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ENESANS

RA2A1 Group

Datasheet

Ultra-low power 48-MHz Arm® Cortex®-M23 core, up to 256-KB code flash memory, 32-KB SRAM, Capacitive Touch
Sensing Unit, 16-bit A/D Converter, 24-bit sigma-delta A/D Converter, 12-bit D/A Converter, 8-bit D/A Converter,

Operational Amplifier, security and safety features.

Features

m Arm Cortex-M23 Core

e Armv8-M architecture

e Maximum operating frequency: 48 MHz
Arm Memory Protection Unit (Arm MPU) with 8 regions
Debug and Trace: DWT, FPB, and CoreSight™ MTB-M23
CoreSight Debug Port: SW-DP

= Memory
e Up to 256-KB code flash memory
8-KB data flash memory (100,000 program/erase (P/E) cycles)
Up to 32-KB SRAM
Flash Cache (FCACHE)
Memory Protection Unit (MPU)
Memory Mirror Function (MMF)
128-bit unique 1D

m Connectivity
e USB 2.0 Full-Speed (USBFS) module
- On-chip transceiver with voltage regulator
- Compliant with USB Battery Charging Specification 1.2
Serial Communications Interface (SCI) x 3
- UART
- Simple 1IC
- Simple SPI
Serial Peripheral Interface (SPI) x 2
e 12C bus interface (11C) x 2
o Controller Area Network (CAN) module

= Analog
e 16-bit A/D Converter (ADC16)
- 1.2 Msps
- Differential input mode
- Single-ended input mode
24-bit Sigma-Delta A/D Converter (SDADC24)
- 15.6 ksps
- Differential input mode
- Single-ended input mode
12-bit D/A Converter (DAC12)
8-bit D/A Converter (DAC8) x 2
High-Speed Analog Comparator (ACMPHS)
Low-Power Analog Comparator (ACMPLP) x 2
Operational Amplifier (OPAMP) x 3
Temperature Sensor (TSN)

m Timers
o General PWM Timer 32-bit (GPT32)
o General PWM Timer 16-bit (GPT16) x 6
o Asynchronous General-Purpose Timer (AGT) x 2
o Watchdog Timer (WDT)

m Safety

Error Correction Code (ECC) in SRAM
SRAM parity error check

Flash area protection

ADC self-diagnosis function

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

Port Output Enable for GPT (POEG)
Independent Watchdog Timer (IWDT)
GPIO readback level detection

Register write protection

Main oscillator stop detection

Illegal memory access

m System and Power Management
e Low power modes
Realtime Clock (RTC)
Event Link Controller (ELC)
Data Transfer Controller (DTC)
Key Interrupt Function (KINT)
Power-on reset
Low Voltage Detection (LVD) with voltage settings

m Security and Encryption
o AES128/256
o True Random Number Generator (TRNG)

m Human Machine Interface (HMI)
o Capacitive Touch Sensing Unit (CTSU)

m Multiple Clock Sources
e Main clock oscillator (MOSC)
(1 to 20 MHz when VCC =2.4t0 5.5 V)
(1to 8 MHz when VCC =1.8t05.5V)
(1to 4 MHz when VCC =1.6t05.5V)
e Sub-clock oscillator (SOSC) (32.768 kHz)
o High-speed on-chip oscillator (HOCO)
(24, 32, 48, 64 MHz when VCC =2.4t05.5V)
(24, 32, 48 MHz when VCC =1.8t05.5 V)
(24, 32 MHz when VCC = 1.6 t0 5.5 V)
Middle-speed on-chip oscillator (MOCO) (8 MHz)
Low-speed on-chip oscillator (LOCO) (32.768 kHz)
IWDT-dedicated on-chip oscillator (15 kHz)
Clock trim function for HOCO/MOCO/LOCO
Clock out support

m General Purpose 1/0 Ports
e Up to 49 input/output pins
- Up to 3 CMOS input
- Up to 46 CMOS input/output
- Up to 9 input/output 5 V tolerant
- Up to 3 high current (20 mA)

m Operating Voltage
e VCC:16t055V

m Operating Temperature and Packages
e Ta=-40°C to +85°C
- 36-pin BGA (5 mm x 5 mm, 0.8 mm pitch)
e Ta=-40°C to +105°C
- 64-pin LQFP (10 mm x 10 mm, 0.5 mm pitch)
- 32-pin LQFP (7 mm x 7 mm, 0.8 mm pitch)
- 48-pin QFN (7 mm x 7 mm, 0.5 mm pitch)
- 40-pin QFN (6 mm x 6 mm, 0.5 mm pitch)
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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 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 256-KB code flash memory

e 32-KB SRAM

e 16-bit A/D Converter (ADC16)

e 24-bit Sigma-Delta A/D Converter (SDADC24)

e 12-bit D/A Converter (DAC12)
e 8-bit D/A Converter (DACS)

e Operational Amplifier (OPAMP) with configurable switches

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
- 17-cycle integer divider.
e Arm Memory Protection Unit (Arm MPU):
- Armv8 Protected Memory System Architecture
- 8 protect regions.
o SysTick timer:
- Driven by SYSTICCLK (LOCO) or ICLK.

Table 1.2 Memory

Feature

Functional description

Code flash memory

256 KB of code flash memory. See section 43, Flash Memory in User’s Manual.

Data flash memory

8 KB of data flash memory. See section 43, Flash Memory in User’s Manual.

Memory Mirror Function (MMF)

The Memory Mirror Function (MMF) can be configured to mirror the desired application image
load address in code flash memory to the application image link address in the 23-bit unused
memory space (memory mirror space addresses). Your application code is developed and
linked to run from this MMF destination address. Your application code does not need to know
the load location where it is stored in code flash memory. See section 5, Memory Mirror
Function (MMF) in User’s Manual.

Option-setting memory

The option-setting memory determines the state of the MCU after a reset. See section 7,
Option-Setting Memory in User’s Manual.

SRAM

On-chip high-speed SRAM with either parity bit or Error Correction Code (ECC). See section
42, SRAM in User’s Manual.

Table 1.3 System (1 of 2)

Feature

Functional description

Operating modes

Two operating modes:

e Single-chip mode

e SCI or USB boot mode.

See section 3, Operating Modes in User’s Manual.
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Table 1.3 System (2 of 2)

RA2A1 Datasheet

1. Overview

Feature

Functional description

Resets

13 resets:

e RES pin reset

e Power-on reset

* Independent watchdog timer reset
e Watchdog timer reset

* Voltage monitor O reset

* Voltage monitor 1 reset

* Voltage monitor 2 reset

o SRAM parity error reset

e SRAM ECC error reset

e Bus master MPU error reset

o Bus slave MPU error reset

e CPU stack pointer error reset

o Software reset.

See section 6, Resets in User’'s Manual.

Low Voltage Detection (LVD)

The Low Voltage Detection (LVD) function monitors the voltage level input to the VCC pin and
the detection level can be selected using a software program. See section 8, Low Voltage
Detection (LVD) in User’s Manual.

Clocks

e 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.

See section 9, Clock Generation Circuit in User’s Manual.

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 to be used as a
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. See section 10, Clock Frequency Accuracy Measurement Circuit (CAC) in User’s
Manual.

Interrupt Controller Unit (ICU)

The Interrupt Controller Unit (ICU) controls which event signals are linked to the NVIC/DTC
module. The ICU also controls NMI interrupts. See section 13, Interrupt Controller Unit (ICU) in
User’s Manual.

Key Interrupt Function (KINT)

A key interrupt can be generated by setting the Key Return Mode Register (KRM) and inputting
a rising or falling edge to the key interrupt input pins. See section 19, Key Interrupt Function
(KINT) in User’s Manual.

Low power modes

Power consumption can be reduced in multiple ways, such as by setting clock dividers,
stopping modules, selecting power control mode in normal operation, and transitioning to low
power modes. See section 11, Low Power Modes in User’s Manual.

Register write protection

The register write protection function protects important registers from being overwritten due to
software errors. See section 12, Register Write Protection in User’s Manual.

Memory Protection Unit (MPU)

Four Memory Protection Units (MPUs) and a CPU stack pointer monitor function are provided
for memory protection. See section 15, Memory Protection Unit (MPU) in User’s Manual.

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, a non-maskable interrupt or interrupt can be generated by an underflow. A
refresh-permitted period can be set to refresh the counter and used as the condition to detect
when the system runs out of control. See section 24, Watchdog Timer (WDT) in User’s
Manual.

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/interrupt for a timer underflow. 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 on a reset, underflow, refresh error, or by a refresh of the
count value in the registers. See section 25, Independent Watchdog Timer (IWDT) in User’s
Manual.
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Table 1.4 Event Link

Feature

Functional description

Event Link Controller (ELC)

The Event Link Controller (ELC) uses the interrupt requests generated by various peripheral
modules as event signals to connect them to different modules, enabling direct interaction
between the modules without CPU intervention. See section 17, Event Link Controller (ELC) in
User’s Manual.

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. See section 16, Data Transfer Controller (DTC) in User’s Manual.

Table 1.6 Timers

Feature

Functional description

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with one channel and a 16-bit timer with six
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. See section 21,
General PWM Timer (GPT) in User’s Manual.

Port Output Enable for GPT (POEG)

Use the Port Output Enable for GPT (POEG) function to place the General PWM Timer (GPT)
output pins in the output disable state. See section 20, Port Output Enable for GPT (POEG) in
User’s Manual.

Asynchronous General Purpose
Timer (AGT)

The 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 16-bit timer consists of a reload register and a down-counter. The reload register and the
down-counter are allocated to the same address, and they can be accessed with the AGT
register. See section 22, Asynchronous General Purpose Timer (AGT) in User’s Manual.

Realtime Clock (RTC)

The Realtime Clock (RTC) has two counting modes, calendar count mode and binary count
mode, that are controlled by the 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.
See section 23, Realtime Clock (RTC) in User’s Manual.

Table 1.7 Communication interfaces (1 of 2)

Feature

Functional description

Serial Communications Interface
(SCI)

The Serial Communication Interface (SCI) is configurable to five asynchronous and

synchronous serial interfaces:

e Asynchronous interfaces (UART and asynchronous communications interface adapter
(ACIA))

e 8-bit clock synchronous interface

e Simple IIC (master-only)

e Simple SPI

e Smart card interface.

The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and

transmission protocol.

SCI0 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. See

section 27, Serial Communications Interface (SCI) in User’s Manual.

I2C bus interface (IIC)

The 2-channel 12C bus interface (IIC) conforms with and provides a subset of the NXP 12C
(Inter-Integrated Circuit) bus interface functions. See section 28, 12C Bus Interface (IIC) in
User’s Manual.

Serial Peripheral Interface (SPI)

Two independent Serial Peripheral Interface (SPI) channels are capable of high-speed, full-
duplex synchronous serial communications with multiple processors and peripheral devices.
See section 30, Serial Peripheral Interface (SPI) in User’s Manual.
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Table 1.7 Communication interfaces (2 of 2)

Feature

Functional description

Controller Area Network (CAN)
module

The Controller Area Network (CAN) module provides functionality to receive and transmit data
using a message-based protocol between multiple slaves and masters in electromagnetically
noisy applications.

The CAN 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. See section 29, Controller Area Network (CAN) Module in User’s Manual.

USB 2.0 Full-Speed (USBFS) module

The USB 2.0 Full-Speed (USBFS) module can operate as a device controller. The module
supports full-speed and low-speed transfer as defined in the Universal Serial Bus Specification
2.0. The module has an internal USB transceiver and supports all of the transfer types defined
in the Universal Serial Bus Specification 2.0.

The USB has buffer memory for data transfer, providing a maximum of five pipes. Pipe 0 and
pipe 4 to pipe 7 can be assigned any endpoint number based on the peripheral devices used
for communication or based on your system.

The MCU supports Battery Charging Specification revision 1.2. Because the MCU can be
powered at 5V, the USB LDO regulator provides the internal USB transceiver power supply
3.3 V. See section 26, USB 2.0 Full-Speed Module (USBFS) in User’s Manual.

Table 1.8 Analog (1 of 2)

Feature

Functional description

16-bit A/D Converter (ADC16)

A successive approximation 16-bit A/D Converter (ADC16) is provided. Up to 17 single-ended/
4 differential analog input channels are selectable. Reference voltage of SDADC24,
temperature sensor output, and internal reference voltage are selectable for conversion. The
calibration function calculates capacitor array DAC and gain/offset correction values under the
usage conditions to enable accurate

A/D conversion. See section 32, 16-Bit A/D Converter (ADC16) in User’s Manual.

24-bit Sigma-Delta A/D Converter
(SDADC24)

A 24-bit Sigma-Delta A/D Converter (SDADC24) with a programmable gain instrumentation
amplifier is provided. Up to 10 single-ended/5 differential analog input channels are selectable.
The 2 single-ended/1 differential analog input channels of these analog input channels are
inputs from internal OPAMP. Analog input multiplexer is input to the sigma-delta A/D converter
by the programmable gain instrumentation amplifier (PGA). The A/D conversion result is
filtered by the SINC3 digital filter, and then stored in an output register. The calibration function
calculates gain error and offset error correction values under the usage conditions to enable
accurate A/D conversion. See section 33, 24-Bit Sigma-Delta A/D Converter (SDADC24) in
User’s Manual.

12-bit D/A Converter (DAC12)

A 12-bit D/A Converter (DAC12) is provided. See section 34, 12-Bit D/A Converter (DAC12) in
User’s Manual.

8-bit D/A Converter (DAC8)

An 8-bit D/A Converter (DAC8) is provided. See section 35, 8-Bit D/A Converter (DAC8) in
User’s Manual.

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 linear.
The output voltage is provided to the ADC16 for conversion and can be further used by the end
application. See section 36, Temperature Sensor (TSN) in User’s Manual.

High-Speed Analog Comparator
(ACMPHS)

The High-Speed Analog Comparator (ACMPHS) compares a reference voltage with an analog
input voltage. The comparison result can be read by software and also be output externally.
The reference voltage can be selected from either an input to the IVREFi (i = 0 to 2) pin, an
output from internal D/A converter, or from the internal reference voltage (Vref) generated
internally in the MCU.

