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INTRODUCING THE RA FAMILY

Delivering the Ultimate Promise of loT with Software Flexibility
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With the widespread adoption of IoT, the number of “connected devices” in our daily lives and industries continues to grow rapidly.

From smart homes and wearables to medical equipment, industrial automation, and social infrastructure monitoring,

today’s edge devices require designs built on security and reliability, ultra-low power performance that supports continuous operation, and flexible
platforms that streamline increasingly complex system development.

To meet these evolving requirements, Renesas introduced the RA Family (Renesas Advanced) — a 32-bit MCU family built on the Arm® Cortex®-M
core architecture.

True to the spirit of Renesas Advanced, the RA Family combines Renesas’ proven peripheral IP, created and enhanced through years of product
development experience,

with advanced security expertise, integrating a hardware-based security engine and Arm TrustZone® isolation technology.

The RA Family has also obtained key industry certifications including SESIP and PSA Certified™,

and is designed to comply with the requirements of the EU Cyber Resilience Act (CRA),

providing a robust edge platform that addresses the rising global demand for cybersecurity.

Balancing low power consumption with high performance, the RA Family supports a wide range of applications —from battery-powered devices to
continuously operating industrial systems.

In addition, the Flexible Software Package (FSP) from Renesas enables reuse of software assets, including key management and security functions,
significantly enhancing development efficiency.

With its solid technological foundation and recognized security excellence, the RA Family continues to be adopted by leading manufacturers and
design partners worldwide, earning a trusted reputation across diverse fields such as consumer electronics, industrial equipment, building
automation, medical devices, and infrastructure systems.

Security, efficiency, and scalability — seamlessly integrated at the highest level,

the RA Family stands as a new foundation for securely connected embedded platforms in the loT era.

Reliable. Agile. Advanced. — This is Renesas Advanced, the RA Family.

Positioning of the RA
Microcontrollers & Microprocessors, System-on-Chips (SoCs) Analog and Power Devices

W High-end 32/64-bit MPUs = Analog products = RF products
RZ High-resolution HMI, Industrial network & real-time control L.
= Clocks & Timing = Sensor products
W Advanced 32-bit MCUs = Interface & Connectivity = Space & Harsh environment
RA Arm ecosystem, Advanced security, Intelligent loT .
= Memory & Logic
AW High Power Efficiently 32-bit MCUs = Power & Power management
X Motor control, Capacitive touch, Functional safety, GUI

= Programmable Mixed-signal,

RISC-V  General-purpose 64-bit MPUs (RZ/Five Group) ASIC, & IP products

products  Application-specific 32-bit MCUs

an  Ultra-low Energy 8/16-bit MCUs
CRL‘IB Bluetooth® Low Energy, SubGHz, LoRa®-based Solutions

Automotive actuators & sensors, Low-end ECUs = Timing = Power Management
: . = Wireless Power = Sensors
@\ Automotive 32-bit MCUs
RHB8SO0  pich functional safety and embedded security features = Battery Management = Video & Display

AW Automotive SoCs = Power Devices

R-Car Next generation of automotive computing

Arm, Cortex, Helium and TrustZone are trademarks or registered trademarks of Arm Limited (or its subsidiaries or affiliates) in the US and/or elsewhere. Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered trademarks are the property of their respective owners.



(7o

What is the Renesas RA Family?

The Renesas RA family is a high-performance 32-bit MCU series designed for a wide range of applications. It features Arm Cortex-M23, M33, M4,
and M85 cores, along with Renesas’ extensive and proven peripheral IP. For enhanced security, the RA family integrates a dedicated security
engine and meets industry standards such as NIST, SESIP, PSA Certified, and compliance with the EU Cyber Resilience Act (CRA), addressing a

wide spectrum of security requirements.

Additionally, with support for the Flexible Software Package (FSP), the RA family streamlines application development and accelerates time to
market.

Wide-range performance: Up to 1GHz
Using Arm Cortex-M Cores

High Flash memory integration
Up to 8MB

RA Renesas’ leading security engine

] Key certifications: NIST/SESIP/PSA
Renesas RA Family

Highlights
Ethernet, CAN-FD, USB,

Industrial Network and Wireless

Scalable 16-pin to 303-_p|n packa_ges
Feature and pin compatible

The RA Family offers five series optimized for performance, functionality, and cost: the RA8 series, delivering performance that covers the MPU
range; the RAG series, combining high performance with advanced features; the RA4 series, offering an optimal balance of performance and power

efficiency; the RAZ2 series, focused on ultra-low power consumption; and the RAO series, designed for cost-efficient applications.

] . ) ’ ’ ’ .
¢ Series Indicators ¢+ Arm Core ¢ Performance Range ¢ Series Memory Ranges

Series

Highest performance, Highest memory integration:
HMI, connectivity, Cortex-M85 360MHz to 1GHz up to 8MB Flash,

security, analog 1MB MRAM, 2MB SRAM

Advanced performance, : High memory integration:
RAG6 connectivity, Cg;fg‘x_'}('ff 120MHz to 240MHz up to 2MB Flash,
security and scalable 640KB SRAM

Excellent power high Cortex-M33 Medium memory integration:
RA4 performance mix paired Cortex-M4 48MHz to 100MHz up to 1TMB Flash,
with security 128KB SRAM

Small memory integration:
Low power Cortex-M23 48MHz to 64MHz up to 512KB Flash,
48KB SRAM

Small memory integration:
Cortex-M23 32MHz up to 128KB Flash,

16KB SRAM

Optimized functionalities
RAO Ultra low power




Mainstream Low Power Entry ASSP
Motor & Analog
| RA8 Series | RA8P1
1GHz Cortex-M85, M33
Ethos-U55, 1MB/2MB
RA8D2
1GHz Cortex-M85
8MB/4MB
RA8D1
480MHz Cortex-M85
1MB/2MB
RA8M2 RASE2 RA8T2
1GHz Cortex-M85 480MHz Cortex-M85 1GHz Cortex-M85, M33
8MB/4MB 1MB/672KB 1MB/2MB
RA8SM1 RASE1 RA8T1
480MHz Cortex-M85 360MHz Cortex-M85 480MHz Cortex-M85
1MB/2MB 1MB/544KB 2MB/1MB
RAG6 Series RAG6M5
200MHz Cortex-M33
2MB/512KB
RA6M4
200MHz Cortex-M33
1MB/256KB
RA6M3 RA6T3
120MHz Cortex-M4 200MHz Cortex-M33
2MB/640KB 256KB/40KB
RA6M2 RAGE2 RA6T2
120MHz Cortex-M4 200MHz Cortex-M33 240MHz Cortex-M33
1MB/384KB 256KB/40KB 512KB/64KB
RA6M1 RAGE1 RAG6T1
120MHz Cortex-M4 200MHz Cortex-M33 120MHz Cortex-M4
512KB/256KB 1MB/256KB 512KB/64KB
RA4 Series RA4M3
100MHz Cortex-M33
1MB/128KB
RA4M2 RA4C1 RA4E2
100MHz Cortex-M33 80MHz Cortex-M33 100MHz Cortex-M33
512KB/128KB 512KB/96KB 128KB/40KB
RA4AM1 RA4L1 RA4E1 RA4AT1
48MHz Cortex-M4 80MHz Cortex-M33 100MHz Cortex-M33 100MHz Cortex-M33
256KB/32KB 512KB/64KB 512KB/128KB 256KB/40KB
RA2 Series RA2E3 RA2T1
48MHz Cortex-M23 64MHz Cortex-M23
64KB/16KB 64KB/8KB
RA2L2 RA2E2 RA2A2
48MHz Cortex-M23 48MHz Cortex-M23 48MHz Cortex-M23
128KB/16KB 64KB/8KB 512KB/48KB
RA2L1 RAZE1 RA2A1
48MHz Cortex-M23 48MHz Cortex-M23 48MHz Cortex-M23
256KB/32KB 128KB/16KB 256KB/32KB
RAOD Series RAOE2
32MHz Cortex-M23
128KB/16KB
RAOL1 RAOE1
32MHz Cortex-M23 32MHz Cortex-M23
64KB/16KB 64KB/12KB

Wireless

RA6W1
160MHz Cortex-M33
256KB/704KB
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RA Family Memory vs. Pin Lineup

Pin and memory compatibility for smooth product migration

The design prioritizes package and pin layout compatibility, as well as memory capacity scalability, making future expansion and expansion to
derivative products smooth, and also enabling the use of the same boards and software assets between microcontrollers with different functions
and performance.

General Purpose
Fas™_ Pin| 16 | 20 | 24 | 25 | 32 i 36 | 40 i 48 | 64 | 80 | 100 | 144 | 145 | 176 | 224 | 289 | 303 |

memory \ \ \ \ \ \ \ \ \ I h

® RAS e R - T
®ms | ows| o T T A S B R O
Y T I e R C R R C O
@ RA2 1.5MB e e ! ‘e
@® RAO 1MB ; ; ; PME e ee ; eoe o000 o oo °

768KB ! ! ! ! ! | ee ! ! e ' oo

512KB ; ; I : L 0 | e | : e | oo ° H ° )

ke | e e T

256KB oo : © e ! o ! ece e ! o ! eo

128KB ]gf%;gi%BK:B E ° ooooi YY) E E ooooi eo0o ° E °

64KB [ E [ E ° ! oo ° ! ' oo oo

32KBI ooi ooi ooi oi ooi oi : ooi

Gd IR

ASSP
anlae?#ory Pnl 24 + 32 : 36 : 40 : 48 : 5 : 64 : 80 : 100 : 144 : 176 : 224 : 289 : 303 :
* %k % RA-T 9MB A R R/ T (T
A RA-A . : : : : : : : : : : : T
& RA-wireless - i i i i i i i - - - -
2MB : : : : : oo :
1MB A
512KB ot i
256KB E : i i
128K8 R T L A A A
il I - T S




RA Family Target Applications

The RA Family offers five series - RA8, RA6, RA4, RA2, and RAOD - designed to meet a wide range of application needs.
In addition, ASSP products such as Motor/Inverter (RA-T) and Rich Analog (RA-A) are also available, enabling the RA Family to be utilized in diverse

fields.
Drive HMI Communications
(S:ystten: (Motor/inverter (Capacitive touch (Wired/Wireless/ Measlsurt?ment/ Al/ML
A control) LCD, etc) Industrial network, etc.) csiny
Industrial Automation RAT
e [ran | [ w2 || wa |
¥
hv
AC Drive, AC Servo
UPS, Functional Safety, etc. RAS RAS
, [oan ] [ |[oan]
\/
\/—
Smoke Detectors,
Wearable Devices, etc. RAS RAS
[a ] [ |[na]
Vending Machines, RAS RA8
Monitoring Systems, etc.
g [rea] [maz ][ aa ]
</
Wearable devices, RAS RAS
Blood sugar meter, etc.
Consumer Electronics RAT
[ ] [ ][]
LI
Power Adapters & Chargers,
Wearables, etc. RAS
TSN
[ [ | [ [

Automated Meter Reading,

Network Cards, Flow Meters, RAS RA8 RA8 RA8
Power Meters, etc.
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RAOQ Series

Features of the RAO Series

RAO series is cost-efficient value line 32-bit MCU, offering ultra-low power consumption up to 32MHz and 128KB flash. And these devices have
a feature set optimized for cost-sensitive applications.

The RAO MCUs integrate high-precision (+1.0%) on-chip oscillator (HOCO) improves baud rate accuracy and enables designers to forego a
standalone oscillator to reduce customer BOM cost. They offer a wide operating voltage range of 1.6V to 5.5V so customers don't need a level

shifter/regulator in 5V system. A wide range of packaging options is also available, including a tiny 3mm x 3mm 16-pin QFN.

Faa:)::::(iz-nup High accuracy internal osculator Wide operating voltage range
C

2.5mA @ 32MHz aperation 1.6us 32MHz 1% 1.6V ~ 5.5V
0.2uA @ Software standby mode from software standby mode @ -40°C~125°

Ideal for intermittent operation
® Fast wake-up contributes to reduced current consumption by offering longer standby time.

Current
= Very
Low wake-up Lzz 7.9 Competitor
E - ‘ m CPU Wake-up
_ @
Software Standby mode Active Software Standby mode RAOE1 Competitor RADET
> Time
CPU Standby Current Fast Wake-Up Time
cecccc0eece000e®® Wakeuwp “°°°°°°°° RAOE1 << Competitors - Reduce active drive time

BOM cost reduction and Simplified Designs

® |ntegrated high-precision on-chip-oscillator, Data Flash

= RAO series can work at Min 1.6V even when supply voltage drops.

= When using a 5.0V power supply, DCDC is not required and BOM cost can be reduced.

N DCDC Competitor
$ x O $ 5.0V Converter Up to 3.6V
‘ SEs S
Cunnlnpgltjltor RAO series 2.0V — — 5.0V > EAPC: 0seSri5e\7

Competitor RAO series

without
DCDC Converter
RAO Series Lineup
RAOE1 32MHz, 64KB l_:lash, 12KB SRAM
16/20/24/32-pin / Common features \
Cortex-M23 || 12-bit ADC UARTA Data Flash RTC TRNG ELC
Low power process DTC, LVD, CRC
> technology
E 32MHz, 128KB Flash, 16KB SRAM
= RAQE2 32/48/64-pin Low Power Modes FRP, Unique ID
Cortex-M23 || 12-bit ADC UARTA Data Flash RTC TRNG ELC
Functional Safety
SAU. licA Features
32MHz, 64KB Flash, 16KB SRAM
> RAOL1 20/24/32/48-pinas
I} TAU, TML32, IWDT
5 | Cortex-M23 || 12-bit ADC UARTA Data Flash RTC TRNG ELC \- Y,
=
= —
i1 | Capacitive Controlled
touch Current Drive Port




RAOE1 Group: 32MHz Arm Cortex-M23 Entry-Level MCU
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The RAQOE1 group is a basic, simple MCU in the entry line of the RAQ series, offering excellent cost effectiveness and ultra-low power

consumption. It delivers up to 32MHz of CPU performance using an Arm Cortex-M23 core with up to 64KB of embedded flash memory and a

wide supply voltage range from 1.6V to 5.5V. The RAO series is ideal for cost-sensitive applications such as low power and lower cost for

consumer electronics, system control for small appliances, industrial system control, and building automation.

® Various features: General PWM Timer, 32-bit Timer, RTC, 12-bit ADC,
UART, Simple SPI, 12C

® +1% high accuracy high-speed on-chip oscillator

= 32MHz Arm Cortex-M23

® 32KB - 64KB Flash memory and 12KB SRAM
® Scalable from 16-pin to 32-pin packages

= Wide voltage range of 1.6V to 5.5V

Block Diagram

@ Memory

32MHz 32-bit Arm® Cortex®-M23

Y4 Analog

@ Timers

NVIC | SWD | MTB

% HMI

CodeFlash 64KB
SRAM 12KB Parity
Data Flash 256Bx 4

Startup Program
Protection 8KB

@Communicalion

12-bitAD (10ch, 2us)
Temperature Sensor
Internal Reference Voltage

@} System

TimerArray Unit
(16bit x 8ch)

32-pitinterval Timer
(8-bitx 4ch)

RTC

@ Safety

Simple SPIx1/
UART x1 / Simple 12C x1

Simple SPIx1/
UART x1/ Simple PCx1

Simple SPIx1/
UART x1 /Simple I2C x1

UARTA x 1
PCx1

Use case: Heatstroke Prevention watch

High-speed OCO 32MHz
Middle-speed OCO 4MHZ
Low-speed OCO 32kHz
External clock controller
Clock output
Poweron reset
Voltage detection
Data Transfer controller
Event link controller
Interrupt controller

SRAM Parity Check

Invalid Memory Access
Detection

IRQ (5ch)

@ Security

Unigue ID
TRNG
Flash read protection
Flash access window

AD test
Frequency detection .
CRC Galeulator *E Package
Registerwrite
Trap function QFN 16, 24, 32

Output level detection
UART loop back
IWDT

LSSOP 20
LQFP 32

This heatstroke prevention watch combines environmental sensors and deep body temperature monitoring to detect early warning signs of heatstroke. It

prompts the wearer to take immediate action, such as hydrating or seeking shade. Designed with Renesas' industry-leading low-power technology, the watch
enables continuous monitoring and delivers timely alerts through haptic feedback or a built-in speaker. NFC charging and optional Bluetooth connectivity
enable convenient recharging and mobile integration for broader system use.

27-42V 33v

Wireless Charging [

System Benefits:

Listener

I

Deep Temperature
Sensor Module
Temperature &

Humidity Sensor

Flash Memory

Bluetooth Low
Energy Module

Haptics Driver

® Ultra-low power MCU enables continuous wear
with fast wake-up and extended runtime
between charges.

® Single-chip NFC charging simplifies system
design, reduces external components, and
enables a compact, low BOM design.

= [ ow-energy flash memory ensures fast reads
and auto-interrupts, reducing polling overhead
and conserving power.

WS063
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RAOE2 Group: 32MHz Arm Cortex-M23 Entry-Level MCU with 128KB ROM

The RAOEZ2 group is a basic, simple microcontroller (MCU) in the entry line of the RAO series, offering excellent cost-effectiveness and ultra-low

power consumption. In addition, it is a ROM/PIN extension product of the RAOET group, with which it is highly compatible. It delivers up to
32MHz of CPU performance using an Arm Cortex-M23 core with up to 128KB of embedded flash memory, 16KB SRAM, and a wide operation
temperature range from -40 to 125°C. The RAO series is ideal for cost-sensitive applications such as low power and lower cost for consumer

electronics, system control for small appliances, industrial system control, and building automation.

® 32MHz Arm Cortex-M23 = Wide voltage range of 1.6V to 5.5V

= 64KB - 128KB Flash memory and 16KB SRAM ® Various features, General PWM Timer, 32-bit Timer, RTC, 12-bit ADC,
= Scalable from 32-pin to 64-pin packages UART, Simple SPI, 12C

= Wide operating temperature range from -40 to 125°C ® +1% high accuracy high-speed on-chip oscillator

Block Diagram

m 32MHz 32-bit Arm® Cortex®-M23 NVIC | SWD | MTB

= [
@ Memory M Analog O Timers {b HMI
Code Flash 128KB 1261t AID (15ch, 20s) Timer Array Unit IRQ (8¢h)
SRAM 16KB Parity Temperature Sensor (16bitx 8ch)
Data Flash 2KB(2568x8) Internal Reference Voltage 32-bitinterval Timer
Startup program (8-bit x 4ch)

protection 8KB

RTC
Security

Unique 1D
@ Communication {é} System @ Safety TRNG
Flash read protection
Simple SPIx2 / High-speed OCO 32MHz SRAM Parity Check Flash access window
UART x1 / Simple I°C x2 Middle-speed OCO 4MHz Invalid Memory Access
Simple SPIx2 / Low-speed OCO 32kHz Detection
UART x1/ Simple IC x2 External clock controller A test
UAF?I’IT;) I/eSiSrr?p‘IZZI?lC x2 Clock output Frequency detection e
UARTAX 2 Power on reset CRC Calculator E!E Package
ox 2 Voltage detection Registerwrite
Data Transfer controller Output level detection QFN 32,48
Event link controller UART loop back LQFP 32, 48, 64
Interrupt controller IWDT

Use case: Household Water Pump

Household water pumps perform crucial functions, such as preventing flooding and water damage by removing excess water, and ensuring consistent water
pressure and distribution by pumping water into storage tanks. This household water pump design features comparators that amplify signal data to an MCU
from water-level sensors, driving the motor pump for a smart, responsive, and energy-efficient system.

48Y System Benefits:
® Provides low power consumption and low noise
Buck Controller for an energy-efficient water pump system.
® Photocouplers and gate drivers prevent high
MOSFL_HG @ voltage damage, improving system safety and
ensuring stable operation.
® Renesas' photocoupler and gate driver,
combined with an inverter, offer a compact and
high-efficiency design.

Water Level
Sensor

LCD

Comparator

JP113




RAOL1 Group: 32MHz Arm Cortex-M23 Ultra-Low Power Capacitive Touch MCU
The RAOL1 group is the first product with capacitive touch functionality in the RAQ family MCU.

This product is implemented Arm Cortex-M23 core with low power and peripherals which are optimized for BOM cost reduction and simple

design for the low-end MCU market. RAOL1 group supports up to 64KB code flash, 16KB SRAM memory, a wide operating voltage range of 1.6V

to 5.5V, a wide operating temperature range of -40°C to 125°C.

The RAO series is ideal for cost-sensitive applications such as low power and lower cost for consumer electronics, system control for small

appliances, industrial system control and building automation.

® 32MHz Arm Cortex-M23

= 32KB - 64KB Flash memory and 16KB SRAM

= Scalable from 20-pin to 48-pin packages

= Wide operating temperature range from -40 to 125°C
= \Wide voltage range of 1.6V to 5.5V

Block Diagram

® Various features, General PWM Timer, 32-bit Timer, RTC, 12-bit ADC,
UART, Simple SPI, I12C

= +1% high accuracy high-speed on-chip oscillator

® (Capacitive Touch Sensing Unit (CTSU2SLa)

® Controlled Current Drive Port

32MHz 32-bit Arm® Cortex®-M23

NVIC | SWD | MTB

@ Memory A\ Analog 0 Timers @ HMI
Code Flash 64KB 12-bit A/D (13ch, 2yis) Timer Array Unit IRQ (8ch)
SRAM 16KB Parity Temperature Sensor (16bit x 8ch) Capacitive Touch(24ch)
Data Flash 1KB Internal Reference Voltage 32-bit interval Timer Controlled Current Drive
(2568 x 4) (8-t x 4ch) Port (8pin)
Startup Program
Protection 8KB RTC
ﬁ Security
@Communica(ion {é} System @ Safety Unique ID
TRNG
Simple SPIx2 / High-speed OCO 32MHz SRAM Parity Check Flash read protection
UART x1/Simple IC x2 Middle-speed OCO 4MHz Invalid Memory Access Flash access window
Simple SPIx2 / Low-speed OCO 32kHz Detection
SARTx] iSimple.PCxa External clock controller AD test
i AR?';‘:’ I/esﬁ:;;fplc % Clock output Frequency detection —
UARTA x 2 Power on reset CRC Calculator g.g Package
2Cx2 Voltage detection Register write protection —
Data Transfer controller Output level detection QFN 24,32, 48
Event link controller UART loop back LSSOP 20
Interrupt controller IWDT LQFP 32,48

Use case: Capacitive Touch Remote Controller

Slim, minimalist designs without physical buttons are increasingly appealing in consumer electronics and smart home applications. As households adopt more
connected devices, an interoperable controller that can manage smart lights, TVs, sound systems, and more becomes essential.

This capacitive touch remote offers customizable gestures, swipes, and controls, consolidating multiple functions into one intuitive device. Its button-free
design reduces mechanical points of failure, simplifies cleaning, and delivers versatile input through touchpads, sliders, and virtual buttons.

Buck-Boost

2x AA Battery
3V @ 500mA

Haptics Driver

System Benefits:

® | ow-power system design extends battery life

* and usage time with energy-efficient components.
Consolidated BOM minimizes external

Touch Button x6

Capacitive
Touch

Touch Gesture

Sensing WA R
Unit - Pad

CTsU2SLa

Touch Slider Pad

Capacitive Touch Panel

components (e.g., clocks, level shifters,
0oo regulators), enabling a compact form factor.
EEE ® Capacitive touch MCU supports flexible gesture
inputs, including wheels, buttons, sliders, and
@ swipes.
= Certified Bluetooth Low Energy (LE) modules
ensure reliable connectivity and compliance with
Bluetooth 5.1 and 5.3 standards.
= (Optional haptics driver adds tactile feedback for a
WS153 more intuitive and engaging user experience.
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RA2 Series

Features of the RA2 Series

The RA2 Series is the entry-level line of the Renesas RA Family of 32-bit MCUs, offering an excellent balance of cost, performance, and ultra-
low power consumption. Featuring Arm Cortex-M23 core operating at up to 48 MHz, the RA2 Series is ideal for system control and user interface

applications in home appliances, industrial automations healthcare devices, office equipment, and measurement instruments.

Extensive and advanced High compatibility and q :
peripheral function Scalability Low power consumption Very small package options
Capacitive Touch High compatibility between RA2 series 87.5uA/MHz @ operation QFN, LGA, BGA, WLCSP
12bit-DAC, LP Comparator Scalable peripheral function between 0.25uA @ Software standby mode
CAN, 13C, LPUART, 12S, USB FS, USB-C RA2,RA4,RAB and RA8 series

High compatibility within RA2 Series

°
8
H

5 |3 P108ISWDIO
swoio
SWoIo

Pso0 [l 37 = = - = 24 [Hl P300ISWCLK
ot High Pin Compatibility olenr
Po14 [l 39 22 [WP302
po13 [ B 200 PO13 21 @l P200
Po12 20 [Hl P201/MD Po12 [ 41 20 [Wl P201/MD
aveeo 19l RES Aveco 19 [l RES
Avssoll 18 [l P206 AVSSO 18 [l P206
Po11/VREFLO [ 17 [l 207 PO11/VREFLO 17 [l 207
PO10/VREFHO I 16 [l P208 POT0VREFHO 16 [l P407/USB_VBUS
Pooz [l 15 [l vec_bepc P002 15 [l P912/USB_CC2
P00t I 14 @vio P0O01 14 [l P913/USB_CC1
[Hvss_ococ P0O00 [Wuse_op

[H P200 po13 [
20 [ P201MD rotz ]
19 [IRES aveco
18 [@P20s Avsso |
17 [@e207 PottVREFLO ]
16 [@P208 POTONREFHO I
15 [@pota poo2 ]
= Poot ]
., BEess Pooo ]

[H P200
ErzoimD
W Rres
[ P26
[E P207
[ P28
[Eret3
=[
[Erets

pooo [

m Other ®mPower BRESET

Scalable peripheral functions across RA2, RA4, RA6 and RA8 Series

Gigabit Ethernet, USB HS, External Memory Bus (32-bit), MIPI DSI/CSI
11 RAS
Enhanced Security
=
e
=
5
f=
=
= USB FS (Host), QSPI, CAN-FD, SDHI, Seg-LCDC
o Security (Arm TrustZone)
g USB FS (Peri), USB-C, SPI, CAN, SCI, LPUART, I2S, I2C, I3C
o 16/32-bit PWM Timer, LP timer,
Capacitive Touch, ADC, DAC, LPCMP
Safety, Security (AES,TRNG) Up to 100 Up to 289
% Pin count
RA2 Series Lineup
RA21.2 48MHz (Cortex-M23), 128KB Code Flash, 16KB SRAM, 4KB Data Flash, Security (Unique ID, TRNG)
3 13E:/k:§/64-pi;2 bi 32-bi 12-bi USB pommon fezlures
3 ] -bit -bit -bit -bit 2 USB Type-C
Cortex-M23 GPT GPT AGT ADC CAN || 13C ||LPUART 12§ £ Interface o o
SYGTRRR  *EMHa (CorexMz3), 256K Code Flash, 32KB SRAVI(16KE ECC, 16KB Pariy), KB Data Flash, Securiy A 128/256, Unique ID, TRNG) Process Technology
- 48/64/80/100-pin
= 16-hit || 32-bit 16-bit 12-hit Capacitive LP 12-bit WDT, IWDT, RTC*'
2 Cortex M2 cor || “gpr || et || aoc || “touch [[comparatod| pac || AN
>
= 48MHz (Cortex-M23), 128KB Code Flash, 16KB SRAM, 4KB Data Flash, Security (AES 128/256, Unique 1D, TRNG) .
8 VAR 25/32/36/48/64-pin SCL, SP1, 1€
f 16-bit || 32-bit || 16-bit || 12-bit || Capacitive LP
() -
Cortex-M23{l “gpr || ‘et || 6T || Anc || "touch ||Comparator Functional Safety
Features
RAZE3 48MHz (Cortex-M23), 64KB Code Flash, 16KB SRAM, 2KB Data Flash, Security (Unique ID)
32/48-pin
= 16-bit || 32-bit || 16-bit || 12-bit Low Power Modes
g | CoreeM23)) Gpr |[ epr || aeT [ anc
= ) ) *1: RA2E2 not supported
& 48MHz (Cortex-M23), 64KB Code Flash, 8KB SRAM, 2KB Data Flash, Security (AES 128/256, Unique ID, TRNG) .
Z RA2E?2 16/20/24-pin 2: Zﬁxpszozr,lgé\ZEz not
e Cortex-miz3 [l 16Dt 32-bit || 12-bit 13c \______
GPT AGT ADC
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RA2L1 Group: 48MHz Arm Cortex-M23 Ultra-Low power General-Purpose Microcontroller

The RA2L1 group is based on the Arm Cortex-M23 core, the most energy-efficient CPU among Arm Cortex-M today. The optimized processing
and Renesas’ low power process technology makes it the industry's most energy-efficient ultra-low power microcontroller. The RAZL1 group
supports a wide operating voltage range of 1.6V to 5.5V, and a maximum CPU clock frequency of 48MHz, lower active mode current, and

standby mode current. The RA2L1 group also features an enhanced Capacitive Touch Sensing Unit (CTSU2), a set of serial communication

interfaces, highly accurate converters, and timers. The products are available with pin counts ranging from 48-pin to 100-pin.

