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Leading-performance 100 MHz Arm Cortex-M33 core, up to 512 KB code flash memory with background operation, 8 KB
Data flash memory, and 128 KB SRAM with Parity. High-integration with USB 2.0 Full-Speed, Quad SPI, and advanced
analog.

Features
m Arm® Cortex®-M33 Core m General-Purpose 1/O Ports
o Armv8-M architecture with the main extension ® 5-V tolerance, open drain, input pull-up, switchable driving ability
e Maximum operating frequency: 100 MHz .
e Arm Memory Protection Unit (Arm MPU) m Operating Voltage
— Protected Memory System Architecture (PMSAvS8) e VCC:2.7t03.6V
— Secure MPU (MPU_S): 8 regions
— Non-secure MPU (MPU_NS): 8 regions m Operating Temperature and Packages

o SysTick timer
— Embeds two Systick timers: Secure and Non-secure instance
— Driven by LOCO or system clock

e CoreSight'" ETM-M33

e Ta=-40°C to +85°C
— 64-pin LQFP (10 mm x 10 mm, 0.5 mm pitch)
— 48-pin QFN (7 mm X 7 mm, 0.5 mm pitch)

= Memory

e Up to 512-KB code flash memory
e 8-KB data flash memory (100,000 program/erase (P/E) cycles)
e 128-KB SRAM

m Connectivity

o Serial Communications Interface (SCI) x 4
— Asynchronous interfaces
— 8-bit clock synchronous interface
— Smart card interface
— Simple IIC
— Simple SPI
— Manchester coding (SCI3, SCI4)
® 12C bus interface (IIC)
o Serial Peripheral Interface (SPI)
® Quad Serial Peripheral Interface (QSPI)
e USB 2.0 Full-Speed Module (USBFS)
e Control Area Network module (CAN)

= Analog

® 12-bit A/D Converter (ADC12)
e 12-bit D/A Converter (DAC12)

m Timers

o General PWM Timer 32-bit (GPT32) x 2
e General PWM Timer 16-bit (GPT16) x 2
o Low Power Asynchronous General Purpose Timer (AGT) x 5

m Security and Encryption

o Arm® TrustZone®
— Up to three regions for the code flash
— Up to two regions for the data flash
— Up to three regions for the SRAM
— Individual secure or non-secure security attribution for each
peripheral

m System and Power Management

o Low power modes

e Battery backup function (VBATT)

o Realtime Clock (RTC) with calendar and VBATT support
e Event Link Controller (ELC)

o Data Transfer Controller (DTC)

o DMA Controller (DMAC) x 8

e Power-on reset

e Low Voltage Detection (LVD) with voltage settings

o Watchdog Timer (WDT)

e Independent Watchdog Timer (IWDT)

m Multiple Clock Sources

® Main clock oscillator (MOSC) (8 to 24 MHz)

® Sub-clock oscillator (SOSC) (32.768 kHz)

e High-speed on-chip oscillator (HOCO) (16/18/20 MHz)
e Middle-speed on-chip oscillator (MOCO) (8 MHz)

o [ow-speed on-chip oscillator (LOCO) (32.768 kHz)

o IWDT-dedicated on-chip oscillator (15 kHz)

® Clock trim function for HOCO/MOCO/LOCO

e PLL/PLL2

e Clock out support
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1. Overview

1. Overview

The MCU integrates multiple series of software- and pin-compatible Arm®-based 32-bit cores that share a common set of
Renesas peripherals to facilitate design scalability and efficient platform-based product development.

The MCU in this series incorporates a high-performance Arm Cortex®-M33 core running up to 100 MHz with the following

features:

e Up to 512 KB code flash memory

e 128 KB SRAM

e (Quad Serial Peripheral Interface (QSPI)

e USBFS
e Analog peripherals

e Security and safety features

1.1 Function Outline
Table 1.1 Arm core
Feature Functional description

Arm Cortex-M33 core

e Maximum operating frequency: up to 100 MHz
Arm Cortex-M33 core:
— Armv8-M architecture with security extension
— Revision: rOp4-00rel0
e Arm Memory Protection Unit (Arm MPU)
— Protected Memory System Architecture (PMSAvV8)
— Secure MPU (MPU_S): 8 regions
— Non-secure MPU (MPU_NS): 8 regions
e SysTick timer
— Embeds two Systick timers: Secure and Non-secure instance
— Driven by SysTick timer clock (SYSTICCLK) or system clock (ICLK)
e CoreSight™ ETM-M33

Table 1.2 Memory

Feature

Functional description

Code flash memory

Maximum 512 KB of code flash memory.