Such flexibility is useful in applications that require go/no-go comparisons to be performed
between analog signals without necessarily requiring A/D conversion. See section 38, High-
Speed Analog Comparator (ACMPHS) in User’s Manual.

Low-Power Analog Comparator
(ACMPLP)

The Low-Power Analog Comparator (ACMPLP) compares a reference voltage with an analog
input voltage. The comparison result can be read by software and also be output externally.
The reference voltage can be selected from either an input to the CMPREFi (i = 0, 1) pin, an
internal 8-bit D/A converter output, or 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. See
section 39, Low-Power Analog Comparator (ACMPLP) in User’s Manual.
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Table 1.7 BEEEO Q1M hr219)

Feature

ThieiseA

IR B I M (CAN) 3R
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WANEHEUERIZhAE. CANREIRTFBI1S011898-1(CAN2.OACAN2.0B)ATE, %3532 HR%E
, BJEENEBHANFFORN TR RESEW, g (114D MY & (29fl) HEER
o BEHAPFRRBE29T, EHISZFEMCANER,

USB2.0£3R(USBFS)#E IR

USB2.0£ 3R (USBFS) IR B LAE IR & 1T HI 2RIG 1T, ZAERZFHEARITSEMB20HENXH
SRS ZRRE—PRNBUSBK LSS, IHFBABRITEENE20ME X WERE &R
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RBI5E267, USB2.OEERIEIR(USBFS).

Table 1.8 154 (10f2)

Feature

ThieiseA

16-bit A/D Converter (ADC16)

RET —NZREIEN 6 (IR FFIREZ (ADC16), =ZANEF17 N RiHANESIEINRNIEE,
SDADC24MIBEBE. REGRBAMHAABSE BEMNEEHITEIR, RENRETEEREMG
Tt EERSMETIDACHIE R RIBIREME, USSIARBIADRR, BESHABFRFMPHENRT
, 16fIAD¥:R23(ADC16).

24-bit Sigma-Delta A/D Converter
(SDADC24)

R H A RIZIE 2 (R TMA 88 892411 Sigma-DeltaAD¥: 18285 (SDADC24), & ZAIIEF101 2
IS NEDRBBNBEE, XL NIBERI2D BIR1 N ED BN @B ZE KB AE0PAM
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HIREMRBIRERIEE, UKIBHRHOADER, B2HAAF FHFHIFE33T, 24ISigma-D
eltaAD¥:1%28(SDADC24)o

12-bit D/A Converter (DAC12)

BT — M 2{IDARRER(DACT2). EESHE34T, 12(DARIRER(DACT2)
User’s Manual.

8-bit D/A Converter (DAC8)

BT —8AIDAKEER(DACS). EEIFEE35T1, 8{iUDAFRIRER(DACS)
User’s Manual.

BEZEER(TSN)

FEREFRSTNBEHBESHRE, URRSEAFIEET. FRSBHHSETRERE
EEREBE, ECEESHHBESLNXR, HHBERIEMRAADCI6HITHIR, FHEAT LK
RANA#H—-TER, HEHAPFRPNEI6T, BREELZE TSN,

SRR L IR (ACMPHS)

BRI LS (ACMPHS) 2 E BB E SEIMIAN BBEBITELER, bIR4SB o] LUBT R4 35BN,
WEJLISY A, SEBER LIMIVRER (i=0F2) 5IHIBOMA. AEBDARIRIRAHIHIMCU
MEBERBIRBISE BBIE (Vref) Ik, XM RIEEERETRMES ZiEMITgo-no-gotb
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Slo

{RINFEIEIA L3228 (ACMPLP)
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, WATLAY SN, S5 BER LUMCMPREFi(i=0 1)5|BIB9MIAN, AIBISHIDAR Azt sMC
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R, BEABAFMRIE39T, KINFERINLLIREE (ACMPLP),
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Table 1.8 Analog (2 of 2)

Feature

Functional description

Operational Amplifier (OPAMP)

The Operational Amplifier (OPAMP) can be used to amplify small analog input voltages and
output the amplified voltages. A total of three differential operational amplifier units with two
input pins and one output pin are provided. All units have switches that can select input
signals. Additionally, operational amplifier 0 has a switch that can select the output pin. See
section 37, Operational Amplifier (OPAMP) in User’'s Manual.

Table 1.9 Human machine interfaces

Feature

Functional description

Capacitive Touch Sensing Unit
(CTSV)

The Capacitive Touch Sensing Unit (CTSU) measures the electrostatic capacitance of the
touch sensor. Changes in the electrostatic capacitance are determined by software, which
enables the CTSU to detect whether a finger is in contact with the touch sensor. The electrode
surface of the touch sensor is usually enclosed with an electrical insulator so that fingers do
not come into direct contact with the electrodes. See section 40, Capacitive Touch Sensing
Unit (CTSU) in User’s Manual.

Table 1.10 Data processing

Feature

Functional description

Cyclic Redundancy Check (CRC)
calculator

The Cyclic Redundancy Check (CRC) calculator 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-generating polynomials are available. The snoop
function allows monitoring reads from and writes 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. See
section 31, Cyclic Redundancy Check (CRC) Calculator in User’s Manual.

Data Operation Circuit (DOC)

The Data Operation Circuit (DOC) compares, adds, and subtracts 16-bit data. See section 41,
Data Operation Circuit (DOC) in User’s Manual.

Table 1.11 Security

Feature

Functional description

AES

See section 44, AES Engine in User’s Manual.

True Random Number Generator
(TRNG)

See section 45, True Random Number Generator (TRNG) in User’s Manual.
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Table 1.8 B 2124

Feature

ThieiseA
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Table 1.9 ANBE

Feature

IhiEieA
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Table 1.10 BB IE

Feature
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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.
Memory Bus Arm Cortex-M23 System
256 KB code flash | MPU | | MPU | | POR/LVD | Clocks
MOSC/SOSC
8 KB data flash
| NVIC |
(H/M/L) OCO
| System timer |
DTC | Test and DBG I/F | | ICU | | CAC |
Register write
| KINT | | protection |
Timers Communication interfaces Human machine interfaces
GPT32 x 1 CTsu
GPT16x 6 | SClx3 || CAN x 1
AGT x2 liC x 2 USBFS
with Battery
Charging
RTC SP| x 2 revision1.2
WDT/IWDT
Event link Data processing Analog
ELC CRC ADC16 | | TSN | | OPAMP x 3
- DOC DAC12 x 1 ACMPHS x 1
Security DACS x 2 ACMPLP x 2 SDADC24
AES + TRNG
Figure 1.1 Block diagram
R01DS0354EJ0110 Rev.1.10 -IENESAS Page 8 of 100
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1.2 EE

E11ERTMCUBERER, ZAPHN—LERNRERAIENFE.

Memory Bus Arm Cortex-M23 System
256KBHIBIAE | MPU | | MPU | | POR/LVD | Clocks
MOSC/SOSC
| NVIC |
| RGeS | =
s
bTC | TRFIDBGIF | | Icu | | CAC |
FFEEAN
KINT IV protection
Timers BifEO ANAE
GPT16 %6 | SCIx3 | | CAN x 1
R
Charging
RTC SPI x 2 revision1.2
TEBIERE BB I Analog
ELC CRC ADC16 | | TSN | | OPAMP x 3
- DOC DAC12 x 1 ACMPHS x 1
Security DACS x 2 ACMPLP x 2 SDADC24
AES + TRNG
Figure 1.1 EE
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1.3 Part Numbering
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1.3 ZMHES

Figure 1.2 shows the product part number information, including memory capacity and package type. Table 1.12 shows a BN 2BRTEREGSERS, SENFERENHELE, R11N2ERTFE@EIIR.
list of products.
L Production identification code L A F=IRARS
Packaging, Terminal material (Pb-free) B, ImFME (EH) #AA TR
#AA: Tray/Sn (Tin) only Sn (3) #AC: RE&HM
#AC: Tray/others
Package type BELR
FM: LQFP 64 pins FM: LQFP64%tF)
FJ: LQFP 32 pins : LQFP}32%‘|’BT:
BT: BGA 36 pins BGA36$fNE: QF
NE: QFN 48 pins NABETNF: QFN4
NF: QFN 40 pins ot
Quality Grade FRE2%ER
Operating temperature TERE2: -40°CES8
2:-40Ct085C 5°C3: -40°CE105°C
3:-40Cto 105C
Code flash memory size REBAF RN
B: 256 KB B: 256 KB
Feature set haesk
Group number A=
Series name RYIBR
RA family KRBT
Flash memory iNE
Renesas microcontroller Renesas microcontroller
Figure 1.2 Part numbering scheme Figure 1.2 SHRSAR
Table 1.12 Product list Table 1.12  =@&HIE
Operating TERE
Product part number | Orderable part number Package code Code flash | Data flash | SRAM | temperature Eailts ALTER S 12E53 4 ] KBiRNE HiRIATE SRAM
R7FA2A1AB3CFM R7FA2A1AB3CFM#AAQ PLQP0064KB-C 256 KB 8 KB 32 KB -40 to +105°C R7FA2A1AB3CFM R7FA2A1AB3CFM#AAQ PLQP0064KB-C 256 KB 8 KB 32 KB -40 to +105°C
R7FA2A1AB3CNE R7FA2A1AB3CNE#ACO PWQNO0048KB-A -40 to +105°C R7FA2A1AB3CNE R7FA2A1AB3CNE#ACO PWQNO0048KB-A -40 to +105°C
R7FA2A1AB3CNF R7FA2A1AB3CNF#ACO PWQNO0040KC-A -40 to +105°C R7FA2A1AB3CNF R7FA2A1AB3CNF#ACO PWQNO0040KC-A -40 to +105°C
R7FA2A1AB2CBT R7FA2A1AB2CBT#ACO PLBGO0036GA-A -40 to +85°C R7FA2A1AB2CBT R7FA2A1AB2CBT#ACO PLBGO0036GA-A -40 to +85°C
R7FA2A1AB3CFJ R7FA2A1AB3CFJ#AAQ PLQP0032GB-A -40 to +105°C R7FA2A1AB3CFJ R7FA2A1AB3CFJ#AAQ PLQP0032GB-A -40 to +105°C
R01DS0354EJ0110 Rev.1.10 RENESAS Page 9 of 100 R01DS0354EJ0110 Rev.1.10 RENESAS FOT, 1000
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1.4  Function Comparison 14  THEELLER
Table 1.13 Function comparison Table 1.13 Ihaexttt
Part numbers R7FA2A1AB3CFM R7FA2A1AB3CNE R7FA2A1AB3CNF R7FA2A1AB2CBT R7FA2A1AB3CFJ e R7FA2A1AB3CFM R7FA2A1AB3CNE R7FA2A1AB3CNF R7FA2A1AB2CBT R7FA2A1AB3CFJ
Pin count 64 48 40 36 32 £ 64 48 40 36 32
Package LQFP QFN QFN BGA LQFP Package LQFP QFN QFN BGA LQFP
Code flash memory 256 KB REBAE 256 KB
Data flash memory 8 KB BIBIAE 8 KB
SRAM 32 KB SRAM 32 KB
Parity 16 KB Parity 16 KB
ECC 16 KB ECC 16 KB
System CPU clock 48 MHz System PRIIRERIR 48 MHz
Sub-clock Yes No Sub-clock Yes No
oscillator oscillator
ICU Yes ICU Yes
KINT 8 6 4 4 3 KINT 8 6 4 4 3
Event control ELC Yes E-Le ELC Yes
DMA DTC Yes DMA DTC Yes
Timers GPT32 1 Timers GPT32 1
GPT16 6 6 4 3 4 GPT16 6 6 4 3 4
AGT 2 AGT 2
RTC Yes RTC Yes
WDT/IWDT Yes WDT/IWDT Yes
Communication SCI 3 Communication SCI 3
Inc 2 Inc 2
SPI 2 1 2 SPI 2 1 2
CAN Yes CAN Yes
USBFS Yes No USBFS Yes No
Analog ADC16 17 (4*1) 12 (3*1) 8 (1*1) 5 (1*1) 5 (1*1) Analog ADC16 17 (4*1) 12 (3*1) 8 (1*1) 5 (1*1) 5 (1*1)
SDADC24 8 (4*1) 6 (3*1) 4 (2*1) 2 (1*1) 2 (1*1) SDADC24 8 (4*1) 6 (3*1) 4 (2*1) 2 (1%1) 2 (1*1)
DAC12 1 DAC12 1
DAC8 2 2*2 2*3 DAC8 2 2*2 2*3
ACMPHS 1 ACMPHS 1
ACMPLP 2 ACMPLP 2
OPAMP 3 2 | 1 1 | 1 OPAMP 3 2 | 1 1 | 1
TSN Yes TSN Yes
HMI CTSU 26 16 | 11 9 | 11 HMI CTSU 26 16 | 11 9 | 11
Data processing | CRC Yes B2 CRC Yes
DOC Yes DOC Yes
Security AES and TRNG Security AES and TRNG
Note 1. The number of channels of the differential analog input. A1 ESBEMBANFBE.
Note 2. Pin output function of DA8_1 cannot be used. 7E2.DA8_18Y5 | B tEThaE R REE Ao
Note 3. Pin output function of DA8_0 and DA8_1 cannot be used. 7£3.DA8_OFDAS_1895| B4 tH IhBE R BEfE A
R01DS0354EJ0110 Rev.1.10 RENESAS Page 10 of 100 R01DS0354EJ0110 Rev.1.10 ;{ENESAS $1007, #1003
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1.5 Pin Functions

Table 1.14 Pin functions (1 of 4)
Function Signal /10 Description
Power supply VCC Input Power supply pin. Connect this pin to the system power supply. Connect it
to VSS by a 0.1-pF capacitor. Place the capacitor close to the pin.
VCL 1/0 Connect this pin to VSS through a smoothing capacitor used to stabilize
the internal power supply. Place the capacitor close to the pin.
VSS Input Ground pin. Connect to the system power supply (0 V).
Clock XTAL Output Pins for a crystal resonator. An external clock signal can be input through
EXTAL Input the EXTAL pin.
XCIN Input Input/output pins for the sub-clock oscillator. Connect a crystal resonator
XCOUT Output between XCOUT and XCIN.
CLKOUT Output Clock output pin
Operating mode control MD Input Pins 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, Input External trigger input pin
GTETRGB
GTIOCOA to 1/0 Input capture, output compare, or PWM output pin
GTIOC6A,
GTIOCOB to
GTIOC6B
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
AGTIOO0, AGTIO1 1/0 External event input and pulse output
AGTOO0, AGTO1 Output Pulse output
AGTOAO, AGTOA1 Output Output compare match A output
AGTOBO, AGTOB1 Output Output compare match B output
RTC RTCOUT Output Output pin for 1-Hz/64-Hz clock