= 48MHz Arm Cortex-M23

= 128KB/256KB Flash Memory and 32KB SRAM with ECC
® 8KB Data Flash to store data as in EEPROM

= Scalable from 48-pin to 100-pin packages

® |nternal voltage regulators

= \Wide voltage range of 1.6V to 5.5V

® Enhanced Capacitive Touch Sensing Unit (CTSU2)

= 12-hit ADC, 12-bit DAC, LPACMP, temperature sensor

Block Diagram

RA2L1 48MHz 32-Bit Arm® Cortex®-M23 Core

® 32-bit general PWM timer, 16-bit general PWM timer, 16-bit low power
asynchronous general-purpose timer

= RTC

= SCI (UART, Simple SPI, Simple I12C)

® SPI/I12C multi-master interface and I2C bus

= CAN

= Safety

® Security and encryption

= 85/105°C operating temperature support

NVIC | SWD | MTB

B wemory W Analogue @ Timers % HMI
Codo Flash (256kB, 128KB) 12:bit ADC (19ch) GPT 32:bit (4ch) Gapacilive Touch Sensing
Unit (32ch)
SRAM (16K8) Pariy 12:bit DAC (1ch) GPT 16:bit (6ch) @2en)
SRAM (16kB) ECC Low alog AGT 16-bit (2ch) High Current IO (-20mA)
Comparator (2ch) .
Data Flash (8KB) wor
Temperature Sensor
(@ Communication  §0} System @ sarety & security
CANxt Sys Tick Memory Protection Unit AES (1281256)
12C x2 DTC 'SRAM Parity Check TRNG
Muliple Clocks ECCin SRAM
128 bit Unique 1D
scixs On-Chip Osaillator POE onaue
HOCO (24,32,48,64MHz), Clock Frequency
seix LOCO (32kH2), Accuracy Measurement -
1LOCO (15kHz) CRC Caloulator 4l Package

Use case: Wi-Fi-Connected Furnace Controller

Low Power Modes wor
ELC Data Operation Circuit LaFP 48, 64, 80, 100
Port Function Select Flash Area Protection QPN 48
RTC ADC Self Test

With the increasing adoption of smart homes, the demand for connected HVAC systems that can be remotely monitored and controlled via smart devices has
grown. This allows for better energy efficiency and optimized heating schedules, enhancing the overall user experience.

RS-485 Bus

Surge Protection

EMI Filter

I Photocoupler . |
.1 Photocoupler 1
Photocoupler -I

RS-485
Transceiver

Draft Inducer & |
| Blower Fan Motor

System Benefits:

® The low-power characteristics help reduce power
consumption during standby and low-load operation,
improving the overall energy efficiency of the HVAC
controller.

® Reduced external components enable smaller PCB size and
lower BOM cost.

® 3Built-in security and safety features—such as AES,
TRNG, and memory protection—support the design of
highly reliable applications.

= A wide operating voltage range of 1.6—5.5 V allows flexible
power-supply design.
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RA2L2 Group: 48MHz Arm Cortex-M23 Entry-Level USB General-Purpose Microcontroller
The RA2L2 group is the RA Family’s entry-level single-chip microcontroller based on the 48MHz Arm Cortex-M23 core and up to 128KB code

flash and 16KB SRAM memory. The optimized processing and Renesas' low-power process technology make it the industry's most energy-

efficient ultra-low power MCU. The RA2L2 group supports a wide operating voltage range of 1.6V to 5.5V, and it has rich serial communication

functions such as I13C, SSI, low power UART, CAN, USB Full-Speed (FS) without crystal, and USB Type-C interface.

= 48MHz Arm Cortex-M23 core

= 64/128KB Flash Memory and 16KB SRAM with Parity

® KB data flash to store data as in EEPROM

= Scalable from 32-pin to 64-pin packages

= \Wide voltage range of 1.6V to 5.5V

= 12-hit A/D converter, temperature sensor

® 32-bit general PWM timer, 16-bit general PWM timer, 32-bit low-power
asynchronous general-purpose timer

= RTC

= SCI (UART, Simple SPI, Simple 12C)

Block Diagram

= USB FS without crystal, USB Type-C interface
= | ow-power UART

® |3C bus

= CAN

® SPI/12C multi-master interface

m SSI (Serial Sound Interface)

= Safety

= Security

® 105/125°C operating temperature support

RA2L2 48MHz 32-bit Arm® Cortex®-M23

NVIC | SWD | MTB

=0 [
@ Memory Y Analogue O Timers {b HMI
Code Flash 128KB 12-bit A/D (17ch) GPT 32-bit (1ch)
SRAM 16KB Parity Temperature Sensor GPT 16-bit (6ch)
Data Flash 4KB Low-power AGT 32-bit
(2ch)
WDT/IWDT ﬁ Security
RTC
Unique ID
TRNG
@ Communication {§} System @ Safety
13Cx 1 DTC, ELC Memory Protection Unit
SSix1 Interrupt Controller SRAM Parity Check
sCix4 Clock Generation Glock Frequency Accuracy
Measurement
SPIx 1 On-Chip Oscillator
LPUARTX 2 HOCO (24/32/48/64MHz) CRC caleulation L
can MOCO(8MHz) IWDT i Package
LOCO (32kHz) Data Operation Circuit
USBFS wio crystal LQFP32,48, 64

ILOCO (15kHz)
Low-power Modes

Flash Area Protection
ADC selftest

w/ TYP-C connector
(Peri (Sink) w/ Type-C
current 3.0A mode)

QFN 32,48

Boot(SC1,12C)

Use case: USB Data Logger

Data loggers are essential for efficiently recording, storing, and transferring data across various industries. From cold chain monitoring in industrial
applications to scientific research and environmental studies, capturing key metrics and transferring them to a computer is crucial for compliance and analysis.
This low-power, cost-effective USB data logger integrates an MCU with built-in USB Type-C functionality, offering high accuracy, ease of use, and versatility.
Data is stored in high-speed, low-power EEPROM and seamlessly transferred via USB Type-C, enabling plug-and-play functionality. Battery-operated for
portability and extended operation, this logger is ideal for diverse applications.

System Benefits:

® Reliable, high-speed EEPROM with low power consumption
and fast write times ensures efficient data logging.

® Cost-effective USB MCU supports USB Full-Speed (FS) and
Type-C detection, enabling seamless connection and sink
operation (up to ~3A at bV).

® Highly integrated USB MCU with built-in RD termination and
VBUS detection reduces external components, minimizing
BOM costs.

= Optimized low-power design extends device battery life and
improves power efficiency for long-term operation.

UsSB MCU

=
@
@
5]

s i
T
2
a

f

D+

cc1
Ccc2
VBUS

Temperature
Sensor

Battery Charger

USB-VBUS

1 WS093
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RA2E1 Group: 48MHz Arm Cortex-M23 Entry-Level General-Purpose Microcontroller

The RA2E1 group is the RA Family’s entry-level single-chip microcontroller based on the 48MHz Arm Cortex-M23 core and up to 128KB code
flash and 16KB SRAM memory. The optimized processing and Renesas’ low power process technology make it the industry's most energy-
efficient ultra-low power MCU. The RAZE1 group supports a wide operating voltage range of 1.6V to 5.5V and a large selection of packages such
as LQFP, QFN, LGA, BGA, and WLCSP.

= 48MHz Arm Cortex-M23 = RTC

® 32/64/128KB Flash memory and 16KB SRAM with Parity = SCI (UART, simple SPI, simple I2C)

® 4KB Data Flash to store data as in EEPROM ® SPI/I12C multi-master interface and I2C bus
= Scalable from 25-pin to 64-pin packages m Safety

® Enhanced Capacitive Touch Sensing Unit (CTSU2) = Security and encryption

= 12-hit ADC, LPACMP, temperature sensor ® 85/105°C operating temperature support

® 32-bit general PWM timer, 16-bit general PWM timer, 16-bit low power
asynchronous general-purpose timer

Block Diagram
m 48MHz 32-Bit Arm® Cortex®-M23 Core NVIC | SWD | MTB

g Memory N Analogue O Timers & HMI
Code Flash 12-bit ADC (13ch) GPT 32-bit (1ch) Capacitive Touch Sensing
(128kB, 64kB, 32kB) Unit (30ch)
— Low Power Analog GPT 16-bit (6ch)
SRAM (16KB) Pa Comparator (2ch)
(166B) Parity paretor AGT 16-bit (2ch)
Data Flash (4kB)
ata Flash (4kB) Temperature Sensor WoT
@Communication {é} System @ Safety ﬁ Security
12C x1 Sys Tick Memory Protection Unit AES (128/256)
SClx4 DTC SRAM Parity Check TRNG
Multiple Clocks POE
SPIx1 On-Chip Oscillator Clock Frequency 128 bit Unique ID
HOCO (24,32,48,64MHz), Accuracy Measurement
LOCO (32kHz), _—— e
CRC Calculator -
ILOCO (15kHz) il Package
Low Power Modes wot o
ELC —_Data Oporation Cirout LQFP 32, 48, 64; LGA 36
Port Function Select Flash Area Protection
R "ADC Self Test BGA 64; QFN 32, 48; WLCSP 25

Use case: Smart Range Hood

As smart kitchens evolve, demand is shifting from traditional contact-type buttons to sophisticated touch-based interfaces that combine enhanced
functionality with modern aesthetics. This system enables non-contact user interaction and system-level integration, delivering a more compact and refined
design with improved performance.

AC 85~265V Input System Benefits:

:. Buck Regulator el . » 3.3V for Sensor ) )
® The touch function has excellent noise

l resistance and responsiveness, enabling

5V l <HmA

proximity detection and touch operation on a

Thermopile™

single chip.
l = A wide operating voltage range (1.6V to 5.5V)
5V ¢ <70mA . . .
om ar 5V allows flexible power design suitable for home
Quality Module appliances.
® |EC60730 safety standard for household
|") Buzzer appliances class B/C.
- ® Built-in security features (AES, TRNG) ensure
HEE Fan Motor Unit reliability for future smart appliance integration
Proximity Button Capacitive and loT connectivity.

Touch Electrode JP121
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RA2E2 Group: 48MHz Arm Cortex-M23 Ultra-Low Power General-Purpose Microcontroller

The RA2E2 Group is RA Family’s entry-line single-chip microcontroller based on the 48-MHz Arm Cortex-M23 core with Renesas' innovative on-
chip peripheral functions. RA2E2 Group offers ultra-low power operation and high-speed serial communication with the smallest package
options of 20-pin and 24-pin QFN and 16-pin wafer-level CSP package, satisfying the needs of cost-sensitive and space-constrained applications.
These RA2E2 Group microcontrollers enable extremely cost-effective designs for loT sensor nodes, portable devices, industrial control, and any

battery-operated application that requires developers to cut power consumption, cost, and space.

= 48MHz Arm Cortex-M23 ® |3C bus interface

= 16/32/64KB Flash memory and 8KB SRAM with Parity = SCI (UART, Simple SPI, Simple I12C)

® ?2KB Data Flash to store data as in EEPROM = SPI/12C multi-master interface

= Scalable from 16-pin to 24-pin packages = Safety

= 12-bit ADC, temperature sensor ® Security and encryption

= 16-bit general PWM timer, 32-bit low power asynchronous general- ® 85/105/125°C operating temperature support

purpose timer

Block Diagram
W 48MHz 32-Bit Arm® Cortex®-M23 Core NVIC | SWD | MTB

@ Memory Y Analogue o Timers & HMI
Code Flash 12-bit ADC (8ch) GPT 16-bit (6ch) High current 10 (-20mA)
(64kB)
Temperature Sensor AGTW 32-bit (2ch)
SRAM (8kB) Pari
(OK) Perty woT
Data Flash (2kB)
@Communica(ion {§} System @ Safety ﬁ Security
13C/12C x1 Sys Tick Memory Protection Unit AES (128/256)
SCIx1 ( SCUI2C/SPI) pre SRAM Parity Check TRNG
[ Multiple Clocks POE
SPIx1 On-Chip Oscillator Clock Frequency 128 bit Unique ID
HOCO (24,32,48,64MHz), Accuracy Measurement
LOCO (32kHz), e e
CRC Calculator -
ILOCO (15kHz) i Package
Low Power Modes woT
ELC Data Operation Circuit QPN 20,24
Port Function Select Flash Area Protection
ADC Self Test WLCSP 16

Use case: 10-Link Sensors

|0-Link is a worldwide open standard protocol used for communication between devices in industrial settings. It facilitates bi-directional data exchange

between a master device, actuators, and sensors.

System Benefits:

® The ultra-compact CSP package (1.87 x 1.84
mm) enables smaller sensor modules and
greater design flexibility.

Ref coil drive
(Sensor excitation)

10-Link ® The built-in high-precision ADC functions allow
—-—rllter CMP
RH422501 gsier accurate detection and processing of sensor
@ 10-Link PHY )
Sensing coil drive signals.
(Sensor excitation) . = | ow-power design ensures reliable operation
CSP (1.87 x 1.84mm) csp (245 1.65mm) | @ TO-Link P ! P

even in applications where continuous

Jpire operation and energy efficiency are critical.
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RA2E3 Group: 48MHz Arm Cortex-M23 Entry-Level, Ultra-Low Power General-Purpose Microcontroller

The RAZ2E3 group is an entry-line, single-chip microcontroller in the RA family based on the 48MHz Arm Cortex-M23 core with up to 64KB code
flash and 16KB SRAM memory. RA2E3 MCUs provide an optimized feature set for cost-sensitive applications by supporting pin-to-pin and
peripheral compatibility with RA2E1 MCUs. Ultra-low power consumption contributes to energy-efficient system design, required for loT

applications and battery-operated systems to achieve longer battery life.

= 48MHz Arm Cortex-M23 Core = RTC

® 32/64KB flash memory and 16KB SRAM with Parity = SCI (UART, Simple SPI, Simple I12C)

® 2KB Data Flash to store data as in EEPROM ® SPI/I12C multi-master interface and I2C bus
® Package options of 32-pin and 48-pin m Safety

= 12-bit ADC, temperature sensor = Security

® 32-bit general PWM timer, 16-bit general PWM timer, 16-bit low-power ® 85/105°C operating temperature support

asynchronous general-purpose timers

Block Diagram
W 48MHz 32-Bit Arm® Cortex®-M23 Core NVIC | SWD | MTB

@ Memory Y Analogue @ Timers @) HMI
Code Flash 12-bit ADC (13ch) GPT 32-bit (1ch)
(64KB, 32KB)
Temperature Sensor GPT 16-bit (6ch)
SRAM (16KB) Parity AGT 16-bit (2ch)
Data Flash (2KB) WoT
@Communication {:O} System @ Safety ﬁ Security
2Cx1 Sys Tick Memory Protection Unit 128 bit Unique ID
scix4 pre _ SRAMParity Check
— Multiple Clocks POE
SPIx1 On-Chip Oscillator Clock Frequency
HOCO (24,32,48,64MHz), Accuracy Measurement
LOCO (32KHz), o s
ILOCO (15KHzZ) CRC Calculator E'E Package
Low Power Modes woT
ELC Data Operation Circuit LQFP 32, 48
Port Function Select Flash Area Protection :
RTC ADC Self Test QFN 32, 48
Use case: Electric Toothbrush with UV Sanitation
Driven by growing demand for hygiene, convenience, and advanced oral care, the @: A ‘

electric toothbrush market continues to expand. This product combines a UV-
sanitizing base with a battery-monitoring, NFC-enabled handle to ensure
effective cleaning, hygiene, and peace of mind for health-conscious consumers.

3.3V/2mA Intermittent Duty

System Benefits:

= The low power consumption of the RAZ2E3 extends the handle’s battery life and
reduces charging frequency.

= High-precision PWM enables efficient and smooth motor driving, enhancing
user comfort.

® The built-in high-precision ADC can be utilized for battery voltage monitoring
and feedback in motor control.

Toothbrush Handle

3.3V/ZmA Intermittent Duty

Brush Head NFC
Tag

3.3V/100mA

US270
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RA4 Series

Features of the RA4 Series

The RA4 series bridges the need for reasonable low power with the demand for connectivity and performance. These MCUs deliver up to

100MHz of CPU performance using an Arm Cortex-M33 core or M4 core with up to 1MB of embedded flash memory. The series offers a wide set

of peripherals, including USB, CAN/CAN FD, I13C, ADC, capacitive touch, segment LCD controller, and additional security IP integration, making it

Compact BGA Packages

suitable for loT, industrial equipment, home appliances, office equipment, healthcare products, and meters.

High Performance Comprehensive Memory o

On mainstream and entry line, achieves Up to 1MB code flash with background Provides enhanced performance, unlimited Wide range of space-saving BGA packages
81uA/MHz while running the CoreMark operation and flash block SWAP, memory- secure key storage, efficient key and option to select open array ball grid
algorithm from flash @100MHz, delivering optimized firmware updates. management, and reduced BOM cost by type package for flexible adoption on
both speed and energy efficiency on active. Rich connectivity options include, USB 2.0 using on-chip security engine (SCE, RSIP). several applications where board space is
On Lower Power line, provide good balance FS, CAN FD, SDHI, HDMI-CEC, and at a premium.
active current @80MHz and standby advanced analog features.

current for battery application.

RA4 Series Lineup

RA4M1 48MHz (Cortex-M4), 256KB Code Flash, 32KB SRAM, 8KB Data Flash, Security (Unique 1D, TRNG, AES)

40/48/64/100-pin Common features
16/32-bit || 16-bit USB || Capacitive || Segment || 14-bit || 12-bit
Cortex-M4 GPT AGT || CAN || 12C SPI 12§ || FS touch icD ADC DAC -
§ RALM?2 1 g?mzo ((Jc_z;ex-msz), 512KB Code Flash, 128KB SRAM, 8KB Data Flash, Security (Unique ID, TRNG, AES, RSA, ECC, SHA2) '
g Cortex-M33 || 16/32-bit || 16-bit CAN e SPI s USB || Capacitive 12-bit || 12-bit RTC
<§° w TrustZone GPT AGT QSPI FS touch ADC DAC
SYVIVERY  100MHz (Cortex-M33), IMB Code Flash, 128K SRAM, BB Data Flash, Security (Unique ID, TRNG, AES, RSA, ECC, SHA2) WOT WOt
64/100/144-pin g
Cortex-M33 || 16/32-bit || 16-bit CAN rC SPI s USB || Capacitive 12-bit || 12-bit
w TrustZone GPT AGT QSPI FS touch ADC DAC SCI (UART,
— Simple SPI/I2C)
RASET 100MHz (Cortex-M33), 512KB Code Flash, 128KB SRAM, 8KB Data Flash, Security (Unique ID, TRNG)
48/64-pin )
Functional Safet
Cortex-M33|[ 16732261t |[ 165 [ o | SPI USB T2:bit |[ 12-bit e
W TrustZone GPT AGT QSPI FS ADC DAC
= 100MHz (Cortex-M33), 128KB Code Flash, 40KB SRAM, 4KB Data Flash, Security (Unique ID, TRNG) Low Power Modes/
- RA4E2 32/48/624-pin * urtty Fomiau Features
Cortex-M33 || 16/32-bit || 32-bit , USB 12-bit || 12-bit \. /
wTstzone|| P || AcT "CAN'FD | " FS ADC " DAC
RA4L1 80MHz (Cortex-M33), 512KB Code Flash, 64KB SRAM, 8KB Data Flash, Security (Unique ID, TRNG, AES, ECC, SHA2)
48/64/72/100-pin
fo | Cortex-M33 16-hit 32-bit ) ) SPI , USB || Capacitive || Segment || 12-bit || 12-bit
| Trustzonel[  6p1_ || a6t "CAN FD" e[ BC [ asei || S " ks [ “touch tco || anc || pac
oo
80MHz (Cortex-M33), 512KB Code Flash, 36KB SRAM, 8KB Data Flash, Security (Unique ID, TRNG, AES, ECC, SHA2)
E RA4C1 64/100-pin
Cortex-M33 || 16/32-bit || 32-bit ean-eoll e SPI Segment || 12-bit
w TrustZone GPT AGT QSPI LCD ADC




RA4M1 Group: 48MHz Arm Cortex-M4 and LCD Controller and Cap Touch for HMI

The Renesas RA4M1 group of microcontrollers (MCUs) uses the high-performance Arm Cortex-M4 core and offers a segment LCD controller and

a capacitive touch sensing unit input for intensive HMI designs. The RA4M1 MCU is built on a highly efficient low power process and is
supported by an open and flexible ecosystem concept—the Flexible Software Package (FSP), built on FreeRTOS—and is expandable to use other
RTOSes and middleware.

® 48MHz Arm Cortex-M4 ® (Capacitive Touch Sensing Unit
= 256KB Flash Memory and 32KB SRAM = USB2.0 Full Speed

= 8KB DataFlash to store data as in EEPROM = CAN 2.0B

= Scalable from 40pin to 100pin packages = SCI (UART, Simple SPI, I2C)

= Segment LCD Controller ® SPI/12C Multimaster Interface

® 14-bit A/D Converter

Block Diagram
m 48MHz 32-Bit Arm® Cortex®-M4 Core o' | sv8 | Boundery Sean_ |

a8 . [
@ Memory Y Analogue o Timers {b HMI
Code Flash (256kB) 14-bit A/D (25¢h) 1S/H GPT 32-bit (2ch) Capacitive Touch Sensing
Unit (27ch)
SRAM (16kB) Parity 12-bit DAC (1ch) GPT 16-bit (6ch)
Segment LCD Controller
SRAM (16kB) ECC . OPAWP(em) Low Power GPT (2ch) 38 seg x 4 com
Low Power Comparator (2ch) 34 segx 8 com
Data Flash (8kB) _ woT
Temperature Sensor RTC, Calendar, Vbat
@Communication {g} System @ Safety ﬁ Security
USB20FS x1 DMA (4ch) Memory Protection Unit AES (128/256)
CANx1 . brC SRAM Parity Check TRNG
Clock Generation ECCin SRAM Key Management
12C x2 On-Chip Oscillator POE GHASH
HOCO (24,32,48 64MH2), Clock Frequency
SClx4 MOCO (8MHZ), Accuracy Measurement
LOCO (32kHz), CRC Calculator T
SPIx2 ILOCO (15kHz) WDT =!: Package
ssixt Low Power Modes
o Data Operation Circuit LaFP 48, 64, 100
[ Flash Area Protection
Interrupt Controller 'ADC Self Tost QFN 48, 64, 40, LGA 100

Use case: Smart Cradle

This smart cradle and baby monitoring system is designed for use in homes and hospitals, offering essential safety features such as cry detection and real-time
alerts. It includes a remote-controlled auto-swing function and a display for key information and notifications, which can also be sent to a mobile app via

Bluetooth.
o oov System Benefits:
- o ® Auto-swing feature with remote and mobile

app control.

6-9V from

Battery Cradle Auto ® Powered by an adapter or batteries for

HVPAK Swing Control P
flexibility.
3.3V/500mAmax

33V

2 1 Temperature &
»| Humidity Sensor
33V
% 1 Gas Sensor
Cry Detection >

33V

® |ntegrated display showing vital information
like temperature.
® Cry detection integrated into auto-swing mode.

Bluetooth Low
Energy

-

HMI WS053
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RA4M2 Group: 100MHz Arm Cortex-M33 TrustZone with Security enhancements

The Renesas RA4M2 group uses the Arm Cortex-M33 core with TrustZone. In concert with the secure crypto engine, it offers secure element
functionality. The RA4M2 is built on a highly efficient 40nm process and is suitable for loT applications requiring multiple communication

options, future proof security, large embedded RAM, and low active power consumption down to 81uA/MHz running the CoreMark algorithm

from Flash.

= 100MHz Arm Cortex-M33 with TrustZone = USB2.0 Full Speed, CAN 2.0B

= 512KB Flash Memory and 128KB SRAM (64KB w ECC), 1KB Stand-by SRAM = SCI (UART, Simple SPI, Simple 12C)

= 8KB DataFlash to store data as in EEPROM ® SPI/12C Multi-master interface

= Scalable from 48pin to 100pin packages = SDHI/QSPI/SSI/Serial Sound Interface
® (Capacitive Touch Sensing Unit = Secure Crypto Engine SCE9

Block Diagram
RA4M2 100MHz 32-Bit Arm® Cortex®-M33 Core NVIC |JTAG | SWD | ETB

ﬂ Memory Y Analogue 6 Timers @ HMI
Code Flash 12:bit AID (13ch) 1SH GPT 32-bit (4ch) Capacitive Touch Sensing
(256KB, 384KB, 512kB) _ Unit (12ch)
12-bit DAC (2ch) GPT 16-bit (4ch)
SRAM (64KB) Parity _—
Temperature Sensor Low Power GPT (6ch)
SRAM (64kB) ECC e
Data Flash (8kB) RTC, Calendar, Vbat, ﬁ
e — 128Byte SRAM i
Standby SRAM (1kB) Security
Unique 1D
AES (128/192/256)
% & s @ sa
ommunication stem afel
e R S S U Y s by Key Management
RSA/ECC/DSA
USB2.0 FS Protection Unit
x1 DMA (8ch) Memory Sk
CANx1 ic . MbaryChecki
Clock Generation ECC in SRAM ‘Tamper Detection
Rex On-Chip Oscillator Clock Frequency 'SPA/DPA Enhanced Resistance
SCIx6 HOCO (16,18,20MHz), Accuracy Measurement
LOCO (32kHz), e
SPIx1 ILOCO (15kHz) CRC Calculator e Pack
IWDT F ackage
P Low Power Modes o
ELC Data Operation Circuit LQFP 48,64, 100
SDHI/MMC Interrupt Controller Flash Area Protection — L
ssix1 TrustZone ADC Self Test QFN 48

Use case: Server Motor Control

The ability to control robotic movements is crucial across various industries, including manufacturing, logistics, and healthcare. Precision movement is
essential for meeting industry standards, enhancing operational efficiency, and ensuring safety.

D1zy~24v System Benefits:
® Precision control for motor angles with
L“ 33V <t50mA adequate torque and speed by command,
providing highly responsive and flexible

GreenFET functionality.

® The HVPAK programmable mixed-signal matrix

features high-voltage H-bridge functionality in
a tiny 2Zmm x 3mm QFN package which
contributes to minimizing the size of the servo
motor.

JP200 ® Monitor status via 1-wire UART with echo
cancel simplifies communication lines while
ensuring signal integrity.

® (Cascading multiple servos allows for harness
reduction in a system, reducing BOM and
system costs.

® Compact size for easy embedding into a robot.

4

GreenPAK PTC TMR Sensor
Thermistor

Host MCU

1-Wire UART

2-Wire to 1-Wire
with Echo Cancel

Current Monitor




RA4M3 Group: 100MHz Arm Cortex-M33 with TrustZone, Secu

The Renesas RA4M3 group uses the Cortex-M33 core with TrustZone.

functionality. The RA4M3 is built on a highly efficient 40nm process and
future proof security, large embedded RAM, and low active power cons

Flash.

® 100MHz Arm Cortex-M4F with 1MB Flash Memory and 128KB SRAM (64KB
wECC)

= 8KB Data Flash to store data as in EEPROM

= 1KB Stand-by SRAM

® Scalable from 64pin to 144pin packages

Block Diagram

20-21

rity and Memory enhancements

In concert with the secure crypto engine, it offers secure element
is suitable for loT applications requiring vast communication options,

umption down to 119uA/MHz running the CoreMark algorithm from

= Capacitive Touch Sensing Unit

= USB2.0 Full Speed, CAN 2.0B

= SCI (UART, Simple SPI, Simple 12C)

® SPI/I2C Multi-master interface, SDHI/QSPI/SSI/Serial Sound Interface
= Secure Crypto Engine SCE9

SUVTERS 100MHz 32-Bit Arm® Cortex®-M33 Core NVIC | JTAG | SWD | ETB

. [
g Memory Y Analogue ® Timers {b HMI
Code Flash 12-bit AD (9ch) 1SH GPT 32-bit (4ch) Capacitive Touch Sensing
(512KB, 768KB, 1MB) 20 AID (100h) 15 R Unit (20ch)
Block SWAP Function Y
12-0it DAC (2¢h) Low Power GPT (6ch)
SRAM (64KB) Parity Temperature Sensor

SRAM (64KB) ECC

WDT

RTC, Calendar, Vbat,
Data Flash (8KB) 128Byte SRAM ﬁ Security
Standby SRAM (1KB) T
Unique ID
AES (128/192/256)
@Communication {§} System @ Safety W
USB2.0 FS x1 DMA (8ch) Memory Protection Unit :::2;7(;;::;
CAN x2 DTC 'SRAM Parity Check
Clock Generation ECC in SRAM _ TamperDetecton
12¢x2 On-Chip Oscillator Clock Frequency SPA/DPA Enhanced Resistance
SCI X6 HOCO (16,18,20MHz), Accuracy Measurement
SPIx1 h%cc%‘ﬁzs'}’lfz’; CRC Calculator o
X E =
p— Low Power Modes woT i Package
ELC Data Operation Circuit LQFP 64100, 144
SDHI/MMC Interrupt Controller Flash Area Protection BGAG'A 11;4
Ssix1 TrustZone ADC Self Test ’
tn
Use case: 3-Phase AC Motor Soft Start Py :
a3 N T ACIDC RHIN 5\ Reguiator BN Byck Regulator B
g . . . ADC1 o N [
Traditionally, 3-phase AC motors are started in a star configuration and then AR oA
switched to a delta configuration to reduce inrush current and mechanical stress, — ET™ s
0 ————
thereby extending motor life. However, this method requires additional wiring and g [, A
RO
complex switching mechanisms. An alternative is the phase-cut technique on two A o . e

phases, which soft-starts (and optionally soft-stops) the motor by reducing the
phase cut from 360° to 0°. Relays are used to bypass the Triacs/Thyristors in run
mode, eliminating losses and improving efficiency.