Data flash memory

8 KB of data flash memory.

Option-setting memory

The option-setting memory determines the state of the MCU after a reset.

SRAM On-chip high-speed SRAM with or without parity bit.
Table 1.3 System (1 of 2)
Feature Functional description

Operating modes

Two operating modes:
e Single-chip mode
e SCI/USB boot mode

Resets

The MCU provides 13 resets.

Low Voltage Detection (LVD)

The Low Voltage Detection (LVD) module monitors the voltage level input to the VCC pin. The
detection level can be selected by register settings. The LVD module consists of three separate
voltage level detectors (LVDO, LVD1, LVD2). LVDO, LVD1, and LVD2 measure the voltage level
input to the VCC pin. LVD registers allow your application to configure detection of VCC changes
at various voltage thresholds.
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Table 1.3

System (2 of 2)

Feature

Functional description

Clocks

Main clock oscillator (MOSC)

Sub-clock oscillator (SOSC)

High-speed on-chip oscillator (HOCO)
Middle-speed on-chip oscillator (MOCO)
Low-speed on-chip oscillator (LOCO)
IWDT-dedicated on-chip oscillator
PLL/PLL2

Clock out support

Clock Frequency Accuracy
Measurement Circuit (CAC)

The Clock Frequency Accuracy Measurement Circuit (CAC) counts pulses of the clock to be
measured (measurement target clock) within the time generated by the clock selected as the
measurement reference (measurement reference clock), and determines the accuracy
depending on whether the number of pulses is within the allowable range.When measurement is
complete or the number of pulses within the time generated by the measurement reference clock
is not within the allowable range, an interrupt request is generated.

Interrupt Controller Unit (ICU)

The Interrupt Controller Unit (ICU) controls which event signals are linked to the Nested Vector
Interrupt Controller (NVIC), the DMA Controller (DMAC), and the Data Transfer Controller (DTC)
modules. The ICU also controls non-maskable interrupts.

Low power modes

Power consumption can be reduced in multiple ways, including setting clock dividers, stopping
modules, selecting power control mode in normal operation, and transitioning to low power
modes.

Battery backup function

A battery backup function is provided for partial powering by a battery. The battery-powered area
includes the RTC, SOSC, backup memory, and switch between VCC and VBATT.

Register write protection

The register write protection function protects important registers from being overwritten due to
software errors. The registers to be protected are set with the Protect Register (PRCR).

Memory Protection Unit (MPU)

The MCU has one Memory Protection Unit (MPU).

Table 1.4 Event link

Feature

Functional description

Event Link Controller (ELC)

The Event Link Controller (ELC) uses the event requests generated by various peripheral
modules as source signals to connect them to different modules, allowing direct link between the
modules without CPU intervention.

Table 1.5

Direct memory access

Feature

Functional description

Data Transfer Controller (DTC)

A Data Transfer Controller (DTC) module is provided for transferring data when activated by an
interrupt request.

DMA Controller (DMAC)

The MCU includes an 8-channel direct memory access controller (DMAC) that can transfer data
without intervention from the CPU. When a DMA transfer request is generated, the DMAC
transfers data stored at the transfer source address to the transfer destination address.

Table 1.6

External bus interface

Feature

Functional description

External bus

e QSPI area (EQBIU): Connected to the QSPI (external device interface)

Table 1.7 Timers (1 of 2)

Feature

Functional description

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with GPT32 x 2 channels and a 16-bit timer with
GPT16 x 2 channels. PWM waveforms can be generated by controlling the up-counter, down-
counter, or the up- and down-counter. In addition, PWM waveforms can be generated for
controlling brushless DC motors. The GPT can also be used as a general-purpose timer.

Port Output Enable for GPT (POEG)

The Port Output Enable (POEG) function can place the General PWM Timer (GPT) output pins
in the output disable state
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Table 1.7 Timers (2 of 2)

Feature

Functional description

Low power Asynchronous General
Purpose Timer (AGT)

The low power Asynchronous General Purpose Timer (AGT) is a 16-bit timer that can be used
for pulse output, external pulse width or period measurement, and counting external events. This
timer consists of a reload register and a down counter. The reload register and the down counter
are allocated to the same address, and can be accessed with the AGT register.

Realtime Clock (RTC)

The realtime clock (RTC) has two counting modes, calendar count mode and binary count mode,
that are used by switching register settings. For calendar count mode, the RTC has a 100-year
calendar from 2000 to 2099 and automatically adjusts dates for leap years. For binary count
mode, the RTC counts seconds and retains the information as a serial value. Binary count mode
can be used for calendars other than the Gregorian (Western) calendar.

