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Ultra low power 48 MHz Arm® Cortex®-M23 core, up to 128-KB code flash memory, 16-KB SRAM, Capacitive Sensing Unit

(CTSU2), 12-bit A/D Converter, Security and Safety features.

Features
m Arm Cortex-M23 Core

o Armv8-M architecture

e Maximum operating frequency: 48 MHz

o Arm Memory Protection Unit (Arm MPU) with 8 regions
e Debug and Trace: DWT, FPB, CoreSight™ MTB-M23

o CoreSight Debug Port: SW-DP

m Memory

e Up to 128-KB code flash memory

o 4-KB data flash memory (100,000 program/erase (P/E) cycles)
e 16-KB SRAM

o Memory protection units

® 128-bit unique ID

m Connectivity

o Serial Communications Interface (SCI) x 4
— Asynchronous interfaces
— 8-bit clock synchronous interface
— Simple IIC
— Simple SPI
— Smart card interface
e Serial Peripheral Interface (SPI) x 1

® 12C bus interface (IIC) x 1

m Analog

e 12-bit A/D Converter (ADC12)
o [ow-Power Analog Comparator (ACMPLP) x 2
e Temperature Sensor (TSN)

m Timers

o General PWM Timer 32-bit (GPT32) x 1

e General PWM Timer 16-bit (GPT16) x 6

o Low Power Asynchronous General Purpose Timer (AGT) x 2
e Watchdog Timer (WDT)

m Safety

® SRAM parity error check

o Flash area protection

o ADC self-diagnosis function

® Clock Frequency Accuracy Measurement Circuit (CAC)
o Cyclic Redundancy Check (CRC) calculator
e Data Operation Circuit (DOC)

e Port Output Enable for GPT (POEG)

o Independent Watchdog Timer (IWDT)

® GPIO readback level detection

e Register write protection

e Main oscillator stop detection

o [llegal memory access detection

m Security and Encryption

o AES128/256
o True Random Number Generator (TRNG)

m System and Power Management

e Low power modes

o Realtime Clock (RTC)

e Event Link Controller (ELC)

e Data Transfer Controller (DTC)

e Key Interrupt Function (KINT)

e Power-on reset

e Low Voltage Detection (LVD) with voltage settings

m Human Machine Interface (HMI)
e Capacitive Sensing Unit (CTSU2)

m Multiple Clock Sources

e Main clock oscillator (MOSC) (1 to 20 MHz)

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

e High-speed on-chip oscillator (HOCO) (24/32/48/64 MHz)
e Middle-speed on-chip oscillator (MOCO) (8 MHz)

o Low-speed on-chip oscillator (LOCO) (32.768 kHz)

® Clock trim function for HOCO/MOCO/LOCO

o [WDT-dedicated on-chip oscillator (15 kHz)

e Clock out support

m Up to 56 pins for general I/O ports

e 5-V tolerance, open drain, input pull-up, switchable driving ability

m Operating Voltage

e VCC:1.6t055V

m Operating Temperature and Packages

e Ta=-40°C to +85°C

— 64-pin LQFP (14 mm x 14 mm, 0.8 mm pitch)

— 64-pin LQFP (10 mm x 10 mm, 0.5 mm pitch)

— 64-pin BGA (4 mm x 4 mm, 0.4 mm pitch)

— 48-pin LQFP (7 mm x 7 mm, 0.5 mm pitch)

— 48-pin HWQFN (7 mm x 7 mm, 0.5 mm pitch)

— 36-pin LGA (4 mm x 4 mm, 0.5 mm pitch)

— 32-pin LQFP (7 mm x 7 mm, 0.8 mm pitch)

— 32-pin HWQFN (5 mm x 5 mm, 0.5 mm pitch)

— 25-pin WLCSP (2.14 mm x 2.27 mm, 0.4 mm pitch)
® Ta=-40°C to +105°C

— 64-pin LQFP (14 mm x 14 mm, 0.8 mm pitch)

— 64-pin LQFP (10 mm x 10 mm, 0.5 mm pitch)

— 64-pin BGA (4 mm x 4 mm, 0.4 mm pitch)

— 48-pin LQFP (7 mm x 7 mm, 0.5 mm pitch)

— 48-pin HWQFN (7 mm % 7 mm, 0.5 mm pitch)

— 36-pin LGA (4 mm x 4 mm, 0.5 mm pitch)

— 32-pin LQFP (7 mm % 7 mm, 0.8 mm pitch)

— 32-pin HWQFN (5§ mm x 5 mm, 0.5 mm pitch)

— 25-pin WLCSP (2.14 mm x 2.27 mm, 0.4 mm pitch)
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RA2E1 Datasheet

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.

The MCU in this series incorporates an energy-efficient Arm Cortex®-M23 32-bit core, that is particularly well suited for
cost-sensitive and low-power applications, with the following features:

e Up to 128-KB code flash memory

e 16-KB SRAM

e 12-bit A/D Converter (ADC12)

e Security features

1.1 Function Outline
Table 1.1 Arm core
Feature Functional description

Arm Cortex-M23 core

e Maximum operating frequency: up to 48 MHz
e Arm Cortex-M23 core:
— Revision: r1p0-00rel0
— Armv8-M architecture profile
— Single-cycle integer multiplier
— 19-cycle integer divider
e Arm Memory Protection Unit (Arm MPU):
— Armv8 Protected Memory System Architecture
— 8 protect regions
e SysTick timer:
— Driven by SYSTICCLK (LOCO) or ICLK

Table 1.2 Memory

Feature

Functional description

Code flash memory

Maximum 128-KB of code flash memory.

Data flash memory

4-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 parity bit.
Table 1.3 System (1 of 2)
Feature Functional description

Operating modes

Two operating modes:
e Single-chip mode
e SCIl boot mode

Resets

The MCU provides 12 resets (RES pin reset, power-on reset, independent watchdog timer reset,
watchdog timer reset, voltage monitor 0/1/2 resets, SRAM parity error reset, bus master/slave
MPU error resets, CPU stack pointer error reset, software reset).

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, LVD). LVDO, LVD1, and LVD measure the voltage level
input to the VCC pin. LVD registers allow your application to configure detection of VCC changes
at various voltage thresholds.

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

Clock out support
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RA2E1 Datasheet

1. Overview

Table 1.3 System (2 of 2)

Feature

Functional description

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), and the Data Transfer Controller (DTC) modules. The ICU also
controls non-maskable interrupts.

Key Interrupt Function (KINT)

The key interrupt function (KINT) generates the key interrupt by detecting rising or falling edge
on the key interrupt input pins.

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.

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 four Memory Protection Units (MPUs) and a CPU stack pointer monitor function
are provided.

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 or watchdog timer reset.

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 1.4 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.

Table 1.6 Timers (1 of 2)

Feature

Functional description

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with GPT32 x channel and a 16-bit timer with
GPT16 x 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

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.

R01DS0386EJ0130 Rev.1.30
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RA2E1 Datasheet 1. Overview

Table 1.6 Timers (2 of 2)

Feature Functional description

Realtime Clock (RTC) 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.

Table 1.7 Communication interfaces

Feature Functional description

Serial Communications Interface (SCI) | The Serial Communications Interface (SCI) x 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

e Smart card interface
The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and
transmission protocol. SCIn (n =) 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 channel. The IIC module conforms with and provides a subset of
the NXP 12C (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.

Table 1.8 Analog

Feature Functional description

12-bit A/D Converter (ADC12) A 12-bit successive approximation A/D converter is provided. Up to 13 analog input channels are
selectable. Temperature sensor output and internal reference voltage are selectable for
conversion.

Temperature Sensor (TSN) The on-chip Temperature Sensor (TSN) determines and monitors the die temperature for reliable

operation of the device. The sensor outputs a voltage directly proportional to the die
temperature, and the relationship between the die temperature and the output voltage is fairly
linear. The output voltage is provided to the for conversion and can be further used by the end

application.
Low-Power Analog Comparator The Low-Power Analog Comparator (ACMPLP) compares a reference input voltage with an
(ACMPLP) analog input voltage. Comparator channels ACMPLPO and ACMPLP1 are independent of each
other.

The comparison result of the reference input voltage and analog input voltage can be read by
software. The comparison result can also be output externally. The reference input voltage can
be selected from either an input to the CMPREF:i (i = 0, 1) pin or from the internal reference
voltage (Vref) generated internally in the MCU.

The ACMPLP response speed can be set before starting an operation. Setting high-speed mode
decreases the response delay time, but increases current consumption. Setting low-speed mode
increases the response delay time, but decreases current consumption.

Table 1.9 Human machine interfaces

Feature Functional description

Capacitive Sensing Unit (CTSU2) The Capacitive Sensing Unit (CTSU2) measures the electrostatic capacitance of the sensor.
Changes in the electrostatic capacitance are determined by software that enables the to detect
whether a finger is in contact with the sensor. The electrode surface of the sensor is usually
enclosed with a dielectric film so that a finger does not come into direct contact with the
electrode.
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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. The snoop function allows to
monitor the access to specific addresses. This function is useful in applications that require CRC
code to be generated automatically in certain events, such as monitoring writes to the serial
transmit buffer and reads from the serial receive buffer.

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.

Table 1.11 1/0 ports

Feature

Functional description

1/O ports

1/O ports for the 64-pin LQFP/BGA
— /O pins: 53
— Input pins: 3
— Pull-up resistors: 53
— N-ch open-drain outputs: 40
5-V tolerance: 3
I/O ports for the 48-pin LQFP/HWQFN
— /O pins: 37
— Input pins: 3
— Pull-up resistors: 37
— N-ch open-drain outputs: 26
5-V tolerance: 3
I/O ports for the 36-pin LGA
— /O pins: 27
— Input pins: 3
— Pull-up resistors: 27
— N-ch open-drain outputs: 17
5-V tolerance: 1
I/O ports for the 32-pin LQFP/HWQFN
— /O pins: 23
— Input pins: 3
— Pull-up resistors: 23
— N-ch open-drain outputs: 15
5-V tolerance: 1
I/O ports for the 25-pin WLCSP
— /O pins: 20
— Input pins: 1
— Pull-up resistors: 20
— N-ch open-drain outputs: 14
— 5-Vtolerance: 3
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RA2E1 Datasheet

1. Overview

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.
Memory Bus Arm Cortex-M23 System
128 KB code flash | MPU | | | | POR/LVD | Clocks
MOSC/SOSC
4 KB data flash
| | (H/MIL) OCO
DTC | Test and DBG Interface | | ICU | | CAC |
Register write
| KINT | protection
Timers Communication interfaces Human machine interfaces
GPT32 x 1 CcTsu
GPT16 x 6 SCl x4
AGT x 2 G x 1
RTC SPI x 1
WDT/IWDT
Event link Data processing Analogs
ELC CRC ADC12 | | TSN
Security DOC ACMPLP x 2
AES + TRNG
Note:  Not available on all parts
Figure 1.1 Block diagram
1.3 Part Numbering

Figure 1.2 shows the product part number information, including memory capacity and package type. Table 1.12 shows a

list of products.
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—l; Production identification code

Terminal material (Pb-free)
A: Sn(Tin) only
C: Others

Packaging

A: Tray

B: Tray(Full carton)
H: Tape and reel

Package type

FM: LQFP 64 pins 0.5 mm pitch
FK: LQFP 64 pins 0.8 mm pitch
BU: BGA 64 pins

FL: LQFP 48 pins

NE: HWQFN 48 pins

LM: LGA 36 pins

FJ: LQFP 32 pins

NH: HWQFN 32 pins

DA: WLCSP 25 pins (T.B.D.)

Quality Grade
C: Industrial applications
D: Consumer applications

Operating temperature
2:-40'Cto 85°C
3:-40°C to 105°C

Code flash memory size
9: 128 KB

7: 64 KB

5:32KB

Feature set

Group number
Series name

RA family

Flash memory

Renesas microcontroller

Note: Check the order screen for each product on the Renesas website for valid symbols after the #.