System Benefits:

= Simplifies wiring and reduces motor costs by eliminating the need for star-
delta connections.

= Extends motor life by reducing mechanical stress.

= Significantly decreases inrush current and allows precise control over its
duration.

= Enables easy parameter adjustment using simple potentiometers.

= (Offers optional bus interfaces for control, such as RS-485 or CAN.

® Provides an optional user-friendly GUI accessible via Bluetooth on a
smartphone.

2
Photocoupler Photocoupler

.
e dms s
‘

L _ _J

ADC3 ——> RS Optional, depending on customer
Tequirements and MCU type

Phase

Isolation

s Optional, depending on customer
requirements and MCU type

Paramter Seting
Potentiometers

WS123
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RA4L1 Group: 80MHz Arm Cortex-M33 with LCD controller and Cap Touch for HMI

The RA4LT MCU group is based on the Arm Cortex-M33 (CM33) core with TrustZone, delivering low voltage operation, low power consumption,

and high performance operation. The RA4L1 offers operation down to 1.6V combined with a low-power standby current of as little as 1.65uA
and a multitude of low-power features.

The RA4L1 include features such as segment LCD display drive and an advanced security engine, as well as RTC, ADC, and timers and
communications interfaces such as CAN FD, USB 2.0 FS, I?C/I3C, and low-power UARTs.

The RA4L1 comes in a wide variety of standard LQFP and QFN package options as well as a range of space-saving BGA and CSP options and

offers support for operating temperatures of -40°C to 125°C.
® 80MHz Arm Cortex-M33 with 512KB dual bank Flash, 64KB SRAM & 8KB Data ® 12-bit A/D Converter, 12-bit D/A Converter, temperature sensor and Comparators

® Flash Active: 168uA/MHz Standby: 1.65uA with fast wake-up <3.5uS ® | ow power timers and RTC

(from MOCO) = JSB2.0 Full Speed, CAN FD
® Scalable from 48-pin to 100-pin, with QFN, LQFP, BGA & CSP Package options ® | PUARTS, SCI (UART, Simple SPI, Simple 12C), SPI/12C/13C/SSI/QSPI
= Segment LCD Controller & Capacitive Touch Sensing Unit = Renesas Secure IP (RSIP) supporting AES, ECC (256-bit), SHA, TRNG

Block Diagram

RA4L1 80MHz 32-bit Arm® Cortex®-M33 NVIC | SwD | ETB
@ Memory H Analogue O Timers @ HMI
Code Flash 12-bit AD GPT 32+bit (2ch) Segment LCD Controller
M 12-bit DIA GPT 16-bit (4ch) 8 com x 48 seg
SRAM 32KB Parity QI T — Low-power AGT 32-bit with Charge Pump
SRAM 32KB ECC Comparator x2 (2ch) Cap Touch (12 ch)
DataFlash 8KB woT
RTC, Calendar
Security
Unique ID
TRNG
AES 128//256
@ Communication {6:} System @ Safety Key
3Cx1 TrustZone Memory Protection Unit siicz(f:;
DMA (8ch), DTC, ELC SRAM Parity Check . SHA2(2%6)
12Cx 1 s eRA Tamper Detection
SCix6 Interrupt Controller ECC SRAM SPA/DPA Resi
Clock Generation Clock Frequency Accuracy esistance
LPUART x 2 = Measurement
On-Chip Oscillator .
SPIx1 e CRC Calculation
HOCO — wmor
QsPIx1 ( i2) il Package
e o Data Operation Circuit o
CANFD x 1 LOCO (32KHz
USBFS wio crystal ILOCO((15KHz)) Flash Area Protection - LOFRAB.EL 100
wio cryst ADC Self Test BGA 64, 100
ssix1 Low-power Modes LVDs for 3V to 1.6V QFN 48, CSP72

Use case: Smart Lock

The upcoming Aliro standard is advancing rapidly, driven by collaboration among Tier-1 mobile and

smart lock OEMs to establish a unified framework for secure access and digital key management.

Renesas, an active CSA member, is part of the development of the upcoming Aliro specification,
contributing to the evolution of secure and interoperable smart locks. Renesas offers a comprehensive
smart lock platform ready for compliance with the upcoming Aliro standard, equipping developers
with all the tools needed to create high-performing, secure smart locks. These locks support full-
feature functionality while optimizing power consumption at the system level.

System Benefits:
® This smart lock can be opened via NFC (tap with card or smartphone), Bluetooth, Wi-Fi, optional
ultra-wideband (UWB) connectivity, or LTE (currently beyond the upcoming Aliro specifications).

The platform can be powered by disposable primary cell batteries (three AA batteries) or a Li-ion
battery rechargeable via NFC wireless charging, powered by DC or AC mains (e.g., in the door

post/frame).

Digital "door key" for access control can be securely transferred via Wi-Fi, Bluetooth, USB, or
LTE-M/NB-IoT.
The system offers optional precise hardware feedback on the door lock position.

Ws034-1

A comfortable GUI with a TFT graphic display and touch control is available.
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RA4C1: Group: 80MHz Arm Cortex-M33 with LCD and advanced security features

The RA4C1 32-bit MCU group features an Arm Cortex-M33 (CM33) core with TrustZone to deliver an ideal balance of low voltage operation, low

power consumption, and high performance. The RA4C1 offers operation down to 1.6V, combined with a low-power standby current of as little as
1.73pA and a multitude of low-power features.

The RA4C1 integrates an advanced security engine and peripheral features such as segment LCD display drive, RTC with a high-precision mode,
ADC, and timers, as well as integrated communications interfaces such as CAN FD, I2C, SPI, and low-power UARTs. The RA4C1 comes in a range

of 64-pin or 100-pin LQFP packages and offers support for operating temperatures of -40°C to 105°C.

® 80MHz Arm Cortex-M33 with 512KB dual bank Flash, 96KB SRAM & 8KB
Data Flash

= Active: 168uA/MHz Standby: 1.73uA with fast wake-up <3.5uS (from MOCO)

= Supports 64 and 100-pin LQFP packages

® 12-bit A/D Converter with temperature sensor

Block Diagram

® | ow power timers, RTC and Segment LCD Controller

= | ow power UARTs, CAN FD

= SCI (UART, Simple SPI, Simple I2C), SP1/12C Multi-master interface/QSPI

m Safety features including multiple WDT, ECC and parity, clock check circuit
= Renesas Secure IP (RSIP) supporting AES, ECC (384-hit), SHA, TRNG

RA4C1 80MHz 32-bit Arm®Cortex®-M33
@ Memory G Timers @ HMI

Code Flash 12-bit AID GPT 32-bit (2ch)

NVIC | SWD | ETB

+* Analogue

Segment LCD Controller
256KB x 2 Banks

SRAM 64KB Parity

Temperature Sensor

GPT 16-bit (4ch)
Low-power AGT 32-bit
(2ch)

SRAM 32K8 ECC woT
woT
DataFlash 8KB RTC vith High Precision
mode,
Calendar, Vbat
@ Communication @ System @ Safety
12Cx2 DMA (8ch) M:’;‘Z’“‘:I ';“’fe“(';" Uk'"‘
SCIx6 DTC, ELC ECC“;"V o
SPIx3 Interrupt Controller — mewm“m
LPUART x2 Clock Generation el
CANFDx 1 On-Chip Oscillator CRC calculation
QsPIx 1 HOCO (48/60/80) wbT

1S07816

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

Data Operation Circuit
Flash Area Protection
ADC self test

8com x 44 seg w charge

ﬁ Security

Unique ID
TRNG
Key Management
AES 128//256
ECC (256/384)
SHA-2 (256/384/512)
Tamper Detection
SPA/DPA
Resistance

iﬁi Package

LQFP 100/ 64

TrustZone LVDs for 3V to 1.6V

Use case: Smart 1-Ph E-Meter

With increasing regulatory pressure, local utilities must adopt more efficient methods to monitor subscriber-level energy consumption, adjust conventional energy generation,

and support flexible business models such as pre-paid and post-paid. These electricity meters will require reliable bidirectional communication, with system designs varying

between wired and wireless approaches depending on local infrastructure.

This flexible metering system supports multiple current sensing methods, such as current transformers (CTs) and Rogowski coils, to meet diverse deployment needs. It is scalable

to support 2G or 5G wireless connectivity for remote and rural areas, Sub-1GHz communication via a data logger, or wired connectivity through power line communication (PLC)

for urban environments, enabling reliable performance across a wide range of metering scenarios.

System Benefits:

® Scalable system controllers offer high performance, rich connectivity, and integrated security
engines with tamper detection and TrustZone support—ideal for efficient and secure smart
metering.

= UART with optical isolation ensures reliable data transfer and protects the controller from high

voltage transients, scalable for multi-line systems.
= | ED/IrDA and RS-485 interfaces support reliable, bidirectional communication for contactless local

access and long-range wired connectivity, supporting production, configuration, and field
servicing.

B (alvanic isolation can be achieved via a dedicated LDO for metrology and an optional LDO for
RS-485 with wireless modules operating at 3.8V (min. 3.3V) using a separate DC/DC supply, while
other system components are powered by an independent 3.3V regulator.
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RA4E1 Group: 100MHz Arm Cortex-M33 Optimized feature set

The RA4E1 is the perfect entry point into the RA Family of microcontrollers. The RA4E1 is suitable for entry loT applications requiring value-
optimized features and connectivity integration, total system cost reduction, and an optimized mixture of high performance

with 100MHz Cortex-M33 core in combination with the lowest active power consumption down to 81uA/MHz running the CoreMark algorithm
from Flash.

= 100MHz Arm Cortex-M33 with TrustZone ® Various communication features, USB 2.0 FS, CAN, QSPI, SCl and SPI
® 256KB - 512KB Flash memory and 128KB SRAM ® 12-bit ADC, 12-bit DAC, General PWM Timer
= Scalable from 48-pin to 64-pin packages

Block Diagram
m 100MHz 32-Bit Arm® Cortex®-M33 Core NVIC | JTAG | SWD | ETB

@ Memory W Analogue G Timers

Code Flash 12-bit AID (9ch) 1S/H GPT 32-bit (2ch)
(256kB, 512kB)
12-bit DAC (1ch) GPT 16-bit (2ch)
SRAM (128kB)
Low Power GPT (6¢h)
Data Flash (8kB)

wDT
Standby SRAM (1kB) RTC, Calendar, Vbat,
128Byte SRAM
@Communication {é} System @ Safety ﬁ Security
USB20 FS x1 DMA (8ch) Memory Protection Unit Unique ID
CANx1 .. b 'SRAM Parity Check TRNG
Clock Generation
12¢x1 On-Chip Oscillator Clock Frequency
SClxt HOCO (16,18,20MHz), Accuracy Measurement
LOCO (32kHz), —_—_—
SPIxt ILOCO (15kHz) CRC Calculator g
woT L
asei rTor e Data Operation Circuit
ELe - DeaLpemon et LQFP 64
Interrupt Controller Flash Area Protection
QFN 48
TrustZone ADC Self Test

Use case: Edge Voice User Interface

As consumers seek more intuitive and hands-free ways to interact with their devices, an edge voice user interface (VUI) allows users to control systems like
TVs, speakers, and smart appliances without the need for a remote or smartphone. This platform offers VUI designs based on the RA family of 32-bit MCUs.

The versatile design serves as the foundation for VUI systems within the Renesas Ready Partner Network, supporting local endpoint inference for voice
recognition without requiring network connectivity.

Analog Mic SyStem Benefits:

= Powerful MCU allows for local endpoint
inference, enabling voice recognition without
network connectivity.

® | ow-power Arm Cortex-M33 MCU ensures
energy-efficient operation, ideal for battery-
powered devices.

® Supports up to two digital microphones and
two analog microphones.

&
&

3.3ViI150mAm=
LDO

Type-C
bl
=)
<

L
Digital Mic
Host MCU TWOO1 ® Accommodates multiple microphone types for
flexible integration in various audio
environments.
® External QSPI flash provides storage for voice
samples and library data.
® Communication interfaces include Pmod
interface (Type-2A/3A/6A), USB Type-C, and
Micro-B.
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RA4E2 Group: 100MHz Arm Cortex-M33 with the smallest package options o] 2
The RA4E2 entry-line microcontroller is based on the 100MHz Arm Cortex-M33 core with TrustZone. The RA4E2 MCUs offer high-performance

and optimized peripheral functions along with the smallest package options, including space-saving 36-pin BGA and 32-pin QFN packages.
These satisfy the needs of both cost-sensitive and space-constrained applications.

The RA4E2 provides an entry point to the wider RA family due to its well-balanced performance, advanced peripheral functions, and scalability.

= 100MHz Arm Cortex-M33 with TrustZone ® Various communication features, USB 2.0 FS, CAN FD, 13C, HDMI CEC, SSI,
= 128KB Flash memory and 40KB SRAM SCland SPI
= Scalable from 32-pin to 64-pin packages

Block Diagram
W 100MHz 32-Bit Arm® Cortex®-M33 Core NVIC | SWD | ETB

@ Memory ¥ Analogue G Timers
Code Flash 12-bit ADC (12ch) GPT16E (4ch)
(128KB) 12-bit DAC (1ch) Low-power GPT (2ch)
SRAM 32KB Parity Temperature Sensor wDT
SRAM 8KB ECC RTC, Calendar

Data Flash (4KB)
Standby SRAM (1KB)

@Communication {é} System @ Safety ﬁ Security
USB2.0 FS Devicox 1* DMA (8ch), DTC, ELC Memory Protection Unit 128-bit Unique ID
CANFD x1 Clock Generation SRAM Parity Check TRNG
13C x1 On-Chip Oscillator ECC SRAM
scix2 ”"f,,‘(’,‘c‘gfg“h'}ﬁ:’)'”" Clock Frequency
SPIx2 LOCO (2KHe) Accuracy Measurement ii
~ HDMICECX1 ILOCO (15KHz) CRC Calculator Bl: Package
ssixt Low-power Modes wDT
Interrupt Controller Data Operation Circuit LQFP 64
T Twstzone Flash Area Protection BGA 36, 64
ADC Self Test QPN 32,48

*Excluing 329 package

Use case: Smart Water Monitoring System

This smart water monitoring system is designed for environments without Wi-Fi infrastructure. Using just two simple wires, it accurately detects humidity
levels or water leakage and sends real-time alerts via LTE or NB-loT using the MQTT protocol through a cloud-based MQTT broker (e.g., Adafruit, Amazon, or a
customer-owned broker).
The system seamlessly integrates with and automatically controls shut-off valves, such as the smart water actuator, which subscribes to MQTT messages sent
by the monitoring system.

Lowig Liion PR 6uciBoost System Benefits:

Buck/Boost Charger with

Gl Fower Mgmt.

= Monitoring of autonomous, self-sustaining buildings and infrastructure.
® (Operates almost anywhere with LTE-M/NB-loT network coverage.

Varsoe ! Soten = Solar power/rechargeable battery enables self-contained operation.

E ® Detects high/low moisture levels or water spillage.

= Allows users to control water valves via the MQTT broker.

® Fully compatible with the smart water actuator.

Chargingby |

either USB or
Solar Energy [}
Harvesting

Solar Cell
Voltage

5V
Use .
Connector [320MA= H 2

Charge Current
Control

2

GPIO

GPIO
Batt Measure

ADC

Temp_ &
Humidity Sensor

0

MQTT over LTE-M

Pmed Type 3A UART
— _\nr NEB-loT
- D)

Digital —
Poti 128step 32768KkHz 40MHz

Moisture Sim
Ekecirodes LTE-M Module EU190
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RAG Series

Features of the RA6 Series

The RAG series offers the widest integration of communication interfaces as well as the best performance level. These MCUs aim for up to
240MHz of CPU performance using an Arm Cortex-M4 or M33 core and a memory range from 128KB to 2MB Flash. The series offers Ethernet,
USB Full Speed and High Speed, ultra—Low Power Wi-Fi6, QSPI, OctaSPI, CAN/CAN FD, 13C, and TFT display driver integration. The embedded
security engines are full of features you can leverage in your higher-level solutions with secure element services. The RA6 series addresses a

broad range of applications for loT endpoints such as white goods, meters, and other industrial and consumer applications.

High Performance Comprehensive Memory T
Secure Element Functionality Compact BGA Packages

Achieves 80pA/MHz while running the Up to 2MB code flash with background Provides enhanced performance, unlimited Wide range of space-saving BGA packages
CoreMark algorithm from flash at 200MHz operation, Dual-bank, and flash block secure key storage, efficient key and option to select open array ball grid
on Cortex-M33 CPU, delivering both CPU SWAP. memory-optimized firmware management, and reduced BOM cost by type package for flexible adoption on
operating speed/performance and energy updates. using on-chip crypto engine (SCE, RSIP). several applications where board space is
efficiency on active mode. Rich connectivity options include Ethernet ata premium.

MAC controller, CAN FD, USB 2.0 HS/FS,
ultra—Low Power Wi-Fi6, SDHI, HDMI-CEC,
and advanced analog with three sample-
and-hold per ADC, PGA, and high-speed
comparators.

RAG Series Lineup
RAEM1 120MHz (Cortex-M4), 512KB Code Flash, 256KB SRAM, 8KB Data Flash, Security (Unique ID, TRNG, AES, RSA, ECC, SHA2)
64/100-pin C ;
32-bit 16-bit SPI USB Capacitive 12-bit || 12-bit oo eatures
~ Vi 2
Cortex-M4 || “cor || agr || CAN " IC ase Il 78 I s touch ADC " DAC
DMAC, DTC
RAGM?2 120MHz (Cortex-M4), 1MB Code Flash, 384KB SRAM, 32KB Data Flash, Security (Unique ID, TRNG, AES, RSA, ECC, SHA2)
100/144/145-pin
32-bit 16-bit ) SPI ) USB || Ethernet || Capacitive 12-bit || 12-bit RTC
Cortex-M4 I “cor || ag || CAN " C aset || "8 || s | MAC || touch ADC || DAC
= 120MHz (Cortex-M4), 2MB Code Flash, 640KB SRAM, 64KB Data Flash, Security (Unique ID, TRNG, AES, RSA, ECC, SHA2)
S SIRCIVER  100/144/145175.pin WDT, IWDT
‘é i 32-bit 16-bit ) SPI ) USB Capacitive || Graphic || 12-bit || 12-bit
= Cortex M Il “gor || acT || N | ' asei || S [ ks touch || Lco || aoc || pac SCI (UART,
Simple SPI/I2C)
SYYYIW)  200MHz (Cortex-M33), 1MB Code Flash, 256KB SRAM, 8KB Data Flash, Security (Unique 1D, TRNG, AES, RSA, ECC, SHA2) e
64/100/144-pin PR
unctional >afe
Cortex-M33 || 16/32-hit|| 16-bit SPI USB || Ethernet || Capacitive 12-bit || 12-bit Feat !
CAN 12C 12§ eatures
w TrustZone|| GPT AGT OctaSPI FS MAC touch ADC DAC
YNV  200MHz (Cortex-M33), 2MB Code Flash, 512KB SRAM, BKB Data Flash, Security (Unique ID, TRNG, AES, RSA, ECC, SHA2) Low Power Modes/
100/144/176-pin Features
Cortex-M33 || 16/32-bit]| 16-bit can-ioll rec SPI s USB Ethernet || Capacitive 12-bit 12-bit \. J/
w TrustZone|| GPT AGT OctaSPI HS/FS MAC touch ADC DAC
RA6E1 200MHz (Cortex-M33), TMB Code Flash, 256KB SRAM, 8KB Data Flash, Security (Unique ID, TRNG)
48/64/100-pin
Cortex-M33 || 16/32-hit|| 16-bit CAN e SPI s USB || Ethernet 12-bit || 12-bit
= W TrustZone|| GPT AGT QSPI FS MAC ADC DAC
= .
(i 200MHz (Cortex-M33), 256KB Code Flash, 40KB SRAM, 4KB Data Flash, Security (Unique ID, TRNG)
RAGEZ 32/48/64-pin
Cortex-M33 || 16-bit || 32-bit , USB 12-bit || 12-bit
w TrustZone]|  GPT AGT CAN-FD 3¢ || S7! 'S FS ADC || DAC
160MHz (Cortex-M33), 256KB Code Flash, 704KB SRAM, 8KB Data Flash, Security (Unique ID, TRNG)
§ RAGW1 60/70-pin
2 12-bit -
g Cortex-M33 12C SPI 12§ ADC Wi-Fi 6
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RA6M1 Group: 32-bit Microcontrollers with 120MHz Optimized Entry Point

The Renesas RA6M1 microcontroller is the entry point to the Renesas RA6 product series for applications that require a high-performance Arm

Cortex-M4 core at a very attractive price point. The RA6MT1 is suitable for loT applications requiring security, large embedded RAM and low

power consumption.

= 120MHz Arm Cortex-M4 = CAN 2.0B

= 512KB Flash Memory and 256KB SRAM = SCI (UART, Simple SPI, I2C)

= 8KB DataFlash to store data as in EEPROM ® SPI/12C Multimaster Interface
= Scalable from 64-pin to 100-pin packages = SDHI

= Capacitive Touch Sensing Unit m SSI/Serial Sound Interface

= JSB2.0 Full Speed

Block Diagram
m 120MHz 32-Bit Arm® Cortex®-M4 Core NVIC |JTAG | SWD | ETM

S o
ﬁ Memory N Analogue o Timers db HMI
Code Flash (512kB) 12-bit A/D (11ch) 3SH GPT HighRes 32-bit (4ch) Capacitive Touch Sensing
Unit (12ch)
SRAM (96KB) Parity 12-bit AID (8ch) 3SH GPT Enh. 32-bit (4ch) i (1200
SRAMHS (128KB) Parity 12:bit DAC (2ch) GPT 32-bit (5ch)
SRAM (32kB) ECC __ SchPGAforeach ADC Low Power GPT (2ch)
High Speed Comparator (6ch)
Data Flash (8kB) wot
Temperature Sensor _
Standby SRAM (3k8) i
@Communication @ System @ Safety ﬁ Security
AES (128/192/256)
USB20 FS x1 DMA (8ch) Memory Protection Unit TRNG
AN pTC SRAM Parity Check Koy Management
2cx2 Clock Generation ECC in SRAM  SHATSHA224ISHAZSE
On-Chip Oscillator POE -~ ECCIRSADSA
Scixt HOCO (16,18,20MHz), Clock Frequency 3DES/ARC4
SPIx2 MOCO (8MHZ), Accuracy Measurement
LOCO (32kHz),
QsPIx1 ILOCO (15kHz) CRC Calculator
wDT
SDHI x2 Low Power Modes Data Operation Circuit LaFP 64,100
SS1x1.and SRC ELC Flash Area Protection LA 100, QPN G4
External Memory Bus Interrupt Controller ADC Self Test }

Use case: Swappable Battery Charging Kiosk

The swappable battery charging method represents the future of light electric vehicle (LEV) battery charging. This approach significantly reduces user wait
time and simplifies operation, making it an attractive alternative to traditional charging station infrastructure, which demands substantial investment.
Additionally, the kiosk offers emergency DC charging for non-standard battery-operated vehicles, enhancing its versatility and utility.

System Benefits:

“5““”“ ® |ntuitive touch-based access to control the
QY romc [N _
swapping process

2.3/150m A

= CAN-based communication between devices to
monitor battery health and charging status

® Modular charging approach with 3kW AC/DC
charger for flexible power management

TFT Display

Bluetooth & WiFi

QR Code for
Payment

16 Genl
LiFeP

Battery |Upg
Front End 2

ON Fault

ADVB00M A

Dacking Solenoid

o AS004
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RA6M2 Group: 32-bit Microcontrollers with 120MHz Medium Size Memory and Ethernet

The Renesas RA6M2 group of microcontrollers (MCUs) uses the high-performance Arm Cortex-M4 core and offers Ethernet MAC with individual

DMA, to ensure high data throughput. The RA6M2 is suitable for loT applications requiring Ethernet, security, large embedded RAM, and low

active power consumption.

= 120MHz Arm Cortex-M4 = USB2.0 Full Speed

= 512KB — 1MB Flash Memory and 384KB SRAM = CAN 2.0B

m 372KB DataFlash to store data as in EEPROM = SCI (UART, Simple SPI, I2C)

= Scalable from 100-pin to 145-pin packages ® SPI/12C Multimaster Interface
= Ethernet controller with DMA = SDHI

= Capacitive Touch Sensing Unit

Block Diagram
m 120MHz 32-Bit Arm® Cortex®-M4 Core NVIC | JTAG | SWD | ETM

~N [
@ Memory N~ Analogue o Timers {b HMI
Code Flash (512kB, 1MB) 12-bit A/D (13ch) 38H GPT HighRes 32-bit (4ch) Capacitive Touch Sensing
Unit (18ch;
SRAM (224KB) Parity 12-bit AID (9ch) 3S/H GPT Enh. 32-bit (4ch) (18
g liel
SRAMHS (128KB) Parity 12-bit DAC (2ch) GPT 32-bit (6ch) Parallel Capture Unit
SRAM (32kB) ECC High Speed Comparaior (6ch) Low Power GPT (2ch)
v Temperature Sensor
Data Flash (32kB) P woT
Standby SRAM (8kB) RTC, Calendar, Vbat
@Communication {§} System @ Safety ﬁ Security
AES (128/192/256)
Ethernet MAC with DMA DMA (8ch) Memory Protection Unit TRNG
USB2.0 FS x1 DTC SRAM Parity Check Key Management
ECC in SRAM GHASH
CAN X2 _ ClockGeneration SHA1/SHA224/SHA256
1203 On-Chip Oscillator .. POE ECC/RSAIDSA
SCIx10 HOCO (16,18,20MHz), Clock Frequency 3DES/ARCA
x MOCO (8MHZ), Accuracy Measurement -
SPIx2 LOCO (32kHz), T CRC Calcuator il p
. CRCCalculator Zll: Package
asPix1 1LOCO (15kH2) WDT o 9
SDHI x2 Low Power Modes Data Operation Circuit LQFP 100, 144
SS1x1and SRC ELC Flash Area Protection
External Memory Bus Interrupt Controller ADC Self Test LGA 145

Use case: Touchless Button Reference Design

The Touchless Button Reference Design can detect the approach of fingers and hands without physical contact using Renesas’ capacitive touch solution. The
electrode detects the proximity of the finger via self-capacitance and turns on the LED. The demo solution is compatible with all types of Renesas capacitive
touch CPU boards.

System Benefits:

= \When you don't want to or cannot touch a
surface (elevator buttons, etc.)

® When your hands are occupied (vending
machines, etc.)

® When your hands are wet (refrigerators)

= (Other items that you don't want to touch (smart
toilets)
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RA6M3 Group: 32-bit MCUs with 120MHz with USB High-Speed, Ethernet and TFT controller
The Renesas RA6M3 group of microcontrollers (MCUs) uses the high-performance Arm Cortex-M4 core and offers a TFT controller with 2D
accelerator and JPEG decoder. Additionally, the RA6M3 MCU offers Ethernet MAC with individual DMA and USB high-speed interface to ensure
high data throughput. The RA6M3 is suitable for loT applications requiring TFT, Ethernet, security, large embedded RAM, and USB High Speed (HS).