Watchdog Timer (WDT)

The Watchdog Timer (WDT) is a 14-bit down counter that can be used to reset the MCU when
the counter underflows because the system has run out of control and is unable to refresh the
WDT. In addition, the WDT can be used to generate a non-maskable interrupt or an underflow
interrupt.

Independent Watchdog Timer (IWDT)

The Independent Watchdog Timer (IWDT) consists of a 14-bit down counter that must be
serviced periodically to prevent counter underflow. The IWDT provides functionality to reset the
MCU or to generate a non-maskable interrupt or an underflow interrupt. Because the timer
operates with an independent, dedicated clock source, it is particularly useful in returning the
MCU to a known state as a fail-safe mechanism when the system runs out of control. The IWDT
can be triggered automatically by a reset, underflow, refresh error, or a refresh of the count value
in the registers.

Table 1.8 Communication interfaces

Feature

Functional description

Serial Communications Interface (SCI)

The Serial Communications Interface (SCI) x 4 channels have asynchronous and synchronous
serial interfaces:

e Asynchronous interfaces (UART and Asynchronous Communications Interface Adapter
(ACIA))
8-bit clock synchronous interface
Simple IIC (master-only)
Simple SPI
Smart card interface

e Manchester interface
The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and
transmission protocol. SCIn (n = 0, 3, 4, 9) has FIFO buffers to enable continuous and full-duplex
communication, and the data transfer speed can be configured independently using an on-chip
baud rate generator.

I2C bus interface (IIC)

The I2C bus interface (IIC) has 1 channel. The IIC module conforms with and provides a subset
of the NXP I2C (Inter-Integrated Circuit) bus interface functions.

Serial Peripheral Interface (SPI)

The Serial Peripheral Interface (SPI) has 1 channel. The SPI provides high-speed full-duplex
synchronous serial communications with multiple processors and peripheral devices.

Control Area Network (CAN)

The Controller Area Network (CAN) module uses a message-based protocol to receive and
transmit data between multiple slaves and masters in electromagnetically noisy applications. The
module complies with the ISO 11898-1 (CAN 2.0A/CAN 2.0B) standard and supports up to 32
mailboxes, which can be configured for transmission or reception in normal mailbox and FIFO
modes. Both standard (11-bit) and extended (29-bit) messaging formats are supported. The CAN
module requires an additional external CAN transceiver.

USB 2.0 Full-Speed module (USBFS)

The USB 2.0 Full-Speed module (USBFS) can operate as a host controller or device controller.
The module supports full-speed and low-speed (host controller only) transfer as defined in
Universal Serial Bus Specification 2.0. The module has an internal USB transceiver and
supports all of the transfer types defined in Universal Serial Bus Specification 2.0. The USB has
buffer memory for data transfer, providing a maximum of 10 pipes. Pipes 1 to 9 can be assigned
any endpoint number based on the peripheral devices used for communication or based on your
system.

Quad Serial Peripheral Interface (QSPI)

The Quad Serial Peripheral Interface (QSPI) is a memory controller for connecting a serial ROM
(nonvolatile memory such as a serial flash memory, serial EEPROM, or serial FeRAM) that has
an SPIl-compatible interface.
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Table 1.9 Analog

Feature

Functional description

12-bit A/D Converter (ADC12)

A 12-bit successive approximation A/D converter is provided. Up to 9 analog input channels are
selectable.

12-bit D/A Converter (DAC12)

A 12-bit D/A converter (DAC12) is provided.

Table 1.10 Data processing

Feature

Functional description

Cyclic Redundancy Check (CRC)
calculator

The Cyclic Redundancy Check (CRC) generates CRC codes to detect errors in the data. The bit
order of CRC calculation results can be switched for LSB-first or MSB-first communication.
Additionally, various CRC-generation polynomials are available.

Data Operation Circuit (DOC)

The Data Operation Circuit (DOC) compares, adds, and subtracts 16-bit data. When a selected
condition applies, 16-bit data is compared and an interrupt can be generated.
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1.2

Block Diagram

Figure 1.1 shows a block diagram of the MCU superset. Some individual devices within the group have a subset of the

features.

Note:
Note 1.