1.5 5|HIThEE

Table 1.14  SIEITHEE(10f4)
Function Signal /10 Description
BR VCC Input BIRSIf, LS| HEEIRFARR. BE— 10 1uFRAEHEZRIVSS
o BEBABEIISIMMKE,
VCL 110 %ﬁgg%iﬂ%ﬂEEEEE’\HZ*}%%E%%JI%M:%IHﬁﬂi@%ﬁuvsso KEAREE
VSS Input EHSIH, ERIRFARIROV),
Clock XTAL Output  @BAIEIRSSHISIH. JMEBETERE S A LUBEEEXTALS BN
EXTAL Input
XCIN Input IR shiR 72V 51, FEXCOUTRIXCINZ [EliEE— R IER
XCOUT Output e
CLKOUT Output  BIBhEIE 5 (R
BIERIIEH MD Input RATFIGEREERNS M. EMEMREBERIVIRIERNERIAE, 15
EHUS I ERNES BT,
RGIEH RES Input BAESHNSIM, HiZESTEN, MCUEANERE,
CAC CACREF Input MESZE BN
On-chip debug SWDIO 110 BT BB N R L 5/
SWCLK Input ERITLRBTEhS B
Interrupt NMI Input TE] Rk R ETIE K5 R
IRQO to IRQ7 Input Bl Rk P TIE RS R
GPT GTETRGA, Input SMER Ak & WIS | B
GTETRGB
GTIOCOA to 110 BABIE. W REPWMELE S|
GTIOCG6A,
GTIOCOB to
GTIOC6B
GTIU Input EIRERISEMANG U
GTIV Input EIRERISBMANGIHV
GTIW Input R KR DNET I
GTOUUP Output B FBLDCENIZEHINIMEPWMEEE (IEUFE)
GTOULO Output ~ FAFBLDCEHUTHIAIZMEPWMEIL (F1UE)
GTOVUP Output  FATFBLDCEHIZHIFIEPWMEEE (IEVAE)
GTOVLO Output ~ ATFBLDCEHIEHIMIBPWMELE (F1v4E)
GTOWUP Output  ATFBLDCEEHIZHIMIAPWMEIE (IEWHE)
GTOWLO Output FAFBLDCEBHIEHIFIEPWMEEE (FAWAE)
AGT AGTEEOQ, AGTEE1  Input MRS N1 RE
AGTIOO0, AGTIO1 110 SMER S S N AN B L
AGTOO0, AGTO1 Output BX i
AGTOAO, AGTOA1 Output i Eb AR U AR AL
AGTOBO, AGTOB1  Output e Eb 3R U BB Y
RTC RTCOUT Output  1Hz64HzBS$RAEY%E 5 |6
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Table 1.14  Pin functions (2 of 4) Table 1.14  5|H#IThEE(20f4)
Function Signal /10 Description Function Signal /10 Description
Scl SCKO0, SCK1, 110 Input/output pins for the clock (clock synchronous mode) ScCl SCKO0, SCK1, 110 A EEM NS (R eRSER)
SCK9 SCK9
RXDO0, RXD1, Input Input pins for received data (asynchronous mode/clock synchronous RXDO, RXD1, Input BEWEIRHNRASIH (RPEANEARSER)
RXD9 mode) RXD9
TXDO, TXD1, TXD9 Output  Output pins for transmitted data (asynchronous mode/clock synchronous TXDO, TXD1, TXD9 Output  fFHEHIENELSIH (RIELXRHELER)
mode)
CTS0_RTSO, 110 Input/output pins for controlling the start of transmission and reception CTS0_RTSO, 110 BN S A TR X R e (REPRAHESRK) ,
CTS1_RTSH1, (asynchronous mode/clock synchronous mode), active-low CTS1_RTSH1, REBFHER
CTS9_RTS9 CTS9_RTS9
SCLO, SCL1,SCL9 1/0 Input/output pins for the IIC clock (simple 1IC) SCLO, SCL1,SCL9 1/0 CEY FHAVIR NI 51 (f&ER1IC)
SDAO, SDA1, 110 Input/output pins for the IIC data (simple 1IC) SDAO, SDAT1, 110 ICEUBRA MmN E S (FEI1C)
SDA9 SDA9
SCKO, SCK1, 110 Input/output pins for the clock (simple SPI) SCKO, SCK1, 110 BYEPRISINIA LS (FEESPD)
SCK9 SCK9
MISO0, MISO1, 110 Input/output pins for slave transmission of data (simple SPI) MISO0, MISO1, 110 BFMNEREIENmANRESIB (fEgsP)
MISO9 MISO9
MOSIO0, MOSI1, 110 Input/output pins for master transmission of data (simple SPI) MOSIO0, MOSI1, 110 AFHEREEmMNBNRESIH (EESP)
MOSI9 MOSI9
SS0, SS1, SS9 Input Chip-select input pins (simple SPI), active-low SS0, SS1, SS9 Input FERmNSIE (EEgSPD) , EBEBFEX
|[e] SCLO, SCL1 1/0 Input/output pins for clock IIC SCLO, SCL1 1/0 BRI N L 5 | B
SDAOQ, SDAT1 110 Input/output pins for data SDAO, SDA1 110 ErE N e bl
SPI RSPCKA, RSPCKB /O Clock input/output pin SPI RSPCKA, RSPCKB /O BYEhARI N AL 5 | B
MOSIA, MOSIB 110 Inputs or outputs data output from the master MOSIA, MOSIB 110 AR M N BV ERE
MISOA, MISOB 1’0 Inputs or outputs data output from the slave MISOA, MISOB 110 MATE N B 58 R i
SSLAO, SSLBO 110 Input or output pin for slave selection SSLAO, SSLBO 110 MAEZFB AT S B
SSLA11to SSLA3,  Output  Output pin for slave selection SSLA1to SSLA3,  Output  MHLIEZFAYIE LS| H
SSLB1 to SSLB3 SSLB1 to SSLB3
CAN CRX0 Input Receive data CAN CRX0 Input EUREE
CTX0 Output  Transmit data CTX0 Output  EHI%UE
USBFS VSS_USB Input Ground pins USBFS VSS_USB Input S B
VCC_USB_LDO Input Power supply pin for USB LDO regulator VCC_USB_LDO Input USBLDOZ [E28HYEBIR S| E]
VCC_USB 110 Input: Power supply pin for USB transceiver. VCC_USB 110 N USBUK 23BYERIRS R,
Output: USB LDO regulator output pin. This pin should be connected to an Wt USBLDORE2SMH 5 If. %5 IR EZ ISR B R LR
external capacitor.
USB_DP 110 D+ 1/O pin of the USB on-chip transceiver. This pin should be connected to USB_DP 110 USBF EURAZ2EHID+IO5 I, 1%5|MIREREEIUSBREL&AID+5 M,
the D+ pin of the USB bus.
USB_DM 110 D- I/0 pin of the USB on-chip transceiver. This pin should be connected to USB_DM 110 USBF LU & 23HIDIOS B, %5 | B iE#ZFIUSBRLEAIDpin.
the D- pin of the USB bus.
USB_VBUS Input USB cable connection monitor pin. This pin should be connected to VBUS USB_VBUS Input USBEB4i 2R 5| M. 1Z5| IR E#EFIUSBEELAIVBUS, HUSBIRIR

of the USB bus. The VBUS pin status (connected or disconnected) can be
detected when the USB module is operating as a device controller.
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RA2A1 Datasheet

1. Overview

Table 1.14 Pin functions (3 of 4)
Function Signal /10 Description
Analog power supply AVCCO Input Analog voltage supply pin for the ADC16, DAC12, DAC8, ACMPHS,
ACMPLP, and OPAMP
AVSS0 Input Analog ground pin for the ADC16, DAC12, DAC8, ACMPHS, ACMPLP,
and OPAMP
AVCC1 Input Analog voltage supply pin for the SDADC24
AVSS1 Input Analog ground pin for the SDADC24
VREFHO Input Analog reference voltage supply pin for the ADC16. Connect this pin to
AVCCO when not using the ADC16.
VREFLO Input Analog reference ground pin for the ADC16. Connect this pin to AVSS0O
when not using the ADC16.
VREFH Input Analog reference voltage supply pin for the DAC12
VREFL Input Analog reference ground pin for the DAC12
ADC16 ANO0O0O to ANOOS, Input Input pins for the analog signals to be processed by the A/D converter
ANO016 to AN023
ADTRGO Input Input pins for the external trigger signals that start the A/D conversion,
active-low
SDADC24 ANSDOP to Input Input pins for the analog signals to be processed by the SDADC24
ANSD3P
ANSDON to Input Input pins for the analog signals to be processed by the SDADC24
ANSD3N
ADREG Output Regulator capacitance for the SDADC24
SBIAS Output Sensor power supply
VREFI Input External reference voltage supply pin for the SDADC24
DAC12 DA12_0 Output Output pin for the analog signals to be processed by the 12-bit D/A
converter
DACS8 DA8_0, DA8_1 Output Output pins for the analog signals to be processed by the 8-bit D/A
converter
Comparator output VCOUT Output Comparator output pin
ACMPHS IVREFO to IVREF2  Input Reference voltage input pin
IVCMPO to IVCMP2  Input Analog voltage input pin
ACMPLP CMPREFO, Input Reference voltage input pins
CMPREF1
CMPINO, CMPIN1 Input Analog voltage input pins
OPAMP AMPO+ to AMP2+ Input Analog voltage input pins
AMPO- to AMP2- Input Analog voltage input pins
AMPOO to AMP20  Output Analog voltage output pins
CTSU TSO00 to TS25 Input Capacitive touch detection pins (touch pins)
TSCAP - Secondary power supply pin for the touch driver
KINT KROO to KRO7 Input Key interrupt input pins

R01DS0354EJ0110 Rev.1.10
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RA2A1 Datasheet

1. Overview

Table 1.14  5|RIThEE(30f4)
Function Signal /10 Description
RN R AVCCO Input ADC16. DAC12. DAC8. ACMPHS.
ACMPLP, and OPAMP
AVSS0 Input HAEI]DOG\ DAC12. DAC8. ACMPHS. ACMPLPFIOPAMPHItE NI HIS]
AVCC1 Input SDADC2AHIE M [ BB JR 5 | i
AVSS1 Input SDADC2ARIIE A 5 | B
VREFHO Input ADC16HIIEINS E BIEFRIRS R, HFLL5|HNERES
RERADCT6BTBIAVCCO,
VREFLO Input ADC16RIIEINS E M5 R, RERAADCI6ET, Rib5|RLERETIAVSSO
VREFH Input DACTI2HRINSE BERBIRS|
VREFL Input DACT2BVRINS Z 15| R
ADC16 ANOO0O to ANO08,  Input ADF iR B A EBRRINE SIS
AN016 to AN023
ADTRGO Input AT BohADRIRAVIMBAL RS SRS, HETEX
SDADC24 ANSDOP to Input SDADC244L IRV RINE S RN
ANSD3P
ANSDON to Input SDADC24ASM EBEIIEIME S B NG
ANSD3N
ADREG Output  SDADCAMRBERER
SBIAS Output  ZRERER
VREFI Input SDADC24KIFMEE2 & B[R BB JR 5 | i
DAC12 DA12_0 Output  EA12{IDARR IR IBRRINE S HGLS B
DAC8 DA8_0, DA8_1 Output  EAB{IDAR SR AL IRRVIRINE S AL S/
e 2 VCOUT Output  thIRBZHILSIM
ACMPHS IVREFO to IVREF2  Input SEBERNSIH
IVCMPO to IVCMP2  Input IRIXEBER NG|
ACMPLP CMPREFO, Input SEBERNSIH
CMPREF1
CMPINO, CMPIN1  Input AN BRSNS B
OPAMP AMPO+ to AMP2+  Input IRIAEB NG|
AMPO- to AMP2- Input EIXBERIA S| R
AMPOO to AMP20  Output  1RI\EB[EIRH 5|5
CTSU TS00 to TS25 Input BANAERNSIH (BIESIR)
TSCAP - bR IR oh B3 R HE BN BB IR 5 | R
KINT KRO0O to KRO7 Input FRBPUTIE NS R
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RA2A1 Datasheet

1. Overview

Table 1.14 Pin functions (4 of 4)

Function Signal /10 Description

1/0 ports P000 to P0O03, 110 General-purpose input/output pins
P012 to P0O15
P100 to P112 1/0 General-purpose input/output pins
P200 Input General-purpose input pin
P201, P204 to 110 General-purpose input/output pins
P206, P212, P213
P214, P215 Input General-purpose input pins
P300 to P304 1/0 General-purpose input/output pins
P400 to P403, 1/0 General-purpose input/output pins
P407 to P411
P500 to P502 1/0 General-purpose input/output pins
P914, P915 1/0 General-purpose input/output pins

1.6 Pin Assignments

Figure 1.3 to Figure 1.7 show the pin assignments.