= 120MHz Arm Cortex-M4 ® (Capacitive Touch Sensing Unit

= 1MB — 2MB Flash Memory and 640KB SRAM ® USB2.0 Full Speed/ USB High Speed
= 64KB DataFlash to store data as in EEPROM = CAN 2.0B

= Scalable from 100-pin to 176-pin packages = SCI (UART, Simple SPI, I2C)

= Ethernet controller with DMA ® SPI/12C Multimaster Interface

= TFT Controller/2D Accelerator/JPEG Decoder

Block Diagram
UG KB 120MHz 32-Bit Arm® Cortex®-M4 Core NVIC | JTAG | SWD | ETM

@ Memory W Analogue O Timers & HMI
Code Flash (1MB, 2MB) 12-bit A/D (13ch) 3SH GPT HighRes 32-bit (4ch) Graphic LCD Controller
12+bit AID (11ch) 3SH 324
SRAM (480KB) Parity GPT Enh. 32-bit (4ch) 2D Drawing Engine
SRAMHS (128KkB) Parity 12:bit DAC (2ch) GPT 32:bit (6ch)
3ch PGA for each ADC __ JPEGCodec
SRAM (32kB) ECC Low Power GPT (2ch) Capacitive Touch Sensing
_— High Speed Comparator (6ch) 18ch
Data Flash (64kB) —_— WDT _ Unit(teeh)
Sensor B —— Parallel Capture Unit
Standby SRAM (8kB) RTC, Calendar, Vbat
@Communication {§} System @ Safety ﬁ Security
AES (128/192/256)
Ethemet MAC with DMA DMA (8ch) Memory Protection Unit
USB2.0 FS x1 DTC SRAM Parity Check Koy Manago
USB2.0 HS x1 Clock Generation ECCin SRAM SHA1/SHA224/SHA256
CAN x2 On-Chip Oscillator POE ECC/RSAIDSA
12¢x3 HOCO (16,18,20MHz), Clock Frequency IDES/ARCA
SCIx10 MOCO (8MHZ), Accuracy Measurement —
LOCO (32kHz), 7 CRC Calculator <jill:
SPIx2 ILOCO((15kHz)) 7‘3"05:;‘”5“” =!= Package
asPixt —Wor______
SDHIX2 Low Power Modes Dt Oporaiion Gireut__ LQFP 100, 144, 176
ELC Flash Area Protection

SSIx2 and SRC
External Memory Bus

Interrupt Controller ADC Self Test LGA 145, BGA 176

Use case: HMI for Appliances

Designed with support haptics-compatible touch panels, voice guidance, and multi-modal input, this system enables seamless interaction across a wide range
of appliances. Integrated LCDs showcase rich GUIs and status screens, while high-end variants with Wi-Fi and Bluetooth Low Energy (LE) ensure effortless
pairing with smartphones and integration into smart home ecosystems.
System Benefits:
® High-resolution LCD operates without the need
———————————— | for external DRAM, simplifying PCB design and
e ecooion. i reducing BOM costs.
i ® |ntegrated PMIC consolidates power delivery
} from a single 5V input and includes advanced
protections, such as undervoltage lockout
ST (UVLO), overcurrent protection (OCP), and
thermal protection.
Haptics Driver ‘o ® Mid-range variant includes NFC-based personal
authentication for secure access, ideal for

To Appliance System
Contraller
SP1 Flash

Security Card -7

Humidity Sensor

5V
O Buck Regulator

33V <15A
1 TFTRGB LCD win shared appliance environments.

Capacitive Touch Overiay

TFT-LCD

Backlight Driver W8060-3
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RA6M4 Group: 200MHz Arm Cortex-M33 TrustZone, High Integration with Ethernet

The Renesas RA6M4 group of microcontrollers (MCUs) uses the high-performance Arm Cortex-M33 core with TrustZone. In concert with the

Secure Crypto Engine it offers Secure Element functionality. The integrated Ethernet MAC with individual DMA ensures high data throughput.
The RA6M4 is built on a highly efficient 40nm process and is suitable for loT applications requiring Ethernet, future proof security, large

embedded RAM, and low active power consumption down to 99uA/MHz running the CoreMark algorithm from Flash.

® 200MHz Arm Cortex-M33 with TrustZone ® (Capacitive touch sensing unit
= Secure element functionality = USB 2.0 Full Speed
= 512KB - TMB Flash memory and 192KB SRAM with Parity and 64KB SRAM with = CAN 2.0B
ECC ® QuadSPI and OctaSPI
® Dual-bank-Flash with background operation = SCI (UART, Simple SPI, Simple 12C)
® 8KB Data Flash to store data as in EEPROM = SPI/I2C multimaster interface
® Scalable from 64-pin to 144-pin packages = SDHIand MMC
= Ethernet controller with DMA = | QFP and BGA package options

Block Diagram
G B 200MHz 32-Bit Arm® Cortex®-M33 Core NVIC | JTAG | SWD | ETB

g Memory H Analogue @ Timers & HMI
Code Flash 12-bit A/D (10ch) 1SH GPT 32-bit (4ch) Capacitive Touch Sensing
(512KB, 768KB, 1MB; Unit (20ch)
_ (512KB, T6BKB, 1MB) 12-bit AD (12ch) 1SH GPT 16-bit (6ch) (20ch)
BGO/SWAP Function 12-bit DAC (2ch) Low Powor GPT (6eh)
SRAM (192KB) Parity Temperature Sensor wor
‘SRAM (64KB) ECC RTC, Calendar, Vbat,
Data Fiash (8KB) 128Byte SRAM
‘Standby SRAM (1KB) ﬁ Security
Unique ID
@C icati {O} Svst @ Saf AES (128/192/256)
ommunication ystem afety G
Key Management
Ethemet MAC with DMA DMA (8ch) Memory Protection Unit RSAJECC/DSA
USB20 FS x1 DTC SRAM Parity Check 250 StiAzad
CANx2 Clock Generation ~ ECCinSRAM
12¢ x2 On-Chip Oscillator Clock Frequency Tamper Detection
sal HOCO (16,18,20MHz), Accuracy Measurement SPA/DPA Enhanced Resistance
x10 LOCO (32KHz)
( ), CRC Calculator
SPIx2 ILOCO (15KHz) — wor
QSPIx1 + OctaSPI Low Power Modes Data Operation Circu !ﬁ! Package
SDHI/ MMC ELC Flash Area Protection e
ssix1 Interrupt Controller ADC Self Test LQFP 64, 100, 144
External Memory Bus TrustZone BGA 64, 144

Use case: Ultra small fingerprint module

As cybersecurity threats evolve, the demand for secure hardware-based authentication methods is rising to enhance the protection of sensitive data. In portable devices,
traditional security methods struggle to balance compact design with high security, crucial for applications like USB dongles where space is limited but security is paramount.
This compact design is tailored for a USB dongle fingerprint authentication module, enabled by the high performance and security features of the MCU. The MCU is provided in a
very small package and ensures robust security through features like TrustZone and a secure crypto engine. Utilizing a modern USB Type-C in a cost-effective setup with USB 2.0
data bandwidth/power supply range, the fingerprint sensor application is condensed to a 12mm x 12mm footprint (plus 8mm x 8mm for the USB-C connector).

System Benefits:

33V 115mAmax

Ultra-low lq Buck

R = Arm Cortex-M33 MCU with TrustZone and secure crypto engine provides robust security for

fingerprint authentication, ensuring protection against unauthorized access.
USB-C

=
I

= (ptional expansion with galvanically isolated RS-485 bus connection allows integration into
industrial automation systems.

OV Protection

® The ultra-compact footprint design allows for integration into space-constrained applications such
as USB dongles.
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RA6M5 Group: 200MHz Arm Cortex-M33, Highest Integration with Ethernet and CAN FD

The RA6M5 group uses the high-performance Arm Cortex-M33 core with TrustZone. In concert with the Secure Crypto Engine, it offers Secure

Element functionality. The integrated Ethernet MAC with individual DMA ensures high data throughput. The RA6M5 is built on a highly efficient
40nm process and is supported by the FSP, built on FreeRTOS, and is expandable to use other RTOSes and middleware. The RA6M5 is suitable for
loT applications requiring Ethernet, future proof security, large embedded RAM, and low active power consumption down to 107uA/MHz running

the CoreMark algorithm from Flash.

= 200MHz Arm Cortex-M33 with TrustZone = Secure element functionality, Capacitive touch sensing unit, Various
= 1MB - 2MB Flash memory and 512KB SRAM communication features
= Scalable from 100-pin to 176-pin packages

Block Diagram
m 200MHz 32-Bit Arm® Cortex®-M33 Core NVIC | JTAG | SWD | ETB

ﬁ Memory W Analogue O Timers @ HMI
Code Flash (1MB, 1.5MB, 2MB) 12-bit AD (10ch) 1S/H GPT 32-bit (4ch) Capacitive Touch Sensing
Unit (20ch)
BGO/SWAP Function 12-bit A/D (16ch) 1S/H GPT 16-bit (6ch) (20ch)
SRAM (448KB) Parity 12-bit DAC (2ch) Low Power GPT (6ch)
SRAM (64KB) ECC Temperature Sensor WoT

Data Flash (8KB) RT?'zggly?msa" Vbat, ﬁ
R e SRAM .
Standby SRAM (1KB) Security

Unique ID
AES (128/192/256)

TRNG
@Communication {§} System @ Safety P
Key Management
RSA/ECC/DSA
Ethemnet MAC with DMA DMA (8ch) Memory Protection Unit
SHA256 / SHA224
USB2.0 FS x1 pTC SRAM Parity Check
USB2.0 HS x1 Clock Generation ECCin SRAM Tamper Detection
CANFD x2 On-Chip Oscillator Clock Frequency SPA/DPA Enhanced Resistance
e HOCO (16,18,20Mz), _ Aoouracy Measuroment
SCIx10 LOCO (32KHz), CRC Calculator
P ILOCO (15KHz) WOT 5'5 Package
QSPI x1 + OctaSPI x 1 Low Power Modes Data Operation Circuit
SDHI / MMC / HDMI-CEC ELC Flash Area Protection LQFP 100, 144, 176
ssixt Interrupt Controller ADC Self Test BGA 100, 144, 176
External Memory Bus Trustzone

Use case: Smart Voice-Controlled Room Automation

Voice recognition is a key feature of today's digital lifestyle, enabling control of lighting, air conditioning, curtains, and appliances through voice commands.
This hands-free capability improves hygiene by reducing the need to touch surfaces in hotels or offices. Renesas offers a design with an offline voice
recognition algorithm for real-time control, utilizing a third-party voice recognition engine. The system supports advanced voice command recognition in two
languages simultaneously, with 34 global languages available for integration into existing control systems.

11ow23W—lRe.ay System Benefits:
—— o o0 | ovisov ® Easily integrates into existing hotel air
: . 110v/230V | %
o~

LED Lamp conditioning, lighting control systems, and
home appliances.

= Customizable voice commands with an
advanced recognition engine and algorithm.

AC from Main

Vv

§_¢ o RSASIWIT o ® Supports dual languages and trigger commands.
1 W ® Cost-effective design for enhancing room
: i automation.
((" I E VA " Lighting & AC

Voice Response Control Box

b — o AS112
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RAGE1 Group: 200MHz Arm Cortex-M33 High performance and streamlined features

The RAGE1 group of 32-bit MCUs uses the high-performance Arm Cortex-M33 core with TrustZone. The RAGE1 is built on a highly efficient 40nm
process and is supported by an open and flexible ecosystem concept, the Flexible Software Package, and is the perfect entry point into the RA
Family of microcontrollers. The RAGET is suitable for entry loT applications requiring streamlined features and connectivity integration including

Ethernet, and unprecedented performance with a CoreMark of 790.27, which is 3.95 CoreMark/MHz.

= 200MHz Arm Cortex-M33 with TrustZone ® Various communication features, Ethernet MAC, USB 2.0 FS, CAN, QSP!I,
= 512KB - 1MB Flash memory and 256KB SRAM SDHI, MMC, SCI and SPI
= Scalable from 48-pin to 100-pin packages

Block Diagram
RAG6E1 200MHz 32-Bit Arm® Cortex®-M33 Core NVIC |JTAG | SWD | ETB

@ Memory Y Analogue o Timers
Code Flash 12-bit AD (10ch) 1S/H GPT 32-bi (2ch)
(512kB, 1MB)
¢ V) 12-bit DAC (1ehy GPT 16-bit (4ch)
BGO/SWAP Funclion Tow Gt iEa
SRAM (256kB) Parity WOt
Data Flash (8kB) RTC, Calendar, Vbat,
Standby SRAM (1kB) 126Byte SRAM
@Communicalion {:(_J} System @ Safety ﬁ Security
Ethermet MAC with DMA DMA (8ch) Memory Protection Unit Unique ID
USB2.0FS x1 DTC SRAM Parity Check TRNG
CANx1 Glock Generation —
12cx2 On-Chip Oscillator CioskErsavsecy
T HOCO (16,18,20MHz), Adsiyaoy Moasertet
LOCO (32kHz), CRC Calculator ﬂ=
SPIx2 ILOCO (15kHz) T M: Package
QsPI x1 Low Power Modes. Data Operation Ciruit
SDHIX) ELC Flash Area Protection LQFP 64, 100

ssIx1 Interrupt Controller ADC Self Test
TrustZone

Voice Over PLC with High-Performance Audio Codec

This power line communication (PLC) audio system enables audio communication through existing power lines, making it ideal for applications like water
heaters, doorbells, and in-house announcements. By eliminating the need for dedicated communication cables, the system reduces costs, simplifies

QFN 48

construction and maintenance, and minimizes wiring errors.

DC Line (12V-~36V]}
T

PLcunt | L o 1 ® Enables audio communication between floors

| via PLC.

s ol ® Reduces costs by eliminating the need for
additional wiring or physical deployment.

= (Offers superior reliability, long-distance
communication over 1km, and high-speed data

Audio Unit Audio Unit transfer up to 1Mbps.

® Features a low BOM cost and supports a
compact design.

________ ' System Benefits:

Serial Flash Serial Flash

uss

One board for Primary/Secondary One board for Primary/Secondary

WS029
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RAGE2 Group: 200MHz Arm Cortex-M33 Best-in class performance as entry-line MCU

The RAGE2 entry-line microcontroller is based on the 200MHz Arm Cortex-M33 core with TrustZone.

The RAGE2 MCUs offer best-in-class performance as an entry-line microcontroller while pursuing cost optimization. Pin and peripheral compatibility

with the RA4E2 group make it ideal for applications requiring higher performance, small footprint, and lower pin counts.

= 200MHz Arm Cortex-M33 with TrustZone = Various communication features, USB 2.0 FS, CAN FD, I3C, HDMI CEC, SSI,
® 128KB - 256MB Flash memory and 40KB SRAM QSPI, SCl and SPI
= Scalable from 32-pin to 64-pin packages

Block Diagram

W 200MHz 32-Bit Arm® Cortex®-M33 Core NVIC | SWD | ETB

@ Memory WY Analogue o Timers
Code Flash 12-bit ADC (12ch) GPT16E (6ch)
(128KB, 256KB)
12-bit DAC (2ch) Low-power GPT (2ch)
SRAM 32KB Parity
Temperature Sensor woT
SRAM 8KB ECC RTC, Calendar
Data Flash (4KB)
Standby SRAM (1KB)
@Communication @} System @ Safety ﬁ Security
USB2.0 FS Device x 1* DMA (8ch), DTC, ELC Memory Protection Unit 128-bit Unique ID
CANFD x1 Clock Generation SRAM Parity Check TRNG
13C x1 On-Chip Oscillator ECC SRAM
sCix2 ”Ofn%gg’gﬁgx“z) Clock Frequency
Accuracy Measurement -
SPIx2 LOCO (32KHz) il il Package
HDMI CEC x1 ILOCO (15KHz) CRC Calculator o
Low-power Modes IWDT
Ssixt LQFP 64
QsPIx1 Interrupt Controller ~ Data Operation Circuit
Trustzone Flash Area Protection BGA 36,64
ADC Self Test QFN 32,48

*Exclcing 32.p package

Use case: QuickConnect Beginners Kit

The QuickConnect Beginners Kit is designed to offer a user-friendly entry point into the QuickConnect Platform. All boards included in the kit are supported

through QuickConnect Studio. Featuring a modular design with standard Pmod connectors, the kit includes the BGK-RA6E2 MCU board, a Wi-Fi connectivity

module, and a variety of sensors—ideal for fast prototyping. This setup enables both rapid software development and easy hardware integration. Users can

create projects using AWS MQTT sample applications and gather real-time data from sensors such as temperature, humidity, air quality, and audio.

Features:

® Rapid prototyping using MCU, connectivity, and sensors.

® All boards are supported on QuickConnect Studio for system
software development and customization.

® Samples of use cases for AWS connectivity are described in
the user manual.

= Mobile app available for Wi-Fi provisioning on Android and
i0S.

® QuickConnect Beginners kit V2.0 with Bluetooth Low Energy
(LE) module can be used to complete the example projects
available in the application manual for the kit.
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RA6W1 Group: Wi-Fi6 MCU - 2.4/5GHz dual band ultra low power
The RA6W1 group is an ultra—Low Power Wi-Fi6 Wireless MCU that combines a 160MHz Arm Cortex-M33 core with Dual-band Wi-Fi6 integrating a

comprehensive number of serial peripherals. The RA6W1 Wireless MCU integrates 2.4/5GHz Dual Band Wi-Fi6 functionality with large integrated
RAM and optimized feature set this is suitable for a wide range of Wi-Fi loT applications either as a standalone Wi-Fi MCU or connected to a host
MCU. The RA6W1 group integrates unique low power capabilities enabling sleepy connected functionality enabling battery power Wi-Fi applications
and fulfilling the latest low power regulations. RA6W1 group is fully scalable for any application with 0/QSPI interface for Flash (XiP) and a QSPI
interface supporting PSRAM for large application data like display buffers. RA6W1 is Matter ready with SDK certified for Matter 1.4 making RA6W1

the ideal choice for Smart home applications.

= 160MHz Arm Cortex-M33 core
= 704KB SRAM, 256KB ROM, 2KB OTP
® Packaged 66-pin FcQFN, 70-pin WLCSP

Block Diagram

® \Vi-Fi6 2.4/5GHz, IEEE 802.11a/b/g/n/ac/ax, 1x1, 20MHz channel
m ?2x SPI, 3x UART, 2x I2C, 8 channel PWM, PDM/I2S, up to 28 GPIOs
® Security functions including ECC, AES, SHA256, secure key storage, TRNG

SWD | MTB | ETM

RA6W1 160MHz 32-Bit Arm® Cortex®-M4 Core

Processor @ Memory ".?\ Wireless Interface W Analogue
160MHz Arm® Cortex®-M33 RAM 704KB Wi-Fi 6 1x1, 20 MHz 12-bit AID (4ch)
_ With FPU, DSP Extension _ ROM 256KB . camel Analog Comparator
nvie OTP 2KB 80211 MAC alblgin/aciax Temperature Sensor
32KB i-Cache “XiP 0/QSPI Flash (Secure) RF 2.4/5GHz(+19dBm) VBAT Monitor
DOC (Data Operation Circuit) T Extomal QSPI PSRAM Coexistence
@ Power Management
@ Digital /0 @ System @ Security VirtualZero™ Power Manager
SIMO Buck DCDC Converter
Power On Reset
2x SPI, 3x UART, 2x 12C Xtal 40MHz RSA/ECC, AES-256 Brown-Out Detection
SDIO 3.0 (Device) Xtal 32kHz ChaCha20
PWM (8ch) 32kHz RC Hash SHA-2
125, PDM RTC TRNG e
28 GPIO 8x GP Timers Secure Boot, Secure #E Package

Watchdog Timers Storage

2x Wakeup Pins

FCQFN 66 (5.6 X 6.4mm)
WLCSP 70 (3.5 x 4.1 mm)

Use case: Touch HMI interface for home appliances

This solution is for a Wi-Fi connected HMI interface for the smart home. Being based on the RA6W1 Wi-Fi6 MCU which is integrated into the RRQ61051 Wi-Fi/
BLE combo module and the RA6W1 MCU is driving the LVGL based GUI on the SPI connected QVGA display. There is integrated low latency touch control with
the RL78 touch controller and MQTT weather server providing continuous updates. RA6W1 implements Sleepy connection for ultra low power support with
low latency for remote control of the Smart appliance.

regulators
possible

45V-60V. Buck
—  RAA211605/
RAA211630

VDD SPI +BLD

. PWM
WiFi6 PHY

BLE PHY

} PSRAM QspI

,,,,,,,,,

hainenioies Control

Photocoupler
RV1S2281A
Optional,
depends on
end

Feedback

RL78/G22

.

IRQ
RTC [ xTAL [ XTAL

» OO0
— 000
ooo

Number of

cTsu

application

U end
application

WS058

32.768kHz
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RAS8 Series

Features of the RA8 Series

The RA8 series provides the highest performance and the most advanced feature-set among the Renesas RA MCU Family portfolio, using the industry-leading
Arm Cortex-M85 CPU core with Helium™ M-profile Vector Extensions to deliver unprecedented performance, with fully deterministic, low latency, real-time
operation that enables customers’” most demanding application needs.

The RA8 series MCUs are designed for increasing security demands. Renesas Security IP with advanced cryptographic acceleration, secure boot with FSBL in
immutable storage and tamper protection work seamlessly with Arm TrustZone to realize robust security.

These are general-purpose MCUs and address diverse high-performance and compute-intensive applications in Industrial Automation, Home Appliances, Smart
Home, Consumer, Building/Home Automation and Medical/Healthcare market segments.

Highest Performance Advanced Security Wide coverage of the target applications

= Powerful Arm Cortex-M85 core, 6.39 CoreMark/MHz ® Hardware Root-of-Trust and Secure Boot = RA8P1: Voice/Vision Al/ML
Demonstrated Performance = Advanced cryptography for secure element = RABE2, D1, D2: Graphics & Display

® Armv8.1 architecture with Helium for DSP/ML functionality = RABET, M1, M2: System control, etc.
acceleration ® Arm TrustZone for isolation and system partitioning

Arm Cortex-M cores

I I T T T I TR
Instruction Set Architecture Armv6-M Armv8-M Armv7-M Armv8-M Armv8.1-M Armv7-M Armv8.1-M
Baseline Mainline Mainline Mainline
DMIPS/MHz 0.99 103 1.26 154 169 231 m 3.13
CoreMark/MHz 2.46 264 354 4.10 4.40 5.29 m 6.39*
MVE = = = = Helium - I tein
TrustZone NA (Yes) NA Yes Yes NA m Yes

* Measured by Renesas

RAB8 Series Lineup

The RA8P1 is the Renesas’ first Al accelerated MCU designed for Edge Al, with a focus on Voice and Vision Al applications.

The RA8D2, RA8D1, and RABE2 MCUs are designed for graphics/HMI and display applications. These MCUs are highly scalable with increasing performance
and capabilities to meet diverse application requirements.

RA8M2, RABM1, and RA8E1 are general-purpose MCUs that support real-time control applications and combine high performance with a scalable set of
peripherals.

The RA8E1 and RABE2 are the entry-line MCUs in the RA8 series, delivering an optimized feature-set for cost sensitive applications.

1GHz (Cortex-M85), 250MHz (Cortex-M33), 1MB MRAM, 8MB Flash (Option), 2MB SRAM (TCM, ECC supported)

360MHz (Cortex-M85), 1MB Flash, 544KB SRAM (TCM, ECC supported), 12KB Data Flash
RABE1 100/144-pin

5‘ RA8P1 224/289/303-pin C
i ommon features
= C[;gtaele_l“glrgs Ethos-U55||  OSPI Eftze-rl;'; ||USB HS" e || 16bit 16-bit | MIPI GLCDC ||PDM I/F]| Gbit Ethernet|| Crypto
< Cortex-M33 NPU__{|w/DOTF, XIP{|memory Bus|| SDHI ADC ||Camera I/F||DSI & CSI-2|| 2DRW 12§ TSN Switch || Engine A TrsZone
RASDZ 1GHz (Cortex-M85), 250MHz (Cortex-M33), TMB MRAM, 8MB Flash (Option), 2MB SRAM (TCM, ECC supported)
224/289/303-pin Ui
§ tra Low-power
Dul Core. OSPI zbt NUSBHS| o |[ 16-bit | 16-bit MIPI ][ GLeoc |[PDm 17F] [Gbit Ethernet][ Crypto Timer
B | Cortexiss w/DOTF, XIP|[memory Bus]] SDHI ADC || Camera I/F||DSI & CSI-2]| 2DRW || 12S || TSN Switch || Engine AGT Timer, RTC
=
g RA8D1 ?gg}\glz-li(p(i)zrtex-MBS), 2MB Flash, 1MB SRAM (TCM, ECC supported), 12KB Data Flash WOT, IWDT
~
@ 0SPI 32:bit ~I[USB HS 12-bit |[ 16-bit I | e | 10/100 ][ Crypto
= [ W/DOTF, XIP MEﬁ‘.ﬁ',”,féusll SDHI " BC N anc |[camera 1F | psi |l zorw [ "S || Ethemet || Engine OAC i Spe
© omparator
5] RASEZ 480Mﬂz (Cortex-M85), TMB Flash, 672KB SRAM (TCM, ECC supported), 12KB Data Flash
224-pin
Cortex-M5 0SPI N 12-bit GLCDC [ g TRNG US;SS';'FS;]"C';%_FD
ortex- w/ XIP_||omory Bus ADC 2DRW Unique [0 '
RASMZ 1GHz (Cortex-M85), 250MHz (Cortex-M33), TMB MRAM, 8MB Flash (Option), 2MB SRAM (TCM, ECC supported) Timers
176/224/289/303-pin
=g [ DualCore 0SPI 32-bit ~[USB HS 16-bit |[ 16-bit PDM 1/F}[Gbit Ethernet][ Crypto
= _| .
=] | e w/DOTF, XIP Mﬁﬁﬁi',”,féusll SDHI " BC M anc || camera 1F 25 || TSN Switch || Engine Funcona afety
= — eatures
= 480MHz (Cortex-M85), 2MB Flash, 1MB SRAM (TCM, ECC supported), 12KB Data Flash
8 RABNH 100/144/176/224-pin Low P Modes/
= 0SPI 32-bit —[USB HS 12-bit |[ 16-bit 10/100 ][ Crypto v szavteurreso b
= . 2
i | Cortex-M85 Ww/DOTF, XIP Mﬁﬁi',”,féusll SDHI " BC 1 anc || camera 1F S | Ethemet || Engine | \ )
S
%
>~
(9p)

OSPI 12-bit 8-bit s 107100 TRNG

Cortex-M85 w/ XIP ADC || Camera I/F Ethernet _ {[unique 1D
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RA8E1 Group: 360MHz Arm Cortex-M85 Entry-Line Microcontroller with Helium
The RABE1T MCU Group features entry-line 32-bit microcontrollers (MCU) based on the Arm Cortex-M85 (CM85) core with Helium and TrustZone,

delivering breakthrough performance of 6.39 CoreMarks/MHz, with fully deterministic, low-latency, real-time operation that enables customers’
most demanding application needs. These are general-purpose MCUs and address diverse high-performance and compute-intensive applications in
industrial automation, home appliances, smart home, consumer, building/home automation, and medical/healthcare market segments.

The RABE1 MCUs integrate the high-performance CM85 core with memory, multiple external interfaces and an optimized peripheral set that
addresses the needs of price-sensitive applications. RABE1 MCUs are available in 100 and 144-pin LQFP packages, to serve the needs of a broad

range of high-performance applications.

® 360MHz Arm Cortex-M85 with Helium MVE, Armv8-M TrustZone ® On-chip immutable ROM for First Stage Bootloader
= 1MB Flash memory, 544KB of SRAM including TCM, and 32KB I/D Caches ® 8-bit CEU camera I/F for simple vision Al application
and 12KB Data Flash ® 100-pin and 144-pin LQFP packages

® xSPI compliant Octal SPI with XIP & DOTF

Block Diagram

®
RABE1 360MHz Arm® Cortex®-M85 Core,  Fpy | ARM MPU | NVIC | JTAG |
Armv8.1-M Architecture w/ Helium  SWD | ETM [Boundary Scan
< . [
@ Memory Y Analog O Timers {'_') HMI
Code Flash (1MB) 12-bit ADC GPT 32-bit (6ch) 8.bit CEU Camera UF
Data Flash (12KB) (2unit, 13ch, 2ch-S/H) GPT 16-bit (4ch)
SRAM (512KB) Parity 12:bit DAC (1ch) Low Power GPT 16-bit (2ch)
TCM (32 KB) ECC High-speed Comparator (2ch) g { ow Power GPT 32:bit (2ch)
1D Caches (32KB) Temperature Sensor wDT
Standby SRAM (1KB) RTC
@f‘ icati {§} yst @ Safety ﬁl Security
Ethemet MAC wDMA (x1) DMA (8ch) Memory Protection Unit 128-bit unique ID
CAN-FD (x2) oTC SRAM Parity Check TRNG
USB20FS (x1) Clock Generation POE
12C (x2) On-chip Oscillator Clock Frequency
Accuracy Measurement
SPI () DC-DC Converter oRe Calcuator
SCI (x6) Low Power Modes Wor
SSi02) ELe Data Operation Circuit
Octal SPI (x1,XiP) Interrupt Controller Flash Area Protection
VBAT ADC Self Test ﬂi Package

TrustZone
LQFP 100, 144

Use case: Entry Level Voice & Vision Al System

The increasing demand for smart and secure environments, combined with advancements in Al technology, is driving the development of more affordable and
accessible entry-level Al systems. These systems come with advanced security features and smart functionalities designed to integrate seamlessly with
existing ecosystems.

This design offers a cost-effective, mid-range voice and vision Al system for voice and image recognition. It features a high-performance Arm Cortex-M85 core-
based MCU with Helium Vector Extensions, providing a significant performance boost for AI/ML and DSP operations. This versatile design is suitable for
various applications, including surveillance and voice assistants. It includes audio and image capture interfaces, as well as Wi-Fi and Bluetooth Low Energy (LE)
connectivity, ensuring easy integration with existing home or infrastructure ecosystems.

DCIN
24v
O Buck Regulator 5V, Z700mA
Buck Regulator 33V, 000mA

<310mA

)

3

WiFI/BLE
@ Op Amp y <30mA
i Ethernet PHY

é =40mA,
Audio Codec

é SSIE (125)

[<350mA

WS050
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RA8M1 Group: 480MHz Arm Cortex-M85 MCU with Helium e 2
The RABM1 MCU Group has the Arm Cortex-M85 (CM85) core, delivering breakthrough performance of over 3000 CoreMark at 480 MHz, with fully
deterministic, low latency, real-time operation that enables customers” most demanding application needs. These are general-purpose MCUs and
address diverse high-performance and compute-intensive applications in Industrial Automation, Home Appliances, Smart Home, Consumer,
Building/Home Automation and Medical/Healthcare market segments.