Memory

Bus

Arm Cortex-M33

System

512 KB code flash

| MPU |

| DSP | | FPU |

| POR/LVD |

Clocks

8 KB data flash

128 KB SRAM

1 KB Standby
SRAM

DMA

DTC

DMAC x 8

IDAU

MPU

NVIC

MOSC/SOSC

(H/MIL) OCO

I

| Mode control

PLL/PLL2

| Power control

CAC

System timer

o]

Battery backup

| Test and DBG interface |

Register write
protection

Timers

Communication interfaces

GPT32x 2
GPT16x 2

AGT x5

RTC

WDT/IWDT

| scxa ||

QSPI

| | lic

SPI

USBFS

Event link

ELC

Security
SCE9™"

CRC

DOC

Data processing

ADC12

Analog

DAC12

Not available on all parts.
FSP has full HAL drivers for SCE9 but only access control circuit, random number generation circuit and unique ID are
supported. The operation of other circuits is not guaranteed.

Figure 1.1

1.3

Block diagram

Part Numbering

Figure 1.2 shows the product part number information, including memory capacity and package type. Table 1.11 shows a
list of products.
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R7

FM #AA 0

J B Production identification code
Terminal material (Pb-free)

A: Sn (Tin) only
C: Others
Packaging
#A: Tray/Individual resale
#B: Tray/Full carton
#H: Tape and reel

Package type
FM: LQFP 64 pins
NE: QFN 48 pins

Quality Grade

Operating temperature
2:-40°Ct0 85°C

Code flash memory size
B: 256 KB
D: 512 KB

Feature set

Group number

Series name

RA family

Flash memory

Renesas microcontroller

Figure 1.2

Table 1.11 Product list

Part numbering scheme

Product part number

Package code

Code flash

Data

flash SRAM

Operating
temperature

R7FA4E10D2CFM

PLQP0064KB-C

512 KB

R7FA4E10D2CNE

PWQNO0048KC-A

8 KB 128 KB

-40 to +85°C

R7FA4E10B2CFM

PLQP0064KB-C

256 KB

R7FA4E10B2CNE

PWQNO0048KC-A

8 KB 128 KB

-40 to +85°C
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14 Function Comparison

Table 1.12 Function Comparison
R7FA4E10D2CFM R7FA4E10D2CNE
Parts number R7FA4E10B2CFM R7FA4E10B2CNE
Pin count 64 48
Package LQFP QFN
Code flash memory 512KB
256KB
Data flash memory 8 KB
SRAM 128 KB
Parity 64 KB
Standby SRAM 1KB
DMA DTC Yes
DMAC 8
System CPU clock 100 MHz (max.)

CPU clock sources

MOSC, SOSC, HOCO, MOCO, LOCO, PLL

CAC Yes

WDT/IWDT Yes

Backup register 128 B
Communication scI 4

Inc 1

SPI 1

CAN 1

USBFS Yes

QSPI Yes No
Timers GPT32™ 2

GPT16"™ 2

AGT" 5

RTC Yes
Analog ADC12 9 7

DAC12 1
Data processing CRC Yes

DOC Yes
Event control ELC Yes

Security

SCE92, TrustZone, and Lifecycle management

Note 1. Available pins depend on the Pin count, about details see section 1.7. Pin Lists.
Note 2. FSP has full HAL drivers for SCE9 but only access control circuit, random number generation circuit and unique ID are supported.
The operation of other circuits is not guaranteed.
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1.5 Pin Functions

Table 1.13 Pin functions (1 of 3)

Function Signal 110 Description

Power supply VCC Input Power supply pin. Connect it to the system power supply. Connect
this pin to VSS by a 0.1-uyF capacitor. The capacitor should be
placed close to the pin.

VCL 110 Connect this pin to the VSS pin by the smoothing capacitor used to
stabilize the internal power supply. Place the capacitor close to the
pin.

VBATT Input Battery Backup power pin

VSS Input Ground pin. Connect it to the system power supply (0 V).

Clock XTAL Output Pins for a crystal resonator. An external clock signal can be input
through the EXTAL pin.

EXTAL Input

XCIN Input Input/output pins for the sub-clock oscillator. Connect a crystal
resonator between XCOUT and XCIN.

XCOUT Output

CLKOUT Output Clock output pin

Operating mode control MD Input Pin for setting the operating mode. The signal level on this pin must
not be changed during operation mode transition on release from
the reset state.

System control RES Input Reset signal input pin. The MCU enters the reset state when this
signal goes low.