Figure 1.2 Part numbering scheme
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RAZ2E1 Datasheet 1. Overview
Table 1.12 Product list (1 of 2)
Operating
Product part number Package code Code flash Data flash SRAM temperature
R7FA2E1A93CFM PLQP0064KB-C 128 4 16 -40 to +105°C
PLQP0064KL-A
R7FA2E1A93CFK PLQP0064GA-A
R7FA2E1A93CFL PLQP0048KB-B
PLQP0048KL-A
R7FA2E1A93CFJ PLQP0032GB-A
PLQP0032GE-A
R7FA2E1A93CNH PWQNOO032KE-A
R7FA2E1A93CBU PVBG0064LB-A
R7FA2E1A93CLM PWLGO0036KB-A
R7FA2E1A93CDA T.B.D.
R7FA2E1A93CNE PWQNO0048KC-A
R7FA2E1A92DFM PLQP0064KB-C -40 to +85°C
PLQP0064KL-A
R7FA2E1A92DFK PLQP0064GA-A
R7FA2E1A92DFL PLQP0048KB-B
PLQP0048KL-A
R7FA2E1A92DFJ PLQP0032GB-A
PLQP0032GE-A
R7FA2E1A92DNH PWQNOO032KE-A
R7FA2E1A92DBU PVBG0064LB-A
R7FA2E1A92DLM PWLGO0036KB-A
R7FA2E1A92DDA T.B.D.
R7FA2E1A92DNE PWQNO0048KC-A
RO1DS0386EJ0130 Rev.1.30 RENESAS Page 8 of 117
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RAZ2E1 Datasheet 1. Overview
Table 1.12 Product list (2 of 2)
Operating
Product part number Package code Code flash Data flash SRAM temperature
R7FA2E1A73CFM PLQP0064KB-C 64 4 16 -40 to +105°C
PLQP0064KL-A
R7FA2E1A73CFK PLQP0064GA-A
R7FA2E1A73CFL PLQP0048KB-B
PLQP0048KL-A
R7FA2E1A73CFJ PLQP0032GB-A
PLQP0032GE-A
R7FA2E1A73CNH PWQNOO032KE-A
R7FA2E1A73CBU PVBG0064LB-A
R7FA2E1A73CLM PWLGO0036KB-A
R7FA2E1A73CDA T.B.D.
R7FA2E1A73CNE PWQNO0048KC-A
R7FA2E1A72DFM PLQP0064KB-C -40 to +85°C
PLQP0064KL-A
R7FA2E1A72DFK PLQP0064GA-A
R7FA2E1A72DFL PLQP0048KB-B
PLQP0048KL-A
R7FA2E1A72DFJ PLQP0032GB-A
PLQP0032GE-A
R7FA2E1A72DNH PWQNOO032KE-A
R7FA2E1A72DBU PVBG0064LB-A
R7FA2E1A72DLM PWLGO0036KB-A
R7FA2E1A72DDA T.B.D.
R7FA2E1A72DNE PWQNO0048KC-A
R7FA2E1A53CFL PLQP0048KB-B 32 4 16 -40 to +105°C
PLQP0048KL-A
R7FA2E1A53CFJ PLQP0032GB-A
PLQP0032GE-A
R7FA2E1A53CNH PWQNOO032KE-A
R7FA2E1A53CLM PWLGO0036KB-A
R7FA2E1A53CDA T.B.D.
R7FA2E1A53CNE PWQNO0048KC-A
R7FA2E1A52DFL PLQP0048KB-B -40 to +85°C
PLQP0048KL-A
R7FA2E1A52DFJ PLQP0032GB-A
PLQP0032GE-A
R7FA2E1A52DNH PWQNOO032KE-A
R7FA2E1A52DLM PWLGO0036KB-A
R7FA2E1A52DDA T.B.D.
R7FA2E1A52DNE PWQNO0048KC-A
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RA2E1 Datasheet 1. Overview
14 Function Comparison
Table 1.13 Function Comparison (1 of 2)
=X |EX3 |22 |2¥|28| 5|35 |5 |22|22|22| 8|8 |8
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Parts number reo rey e | ©Me | Ko 14 14 14 e e | o 14 14 14
Pin count 64 48 36 32 25
Package LQFP/BGA LQFP/HWQFN LGA LQFP/HWQFN WLCSP
Code flash memory 128 KB 64 KB 128 64 32 128 64 32 128 64 32 128 64 32
KB KB KB KB KB KB KB KB KB KB KB KB
Data flash memory 4 KB 4 KB 4 KB 4 KB 4 KB
SRAM(Parity) 16 KB 16 KB 16 KB 16 KB 16 KB
System CPU clock 48 MHz 48 MHz 48 MHz 48 MHz 48 MHz
Sub clock Yes Yes Yes Yes No
oscillator
ICU Yes Yes Yes Yes Yes
KINT 8 5 4 4 4
Event ELC Yes Yes Yes Yes Yes
control
DMA DTC Yes Yes Yes Yes Yes
Timers GPT32 1 (PWM outputs: 2) | 1 (PWM outputs: 2) | 1 (PWM outputs: 2) | 1 (PWM outputs: 2) | 1 (PWM outputs: 2)
GPT16 6 (PWM outputs: 12) 6 (PWM outputs: 6 (PWM outputs: 8) | 6 (PWM outputs: 7) | 6 (PWM outputs: 9)
12)
AGT 2 2 2 2 2
RTC Yes Yes Yes Yes Yes (Clock source:
LOCO only)
WDT/IWDT Yes Yes Yes Yes Yes
Communicat | SCI 4 4 3 3 3
ion
1C 1 1 1 1 1
SPI 1 1 1 1 1
Analog ADC12 13 13 12 10 8
ACMPLP 2 2 2 2 2
TSN Yes Yes Yes Yes Yes
HMI CTSU 30 (CFC:18) 20 (CFC:15) 14 (CFC:12) 11 (CFC:11) 10 (CFC : 9)
Data CRC Yes Yes Yes Yes Yes
processing
DOC Yes Yes Yes Yes Yes
Security AES & TRNG AES & TRNG AES & TRNG AES & TRNG AES & TRNG
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RA2E1 Datasheet

Function Comparison (2 of 2)

Table 1.13
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Parts number

1/0 pins

Input pins

Pull-up

resistors

N-ch open-

drain

outputs
5-V

tolerance

1/O ports

Page 11 of 117

RENESAS

R01DS0386EJ0130 Rev.1.30

Nov 30, 2022



RA2E1 Datasheet

1. Overview

1.5 Pin Functions

Table 1.14 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-yF capacitor. Place the capacitor 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.

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 debug SWDIO 1/0 Serial wire debug data input/output pin

SWCLK Input Serial wire clock pin

Interrupt NMI Input Non-maskable interrupt request pin

IRQO to IRQ7 Input Maskable interrupt request pins

GPT GTETRGA, GTETRGB Input External trigger input pins

GTIOCnA (n=0,4109), |I/O Input capture, output compare, or PWM output pins

GTIOCnB (n=0,4t09)

GTIU Input Hall sensor input pin U

GTIV Input Hall sensor input pin V

GTIW Input Hall sensor input pin W

GTOUUP Output 3-phase PWM output for BLDC motor control (positive U phase)

GTOULO Output 3-phase PWM output for BLDC motor control (negative U phase)

GTOVUP Output 3-phase PWM output for BLDC motor control (positive V phase)

GTOVLO Output 3-phase PWM output for BLDC motor control (negative V phase)

GTOWUP Output 3-phase PWM output for BLDC motor control (positive W phase)

GTOWLO Output 3-phase PWM output for BLDC motor control (negative W phase)

AGT AGTEEO, AGTEE1 Input External event input enable signals

AGTIOO0, AGTIO1 1/0 External event input and pulse output pins

AGTOO0, AGTO1 Output Pulse output pins

AGTOAO, AGTOA1 Output Output compare match A output pins

AGTOBO, AGTOB1 Output Output compare match B output pins

RTC RTCOUT Output Output pin for 1-Hz or 64-Hz clock
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RA2E1 Datasheet

1. Overview

Table 1.14 Pin functions (2 of 3)
Function Signal 110 Description
SClI SCKn (n=01t02,9) 1/0 Input/output pins for the clock (clock synchronous mode)
RXDn (n=0t02,9) Input Input pins for received data (asynchronous mode/clock synchronous
mode)
TXDn (n=0to02,9) Output Output pins for transmitted data (asynchronous mode/clock
synchronous mode)
CTSn_RTSn(n=0to 2, |l/O Input/output pins for controlling the start of transmission and
9) reception (asynchronous mode/clock synchronous mode), active-
low.
SCLn(n=0to02,9) 110 Input/output pins for the IIC clock (simple 1IC mode)
SDAn (n=0t02,9) 1/0 Input/output pins for the IIC data (simple 1IC mode)
SCKn(n=0t02,9) 1/0 Input/output pins for the clock (simple SPI mode)
MISOn (n=0to 2, 9) 110 Input/output pins for slave transmission of data (simple SPI mode)
MOSIn (n=0to 2, 9) 1/0 Input/output pins for master transmission of data (simple SPI mode)
SSn(n=0t02,9) Input Chip-select input pins (simple SPI mode), active-low
lIc SCLn (n=0) 1/0 Input/output pins for the clock
SDAnN (n =0) 1/0 Input/output pins for data
SPI RSPCKA 110 Clock input/output pin
SSLAO 1/0 Input or output pin for slave selection
SSLA1 to SSLA3 Output Output pins for slave selection
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
Analog power supply AVCCO Input Analog power supply pin for the ADC12
AVSSO Input Analog ground pin for the ADC12
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 ANOO0O to ANO10, ANO17 | Input Input pins for the analog signals to be processed by the A/D
to AN022 converter.
ADTRGO Input Input pin for the external trigger signals that start the A/D
conversion, active-low.
ACMPLP VCOUT Output Comparator output pin
CMPREF0, CMPREF1 Input Reference voltage input pins
CMPINO, CMPIN1 Input Analog voltage input pins
CTSU TS00, TS02-CFC, TS04 | Input Capacitive touch detection pins (touch pins)
to TS07, TS08-CFC to
TS16-CFC, TS17, TS18,
TS21 to TS25, TS26-CFC
to TS28-CFC, TS30-CFC
to TS34-CFC
TSCAP — Secondary power supply pin for the touch driver
KINT KRO0O to KR0O7 Input Key interrupt input pins
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RA2E1 Datasheet

1. Overview

Table 1.14 Pin functions (3 of 3)
Function Signal 110 Description
1/O ports P000 to P004, P010 to 1/0 General-purpose input/output pins
P015
P100 to P113 1/0 General-purpose input/output pins
P200 Input General-purpose input pin
P201, P204 to P208, 1/0 General-purpose input/output pins
P212, P213
P214, P215 Input General-purpose input pins
P300 to P304 1/0 General-purpose input/output pins
P400 to P403, P407 to 1/0 General-purpose input/output pins
P411
P500 to P502 1/0 General-purpose input/output pins
P913 to P915 1/0 General-purpose input/output pins
R01DS0386EJ0130 Rev.1.30 RENESAS Page 14 of 117
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RA2E1 Datasheet

1. Overview

1.6 Pin Assignments

Figure 1.3 to Figure 1.8 show the pin assignments from the top view.