The RABM1 MCUs integrate the high-performance CM85 core with large memory, multiple external interfaces, and a rich peripheral set optimized
to address diverse application requirements, and are available in packages from 100 pins to 224 pins, to serve the needs of a broad range of high-
performance applications. Secure element functionality is built-in with advanced cryptographic security IP, immutable storage, and tamper

protection, for truly secure loT.

® 480MHz Arm Cortex-M85 with Helium MVE, Armv8-M TrustZone

= 1MB - 2MB Flash memory, TMB of SRAM including TCM, and 32KB I/D
Caches and 12KB Data Flash

= External memory interfaces (CS/SDRAM) and xSPI compliant Octal SPI
with XIP & DOTF

Block Diagram

® Renesas Secure IP (RSIP-E51A) & On-chip immutable ROM for First Stage
Bootloader
® Scalable from 100-pin to 224-pin packages

480MHz Arm® Cortex®-M85 Core,
Armv8.1-M Architecture w/ Helium

FPU | ARM MPU | NVIC | JTAG |
SWD | ETM |Boundary Scan

RA8M1

= N o
@ Memory ¥ Analog @ Timers {b HMI
Flash (2MB/1MB) 12-5it ADC 32-bit GPT (Bch) CEU Camera Interface
Data Flash 12KB & Flash Cache (2unit, 25ch, Unit0 w/ 3ch-S/H) 16-bit GPT (6ch)
SRAM (1MB) 12-6it DAC (2eh) 32-it ULPT (2ch)
- With ECC (384KB) High-speed Comparator (2ch)

- With parity (512KB)
- TCMw/ ECC (128KB)
UD Caches (32KB)

Temperature Sensor

16-bit AGT (2ch)
woT
RTC

Standby SRAM (1KB) ﬁ Security
AES (1268/1921256)
c & v
@ L4 Safew RSA 4K, ECC
Ethernet MAC w/ DMA (x1) DMA (8ch) Memory Protection Unit TRNG
CAN-FD (x2) pTC SRAM Parity Check SHA-2 (224/256/384/512)
USB2.0 HS (x1) Clock Generation ECCin SRAM Secure Debug
USB2.0 FS (x1) On-chip Oscillator POE First Stage Boot Loader
SDHI (2) DC-DC Converter Clock Frequency ROM (Immutable storage)
Accuracy Measurement
12C (2), 13C (x1) Low Power Modes CRC Calculat Trusfons
. ELC alculator CMAC/HMAC/GMAC
SP162) ntermupt Controller wor DPA/SPA Side Ch. Protection
SCI (6) Data Operation Circuit
VBAT Flash Area Protect i
55102) lash Area Protection ill: Package
ADC Self Test i

Octal SPI (x1, XIP&DOTF) LQFP 100, 144, 176

Extemal Memory Bus BGA 224

Use case: Smart Glasses

The smart glasses serve as an extension of the loT system, which can be implemented directly on the glasses themselves. This system offers a range of
functions, including taking pictures, playing music, making phone calls, voice commands, and danger alerts. It utilizes the machine learning capabilities of the
Arm Cortex-M85 MCU for efficient audio and image processing on the edge. This enables quick identification of potential dangers, triggering alarms through
the speaker.

860mA 35mA

ﬂ

0.32mA
Microphone
[ rouchpa

Gl p— ® Low quiescent current power system for
extended battery life.
= Waterproof system with no external
connectors.

System Benefits:

® Edge machine learning capability.

® Secured by Arm TrustZone with support for
Secure OTA.

® Active noise cancellation audio system with
two microphone beamforming, ensuring clear

Buck-Boost

Wireless Receiver

Audio Codec

Li-ion Battery Trust Zone

Charger

Single-Cell
Battery

audio in noisy environments.

SPI/UART

US203
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RA8M2 Group: 1GHz Arm Cortex-M85 & CM33 Dual-Core High-Performance MCU
The RA8M2 group features 32-bit general-purpose MCUs that combine 1GHz Arm Cortex-M85 with Helium Vector Extensions and 250MHz

Cortex-M33 cores, delivering over 7300 CoreMark CPU performance to meet demanding application needs. These MCUs are ideal for compute-
intensive applications in industrial automation, home appliances, smart home, consumer, building/home automation, and medical/healthcare
market segments.

RA8M2 MCUs integrate large on-chip MRAM and SRAM memory, multiple memory interfaces, and a rich peripheral set, enabling efficient
system design and lower costs. The MRAM provides non-volatile, high-reliability storage for critical data. Available in packages from 176 to 303
pins with junction temperature up to 125°C, these MCUs enable a wide range of industrial and loT/consumer applications. Secure element

functionality is built-in, with advanced cryptographic security IP, immutable storage, and tamper protection, to ensure data privacy and integrity.

® 1GHz Arm Cortex-M85 core with Helium Vector Extensions, 250MHz ® Renesas Security IP, TrustZone, tamper protection, secure boot with
Cortex-M33 core immutable storage for first stage bootloader

= (.5/1MB MRAM, 4/8MB Flash (option), 2MB SRAM including TCM and = Gigabit Ethernet, TSN switch, USB 2.0 HS/FS, CAN FD, SDHI, SPI, 13C/12C
64KB caches serial interfaces

® 32-hit external memory I/F (CS/SDRAM) and xSPI compliant Octal SPI with ® 176-pin HLQFP & 224, 289, 303-pin BGA packages
XIP & DOTF

Block Diagram

RASM2 1GHz Arm® Cortex®-M85 Core, FPU | ARM MPU | NVIC | JTAG |
+ 250MHz Arm® Cortex®-M33 Core SWD | ETM |Boundary Scan
@ Memory YW Analog o Timers 6 HMI
Code NVM 16-bit ADC 32-bit GPTE (High Resolution) (4ch)
CEU 16bit Camera Interface
(MRAM 0.5/1MB, Flash 4/8MB) (2units, 23ch, 3ch-S/H x2) 32-bit GPTE (10ch)
Data SRAM w/ ECC (1.6MB) 12-bit DAC (2ch) 32-bit ULPT (2ch)
TCM (256KB for Cortex-M85 High-speed Comparator (4ch)
+128KB for Cortex-M33) 16-bit AGT (20h)
Temperature Sensor
1/D-Cache (32KB for Cortex-M85 WDT (2ch)
+32KB for Cortex-M33) RTC .
ﬁ Security
AES (128/192/256), CHACHA20
. " RSA 4K, ECC
¢® Communication {:c:»} System @ Safety
TRNG
Gigabit Ethernet MAC DMA (8ch x2) Memory Protection Unit SHA-2 (224/256/384/512), SHA-3
W/ TSN (x2) +2 port switch DTC (x2) SRAM Parity Check Secure Debug
CAN-FD (x2) Clock Generation ECCin SRAM First Stage Boot Loader
USB2.0 FS (x1), USBHS (x1) On-chip Oscillaor o kzOE OTP (immutable storage)
lock Frequency
SDH/MMC ¢2) DC-DC Converter Accurscy Measurement TnistZona | EFP support
13C (1), 12C (3) Low Power Modes CRC Calculator CMAC/HMAC/GMAC
SCI (x10) ELC IWDT DPA/SPA Side Ch. Protection
SPI62) ntorrapt Controter Data Operation Circut
OSPI (x2, XIP&DOTF) VBAT MRAM Area Protection * Package
S| x2 & PDM 3ch x1 ADC Sef Test

32-bit External Memory Bus Permanent Lock Function BGA 224/ 269/ 303
Programmable Voktage Detector HLQFP176

Use case: Pet camera robot e .

0 i
Mobile pet camera robot with real-time video, audio, and wireless control =] Lo
. . N o e s Y
As more households adopt pets, owners seek reliable ways to ensure their companions -
. . . , . . RaJztocdaoNe
safety, behavior, and well-being while they're away. Stationary cameras provide coverage,

USBPD Controller
RIA02G011 NVDG Charger
1SL9238C

but are limited as pets move throughout the home, leaving blind spots. A mobile pet )
camera robot solves this by enabling control to move and follow pets around, reducing :

Main Control Board

blind spots and enabling interaction opportunities for owners to engage with pets while i
being away. e '
This RABM2 based Pet Camera Robot system is a mobile pet camera that provides video
footage and two-way audio interaction to move around the house and allow owners to
dynamically interact with their pets. Controlled by a phone app via Wi-Fi, users can see
video feed, talk through the robot and control the robot to move around and follow their

Camera Sensor
Board

‘®

Audio Amplifier
b

pets.

HVPAK
SLGAT105




RA8E2 Group: 480MHz Arm Cortex-M85 Entry-Line Graphics/Display Microcontroller
The RA8E2 MCU group features entry-line graphics-enabled 32-bit microcontrollers (MCUs) based on the Arm Cortex-M85 (CM85) core with

38-39

Helium and TrustZone, delivering breakthrough performance of over 3000 CoreMark points at 480 MHz, and graphics capabilities that drive TFT-

LCD displays. These MCUs address diverse high-performance graphics applications in industrial automation, home appliances, smart home,

consumer, building/home automation, and medical/healthcare market segments.

The RABE2 MCUs integrate the high-performance CM85 core with large memory, and an optimized peripheral set including a graphics TFT-LCD

controller with parallel RGB interface, 2D drawing engine, and multiple external memory interfaces, which addresses the needs of price-

sensitive graphics applications. These MCUs are available in 224-pin packages.

= 480MHz Arm Cortex-M85 with Helium MVE, Armv8-M TrustZone

= 1MB Flash memory, 672KB of SRAM including TCM, and 32KB 1/D Caches
and 12KB Data Flash

= 16/8-bit external memory interfaces (CS/SDRAM), xSPI compliant Octal
SPI with XIP & DOTF

Block Diagram

@ Memory Y Analog

480 MHz Arm® Cortex®-M85 Core,
Armv8.1-M Architecture w/ Helium SWD | ETM |[Boundary Scan

® On-chip immutable ROM for First Stage Bootloader
® Graphics LCD controller with RGB I/F, 2D drawing engine
® 224-pin BGA packages

FPU | ARM MPU | NVIC | JTAG |

(:j Timers % HMI

Code Flash (1MB)
Data Flash (12KB)
SRAM (512 KB) Parity
SRAM (128 KB)
TCM (32 KB) ECC
1D Caches (32KB)
Standby SRAM (1KB)

12-bit ADC
(2unit, 13ch, 2ch-S/H)
12-bit DAC (1ch)
High-speed Comparator (2ch)
Temperature Sensor

GPT 32-bit (6¢h)
GPT 16-bit (4ch)

Low Power GPT 16-bit (2ch)
Ultra Low Power GPT 32-bit (2ch)
woT
RTC

Graphics LCDC w/ RGB I/F
2DRW engine

c*}r‘ icati {§} yst: @ Safety ﬁ Security
CAN-FD (x2) DMA (8ch) Memory Protection Unit 128-bit unique ID
USB2.0 FS (x1) DTC SRAM Parity Check TRNG
12C (x2) Clock Generation POE
SPI(x2) On-chip Oscillator Clock Frequency
Accuracy Measurement
SCI (x6) DC-DC Converter
SSI (x2) Low Power Modes CRC Caloulator
WDT
Octal SPI (x1,XiP) ELC
Data Operation Circuit
16-bit external memory I/F Interrupt Controller
Flash Area Protection s
VBAT -
ADC Self Test ='= Package

TrustZone

Use case: Level 2 EV Charger Wall Box

The EV charging station is designed for both consumer and business EV
chargers. Its modular approach offers a variety of connectivity options,
including Wi-Fi, LTE Cat-M1, or power line communication (PLC), with the
possibility to add additional interfaces like Ethernet, Bluetooth Low Energy
(LE), or wired communication via a Modbus interface. The station features an
NFC reader for customized billing and access control and includes modular
metrology for monitoring power consumption in a standard AC power
environment. It also supports load balancing and incorporates safety features
to ensure reliable operation.

The MCU supports dual-flash bank operation, permitting safe over-the-air
(OTA) updates and fallback.

High voltage AC/DC design eliminates the need for optocouplers, simplifying
the system architecture.

BGA 224

‘Conrol Piiot
Cireut
ac | uaRr

CapTowch  sPl GRIO

Prosimity

PLC Modem
(G3, Prime)

Salar System

1.2,3-Phase

RS-485/RS-422

12v

moDEUS

US246
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RA8D1 Group: 480MHz Arm Cortex-M85 Graphics/Display MCU with Helium
The RA8D1 MCU Group has the Arm Cortex-M85 (CM85) core, delivering breakthrough performance of over 3000 CoreMark at 480 MHz, and

superior graphics capabilities that enable high resolutions display and Vision Al applications. These are general-purpose MCU devices and

address diverse high-performance and compute-intensive applications in Industrial Automation, Home Appliances, Smart Home, Consumer,
Building/Home Automation, and Medical/Healthcare market segments.

The RA8D1 MCUs integrate the high-performance CM85 core with large memory, and a rich peripheral set including a high-resolution TFT-LCD controller
with parallel RGB and MIPI-DSI interfaces, 2D drawing engine, 16-bit camera interface, and multiple external memory interfaces, optimized to address
the needs of diverse graphics and Vision Al applications. These MCUs are available in 176 and 224-pin packages. Secure element functionality is built-in

with advanced cryptographic security IP, immutable storage, a true secure boot, and tamper protection, for truly secure loT.

® 480MHz Arm Cortex-M85 with Helium MVE, Armv8-M TrustZone ® Graphics LCD Controller with RGB and MIPI-DSI I/Fs, 2D Drawing Engine,
= 1MB - 2MB Flash memory,1IMB of SRAM including TCM, and 32KB I/D 16-bit CEU Camera I/F

Caches and 12KB Data Flash = Renesas Secure IP (RSIP-E51A) & On-chip immutable ROM for First Stage
® 32/16/8-bit external memory interfaces (CS/SDRAM) and xSPI compliant Bootloader

Octal SPI with XIP & DOTF ® 176-pin LQFP & 224-pin BGA package

Block Diagram

© El
RASD1 480MHz Arm® Cortex®-M85 Core, R R (S
Armv8.1-M Architecture w/ Helium O IR )
@ Memory M Analog G Timers @) HMI
Flash (2MB/1MB) 12-bit ADC 32-bit GPT (8ch) Graphics LCDC w/ RGB If
B (2unit, 25ch, Unitd w/ 3ch-S/H)
Flash Cache 16-bit GPT (6¢h) 2D DRW
12-bit DAC (2ch)
SRAM 1MB (Total) _—— 32-bit ULPT (2ch) MIPI DSI If
SRAM with ECC (384kB) High Speed Comparator (2ch) S —
SRAM with Parity (512kB) 16-bit AGT (2ch) CEU Camera Interface
TCM with ECC (128kB) Temperature Sensor
_— woT
D Cach e
es (32kB) RTC
Standby SRAM (1kB)
Security
AES (128/192/256)
@Communication {§} System @ Safety RSA 4K, ECC
TRNG
SHA2 (224/256/384/512)
Ethermet MAC with DMA (x1) DMA (8ch) Memory Protection Unit
SRAM Parity Check Securo Debug
CAN FD () U First Stage Boot Loader
USB2.0 HS (x1) Clock Generation ECCin SRAM ~ ROM (Immutable storage)
USB2.0 FS (x1) T onchip Oscilator POE 9
n-Chip Oscillator _— TrustZone
SDHI (x2) I — Clock Frequency
) ET) x werter Accuracy CMAC/HMACIGMAC
T s Low Power Modes © GRCOCacvator DPAJSPA Side Ch Protection
SCI (x6) ELC WoT =
SS1 (x2) Interrupt Controller Data Operation Circuit il Package
Octal SPI (x1 XIP & DOTF) VBAT Flash Area Protection =
Extemal Memory Bus "ADC Seff Test LQFP 176

BGA 224

Carrier Board

The demand for sophisticated human machine interfaces (HMlIs)
continues to grow, necessitating support for multiple display outputs like

RGB and MIPI, flexibility in display resolutions, along with peripherals
such as microphones, speakers, Ethernet, and CAN FD across various
industries.

This feature-rich HMI platform integrates multiple peripherals, including

microphones, Ethernet, and CAN FD, and is scalable to meet diverse

|
application needs. It offers a system for single displays up to WXGA, § N
providing flexibility for various end applications. i 2 % § %
System Benefits: i 1

Bus Driver
Bus Driver

® Rich HMI built-in functions support two video outputs, camera input,

20y
28l
pied as
sPr
Q4N
Heads
2
IHvn
elWwE)

microphone interface, and audio output, offering enhanced

multimedia capabilities and versatile input/output integration.

® MCU-based WXGA single display HMI platform supports RGB and
MIPI video outputs with 2D graphics, powered by an Arm Cortex-M86  + ____________________________} L e |
high-performance MCU. CN405-1




RA8D2 Group: 1GHz Arm Cortex-M85 & CM33 Dual-Core Graphics/Display MCU
The RA8D2 group comprises 32-bit single and dual-core graphics-enabled MCUs with 1GHz Arm Cortex-M85 with Helium Vector Extensions and

250MHz Cortex-M33 cores. These MCUs deliver ultra-high performance of over 7300 CoreMark and superior graphics capabilities that enable
high-resolution TFT-LCD displays and vision Al applications.

Integrating the high-performance cores with large on-chip memory, multiple high-throughput memory interfaces, and a rich set of graphics
peripherals — a high-resolution LCD controller with parallel RGB and MIPI DSI, 2D drawing engine, 16-bit parallel CEU, and MIPI CSI-2 camera
interfaces — address the needs of demanding graphics/HMI and Al applications. Built on the advanced 22nm ULL TSMC process, these devices
offer significantly lower active currents and have several low-power features developed to reduce the overall power consumption, while still
providing high performance. Secure element functionality is built-in with new cryptographic security IP, secure boot, immutable storage, and

tamper protection, enabling truly secure consumer/loT applications.

® 1GHz Arm Cortex-M85 core with Helium Vector Extensions, 250MHz ® Parallel and MIPI CSI-2 camera interfaces, 12S and PDM interfaces, GLCDC
Cortex-M33 core w/ RGB & MIPI DSI I/Fs

= (.5/1MB MRAM, 4/8MB Flash (option), 2MB SRAM including TCM and ® Renesas Security IP, TrustZone, tamper protection, secure boot with
64KB caches immutable storage for first stage bootloader

® 32-hit external memory I/F (CS/SDRAM) and xSPI compliant Octal SPI with ® (igabit Ethernet, TSN switch, USB 2.0 HS/FS, CAN FD, SDHI, SPI, 13C/12C
XIP & DOTF serial interfaces

m 224,289, 303-pin BGA packages

Block Diagram

RA8D2 1GHz Arm® Cortex®-M85 Core, FPU | ARM MPU | NVIC | JTAG |
+ 250MHz Arm® Cortex®-M33 Core SWD | ETM |Boundary Scan
ﬁ Memory “  Analog o Timers & HMI

32-bit GPTE (High Resolution) (4ch) Graphics LCDC w/ RGB iff

ode NVI 16-bit ADC
(MRAM 0.5/1MB, Flash 4/8MB) (2units, 23ch, 3ch-S/H x2) 32-bit GPTE (10ch) 2D DRW

Data SRAM w/ ECC (1.6MB) 12-bit DAC (2ch)

TCM (256KB for Cortex-M85 High-speed Comparator (4ch)

+ 128KB for Cortox-M33) Temporatu

1/D-Cache (32KB for Cortex-M85 WDT (2ch)
+ 32KB for Cortex-M33) RTC

32-bit ULPT (2ch) MIPIDSI | MIPI CSI-2
16-bit AGT (2ch)

CEU 16bit Camera Interface

ﬁ Security
e AES (128/192/256), CHACHA20
(@ Communication {S  system Q@  safety o e
Gigabit Ethernet MAC DMA (8chx2) Memory Protection Unit TRNG
Wi TSN (x2) +2 port switch oTC 02) SRAM Parity Check SHA-2 (224/256/384/512), SHA-3
CAN-FD (2) Clock Generation ECC in SRAM Secure Debug
USB2.0 FS (x1), USBHS (x1) On-chip Oscillator o iOE First Stage Boot Loader
lock Frequenc
SDHIMIC (2) DC-DC Converter Aocurooy Measutoment OTP (immutable storage)
13C (x1), 12C (3) Low Power Modes CRC Calculator TrustZone | EFP support
SCI (x10) [ wor CMAC/HMAC/GMAC
SPI(2) nterrupt Controler Data Operation Circut DPA/SPA Side Ch. Prolection
OSPI (<2, XIP&DOTF) VAT MRAWM Area Protection
SS1x2 & PDM 3ch x1 ADC Self Test Pack
Permanent Lock Function * ackage

32-bit External Memory Bus
Programmable Vottage Defector BGA 224/ 289/ 303

Use case: High-Efficiency Ki Wireless Power Transceiver System
A high-efficiency Ki Wireless Power Transceiver System (Tx) with NFC, smart control, L) H ;‘“vgg.:"; -

and scalable design

This innovative Ki wireless power transceiver system (Tx) combines wireless power transfer
and communication. Ki delivers up to 2kW of power with high-efficiency transfer, low-loss
switching, minimal standby current, and dynamically adjusting power (0—2kW) for
maximum energy efficiency. By eliminating appliance cables, Ki optimizes kitchen and
home spaces, redefining convenience, safety, and performance for modern appliances.
Powered by Renesas' industry-leading NFC and MCU technology, this system features a
capacitive touch display graphical user interface (GUI) and Bluetooth communication for
monitoring and remote control. It enhances connectivity and user-friendly control by
seamlessly integrating with appliances like extractor hoods. Designed for complete
compatibility, the Ki wireless power transceiver system (Tx) interfaces directly with the Ki
wireless power receiver system (Rx) for a fully integrated wireless power design.




N
RA

RA8P1 Group: 1GHz Arm Cortex-M85 and Ethos-U55 NPU Based Al Microcontroller
The RA8P1 group features 32-bit Al-accelerated microcontrollers (MCUs) powered by the high-performance Arm Cortex-M85 (CM85) with Helium
MVE and Ethos-U55 NPU. It delivers 256GOPS of Al performance, a breakthrough CPU performance of over 7300 CoreMarks and advanced artificial

intelligence (Al) capabilities enabling voice, vision, and real-time analytics Al applications on a single chip. The RA8P1 MCUs built on the advanced
22nm ULL process are available in single and dual-core options with a Cortex-M33 core embedded on the dual-core MCUs.

The RA8P1 MCUs integrate high-performance CPU cores with large memory, multiple external memory interfaces, and a rich peripheral set
optimized for Al applications. Single and dual-core devices in 224 and 289 BGA packages are available, to address diverse use cases across broad
markets. Secure element functionality is built-in with advanced cryptographic security IP, inmutable storage, and tamper protection, to deliver truly

secure Edge Al and loT applications.

® 1GHz Arm Cortex-M85. 250MHz Cortex-M33 cores, and Ethos-U55 NPU, ® Renesas Security IP, TrustZone, tamper protection, secure boot with
256GOPS at 500MHz immutable storage for first stage bootloader

= (.5/1MB MRAM, 4/8MB Flash (option), 2MB SRAM including TCM and = Parallel and MIPI-CSI2 camera interface (I/F) for vision Al, 12S and PDM I/F
64KB caches for voice Al

® 32/16-hit external memory I/F (CS/SDRAM) and xSPI compliant Octal SPI ® GLCDC w/ parallel RGB and MIPI-DSI I/Fs, Gigabit Ethernet, TSN switch,
with XIP & DOTF USB 2.0 HS/FS, CAN FD

m 224,289, 303-pin BGA packages

Block Diagram
1GHz Arm® Cortex®-M85 Core,

RASP1 + 250MHz Arm® Cortex®-M33 Core HRUIARMIMECHINVICHITAG]
Ethos™-U55 NPU SWD | ETM |Boundary Scan
@ Memory YW Analog o Timers HMI
Code NVM . 32:0it GPTE (High Resolution) (4ch) Graphics LCDC w/ RGB if
(MRAM 0.5/1MB, Flash 4/8MB) (2units, 23ch, 3ch-S/H x2) EpT——— 25 DR
Data SRAM w/ ECC (1.611B) 12:bit DAC (2ch) 2260 ULPT (20 ST ——
TCM (256KB for Cortex-M85 High-speed Comparator (4ch) o0 AGT (2eh)
+ 126KB for Cortex-M33) Tomporature Sonsor CEU 16bit Camera Interface
/D-Cache (32KB for Cortex-Hg5 WOT (2ch)
+32K8 for Cortox-133) RTC
&) security
_— AES (128/192/256), CHACHA20
¢® Communication {}  system @ Safety ¢ )
RSA 4K, ECC
Gigabit Ethernet MAC DMA (8chx2) Memory Protection Unit TRNG
W/ TSN (x2) +2 port switch DTC (2) SRAM Parity Check SHA-2 (224/256/384/512), SHA-3
CAN-FD (2) Chock Generation ECC in SRAM Secure Debug
USB20 FS (1), USBHS (x1) On-chip Oscilator ook zOE First Stage Boot Loader
lock Frequenc
SDHIMMC (2) DC-DC Converter Accurscy Measurem OTP (Immutable storage)
13C (x1), 12 (63) Low Power Modes CRC Calculator TrusizZone | EFP support
SCI(x10) Lo wor CMAC/HMAC/GMAC
SPI62) Interrupt Controler Data Operation Circuit DPA/SPA Side Ch. Profection
OSPI (x2, XIPSDOTF) oAt MRAM Area Protection
SS1x2 & PDM 3chx1 ADC Sef Test Pack:
Pormanent Lock Function = ackage

32-bit External Memory Bus

Use case: Al Drawing Robot Arm

Designed for drawing applications, this Al drawing robot arm utilizes a camera for image capture. The system processes these images with advanced
algorithms to generate patterns and translate them into precise, machine-readable instructions for controlling stepper motors. This innovative system serves
diverse sectors—from industrial and manufacturing applications requiring accurate, repeatable patterns, logos, and identifiers for time savings and quality
consistency, to educational and research environments that benefit from hands-on robotics learning.

Supports micro-R0OS run on the MCU, enabling seamless integration with robotic systems and enhancing real-time communication capabilities.

Programmable Vottage Detector 'BGA 224 2891 303

MIFI DSI HDMI Converter |4—-| HDMI |1—>Q

Display

VCC12_MIPI

om 5: MIFI CSI

CEU
Camera IIF

Communication
Interface

Motor Driver Step Motors IIl

WS111
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RA-T Series

Features of the RA-T Series

The RA-T series is MCU for motor and inverter control built on Arm Cortex-M core architecture. These MCUs feature motor control timers, a rich set of
analog functions such as analog-to-digital (A/D) converter, 3-channel simultaneous sample-and-hold circuit, programmable gain amplifier (PGA), and

comparator, as well as multiple connectivity interfaces and advanced security features. RA-T MCUs deliver the performance and flexibility needed for

applications ranging from basic motor control to high performance, high-precision real-time control in both consumer and industrial systems.

Broad lineu Specialized motor control Analog functions for enhanced Various solutions
P functions performance

64MHz ~ 1GHz Three-phase complementary PWM output Three-channel simultaneous sample-and- Motor/power control
24 ~ 303-pin PWM output emergency stop hold circuit Functional safety
Scalable peripherals Trigonometric function unit PGA Security
Comparator Industrial Automation network

Resources Specialized for Motor and Inverter Control

Calculation + System Control Motor Control

CPU core General PWM Timer 1/0 Port
RA8T2: Cortex-M85 + M33 —>f  3-phase Complementary
RA8T1: Cortex-M85 PWM Output
RA6T1: Cortex-M4
RA4T1, RA6T2, RA6T3: Cortex-M33 POEG
RA2T1: Cortex-M23
Accelerator
RAAT1, RAGT2, RAGT3: TFU ADC gy PGA™" Romswonti®
RAG6T2: IIRFA m 3
Motor Voltage
M )
emory Secil General PWM Timer
o Position Detection
Communication
External
Interfaces/ SCI, SPI, 12C, 13C, CAN, USB, Ethernet, 3
Devices EtherCAT, etc. *'

*1: The peripheral functions installed vary depending on the product.