[ o
g s
5588 s
8538388548 fvres
poooooQOQO0IIN<Q0QQ
OO0 O0OoononOoQann
T L LPILITTLEEBBGE BB ISG
P500 [ 49 32 [ P300/SWCLK
P501 [ 50 31 [ P301
P502 ] 51 30 [J P302
P015 [] 52 29 [] P303
P014/VREFL [] 53 28 [ P304
PO13/VREFH [ 54 27 [3 P200

P012 ] 55 26 [ P201/MD
AVCCO [ 56 25 ] RES
avsso O & R7FA2A1AB3CFM ) =gy
VREFLO [] 58 23 [ P205
VREFHO [ 59 22 [ P206
P003 [] 60 21[Q vCC_UsB_LDO
P002 [] 61 20 [ VCC_USB
PO01 [] 62 19 [ P914/USB_DP
P00 [] 63 O 18 [71 P915/USB_DM
P109 [ 64 17 [ VSS_USB
gudguuuupyguuuououy
828825828288 68
idda~g8o>g>Ffddsd
5 &
vEORg
& o
Figure 1.3 Pin assignment for LQFP 64-pin
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1. Overview

Table 1.14 SIkIThEE (41, Ha44)

Function Signal /10 Description

1/0 ports P000 to P0O03, 110 General-purpose input/output pins
P012 to P0O15
P100 to P112 1/0 General-purpose input/output pins
P200 Input BRMNSIH
P201, P204 to 110 General-purpose input/output pins
P206, P212, P213
P214, P215 Input BERMANSIH
P300 to P304 1/0 General-purpose input/output pins
P400 to P403, 1/0 General-purpose input/output pins
P407 to P411
P500 to P502 1/0 General-purpose input/output pins
P914, P915 1/0 General-purpose input/output pins

1.6 S| B
E13ZEN. 7R 7 59 E,

E e}

5 =

‘—6%8 %)

85388885808 :-28

iiaacdhaax<hania

OO0O00O0nO0QO0OononoOoQnnn

2HFT L ILITLIB8ER B IS

P500 [ 49 32 [ P300/SWCLK

P501 [] 50 313 P301
P502 ] 51 30 [J P302
P015 [] 52 29 [ P303
P014/VREFL [] 53 28 [ P304
P0O13/VREFH [] 54 27 [3 P200

P012 [ 55 26 [J P201/MD
AVCCO [ 56 25 ] RES
avsso o R7FA2A1AB3CFM ) =gy
VREFLO [ 58 23 [ P205
VREFHO [ 59 22 [ P206
P003 [] 60 21 [0 vCC_USB_LDO
P002 ] 61 20 [ vcc_UsB
P001 [ 62 193 P914/USB_DP
P00 [] 63 O 18 [ P915/USB_DM
P109 [] 64 17 [J VSS_USB
o000 ooooog
S58383z582283:-2885
FYTTSQ3°EESFsFER
58 aU
B3O8
N N
Figure 1.3 LQFP645|iIxy 5| il 53 BS
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RA2A1 Datasheet 1. Overview RA2A1 Datasheet 1. Overview

o O [ (@]

Soeg D Soeg D
OFNO’)#LDU)O(KOOD OFNO’)#LO(DO{D:OUD
cSococoolSzEo cococoolSzEro
foooooIInan foooooIInan

P500 |3 P300/SWCLK P500 1’| P300/SWCLK
P501 | P301 P501 | )
P502 | ‘| P302 P502 [
PO15 | | P200 P015
P014/VREFL | P201/MD P014/VREFL

PO13/VREFH | RES PO13/VREFH |
aveeo | R7FA2A1AB3CNE % p2os aveco R7FA2A1AB3CNE
AVSSO | | vec_usB_LbO AVSSO | ‘| vec_usB_LDO
VREFLO ‘| vee_uss VREFLO ‘| vec_uss
VREFHO | | P914/USB_DP VREFHO ‘| P914/USB_DP
P000 | P915/USB_DM P00O0 [ | P915/USB_DM
P109 |4 | vss_usB P109 ‘| vss_usB
H ~ H
O - dZFEF 0N dd0 9 o~ O - A ZEFEF 0N dd0O o o~
S 0FDoNIIHQoQ Qo0 F0oNIIHQoeQ
&’&'>§8>§L—<>EE{E{ EE>§8>§L—<>EE{E{
B oW L x oW
§T &3 ¥ &%
& & & &
Figure 1.4 Pin assignment for QFN 48-pin Figure 1.4 QFN485| BBy 5| i 53 BE
i o T o
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- = % O] %) — ¥ % Q %)
o\—c\lm"’o<§o$ Or(\l(")mo<§oa
S oo ®»WO= - o S oo ®»wO= - O
- =->>m0Ox- - - - >>m0Ox- v
[« I a T a I o B RS GO I G I 0 B [a I a WY a I B RS G VO I G I B
IR TR T fe i
P500 | "] P300/SWCLK P500 | | P30o/sWCLK
P501 | 1 P301 P501 [ ‘| P30t
P502 | ~] P200 P502 | P200
PO13 | | P201/MD PO13 | ‘| P201/MD
AVCCO RES AVCCO [ RES
AVSSO [ R7FA2A1AB3CNF ‘| vec_uss_LDO AVSSO [ R7FA2A1AB3CNF ‘| vec_usB_LDO
VREFLO VCC_USB VREFLO [~ VCC_USB
VREFHO P914/USB_DP VREFHO | P914/USB_DP
P000 P915/USB_DM P000 P915/USB_DM
P109 VSS_USB P109 VSS_USB
Fiialolisiio il E Hollvliololi loliof
O JdJZEFE W dJdQO o~ O JZEFE W dJdQO o~
QO SFSoonNILILCOQ QOSSO ILCILCOQ
E{>§8>§§>E{E£ E>§8>§§>EE{
O X sy O X »y
§I 83 S
N & R &
Figure 1.5 Pin assignment for QFN 40-pin Figure 1.5 QFN4035|BB95| i 53 &S
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RA2A1 Datasheet

1. Overview

R7FA2A1AB2CBT

A B C D E F

SBIAS P108 P300

6 P500 P100 P101 ~vRer! | rswoio | isweik

5 P501 AVCC1 | AVSS1 | ADREG P200 |VCC_USB|

P915

4 P502 AVCCO0 P110 P301 P201/MD /USB_DM

vcc_UusBl P914
_Lbo |/wusB_bP

w

VREFLO | AVSSO P000 P400

VREFHo | P214 P109 vss vce RES
IXCouT /VSS_USB

N

P215 P213 P212
! veL IXCIN IXTAL | /EXTAL pa08 paor

A B C D E F
Figure 1.6 Pin assignment for BGA 36-pin (top view, pad side down)
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5529 7
S580<xes
S=>>marx- <
[ T o TS QS G V7 B G« Ry o
minininininEnin]
I Y| eecx
P500 [] 25 16 ] P300/SWCLK
P501 ] 26 15 ] P301
P502 ] 27 14 [ P200
AVCCO [] 28 13 ] P201/MD
Avsso [ 20 R7FA2A1AB3CFJ 12 Res
VREFLO [ 30 1117 P204
VREFHO ] 31 O 10 7 P205
P109 ] 32 9| P206
-~ N lsel < w © ~ ©
guouoodoog
O d W dJd O N~
© 0 << =)}
FSSEESER
o u
N
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Figure 1.7 Pin assignment for LQFP 32-pin
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1. Overview

R7FA2A1AB2CBT

A B C D E F

SBIAS P108 P300

6 P500 P100 P101 vRrer! | rswoio | isweik

5 P501 AVCC1 AVSS1 | ADREG P200 |VCC_USB|

P915

4 P502 AVCCO P110 P301 P201/MD /USB_DM

vcc_usBl P94
_Lbo |/usB_bP

w

VREFLO | AVSSO P000 P400

VREFHO p214 P109 vss vCcC RES
/XCOUT /VSS_USB

N

P215 P213 P212
! veL /XCIN IXTAL | /EXTAL pa08 paor

A B C D E F

Figure 1.6 BGA363|HIAISIEISEE (RIRE, I#EBEEAT)

T )
o a)
snad_ 2
ScBofxeg
- - >>m00 - <
oo < <<nCo o
minininininlnls]
P500 [] 25 16 ] P300/SWCLK
P501 ] 26 151 P301
P502 ] 27 14 [ P200
AVCCO [] 28 13 ] P201/MD
Avsso O 2o R7FA2A1AB3CFJ 5 Res
VREFLO [ 30 117 P204
VREFHO [ 31 O 10 [ P205
P109 [] 32 9] P206
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RA2A1 Datasheet 1. Overview RA2A1 Datasheet 1. Overview