o
[a]
=
(2
Scg8c8s8s5 g8t 8s
o oo OO A0 A > >0 000000
It ririr
[e0] N~ (e} T} < ™ (V] ~ o ()] o0} N~ (o) Yo} < (32}
< < < < < < < < < ™ [sp} ™ (32} ™M ™ ™
P500 [] 49 32 [] P300/SWCLK
P501 [ 50 31 [] P301
P502 [] 51 30 ] P302
P015 [| 52 29 [ ] P303
P014 [] 53 28 [] P304
P013 [ 54 27 [_] P200
P012 [] 55 26 ] P201/MD
AVCCO [| 56 25 ] RES
AVSSO [] 57 24 [ ] P204
PO11/VREFLO [_| 58 23 ] P205
PO10/VREFHO [] 59 22 [ ] P206
P004 [ 60 21 ] P207
P003 [] 61 20 ] P208
P002 [| 62 19 [] P913
Poo1 [ 63 Q 18 [ P914
P000 [ 64 17 [] P915
- N ot O ~ 0o o0 2 T 8 0 ¥ v 9
HEEEREREREREEEEEREREREREREEE
85880 25382282885
- O ~ ~
§§§§>§8>;;>F{F{§§E
wox s u
T S
N a
Figure 1.3 Pin assignment for LQFP 64-pin (top view)
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RA2E1 Datasheet 1. Overview
A B C D E F G H
P108/ P300/
8 P100 P101 P102 VSS VCC P112 SWDIO | SWCLK 8
7 P015 P500 P103 P104 P113 P111 P110 P301 7
6 P014 P013 P501 P105 P106 P107 P109 P302 6
5 | AVCCO P012 P502 P207 P206 P205 P304 P303 5
4 | AVSSO POT1/ P0O0O4 P914 P913 P208 P201/MD P200 4
VREFLO
P0O10/ P213/
3 VREFHO P003 P0OO00 P915 XTAL P411 RES P204 3
2 P002 P001 P402 P403 p212/ P410 P409 P408 2
EXTAL
P215/ P214/
1 P400 P401 VCL XCIN XCOUT VSS VCC P407 1
A B C D E F G H
Figure 1.4 Pin assignment for BGA 64-pin (top view, pad side down)
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RA2E1 Datasheet 1. Overview

o
o
<
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o oo 0o o> >0 0 0 0 o
e rrrim
(o] Yo < ™ AN ~ o (o)} [e0] N~ (o] o
(ep] (42 (42} [4p] ™ ™ ™ N N N N N
P500 [ 37 24 ] P300/SWCLK
P015 [ 38 23 || P301
P014 [ 39 22 || P302
P013 [ 40 21 L] P200
P012 [ 41 20 L] P201/MD
AVCCO [ 42 19 ] RES
AVSSO [ ] 43 18 |_] P206
PO11/VREFLO [ 44 17 L] P207
PO10/VREFHO [| 45 16 L] P208
P002 [ 46 15 L] P913
P001 [ 47 Q 14 ] P914
P000 [ | 48 13 L] P915
- N o < B © ~ o o 2 - d
L OO O O O O OO O L
©O = Jd Z B 0N 4 4d O 9 o I~
2 2 05 20 Q0 2 2 9
§3>Lg>Ek>83873
v X o u
N 3 ~ o
o S o o
Q. o
Figure 1.5 Pin assignment for LQFP/QFN 48-pin (top view)
Note:  Exposed die pad of QFN is recommended to connect to VSS.
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RA2E1 Datasheet

1. Overview

A B c D E F
Po15s | Pl00 | P12 | P11 | SO SO
PO14 | PO13 | P101 | P10 | P200 | P207

AVCCO | PO12 | P102 | P109 | P20/MD| P208

AVSSO VII:0E1F1IZO P103 E’é)i/ RES | P913

et | pooo | poot | F2T2 1 paor | potg

veL ;@Iﬁ{ XI:(,3201fJ/'F vss | vcc | Pot1s
A B C D E F

Figure 1.6

Pin assignment for LGA 36-pin (top view, pad side down)
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RA2E1 Datasheet

1. Overview

)
@]
=
(%2}
O - N ® N O @ ®
o o o o ~ ~— o o
O aaaaaaa
[T I T
T O N = O O © ~
N N N N N ~ @~ ~—
P015 [] 25 16 |_] P300/SWCLK
P014 [ ] 26 15 |_] P200
P013 [] 27 14 |_] P201/MD
P012 [] 28 13 ] RES
AVCCO [ ] 29 12 [ ] P207
AVSSO [ ] 30 11 ] P208
PO11/VREFLO [] 31 Q 10 [ P913
PO10/VREFHO [ ] 32 9 [] P914
- N O ¥ 1 © ~
L OO O O OO
4 Z = 0 4 a9 O N~
O 75 2w « < O 29
O
> X 8 > E 5 > N
©oX w4
b ~ ~ (qV]
B3 MY
a o
Figure 1.7 Pin assignment for LQFP/QFN 32-pin (top view)
Note:  Exposed die pad of QFN is recommended to connect to VSS.
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RA2E1 Datasheet

1. Overview

A B C D E
P110 P112 P102 P103 P101
P300/

SWCLK P109 P100 PO14 P015
P108/
RES SWDIO P200 VCC VSS
PO11/ PO10/
P204 | P201/MD VCL VREFLO | VREFHO
P212/ P213/
P407 EXTAL XTAL P401 P400
A B C D E

Figure 1.8

Pin assignment for WLCSP 25-pin (top view, pad side down)
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RAZ2E1 Datasheet 1. Overview

1.7 Pin Lists

Table 1.15 Pin list (1 of 3)

Pin number Timers Communication interfaces Analogs HMI
£ £
2 2| c
] o -
£ i ® |3
a ,g- = _E = @ Power, 5
S3|6|8|&|g |Jstem | 2 S & 5
i © = © o @ | Clock, o °|(9 < ? g
(3|88 |5|g|ome | o | & 5 5 g 3 z 8 3 2 g
Jla |3 |3 |3[% |cac 2 < o2 (o] & & ] & < < 5] £
1 A1 1 — | — E1 | CACREF_ P400 | AGTIO1_C | — GTIOC9A_ | — SCKO0_B/ SCLO_A —_ —_ —_ —_ IRQO_A
c A SCK1_B
2 B1 |2 - |—= D1 P401 | — GTETRGA | GTIOC9B_ | — CTSO_RTS | SDAO_A - —_ —_ - IRQ5
B A 0_B/
SS0_B/
TXD1_B/
MOSI1_B/
SDA1_B
3 c2|l—|—|([— |- P402 | AGTIOO_E/ | — — — RxD1_B/ — — — — TS18 IRQ4
AGTIO1_D MISO1_B/
SCL1_B
4 D2 |— |[— [— |— P403 | AGTIOO_F/ | — — — CTS1_RTS | — — — — TS17 —
AGTIO1_E 1_B/SS1_B
5 [c1 |3 |[A1 |1 c2 | veL — — — — — — — — — — —
6 D1 |4 |B1 |2 |— [XCN P215 | — — — — — — — — — — —
7 |E1 |5 |c1 |3 [— |xcouT P214 | — — — — — — — — — — —
8 F1 6 D1 |4 E3 | VSS — — —_ — — — — — — — —
9 E3 |7 D3 |5 C1 | XTAL P213 | — GTETRGA | GTIOCOA_ | — TXD1_A/ _ - —_ —_ - IRQ2_B
D D MOSI1_A/
SDA1_A
10 |E2 |8 D2 |6 B1 | EXTAL P212 | AGTEE1 GTETRGB | GTIOCOB_ | — RxD1_A/ — — — — — IRQ3_B
D D MISO1_A/
SCL1_A
1 |Gt |9 |E1 |7 |D3 |vce — — — — — — — — — — —
12 |F3 |— [— |[— |— P41 AGTOA1 GTOVUP_ | — —_ TXDO_B/ — MOSIA_B —_ —_ TS7 IRQ4_B
B MOSI0_B/
SDAO_B
1B |2 |—|[—|— |— P410 | AGTOB1 GTOVLO_ | — — RxDO_B/ — MISOA_B — — TS6 IRQ5_B
B MISO0_B/
SCLO_B
14 |G2 |10 |— |— | — P409 | — GTOWUP_ | — — — — — — — TS5 IRQ6_B
B
15 |H2 | 11 — | — |— P408 | — GTOWLO_ | — —_ CTS1_RTS | SCLO_C —_ —_ —_ TS4 IRQ7_B
B 1_D/SS1_D
16 | H1 |12 [E2 |8 A1 P407 | AGTIOO_C | — - RTCOUT CTSO_RTS | SDAO_B - ADTRGO_B | — - —_
0_D/SS0_D
17 |D3 |13 [F1 |— |— P15 | — — — — — — — — — — —
18 | D4 |14 [F2 |9 —_ P914 | AGTOA1_A | GTETRGB | — —_ —_ —_ —_ —_ —_ —_ —_
_F
19 |E4 (15 [F3 [10 | — P913 | AGTIO1_F | GTETRGA | — — — - - - — — —
_F
20 |F4 |16 |F4 |11 | — P208 | AGTOBO_A | — — — — — — — — — —
21 | D5 |17 |F5 |12 | — P207 | — — — — — — — — — — —
22 |E5 |18 |— | — |— P206 | — GTIU_A —_ —_ RxDO0_D/ — —_ —_ —_ —_ IRQO
MISO0_D/
SCLO_D
28 |F6 | — |— | — |— CLKOUT_A | P205 | AGTO1 GTIV_A — — TXDO_D/ — b — b — IRQ1
MOSI0_D/
SDAO0_D/
CTS9_RTS
9_A/SS9_A
24 |H3 [ — | — | — | A2 [ CACREF_ | P204 | AGTIO1_A | GTIW_A — — SCKO0_D/ SCLO_B — — — TS0 —
A SCK9_A
25 | G3 (19 | E3 |13 | A3 [ RES — — — — — — — — — — —
26 | G4 |20 |E4 |14 |B2 | MD P201 | — — — — — — — — — — —
27 |H4 [ 21 |E5 |15 | C3 P200 | — — — — — — — — — — NMmI
2|6 |— |— |— |— P304 | — — — — — — — — — — —
29 |[H5 | — |— |— |— P303 | — — — — — — — — — TS2-CFC | —
30 [H6 |22 | — |— | — P302 | — GTOUUP_ | GTIOC7A_ | — TXD2_A/ — — — — TS8-CFC IRQ5_A
A A MOSI2_A/
SDA2_A
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RAZ2E1 Datasheet 1. Overview

Table 1.15 Pin list (2 of 3)