RA-T Series Lineup

RAST2 1GHz (Cortex-M85), 250MHz (Cortex-M33), TMB MRAM, 2MB SRAM (TCM, ECC supported)
176/224/289/303-pin

5T Common features
ual Lore 1 3] 1 T
Caactis PWM 0;“"” pin D°”b'eF£Le°'s'°” usFs [ somi Ef;i‘:ﬁ:t EtherCAT || Security
oo H | 16-bit or 12-bit ADC
RAST1 480MHz, 2MB Flash (Dual Bank supported), 1MB SRAM (TCM, ECC supported), 12KB Data Flash
100/144/176/224-pin
Cortex-M85 PWM OzuBtput pin Doubliglrjemsmn USB FS SDHI Ethernet Security 17-biE DALY
200MHz, 256KB Flash, 40KB SRAM (ECC supported), 4KB Data Flash
RAGT3 32/48/64-pin Comparator
i i isi Trigonometric
Cortex-M33 || "VM 01“;"“‘ Pinll pga S'”g'eF‘F’,rSC's"’” Function Unit || USB FS Security
(TFY) SCI/SPI/12C
240MHz, 512KB Flash, 64KB SRAM (ECC supported), 16KB Data Flash
RAGT2 48/64/100-pin
i i ici Trigonometric CAN FD or CAN*
Cortex-M33 PWM Output pin PGA Single precision R Security
20 FPU (TFU)
SYYSERR  /20VHz 512K Fash, G4KB SRAM, BK Data Flash \ "+ RAZTT not supported )
64/100-pin
PWM Qutput pin Single precision )
Cortex-M4 2% PGA FPU Security
100MHz, 256KB Flash, 40KB SRAM (ECC supported), 4KB Data Flash
RAA4TT 32/48/64-pin
i i isi Trigonometric
Cortex-M33 || "M Outoutpinfl ooy |fSingle precision ff ¢ 0ckeTon Security
12 FPU (TFU)

64MHz, 64KB Flash, 8KB SRAM, 2KB Data Flash
RAZT1 24/32/48-pin

PWM Qutput pin

Cortex-M23 8
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RA2T1 Group: 64MHz Arm Cortex-M23 Motor Control Microcontroller

The RA2T1 group microcontroller is optimized for single motor control applications. Featuring PWM timer and advanced analog, including 3 sample-

and-hold circuits integrated in the A/D converter, it is suitable for efficient low-end motor control applications such as power tools, fans, and home
appliances. Supporting a wide operating range of 1.6V to 5.5V and offered in a compact 24-pin QFN package, the RA2T1 meets the needs of cost-

sensitive and space-constrained designs.

= 64MHz Arm Cortex-M23 core

® |ntegrated flash memory of 64KB and 8KB SRAM

® Package lineup from 24-to 48-pin including small 4x4mm QFN package option

® |ntegrated analog functions including 12-bit ADC with 3ch sample-and-hold circuit, high-speed analog
comparator, programmable gain amplifier (PGA)

= Communication interface: SCI, SPI, 12C

= Wide voltage range of 1.6V to 5.5V

= Wide operating temperature range of -40°C to 125°C

Block Diagram

RA2T1 64MHz 32-bit Arm® Cortex®-M23 NVIC | SWD | MTB

@ Memory W Analog O Timers !;! Safety

Data Transfer controller
Event link controller
Interrupt controller
Low-power Modes

Code Flash 64KB 12-bit A/D (13ch) GPT164ch SRAM parity error check
SRAM 8KB Parity w/ 3ch-S&H Asynchronous General Flash area protection
Data Flash 2KB Temperature Sensor Purpose Timer ADC self-diagnosis
Internal Reference Voltage (AGTW 2ch) function
High-Speed Comp 2ch WDT/IWDT Acccu'r‘;z'; ;:::jr’gem
Circuit
Y CRC Calculator
(P communication {g} System {‘J HMI woT
GPIO readback level
SCI(UART, Simple I2C, High-speed OCO 84MHz detection
Simple SPI) x4 Mid-speed OCO 8MHz Register write protection
SPIx1 Low-speed OCO 32kHz Illegal memory access
] IWDT-dedicated OCO detection
(15kHz) PWM forced shutdown
Clock output ﬁ Security (POEG)
Power on reset —_—
Voltage detection Unique ID

Package

HWQFN: 24, 32, 48 pin
LQFP:32, 48 pin

Use case: Mini BLDC Servo

The growing presence of robotic systems has increased the demand for small, precise, and cost-efficient BLDC servo applications. This trend drives higher
integration, combining motor control with position sensing to enable advanced control algorithms. The system offers a low-power servo implementation
capable of driving up to 75W BLDC motors with precise position control.

24V

System Benefits:
% 33v ® Flash-based MCU for reliable and efficient

operation.

® Support for multiple control algorithms.

® High-accuracy speed control for precision
applications.

® | ow parts count for cost-effective designs.

HVPAK

= L

SCl/izc

Digital Control/Position

SCI/GPIO o4 High-Speed UART > IPS 3.3V

ABI and Step/Dir

PWM/0-10V
Analog Control o

el

WS120
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RA4T1 Group: 100MHz Arm Cortex-M33 Motor Control Microcontroller

Based on the 100MHz Arm Cortex-M33 core with TrustZone, the RA4T1 group offers an optimized peripheral for motor control and inverter control

functions with small 32-pin QFN and LQFP package options. These satisfy the needs of high-performance, cost-sensitive, and space-constrained
applications.
The RA4T1 integrates a wide range of communication interfaces, including CAN FD, 13C, SCI, and SPI, covering all the connectivity needs of a wide

range of motor control and consumer applications.

® 100MHz Arm Cortex-M33 core with TrustZone

= 128KB to 256KB Flash memory and 40KB SRAM, 4KB Data Flash to store data as in EEPROM

= Scalable from 32-pin to 64-pin packages

® 16-bit PWM timer

® 12-bit A/D converter, Programmable gain amplifier, High-speed comparator, 12-bit D/A converter
® Trigonometric Function Unit

= CAN FD, I3C, SCI, SPI

Block Diagram

RA4T1 100MHz 32-Bit Arm® Cortex®-M33 Core NVIC | SWD | ETB

@ Memory W Analogue O Timers /‘:, Accelerator
Code Flash 12-bit ADC GPT16E (6¢ch) Trigonometric Function Unit
(128KB, 256KB) (12ch, 1unit w/ 3ch S/H) Low-power GPT (2ch)
SRAM 32KB Parity 12-bit DAC (2ch) WDT
SRAM 8KB ECC PGA (3ch)
Data Flash (4KB) Comparator (3ch)
POE
Temperature Sensor
@ Communication {O} System @ Safety @ Security
CAN FD x1 DMA (8ch), DTC, ELC Memory Protection Unit 128-bit Unique ID
13Cx1 Clock Generation SRAM Parity Check TRNG
sclx2 On-Chip Oscillator ECC SRAM
SPIx2 HOCO (16/18/20MHz) Clock Frequency
MOCO (8MHz) Accuracy Measurement .
LOCO (32KHz) CRC calculator il Package
ILOCO (15KHz) WOT .
Low-power Modes Data Operation Circuit LQFP 32, 48, 64
Interrupt Controller Flash Area Protection QFN 32, 48
TrustZone ADC self test

Use case: Portable EV Charger

This system is a versatile, battery-powered electric vehicle (EV) DC charger design for mobile charging. It serves as a "Virtual Gas Can," ideal for service

companies and roadside assistance, enabling vehicle charging in locations without access to permanent charging stations. The charger can be powered by a

48V battery stack, and the optional Bluetooth feature eliminates the need for a control panel, reducing costs while providing charger status updates.

System Benefits:

® | evel 2 support for faster remote charging time per mile.

= Bluetooth interface for smartphone/tablet connectivity to monitor
status.

= Compact and portable design for easy transportation.

Jopeulos efieyo AT

Biuetooh Low
Energy Module
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RAG6T1 Group: 120MHz Arm Cortex-M4 Motor Control Microcontroller

The Renesas RA6T1 Group, as part of the wide scalable RAG Series, is optimized for enhanced motor control. The RA6T1 is built on a highly efficient

40nm process and equipped with various peripherals and memory suitable for motor control applications. To make engineers' application design
easy, RA6T1 is supported by the Flexible Software Package (FSP) including a motor control specific control code algorithm, which makes the RA6T1

a perfect choice for quick time to market.

= 120MHz Arm Cortex-M4

= 256KB — 512KB Flash memory and 64KB SRAM
= 8KB Data Flash to store data as in EEPROM

= Scalable from 64-pin to 100-pin packages

= General PWM Timer - Enhanced High Resolution
® 12-bit A/D Converter

= High-Speed Analog Comparator

® Programmable Gain Amplifier

= CAN 2.0B

Block Diagram

RA6T1 120MHz 32-Bit Arm® Cortex®-M4 Core NVIC | JTAG | SWD | ETM

g Memory N Analogue G) Timers
Code Flash ( 256kB, 512kB) 12-bit A/D (11ch) 3S/H GPT HighRes 32-bit (4ch)
SRAMHS (64kB) Parity 12-bit A/D (8ch) 3SH GPT Enh. 32-bit (4ch)
Data Flash (8kB) AZHMDAC Bch) GPT 32-bit (5ch)

3ch PGA for each ADG
High Speed Comparator (6ch)

Low Power GPT (2ch)

WDT
Temperature Sensor
@Cnmmunication {é} System @ Safety @ Security
AES (128/192/256)
CAN x1 DMA (8ch) Memory Protection Unit
126 x2 pTC SRAM Parity Check GHASH
SHA
Clock Generation 4/SHA
scix7 e i ECC/RSAIDSA
n-Chip Oscillator Clock Frequency 3DES/ARC4
sPixz HOCO (16.18,20MHz), Accuracy Measurement
MOGO (8MHZ), — S
LOCO (32kHz), CRC Calculator i:
ILOCO (15kHz) —wor -: Package
Low Power Modes Data Operation Circuit LQFP 64, 100
ELC Flash Area Protection
Interrupt Controller ADC Self Test

Use case: 48V BLDC Motor Position Control

BLDC motor applications have been increasing rapidly due to the demand for smaller, high-efficiency products. The core of a BLDC motor design is a robust and
reliable motor control circuit paired with a versatile MCU for a safe control algorithm. Key components of a motor control circuit include a MOSFET driver,
versatile MCU, voltage regulators, cell balancer, and battery charger. This 48V position control system integrates these components to deliver precise and
efficient motor control for various industrial applications.

System Benefits:
= Utilizes an ultra-low power MCU for energy efficiency.
= (Offers a fast wake-up time of 4us for responsive control.

AC Adaptor

!

Digital Power Switching

Monior Reguiior ® Features an integrated 12-hit ADC with an op amp and comparator.
® Provides accurate cell balancing and monitoring with customer-
[— programmable EEPROM for customization.

Current Sense
RS-485 Op Amp
Transceiver

Us043




46-47

RAG6T2 Group: 240MHz Arm Cortex-M33 Motor Control Microcontroller

The Renesas RA6T2 Group is the second RA ASSP product targeting motor and inverter control solutions. The RA6T2 combines an Arm Cortex-M33

with a hardware accelerator for motor control and high-speed flash memory for high-speed real-time performance at 240MHz. It can also realize
next-generation high-speed, high-response motor algorithms and improve parallel processing performance such as other communication processing.
In total, we have 20 different part names using 5 different package types. The Flexible Software Package (FSP) and the Arm Partner Ecosystem

ensure an easy-to-use solution for highly efficient and accurate motor and inverter control.

® 240MHz Arm Cortex-M33 with TrustZone = 12-bit DAC
= 256KB -512KB Flash memory and 64KB SRAM with ® Programmable Gain Amp
ECC = High-speed comparator
= 16KB Data Flash to store data as in EEPROM = PWM timer
= Scalable from 48-pin to 100-pin packages = CAN FD (option)
= HW accelerators for motor control calculation = SCI (UART, Simple SPI, Simple I2C)
= 16-bit ADC ® SPI/12C multi-master interface

Block Diagram
RA6T2 240MHz 32-Bit Arm® Cortex®-M33 Core NVIC |JTAG | SWD | ETM

N o -y
@ Memory W Analogue O Timers /O,Accelerator
Code Flash 512KB 16-bit A/D (up to 21ch) GPT 32-bit (10ch) Trigonometric Function Unit
SRAM 64KB ECC 3ch SH Low-power GPT (2ch) IR Filter

DataFlash 16KB
Standby RAM 1KB

16-bit A/D (up to 17ch)
3ch SH wor

12-bit DAC (4ch)
PGA (4ch)

Comparator (4ch)
Temperature Sensor ﬁ Security
Unique ID
TRNG
AES 128/256
@Communication {§} System @ Safety Key Management
GHASH
CAN-FDx 1 DMA (8ch), DTC, ELC Memory Protection Unit
12Cx2 Interrupt Controller ECC SRAM
SPIx2 Clock Generation Clock Frequency
SCIx6 On-Chip Oscillator Accuracy Measurement
HOCO (16/18/20MHz) __ CRCCalculation
MOCO (8MHz) IWDT .
LOCO (32KHz) __Data Operation Circuit il Package
T Lowpower Modes Flash Area Protection
TrustZone ADC Self Test LQFP 48, 64, 100

QFN 48, 64

Use case: 1.2kW High-Voltage GaN Inverter

Industrial applications often demand small and efficient high-voltage inverters for motor drives, leading engineers to develop innovative energy-saving
solutions. This design features a high-voltage inverter combined with a power factor correction (PFC) circuit utilizing the latest GaN FET technology for high
efficiency. A powerful MCU provides precision motor control, while GreenPAK and HVPAK devices ensure hardware-based circuit protection. The result is a
low-cost, highly efficient industrial motor drive.

400V DC

System Benefits:

® 240MHz MCU provides high-resolution PWM to achieve precision motor
control.

® GaN FETs enable highly efficient power factor correction (PFC) and 3-phase
inverter.

® GreenPAK enables hardware PWM shoot-through protection.

= HVPAK ensures overvoltage protection and high-voltage discharge.

OpAmp X2

Isolated
ACIDC Fiyback

15V 5Aves

12VI0.58m
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RAG6T3 Group: 200MHz Arm Cortex-M33 Motor Control Microcontroller

The RAG6T3 group is the microcontroller, designed for an optimum balance of peripheral functions and cost suitable for motor/inverter control, based on

the 200MHz Arm Cortex-M33 core with TrustZone. This MCU is pin and function compatible with the RA4T1 group and can be seamlessly upgraded,

making it an ideal solution for motor control and inverter control applications requiring higher performance.

® 200MHz Arm Cortex-M33 CPU core with TrustZone
® |ntegrated flash memory of 256KB and 40KB SRAM

® Package options from 32- to 64-pin including Small 5x5mm QFN package option
® |ntegrated advanced analog functions including 12-bit ADC, Programmable gain amplifier, Comparator,

and 12-bit DAC

E g
® |ntegrated communications options including USB 2.0 Full-Speed Device, CAN FD, I3C, SCI, and SPI . ;

Block Diagram

RA6T3 200MHz 32-Bit Arm® Cortex®-M33 Core

NVIC | SWD | ETB

ﬁ Memory M Analogue o Timers /:, Accelerator
Code Flash 12-bit ADC GPT16E (6ch) Trigonometric Function Unit
(256KB) (12ch, 1unit w/ 3ch S/H) Low-power GPT (2ch) 9
SRAM 32KB Parity 12-bit DAC (2ch) WDT
SRAM 8KB ECC PGA (3ch)

Data Flash (4KB)

@ Communication

Comparator (3ch)
POE
Temperature Sensor

{§} System

@ Safety

@ Security

USB2.0 FS Device x1 *
CAN FD x1
13C x1
SCI x2
SPIx2

*Exciucing 32.pinpackage

Use case: Turntable System with USB Output

Music lovers seek the authentic warmth of vinyl paired with the
convenience of digital playback and archiving. This turntable
system delivers smooth motor control, clean power, and precise
audio processing for rich sound quality and effortless USB
connectivity. An ultra-low power motor control MCU ensures
accurate rotation speeds, while user-adjustable switches allow
for personalized playback control. A synchronous buck regulator
efficiently steps down 24V to 3.3V, with an LDO minimizing noise
for pristine audio performance. The op amp-driven RIAA
preamplifier reproduces analog sound, delivering warm audio to
amplifiers or powered speakers via RCA connections. With USB
output, users can digitize vinyl playback for custom playlists,
effects, or recording.

System Benefits:

= User-configurable settings via switches for personalized
playback experiences.

® Enhanced audio quality with op amps, minimizing noise and
distortion.

= (lean and stable power delivery to sensitive audio components.

DMA (8ch), DTC, ELC
Clock Generation

On-Chip Oscillator
HOCO (16/18/20MHz)
MOCO (8MHz)
LOCO (32KHz)
ILOCO (15KHz)

Low-power Modes

-0

Memory Protection Unit
SRAM Parity Check
ECC SRAM
Clock Frequency
Accuracy Measurement
CRC calculator
IWDT

128-bit Unique ID
TRNG

Package

Data Operation Circuit LQFP 32, 48, 64
Interrupt Controller Flash Area Protection QFN 32,48
TrustZone ADC self test
24v
DC/DC Buck 33V
on/off Light

Tonearm/
Cartridge

Pitch Control

1T

Switch for
Pitch Control

33/45/78 RPM
Control Buttons

Play/Pause

RIAA Preamp

Phono

3
e

scinc

GPIO SCI/UART

GPIO ADC

2
GPIO

SPII’C

Audio Codec
Strobe Landing
Light  Light

RCAOUT

WS132-2
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RA8T1 Group: 480MHz Arm Cortex-M85 Based MCU with Helium and TrustZone
The RA8T1 Group 32-bit microcontroller (MCU) is based on an up to 480MHz Arm Cortex-M85 core with Helium Technology and TrustZone and offers

peripheral features optimized for motor or inverter controls. The RA8T1 Group integrates up to 2MB large Flash memory, TMB SRAM including TCM,
PWM timers, analog features, and multiple connectivity features, and also supports advanced security features and safety functions. The RA8T1 Group
enables advanced motor control or additional functions on user systems through its high performance and abundant integrated features. The RA8T1

Group supports the Flexible Software Package (FSP) and partner ecosystems, as well as motor control evaluation kits, software, and tools.

= 480MHz Arm Cortex-M85 with Helium Technology and TrustZone

= 1MB - 2MB Dual-bank Flash memory and 1MB SRAM including TCM

= Scalable from 100-pin to 224-pin packages

= 12-bit A/D Converter with 3-ch Sample and Hold, 12-bit D/A Converter and High-speed Analog
Comparator

® |ntegrated communications options including Ethernet MAC with DMA Controller, USB 2.0 Full-Speed,
CAN FD, 13C, SCI, and SPI, SD/MMC Host Interface

= Renesas Secure IP (RSIP-E51A)

Block Diagram

RAST1 480MHz Arm® Cortex®-M85 Core, FPU | ARM MPU | NVIC | JTAG |
Armv8.1-M Architecture w/ Helium Technology SWP | ETM| Boundary Scan

@ Memory 4 Analog o Timers
Code Flash (2MB/1MB) 12-bit ADC GPT 32-bit (8ch)
Dual bank function (2units, 21ch, 3ch-S/H x1)
GPT 16-bit (6ch)
Data Flash (12KB) 12-bit DAC (2ch)

Low Power GPT 16-bit (2ch)
Ultra Low Power GPT 32-bit (2ch)
WDT (1ch)

SRAM (512KB) Parity High Speed Comparator (2ch)
 SRAM(BKB)ECC Temperature Sensor
TCM (128KB) ECC

1D Caches (32KB)
Standby SRAM (1KB)

@Communicalion {(3} System @ Safety ﬁ Security

AES (128/192/256)
TRNG

Ethenet MAC w/ DMA (x1) DMA (8ch) Memory Protection Unit . TRNG
_—_— RSA 4K, ECC
SRAM Parity Check 3
USB2.0 FS (x1) .. plc ity SHA2 (224/256/384/512)
Clock Generation _ ECCinSRAM Secure Debug
CANFD (x2) POE
On-Chip Oscillator Immutable Storage
13C (x1) _— Clock Frequency Trustzone
1€ 02) DC-DC Converter Accuracy Measurement CMAC/HMAC/GMAC
Low Power Modes T CRCCalcuator DPA/SPA Side Ch Protection
SC166) ELC woT
SPI (x2) Interrupt Controller _ Data Operation Circuit ’E Package
SD/MMC (x2) Flash Area Protection m.LWW
ADC Self Test —LOFP 100,144,176

BGA 224

Use case: AC Drive & General Purpose Inverter System

This system provides a basic configuration and essential components for AC drives and general

IGBT Module*

AC 2000 ~ 400V

purpose (GP) inverters, serving as a variable-speed controller to precisely regulate shaft rotation

speed in induction and synchronous motors. It is widely used in industrial machinery such as
conveyors, cranes, elevators, fans, pumps, and compressors. Due to its versatile application
scenarios, the system supports multiple optional functions to meet diverse industrial
requirements, ensuring adaptability and efficiency in various settings.

“IGET Module or IPM

System Benefits:
= Customers can easily fulfill major IC specification requirements of AC drives and GP inverter
systems.

33V <450mA

Isolation
Am

OpAmp

= Provides a high-accuracy motor control system with high-performance MCU and integrated
analog devices.

7

= High-performance MCU supports motor control and communication in one MCU.

4

JP116
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RA8T2 Group: 1GHz Arm Cortex-M85 Microcontroller Optimized for Motor Control

The RA8T2 is an ASSP microcontroller (MCU) featuring a 1GHz Arm Cortex-M85 processor, engineered for industrial motor control applications that
require high real-time performance and high-precision control. Built on the advanced 22nm ULL process, the RA8T2 is available in both single and dual-
core options. The dual-core variant is embedded with a Cortex-M33 core to efficiently separate real-time processing from the other processing tasks to
further enhance the system performance.

The RA8T2 ASSP MCU combines high-speed operation, large-capacity memory, a PWM timer for motor control, and analog functions — all on a single
chip. A dual-channel Gigabit Ethernet controller with switch function and an optional EtherCAT slave controller enables synchronous networks in
industrial fields. The RA8TZ is available in three package types: BGA-224, 289, and HLQFP-176.

® 1GHz Arm Cortex-M85 and 250MHz Cortex-M33 = SCI (UART, Simple SPI, Simple I2C), SPI, Octal SPI,
cores 12C, 13C, CAN FD

= (.5/1MB MRAM = Gigabit Ethernet, TSN switch, EtherCAT slave

= 2MB SRAM including TCM and 64KB caches controller

® 32-bit PWM timer, high-resolution timer ® Delta-sigma modulator interface

= 16-bit A/D converter with 3 sample-and-hold circuits, = Renesas Secure IP, TrustZone, tamper protection
12-bit DAC = Safety functions

| |

High-speed comparator

Block Diagram

1GHz Arm® Cortex®-M85 Core,
+ 250MHz Arm® Cortex®-M33 Core

FPU | ARM MPU | NVIC | JTAG |
SWD | ETM | Boundary Scan

RA8T2

@ Memory Y Analog O Timers
Code ROM 6-bit AD! 32-bit GPTE
(MRAM 1MBI512KB or Flash 8/4MB) (2units, 23¢h, 3ch-S/H x2) (High Resolution) (4ch)

Data SRAM (1.6MB)
TCM

(256KB for Cortex-M85
+128KB for Cortex-M33) Temperature Sensor 16-bit AGT (2ch)
VD-Cache WDT/ IWDT

(32KB for Cortex-M85

. Cortex-Ma3) RTC
@ Security
AES (128/192/256), CHACHA20

@Communica(ion @ System @ Safety RSA 4K, ECC

12-bit DAC (2ch)

High Speed Comparator (4ch)

32-bit GPTE (10ch)
32-bit ULPT (2ch)

Gigabit Ethemet MAC
W/ TSN/DLR (x2) + 2 port switch

EtherCAT Slave Controller (x2)

DMA (8ch x2)
DTC (x2)

CAN FD (x2)

Clock Generation

TRNG

Memory Protection Unit
SRAM Parity Check
ECCin SRAM

Secure Debug

POE

SHA-2 (2241256/384/512), SHA-3

First Stage Boot Loader
OTP (Immutable storage)

USB20FS (x1) On-Chip Osclator Acoumey Vomaeromont TrustZone | EFP support
Dsz?::;ijxl) DC-DC Converter CRC Calculator CMAC/HMAC/GMAC
13C (x1), 12C 63) _ LowPowerModes o OPLVI":()I; Yo DPA/SPA Side Ch Protection
SCI (x10) ELc MRAM Area Protection s
SPI (x2) Interrupt Controller T ADCsSelfTest il: Package
OSPI (x2, XIP&DOTF) * VBAT Permanent Lock Function = TRTRTTS
External Memory Bus Programmable Voltage Detector BGA 224/289/303
* 1ch available on 8/4MB Flash product
Use case: Unmanned Aerial Vehicle (UAV) T ——
AN s Outpi ook EFEEN Dham
[t -
The growth of autonomous systems and mobile robotics is driving demand for efficient, intelligent, G
and reliable unmanned aerial vehicle (UAV) designs. This UAV system leverages Renesas' advanced
Cemmunication Block
processing, motor control, and battery management to deliver seamless operation, high-precision Wi FBluclooth LE
v Buek Regulator PMIC 08~230

control, and extended operational time. With robust motor control, and scalable battery
management, the design supports a wide range of applications, industrial inspection, agriculture,

and logistics.

In this design, an advanced motor control electronic speed controller (ESC) can be built with an MCU,
which simultaneously accepts a commanded setpoint and streams motor control data (e.g., phase

currents, RPM, voltage) to the Flight Management Unit.

System Benefits:

= Al-powered vision processing accelerates real-time image recognition, obstacle avoidance, and

autonomous decision-making, enhancing safety and performance.

= Supports multi-sensor integration and system monitoring.

= Ultra-high speed hardware Al inference (DRP-AI) with up to 80 TOPS meets the needs of vision Al (pecse

applications.

Venicle Bus

Power Management

Flight unit usRTIEC SR

FCISPUCAN

Battery Monitor &
Fuel Gauge
Power Distribution
Block

w1 Cst
w1 Csl

NFC

USB2.0/USB3.0

4G/5G Radio

il |

UARTIEGT

2] Jev

Motor Control
Subsystem

Motor Control
MCU

MOSFET 12v
Vhiclz Bus

FoisFl |uRTG | RoisFr

é l

AutonomyyAirframe/Flight Hardware Block

GPS/Global
Posilioning Radio

Barometer/
Airspeed Sensor

Viewing Camera
(High Resoluiion 4K)

LiDAR
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RA-A Series

Features of the RA-A Series

The RA-A series is low power MCU with 24-bit Sigma-Delta A/D converter & rich analog feature set on Arm Cortex-M core architecture. The
RA2Ax group supports a wide range of operating voltages from 1.6 V ~ 5.5V, it is also possible to communicate with devices operating at 5V

without a level shifter, which contributes to BOM reduction. The RA-A is suitable for industrial sensor applications and energy meters.

Rich analog function AFE tool Support Wide operating voltage range

24-bit Sigma-Delta A/D converter QE for AFE 1.6V ~ 55V

24-bit Sigma-Delta A/D converter and Analog Front End
RA2A1 has up to 8ch of 24-bit Sigma-Delta A/D converter & rich analog feature set.
The input voltage range is 0.2 to 1.8 V, and oversampling is possible at up to 1MHz.
The 24-bit Sigma-Delta A/D converter has an instrumentation amplifier and a calibration function. The functions allow high-
m precision A/D conversion by calculating the offset error correction value and gain error correction value under the
conditions of use.
In addition, RAZA1 has analog functions that 16-bit SAR A/D converter, 12-bit D/A converter, 8-bit D/A converter,
operational amplifiers and two types of compilators.

RA2A2 has up to 7ch of 24-bit Sigma-Delta A/D converter.

m The input range is -0.5 to 0.5 V and can be oversampled up to 3MHz. The 24-bit Sigma-Delta A/D converter is implemented
with PGA that can amplify signals up to 32 times. It has phase adjustment function for the acquired voltage and a low-pass
filter specifically for 50/60Hz, making it ideal for measuring AC power.

Easy for development start
RA2Ax offers a QE for AFE Tool and evaluation board to help with evaluation of analog

functions. QE for AFE allows you to configure and acquire data for the analog peripheral

functions installed in each product, including the 24-bit sigma-delta A/D converter.

This makes it possible to proceed with the initial device consideration easily and smoothly.

RA-A Series Lineup
48MHz, 256KB Flash, 16KB SRAM, 8KB Data Flash
RA2A1 32/36/40/48/64-pin
i Common features
Cortex-M23|| 24-bit SDAD [ 16-bit SAR ADC " 1;_‘;}':5:5 opamp || Acmphs || Acvpte || usszors || can  |[Touch driver
SCI/SPUIC
48MHz, 512KB Flash, 48KB SRAM, 8KB Data Flash
RA2A2 64/80/100-pin
Cortex-M23 || 24-bit spAD || 12-bit sar ADC|| Digital Filter || LCD driver || 2@ bank/ ffindependent AES (128/256)
MMF WOT
TRNG

| —
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RA2A1 Group: Analog and peripheral function rich MCU & 2

The RA2A1 group is a high-performance, low-power analog microcontroller based on an Arm Cortex-M23 core with a 48MHz clock frequency and a
wide range of analog front ends, including two types of A/D converters. This group supports a 16-bit SAR A/D converter, a 24-bit sigma-delta A/D
converter, a 12-bit D/A converter, comparators, and operational amplifiers. These functions are suitable for applications that measure and adjust
sensor signals with high accuracy. In addition, UART, I2C, simple SPI, CAN, and USB 2.0 Full-Speed are also integrated as peripheral functions,
enabling easy communication with other devices. The RAZAT1 supports a wide operating voltage range of 1.6V to 5.5V, enabling communication with

devices operating at 5V without level shifters. The RA2A1 MCU targets industrial sensor applications with low power consumption and low-cost

advantage.

