAM

Clock Frequency Accuracy
Measurement

CRC calculation
IWDT
Data Operation Circuit
Flash Area Protection
ADC self test
LVDs for 3V to 1.6V

Segment LCD Controller
8 com x 48 seg w charge
pump
Cap Touch (12 ch)

@ Security

Unique ID
TRNG
AES 128//256
Key Management
ECC (256)

SHA-2 (256)
Enhanced Tamper Detection
SPA/DPA
Resistance

§.§ Package

LQFP 48, 64, 100
BGA 64, 100
QFN 48, CSP72

© 2025 Renesas Electronics Corporation. All rights reserved.
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ZEPHYR RTOS
SUPPORTED MCU/MPU PRODUCTS

Supported MCU/MPU

RAG6M3

DA14695
DA1469x
RA2A1
ek_ra2l1
RA4E2
RA4L1
RA4M1
RA4M2
RA4M3
RA4W1
RAGE2
RA6M1
RA6M2

RA6M4

RA6M5

RA8D1

RA8M1

RA4E1

RAGE1

RAGE2

RA8T1

R-Car H3ULCB
R-Car Salvator-X
R-Car Salvator-XS
R-Car Spider

RX130
RZ/A2M
RZ/A3UL
RZ/G2L
RZ/G2L
RZ/G3S
RZ/N2L
RZ/T2L
RZ/T2M
RZ/\V2L
RA4E1

Renesas Electronics Corporation — Zephyr Project Documentation

Zephyr source code

Kernel

Drivers
Architecture-specific code
Board configurations
Subsystems

Build system

Sample applications

© 2025 Renesas Electronics Corporation. All rights reserved.
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