Pin number Timers Communication interfaces Analogs HMI
c c
£ £
a g_ z g- z :,“', Power, %
3|38 |8 |a |System 2 = 5 B
o | ® | & | ® [Clock S \® o o 2
S5 |58 |5 |3 |pebua 2 5 £a 5 e 5 & 8 3 2 $
912881992 |cac Q < G & & @ 2 & E 2 & £
31 |H7 |23 [— [— [— P301 | AGTIOO_D | GTOULO_ | GTIOC7B_ | — RxD2_A/ — — — — TS9-CFC | IRQ6_A
A A MISO2_A/
SCL2_A/
CTS9_RTS
9_D/SS9_D
32 |H8 |24 [F6 (16 | A4 | SWCLK P300 | — GTOUUP_ | GTIOCOA_ | — — — — — — — —
C A
33 | G8 |25 [E6 (17 | B3 | SWDIO P108 | — GTOULO_ | GTIOCOB_ | — CTS9_RTS | — — — — — —
[¢] A 9_B/SS9_B
34 | G6 |26 [D4 |18 [B4 | CLKOUT.B | P109 | — GTOVUP_ | GTIOC4A_ | — SCK1_E/ | — — — — TS10-CFC | —
A A TXD9_B/
MOSI9_B/
SDA9_B
35 | G7 |27 [D5 (19 | A5 P110 | — GTOVLO_ | GTIOC4B_ | — CTS2_RTS | — — — vcouT TS11-CFC IRQ3_A
A A 2.8/
SS2_B/
RxD9_B/
MISO9_B/
SCL9_B
36 |F7 |28 [D6 |[— [— P111 | AGTOAO — GTIOC6A_ | — SCK2_ B/ | — — — — TS12-CFC | IRQ4_A
A SCK9_B
37 |F8 |29 [ce [20 [B5 P112 | AGTOBO — GTIOCeB_ | — SCK1_D/ | — — — — TSCAP —
A TXD2_B/
MOSI2_B/
SDA2_B
38 |E7 |[— [— [— [— P13 | — — — — — — — — — TS27-CFC | —
39 |E8 |30 (— |— |— |VvCC — — — — — — — — — — —
40 D8 |31 |— |— |— |vss — — — — — — — — — — —
4 |F6 | — |— |— |— P107 | — — — — — — — — — — KRO7
42 |E6 [— |— |— | — P106 | — — — — — — SSLA3_A — — — KR06
43 [D6 |— |[— [— |— P105 | — GTETRGA | GTIOC4A_ | — — — SSLA2 A | — — TS34-CFC | KROS5/
C B IRQO_B
44 |D7 |32 |— |— |— P104 | — GTETRGB | GTIOC4B_ | — RxDO_C/ — SSLA1. A | — — TS13-CFC | KRO4/
B B MISO0_C/ IRQ1_B
SCLO_C
45 |C7 |33 |C3 |21 | D5 P103 | — GTOWUP_ | GTIOC5A_ | — CTSO_RTS | — SSLAO_A | ANO19™ CMPREF1 | TS14-CFC | KRO3
A A 0_A/SSO_A
46 | C8 [34 |C4 |22 |C5 P102 | AGTOO GTOWLO_ | GTIOC5B_ | — SCKO_A/ — RSPCKA_ [ ADTRGO_A | CMPIN1 TS15-CFC | KR02
A A TXD2_D/ A JAN020"
MOSI2_D/
SDA2_D
47 |B8 |35 | C5 |23 |E5 P101 | AGTEEO GTETRGB | GTIOC8A_ | — TXDO_A/ SDAO_C MOSIA_A | ANO21™1 CMPREFO | TS16-CFC | KRO1/
A A MOSI0_A/ IRQ1_A
SDAO_A/
CTS1_RTS
1_AISS1_A
48 | A8 |36 |B6 |24 |Ca P100 | AGTIOO_A | GTETRGA | GTIOC8B_ | — RxDO_A/ SCLO_D MISOA_A | ANO022"1 CMPINO TS26-CFC | KROO/
_A A MISO0_A/ IRQ2_A
SCLO_A/
SCK1_A
49 |B7 (37 |— |— | — P500 | — GTIU_B GTIOC5A_ | — — — — — — — —
B
50 |C6 |[— [— [— [— P501 | — GTIV_B GTIOC5B_ | — TXD1_C/ | — — ANO17 — — —
B MOSI1_C/
SDA1_C
51 |c5 | — [— [— [— P502 | — GTIW_B — — RxD1_C/ — — ANO18 — — —
MISO1_C/
SCL1_C
52 | A7 |38 [A6 |25 |E4 PO15 | — — — — — — — ANO10 — TS28-CFC | IRQ7_A
53 A6 [ 39 | A5 |26 | D4 P014 | — — — — — — — AN009 — — —
54 |B6 |40 [B5 |27 [— PO13 | — — — — — — — ANO008 — TS33-CFC | —
55 | B5 |41 [B4 |28 [— PO12 | — — — — — — — ANO007 — TS32-CFC | —
56 | A5 |42 [ A4 [29 | — | AvCCO — — — — — — — — — — —
57 [ A4 |43 | A3 |30 [— |AvSSO — — — — — — — — — — —
58 | B4 |44 [B3 |31 [D2 [VREFLO PO11 | — — — — — — — ANO006 — TS31-CFC | —
59 | A3 |45 [ A2 |32 |E2 | VREFHO PO10 | — — — — — — — ANO005 — TS30-CFC | —
60 [C4|— |— |— |— P004 | — — — — — — — ANO04 — TS25 IRQ3
61 [B3 |— |— |— |— P003 | — — — — — — — ANO003 — TS24 —
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RA2E1 Datasheet 1. Overview

Table 1.15 Pin list (3 of 3)

Pin number Timers Communication interfaces Analogs HMI

c c

2 £,
= L I
IR g
3 3: <] & <] a System, 8 g o 2
o | ® | & | ® [Clock S \® o o 2
E13(5|5|8|5|e | o | & 58 5 2 g z 8 5 2 g

8 £

912881992 |cac Q < G & & @ g & E 2 & £
62 |A2 |46 | — |— | — P002 | — — — — — — — ANO002 — TS23 IRQ2
63 | B2 [47 |C2 |— | — POO1 | — — — — — — — ANO001 — TS22 IRQ7
64 |C3 |48 |B2 |— | — P000 | — — — — — — — ANO0O — TS21 IRQ6

Note:  Several pin names have the added suffix of _A, _B, _C, _D, _E and _F. The suffix can be ignored when assigning functionality.
Note 1. Unsupport in 64-pin product
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RA2E1 Datasheet 2. Electrical Characteristics

2. Electrical Characteristics

Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:
VCC™ = AVCCO = 1.6 t0 5.5 V, VREFHO = 1.6 V to AVCCO

VSS = AVSS0 = VREFLO =0V, Ta = Tgp,;

Note 1. The typical condition is set to VCC = 3.3 V.

Figure 2.1 shows the timing conditions.

For example, P300 l O
T°

Von =VCC x 0.7, VoL =VCC x 0.3
Vih=VCC x 0.7, ViL,=VCC x 0.3
Load capacitance C = 30 pF

Figure 2.1 Input or output timing measurement conditions

The measurement conditions of the timing specifications for each peripheral are recommended for the best peripheral
operation. However, make sure to adjust driving abilities for each pin to meet the conditions of your system.

Each function pin used for the same function must select the same drive ability. If the I/O drive ability of each function pin
is mixed, the AC characteristics of each function are not guaranteed.

2.1 Absolute Maximum Ratings

Table 2.1 Absolute maximum ratings (1 of 2)

Parameter Symbol Value Unit
Power supply voltage VCC -0.5to +6.5 \Y
Input voltage 5V-tolerant ports”? Vin -0.3to +6.5 \
P000 to P004, P010 to PO15 | Vi -0.3to AVCCO + 0.3 \
Others Vin -0.3to VCC + 0.3 \%
Reference power supply voltage VREFHO -0.3to +6.5 \%
Analog power supply voltage AVCCO -0.5to +6.5 \Y
Analog input voltage When ANOOO to ANO10 are VanN -0.3 to AVCCO + 0.3 \%
used
When AN017 to AN022 are -0.3to VCC +0.3 \Y
used
Operating temperature™ ™3 "4 Topr -40 to +85 °C
-40 to +105
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RA2E1 Datasheet 2. Electrical Characteristics

Table 2.1 Absolute maximum ratings (2 of 2)

Parameter Symbol Value Unit

Storage temperature Tstg -55 to +125 °C

Note 1. Ports P400, P401, and P407 are 5V-tolerant.
Do not input signals or an 1/O pull-up power supply while the device is not powered. The current injection that results from input of
such a signal or I/O pull-up might cause malfunction and the abnormal current that passes in the device at this time might cause
degradation of internal elements.

Note 2. See section 2.2.1. Tj/Ta Definition.

Note 3. Contact Renesas Electronics sales office for information on derating operation under Ta = +85°C to +105°C.
Derating is the systematic reduction of load for improved reliability.

Note 4. The upper limit of the operating temperature is 85°C or 105°C, depending on the product.

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

To preclude any malfunctions due to noise interference, insert capacitors with high frequency
characteristics between the VCC and VSS pins, between the AVCCO0 and AVSSO0 pins, and between the
VREFHO0 and VREFLO pins when VREFHO is selected as the high potential reference voltage for the
ADC12. Place capacitors of the following value as close as possible to every power supply pin and use
the shortest and heaviest possible traces:

e VCC and VSS: about 0.1 uyF

e AVCCO and AVSSO0: about 0.1 uF

e VREFHO0 and VREFLO: about 0.1 pF

Also, connect capacitors as stabilization capacitance.
Connect the VCL pin to a VSS pin by a 4.7 yF capacitor. Each capacitor must be placed close to the pin.

Table 2.2 Recommended operating conditions

Parameter Symbol Min Typ Max Unit
Power supply voltages VCC™ ™2 1.6 — 5.5 \Y
VSS — 0 — \%
Analog power supply voltages AVCCO™1 "2 1.6 — 5.5 \Y,
AVSS0 — 0 — \Y
VREFHO When used as ADC12 1.6 — AVCCO |V
Reference
VREFLO — 0 — \

Note 1. Use AVCCO and VCC under the following conditions:
AVCCO = VCC

Note 2. When powering on the VCC and AVCCO pins, power them on at the same time or the VCC pin first and then the AVCCO pins.
When powering off the VCC and AVCCO pins, power them off at the same time or the AVCCO pin first and then the VCC pins.

2.2 DC Characteristics

2.21 Tj/Ta Definition

Table 2.3 DC characteristics
Conditions: Products with operating temperature (Ta) -40 to +105°C

Parameter Symbol Typ Max Unit Test conditions
Permissible junction temperature Tj — 125 °C High-speed mode
» Middle-speed mode
105 Low-speed mode
Subosc-speed mode

Note:  Make sure that Tj = T, + Bja x total power consumption (W), where total power consumption = (VCC - Vou) *x Zlpy + VoL * ZlgL +
Iccmax x VCC.

Note 1. The upper limit of operating temperature is 85°C or 105°C, depending on the product. If the part number shows the operation
temperature at 85°C, then the maximum value of Tj is 105°C, otherwise it is 125°C.
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2. Electrical Characteristics

222  1/0OV, Vi
Table 2.4 110 Vi, ViL
Conditions: VCC = AVCCO0=1.61t05.5V
Test
Parameter Symbol Min Typ Max Unit | Conditions
Schmitt trigger | IIC (except for SMBus)"! Vi VCC x 0.7 — 5.8 \% —
input voltage
ViL — — VCC x 0.3
AVt VCC x 0.10 — — VCC=27Vto
55V
VCC x 0.05 — — VCC=16Vto
27V
RES, NMI Viy VCC x 0.8 — — —
Other peripheral input pins
excluding 1IC Vi — — VCC x 0.2
AVt VCC x 0.10 — — VCC=27Vto
55V
VCC x 0.05 — — VCC=16Vto
27V
Input voltage IIC (SMBus)™? ViH 2.2 — — VCC=361t05.5
(except for \%
Schmitt trigger —
input pin) ViH 2.0 — — xCC =271t03.6
ViL — — 0.8 VCC=3.6t05.5
\Y
Vi — — 0.5 VCC=27t03.6
\Y
5V-tolerant ports"3 ViH VCC x 0.8 — 5.8 —
ViL — — VCC x 0.2
P000 to P004, P010 to ViH AVCCO x 0.8 — —
P015
Vi — — AVCCO x 0.2
EXTAL Viy VCC x 0.8 — —
Input ports pins except for
P00O0 to P004, PO10 to ViL — — VCC x 0.2
P015
Note 1. SCLO_A, SDAO_A, SDAO_B (total 3 pins)
Note 2. SCLO_A, SCLO_B, SCLO_C, SDAO_A, SDAO_B, SCLO_D, SDAOQ_C (total 7 pins)
Note 3. P400, P401, P407 (total 3 pins)
223 /O lon, loL
Table 2.5 1/0 oy, loL (1 of 6)
Conditions: VCC = AVCC0=1.61t05.5V
Parameter Symbol Min Typ Max | Unit | Test conditions
Permissible output Ports PO0O to P004, P010 to P015, |lon — — -4.0 mA
current (max value per | P212, P213, P400, P401, P407
pin) loL — — 8.0 mA
Other output pins”! loH — — 40 |mA
loL — — 20.0 [mA
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2. Electrical Characteristics

Table 2.5

/0 lon, loL (2 of 6)