= 48MHz Arm Cortex-M23 ® (Capacitive touch sensing unit

® 256KB Flash memory and 32KB SRAM, 8KB Data Flash to store data as in = 16-bit SAR A/D, 24-bit SD A/D, 12-bit D/A, 8-bit D/A, OPAMP (3ch),
EEPROM ACMP-HS/LP

= Scalable from 32-pin to 64-pin packages = USB 2.0 Full Speed, CAN 2.0, SCI (UART, Simple SPI, Simple 12C)

Block Diagram
m 48MHz 32-Bit Arm® Cortex®-M23 Core NVIC | SWD | MTB

- [
@ Memory H Analogue 6 Timers {b HMI
Code Flash (256kB) 16-bit D (17ch) GPT 32-bit (1ch) Capacitive Touch Sensing
Unit (26ch
SRAM (16kB) Parity 24-bit Sigma Delta A/D(10ch) GPT 16-bit (6ch) (26eh)
SRAM (16kB) ECC 12:6it DAC (1ch) Low Power GPT (2¢h)
8-bit DAC (2ch)
Data Flash (8kB) - wot
OPAMP (3ch)
ACMPHS
ACMPLP(2ch)
Temperature Sensor
@Communication @ System @ Safety @ Security
USB2.0 FS x1 Sys Tick Memory Protection Unit AES (128/256)
CANx1 pTc SRAM Parity Check NG
Multiple Clocks ECC in SRAM -
12C x2 On-Chip Oscillator ‘Clock Frequency 128 bit Unique ID
HOCO (24,32,48,64MHz), Accuracy Measurement
SCIx3
LOCO (32Ktz), CRC Calculator i
P2 ILOCO (15kHz) il Package
TP e — wDT "
Low Power Modes
Data Operation Circuit
ELC " Flash Area Protection LoFp32.64
Port Function Select ‘ash Area Protection
RTC ADC Self Test QFN 40, 48; BGA 36

Use case: Digital illuminance meter

RA2A2 has variety analog front-ends and communication functions, in addition it has LCD drivers and touch sensors. So it can be used as a digital illuminance
meter.

=

USBI5V Power

50V

- _{il__ LC Fiter {?}-

Light Sensor

Vec Battery/
Temp/
Monitor

Touch Key

CN157
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Bl
RA2A2 Group: NILM Compatible Smart Electric Meter On a Single Chip oF: 2

The RA2A2 group is a low-power microcontroller that combines a 48MHz Arm Cortex-M23 core and a rich set of peripheral functions. The RA2A2
MCU provides an optimized feature set suitable for a wide range of applications by supporting segment LCD and high-precision analog sensing
functionalities while reducing power consumption, system cost, and overall footprint. Furthermore, the RA2A2's dual bank flash and security

features make firmware updates easy and increase system reliability.

= 48MHz Arm Cortex-M23 core

= 512KB flash memory (dual bank) and 48KB SRAM, 8KB data flash memory
(100,000 program/erase (P/E) cycles)

® 64-pin, 80-pin, and 100-pin LFQFP package options

® 24-bit Sigma-Delta A/D converter, 12-bit A/D converter and temperature
sensor

Block Diagram

® 16-bit general-purpose timers, 32-bit and 16-bit low-power AGT timers,
and independent power supply RTC

= SCI (UART, Simple SPI, Simple I12C), SPI and I2C bus

= Segment LCD controller (8com x 38seg)

® Security functions including AES, Security MPU, Flash Access Window,
TRNG

m 48MHz 32-Bit Arm® Cortex®-M23 Core

NVIC | SWD | MTB

@ Memory W Analogue 0 Timers @ HMI
Code Flash (512KB in 2banks) 24-bit Sigma Delta AID (7ch) 16-bit General PWM Timer (6ch) Segment LCD Controller
(8 Com x 38 Seg)
SRAM (48KB) Digital Filter (LPF, HPF) 16-bit Asynchronous 0)
General-Purpose Timer (8ch)
Data Flash (8KB) 12-bit SAR AD 32-bit Asynchronous
General-Purpose Timer (2ch)
Memory Mirror Function (MMF) Temperature Sensor
Independent Power Supply RTC
Independent WDT
@Communication {é} System @ Safety @ Security

12C (2ch)
SCI (5¢ch)

SPI (1ch)

Sys Tick

Memory Protection Unit

32-bit MAC
pTC
Multiple Clocks
On-chip Oscillator
(HOCO, MOCO, LOCO, ILOCO)
ELC
Port Function Select
Voltage Detection

Use case: Smart Energy Meter supporting NILM

SRAM Parity Check/ECC
Clock Freq. Accuracy Measure
CRC Calculator
woT
Flash Area protection
ADC Self Test
Oscillation Stop Detection
RTC Time Capture

AES (128/256)
GCM/CMAC/CCM/ECB/CBC/CTR

TRNG
Security MPU + FAW

ackage

LFQFP 64, 80, 100

RA2A2 MCUs contribute to the digitalization of conventional systems with key features including high-level analog sensing and AES hardware accelerator
functions. When the end-systems are digitalized, it is possible to analyze individual systems status seamlessly for further energy-efficient, streamlining system
operation. For example, next generation smart electricity meters with Non-Intrusive Load Management (NILM) technology enable energy consumption
monitoring based on detailed analysis of the current and voltage of the total load. The adoption of smart meters with NILM is the most cost-effective and

scalable solution for increasing energy efficiency and lowering energy consumption.

S0V - S10VAC

cn
R
Super D
Capacitor
cn2 -
A Filter,
suge
e Boost
LTE-M
Nodule
Gho2s
2 33VIS00mAs 3 3viszoma
3 3uitoma
Case Switch
Open Box
surtsma,
v samax
OpticalIsolator II 4—%

Isolated

AS044
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Development Environment

Development Tools Designed to Maximize the Attractions of the RA Family

Renesas supports customers through all stages of the development of their applications by supplying integrated development environments, RTOS,
middleware, and programming tools that dramatically enhance the development process. These development tools, combined with evaluation kits and
assistance tools specifically for the RA Family, enable you to accomplish coding, building, and debugging tasks quickly and easily, while helping to reduce

system development time.

[ Evaluation = J Development Mass production
ah (

Evaluation e studio

Integrated Development Environment and Source Code Editor ) Y-S

IAR Embedded Workbench® for RA

Molor Lightng Other

versions PY (n) Q "
. E QE (Quick and Effe )
Evaluation versions of tools, e? studio
sample software, 4 FsP b i
application notes Q
General-Purpose Kits Keil MDK Visual Studio Code (Source Code Editor)

RA
q r m Arm® Compiler 6 (ACS)
F% LLVM / Arm Toolchain for Embedded (ATfE)
P
(]
yr-v> 1AR Systems' Compiler for Arm
<»GNU Tools GNU compilers for RA family MCUs

Cloud Kit Motor Control

RA Family Software & Tool Course

‘>A<‘

Zephyr’

E2 Emulator Lite

Embedded Target for RX Family (Model-Based
Development Environment)

Renesas Flash Programmer

PG-FP6

\\iﬂ},

Also supported by debuggers and programmers
from SEGGER

)

E2 Emulalm\;—(

QE for Capacitive Touch

QE for Current Consumption

In these videos, you will learn about solutions, software and tools for the Renesas RA Family of MCUs. These videos introduce the Renesas development

environment in an easy-to-understand manner to start your development.

RA FAMILY TOOLS AND SOFTWARE

Integated Development
Environment (IDE}

QuickStartGuide-Tool &
Software Introduction for RA |
Renesas

Emulator Introduction for RA |
Renesas

| NOTES ON CONNECTING THE

RENESAS FLASH PROGRAMMER

WITH RA DEVICES

ConnectingRenesas Flash
Programmer with RA Devices |
Renesas

e?studio Quick Start Guide:
Installation for RA Family |
Renesas

Generating Your First RA FSP
Project | Renesas

QE Solution for Reducing Effort
andCostinApplication
Development | Renesas

G offers comprehensive support for your application development with three concepts;
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General-Purpose Kits

The RA Family general-purpose kits enable users to effortlessly evaluate the features of different RA MCU Groups and quickly develop sophisticated loT
& embedded systems prototyping. A wide range of line-up from entry, basic kit to full-evaluation offer numerous options suitable for various needs. All

are supported by the RA Family Flexible Software Package (FSP) and IDEs including Renesas's "e2studio”, IAR's "Embedded Workbench", and Arm's

"Keil MDK",
High Expandability
Access to all MCU signal pins and board ecosystem compatibility, making

functional expansion and application development easy.

Reference Design Data
Circuit diagrams, BOM lists, and design data are available as reference for

customization and application development.

Flexible Application Development
Compatible with Renesas sensors and communication modules, enabling

quick proof-of-concept assembly of a wide range of applications such as

loT and industrial equipment.
Extensive Development Support
Comprehensive documents and samples, from basic settings to

application examples, supporting evaluation and development smoothly.

Product Lineup

RA Kits Portfolio RA8 Series RAG6 Series RA4 Series RA2 Series RAO Series
Fast Prototyping Board (FPB) FPB-RABE1 FPB-RAGE1 FPB-RA4E1 FPB-RA2E1 FPB-RAQE1
= |imited functionality FPB-RAGE2 FPB-RA4E2 FPB-RA2E2 FPB-RAQE2
= All MCU pin access FPB-RAG6T3 FPB-RA4T1 FPB-RA2E3 FPB-RAOL1
® (On-board debugger (J-Link OB)/External debugger FPB-RA2T1
connector

= 2 Pmods/Arduino Uno R3
Evaluation Kit (EK) EK-RA8D1 EK-RAGE2 EK-RA4CT EK-RA2A1
= Differentiated functionality EK-RA8D2 EK-RA6M1 EK-RA4E2 EK-RA2A2
® Broad ecosystem compatibility EK-RABE2 EK-RA6M2 EK-RA4L1 EK-RA2E1
= Multiple debugging modes EK-RA8BM1 EK-RA6M3 EK-RA4M1 EK-RA2E2
= Feature scalability and expansion across RA MCU Series | EK-RA8M2 EK-RA6M3G EK-RA4M2 EK-RAZ2L1

EK-RA8P1 EK-RA6M4 EK-RA4M3 EK-RA2L2

EK-RA6M5 EK-RA4W1

Board Image

e Fast Prototyping Board

FPB-RAOL1

e Evaluation Kit

EK-RA2L2

Click here for detail lineup of RA evaluation kits

EK-RAGE2

FPB-RAGE2

EK-RA8BP1

FPB-RABE1
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Integrated Development Environment

Renesas have prepared an integrated development environment that strongly supports the entire embedded system development. You can choose from
an open source-based environment with various expansion functions, an original Renesas development environment, or a partner-made environment
according to your usage scenario.

e? studio

This development environment based on Eclipse provides a large number of functions and is a

e? studio popular choice amongst users developing for RA the world over. A variety of compilers and

supported, and you can create projects using simple operations.
IAR Embedded Workbench for Arm
[ This is the C/C++ integrated development environment most broadly used internationally as a high-
m performance and highly reliable commercial tool for embedded software development. All functions
are integrated seamlessly to maximize development efficiency. The static response analysis and
dynamic response analysis add-ons provide a low-cost way for developers to dramatically increase
the quality of their code.
IAR Embedded Workbench for Arm
Visual Studio Code from Microsoft, available on Microsoft Visual Marketplace, provides build and

debug functions (extensions) for developing applications using Renesas MCUs.

Arm Keil® MDK
A comprehensive software development solution for Arm-based microcontrollers, including RA

Family MCUs, containing all the components that you need to create, build, and debug embedded

applications.

Works in conjunction with FSP. Desktop application designed to generate projects and configure

G e contigurator device hardware such as clock set up and pin assignment as well as initialization of FSP software

components for a Renesas RA microcontroller project when using a 3rd-party IDE and toolchain.

) . Embedded Target
Quick and Effective J
tgisolfition =t CEN D

QE tools allow you tajjust make simple setting s
to start developing your applications.

st
MATLAB® .
Motor  Touch  OTA Bluetooth LE USB : fenesas

Simlink® e \ ’ : Renesas IDE / Board
.‘ : h 4 Embedded Renesas IDE —p
. @ @ e ﬁ") m ’ | ’ Simulator R, JEcard
J

Segment LCD Display ~ Camera  Lighting AFE T
([0
Led
. MATLAB®, Simulink®, and Embedded Coder® are
0 Others: Current Consumption, UART, TCP/IP registered trademarks of MathWorks, Inc.

QE (Quick and Effective tool) Embedded Target for RA Family (Model-Based
Development Environment)
Links e2 studio with MATLAB or Simulink to assist
customers with model-based development
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Renesas is preparing a range of compilers to maximize the performance of RA, from its own compilers to open source compilers from its partners.

Arm Compiler 6 (AC6)
a r m Co-developed alongside the Arm architecture, Arm Compiler 6 is tuned to generate highly efficient

code. It combines optimized tools and libraries from Arm, with a modern LLVM-based compiler

framework.

LLVM / Arm Toolchain for Embedded (ATfE)

LLVM based bare-metal toolchain that can target the Arm architecture family from Armv6-M and

: ﬁ newer. The toolchain follows the ABI for the Arm Architecture provides typical features needed for

embedded and realtime operating systems.

[ ] Original compilers from IAR Systems generate code that leads the industry in speed and

m compactness.
GNU comopilers are available for RA Family MCUs.
< GNU Tools

Debug Probes

E2 Emulator Lite E2 Emulator
Entry-level model recommended for new users. This model provides high functionality for enhanced development

efficiency, with support for fast downloads and external trigger 1/0.

SEGGER J-Link IAR I-jet

Providing outstanding performance and ease of use, J-Link debug probes  |1AR debug probes work natively with IAR Embedded Workbench,
can be with any of the promoted IDEs for RA development. J-Link OB (on-  providing an intuitive interface and powerful debug, trace and analysis
board) probes are also implemented on many RA evaluation boards,  tools.

allowing easy debug out of the box.
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Flexible Software Package (FSP)

The Renesas Flexible Software Package (FSP) is an enhanced software package designed to provide easy-to-use, scalable, high-quality software for
embedded system designs using Renesas RA Family Microcontrollers. With the support of Arm TrustZone and other advanced security features, FSP
provides a quick and versatile way to build secure, connected loT devices using production-ready drivers, Azure RTOS, FreeRTOS, and other middleware
stacks. FSP uses an open software ecosystem and provides flexibility in using bare-metal programming, included Azure RTOS or FreeRTOS, your
preferred RTOS, legacy code, and third-party ecosystem solutions. The combination of the flexible open architecture of the FSP plus the wide choice of
3rd party solutions as part of the Arm ecosystem increases the range of choice for application development. This means that developers can choose the
software model that best suits their needs while utilizing Renesas'’s excellent Arm-based silicon solutions as well as speed up the implementation time

of complex areas like connectivity and security.

Arm TrustZone
Azure RTOS FreeRTOS Storage Capacitive Touch
Connectivity UusB UsB ) 9 P .
NetX Duo & USBX (CDC, MSC, USB Middl e C i y Virtual EEPROM Buttons, Sliders,
: Block Media - USB Wheels
Add-ons, BLE, WIFI HID, Audio, OTG] CDC, MSC, HID g
) ( ) F’:;I’S#SJLTECH SDHI, SPI Self & Mutual
Securit : Securit - OLE
/ File System Y CAT-M1, WIFI,
NetX Crypto FileX, LevelX, PSA Crypto BLE-Mesh
Hvx ﬁ“g'era“"" exFAT HW I\I‘I\l::c:[?[asmn Security Controls & Sensors
3 ecure e
Secure Bootloader 5
Graphics Trace Graphics File System (MCUboot), Motors(e::;:rl\‘{gt;:thms
GUIX TraceX emWin FreeRTOS+FAT FSP Crypto APIs
GUIX Studio AppWizard LittleFS ocrypto
. Hardware Abstraction Layer (HAL) Drivers
Real Tlme Os Clock Clock SD.MMC Low
ADC 1/0 Ports Accuracy Generation Host UART Voltage
Circuit Circuit Interface D i
Azure RTOS DAC Sigma Delta External Realtime USBHS/ SPI Low Power
ThreadX ADC Interrupt Clock USBFS Modes
Operational . . GLCDC/ Encryption/
2DD Event Link
CRC Amplifier/ En;‘r’l‘g"g Controler Segment 126/13C Decryption
IIRFA LCDC (RSIP/SCE)
DOC Parallel Data Cap Touch Timers/ DMA 128 PKI/Hashing
FreeRTOS Capture Driver Motor Cntrl Controller (RSIP/SCE)
asPl Comparators | JPEG Codec | Watchdog Flash E‘;i'l,"g‘/ CAN-FD
Board Support Package (BSP)
CMSIS Core, DSP, NN

Benefits
® Provides an easy-to-use, scalable, high-quality software for embedded system designs using the Renesas RA Family of Arm microcontrollers.

® |ncludes best-in-class HAL drivers with high performance and low memory footprint.

® Middleware stacks with Azure RTOS and FreeRTOS integration are included to ease the implementation of complex modules like
communication and security.

® The e? studio IDE provides support with intuitive configurators and intelligent code generation to make programming and debugging easier
and faster.

® Uses an open software ecosystem and provides flexibility in using bare-metal programming, included Azure RTOS and FreeRTOS, your
preferred RTOS, legacy code, and third-party ecosystem solutions.

® |ntegrated package with all required components for easy setup and starting development (single installer with e2 studio, CMSIS packs, tool
chain and SEGGER J-Link drivers).

= Complete source code available through GitHub.
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QE (Quick and Effective) Tools Tailored for Many Application Types

Renesas Solutions and Tools that Lighten the Application Development Workload

QE (Quick and Effective tool)

QE development support tools add development knowhow (functionality) to applications within the integrated development environment, helping to

minimize the application development workload.

QE for Capacitive: Touch Development Support Tool for Capacitive
Touch Sensor Applications

This tool simplifies making initial touch interface settings and tuning
sensitivity, reducing the time required for development.

QE for AFE: Development Support Tool with Analog Frontend Support
This tool lets you perform high-precision sensing adjustment while
viewing circuit diagrams of the AFE configuration and make adjustments
to analog signals without the need for an oscilloscope.

QE for USB: Development Assistance tool for USB developments
This tool is an embedded software development solution designed to
facilitate the development of USB systems. By utilizing the “USB Type-C
Check (QE)” and “USB VBUS Monitor (QE)” features, users can
significantly streamline the debugging process for USB systems.

QE for Display: Development Support Tool for Display Applications
This tool simplifies initial screen calibration of the display when using the
MCU's on-chip LCD controller, reducing the time required for development.

QE for Motor: Development Support Tool for Motor Applications

This tool works in conjunction with Renesas Motor Workbench and uses
its Analyzer function to monitor the operation status of motor control
programs, enabling verification of motor control systems.

QE for OTA: Development Assistance Tool for Firmware Update

This tool lets you easily try out the over the air (OTA) functions of leading
cloud services such as AWS. You can use it to evaluate everything from
creating firmware updates, uploading them to the cloud, and executing
OTA updates.

QE for BLE: Bluetooth LE Development Support Tool

This tool provides support for system development using the Bluetooth
Low Energy(Bluetooth LE) protocol stack, allowing you to try out its
communication functions immediately and shortening the development
time until deployment.

The Bluetooth word mark and logos are registered trademarks owned by
Bluetooth SIG, Inc.

Any use of such marks and logos by Renesas Electronics is under license.

QE for Camera: Development Assistance tool for Camera applications
This tool is a dedicated software solution designed to streamline the
evaluation and debugging of camera modules and image-capture
functions on RA MCUs.
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Embedded Target for RA family (Model-Based Development Environment)

Implementation from model to Renesas MCU is automated to streamline software development
Embedded Target verifies algorithms to aid customers’ model-based development by linking a Renesas integrated development environment e? studio

with MATLAB or Simulink from MathWorks.

Software development can be streamlined by automatically porting code for an embedded MCU and ensuring the state in which buildand debug is
performed in order to perform Processor-In-the-Loop simulation. The advanced analysis function of the Renesas integrated development environment is

also useful for improving a model.

Seamless development, from building an environment to verifying a model’s performance

Automatically building a PILS* environment
*Processor In the Loop Simulation

Generate models for PILS from Simulink models
with one click.

A channel for communication between
MATLAB and the Renesas integrated
development environment is built automatically.

environment

e? studio.
Verifying a model’s performance using a Renesas MCU or simulator

Automatically generating a projectfor the
Renesas integrated development

Embedded Coder incorporates code generated
from a verification model and automatically
generates buildable/debuggableprojects for

Embedded Target

v

Require- > System M Module > Imple-

b| Modute L System /" Product
ment Design Design mentation /| Test

Test Test

MATLAB® Renesas

Simlink® ‘ : Renesas IDE / Board
Emhedded Renesas IDE —)

[ e T EE

L —

The actual equipment debugger or simulator function of e? studio can be used for PIL simulation,

and the analysis functions of e? studio can be used for model performance verification.

Programming Tools

MATLAB®, Simulink®, and Embedded Coder® are
registered trademarks of MathWorks, Inc.

You can choose the model that best suits your needs, from development, prototyping, and small-scale programming to mass production.

Programming tools, including products from
Renesas partner vendors

& Renesas Flash Programmer V2.12.00 o X

Fle TorgetDevice Help
Operation | Operation Settings  Block Settings  Flash Options  Connect Settings _ Unique Code
Project Information
Current Project  RXB2Trp]
Microcontroller:  RX600 Series.
Program Files
[C¥sanple¥sample mot
GRG-32 2309207F

Command
[Erase 5> Program 5> Verify

ea—

[Data Flash 1] 000100000 - 0x00107FFF  size: 82 K ~
[Gode Flash 1] O<FFFCO0D - OFFFFFFFF  size 266 K

Verifying dat
[Data Flash 1] 000100000 - O0107FFF  size: 32K
[Gode Flash 1] O<FFFCO00D - OcFFFFFFFF  size 266 K

[Discornecting the tool
poration comploted.

Glear status and message

Renesas Flash Programmer
flash memory programming software

Programming controlled by a PC

[Renesas Flash Programmer flash programming software]

= Simple GUI specialized for programming

® Batch processing efficiently for programming large quantities at
mass production

® PC-controlled programming using E2 emulator, E2 emulator Lite or
serial/USB

® Ability to embed unique code

E2 Lite E2

PG-FP6
standalone flash programmer

>>/ SEGGER

Serial/USB

User system

Renesas Flash Programmer
flash programming software

Also supported by debuggers and programmers from SEGGER.

Programming controlled by a PC or stand-alone programming
[PG-FP6 flash programmer]

= Stand-alone programming

® Programming controlled by a PC using a dedicated GUI

® Ability to store settings for up to eight environments

® |deal for use on the production line (command control, remote
control)

® Ability to embed unique code

AC adapter (attached)
~ S PG-FPG
~ User system



Winning Combinations

Speeding Up Application Design for Customers

More Than 400 Winning Combinations for a Variety of Applications

Renesas offers comprehensive full-system solutions, featuring Winning Combinations of devices across our embedded processing, power, analog, and
connectivity portfolios, to meet your application needs. With these engineering-vetted designs, you can take advantage of an elevated platform for your
design ideas, accelerate your product development cycle, and lower overall risk to bring your designs to market.

Renesas continues to make available new Winning Combinations, including many featuring RA Family MCUs, one after another.

Key Technologies Industrial
- e .

=

. =

N Y

%
e\

A

bt EESEREEO, B — AN 2

Avrtificial Intelligence (Al) Motor Control Appliances Meterin

Functional Safety Security Building Automation Motor Drives & Robotics
Gallium Nitride (GaN) Power Tracking & Locationing Industrial Automation Renewable Energy & Grid
Human Machine Interface (HMI) USB Medical & Healthcare Retail, Automation & Payment
Consumer Electronics Communications Infrastructure

ES

S
S
S
S
S
S
S
S
N

h\\
AN

Zd 2z | .
Cameras Power Adapters & Chargers Cloud & Enterprise Networking & Fixed Access
Computing Wearables Memory Wireless Infrastructure
Home Entertainment

Example Winning Combination: Al-Enabled Surveillance Camera

4 N sv
Easy-to-understand
explanation of benefits

Easy-to-read muaocosec

block diagram - ETH 25hikz
PFC

J Clock . 12v
SRC

CLOCK

)
Easy access to related
Renesas product pages Buck Controller

J

MIPI-CSI-2/
VIN

Buck Regulator

FC

Sensor Control

Sensor Data

Camera Sensor Board

Uus176_
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Renesas Enabling Intelligence from the Cloud to the Edge and Endpoint Sustainably

Our comprehensive Al/ML developer stack transforms Vision, Voice, and Real-time Analytics
applications. The extensive portfolios in sensing, connectivity, computing, and actuation,

we cover all loT layers. Our rich software, tools, solution offerings, and partner ecosystem

provide the essential elements to accelerate your AloT designs.

Why Choose Renesas?

Comprehensive Al/ML developer stack for vision, voice, and real-time
analytics use cases. Tools and workflows for multiple developer
journeys (bring-your-own-model, transfer learning, bespoke consulting
and more). Rich library of easy-to-find solutions (application examples,
toolboxes, solution suites, hardware reference kits). Broad ecosystem

of trusted partners offering commercial-grade building blocks.

Renesas Ready Partner Network RA Ready
Partner Ecosystem RA Arm Cortex-M
MCUs

Application Support Solution Suite

Al/ML Software Real-time Analytics
Reality Al Tools
Reality Al Toolboxes
RUHMI Framework

Real Time Analytics Voice Vision

fr-1 (€] (=)

SIDE NOTE: Why Decentralize Intelligence?

Traditionally, the loT has been built on a cloud-centric intelligence

architecture. To truly scale and enable intelligence at all levels of the
network, a decentralized intelligence architecture is needed. This
means running cloud-independent inference engines on power-efficient

or tiny computers within the edge and endpoints.

RX Ready RL78 Ready RZ Ready
RX 32-bit Performance RL78 Low Power RZ 32 & 64-bit MPUs
/ Efficiency MCUs 8 & 16-bit MCUs
Toolbox Application Example Reference Design
Vision Voice
e-Al Translator Cyberon DSpotter
DRP-AI Translator Cyberon DSpotterNLU
DRP-AI TVM RUHMI Framework
Al Navigator

RUHMI Framework

Embedded Software Packages Tools
Flexible Software Package (MCU) 2 studio
Firmware Integration Technology (MCU)
CIP Linux (MPU)

AI'SDK (RZ/V2L)
Al SDK (RZ/V2H)

Al SDK (RZ/V2N)
Hardware Portfolio Al at the Core Al at the Edge Al at the Endpoint
Timing MPU MPU/MCU
Power Timing Power
Memory Inteface Power Connectivity
Memory Inteface AMS & CMIC

Market Segments

o
“’ ke Industrial Automation
&
ﬁ Building Automation
HHHE City Infrastructure
-h Transportation
Py
Q

Energy Management

Manufacturing

Healthcare

Education

YZWESK

Multimodality & Complexity

Performance
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Application Zoo

Real-life application examples supported across the wide range of Renesas MCU/MPU and reference/demonstration kits. Pretrained models for

vision, voice and realtime analytics.

Reality Al Tools

Reality Al Tools® and e? studio run side by side on your
workstation with integrated workflow whether using a
Renesas eval board or your own custom hardware with
a Renesas product

Reality Al Tools® Renesns :
e? studio [ H

AI/ML Development Embedded Development Data Capture

Signal View
Al Explore™

Update
) Project & AI/ML Evaluation & Debug :
(Autottt) p— Ed||t N:Jeta gf tad
n — pload to Clou
AutoML - (no coding) Automated Connect Reality Al Utilities
Explainability Consistency & Quality ;
Transparency Coverage Projects

Sensor Selection Data Storage Tool
and BoM Edge Al / TinyML Configure
Code Optimization Board T e

Optimization
(FSP)
Cost-optimized specifications Embedded code generation
Hil Testing

Minimum set of sensors G, 0ot
Easy of deployment
MATLAB compatibility Collect
Data (DST)

Renesas Al Tools Map
e ot AML  MotorControl  Cloud

Predictions Monitoring
Classification / Regression Activity
Prediction Interval Time Determination

e Qverall Accuracy Measurement

e Inference Time Determination

Reference Kits and Development Boards

Easy-to-Start [ — e £ AIk-RA8D1 | mck-RA8T1 | CK-RA6M5 |
/Demo VOICE/RTA/VISION Application Example (pre-trained demo package) £ AIK- RAG M 3 M C K- RA6T2 CK' RX65N
Explorer Tier: Application Example (pre-trained demo package) 5LE RA4 L i C il 6T HMI

AT Reality Al Tools setuin o AlI/ML-Voice [N GFA) CAP-TOUCH
Easy-to- A Navigator L om0 VK-RABM1_§ RSSK-RX66T RX671
ustomize e ol USRI o Vioasuin Voice-RAGE1_J| RSSK-RX23T

Voice-RA4E1 RSSK-RX13T
vision SLALAD

(Train/Adapt/Optimize)

BYOM RUHMI

VOICE/RTA/VISION Customer’s pre-trained model (translator/conversion
Al Experts tool for device)

Voice-RA2L1

|qe-azIW0ISNY

*Al Navigator: plugin tool inside e?studio. Wrapper GUI to available Al Tools
**Vision Al Model Zoo: Object Detection w/DetectNet, Image Classification w/MobileNet
Supported Product Families: [Cyberon] RX600, RX700, RA2/4/6/8 - [Reality Al] RL78, RX, RA, RZ - [RUHMI] RA8P1 - [RAIMD] RA8D1, RZ/V2H, RZ/V2L
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Security Solutions

In the rapidly growing area of loT and highly-connected devices, increasing consumer awareness
and government legislation is forcing embedded device manufacturers to take the topic of security
seriously. Already under the constraints of needing to create cost- and energy-efficient solutions,
developers nowadays are required to design and implement security with limited additional time
and budget.