CAC CACREF Input Measurement reference clock input pin

On-chip emulator TMS 1/0 On-chip emulator or boundary scan pins

TDI Input

TCK Input

TDO Output

SWO Output Serial wire trace output pin

SWDIO 110 Serial wire debug data input/output pin

SWCLK Input Serial wire clock pin

Interrupt NMI Input Non-maskable interrupt request pin

IRQN Input Maskable interrupt request pins

IRQN-DS Input Maskable interrupt request pins that can also be used in Deep
Software Standby mode

GPT GTETRGA, GTETRGB, Input External trigger input pins

GTETRGC, GTETRGD

GTIOCnA, GTIOCnB 1/0 Input capture, output compare, or PWM output pins

AGT AGTEEn Input External event input enable signals

AGTIOn 1/0 External event input and pulse output pins

AGTOn Output Pulse output pins

AGTOAN Output Output compare match A output pins

AGTOBN Output Output compare match B output pins

RTC RTCOUT Output Output pin for 1-Hz or 64-Hz clock

RTCICn Input Time capture event input pins

R01DS0391EJ0100 Rev.1.00 RENESAS Page 9 of 80

Sep 15, 2021



RA4E1 Datasheet 1. Overview

Table 1.13 Pin functions (2 of 3)

Function Signal 110 Description
SClI SCKn 1/0 Input/output pins for the clock (clock synchronous mode)

RXDn Input Input pins for received data (asynchronous mode/clock synchronous
mode)

TXDn Output Output pins for transmitted data (asynchronous mode/clock
synchronous mode)

CTSn_RTSn 1/0 Input/output pins for controlling the start of transmission and
reception (asynchronous mode/clock synchronous mode), active-
low.

CTSn Input Input for the start of transmission.

SCLn 1/0 Input/output pins for the IIC clock (simple [IC mode)

SDANn 1/0 Input/output pins for the IIC data (simple 1IC mode)

SCKn 1/0 Input/output pins for the clock (simple SPI mode)

MISOn 1/0 Input/output pins for slave transmission of data (simple SPI mode)

MOSIn 110 Input/output pins for master transmission of data (simple SPI mode)

SSn Input Chip-select input pins (simple SPI mode), active-low

lIc SCLn 1/0 Input/output pins for the clock
SDANn 1/0 Input/output pins for data
SPI RSPCKA 1/0 Clock input/output pin

MOSIA 1/0 Input or output pins for data output from the master

MISOA 1/0 Input or output pins for data output from the slave

SSLAO 1/0 Input or output pin for slave selection

SSLA1 to SSLA3 Output Output pins for slave selection

CAN CRXn Input Receive data
CTXn Output Transmit data
USBFS VCC_USB Input Power supply pin
VSS_USB Input Ground pin
USB_DP /0 D+ pin of the USB on-chip transceiver. Connect this pin to the D+

pin of the USB bus.

USB_DM 1/0 D- pin of the USB on-chip transceiver. Connect this pin to the D- pin
of the USB bus.

USB_VBUS Input USB cable connection monitor pin. Connect this pin to VBUS of the
USB bus. The VBUS pin status (connected or disconnected) can be
detected when the USB module is operating as a function controller.

USB_VBUSEN Output VBUS (5 V) supply enable signal for external power supply chip

USB_OVRCURA-DS Input Overcurrent pins for USBFS that can also be used in Deep Software
Standby mode.
Connect the external overcurrent detection signals to these pins.

QSPI QSPCLK Output QSPI clock output pin
QSSL Output QSPI slave output pin
QIOO0 to QIO3 110 Data0 to Data3
RO1DS0391EJ0100 Rev.1.00 RENESAS Page 10 of 80
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Table 1.13 Pin functions (3 of 3)

Function Signal 110 Description
Analog power supply AVCCO Input Analog voltage supply pin. This is used as the analog power supply
for the respective modules. Supply this pin with the same voltage as
the VCC pin.
AVSS0 Input Analog ground pin. This is used as the analog ground for the
respective modules. Supply this pin with the same voltage as the
VSS pin.
VREFH Input Analog reference voltage supply pin for the D/A Converter. Connect
this pin to AVCCO when not using the D/A Converter.
VREFL Input Analog reference ground pin for the D/A Converter. Connect this pin
to AVSS0 when not using the D/A Converter.
VREFHO Input Analog reference voltage supply pin for the ADC12. Connect this pin
to AVCCO when not using the ADC12.
VREFLO Input Analog reference ground pin for the ADC12. Connect this pin to
AVSSO0 when not using the ADC12.
ADC12 ANmMn Input Input pins for the analog signals to be processed by the A/D
converter.
(m: ADC unit number, n: pin number)
ADTRGm Input Input pins for the external trigger signals that start the A/D
conversion, active-low.
DAC12 DAn Output Output pins for the analog signals processed by the D/A converter.
I/0 ports Pmn 110 General-purpose input/output pins
(m: port number, n: pin number)
P200 Input General-purpose input pin
R01DS0391EJ0100 Rev.1.00 RENESAS Page 11 of 80
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1.6 Pin Assignments