Conditions: VCC = AVCC0=1.6t05.5V

Parameter Symbol Min Typ Max | Unit | Test conditions
Permissible output 64 pin products Total of ports ZloH (max) |— — -30 mA |AVCC0=27to55V
current (max value P00O0 to P004, —
total pins)' P0O10 to PO15 — — -8 AVCC0=18t02.7V
— — -4 AVCCO0=16t01.8V
ZloL — — 50 AVCC0=27t055V
(max) — — 4 AVCCO=1.81027V
— — 2 AVCCO0=16t01.8V
Total of ports ZloH (max) |— — -8 mA |VCC=27t055V
P212, P213
— — -2 VCC=18t02.7V
— — -1 VCC=16t01.8V
ZloL (max) |— — 16.0 VCC=27t055V
— — 1.2 VCC=18t027V
— — 0.6 VCC=16t01.8V
Total of ports ZloH (max) |— — -30 mA |VCC=27t055V
P204 to P208, —
P407 to P411, — — -4 VCC=16t01.8V
P913 to P915
2oL (max) |— — 50 VCC=27t055V
— — 4 VCC=18t02.7V
— — 2 VCC=16t01.8V
Total of ports ZloH (max) |— — -30 mA |VCC=27t055V
P100 to P113, ~
P201, — — -8 VCC=18t027V
P300 to P304, — — -4 VCC=16t01.8V
P500 to P502
ZloL (max) |— — 50 VCC=27t055V
— — 4 VCC=18t02.7V
— — 2 VCC=16t01.8V
Total of all ZloH (max) |— — -60 mA
output pin
ZloL (max) | — - 100
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2. Electrical Characteristics

Table 2.5

/0 lon, loL (3 of 6)

Conditions: VCC = AVCC0=1.6t05.5V

Parameter Symbol Min Typ Max | Unit | Test conditions
Permissible output 48 pin products Total of ports ZloH (max) |— — -30 mA |AVCC0=27to55V
current (max value P00O0 to P002, —
total pins)' P0O10 to PO15 — — -8 AVCC0=18t02.7V
— — -4 AVCCO0=16t01.8V
ZloL (max) |— — 50 AVCC0=27t05.5V
— — 4 AVCCO0=1.8t02.7V
— — 2 AVCCO0=16t0 1.8V
Total of ports ZloH (max) |— — -8 mA |VCC=27t055V
P212, P213
— — -2 VCC=18t02.7V
— — -1 VCC=16t01.8V
ZloL (max) |— — 16.0 VCC=27t055V
— — 1.2 VCC=18t027V
— — 0.6 VCC=16t01.8V
Total of ports ZloH (max) |— — -30 mA |VCC=27t055V
P206 to P208, -
P407 to P409, — — -4 VCC=16t01.8V
P913 to P915
2oL (max) |— — 50 VCC=27t055V
— — 4 VCC=18t02.7V
— — 2 VCC=16t01.8V
Total of ports ZloH (max) |— — -30 mA |VCC=27t055V
P100 to P104, —
P201, P300 to — — -4 VCC=161t018V
P302, P500
ZloL — — 50 VCC=27t055V
(max) — — 4 VCC=18t027V
— — 2 VCC=16t018V
Total of all ZloH (max) |— — -60 mA |—
output pin
ZloL (max) |— — 100 —
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2. Electrical Characteristics

Table 2.5

/0 lon, loL (4 of 6)

Conditions: VCC = AVCC0=1.6t05.5V

Parameter Symbol Min Typ Max | Unit | Test conditions
Permissible output 36 pin products Total of ports ZloH (max) |— — -30 mA |AVCC0=27to55V
current (max value P000, PO01, —
total pins)' P0O10 to PO15 — — -8 AVCC0=18t02.7V
— — -4 AVCCO0=16t01.8V
ZloL (max) |— — 50 AVCC0=27t05.5V
— — 4 AVCCO0=1.8t02.7V
— — 2 AVCCO0=16t0 1.8V
Total of ports ZloH (max) |— — -8 mA |VCC=27t055V
P212, P213
— — -2 VCC=18t02.7V
— — -1 VCC=16t01.8V
ZloL (max) |— — 16.0 VCC=27t055V
— — 1.2 VCC=18t027V
— — 0.6 VCC=16t01.8V
Total of other ZloH (max) |— — -30 mA |VCC=40to55V
output ports
— — -20 VCC=27t04.0V
— — -12 VCC=18t02.7V
— — -6 VCC=16t01.8V
ZloL max) |— — 50 VCC=4.0to 55V
— — 20 VCC=27t04.0V
— — 8 VCC=18t02.7V
— — 4 VCC=16t018V
Total of all ZloH (max) |— — -60 mA |—
output pin
ZloL (max) |— — 100 —
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2. Electrical Characteristics

Table 2.5

/0 lon, loL (5 of 6)

Conditions: VCC = AVCC0=1.6t05.5V

Parameter Symbol Min Typ Max | Unit | Test conditions
Permissible output 32 pin products Total of ports ZloH (max) |— — -24 mA |AVCC0=27to55V
current (max value P010 to P015
o — — -6 AVCC0=18t02.7V
total pins)
— — -3 AVCCO0=16t01.8V
ZloL (max) |— — 48 AVCC0=27t05.5V
— — 3.6 AVCC0=18t02.7V
— — 1.8 AVCCO0=16t0 1.8V
Total of ports ZloH (max) |— — -8 mA |VCC=27t055V
P212, P213
— — -2 VCC=18t02.7V
— — -1 VCC=16t01.8V
ZloL (max) |— — 16.0 VCC=27t055V
— — 1.2 VCC=18t027V
— — 0.6 VCC=16t01.8V
Total of other ZloH (max) |— — -30 mA |VCC=40to55V
output ports
— — -20 VCC=27t04.0V
— — -12 VCC=18t02.7V
— — -6 VCC=16t01.8V
ZloL max) |— — 50 VCC=4.0to 55V
— — 20 VCC=27t04.0V
— — 8 VCC=18t02.7V
— — 4 VCC=16t018V
Total of all ZloH (max) |— — -54 mA |—
output pin
ZloL (max) |— — 98 —
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2. Electrical Characteristics

Table 2.5

/0 lon, loL (6 of 6)

Conditions: VCC = AVCC0=1.6t05.5V

Parameter Symbol Min Typ Max Unit | Test conditions
Permissible output 25 pin products Total of ports 2loH — — -16 mA |AVCC0=27to55V
current (max value P010, PO11, (max) 4 AVCCO = 181027V
total pins)2 P014, P015 — = F - oL
— — -2 AVCCO0=16t01.8V
ZloL (max) |— — 32 AVCC0=27t055V
— — 24 AVCCO0=1.8t02.7V
— — 1.2 AVCCO0=16t0 1.8V
Total of ports ZloH (max) |— — -8 mA |VCC=27t055V
P212, P213
— — -2 VCC=18t02.7V
— — -1 VCC=16t01.8V
ZloL (max) |— — 16.0 VCC=27t055V
— — 1.2 VCC=18t027V
— — 0.6 VCC=16t01.8V
Total of other ZloH (max) |— — -30 mA |VCC=40to55V
output ports
— — -20 VCC=27t04.0V
— — -12 VCC=18t02.7V
— — -6 VCC=16t01.8V
ZloL max) |— — 50 VCC=4.0to 55V
— — 20 VCC=27t04.0V
— — 8 VCC=18t02.7V
— — 4 VCC=16t018V
Total of all ZloH (max) |— — -46 mA |—
output pin
ZloL (max) | — - 82 -

Note 1.

Except for Ports P200, P214, and P215, which are input ports.

Note 2. Specification under conditions where the duty factor < 70%.

The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the following expression

when changing the duty factor from 70% to n%).
( ging y )

Total output current of pins = (Ioy % 0.7)/(n x 0.01)
<Example> Where n = 80% and lpy = -30.0 mA

Total output current of pins = (=30.0 x 0.7)/(80 x 0.01) = -26.2 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor.

Caution:
224 I/0 Von, VoL, and Other Characteristics
Table 2.6 110 Vou, VoL (1)

Conditions: VCC = AVCC0=4.0to 5.5V

To protect the reliability of the MCU, the output current values should not exceed the values in Table 2.5.

Parameter Symbol Min Typ |Max Unit | Test conditions

Output Ports PO0O to P004, P010 to P015 VoH AVCCO0-0.8 |— — \Y loy =-4.0 mA

voltage

9 Output pins except for PO00 to PO04 and VoH VCC-0.8 — — loy =-4.0 mA

P010 to P015™
Ports PO0O to P004, P010 to P015 VoL — — 0.8 loL =8.0 mA
Ports P212, P213, P400, P401, P407 VoL — — 0.8 loL = 8.0 mA
Output pins except for PO00 to P004, P010 | VoL — — 1.2 loL =20.0 mA
to P015, P212, P213, P400, P401, and
p407™

Note 1. Except for Ports P200, P214, and P215, which are input ports.
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Table 27 110 Vou, Vou (2)
Conditions: VCC = AVCC0=2.7t0 4.0V

Parameter Symbol Min Typ |Max Unit | Test conditions
Output Ports PO00 to P004, P010 to P015 VoH AVCC0-0.8 |— — \Y loq =-4.0 mMA
voltage
Output pins except for PO00 to PO04 and Vou VCC-0.8 — — loy =-4.0 mA
P010 to PO15™
Ports PO0O0 to P004, P010 to P015 VoL — — 0.8 loL = 8.0 mA
Output pins except for PO00 to PO04 and VoL — — 0.8 lo. =8.0 mA
P010 to P015™"

Note 1. Except for Ports P200, P214, and P215, which are input ports.

Table 2.8 110 Vou, VoL (3)
Conditions: VCC = AVCC0=1.6t0 2.7V

Parameter Symbol Min Typ | Max Unit | Test conditions
Output Ports PO00 to P004, P010 to P015 VoH AVCC0-05 |— — \Y lon =-1.0 mA
voltage AVCC0=181t02.7V
AVCCO0-05 |— — loq =-0.5mA
AVCCO0=16t01.8V
Output pins except for PO00 to P004 VoH VCC-0.5 — — loy =-1.0 mA
and P010 to P015™ VCC=18t02.7V
VCC-0.5 — — loy =-0.5 mA
VCC=16t01.8V
Ports PO0O to P004, P010 to P015 VoL — — 0.4 loL=0.6 mA
AVCCO0=18t02.7V
— — 0.4 loL=0.3mA
AVCC0=16t01.8V
Output pins except for PO00 to P004 VoL — — 0.4 loL =0.6 mA
and P010 to P015™ VCC=18t027V
— — 0.4 loL = 0.3 mA
VCC=16t01.8V
Note 1. Except for Ports P200, P214, and P215, which are input ports.
Table 2.9 I/O other characteristics
Conditions: VCC = AVCCO0=16t055V
Parameter Symbol Min Typ Max Unit Test conditions
Input leakage current | RES, ports P200, P214, P215 | lin | — — 1.0 MA Vihn=0V
Vin =VCC
Three-state leakage 5V-tolerant ports” | Irsi | — — 1.0 MA Vin=0V
current (off state) Vih=58V
Other ports — — 1.0 Vih=0V
(except for P200, P214, P215, and Vi, = VCC
5V-tolerant ports)
Input pull-up resistor | All ports Ry 10 20 100 kQ Vih=0V
(except for P200, P214, P215)
Input capacitance P200 Cin — — 30 pF Vih=0V
: - f=1MHz
Other input pins - - 15 Ta=25°C