1.7 Pin Lists 1.7 5| f%IZR

Pin number N Timers Communication Interfaces Analogs HMI $tS |% Timers EREO Analogs HMI
) & i
2 3 R o
g?, ) < - E ) < -
» A » o R N R "o - ke » o R N R N a -
Slolele S |9 t o [ © %] o I o 3 3 Slolole D "g t o (7] © %] N I - [ 3
a2 |2|Q |a|ox o 10 v - =] - © oo = > £ ol || |a ) [°] w - a - © oo s S 2
BlElE|a(6(388 o |6 |ES| & |2 |83 3 = |3 | & |22|88 |5 |2 |¢2 GIEIE|18|6 "8 o | & ||k |2 |83 3 z |3 |5 |28|858 |5 |2 |¢2
o 2
J4 |0 |Cc|m|dja OO = < Oa [C] o 20 [7] g (7] < (7] [l =) << o ($] £ J|C[C |m|a o = < Oa [C] 14 20 (7] g (7] < (7] (== << o (¢] £
T 1 |1 b3 |1 P400 AGTEEO |[GTETR |GTIOCT |RTCOUT CTSO_RT |[SDA1_A |MOSIA_A CMPINO TS00 KRO2/ T 1 |1 b3 |1 P400 AGTEEO [GTETR |GTIOCT |[RTCOUT CTSO_RT |[SDA1_A |MOSIA_A CMPINO TS00 KRO2/
A GAA |AA C S0_D/ IRQO_A A GAA |AA C S0_D/ IRQO_A
$S0_D/ SS0_D/
RXD1_C/ RXD1_C/
MISO1_C/ MISO1_C/
SCL1_C SCL1_C
2 12 |- |- | P401 AGTEE1 [GTIU_A |GTIOC4 SCKO_D/ [SDAO_C |[SSLBT_A VCOUT_ TSO01 KRO3/ 2 2 |- |- | P401 AGTEE1 [GTIU_A |GTIOC4 SCKO_D/ [SDAO_C [SSLB1_A VCOUT_ TS01 KRO3/
A A_A SCK9_A B IRQ5_B A A_A SCK9_A B IRQ5_B
3 |- |- |- | P402 GTIV_A |GTIOCO CTS9_RT SSLB2_A TS02 3 - - [ F P402 GTIV_A |GTIOCO CTS9_RT SSLB2_A TS02
AD s9_C/ AD s9_C/
$S9_C $S9_C
4 |- |- |- | P403 GTIW_A [GTIOCO SCK1_B SSLB3_A TS03 4 |- |- |- | P403 GTIW_A [GTIOCO SCK1_B SSLB3_A TS03
B_C B._C
5 [3 |2 |AT |2 |veL 5 [3 [2 |A1 |2 |ver
6 |4 |3 [BT |- |XCIN P215 6 |4 |3 [BT |- |XCIN P215
7 |5 |4 [B2 |- |XCOUT [P214 7 |5 |4 [B2 |- |XCOUT |P214
8 |6 |5 |D2 [3 |vsSS 8 |6 |5 |D2 [3 |vsS
9 |7 |6 |c1 |4 |XTAL P213 AGTEE1 [GTETR |GTIOCO RXD1_D/ IRQ2_B 9 |7 |6 |c1 |4 |XTAL P213 AGTEE1 [GTETR |GTIOCO RXD1_D/ IRQ2_B
B GAB |AB MISO1_D/ B GAB |AB MISO1_D/
SCL1_D SCL1_D
10 [8 |7 D1 |5 |EXTAL [P212 AGTIO0 [GTETR |GTIOCO TXD1_D/ IRQ3_B 10 [8 |7 D1 |5 [EXTAL [P212 AGTIO0 [GTETR |GTIOCO TXD1_D/ IRQ3_B
A GBB |B.B MOSI1_D/ A GBB |BB MOSI1_D/
SDA1_D SDA1_D
11 |9 |8 |[E2 |6 |vCC 11 |9 |8 |[E2 |6 |vCC
2 - |- |- | P411 GTIOC5 TXDO_F/ SSLA3_A TS04 2 - |- |- | P411 GTIOC5 TXDO_F/ SSLA3_A TS04
A_A MOSIO_F/ A_A MOSI0_F/
SDAO_F/ SDAO_F/
RXD1_B/ RXD1_B/
MISO1_B/ MISO1_B/
SCL1_B SCL1_B
13 - |- |- | P410 GTIOC5 CTSO_RT SSLA2_A TS05 13 - |- |- | P410 GTIOC5 CTSO_RT SSLA2_A TS05
B_A SO0_A/ B_A S0_A/
SS0_A/ SSO_A/
TXD1_B/ TXD1_B/
MOSI1_B/ MOSI1_B/
SDA1_B SDA1_B
1% 10 |- |- | P409 AGTO1_ GTIOCO CTX0_B |SCKO_A/ [SCLO_B |SSLAT_A TSCAP_E|IRQ7_A 14 [10 |- |- | P409 AGTO1_ GTIOCO CTX0_B |SCKO_A/ [SCLO_B |SSLAT_A TSCAP_E|IRQ7_A
A AC CTS1_RT A AC CTS1_RT
S1_B/ S1_B/
SS1_B SS1_B
15 |11 |9 |ET |7 P408 AGTOO_|GTOUU |GTIOCO CRX0_B |RXDO_A/ [SDAO_B |SSLAO_A CMPINT TS06 IRQT_A 15 |11 |9 |ET |7 P408 AGTOO_|GTOUU |GTIOCO CRX0_B |RXDO_A/ [SDAO_B |SSLAO_A CMPINT TS06 IRQT_A
A P_A A_A MISO0_A/ A P_A A_A MISO0_A/
SCLO_A/ SCLO_A/
TXD1_C/ TXD1_C/
MOSI1_C/ MOSI1_C/
SDA1_C SDA1_C
16 [12 |10 |[F1 |8 |CACREF |P407 AGTIOO |GTOUL |GTIOCO USB_VB [TXDO_A/ |SCLO_A |RSPCKB TSCAP_D|IRQ1_B 16 [12 |10 |[F1 |8 |CACREF |P407 AGTIO0 |GTOUL |GTIOCO USB_VB [TXDO_A/ |SCLO_A |RSPCKB TSCAP_D|IRQ1_B
B C oA B_A us/ MOSI0_A/ B B _C oA BA us/ MOSI0_A/ B
CTX0_D |SDAO_A/ CTX0_D |SDAO_A/
TXD9_A/ TXD9_A/
MOSI9_A/ MOSI9_A/
SDA9_A SDA9_A
17 |13 |11 |D2 |- |VSS_USB 17 |13 |11 |D2 |- |VSS_USB
18 [14 [12 |F4 |- P915 USB_DM 18 [14 |12 |F4 |- P915 USB_DM
19 |15 |13 |F3 |- P914 USB_DP 19 |15 |13 |F3 |- P914 USB_DP
20 |16 |14 |F5 |- |[VCC_US 20 |16 |14 |F5 |- |VCC_US
B B
21 |17 |15 |E3 |- |VCC_US 21 |17 |15 |E3 |- |VCC_US
B_LDO B_LDO
22 [18 |- |- |9 P206 AGTIO0 |GTOVU |GTIOC3 CTSO_RT [SCLT_B [SSLBO_A TS07 IRQ6_A 22 18 |- |- |9 P206 AGTIO0 |GTOVU |GTIOC3 CTSO_RT [SCLT_B |SSLBO_A TS07 IRQ6_A
B P_A A_A s0_c/ B P_A A_A s0_c/
8§s0_C/ 8§s0_C/
TXD1_A/ TXD1_A/
MOSI1_A/ MOSI1_A/
SDA1_A SDA1_A
23 |- |- |- |10 P205 GTOVL |GTIOC3 TXDO_C/ |SDAT_B |MISOB_B TS08 IRQO_C 23 |- |- |- [0 P205 GTOVL |GTIOC3 TXDO_C/ |SDA1_B |MISOB_B TS08 IRQO_C
oA BA MOSI0_C/ oA B_A MOSI0_C/
SDAO0_C/ SDAO_C/
CTS1_RT CTS1_RT
S1_A/ S1_A/
SS1_A SS1_A
24 |- |- |- |1 P204 RXDO_C/ MOSIB_B TS09 24 |- |- |- |1 P204 RXDO_C/ MOSIB_B TS09
MISO0_C/ MISO0_C/
SCLO_C/ SCLO_C/
SCK9_B SCK9_B
25 |19 |16 |F2 |12 |RES 25 |19 |16 |F2 [12 |RES
26 |20 |17 |E4 |13 |MD P201 26 |20 |17 |E4 |13 |MD P201
27 |21 |18 |E5 |14 P200 NMI 27 |21 |18 |E5 |14 P200 NMI
28 |- |- |- | P304 GTIOC6 CTXO_A |SCKO_B/ MISOA_B TS10 KRO7 28 |- |- |- | P304 GTIOC6 CTXO_A |SCKO_B/ MISOA_B TS10 KRO7
A_A TXD9_C/ A_A TXD9_C/
MOSI9_C/ MOSI9_C/
SDA9_C SDA9_C
29 - |- - | P303 GTIOC6 CRXO_A |CTSO_RT MOSIA_B TS KR06 29 - |- [ | P303 GTIOC6 CRXO_A |CTSO_RT MOSIA_B TS KRO06
B_A S0_B/ B_A S0_B/
SS0_B/ SS0_B/
SCK1_A SCK1_A
30 [22 |- |- |- |CACREF |P302 AGTOAT|GTOVL |GTIOC3 TXDO_B/ RSPCKB TS12 KROS5/ 30 [22 |- |- |- [CACREF |p3o2 AGTOAT|GTOVL |GTIOC3 TXDO_B/ RSPCKB TS12 KROS5/
A A oB B B MOSI0_B/ A IRQ4_B A A oB B B MOSI0_B/ A IRQ4_B
SDAO_B/ SDAO_B/
RXD1_A/ RXD1_A/
MISO1_A/ MISO1_A/
SCL1_A SCL1_A
s +
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Pin number N Timers Communication Interfaces Analogs HMI $tS |$ Timers EREO Analogs HMI
59 B 5
%3 & < ; £ & < .
Slelo|e|n|2S £ 15 3 © 8 N £3 3 g Slelo|e|n #8 £ & "3 © ) N = . E
oS ||| |8 o 10 w = a Co | L0 = > g g (S|F ||, = ] 'O rig < a fe | BT H 5 2
§12/213/50288) 5 |5 |58|5 |e |82 |3 | |5 |3 |3 |28|383|5 |2/: 51£121818 "¢ 5 |5 585 |2 /82|53 |c |35 |3 |8 |38|33|§|8]/:
J |0 | (m|d]a 0o = < O a [T) ['4 20 7} = (7] < N [l =) < o [¢) £ J|C|C |m|d [3) = < 0o [C) ['4 20 7] = (7] < N [l =) << o (3] £
31 |23 [19 |D4 [15 P301 AGTOB1[GTOWU |GTIOC2 [RTCOUT RXDO_B/ |SDAO_A |MOSIB_A TS13 KRO04/ 31 |23 [19 |D4 [15 P301 AGTOB1|GTOWU |GTIOC2 [RTCOUT RXDO_B/ |SDAO_A |MOSIB_A TS13 KRO04/
A PA |AB [A MISO0_B/ IRQ5_A A PA |AB [A MISO0_B/ IRQ5_A
SCLO_B/ SCLO_B/
CTS9_RT CTS9_RT
S9_B/ S9_B/
SS9 B SS9 B
32 |24 |20 |[F6 |16 [SWCLK ([P300 32 |24 (20 |F6 [16 |SWCLK |P300
33 |25 (21 |E6 |17 ([SWDIO |P108 33 |25 (21 |E6 |17 ([SWDIO |P108
34 |26 (22 |C4 |18 [CLKOUT_|P110 AGTOBO |GTOWL |GTIOC2 CTX0_C |TXDO_D/ |SDA1_D [RSPCKA |ADTRGO_ CMPREF TSCAP_A[IRQ2_A 34 (26 |22 (C4 |18 |CLKOUT_|P110 AGTOBO |GTOWL |GTIOC2 CTX0_C |TXDO_D/ |SDA1_D [RSPCKA |ADTRGO_ CMPREF TSCAP_A[IRQ2_A
A A O_A BB MOSI0_D/ A A 1 A A OA BB MOSI0_D/ A A 1
SDAO_D/ SDA0_D/
RXD9_B/ RXD9_B/
MISO9_B/ MISO9_B/
SCLY_B SCLY_B
35 |- - - - P11 RTCOUT SCL1_C |RSPCKA TS14 IRQ6_B 35 |- - - - P11 RTCOUT SCL1_C |RSPCKA TS14 IRQ6_B
B B B B
36 |- - - - CLKOUT_(P112 SDA1_C |SSLA0_B TSCAP_B|IRQ7_B 36 |- - - - CLKOUT_(P112 SDA1_C [SSLA0_B TSCAP_B|IRQ7_B
B B
37 |27 |23 |D5 |19 [ADREG 37 |27 |23 (D5 |19 |ADREG
38 |28 |24 |D6 (20 |SBIAS/ 38 |28 (24 |D6 (20 |SBIAS/
VREFI VREFI
39 |29 |25 |B5 |21 |AvCC1 39 |29 [25 |B5 (21 |AVCC1
40 |30 (26 |C5 |22 |[AVSS1 40 |30 (26 |C5 |22 |AvVSS1
41 |- - - - P107 AN023 ANSD3N 41 |- - - - P107 AN023 ANSD3N
42 |- - - - P106 AN022 ANSD3P 42 |- - - - P106 AN022 ANSD3P
43 |31 |- - - P105 MOSIB_C [AN021 ANSD2N TS18 IRQ7_C 43 |31 |- - - P105 MOSIB_C [AN021 ANSD2N TS18 IRQ7_C
44 132 |- - - P104 MISOB_C |AN020 ANSD2P TS19 IRQ6_C 44 132 |- - - P104 MISOB_C |AN020 ANSD2P TS19 IRQ6_C
45 |33 (27 |- - P103 GTIOC6 RSPCKB |AN0O19 ANSD1N TS20 45 |33 (27 |- - P103 GTIOC6 RSPCKB |AN019 ANSD1N TS20
AB C AB C
46 |34 |28 |- - P102 GTIOC6 CTS9_RT SSLBO_C |AN018 ANSD1P TS21 46 |34 |28 |- - P102 GTIOC6 CTS9_RT SSLB0O_C (ANO18 ANSD1P TS21
B_B S9_D/ B_B S9_D/
889 D 889 D
47 |35 |29 [C6 |23 P101 GTIOC5 RXD9_C/ ANO17 ANSDON IVREF2 TS22 IRQ5_C 47 |35 |29 [C6 |23 P101 GTIOC5 RXD9_C/ ANO17 ANSDON IVREF2 TS22 IRQ5_C
AB MIS09_C/ AB MISO9_C/
SCL9_C SCL9_C
48 (36 |30 |B6 |24 P100 GTIOC5 TXD9_D/ ANO16 ANSDOP IVCMP2 TS23 IRQ4_C 48 |36 (30 |B6 |24 P100 GTIOC5 TXD9_D/ ANO16 ANSDOP IVCMP2 TS23 IRQ4_C
BB MOSI9_D/ BB MOSI9_D/
SDA9_D SDA9_D
49 |37 (31 |A6 |25 P500 GTIOC5 RXDO_D/ ANO00O DA12_0 |IVCMPO |AMPO+ TS24 IRQ3_C 49 |37 (31 |A6 |25 P500 GTIOC5 RXDO_D/ ANO0O DA12_0 [IVCMPO |AMPO+ TS24 IRQ3_C
AC MISO0_D/ AC MISO0_D/
SCLO_D SCLO_D
50 |38 |32 |A5 |26 P501 GTIOC5 TXDO_E/ ANOO1 IVREFO  |AMPO- TS25 IRQ2_C 50 |38 [32 |A5 (26 P501 GTIOC5 TXDO_E/ ANO0O1 IVREFO  |AMPO- TS25 IRQ2_C
B_C MOSIO_E/ B_C MOSI0_E/
SDAO_E SDAO_E
51 |39 (33 |A4 |27 P502 CTSO_RT AN002 AMP0O IRQ1_C 51 (39 |33 (A4 |27 P502 CTSO_RT AN002 AMPOO IRQ1_C
S0_E/ S0_E/
SS0_E SS0_E
52 |40 |- - - PO15 AN003 AMP10 52 |40 |- - - PO15 AN003 AMP10
53 |41 |- - - VREFL PO14 GTIOC6 ANO004 IVREF1 |AMP1- 53 (41 |- - - VREFL PO14 GTIOC6 ANO004 IVREF1 |AMP1-
A_C A_C
54 (42 |34 |- - VREFH P013 GTIOC6 AN005 DA8_0 IVCMP1  |AMP1+ 54 |42 |34 |- - VREFH P013 GTIOC6 AN005 DA8_0 IVCMP1  |AMP1+
B_C B_C
55 |- - - - PO12 AN008 AMP20 55 |- - - - P012 ANO008 AMP20
56 |43 |35 [B4 |28 |AVCCO 56 |43 (35 |B4 |28 [AvVCCO
57 |44 (36 |B3 |29 [AVSSO 57 (44 |36 (B3 |29 |AVSSO
58 |45 |37 |A3 [30 |VREFLO 58 |45 |37 |A3 (30 |VREFLO
59 |46 (38 |A2 |31 [VREFHO 59 (46 |38 (A2 |31 |VREFHO
60 |- - - - P003 AN006 AMP2- 60 |- - - - P003 ANO006 AMP2-
61 |- - - - P002 ANO007 DA8_1 AMP2+ 61 |- - - - P002 ANO007 DA8_1 AMP2+
62 |- - - - P001 RTCOUT CTS9_RT RSPCKB TS15 IRQO_B 62 |- - - - P001 RTCOUT CTS9_RT RSPCKB TS15 IRQ0_B
D S9_A/ D D S9_A/ D
SS9_A SS9_A
63 |47 (39 |[C3 |- P000 AGTIO GTIOC4 RXD9_A/ |SCLO_C |MISOB_A TS16 KRO00/ 63 |47 (39 |[C3 |- P000 AGTIO1 GTIOC4 RXD9_A/ |SCLO_C |MISOB_A TS16 KR00/
A BB MISO9_A/ IRQ4_A _A B_B MISO9_A/ IRQ4_A
SCL9_A SCL9_A
64 |48 (40 |C2 |32 P109 AGTOAOQ |GTETR |GTIOC1 SCKO_C/ |SCL1_A |MISOA_A [ADTRGO_ CMPREF TS17 KRO1/ 64 |48 (40 |C2 |32 P109 AGTOAOQ |GTETR |GTIOC1 SCKO_C/ |SCL1_A |MISOA_A [ADTRGO_: CMPREF TS17 KRO1/
_A GB_A |B_B TXD9_B/ B o/ IRQ3_A _A GB_A |B_B TXD9_B/ B o/ IRQ3_A
MOSI9_B/ VCOUT_ MOSI9_B/ VCOUT_
SDA9_B A SDA9_B A
Note:  Several pin names have the added suffixof A, B, C, D, Eand _F. The suffix can be ignored when assigning Note: JLNEMBFARMT_A. B. _C. _D. _ENl_FREZR. 7EIHEER A LIZBEEE.
functionality.
.
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RA2A1 Datasheet 2. Electrical Characteristics RA2A1 Datasheet 2. BEEM

2.  Electrical Characteristics 2. B
Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions: PRAFSBEME, MCURNBIFEEUTHRETEX:
e VCC*1=AVCCO=AVCCl1=VCC USB*2=VCC _USB LDO*2=16t055V e VCC*1=AVCCO=AVCCl1=VCC USB*2=VCC _USB LDO*2=16t055V
e VREFH =VREFHO0 = 1.6 to AVCCO e VREFH =VREFHO0 = 1.6 to AVCCO
e VSS=AVSS0 = AVSS1 = VREFL =VREFLO=VSS USB=0V e VSS=AVSS0 = AVSS1 = VREFL = VREFLO=VSS USB=0V
e Ta= Topr- e Tla=Topro
Note 1. The typical condition is set to VCC = 3.3 V. Note 1. HBIZMHIZEHVCC=3.3V,
Note 2.  When USBFS is not used. Note 2. ARfERUSBFSHY,

Figure 2.1 shows the timing conditions. E2NERTHREFRH.