The following figures show the pin assignments from the top view.
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Pin assignment for QFN 48-pin
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1.7 Pin Lists
Table 1.14 Pin list (1 of 2)

§ X | Power, System,

3 Z | Clock, Debug, I[o]

' O | CAC ports | Ex. Interrupt | SCI/IIC/SPI/CAN/USBFS/QSPI GPT/AGT/RTC ADC12/DAC12
1 — | — P400 IRQO SCK4/SCLO_A AGTIO1 —
2 — | = P401 | IRQ5-DS CTS4_RTS4/SS4/SDA0_A/CTX0 GTETRGA —
3 1 CACREF P402 IRQ4-DS CTS4/CRX0 AGTIO0/AGTIO1/AGTIO2/AGTIO3/RTCICO | —
4 2 VBATT — — — — —
5 3 VCL — — — — —
6 4 | XCIN — — — — —
7 5 XcouT - —_ —_ —_ -
8 |6 |vss — — — _ —
9 7 XTAL P213 IRQ2 — GTETRGC/AGTEE2 —
10 8 EXTAL P212 IRQ3 — GTETRGD/AGTEE1 —
1 9 vCC — — — — —
12 - |—= P411 IRQ4 TXDO/MOSI0/SDA0O/CTS3_RTS3/SS3 AGTOA1 —
13 - |— P410 IRQ5 RXDO0/MISO0/SCL0/SCK3 AGTOB1 —
14 10 | — P409 IRQ6 TXD3/MOSI3/SDA3 AGTOA2 —
15 1 | — P408 IRQ7 CTS4/RXD3/MISO3/SCL3/SCLO_B AGTOB2 —
16 [12 |— P407 | — CTS4_RTS4/SS4/SDA0_B/USB_VBUS AGTIO0/RTCOUT ADTRGO
17 13 | VSS_USB — — — — —
18 14 | USB_DM — — — — —
19 15 | USB_DP — — — — —
20 16 | VCC_USB — — — — _
21 |17 | — P207 | — TXD4/MOSI4/SDA4/QSSL — —
22 18 | — P206 IRQ0-DS RXD4/MISO4/SCL4/CTS9/USB_VBUSEN —_ —
23 — | CLKOUT P205 IRQ1-DS TXD4/MOSI4/SDA4/CTS9_RTS9/SS9/USB_OVRCURA-DS | GTIOC4A/AGTO1 —
24 — | = P208 | — Qlo3 — —
25 |19 |RES — — — _ —
26 |20 | MD P201 | — — — —
27 21 | — P200 | NMI — — —
28 - |— P304 IRQ9 — AGTEE2 —
29 — | = P303 | — CTS9 — —
30 22 | — P302 IRQ5 SSLA3 GTIOC4A —
31 23 | — P301 IRQ6 CTS9_RTS9/SS9/SSLA2 GTIOC4B/AGTIOO0 -
32 24 | TCK/SWCLK P300 | — SSLA1 — —
33 25 | TMS/SWDIO P108 | — CTS9_RTS9/SS9/SSLAO AGTOA3 —
34 26 | TDO/SWO/CLKOUT | P109 | — TXD9/MOSI9/SDA9/MOSIA GTIOC1A/AGTOB3 —
35 27 | TDI P110 IRQ3 RXD9/MISO9/SCLI/MISOA GTIOC1B/AGTEE3 —
36 |28 [— P11 | IRQ4 SCK9/RSPCKA AGTOA5 —
37 29 | — P112 | — SSLA0/QSSL AGTOBS —
38 — | — P113 | — — GTIOC2A/AGTEES —
39 30 [ vCC — — — _ _
40 |31 |vss — — — — —
4 | — | = P107 | — — AGTOAO —
42 — | — P106 | — — AGTOBO —
43 — | — P105 IRQO — GTETRGA/GTIOC1A/AGTO2 —
44 32 [ — P104 IRQ1 Qlo2 GTETRGB/GTIOC1B/AGTEE2 —
45 33 | — P103 | — CTS0_RTS0/SS0/CTX0/QI03 GTIOC2A/AGTIO2 —
46 34 | — P102 | — SCKO/CRX0/QIO0 GTIOC2B/AGTO0 ADTRGO
47 35 | — P101 IRQ1 TXD0/MOSI0/SDA0/QIO1 GTETRGB/GTIOC5A/AGTEEO —

R01DS0391EJ0100 Rev.1.00
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RA4E1 Datasheet

1. Overview

Table 1.14 Pin list (2 of 2)