Note 1. P400, P401, and P407 (total 3 pins)
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225 Operating and Standby Current
Table 2.10 Operating and standby current (1) (1 of 2)
Conditions: VCC = AVCCO0=1.61t05.5V
Test
Parameter Symbol |Typ™? |Max Unit Conditions
Supply High- Normal All peripheral clocks | ICLK =48 MHz lcc 4.80 — mA 71
current”™ speed mode disabled, CoreMark -
mode "2 code executing from | ICLK =32 MHz 345  |— 7
flash’® ICLK = 16 MHz 205 |—
ICLK = 8 MHz 1.40 —
All peripheral clocks | ICLK =48 MHz — 13.0 911
enabled, code
executing from flash"®
Sleep All peripheral clocks | ICLK = 48 MHz 1.05 — 7
mode disabled®
ICLK = 32 MHz 0.85 — 7
ICLK = 16 MHz 0.70 —
ICLK = 8 MHz 0.60 —
All peripheral clocks | ICLK = 48 MHz 4.15 — 9
enabled™®
ICLK = 32 MHz 3.95 — *8
ICLK = 16 MHz 2.25 —
ICLK = 8 MHz 1.35 —
Increase during BGO operation™® 2.1 — —
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Table 2.10 Operating and standby current (1) (2 of 2)
Conditions: VCC = AVCC0=1.6t0 5.5V
Test
Parameter Symbol |Typ™® |Max Unit Conditions
Supply Middle- Normal All peripheral clocks | ICLK =24 MHz lcc 2.60 — mA 7
current™ speed mode disabled, CoreMark ~
mode™? code executing from ICLK = 4 MHz 0.90 -
flash™
All peripheral clocks | ICLK = 24 MHz — 8.1 *8
enabled, code
executing from flash"®
Sleep All peripheral clocks | ICLK = 24 MHz 0.70 — 7
d i *5
mode | disabled ICLK = 4 MHz 055 |—
All peripheral clocks | ICLK = 24 MHz 3.05 — *8
*5
enabled ICLK = 4 MHz 090 |—
Increase during BGO operation”® 1.90 — —
Low- Normal All peripheral clocks | ICLK =2 MHz 0.30 — mA 7
speed mode disabled, CoreMark
mode”™3 code executing from
flash™
All peripheral clocks | ICLK =2 MHz — 2.2 *8
enabled, code
executing from flash"®
Sleep All peripheral clocks | ICLK =2 MHz 0.13 — 7
mode disabled™
All peripheral clocks | ICLK =2 MHz 0.31 — 8
enabled™
Subosc- | Normal All peripheral clocks | ICLK = 32.768 kHz — 530 MA *8
speed mode enabled, code
mode™ executing from flash”®
Sleep All peripheral clocks | ICLK = 32.768 kHz 1.90 — 8
mode disabled"®
All peripheral clocks | ICLK = 32.768 kHz 4.90 — 8
enabled™®
Note 1. Supply current is the total current flowing into VCC. Supply current values apply when internal pull-up MOSs are in the off state and

these values do not include output charge/discharge current from any of the pins.

Note 2.
Note 3.
Note 4.
Note 5.
Note 6.
Note 7.
Note 8.
Note 9.
Note 10.VCC =3.3 V.

The clock source is HOCO.

The clock source is MOCO.

The clock source is the sub-clock oscillator.
This does not include BGO operation.

This is the increase for programming or erasure of the flash memory for data storage during program execution.
PCLKB and PCLKD are set to divided by 64.
PCLKB and PCLKD are the same frequency as that of ICLK.
PCLKB are set to be divided by 2 and PCLKD is the same frequency as that of ICLK.

Note 11. The prefetch buffer is operating.
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Table 2.11 Operating and standby current (2)
Conditions: VCC = AVCCO0=1.6t05.5V

Parameter Symbol |Typ™® |Max Unit Test conditions
Supply | Software | Peripheral | All SRAMs T,=25°C lcc 0.25 1.3 HA —
current™ | Standby | modules (0x2000_4000 to -
mode™ | stop 0x2000_7FFF)are on |Ta=955°C 055 |37
T,=85°C 1.95 12
Ta=105°C 3.90 |42
Only 8KB SRAM Ta=25°C 0.25 1.3
(0x2000_4000 to -
0x2000_5FFF)ison | Ta=55°C 0.55 |37
T,=85°C 1.70 12
Ta=105°C 3.55 |42
Increment for RTC operation with low-speed on-chip 0.30 — —
oscillator™
Increment for RTC operation in normal operation 0.20 — SOMCR.SODRV[1:0]
mode with sub-clock oscillator4 are 11b (Low power
mode 3)

RCR4.ROPSEL is 0
(RTC operation in
normal operation mode)

095 |[— SOMCR.SODRV[1:0]
are 00b (normal mode)
RCR4.ROPSEL is 0
(RTC operation in
normal operation mode)

Increment for RTC operation in low-consumption 0.1 — SOMCR.SODRV[1:0]
clock mode with sub-clock oscillator™ are 11b (Low power
mode 3)

RCR4.ROPSEL is 1
(RTC operation in low-
consumption clock
mode)

090 |[— SOMCR.SODRV[1:0]
are 00b (normal mode)
RCR4.ROPSEL is 1
(RTC operation in low-
consumption clock
mode)

Note 1. Supply current is the total current flowing into VCC. Supply current values apply when internal pull-up MOSs are in the off state and
these values do not include output charge/discharge current from any of the pins.

Note 2. The IWDT and LVD are not operating.

Note 3. VCC=3.3V.

Note 4. Includes the low-speed on-chip oscillator or sub-oscillation circuit current.

Table 2.12 Operating and standby current (3) (1 of 2)
Conditions: VCC = AVCCO0=1.61t055V

Parameter Symbol Min Typ Max Unit Test conditions
Analog power During 12-bit A/D conversion (at high-speed | lavcco — — 1.44 mA —
supply current A/D conversion mode)
During 12-bit A/D conversion (at low-power — — 0.78 mA —
A/D conversion mode)
Waiting for 12-bit A/D conversion (all units)" — — 1.0 pA —
Reference During 12-bit A/D conversion IREFHO — — 120 HA —
power supply — - -
current Waiting for 12-bit A/D conversion — — 60 nA —
Temperature Sensor (TSN) operating current ITns — 95 — A —
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Table 2.12 Operating and standby current (3) (2 of 2)
Conditions: VCC = AVCCO0=1.6t05.5V

Parameter Symbol Min Typ Max Unit Test conditions
Low-power Window comparator (high-speed mode) lcmPLP — 12 — HA —

Analog .

Comparator Comparator (high-speed mode) — 6.4 — uA —

(ACMPLP) Comparator (low-speed mode) — 1.8 — uA —

operating

current

Note 1. When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (ADC120 module-stop bit) is in the module-stop state.

2.2.6 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.13 Rise and fall gradient characteristics
Conditions: VCC = AVCCO0 =010 5.5V
Parameter Symbol Min Typ Max Unit Test conditions

Power-on VCC | Voltage monitor O reset disabled at startup SrvCC 0.02 — 2 ms/V —
rising gradient

Voltage monitor O reset enabled at startup™ "2 —

SCI boot mode™? 2

Note 1. When OFS1.LVDAS = 0.
Note 2. At boot mode, the reset from voltage monitor 0 is disabled regardless of the value of OFS1.LVDAS bit.

Table 2.14 Rising and falling gradient and ripple frequency characteristics

Conditions: VCC = AVCC0=1.61t05.5V

The ripple voltage must meet the allowable ripple frequency frycc) within the range between the VCC upper limit (5.5 V) and lower limit (1.6
V).

When the VCC change exceeds VCC + 10%, the allowable voltage change rising and falling gradient dt/dVCC must be met.

Parameter Symbol Min Typ Max Unit Test conditions

Allowable ripple frequency frvee) — — 10 kHz Figure 2.2
V¢ (vee) = VCC x 0.2

— — 1 MHz Figure 2.2
V, (vee) € VCC x 0.08

— — 10 MHz Figure 2.2
Ve (vce) <VCC x 0.06

Allowable voltage change rising and dt/dvCC 1.0 — — ms/V When VCC change exceeds VCC * 10%
falling gradient

» <«— 1/ frvee)

VCC Vrvee)

Figure 2.2 Ripple waveform

2.3 AC Characteristics
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2.3.1

Table 2.15 Operation frequency in high-speed operating mode
Conditions: VCC = AVCC0=1.8t05.5V

Frequency

Parameter Symbol | Min Typ Max™ Unit
Operation System clock (ICLK)™1"2 1.8t05.5V f 0.032768 | — 48 MHz
frequency
Peripheral module clock (PCLKB) 1.8t05.5V — — 32
Peripheral module clock (PCLKD)"® 18t055V — — 64
Note 1. The lower-limit frequency of ICLK is 1 MHz while programming or erasing the flash memory. When using ICLK for programming or

Note 2.

Note 3.
Note 4.

erasing the flash memory at below 4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as
1.5 MHz cannot be set.

The frequency accuracy of ICLK must be + 1.0% during programming or erasing the flash memory. Confirm the frequency accuracy
of the clock source.

The lower-limit frequency of PCLKD is 1 MHz when the ADC12 is in use.

The maximum value of operation frequency does not include internal oscillator errors. For details on the range for guaranteed
operation, see Table 2.19.

Table 2.16 Operation frequency in middle-speed mode
Conditions: VCC = AVCCO0=1.6t05.5V

Parameter Symbol | Min Typ Max™ Unit
Operation | System clock (ICLK)™ 12 1.8t055V f 0.032768 | — 24 MHz
frequency
16t01.8V 0.032768 | — 4
Peripheral module clock (PCLKB) 1.8t0 5.5V — — 24
16t01.8V — — 4
Peripheral module clock (PCLKD)" 18t055V — — 24
16t01.8V — — 4

Note 1. The lower-limit frequency of ICLK is 1 MHz while programming or erasing the flash memory. When using ICLK for programming or

Note 2.

Note 3.
Note 4.

erasing the flash memory at below 4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as
1.5 MHz cannot be set.

The frequency accuracy of ICLK must be + 1.0% while programming or erasing the flash memory. Confirm the frequency accuracy
of the clock source.

The lower-limit frequency of PCLKD is 1 MHz when the ADC12 is in use.

The maximum value of operation frequency does not include internal oscillator errors. For details on the range for guaranteed
operation, see Table 2.19.

Table 2.17 Operation frequency in low-speed mode
Conditions: VCC = AVCCO0=1.6t05.5V

Parameter Symbol | Min Typ Max™ Unit
Operation System clock (ICLK)™1"2 1.6t05.5V f 0.032768 | — 2 MHz
frequency
Peripheral module clock (PCLKB) 1.6t055V — — 2
Peripheral module clock (PCLKD)3 16t055V — — 2
Note 1. The lower-limit frequency of ICLK is 1 MHz while programming or erasing the flash memory.

Note 2. The frequency accuracy of ICLK must be + 1.0% while programming or erasing the flash memory. Confirm the frequency accuracy
of the clock source.
Note 3. The lower-limit frequency of PCLKD is 1 MHz when the ADC12 is in use.
Note 4. The maximum value of operation frequency does not include internal oscillator errors. For details on the range for guaranteed
operation, see Table 2.19.
Table 2.18 Operation frequency in Subosc-speed mode
Conditions: VCC = AVCC0=1.6t05.5V
Parameter Symbol | Min Typ Max Unit
Operation | System clock (ICLK)™ 1.6t055V f 27.8528 |32.768 37.6832 kHz
frequency
Peripheral module clock (PCLKB) 1.6t055V — — 37.6832
Peripheral module clock (PCLKD)"2 16t055V — — 37.6832
Note 1. Programming and erasing the flash memory is not possible.
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Note 2. The ADC12 cannot be used.

23.2 Clock Timing
Table 2.19 Clock timing
Parameter Symbol Min Typ Max Unit Test conditions
EXTAL external clock input cycle time txeyc 50 — — ns Figure 2.3
EXTAL external clock input high pulse width txH 20 — — ns
EXTAL external clock input low pulse width txL 20 — — ns
EXTAL external clock rising time txr — — 5 ns
EXTAL external clock falling time txs — — 5 ns
EXTAL external clock input wait time™! texwT 0.3 — — us —
EXTAL external clock input frequency fExTAL — — 20 MHz 1.8<VCC=<55
— — 4 1.6<VCC<138
Main clock oscillator oscillation frequency fmAIN 1 — 20 MHz 1.8<VCC=<55
1 — 4 1.6<VCC<138
LOCO clock oscillation frequency fLoco 27.8528 32.768 37.6832 kHz —
LOCO clock oscillation stabilization time tLoco — — 100 us Figure 2.4
IWDT-dedicated clock oscillation frequency fiLoco 12.75 15 17.25 kHz —
MOCO clock oscillation frequency fmoco 6.8 8 9.2 MHz —
MOCO clock oscillation stabilization time tMoco — — 1 us —
HOCO clock oscillation frequency™® fHoco24 23.76 24 24.24 MHz Ta=-40to 105°C
1.6<VCC=55
fuocos2 31.68 32 32.32 Ta =-40to 105°C
1.6<VCC=<55
fHoco4s 47.52 48 48.48 Ta =-40 to 105°C
1.6<VCC=<55
fHocos4 63.36 64 64.64 Ta =-40to 105°C
1.6<VCC=<55
HOCO clock oscillation stabilization time™ 4 tHoco24 — 6.7 7.7 us Figure 2.5
tHoco32
tHoco4s
tHocos4
Sub-clock oscillator oscillation frequency fsus — 32.768 — kHz —
Sub-clock oscillation stabilization time™2 tsusosc — 0.5 — s Figure 2.6

Note 1. Time until the clock can be used after the Main Clock Oscillator stop bit (MOSCCR.MOSTP) is set to 0 (operating) when the

external clock is stable.