For example, P300 I O a0, P300 I O
T° T°

Von = VCC x 0.7, VoL = VCC % 0.3
Viy=VCC x 0.7, V,_=VCC x 0.3
Load capacitance C = 30 pF

VOH=VCCx0.7, VOL=VCCx0.3
VIH=VCCx0.7, VIL=VCCx0.3
A C=30pF

Figure 2.1 WARFHENNESGE

EEFS MM FRRENERMG, DRERENIMNREZRE. B2, BFREBPES N SIHBVIXENEES] LU
RENZRRFM.

T 1ERIThEERIE N INEE S | Bl AUk R ABRI BV IR RE /). WNREINREEMIBVIONRERE /R, MAARIERTH

Figure 2.1 Input or output timing measurement conditions

The measurement conditions for the timing specifications of each peripheral are recommended for the best peripheral
operation. However, make sure to adjust driving abilities of 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 1/0 drive ability of each function

R01DS0354EJ0110 Rev.1.10
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pin is mixed, the A/C specification of each function is not guaranteed. REBYACHIAR.
2.1 Absolute Maximum Ratings 21 IR AEEE
Table 2.1 Absolute maximum ratings (1 of 2) Table 2.1 MBI R AKTEE(10f2)
Parameter Symbol Value Unit Parameter Symbol Value Unit
Power supply voltage VCC -0.5t0 +6.5 \% BIRBE VCC -0.5t0 +6.5 \%
Input voltage 5 V-tolerant ports*? Vin -0.3to +6.5 \% BWANBE 5 V-tolerant ports*? Vin -0.3to +6.5 \Y%
P002, P0O03, Vin -0.3 to AVCCO + 0.3 \ P002, P0O03, Vin -0.3 to AVCCO + 0.3 \
P012 to P015, P012 to P015,
P500 to P502 P500 to P502
P100 to P107 Vin -0.3to AVCC1 +0.3 \% P100 to P107 Vin -0.3to AVCC1 +0.3 \%
Others Vi, -0.3t0 VCC +0.3 Vv Others Vi -0.3t0 VCC +0.3 v
Reference power supply voltage VREFHO -0.3to +6.5 \Y SEBRBE VREFHO -0.3to +6.5 \Y
VREFH -0.3to +6.5 V VREFH -0.3to +6.5 \%
VREFI -0.3to AVCC1 + 0.3 \% VREFI -0.3to AVCC1 + 0.3 \%
Analog power supply voltage AVCCO, AVCC1*5 -0.5t0 +6.5 \Y 1EINEB IR EBE AVCCO, AVCC1*5 -0.5t0 +6.5 \%
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RA2A1 Datasheet

2. Electrical Characteristics

RA2A1 Datasheet

2. BREN

Table 2.1 Absolute maximum ratings (2 of 2)
Parameter Symbol Value Unit
USB power supply voltage VCC_USB -0.5t0 +6.5 \%
VCC_USB_LDO -0.5t0 +6.5 \
Analog input voltage When AN0OO to ANOO8 are | Vayn -0.3to AVCCO + 0.3 \Y
used
When AN016 to AN023 are -0.3to AVCC1+0.3 \Y
used
When ANSDOP to ANSD3P -0.3to AVCC1+0.3 \Y
and ANSDON to ANSD3N
are used
Operating temperature*2 *3 *4 Topr -40 to +85 °C
-40 to +105
Storage temperature Tstg -55to +125 °C
Note 1. Ports P000, P111, P112, P205, P206, P301, P401, P407, and P409 are 5 V 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/0O 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 when 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. For details, see section 1.3, Part
Numbering.
Note 5. Use AVCCO and AVCC1 under the same conditions:

AVCCO = AVCC1

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, between the
AVCC1 and AVSS1 pins, between the VCC_USB and VSS_USB pins, between the VREFH and VREFL
pins, and between the VREFHO and VREFLO pins when VREFHO is selected as the high potential
reference voltage for the ADC16. Place capacitors of the following value as close as possible to every
power supply pin and use the shortest and heaviest possible traces:

-VCC and VSS: about 0.1 pF

- AVCCO and AVSSO0: about 0.1 uF

- AVCC1 and AVSS1: about 0.1 uF

- VREFH and VREFL: about 0.1 pF

- VREFHO and VREFLO: about 10 pF.

Also, connect capacitors as stabilization capacitance.

Connect the VCL pin to a VSS pin by a 4.7 yF capacitor. Connect the VREFHO0 pin to a VREFLO pin by
1 uF (-25% to +25%) capacitor when VREFADC is selected as the high potential reference voltage of
the ADC16. Connect the ADREG pin to a AVSS1 pin by a 0.47 pF (-50% to +20%) capacitor. Connect
the SBIAS/VREFI pin to a AVSS1 pin by a 0.22 pF (-20% to +20%) capacitor. Every capacitor must be
placed close to the pin.

Table 2.1 B RATEE(20f2)
Parameter Symbol Value Unit
USBEBIREBIE VCC_USB -0.5to +6.5 \Y
VCC_USB_LDO -0.5to +6.5 \Y
BN BE fEFAANOOOZE ANOOSEY VaN -0.3 to AVCCO + 0.3 \Y
fEFAANOT6EANO23AY -0.3to AVCC1 +0.3 \Y
fEFANSDOPEIANSD3PHIA -0.3 to AVCC1 +0.3 \Y%
NSDONZEJANSD3NBY
Operating temperature*2 *3 *4 Topr -40 to +85 °C
-40 to +105
EaRE Tstg -55to +125 °C
Note 1. #®EAP000. P111. P112. P205. P206. P301. P401. P407#IP409R] &5V £,

Note 2.
Note 3.

Note 4.

Note 5.

BOEREREENBANESHIOLIUBR, MALXESHOLNSHAERINTESSESRE, KBTI RENIRES

MATBER SRR TS Lo

BEBNE22.17, TTaEXo
BXTa=+85°CE+105°CHIBFIURIEMNGE R, BHRARERTHEN BN, BARAFMB L AH LIRS IR,

TERER EMR785°CE105°C, BAFBATF~m. BXFEMER, BFSHE 13T, &H
Numbering.

EMERESG T EAAVCCOMAVCCT:

AVCCO = AVCCH1

Caution: MNREBEIEINRATEME, TREEWMCUSERH KA 17T,

FAHIREIEE FIR TS RAEAMKME, FEVCCHVSSSIIZia. AVCCOFAVSSO5If#IZial. AVCC1FIAVS
S15|fZ 8. VCC_USBFIVSS_USB5|fiZ 8. VREFHFIVREFL5IRZ B AR ESIMIFEMEEE, HVRE
FHO#%EAADC16B = BB & EMBERS, VREFHOFMVREFLOZ|IMIZ i8], U FEMNBERRAEEESI H
B ERAREMRENEL: VCCHIVSS: £90.1uFAVCCOFIAVSSO: £90.1uFAVCCT1HIAVSS1: £490.1
MUFVREFHFIVREFL: £90.1uFVREFHOFIVREFLO: £910uF, It5h, EEBABRENBREBRES,

B3 —14.7uFEBFIEVCLS | #IEIEFIVSSSIf, ConnecttheVREFHOpintoaVREFLOpinby1uF(25%to+25%
)capacitorwhenVREFADCisselectedasthehighpotentialreferencevoltageoftheADC16.5@i3—10.47uF (
50%E+20%) A IGADREGS|HLEEFIAVSS15|M#, BZ—40.22uF (20%FE+20%) BEIGSBIASVREF
ISIBIEIRSEIAVSS15IH], S0 BERPYREESIMKE.,

Table 2.2 Recommended operating conditions (1 of 2)
Parameter Symbol Value Min Typ Max Unit
Power supply voltages VCC™, "2 When USBFSisnot | 1.6 - 55 \%
used
When USBFS is used | VCC_USB | - 3.6 \
USB Regulator
Disable
When USBFS is used | VCC_USB | - 5.5 \%
USB Regulator _LDO
Enable
VSS - 0 - Vv
R01DS0354EJ0110 Rev.1.10 -IENESAS Page 20 of 100
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Table 2.2 WHEARERE Q9 PmI1)
Parameter Symbol Value Min Typ Max Unit
BREBE VCC™. "2 TERUSBFSEY 1.6 - 55 v
fEFAAUSBFSEY VCC_USB | - 3.6 v
USBIZ [E2%
Disable
fEFUSBFSET VCC_USB | - 55 v
USBH2 & 28 _LDO
Enable
VSS - 0 - v
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RA2A1 Datasheet 2. Electrical Characteristics
Table 2.2 Recommended operating conditions (2 of 2)
Parameter Symbol Value Min Typ Max Unit
USB power supply voltages VCC_USB When USBFS is not | - VCC - \Y
used
When USBFS is used | 3.0 3.3 3.6 \Y
USB Regulator
Disable
(Input)
VCC_USB_LDO When USBFSis not | - VCC - \Y
used
When USBFSisused | - VCC - \Y
USB Regulator
Disable
When USBFS is used | 3.8 - 55 \
USB Regulator
Enable
VSS_USB - 0 - \Y
Analog power supply voltages | AVCC0*1. "2 1.6 - 55 \%
AVSS0 - 0 - \
AVCC1™."2 - AVCCO - \
AVSS1 - 0 - \
VREFHO When used as 1.7 - AVCCO \Y
VREFLO ADC16 Reference _ 0 _ v
VREFH When used as 1.7 - AVCCO \
VREFL DAC12 Reference _ 0 _ v
VREFI When used as 0.8 - 24 \Y
SDADC24
Reference”3

Note 1. Use AVCCO, AVCC1, and VCC under the following conditions:
AVCCO0, AVCC1, and VCC can be set individually within the operating range when VCC = 2.2 V and AVCCO = AVCC1 =222 V.
AVCCO = AVCC1 =VCC when VCC <2.2 V or AVCCO = AVCC1<2.2V.

Note 2. When powering on the VCC and AVCCO0 and AVCC1 pins, power them on at the same time or the VCC pin first and then the
AVCCO and AVCC1 pins.

Note 3. The condition when using external input for the reference voltage of SDADC24.

2.2 DC Characteristics
221 Tj/Ta Definition

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

Parameter Symbol Typ Max Unit Test conditions
Permissible junction temperature Tj - 125 °C High-speed mode
. Middle-speed mode
105*1
Low-voltage mode
Low-speed mode
SubOSC-speed mode
Note: Make sure that Tj = T, + 6ja x total power consumption (W), where total power consumption = (VCC - Vgy) x Zlgy + VoL * ZloL

+ ICCmax x VCC.

Note 1. The upper limit of operating temperature is 85°C or 105°C, depending on the product. For details, see section 1.3, Part
Numbering. 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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Table 2.2 WFARIERMHE Q217 PRI21Y)

Parameter Symbol Value Min Typ Max Unit
USBEBIREBE VCC_USB AR{ERUSBFSEY - VCC - \%
{ERUSBFSEY 3.0 3.3 3.6 \%
USBIZ[E2%
Disable
(Input)
VCC_USB_LDO R{ERUSBFSEY - VCC - \
£ FHUSBFSEY - VCC - \
USBiZ[E2%
Disable
{EFUSBFSBY 3.8 - 5.5 \%
USBRRE2%
Enable
VSS_USB - 0 - \%
BN IREBE AVCCOQ™. "2 1.6 - 55 \
AVSSO0 - 0 - \%
AVCC1*1. "2 - AVCCO - \%
AVSS1 - 0 - \%
VREFHO LRE 1.7 - AVCCO Vv
VREFLO ADC16 Reference _ 0 _ Vv
VREFH YRME 1.7 - AVCCO \
VREFL DAC12 Reference _ 0 _ v
VREFI LRE 0.8 - 2.4 \%
SDADC24
Reference™

Note 1. TEMTFHRMAETHERAVCCO. AVCCIFIVCC:
HVCC=2.2VEAVCCO=AVCC1=2.2VAY, AVCCO. AVCCIRIVCCRAIETIEEERSRIZE,
HVCC<2.2VE{AVCCO=AVCC1<2.2VAY, AVCCO=AVCC1=VCC,

Note 2. VCCHIAVCCOFMAVCC15IR) LEBRY, [EIRY LSS EBYVCCH LB,
AVCCOFMAVCC151/,

Note 3. SDADC24MZE BEEAIMPHMNTEIZR Ao

2.2 DC Characteristics
221 Tj/Ta Definition

Table 2.3 DC characteristics
M TERE(Ta)-40E+105°CHI™ @
Parameter Symbol Typ Max Unit pliae2Es
RIFLER Tj - 125 °C High-speed mode
. Middle-speed mode
105*1
Low-voltage mode

Low-speed mode
SubOSC-speed mode

Note: HiRTi=Ta+0jax 2INFE(W), EHPZ2IHFE=(VCCVOH)*ZIOH+VOLxZIOL+ICCmaxxVCCo

Note 1. TIfERE_EFR785°CE105°C, BEAFBRTF=m. BXIFEMER, BSHAE 13T, o
RS, IREHESERIIERENSSC, NTRIRAMEN105°C, HFMA125°C,
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RA2A1 Datasheet 2. BEEHMHE

222 /O Vi, V.
Table 2.4 /10 V|H’ V|L
Conditions: VCC = AVCCO0 = AVCC1 =VCC_USB =VCC_USB _LDO= 16t055V
Test
Parameter Symbol Min Typ Max Unit | Conditions
Schmitt trigger IIC (except for SMBus)*1 ViH VCC x 0.7 - 5.8 V -
input voltage Vi N N VCC x 0.3
AVt VCC x 0.05 - -
RES, NMI ViH VCC % 0.8 - -
Other perlpheral input pins Vi _ - VCC x 0.2
excluding IIC
AVt VCC x 0.1 - -
Input voltage IIC (SMBus)*2 ViH 2.2 - - VCC=36to
(except for 55V
Schmitt trigger Vi 2.0 - - VCC =2.7 to
input pin) 36V
V||_ - - 0.8 VCC=27to
55V
5 V-tolerant ports*3 Vi VCC x 0.8 - 5.8 -
V||_ - - VCC x 0.2
P002, PO03, ViH AVCCO0x 0.8 | - -
P012 to PO15
' Vv - - AV 2
P500 to P502 I CCOx0
P100 to P107 ViH AVCC1x0.8 |- -
Vi - - AVCC1 x 0.2
P914, P915 Vi VCC_USB x | - VCC_USB +
0.8 0.3
V||_ - - VCC_USB x
0.2
EXTAL ViH VCC x 0.8 - -
Input ports pins except for v N N VCC x 0.2
P002, P003, P012 to P015, = '
P100 to P107, P500 to P502,
P914, P915