§ ¥ | Power, System,

g Z | Clock, Debug, 110

4 | @ |cAc ports | Ex. Interrupt | SCI/IIC/SPI/ICAN/USBFS/QSPI GPT/AGT/RTC ADC12/DAC12
48 |36 | — P100 | IRQ2 RXDO/MISO0/SCLO/QSPCLK GTETRGA/GTIOC5B/AGTIO0 —

49 |37 | CACREF P500 | — USB_VBUSEN/QSPCLK AGTOAO ANO16

50 — | vCcC — — — — —

51 [— |vss - - - - -

52 |38 [— PO15 | IRQ13 — — ANO13

53 |39 [— PO14 | — — — ANO12/DA0

54 |40 [— PO13 | — - — ANO11

55 41 | VREFH — — — — —

56 |42 | AvCCO — — — _ —

57 |43 | AVSSO/VREFL - — — — —

58 |44 | VREFLO — — — — —

59 |45 | VREFHO — — — — —

60 — | — P004 IRQ9-DS — — AN004

61 [— |— P003 | — — — AN003

62 |46 | — P002 | IRQ8-DS — — AN002

63 |47 | — P001 | IRQ7-DS — — ANO0O1

64 |48 | — P000 | IRQ6-DS — — ANO0O
Note:  Several pin names have the added suffix of _A, _B, _C, _D, _E, and _F. The suffix can be ignored when assigning functionality.
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RA4E1 Datasheet 2. Electrical Characteristics

2. Electrical Characteristics

Supported peripheral functions and pins differ from one product name to another.

Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:

e VCC=AVCCO0=VCC USB=VBATT=2.7t03.6 V
e 2.7<VREFHO/VREFH < AVCC0

e VSS = AVSS0=VREFLO/VREFL =VSS USB=0V
o To=Top

Figure 2.1 shows the timing conditions.

For example, P100 l O
T°

Von =VCC x 0.7, VoL=VCC x 0.3
ViH=VCC x 0.7, Vi=VCC x 0.3
Load capacitance C = 30 pF

Figure 2.1 Input or output timing measurement conditions

The recommended measurement conditions for the timing specification of each peripheral provided are for the best
peripheral operation. Make sure to adjust the driving abilities of each pin to meet your conditions.

2.1 Absolute Maximum Ratings

Table 2.1 Absolute maximum ratings

Parameter Symbol Value Unit
Power supply voltage VCC, VCC_USB™ -0.3t0 +4.0 \%
VBATT power supply voltage VBATT -0.3t0 +4.0 \%
Input voltage (except for 5 V-tolerant ports™) Vin -0.3to VCC +0.3 \
Input voltage (5 V-tolerant ports™') Vin -0.3to + VCC + 4.0 (max. 5.8) \Y%
Reference power supply voltage VREFH/VREFHO -0.3toVCC +0.3 \%
Analog power supply voltage AVCCO0™2 -0.3to +4.0 \Y
Analog input voltage VaN -0.3to AVCCO + 0.3 \Y
Operating temperature” " Topr —40to +85 °C
Storage temperature Tstg -55to +125 °C

Note 1. Ports P205, P206, P400, P401, and P407 to P411 are 5V tolerant.

Note 2. Connect AVCCO and VCC_USB to VCC.

Note 3. See section 2.2.1. Tj/Ta Definition.

Note 4. Contact a Renesas Electronics sales office for information on derating operation when Ta = +85°C. Derating is the systematic
reduction of load for improved reliability.
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RA4E1 Datasheet 2. Electrical Characteristics

Caution: Permanent damage to the MCU might result if absolute maximum ratings are exceeded.

Table 2.2 Recommended operating conditions

Parameter Symbol Value Min Typ Max Unit
Power supply voltages VCC When USB is not used 2.7 — 3.6 Vv
When USB is used 3.0 — 3.6 \Y
VSS — 0 — \Y
USB power supply voltages VCC_USB — VCC — Vv
VSS_USB — 0 — \
VBATT power supply voltage VBATT 1.6572 — 3.6 \
Analog power supply voltages AVCCO™1 — VCC — \%
AVSS0 — 0 — \

Note 1. Connect AVCCO to VCC. When the A/D converter and the D/A converter are not in use, do not leave the AVCCO, VREFH/VREFHO,
AVSSO0, and VREFL/VREFLO pins open. Connect the AVCCO and VREFH/VREFHO pins to VCC, and the AVSSO0 and VREFL/
VREFLO pins to VSS, respectively.

Note 2. Low CL crystal cannot be used below VBATT = 1.8V.