Note 2. After changing the setting of the SOSCCR.SOSTP bit to start sub-clock oscillator operation, only start using the sub-clock oscillator
after the sub-clock oscillation stabilization wait time elapsed. Use the oscillator wait time value recommended by the oscillator

manufacturer.

Note 3. This is a characteristic when the HOCOCR.HCSTP bit is set to O (oscillation) in the MOCO stop state. When the HOCOCR.HCSTP
bit is set to 0 (oscillation) during MOCO oscillation, this specification is shortened by 1 us.
Note 4. Check OSCSF.HOCOSF to confirm whether stabilization time has elapsed.

Note 5. Accuracy at production test.
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EXTAL external clock input [ vce x 0.5

txr txt

Figure 2.3 EXTAL external clock input timing

LOCOCR.LCSTP

tLoco

LOCO clock oscillator output w

Figure 2.4 LOCO clock oscillation start timing

HOCOCR.HCSTP 3

HOCO clock % \ / \ /

Note:  x =24, 32, 48, 64

Figure 2.5 HOCO clock oscillation start timing (started by setting the HOCOCR.HCSTP bit)

SOSCCR.SOSTP \

£
”

tsusosc
Sub-clock oscillator output W\W

Figure 2.6 Sub-clock oscillation start timing
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233 Reset Timing
Table 2.20 Reset timing
Test
Parameter Symbol | Min Typ Max Unit conditions
RES pulse width At power-on tRESWP 10 — — ms Figure 2.7
Not at power-on tRESW 30 — — us Figure 2.8
Wait time after RES cancellation (at LVDO enabled™! tRESWT — 0.9 — ms Figure 2.7
power-on) "
LVDO disabled "2 — 0.2 —
Wait time after RES cancellation (during | LVDO enabled™? tReswT2 | — 0.9 — ms Figure 2.8
powered-on state) "
LVDO disabled ™2 — 0.2 —
Wait time after internal reset LVDO enabled™? tReswTs | — 0.9 — ms Figure 2.9
cancellation (Watchdog timer reset, "
SRAM parity error reset, bus master LVDO disabled™? — 0.15 —
MPU error reset, bus slave MPU error
reset, stack pointer error reset, software
reset)
Note 1. When OFS1.LVDAS = 0.
Note 2. When OFS1.LVDAS = 1.
VCC /
RES « 7l
trRESWP 4
Internal reset « «
trRESWT
Figure 2.7 Reset input timing at power-on
trRESW
S—
RES 7l
Internal reset \ 7[
™ treswr2
Figure 2.8 Reset input timing (1)
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treswiw, tRESWIR

Independent watchdog timer reset l 5

Software reset G ;
Internal reset \
LC LC

” ”

tRESWT3
Figure 2.9 Reset input timing (2)
234 Wakeup Time
Table 2.21 Timing of recovery from low power modes (1)
Parameter Symbol Min Typ Max Unit Test conditions
Recovery High- Crystal System clock tseymc — 2 3 ms
time from speed resonator source is main
Software mode connected to | clock oscillator (20
Standby main clock MHz)*z
mode*! oscillator
External clock | System clock tSBYEX — 24 3.1 us
input to main | source is main
clock clock oscillator (20
oscillator MHz)"3
System clock source is HOCO tsBYHO — 7.4 9.1 us Figure 2.10
(HOCO clock is 32 MHz)™
System clock source is HOCO tsBYHO — 7.3 8.9 us
(HOCO clock is 48 MHz)™S
System clock source is HOCO tseyHO — 7.4 9.1 us
(HOCO clock is 64 MHz)™
System clock source is MOCO (8 | tsgymo — 4 5 us
MHz)

Note 1. The division ratio of ICLK and PCLKXx is the minimum division ratio within the allowable frequency range. The recovery time is
determined by the system clock source.

Note 2. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05.

Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00.

Note 4. The system clock is 32 MHz.

Note 5. The system clock is 48 MHz.
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Table 2.22 Timing of recovery from low power modes (2)
Parameter Symbol Min Typ Max Unit Test conditions
Recovery Middle- Crystal System clock tseymc — 2 3 ms
time from speed resonator source is main
Software mode connected to | clock oscillator (20
Standby main clock MHz)'2
mode"’ oscillator
External clock | System clock tsBYEX — 2.4 3.1 us
input to main | source is main
clock clock oscillator (20
oscillator MHZ)*3
VCC=18Vto5.5
\Y
System clock — 11.7 13
source is main
clock oscillator (20
MHz)"3
VCC=16Vto1.8
\
System clock |VCC =1.8V1t05.5 |tsgyHo — 7.7 9.4 us Figure 2.10
source is \Y
“4
HOCO VCC=16Vto1.8 — 15.7 17.9
\Y
System clock |VCC =1.8Vto5.5 |tsgymo — 4 5 us
source is \%
MOCO (8 —
MHz) VCC=16Vto1.38 — 7.2 9
\
Note 1. The division ratio of ICLK and PCLKXx is the minimum division ratio within the allowable frequency range. The recovery time is

determined by the system clock source.

Note 2. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05.
Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00.
Note 4. The system clock is 24 MHz.
Table 2.23 Timing of recovery from low power modes (3)
Parameter Symbol Min Typ Max Unit Test conditions
Recovery Low-speed | Crystal System clock tsBymc — 2 3 ms Figure 2.10
time from mode resonator source is main
Software connected to | clock oscillator (2
Standby main clock MHz)"2
mode™! oscillator
External clock | System clock tsSBYEX — 14.5 16 us
input to main | source is main
clock clock oscillator (2
oscillator MHz)"3
System clock source is MOCO (2 | tsgymo — 12 15 us
MHz)
Note 1. The division ratio of ICLK and PCLKXx is the minimum division ratio within the allowable frequency range. The recovery time is
determined by the system clock source.
Note 2. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05.
Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00.
Table 2.24 Timing of recovery from low power modes (4)
Parameter Symbol Min Typ Max Unit Test conditions
Recovery time Subosc-speed mode | System clock source is tseysc — 0.85 1 ms Figure 2.10
from Software sub-clock oscillator
Standby mode™* (32.768 kHz)
System clock source is tsByLO — 0.85 1.2 ms
LOCO (32.768 kHz)

Note 1. The sub-clock oscillator or LOCO itself continues oscillating in Software Standby mode during Subosc-speed mode.
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Oscillator

ICLK

IRQ

Oscillator

ICLK

IRQ

Il
IL

(2]

(2]

rd

JugEpE)
Uy

Il
IL

)

-

Software Standby mode

P

< »

tseymc, tsBYEX,
tseymo, tseyHo

rd

JugEpE)
Uy

)

Software Standby mode

»

tseysc, tseyLo

Figure 2.10  Software Standby mode cancellation timing
Table 2.25 Timing of recovery from low power modes (5)
Parameter Symbol Min Typ Max Unit Test conditions
Recovery time from Software | High-speed mode tsnz — 6.6 8.1 us Figure 2.11
Standby mode to Snooze System clock source is
mode HOCO
Middle-speed mode tsnz — 6.7 8.2 us
System clock source is
HOCO (24 MHz)
VCC=18Vto55V
Middle-speed mode tsnz — 10.8 12.9 us
System clock source is
HOCO (24 MHz)
VCC=16Vto1.8V
Low-speed mode tsnz — 6.7 8.0 us
System clock source is
MOCO (2 MHz)
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Oscillator

1 ,, L

”

1 ,,

”

ICLK (except DTC, SRAM)

===

ICLK (to DTC, SRAM)' PCLK

”

IRQ

L@
”

A

Software Standby mode Snooze mode

Note 1. When SNZCR.SNZDTCEN bit is set to 1, ICLK is supplied to DTC and SRAM.

Figure 2.11 Recovery timing from Software Standby mode to Snooze mode

2.3.5 NMI and IRQ Noise Filter

Table 2.26 NMI and IRQ noise filter

Parameter Symbol Min Typ Max Unit Test conditions

NMI pulse tNMIW 200 — — ns NMI digital filter disabled tpeyc X 2200 ns

width
troyex 27 | — — tpoye X 2> 200 ns
200 — — NMI digital filter enabled tnmick * 3 <200 ns
tamick % — — tnmick X 3 > 200 ns
3.52

IRQ pulse tiraw 200 —_ — ns IRQ digital filter disabled tpeye X 2 <200 ns

width
tpeyc * 2" - — tpeye X 2> 200 ns
200 — — IRQ digital filter enabled tirack X 3 <200 ns
tirack * — — tirack X 3 > 200 ns
357

Note: 200 ns minimum in Software Standby mode.

Note:  If the clock source is being switched it is needed to add 4 clock cycle of switched source.
Note 1. tpcyc indicates the PCLKB cycle.

Note 2. tymick indicates the cycle of the NMI digital filter sampling clock.

Note 3. tirqck indicates the cycle of the IRQi digital filter sampling clock (i = 0 to 7).

tNmiw

Figure 2.12  NMI interrupt input timing
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tiraw

Figure 2.13  IRQ interrupt input timing

2.3.6 I/O Ports, POEG, GPT, AGT, KINT, and ADC12 Trigger Timing

Table 2.27 /0 Ports, POEG, GPT, AGT, KINT, and ADC12 trigger timing

Test
Parameter Symbol | Min Max Unit conditions
I/O Ports Input data pulse width 27V<VCC<55V |tprw 2 — tpeye Figure 2.14
24V<sVCC<27V 3
16V<sVCC<24V 4
POEG POEG input trigger pulse width tPoEW 3 — tPeye Figure 2.15
GPT Input capture pulse width Single edge teTicw 1.5 — tPDeyc Figure 2.16
Dual edge 25 —
AGT AGTIO, AGTEE input cycle 1.8VsVCC=s55V [tpoyc! |250 — ns Figure 2.17
16V<VCC<18V 2000 — ns
AGTIO, AGTEE input high-level [ 1.8V <VCC<55V |tackwH, |100 — ns
width, low-level width 16V<VCC <18V tACKWL 800 — ns
AGTIO, AGTO, AGTOA, 27V<VCC<55V |tacyce 62.5 — ns Figure 2.17
AGTOB output cycle 24V=VCC<27V 125 — ns
1.8V=sVCC<24V 250 — ns
16V<VCC<18V 500 — ns
ADC12 12-bit A/D converter trigger input pulse width tTRGW 1.5 — tPeyc Figure 2.18
KINT KRn (n = 00 to 07) pulse width tkr 250 — ns Figure 2.19

Note 1. Constraints on AGTIO input: tpeyc X 2 (tpcyc: PCLKB cycle) < tacyc.