2.2.2 IOV I H
Table 2.4 IOV IH
Conditions: VCC = AVCCO = AVCC1 =VCC_USB =VCC_USB_LDO= 16t055V
Test
Parameter Symbol Min Typ Max Unit | Conditions
HEZ A A 28 IIC (except for SMBus)*1 e VCC x 0.7 - 58 \% -
WABE
V) - - VCC x 0.3
AVy VCC x0.05 |- -
RES, NMI Vig VCC x 0.8 - -
QELIME T
E?EIIC?I\E’J,J{’LWI*WEEU)\%I Vi i - VCC x 0.2
AVt VCC x 0.1 - -
WNBE (i IIC (SMBus)*2 Vig 2.2 - - VCC=36to0
S YRl 55V
N5 HIBRIN)
Vin 2.0 - - VCC =2.7 to
36V
V||_ - - 0.8 VCC =2.7to
55V
5 V-tolerant ports*3 Vi VCC x 0.8 - 5.8 -
V||_ - - VCC x 0.2
P002, P003, Vig AVCCOx 0.8 | - -
P012 to PO15
’ V - - AV 2
P500 to P502 I CCox0
P100 to P107 Vig AVCC1x08 |- -
A - - AVCC1 x 0.2
P914, P915 ViH VCC_USB x - VCC_USB +
0.8 0.3
V||_ - - VCC_USB x
0.2
EXTAL Vig VCC x 0.8 - -
WMAHOSIHRT
P002, PO03, PO12 to P05, | - veex02
P100 to P107, P500 to P502,
P914, P915

Note 1. SCLO_A, SCLO_B, SCLO_C, SDAO_A, SDAO_C, SCL1_B, SCL1_C, SDA1_B, SDA1_C (total 9 pins)

Note 2. SCLO_A, SCLO_B, SCL0_C, SDA0_A, SDAO_B, SDA0_C, SCL1_A, SCL1_B, SCL1_C, SDA1_A, SDA1_B, SDA1_C, SDA1_D
(total 13 pins)

Note 3. P000, P111, P112, P205, P206, P301, P401, P407, P409 (total 9 pins)
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Note 1. SCLO_A, SCLO_B, SCLO_C, SDAQO_A, SDA0O_C, SCL1_B, SCL1_C, SDA1_B, SDA1_C (total 9 pins)

Note 2. SCLO_A, SCLO_B, SCL0_C, SDA0_A, SDAO_B, SDA0O_C, SCL1_A, SCL1_B, SCL1_C, SDA1_A, SDA1_B, SDA1_C, SDA1_D
(total 13 pins)

Note 3. P000, P111, P112, P205, P206, P301, P401, P407, P409 (total 9 pins)
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2. Electrical Characteristics

RA2A1 Datasheet 2. BEEHMHE

223 /0 low, loL
Table 2.5 /0 lop; loL
Conditions: VCC = AVCCO0 = AVCC1 =VCC_USB =VCC_USB_LDO=16t055V
Parameter Symbol Min Typ Max Unit
Permissible output current | Ports P212, P213 - lon - - 4.0 mA
(average value per pin) oL N N 4.0 mA
Ports P407, P408, P409 Low drive* loH - - -4.0 mA
loL - - 4.0 mA
Middle drive for IIC | loy - - -8.0 mA
giT£4mode and oL N N 8.0 mA
Middle drive*2 lon - - -20.0 mA
VCC=3.0to 55V oL i} i} 20.0 mA
Ports P914, P915 lon - - 4.0 mA
loL - - 4.0 mA
Other output pins*3 Low drive* loH - - -4.0 mA
loL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
loL - - 8.0 mA
Permissible output current | Ports P212, P213 - loH - - -4.0 mA
(max value per pin) oL ~ B 4.0 mA
Ports P407, P408, P409 Low drive* lon - - 4.0 mA
loL - - 4.0 mA
Middle drive for lIC | lgy - - -8.0 mA
g:slz4mode and oL ~ B 8.0 mA
Middle drive*2 loH - - -20.0 mA
VCC=3.0to 55V oL i} i} 20.0 mA
Ports P914, P915 lon - - 4.0 mA
loL - - 4.0 mA
Other output pins*3 Low drive* loH - - -4.0 mA
loL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
loL - - 8.0 mA
Permissible output current | Total of ports P002, P003, P012 to P015, P500 to | Zlon (max) | - - -30 mA
(max value total pins) P502 TloL max) | - N 30 mA
Total of ports P100 to P107 ZloH (max) | - - -30 mA
ZloL (max) | - - 30 mA
Total of ports P914, P915 ZloH - - -4.0 mA
ZloL - - 4.0 mA
Total of all output pin*5 ZloH (max) | - - -60 mA
ZloL (max) | - - 60 mA

Note 1. This is the value when low driving ability is selected with the Port Drive Capability bit in the PmnPFS register.

Note 2. This is the value when middle driving ability is selected with the Port Drive Capability bit in the PmnPFS register.

Note 3. Except for Ports P200, P214, P215, which are input ports.

Note 4. This is the value when middle driving ability for IIC Fast mode and SPI is selected with the Port Drive Capability bit in PmnPFS

register.

Note 5. For details on the permissible output current used with CTSU, see section 2.12, CTSU Characteristics.
To protect the reliability of the MCU, the output current values should not exceed the values in Table

Caution:

223 o= Tl

Table 2.5 KRR
Conditions: VCC = AVCCO = AVCC1 =VCC_USB =VCC_USB_LDO=1.61t05.5V
Parameter Symbol Min Typ Max Unit
armEbER (815 | Ports P212, P213 - lon - - -4.0 mA
BF9ME) ™ . . 20 A
Ports P407, P408, P409 Low drive*1 loH - - -4.0 mA
loL - - 4.0 mA
HC\‘:F‘ BB 2R loH - - -8.0 mA
Eﬁiﬁﬁ” oL - - 8.0 mA
Middle drive*2 lon - - -20.0 mA
VCC=301055V [ - - 500 vy
Ports P914, P915 lon - - 4.0 mA
loL - - 4.0 mA
Hetha 5] -3 Low drive*! lon - - 4.0 mA
loL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
loL - - 8.0 mA
AEFmEER (E1N3IH | Ports P212, P213 - lon - - 4.0 mA
HNEAE)
loL - - 4.0 mA
Ports P407, P408, P409 Low drive*" loH - - -4.0 mA
loL - - 4.0 mA
IIC\EP 18] 3K = 2% lon - - -8.0 mA
BEERE T a0 [ma
Middle drive*2 lon - - -20.0 mA
VCC=30t055V [ - - 200 oy
Ports P914, P915 lon - - 4.0 mA
loL - - 4.0 mA
Hothia 513 Low drive*! lo - - 4.0 mA
loL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
loL - - 8.0 mA
AYFRHER (BARS | P002. PO03. PO12ZEP015. PSO0ZE kK ZloH max) | - - -30 mA
FiI¥%) P502
ZloL (max) | - - 30 mA
P100ZEP1073H O 8% ZloH max) | - - -30 mA
EloL max) | - - 30 mA
P14, P915MOE%K Slon - - 4.0 mA
SloL - - 4.0 mA
Fg 4t 5 B S 8505 ZloH (max) | - - -60 mA
EloL max) | - - 60 mA

Note 1. XEfERAPmMnPFSE 728189 M IXIRE /I AR B BE I BY B9 1E.

Note 2. XZE{EAPMNPFSEH 7728 FAYH IR THAE ALk HE F FIREHAE I B BI{E,

Note 3. #R[P200. P214. P215kR%h, ENIZBRIAIKO,

Note 4. XE@idPmnPFSEF 7280 BYm M I BhAE 17 AEFNCIRFE XA SPIFY P F IR THAEFI BRI,

2.5. The average output current indicates the average current value measured during 100 ps.
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Note 5. BXSCTSU—ERABNAFRHBRIFAES, BSHE2127, CTSURN.
Caution: AFRIFMCUMAI MY, MHBREFREIR2.5PME, FHHHETERTE100usHA BN E KT8
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2. BREN

224 I/O Von, VoL, and Other Characteristics
Table 2.6 /0 Von, VoL (1)
Conditions: VCC = AVCCO0 = AVCC1 =VCC_USB =VCC_USB_LDO=40t0 55V
Parameter Symbol | Min Typ | Max | Unit | Test conditions
Output voltage | IIC*1 VoL - - 04 |V loL = 3.0 mA
VoL *2,*5 | - - 0.6 loL =6.0 mA
Ports P407, P408, Low drive Vou VCC-0.8 - - lon =-2.0 mA
P409 VoL - - los loL = 2.0 MA
Middle drive for IIC VoH VCC-0.8 - - loq =-4.0mA
Fast mode and SPI*5 VoL N N 08 lo, = 4.0 mA
Middle drive*2,*3 Vou VCC-1.0 - - lon =-20 mA
VoL - - 1.0 loL =20 mA
Ports P002, P003, Low drive Von AVCCO-0.8 - - loy =-2.0 mA
e o 05| [o-20m
Middle drive Vou AVCCO0-0.8 - - lon = -4.0 mA
VoL - - 0.8 loL =4.0 mA
Ports P100 to P107 | Low drive Von AVCC1-0.8 - - loy =-2.0 mA
VoL - - 0.8 loL =2.0 mA
Middle drive Vou AVCC1-0.8 - - lon = -4.0 mA
VoL - - 0.8 loL =4.0 mA
Ports P914, P915 VoH VCC_USB-0.8 | - - lon =-2.0 mA
VoL - - 0.8 loL =2.0 mA
Other output pins*4 | Low drive Vou VCC-0.8 - - lop =-2.0mA
VoL - - 0.8 loL =2.0 mA
Middle drive*6 Vou VCC-0.8 - - loy = -4.0 MA
VoL - - 0.8 loL =4.0 mA
Note 1. SCLO_A, SCLO_B, SCLO_C, SDAO_A, SDAO_B, SDAO_C, SCL1_A, SCL1_B, SCL1_C, SDA1_A, SDA1_B, SDA1_C, SDA1_D

(total 13 pins).

Note 2. This is the value when middle driving ability is selected with the Port Drive Capability bit in the PmnPFS register.

Note 3. Based on characterization data, not tested in production.

Note 4. Except for P200, P214, P215, which are input ports.

Note 5. This is the value when middle driving ability for IIC and SPI is selected with the Port Drive Capability bit in PmnPFS register for
P407, P408, and P409.

Note 6. Except for P212, P213.

2.2.4 IOVOH VOLF E 4514
Table 2.6 IOVOH VOL(1)
Conditions: VCC = AVCCO0 = AVCC1 =VCC_USB =VCC_USB LDO=4.0to 5.5V
Parameter Symbol | Min Typ | Max | Unit | lit& &
WHBE lc*1 VoL - - 04 |V HOL=30%%
Vo2, | - - o6 ROL-60E%
Ports P407, P408, {RIXTh Vou VCC-0.8 - - IOH=-202%
Paos VoL - - 0.8 HOL=20%%
NICHIE IR Th 2R VoH VCC-0.8 - - IOH=-402%
PRI LS5 VoL . . 08 ROL40E%
Middle drive*2,*3 Vou VCC-1.0 - - IOH=-202%
VoL - - |10 KOL=20B%
Ports P002, P003, | 1&3XEh Von AVCC0-08 |- |- IOH=—202%
e [ [or] [sooe
SIS Vou AVCCO0-0.8 - - [OH=-40Z%
VoL - - Jos ROL-40=%
®OP100ZEP107 | {EIKED Vor AVCC1-08 |- |- IOH=-208%
VoL - - 0.8 BOL=208%
SIS Vou AVCC1-0.8 - - IOH=-402%
VoL - - 0.8 HOL=40%R
Ports P914, P915 Vor VCC_USB-08 | - |- IOH=-208%
VoL - - 0.8 BOL=208%
E b4 5| Bilea 1EIREh Von VCC-038 - |- IOH=—20B%
VoL - - |os ROL-208%
Middle drive*6 Vor VCC - 0.8 - |- IOH=-40Z%
VoL - - 0.8 ROL=40% R
Note 1. SCLO_A, SCLO_B, SCL0_C, SDAO_A, SDA0_B, SDA0_C, SCL1_A, SCL1_B, SCL1_C, SDA1_A, SDA1_B, SDA1_C, SDA1_D

(total 13 pins).

Note 2. XZEfEAPMnPFSEH 7728 FAYH IR THAE I ALk E  FIREHAE I B BI{E,

Note 3. ETFHFIEEHIE, REEFN,

Note 4. P200. P214. P215f&5, EfIRHMAEG .

Note 5. XZ@BIPmnPFSE 7788 BV % O 3R 5h A8 ) (IR ZFNCHISPIR R E IR 5h AE 1 BT RY{E
P407, P408, and P409.