2.2 DC Characteristics

2.2.1 Tj/Ta Definition

Table 2.3 DC characteristics
Conditions: Products with operating temperature (T) -40 to +85°C

Parameter Symbol Typ Max Unit Test conditions

Permissible junction Tj — 105 °C High-speed mode

temperature Low-speed mode
Subosc-speed mode

Note: ~ Make sure that Tj = T, + 6ja x total power consumption (W), where total power consumption = (VCC - Vop) x Zloy + VoL * ZloL +
Iccmax x VCC.

222  1/0Vy, VL

Table 2.4  1/0 Vi, Vi (1 of 2)

Parameter Symbol | Min Typ | Max Unit
Input voltage Peripheral EXTAL (external clock input), SPI (except RSPCK) | V|4 VCCx08 |[— |— \
(except for function pin
Schmitt trigger Vi — — |VCCx0.2
input pins) IIC (SMBus) Vin 2.1 — |vcc+36

(max 5.8)

Vi — — |os
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RA4E1 Datasheet 2. Electrical Characteristics

Table 2.4 110 V||.|, V||_ (2 of 2)

Parameter Symbol | Min Typ | Max Unit
Schmitt trigger Peripheral 1IC (except for SMBus) Vin VCCx0.7 |— |VCC+3.6 \%
input voltage function pin (max 5.8)
ViL — — |VCC x0.3
AVt VCC x — |—
0.05
5 V-tolerant ports™ 5 ViH VCCx0.8 |— |VCC+3.6
(max 5.8)
Vi — — |[VCCx0.2
AVt VCC x — |—
0.05
RTCICO | When using the When VBATT VIH VBATT x — VBATT +0.3
Battery Backup power supply is 0.8
Function selected
ViL — — | VBarTx0.2
AVt VBaTT* | — |—
0.05
When VCC power | V|4 VCC x 0.8 | — | Higher
supply is selected voltage either
VCC+0.3V
or
VearT + 0.3V
ViL — — |VCC x0.2
AVt VCC x — |—
0.05
When not using the Battery Backup Vin VCCx0.8 |— |VvCC+0.3
Function
ViL — — |VCCx0.2
AVt VCC x — |—
0.05
Other input pins™ \ym VCCx0.8 |— |[—
Vi — — |VCCx0.2
AVt VCC x — =
0.05
Ports 5 V-tolerant ports™ 5 ViH VCCx0.8 |— |VCC+3.6 \Y;
(max 5.8)
ViL — — |VCCx0.2
Other input pins™ ViH VCCx08 |— |—
Vi — — |[VCCx0.2

Note 1. RES and peripheral function pins associated with Ports P205, P206, P400, P401, and P407 to P411 (total 10 pins).

Note 2. All input pins except for the peripheral function pins already described in the table.

Note 3. Ports P205, P206, P400, P401, and P407 to P411 (total 9 pins).

Note 4. All input pins except for the ports already described in the table.

Note 5. When VCC is less than 2.7 V, the input voltage of 5 V-tolerant ports should be less than 3.6 V, otherwise breakdown may occur
because 5 V-tolerant ports are electrically controlled so as not to violate the break down voltage.
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2. Electrical Characteristics

223 1O lom, loL
Table 2.5 /0 lon, loL
Parameter Symbol | Min | Typ | Max | Unit
Permissible output current (average value per Ports PO0O to P004, P013 to P0O15, — loH — |— |[-2.0|mA
P P20t loL — |— |20 [mA
Ports P205, P206, P407 to P411 (total | Low drive™ loH — |— |-2.0[{mA
7pins) loL — |— |20 [mA
Middle drive™ | lon — |— |4.0|mA
lou — |— |40 |mA
High drive™® | loH — |— |-20 |mA
loL — |— |20 [mA
Other output pins™ Low drive”! | loH — |— |-20|mA
loL — |— 2.0 [mA
Middle drive™ | lon — |— [4.0|mA
loL — |— 4.0 [mA
High drive™® | loH — |— |16 |mA
loL — |— |16 [mA
Permissible output current (max value per pin) | Ports PO0O to P004, P013 to P015, — loH — |— |[4.0|mA
P20t loL — |— |40 [mA
Ports P205, P206, P407 to P411 (total | Low drive™ loH — |— |—4.0[mA
7pins) loL — |— |4.0 [mA
Middle drive™ | lon — |— [-8.0|mA
loL — |— |80 |mA
High drive™ | lon — |— |40 [mA
loL — |— |40 [mA
Other output pins™ Low drive”! | loH — |— |4.0|mA
loL — |— |4.0 [mA
Middle drive | lon — |— 