Port ¥
I tPrRW l
Figure 2.14  1/O ports input timing
R01DS0386EJ0130 Rev.1.30 RENESAS Page 45 of 117

Nov 30, 2022



RA2E1 Datasheet 2. Electrical Characteristics

POEG input trigger >% %
1< gl
troEw
Figure 2.15 POEG input trigger timing
Input capture >% jF<
1< >
teTicw
Figure 2.16  GPT input capture timing
< tacyc >
le—— tackwL te—— tackwH —>|
AGTIO, AGTEE Z \
(input) X

< tacve2 >

AGTIO, AGTO,
AGTOA, AGTOB
(output)

Figure 2.17  AGT I/O timing

ADTRGO * —+
I:

trrew

Y

Figure 2.18  ADC12 trigger input timing
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KRn

—+
" tkr "
Note:  n =00 to 07

Figure 2.19  Key interrupt input timing
2.3.7 CAC Timing
Table 2.28 CAC timing
Conditions: VCC = AVCC0=1.6t05.5V

Parameter Symbol | Min Typ Max Unit Test conditions

CAC CACREF input pulse tPcyc*1 < tCAC*Z tcacrer | 4.5 X tcac + 3 X tpeye | — — ns —

width
2 — — ns

teoye | > teac

5 x tcac + 6.5  tpeyc

Note 1. tpcyc: PCLKB cycle.
Note 2. tcac: CAC count clock source cycle.
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2.3.8 SCI Timing
Table 2.29 SCl timing (1)
Conditions: VCC = AVCC0=1.61t05.5V
Test
Parameter Symbol Min Max Unit conditions
SCI Input clock cycle Asynchronous |27V <VCC<55V tseye 125 — ns Figure 2.20
24V=sVCC<27V 250 —
1.8V=sVCC<24V 500 —
16V=<VCC<18V 1000 —
Clock 27V=sVCC<55V 187.5 —
synchronous
24V=sVCC<27V 375 —
1.8V=<VCC<24V 750 —
16V=<VCC<18V 1500 —
Input clock pulse width tsckw 0.4 0.6 tseyc
Input clock rise time tsckr — 20 ns
Input clock fall time tscks — 20 ns
Output clock cycle Asynchronous |2.7V<VCC<55V tscye 187.5 — ns
24V<VCC<27V 375 —
1.8V=<VCC<24V 750 —
16V=VCC<18V 1500 —
Clock 27V=sVCC=s55V 125 —
synchronous
24V<sVCC<27V 250 —
1.8V=sVCC<24V 500 —
16V=sVCC<18V 1000 —
Output clock pulse width tsckw 0.4 0.6 tseyc
Output clock rise time 1.8V<VCC=<55V tsckr — 20 ns
16V=<VCC<18V — 30
Output clock fall time 1.8V<sVCC<55V tscks — 20 ns
16V=VCC<18V — 30
Transmit data delay | Clock 1.8V<sVCC=<55V trxp — 40 ns Figure 2.21
time (master) synchronous
16V=VCC<18V — 45
Transmit data delay | Clock 27V<VCC<s55V — 55 ns
time (slave) synchronous
24V=sVCC<27V — 60
18V=sVCC<24V — 100
16V=<VCC<18V — 125
Receive data setup Clock 27V<VCC=s55V trRxs 45 — ns
time (master) synchronous
24V<VCC<27V 55 —
1.8V=VCC<24V 90 —
16V=VCC<18V 110 —
Receive data setup Clock 27V<VCC=s55V 40 — ns
time (slave) synchronous
16V=sVCC<27V 45 —
Receive data hold Clock synchronous tRxH 5 — ns
time (master)
Receive data hold Clock synchronous tRXH 40 — ns
time (slave)
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SCKn /

Note: n=0t02,9

tsckw tsckr tsck

: Z\jf \_

tScyc

Figure 2.20 SCK clock input timing

SCKn

trxp

TXDn

RXDn

Note: n=0t02,9

Figure 2.21  SCl input/output timing in clock synchronous mode
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Table 2.30

SCI timing (2) (1 of 2)

Conditions: VCC = AVCC0=1.6t0 5.5V

Test
Parameter Symbol | Min Max |Unit" |conditions
Simple | SCK clock cycle output 27V<VCC<s55V tsPeyc 125 — ns Figure 2.22
SPI (master)
24V<VCC<27V 250 —
1.8V=sVCC<24V 500 —
16V=<VCC<18V 1000 |[—
SCK clock cycle input 27V<VCC<s55V 1875 |—
(slave)
24V<VCC<27V 375 —
1.8V<VCC<24V 750 —
16V=sVCC<18V 1500 |[—
SCK clock high pulse width tsPckwH 0.4 0.6 tSPcyc
SCK clock low pulse width tspckwr | 0.4 0.6 tspeyc
SCK clock rise and fall 1.8V=sVCC=55V tspckr, — 20 ns
time
' 16V<VCC<18V tspekr [ 30
Data input Master [2.7V<VCC<55V tsu 45 — ns Figure 2.23 to
setup time Figure 2.26
24V <VCC<27V 55 —
1.8V<sVCC<24V 80 —
16V=<VCC<18V 110 —
Slave 27V=sVCC<55V 40 —
16V=sVCC<27V 45 —
Data input Master tHy 33.3 — ns
hold time
Slave 40 —
SS input setup time tLeAD 1 — tspeyc
SS input hold time fLac 1 — tspeyc
Data output Master [1.8V<VCC<55V top — 40 ns
delay time
16V=<VCC<18V — 50
Slave 24V <VCC<s55V — 65
1.8V<sVCC<24V — 100
16V=<VCC<18V — 125
Data output Master [2.7V<VCC=<55V toH -10 — ns
hold time
24V<VCC<27V -20 —
1.8V=<sVCC<24V -30 —
16V=VCC<18V -40 —
Slave -10 —
Datariseand |[Master [1.8V<VCC<55V tor tof — 20 ns
fall time
16V=VCC<18V — 30
Slave 1.8V=<VCC=55V — 20
16V=<VCC<18V — 30
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Table 2.30 SCI timing (2) (2 of 2)
Conditions: VCC = AVCC0=1.6t0 5.5V
Test
Parameter Symbol | Min Max |Unit" |conditions
Simple | Slave access time 24V <VCC<55V tsa — 6 tpeyc Figure 2.26
SPI
1.8V<VCC<24V |24 MHz<PCLKB =< — 7
32 MHz
PCLKB < 24 MHz — 6
16V=<VCC<18V — 6
Slave output release time |24V <VCC<55V tREL — 6 tpeye
1.8V<sVCC<24V |24 MHz < PCLKB < — 7
32 MHz
PCLKB < 24 MHz — 6
16V=<VCC<18V — 6
Note 1. tpcyc: PCLKB cycle.
tsPCKWH tspckr tspekt
V
SCKn o
master select
output
tspekwi
tsPCKWH tspckr tspekr
ViH
SCKn
slave select input
tsPckwL
tSPcyc

Note:

n=0t02,9

Von=0.7 x VCC, VoL=0.3 x VCC, VIH=0.7 x VCC, ViL=0.3 x VCC

Figure 2.22  SCI simple SPI mode clock timing
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SCKn 7 X ™\
CKPOL =0 ;
output
SCKn —XS /—\_‘ (—\—/
CKPOL = 1 \
output N 9—/
tsu tH
MISOn
ot d msBIN P DATA} LSB IN { MsB IN
ter- tEf ey toH ey top
~ pl L
pN's N >y -
MOSin X wmsBouT DATA LSB OUT IDLE MSB OUT
output ¥ 4 « -
R

Note: n=0t02,9

Figure 2.23  SCI simple SPI mode timing (master, CKPH = 1)

SCKn / '\_

CKPOL =1 7

T\ \
output ‘—/

SCKn - Y i
Y

I

tsu tH
MISOn
input MSBIN ] — DATA LSB IN { MSBIN
toH too tor, tor

« >H€

MOSIn id *f

output MSB OUT % . DATA >< LSB OUT 72_ IDLE MSB OUT
R

Note: n=0t02,9

Figure 2.24  SCI simple SPI mode timing (master, CKPH = 0)
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Figure 2.25  SCI simple SPI mode timing (slave, CKPH = 1)
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Figure 2.26  SCI simple SPI mode timing (slave, CKPH = 0)
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Table 2.31 SCI timing (3)
Conditions: VCC = AVCC0=2.7t05.5V

Parameter Symbol Min Max Unit | Test conditions
Simple IIC SDA input rise time tsr — 1000 ns Figure 2.27
(Standard mode)

SDA input fall time tsf — 300 ns

SDA input spike pulse removal time tsp 0 4 x t”CcyC*1 ns

Data input setup time tspas 250 — ns

Data input hold time tspAH 0 — ns

SCL, SDA capacitive load Cp? — 400 pF
Simple IIC (Fast | SDA input rise time tsr — 300 ns Figure 2.27
mode)

SDA input fall time tst — 300 ns

SDA input spike pulse removal time tsp 0 4 x t”Ccyc*1 ns

Data input setup time tspas 100 — ns

Data input hold time tspDAH 0 — ns

SCL, SDA capacitive load Cp2 — 400 pF

Note 1. tjceyc: Clock cycle selected by the SMR.CKS[1:0] bits.
Note 2. Cy, indicates the total capacity of the bus line.

SDAnN \ / B A ,A

T /4
SCLn \ / | V
| |
|
‘ T e T P
L,,J [
<~ tspaH tspas
Test conditions:
ViH=VCC x 0.7, ViL,=VCC % 0.3
VoL=0.6V, lo. =6 mA
Note: n=0to2,9
Note 1. S, P, and Sr indicate the following conditions:
S: Start condition
P: Stop condition
Sr: Restart condition
Figure 2.27  SCI simple IIC mode timing
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2.3.9 SPI Timing

Table 232  SPI timing (1 of 3)

Test
Parameter Symbol |Min Max Unit™? | conditions
SPI | RSPCK Master |2.7V<VCC<55V tspeyc | 62.5 — ns Figure 2.28
clock cycle C=30pF
24V <VCC<27V 125 —
1.8V=sVCC<24V 250 —
1.6V<VCC<18V 500 —
Slave 27V<VCC=s55V 187.5 —
24V <VCC<27V 375 —
1.8V<VCC<24V 750 —
1.6V<sVCC<18V 1500 —
RSPCK Master tspckwH | (tsPeyc - — ns
clock high tspckr -
pulse width tspeki) / 2 -
3
Slave 3 % tpeyc —
RSPCK Master tspckwL (tspcyc - — ns
clock low tspckr -
pulse width tspcki) / 2 -
3
Slave 3 X tpeye —
RSPCK Output |2.7V<VCC<55V tspckrs — 10 ns
clock rise tspekr
and fall time 24V<SVCC<27V — 15
1.8V=sVCC=24V — 20
1.6V<VCC<18V — 30
Input — 0.1 ps/V
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Table 2.32 SPI timing (2 of 3)
Test
Parameter Symbol |Min Max Unit™ | conditions
SPI | Data input Master [2.7V<VCC<55V tsu 10 — ns Figure 2.29
setup time to Figure
24V<VCC<27V |16 MHz < PCLKB < 32 30 — 234
MHz C=30pF
PCLKB < 16 MHz 10 —
1.8V=<VCC<24V |16 MHz < PCLKB < 32 55 —
MHz
8 MHz < PCLKB < 16 30 —
MHz
PCLKB < 8 MHz 10 —
16V=<VCC<18V 10 —
Slave [2.4V<VCC=<55V 10 —
1.8V=sVCC<24V 15 —
16V=<VCC<18V 20 —
Data input Master tHF 0 — ns
hold time (RSPCK is PCLKB/2)
Master ty tpeye —
(RSPCK is not PCLKB/2)
Slave tH 20 —
SPI | SSL setup Master 1.8V <VCC<55V tLEaD -30+ N x — ns
time tSPcyc*2
16V=<VCC<18V -50 + N x —
tSPcyc"2
Slave 6 x tpcyc — ns
SSL hold Master tLac =30+ N x — ns
time tSPcyc*S
Slave 6 x tpcyc — ns
Data output | Master [2.7V<VCC<55V top — 14 ns
delay time
24V=sVCC<27V — 20
1.8V=<VCC<24V — 25
16V=sVCC<18V — 30
Slave [2.7V=<VCC=<55V — 50
24V <VCC<27V — 60
1.8V=sVCC<24V — 85
16V=<VCC<18V — 110
Data output | Master toH 0 — ns
hold time
Slave 0 —
Successive | Master tto tspeyc * 2% |8 X tgpeyc + | NS
transmission tpeyc 2 X tpeye
delay time
Slave 6 x tpcyc —
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