Let Renesas simplify your path to product security and regulatory compliance.

Integrated Hardware-based Security Features

The RA Family was designed with security in mind, with scalable hardware-based security features including:

RASD2 RASM2  RA8D1RAsM1 ~ RABMA4RA6MS5  Rag\vI1 RAGM2

Functions RASP1 RAGT2 RAST1 e ——— RAGM3 RAGT1 RA6T2 RA4C1 RA4L1 RA4M1 RA4W1 RA2 Series RAO Series
Identity
[ctpurigwe [~ [ « | ~ | -~ | -~ | ~ [ <~ [ <~ [ < [
Isolation
Arm TrustZone v v v - v v v = — -
MPU v v v v v v v v v -
Security Engine RSIP-E50D RSIP-E51A SCE9 SCE7 SCE5_B RSIP-E31A RSIP-E11A SCE5 - -
Cryptography and Key Handling
AES v v v v v v v v v _
SHA v v v v = v v = — —
RSA and ECC v v 4 4 = ECC ECC = = =
PQC Ready 4 = = = = = = =
TRNG 7 7 v v v v v v v v
Secure Key Handling v v v v v v v v - -

Code Protection and Lifecycle Management

Flash Protection v v v v v v v v v v
Decrypt On-The-Fly v v = = - - _ _ _ _
Device Lifecycle Mgmt v v v - v v _ _ _
Debug/Program Protect v v v v v v v v v 7
Secure Boot (FSBL) v v = = - _ _ _ _ _
Physical Protection
Passive Tamper Pins v v v v - v v v - -
SPA/DPA Resistance v v v — — v v - - -

Software and Tools

The RA Family Flexible Software Package (FSP) contains APIs for using the powerful cryptographic features of the Renesas Security Engines (RSIP and SCE):
m PSA Certified Crypto APIs, for Arm Ecosystem alignment
= FSP Crypto APIs, for compatibility with other Renesas MCU/MPU Families

The easy-to-use Security Key Management Tool, combined with the Renesas Key Wrap Service, provides support for secure key injection and update for prototype
development and over the lifetime of the product.

Clear, full-featured Application Notes and Application Projects provide customizable demonstrations of the RA Family Security Features and Solutions.
(www.renesas.com/iot-security)

Valuable Certifications

The RA Family targets compliance with meaningful certification schemes:

m PSA Certified Level 1 for holistic system security

m PSA Certified Level 3 and SESIP3 for Root of Trust protection

= NIST Cryptographic Algorithm Verification Program (CAVP) for assurance of cryptographic correctness
= NIST FIPS 140-3 Levels 2 and 3
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loT Cloud Over-the-Air (OTA) Solutions z

Issues and Requirements Related to loT Devices

v~ Utilize AI/ML on AWS cloud services v Realize Remote monitoring and remote control

/

v Develop S/W with minimum costs v Realize OTA (Over the Air), FW update

v Expand Network (Wired, Wireless)

~_ v Strengthen Security feature

by 4

Enhancing product’s value proposition
Creating a comprehensive solution suite

Cost Optimization

Strengthening security

Reducing work load and time to market

Data collection
Remote operation
Remote monitoring

P da

Monitoring health
status and health
management

Process optimization
Inventory tracking

Security alerts and over-the-air updates

Anomaly and fault
detection
Predictive Maintenance

Software and
security updates

Development Platforms for Cloud (loT) Devices

Expedite solution development with quick evaluation and proof of concept development.
AWS Certified Hardware Environment (7

@ Ethernet

Wirdes
All-in-one loT Cloud Kit

Sample Software Ideal for Use with loT
Devices (7

RENESAS

BBV e 2
Application note which support development
® Sensor data visualization demo program
= AWS FreeRTOS OTA implementation procedure
® Secure Crypto Engine and Hardware Acceleration

AWS device certified
Evaluation kit for loT
equipment development
CK-RA6M5

"QE for OTA" Development Assistance Tool for Firmware updates [7

s
o l
1.23 bar 6

Development Environment that Simplifies
and Facilitates loT Development

Quick and Effective
tool solution

RENESAS
e? studio

pa— 0E for OTA

e? studio integrated development environment from
Renesas
= Smart Configurator
® Setting configuration for FreeRTOS
® Setting configuration for peripheral functions
and pins
= [SP Software Package
= (QF for OTA development support tool

QE for OTA is development assistance tool that is available free of cost to the developers implementing over-the-air (OTA) firmware updates with a simple
and easy graphical user interface. It reduces the OTA execution time by 90% as compared to manually configuring the settings. QE for OTA supports

firmware updates for MCUs that are locally without cloud.

OTA FW update using AWS
Device registration on AWS
AWS MCU
Creation of initial firmware and firmware update g

Key generation and embedding

FW update locally without cloud

PC MCU

o /Y Serial

Debugging

RENESAS

e? studio

Support MCU:

QE for OTA (MCUBoot)

OTA FW update using AWS

FW update locally without cloud

RAGM5
RA6M4, RA6M5
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HMI Display Solutions

Displays play a crucial role in countless systems, delivering vital status updates and feedback to users in an intuitive way. From

simple segment displays to feature-rich 3D applications with touch interfaces, we provide a comprehensive portfolio to meet diverse
requirements. With a range of processors from entry-level microcontrollers (MCUs) to the highest-performance microprocessors (MPUs), our

solutions are engineered to support a wide variety of display technologies, making them ideal for industrial or commercial applications.

Scalable Graphics Portfolio
Whether requiring a low-power segment display or full-blown 3D graphics, we provide multiple devices servicing different needs.

Flexible Core Choices
From our low-power core MCUs to ultra-high performance multi-core Arm MPUs, designers can choose the right processing speed for their system.

MCUs & MPUs with Graphics Support

Processing Performance

16-Bit 32-Bit 32 to 64-Bit
Up to 4K
3840 x 2160
Up to FHD .
1920 x 1080 32 to 64-Bit Arm
Multi-Core MPU
Up to 1.8GHz, 3D Graphics
Up to WXGA .
1280 x 768 32-Bit
Arm Cortex-M
Up to 1GHz, NPU
Up to XGA
1024 x 768
=
2 32 to 64-Bit
E Arm MPU
: WVGA . Up to 1GHz
z 800 x 480 32-Bit
2 Arm Cortex-M
3 Up to 120MHz, Touch
=
E
=
= VGA & Below
640 x 480

VGA (8-bit) & Below i
640 x 480 32-Bit
Renesas Core

Up to 240MHz

Segment LCD

16-Bit 32-Bit
Renesas Core Arm Cortex-M
Up to 32MHz, Low Power Up to 80MHz, BLE
32-Bit
Renesas Core
Up to 32MHz, Touch

Key | Arm Core | | Renesas Core |
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Extensive Partner Network

With graphical user interfaces (GUIs), users can rely on our robust partner network offering design tools and global support.

RX
RZ

32 & 64-Bit MPUs

Solution Description RA Arm Cortex-M  32-Bit Performance /
Efficiency MCUs

envox

Candera A powerful design tool for your embedded human machine interfaces (HMI).
CaigTUDIO / CGl Studio It enables the creation of HMIs and Uls of all kinds for automotive, white
~F goods, medical, or industrial customers.
Crank | AMETEK
,ian | ° An embedded graphical user interface (GUI) development framework for
S CRANK® | Storyboard ) ; o . .
AMETEK creating engaging HMI applications with exceptional user experiences.
Envox ) )
A powerful solution for rapid development of embedded and desktop GUIs,
O O o o EEZ Studio offering seamless remote control of multiple devices and test &

measurement (T&M) automation.

LVGL

"N LVGL

LVGL Embedded Ul Library

A free and open-source embedded graphics library to create beautiful User
Interfaces (Uls) for any MCU, MPU and display type. It makes Ul
development easier with 30+ built-in widgets, anti-aliasing, and more.

Qt
Group

Qt for MCU

Qt for MCUs is a complete graphics framework and toolkit with everything
you need to design, develop, and deploy GUIs on RA 32-bit MCUs.

Qt Device Creation

Develop a single cross-platform code base using one integrated toolset and
target embedded, desktop, and mobile platforms.

An easy-to-use 3D-capable design tool that bridges the gap between design

GUISolutions by TARA Systems

Qt Design Studio and development. It allows prototyping within minutes and converts the
design into production-grade code.
SEGGER A flexible, professional GUI platform, enabling the creation of highly
}>\ emWin efficient, high-quality, interactive GUI for the Renesas RA and RX Family
/ SEGGER MCUs on any display.
SquareLine Ltd . . A visual drag-and-drop Ul editor that enables individuals and businesses to
&5 __ | SquareLine Studio . . .
{7 SOUARELINE design and create stunning GUIs quickly and effortlessly.
Tara Systems )
pr E\:_nbedded Embedded Wizard A GUI.technology that enables the customer to create- platfo.rm-mdependent
Wizard and high-performance GUI, even on resource-constrained microcontrollers.

TES Electronic
Solutions
_~TES

Electronic Solutions

Guiliani - Graphic Solutions

A powerful, yet easy-to-use, modern, object-orientated, and customizable
software for creating stylish GUI quickly.

Guiliani - Graphical Ul Framework

A modern and powerful C++ software for creating stylish GUI on a wide
range of embedded hardware such as the RZ/A MPU family.
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Capacitive Touch Sensor Solution

Renesas offers a capacitive touch solution that supports creating an user-friendly environment to lower hurdles in capacitive touch sensor

application development, proposing revolutionary designs for switching devices and equipment.

The capacitive touch evaluation system includes a CPU board and a self-capacitance evaluation board for use as a touch application board. It has

everything you'll need to get started evaluating applications incorporating buttons, sliders, and wheels.

Capacitive Touch Evaluation Systems

MCU RAO RA2L1 RA4L1 RA6M2

Product ID RSSK-RAOL1 RSSK-RA2L1 RSSK-RA4L1 RSSK-RA6M2

Kit Name Capacitive Touch Evaluation System | Capacitive Touch Evaluation System | Capacitive Touch Evaluation System | Capacitive Touch Evaluation System
for RAOL1 for RA2L1 for RA4L1 for RAGM?2

Part No. RTKOEG0065S01001BJ RTKOEG0022S01001BJ RTKOEG0057S01001BJ RTKOEG0021S01001BJ

Board Image

MCU P/N R7FA0L1074CFL R7FA2L1AB2DFP R7FA4L1BDACFP R7FA6M2AF3CFB

Package 48-pin LQFP 100-pin LQFP 100-pin LQFP 144-pin LQFP

ROM/RAM 64KB/16KB 256KB/32KB 512KB/64KB 1MB/384KB

Number of Touch pins | 24 32 12 18

Bundled items ® Evaluation board = Evaluation board = Evaluation board ® Evaluation board
= RAOL1 Cap Touch CPU board = RA2L1 Cap Touch CPU board = RA4L1 Cap Touch CPU board = RA6M2 Cap Touch CPU board
m Self-capacitance electrode board | ® Self-capacitance electrode board | ® Self-capacitance electrode board | ® Self-capacitance electrode board

(buttons, sliders, wheels) (buttons, sliders, wheels) (buttons, sliders, wheels) (buttons, sliders, wheels)

® First Step Guide = First Step Guide = First Step Guide ® First Step Guide

QE for Capacitive Touch: Development Assistance Tool for Capacitive Touch Sensors

QE for Capacitive Touch is a solution toolkit for assisting in the development of embedded systems that include the use of capacitive touch. It

supports the initial settings of the touch user interface and the tuning of the sensitivity. Software can be developed with a simple GUI according to

the workflow.

Monitoring Function:

® This function displays waveforms of measurement values as capacitance
changes over time.
® You can adjust a variety of tuning parameters while monitoring the

capacitance waveforms.

= Supports saving displayed waveforms to a log.

Tuning Function:

= Automatic tuning performs configuration of parameter settings to match

the board under development.

= Manual tuning and advanced mode tuning allow fine-grained

customization.

Select the touch user

‘The graph displays the intensity of
inputin chronological order

Tutorial videos will help you develop the touch sensor function.

= (E for Capacitive Touch Tutorial =Step 1 Configuration for RA—
= (E for Capacitive Touch Tutorial =Step 2 Tuning for RA—
= (E for Capacitive Touch Tutorial =Step 3 Monitoring for RA—

_Preser\l threshold
e

The state of confirmation by the MCU
of input through the touch sensors is

displayed

Monitoring and parameter adjustment functions
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Motor Control Solution

MCK-XXXXX are development kits that enable easy evaluation of motor control using Brushless DC (BLDC) Motors/Permanent Magnet Synchronous
Motors (PMSM). These kits are configured to run the sample code that can be downloaded from the homepage. In addition, development support
tools such as Renesas Motor Workbench, which can analyze and tune motors, and QE for Motor are available, so you can immediately start

evaluating motor control using RA-T series MCUs.

MCK-XXXXX —Features—

® |ncludes an inverter board for 3-phase BLDC motor

® Supports 1-/3-shunt current sensing

= Qvercurrent detection function

= Supports Motor Control Development Support Tool Renesas Motor Workbench and QE for Motor

= High voltage motor control evaluation using a separately sold High Voltage Inverter Board for RA6T2
(MCB-RA6T2)

DEVELOPIENT KT

TAVHAIN

§

MCK-RA6T2 (RTKOEMAZ270S00020BJ)

RAS RAS RAB RAG RA/ RA

Product ID MCK-RA8T2 MCK-RA8T1 MCK-RA6T2 MCK-RA6T3 MCK-RA4T1 MCK-RA2T1
Kit Name Renesas Flexible Motor Renesas Flexible Motor Renesas Flexible Motor Renesas Flexible Motor Renesas Flexible Motor Renesas Flexible Motor
Control Kit for RA8T2 MCU | Control Kit for RA8T1 MCU | Control Kit for RA6T2 MCU | Control Kit for RA6T3 MCU | Control Kit for RA4T1 MCU | Control Kit for RA2T1 MCU
Group Group Group Group Group Group
Part No. RTKOEMA6L0S00020BJ RTKOEMA5K0S00020BJ RTKOEMA270S00020BJ RTKOEMA330S00020BJ RTKOEMA430S00020BJ RTKOEMA810S00020BJ
RTKOEMA?270S00021BJ
Bundled | Inverter board MCI-LV-1 (RTKOEMO0000B12020BJ)
Items CPU Board MCB-RA8T2 MCB-RA8T1 MCB-RA6T2 MCB-RA6T3 MCB-RA4T1 MCB-RA2T1
(RTKOEMABLOC00000BJ) | (RTKOEMASK0C00000BJ) | (RTKOEMA270C00000BJ or | (RTKOEMA330C00000BJ) | (RTKOEMA430C00000BJ) | (RTKOEMA810C00000BJ)
RTKOEMA?270C00002BJ)
Communication MC-COM - - MC-COM
Board (RTKOEMXC90S00000BJ) (RTKOEMXC90S00000BJ)
Motor R42BLD30L3 (MOONS')
Inverter Specification = Rated voltage: 48V

= Rated current: 10A (continuous)
® Protect functions: Overcurrent detection, etc.

Compatible High Voltage - - = MCI-HV-1 - - -
Inverter board " MCI-HV-2-3PH
= MCI-HV-2-1PH
Resources = MCK-RABT2 User's = MCK-RA8T1 User's = MCK-RA6T2 User's = MCK-RA6T3 User's = MCK-RA4T1 User's = MCK-RA2T1 User's
Manual Manual Manual Manual Manual Manual
= Design Package = Design Package = Design Package = Design Package = Design Package = Design Package
= MCK-RABT?2 Quick = MCK-RA8T1 Quick Start | ® MCK-RA6T2 Quick = MCK-RA6T3 Quick = MCK-RAAT1 Quick Start | ® MCK-RA2T1 Quick
Start Guide Guide Start Guide Start Guide Guide Start Guide

MOTOR-RSSK-RA6T1 —Features— MCK-XXOXX Evaluation Environment

The Motor Control Evaluation System for RA6T1 is an evaluation kit for RA6T1.
The CPU Card is compatible with Motor CPU Cards for RX and RL78 Family MCUs.

RAG

Product ID MOTOR-RSSK-RABT1 [" [= [=-[= : nd :
Kit Name Motor Control Evaluation System for RA Family - RA6T1 Group Motor Control Development Communication Board  CPU Board Inverter Board
Part No. RTKOEMA170S000208 enesas o onbonch

Bundled Items ® |nverter board for BLDC motor (RTKOEMO0000B10020BJ) MOTOR-RSSK-RAGT1 Evaluation Environment

= RAG6T1 CPU Card

= BLDC motor (TG-55L-KA)

Inverter Specification = Rated voltage: 48V

= Rated current: 5A (continuous)

= Protect functions: Overcurrent detection, etc.

Resources = Motor Control Evaluation System for RA Family - RA6T1 Group User's o | o5 =
Manual Renesas Motor Workbench <
T motor control development
= Design Package support tool Inverter board
= Motor Control Evaluation System for RA Family - RA6T1 Group Quick
Start Guide
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Flexible Software Package (RA Family)

The Renesas Flexible Software Package (FSP) is an enhanced software package designed to provide easy-to-use, scalable, high-quality software for
embedded system designs using Renesas RA Family Microcontrollers. With the support of Arm TrustZone and other advanced security features, FSP
provides a quick and versatile way to build secure, connected loT devices using production-ready drivers, Azure RTOS, FreeRTOS, and other middleware
stacks.

FSP uses an open software ecosystem and provides flexibility in using bare-metal programming, including Azure RTOS or FreeRTOS, your preferred
RTOS, legacy code, and third-party ecosystem solutions.

The combination of the flexible open architecture of the FSP plus the wide choice of third party solutions as part of the Arm ecosystem increases the
range of choice for application development. This means that developers can choose the software model that best suits their needs while utilizing
Renesas’s excellent Arm-based silicon solutions as well as speed up the implementation time of complex areas like connectivity and security.

\ Arm TrustZone |

==
= =

Azure RTOS
ThreadX
FreeRTOS

Board Support Package (BSP)
CMSIS Core, DSP, NN

(HAL Drivers

SOMC
Host

ussis
users

Benefits

® Provides an easy-to-use, scalable, high-quality software for embedded system designs using the Renesas RA Family of Arm microcontrollers.

® |ncludes best-in-class HAL drivers with high performance and low memory footprint.

= Middleware stacks with Azure RTOS and FreeRTOS integration are included to ease the implementation of complex modules like communication and security.

= The e? studio IDE provides support with intuitive configurators and intelligent code generation to make programming and debugging easier and faster.

= Uses an open software ecosystem and provides flexibility in using bare-metal programming, including Azure RTOS and FreeRTOS, your preferred RTOS, legacy
code, and third-party ecosystem solutions.

= |ntegrated package with all required components for easy setup and starting development (single installer with e2 studio, CMSIS packs, tool chain and SEGGER
J-Link drivers).

= Complete source code available through GitHub.

Renesas Motor Workbench

Renesas Motor Workbench is a development support tool for debugging, analyzing, and tuning motor control programs. With its user-friendly GUI,
Renesas Motor Workbench delivers a visually engaging experience and enables real-time waveform monitoring of variables.

Features

= Testing and confirming operation of the motors included in Motor Control Kits.

= Measuring motor specific parameters for various motors as well as debugging and adjusting.
= Confirming operation of motors embedded in final applications.

Supported MCUs: RA2T1, RA4T1, RA6T1, RA6T2, RA6T3, RA8T1 and RA8T2
Analyzer Tool Easy GUI Tool

=D N B 536 sws

= Dynamic access to variables in the MCU
= Displays changes in variables as waveforms in real-time = You can check the drive status at a glance with meters and graphs
= Trigger settings and zoom analysis

Tuner Tool Servo Tool

——— —— - Inertia Estimation Servo Tuning Return to Origin Point to Point
B & = n ST R pantioPant_

—— =

= Automatically obtains and tunes the parameters necessary for vector control = X . -

= Enables fine tuning by means of the manual tuning function = |nertia Estimation: Estimates the load inertia and the inertia of the rotor and the shaft

= Qutputs the tuning results (header file, PDF) connected with the motor-axis while driving the motor

= Servo Tuning: Configures the settings for servo operation such as position control method
and control parameters

= Return to Origin: Sets the method for return to origin and the return speed, etc.

= Point to Point: Performs PTP (Point to Point) operation for one axis
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Industrial Network Solutions

[ Industrial Networks

L—IIE# Industrial networks are the backbone of modern industrial automation, enabling
B — seamless connectivity and communication between machines, sensors, controllers,
and software systems. These networks ensure real-time data exchange, improved
@ process efficiency, and robust system security, allowing operators to monitor, control,
Nieerrlll = S qjreer] .-_‘;,% and optimize production with high reliability. By supporting rapid decision-making,
PLC CNC PLC Robot
l II — ] — predictive maintenance, and integration of diverse components, industrial networks
x \g ( 3 e . %‘ 3 are vital for achieving productivity, quality, and safety goals in automated facilities.
Actuator HUB 10 Drive  Drive  Servo "’%
........ s /’{s
Sensor Netwark /’,’( > %g*

Industrial Networks and RA MCUs

Many Renesas RA microcontrollers, particularly the RA6 and RA8 series, offer — ® .
. . . y EtherCAT. i%%%%’"' Etherilet/IP
integrated Ethernet support and are specifically designed to enable connectivity for

leading industrial protocols such as EtherCAT, PROFINET, EtherNet/IP, and Modbus ®
TCP. Additionally, these devices facilitate implementation of non-Ethernet fieldbus DevicenNet anOQQO

BJU[s
protocols like CANopen, PROFIBUS, and DeviceNet via suitable external transceivers or

protocol stacks, thus covering major industrial communication requirements for modern

*ﬂadbus ZS'N TiméHensitive

automation systems. This extensive protocol support allows RA devices to be flexibly Networking a="

deployed across a wide range of industrial networking and control scenarios.

Time Sensitive Networking (TSN)

Renesas RA series devices increasingly offer support for Time-Sensitive Networking

(TSN), enabling deterministic, low-latency Ethernet communication suitable for real-

1 S Tlme SenSItIVQ" time industrial automation. TSN features such as time synchronization, traffic

Network’lng ;?E"ées'ggby scheduling, and prioritization ensure reliable and predictable data transfer, making RA
devices well-suited for advanced automation networks that require guaranteed

response times and robust integration of safety-critical applications.

OPC UA FX (Field eXchange) is becoming increasingly important for seamless, secure,

and real-time communication between industrial controllers. Renesas RA devices are |% cUA

designed to support OPC UA FX, enabling interoperable, flexible, and scalable f%!'@ @aﬁ@l
I

automation networks that enhance connectivity and diagnostics in modern factories. loYo) |
@ =

@
O

©00509)




(7o

IEC61508 Functional Safety Solution

The importance of functional safety is increasing in order to prevent hazards and risks to people, machinery, and the = 5
environment from failure or error at the manufacturing site. However, designing the system and being certified under /!5\‘-
functional safety standards such as IEC 61508 requires a great deal of effort and time, which increases cost and :\ w\
could delay the product release significantly compared to non-safe development. ‘%\% ﬁy
Renesas offers a one-stop functional safety solution comprised of general-purpose 32-bit microcontrollers (MCUs) N

with software solution components.

Solution Introduction
The Self-Test Software Kit provides a self-diagnostics software library for microcontroller, a complete safety manual, B
user guide and IEC61508 SIL3 Certificate test report certified by TUV Rheinland Industrie Service GmbH (Germany). A
For safe system development, developers can use the information they require from the safety manual and make use T

of the self-diagnostics software library to alleviate the burden on microcontroller-level development to conform to
functional safety.

CERTIFIED www.tuv.com
1D 0600000000

This Kit diagnoses the permanent failure of CPU, internal ROM, RX or RA MCU A Permanent Failure Trangiont Faure
and internal RAM. —— Do Dot
* Please refer to the reference document for permanent failure diagnosis of ot I Non-diagnosis Target”
other modules and transient failure diagnosis. Internal RAM + itemalHERIS
« Internal RAM ~ 90%
Internal peripheral module Non-diagnosis Target™! Non-diagnosis Target™'

*1: Refer to Reference Document for the diagnostic method.

Target Application Target Safety System Example (Motor Control + Network Control + Safety)

Safety System for:

Example 1 Example 2
= AC Servo & Drive
Motor Motor
= Remote 10 B @ o 153 @
= Programmable Logic Controller YA MCU/MPU
= Sensor and Actuator T ! [ Saforenc | z[ 1 1 [sateenc |
Network J Syst J
Control >  Safety ystem
MCU/MPU MCU/MPU Controller
MCU/MPU ¢
Ty N
Safety
MCU/MPU Saf
Industrial AC Drive, Light Curtain, MCUMPY

Robot Arm Inverter Sensor

IEC 60730 Safety Classes Support \fy FP =

The IEC/UL 60730 is the harmonized safety standard for household appliances.

It describes requirements for automatic controls including heating and air-conditioning applications. Renesas offers for the RA Family a self-test
library to fulfill Class B requirements of the IEC 60730 standard, as this is the most commonly used requirement.

The related Appendix H lists all the specific faults that must be tested and details the need to place the equipment into a safe state for any single
point failure.

In response to the need of designing IEC/UL 60730 certified applications, Renesas provides an RA Family IEC 60730 Self-Test Library designed to
reduce the burden on customers developing their own solutions. The package comes with the sample code and the certification done by VDE.
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NN
RA Family Ecosystem Partners . ” . NETWORK

Renesas is enabling a comprehensive partner ecosystem to deliver an array of software and hardware building blocks that will work out-of-the-box

with Renesas RA Family MCUs. The Renesas RA ecosystem will help accelerate the development of loT applications, including core technologies

such as security, safety, connectivity, and HMI among others.

>
[A—

Expansive Third Party Solutions Commercial Grade Building Problem Solving at Heart

Portfolio Block Solutions m Address specific design problems

m 200+ partners, 300+ solutions and m Commercial grade software m Address specific skill-set gaps
growing m Work out-of-box with Renesas m Customer-centric approach

m Coverage across all key loT products

technologies

m Robust GTM and strong digital
drumbeat

m Bundling options for select solutions

Partner Overview

The partner overview shown might not be complete since the partner network is extending almost daily. For best reference and latest data, we

recommend checking our webpage at: www.renesas.com/ra-partners
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Explanation of Orderable Part Numbers

R7 F A XXXX X X XX #XXX

XXX )
XXX

Renesas ROM Type RA -|_ B
MCU F: Flash Family
Group ROM Number
Number (optional)
Performance |
) Feature set
RAO Series | Application
RA2 Series Analog Memory size b
Temperature |
RA4 Series Metering 16KB 512KB range
RAG Series Display 24KB 768KB Ta =-40°C to 85°C
RA8 Series Low Power 32KB 1MB Ta =-40°C to 105°C
Mainstream 48KB 1.5MB Ta =-40°C to 125°C
Motor 64KB 2MB Tj = 0°C to 95°C
Entry 96KB 3MB Tj=-40°C to 105°C
Wireless 128KB AMB+ Tj =-40°C to 125°C
1MB
Performance 192KB Quality Grade ——
(AI/ML) 8MB+
256KB 1MB Industrial
384KB Consumer
Package type/pin count (size/pin pitch) |
BGA 303 (15x15, 0.8) BGA 64 (6x6, 0.65)

BGA 289 (12x12, 0.65)

BGA 64 (5.5x5.5, 0.65)

BGA 224 (11x11, 0.65)

BGA 64 (4x4, 0.4)

BGA 224 (13x13, 0.8)

QFN 56 (7x7, 0.5)

LQFP 176 (24x24, 0.5)

LQFP 48 (7x7, 0.5)

BGA 176 (13x13, 0.8)

QFN 48 (7x7, 0.5)

LGA 145 (7x7, 0.5)

QFN 40 (6x6, 0.5)

LQFP 144 (20x20, 0.5)

LGA 36 (4x4, 0.5)

BGA 144 (7x7, 0.5)

BGA 36 (5x5, 0.8)

LQFP 100 (14x14, 0.5)

LQFP 32 (7x7, 0.8)

BGA 100 (7x7, 0.5)

WLCSP 25 (2.14x2.17, 0.4)

LGA 100 (7x7, 0.65)

HWAQFN 24 (4x4, 0.5)

LQFP 80 (12x12, 0.5)

HWAQFN 20 (4x4, 0.5)

CSP 72 (3.64x4.280.5)

WLCSP 16 (1.87x1.84, 0.4)

LQFP 64 (14x14, 0.8)

QFN 32 (5x5, 0.5)

LQFP 64 (10x10, 0.5)

BGA 36 (4x4, 0.5)

QFN 64 (8x8, 0.4)

BGA 64 (5x5, 0.5)

Packaging |
Tray

Full Tray
Full carton
Magazine

T&R
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Renesas Electronics Corporation T0v0su FORESIA, 3-2-24 Toyosu, Koto-ku, Tokyo 135-0061, Japan

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; i testand 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 ible for carefully and sufficiently i igating applicable laws and regulations that regulate the inclusion or use
of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your
noncompliance with applicable laws and regulations.

11, Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document

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

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

(Note 1)~ “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2)  “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics

(Rev.5.0-1 2020.10)
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