Note 6. P212. P213BR%h,
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2. Electrical Characteristics

Table 2.7

/0 Vou, Vo (2)

Conditions: VCC = AVCCO0 = AVCC1=VCC_USB =VCC_USB_LDO =2.7t0 4.0V

Parameter Symbol | Min Typ | Max | Unit | Test conditions

Output voltage | 1IC*1 VoL - - 0.4 \ loL =3.0 mA
VoL*2,*s | - - 0.6 loL =6.0 mA

Ports P407, P408, Low drive Von VCC-0.5 - - lon =-1.0 mA

P409 VoL - - 0.5 loL = 1.0 mA

Middle drive for IIC Vou VCC-0.5 - - lon =-2.0 mA

Fast mode and SPI*5 VoL : N 05 o, = 2.0 MA

Middle drive*2.*3 VoH VCC-1.0 - - lon = -20 mA
VCC=33V
VoL - - 1.0 loL =20 mA
VCC =33V

Ports P002, P003, Low drive Von AVCCO - 0.5 - - lon =-1.0 mA

e o - 95| [emtom

Middle drive Vou AVCCO - 0.5 - - lon =-2.0 mA

VoL - - 0.5 loL =2.0 mA

Ports P100 to P107 | Low drive VoH AVCC1-0.5 - - lon =-1.0 mA

VoL - - 0.5 loL = 1.0 mA

Middle drive Vou AVCC1-0.5 - - lon =-2.0 mA

VoL - - 0.5 loL =2.0 mA

Ports P914, P915 Vou VCC_USB-05 | - - lop =-1.0 mA

VoL - - 0.5 loL = 1.0 mA

Other output pins*4 | Low drive Vou VCC-0.5 - - log =-1.0 mA

VoL - - 0.5 loL = 1.0 mA

Middle drive*® VoH VCC-0.5 - - loy = -2.0 mA

VoL - - 0.5 loL =2.0 mA

Note 1. SCLO_A, SCLO_B, SCLO_C, SDAO_A, SDAO_B, SDAO_C, SCL1_A, SCL1_B, SCL1_C, SDA1_A, SDA1_B, SDA1_C, SDA1_D

(total 13 pins).

Note 2.
Note 3.
Note 4.
Note 5.

P407, P408, and P409.

Note 6.

Except for P212, P213.

This is the value when middle driving ability is selected with the Port Drive Capability bit in the PmnPFS register.
Based on characterization data, not tested in production.
Except for P200, P214, P215, which are input ports.
This is the value when middle driving ability for 1IC and SPI is selected with the Port Drive Capability bit in PmnPFS register for
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Table 2.7 IOVOH VOL(2)
Conditions: VCC = AVCC0 = AVCC1=VCC_USB=VCC_USB LDO=27t04.0V
Parameter Symbol | Min Typ | Max | Unit | Jg&H
R EBE 11C*1 VoL - - 04 |V ROL=3.08R
Vo *2,*5 | - - 0.6 HOoL=60=%
Ports P407, P408, | 1£3E&h Vou VCC-0.5 - - IOH=102%&
P409 Vo |- - |os ROL-10%%
[ICH B IR ThEs Vou VCC-0.5 - - IOH=20E%
PRI FSPIxS VoL B - 05 HKOL=202%
Middle drive*2.*3 Vou VCC- 1.0 - - KOH=20%
LVCC=3.3V
VoL - - 1.0 FOL=20=
RVCC=3.3V
Ports P002, P003, | f&3%ah Von AVCCO - 0.5 - |- IOH=108%
o o | o] [
IS~ E Vou AVCCO0-0.5 - - IOH=2.028%
VoL - - |os ROL-208%
BOP100EP107 1EIEEN Vou AVCC1-0.5 - - IOH=-10%%
VoL - - |os BOL=10%%
Sl NSmES Vou AVCC1-0.5 - - IOH=2.02%
VoL - - |os ROL-208%
Ports P914, P915 Vou VCC_USB-05 |- |- IOH=10%%
VoL - - 0.5 KOL=108R
ERTETE 1RIRE Von VCC-0.5 - |- IOH=108%
VoL - - 0.5 HoL=10=%
Middle drive*6 Vou VCC-05 - - IOH=20%%&
VoL - - 0.5 KOL=208%
Note 1. SCLO_A, SCLO_B, SCLO_C, SDAO_A, SDA0_B, SDA0_C, SCL1_A, SCL1_B, SCL1_C, SDA1_A, SDA1_B, SDA1_C, SDA1_D

(total 13 pins).

Note 2.
Note 3.
Note 4.
Note 5.

P407, P408, and P409.

Note 6.

P212. P213B&%h,

X Z2EAPMNPFSFFes MK O IKEhaE DMk F P HFIREHEE BT RIES
BETRMEEE, REEMME,

P200. P214. P215B&5h, EfIBRBWAKO,.
X 2@t PmnPFSEr 1728 H A9 % IR Bh AE I AR R ICFISPIM R E IR ThBE 11 BS BB
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Table 2.8 110 Vg, Voo (3) Table 2.8  IOVOH VOL(3)
Conditions: VCC = AVCCO0 = AVCC1 =VCC_USB=VCC_USB_LDO=1.6t02.7V Conditions: VCC = AVCCO0 = AVCC1 =VCC_USB=VCC_USB LDO=16t02.7V
Parameter Symbol | Min Typ | Max | Unit | Test conditions Parameter Symbol | Min Typ | Max | Unit | iX&4
Output voltage | Ports P407, P408, | Low drive Vou VCC-0.3 - - \ loy =-0.5mA HMHEBE Ports P407, P408, | 1RIRGh Vou VCC-0.3 - - \% IOH=05Z%
P409 VoL ; ; 0.3 loL = 0.5 mA P409 VoL ; : 03 ROL-052%
Middle drive for IC | Vo VCC-0.3 - - lop = -1.0 mA [ICHEIREH3E Vou VCC-0.3 - - IOH=108%
Fast mode and SPI"2 [~ - 03 oL =10 mA PIERIUAISPL2 Voo |- - 0.3 ROL-1 08 %
Ports P002, PO03, | Low drive Vou AVCCO0-0.3 - - loy =-0.5mA Ports P002, P003, | {EIR&H Vou AVCCO0-0.3 - - IOH=052%
P50 to P02 Vo |- -~ o3 PO12 to PO, ENE o3 Roro5EE
Middle drive Von AVCCO - 0.3 - - loy = -1.0 mA FhiE IR EH3E Vou AVCCO - 0.3 - - IOH=108%
VoL - - 03 loL = 1.0 mA VoL - - 0.3 ROL=1 0B R
Ports P100 to P107 | Low drive Von AVCCO0-0.3 - - lon =-0.5mA ®EP100ZEP107 IR h VoH AVCCO0-0.3 - - IOH=052%
VoL - - 03 loL = 0.5 mA VoL - - 03 ROL-05%
Middle drive Von AVCCO - 0.3 - - low = -1.0 mA FhiE IR EH 3T Vou AVCCO - 0.3 - - IOH=108%
VoL - - 03 loL = 1.0 mA VoL - - 0.3 ROL=1 0B R
Ports P914, P915 Von VCC_USB-0.3 | - - lon =-0.5mA Ports P914, P915 Vou VCC_USB-0.3 | - - IOH=052%
VoL - - 03 loL = 0.5 mA VoL - - 03 ROL-05%
Other output pins*! | Low drive Vou VCC-0.3 - - lon = -0.5 mA HAtha L 5] R3RTh VoH VCC-0.3 - - IOH=052%
VoL - - 03 loL = 0.5 mA VoL - - 0.3 ROL-058%
Middle drive*3 Von VCC-03 - - loy = -1.0 mA Middle drive*3 Von VCC-0.3 - - I0H=-10%%
VoL - - 03 loL = 1.0 mA VoL - - 03 ROL=-10%%
Note 1. Except for ports P200, P214, P215, which are input ports. FE1IROAP200. P214. P215BRSN, EA1RIENIG .
Note 2. This is the value when middle driving ability for IIC and SP!I is selected with the Port Drive Capability bit in the 72X RICHSPIRY A F X5 AE /71813 ik 1 IX Bh BE F7 i1 IR BY AV {E
PmnPFS register for P407, P408, and P409. PmnPFSE 728 FP407. P408F1P409,
Note 3. Except for P212, P213. FE3P2120 P213FRIM
Table 2.9 I/O other characteristics Table 2.9 IOH {th4HiE
Conditions: VCC = AVCCO0 = AVCC1 =VCC_USB=VCC_USB LDO=1.6t055V Conditions: VCC = AVCCO0 = AVCC1 =VCC_USB=VCC_USB LDO=16t055V
Parameter Symbol Min Typ Max Unit Test conditions Parameter Symbol Min Typ Max Unit Wit
Input leakage current | RES, ports P200, P214, P215 | | I;, | - - 1.0 pA Vip=0V BWMANRER RES, ##MP200. P214. P215 [ lin | - - 1.0 pA Vi, =0V
V;, = VCC Vi, = VCC
Three-state leakage 5 V-tolerant ports [rsi - - 1.0 pA Vip=0V =&RER REAK 5 V-tolerant ports [lrsi | - - 1.0 pA Vin=0V
current (off state) Vi, =58V ) Vi,=58V
Other ports - - 1.0 [V,=0v Efhig O - - 1.0 Vi, =0V
Vi, = VCC Vi, = VCC
Input pull-up resistor All ports Ry 10 20 50 kQ Vip=0V MW LhIEBME FrE#O (P200. P214. P21 | Ry 10 20 50 kQ Vip =0V
(except for P200, P214, P215, 5. P914. P915FE4H)
P914, P915)
Input capacitance P012 to P015, P200, P502, Cin - - 30 pF Vip=0V EPNER P012 to P015, P200, P502, Cin - - 30 pF Vip =0V
P914, P915 f=1MHz P914, P915 f=1MHz
Other input pins - - 15 Ta=25°C HAhim A5 H - - 15 Ta=25°C
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225 Output Characteristics for I/O Pins (Low Drive Capacity)
lon/loL vs Von/VoL
60
50
VCC=55V
40
30
20 VCC =33V
< vcC =27V
E 10 VCC =16V
3 0 F —
e VCC =16V _____....--""r
% -10 /
- VCC =27V
-20 VCC =33V
-30
-40
-50 VCC =55V
-60
0 1 2 3 4 5
VOH/VOL [V]
Figure 2.2 Vou/VoL and Ign/loL voltage characteristics at Ta = 25°C when low drive output is selected
(reference data, except for P914 and P915)
lon/loL Vs Von/Vou
3
Ta=-40°C
2 Ta = 25°€
Ta=105°C
1
<
E
3 0
3
-1
Ta = 105°C
2 | —E
Ta =-40°C
-3
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
VOH/VOL [V]
Figure 2.3 Von/VoL and lgy/lg, temperature characteristics at VCC = 1.6 V when low drive output is selected

(reference data, except for P914 and P915)
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lon/lor vs Vor/VoL
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Figure 2.4 Von/VoL and lgy/lg, temperature characteristics at VCC = 2.7 V when low drive output is selected
(reference data, except for P914 and P915)
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Figure 2.5 Von/VoL and lgy/lg, temperature characteristics at VCC = 3.3 V when low drive output is selected

(reference data, except for P914 and P915)
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Figure 2.6

2.2.6

Von/VoL and lgy/lg, temperature characteristics at VCC = 5.5 V when low drive output is selected

(reference data, except for P914 and P915)

Output Characteristics for I/O Pins (Middle Drive Capacity)
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Figure 2.7

Von/VoL and lgy/lg, voltage characteristics at Ta = 25°C when middle drive output is selected

(reference data, except for P914 and P915)
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Figure 2.6 EIREIEsD A LAY, VOHVOLHMIOHIOLEVCC=5.5VETEYBEYF1E (BEEIE, P914F1P915%5M)
2.2.6 05|Vt (FEREE)
IOHIOLVSVOHVOL
140
120 -
100 VCC =55V
80
60 VCC =33V
40 VCClE27V
f—ﬁ 20 VCC=16V :
o o —
[;} 20 VCC=16V ——-""'/_/
_40 VCC=2.7/V
60 VCC =33V
-80
-100
-120 VCC=55V
-140
1 2 3 4 5 6
VOHVOLLV]
Figure 2.7 EIF e IR s AT, Ta=25°CETRYVOHVOLFIIOHIOLEEFE (BEHIB, P914FIP915k%5H)

R01DS0354EJ0110 Rev.1.10

Mar 16, 2020

52901, H

RENESAS

10051



RA2A1 Datasheet

2. Electrical Characteristics

lon/lo vs Vor/Vor
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Figure 2.8 Von/VoL and lpy/loL temperature characteristics at VCC = 1.6 V when middle drive output is
selected (reference data, except for P914 and P915)
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Figure 2.9 Von/VoL and lgy/loL temperature characteristics at VCC = 2.7 V when middle drive output is

selected (reference data, except for P914 and P915)
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lon/loL vs Von/VoL IOHIOLvsVOHVOL
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Figure 210  Vgu/VoL and lgy/loL temperature characteristics at VCC = 3.3 V when middle drive output is Figure 2.10 %EIZPiE)IEp LY, VOHVOLFNIOHIOLTEVCC=3.3VEIRREE (SEF B, P914FIPI15k%
selected (reference data, except for P914 and P915) )
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Figure 2.11 Von/VoL and lgy/lo, temperature characteristics at VCC = 5.5 V when middle drive output is Figure 2.11 k$ErhiEiEzhiE At , VOHVOLMIOHIOL7EVCC=5.5VEIRIREE (S5 IR, P914FIP915%
selected (reference data, except for P914 and P915) )
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227 Output Characteristics for P407, P408 and P409 I/O Pins (Middle Drive
Capacity)
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Figure 2.12 Von/VoL and lgy/lg, voltage characteristics at Ta = 25°C when middle drive output is selected
(reference data)
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Figure 2.13 Von/VoL and lgy/lg. temperature characteristics at VCC = 2.7 V when middle drive output is
selected (reference data)
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IOH/IOL VS VOH/VOL IOHIOLvsVOHVOL
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Figure 2.14 Vou/VoL and lgy/lo, temperature characteristics at VCC = 3.3 V when middle drive output is Figure 2.14 EEhiEIEEp Rt AY, VCC=3.3VEIAVOHVOLFIOHIOL:REFE (BEEIR)
selected (reference data)
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Figure 2.15 Vou/VoL and lgyflo, temperature characteristics at VCC = 5.5 V when middle drive output is Figure 2.15 EIE R IEEh AT, VCC=5.5VEIAIVOHVOLFIIOHIOL:BEFE (BEIR)
selected (reference data)
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2.2.8 Output Characteristics for 1IC /0 Pins 2.2.8 ICIOS | B EY a0 HH 455 1%
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Figure 2.16 Von/VoL and I/l voltage characteristics at Ta = 25°C Figure 2.16 Ta=25°CE#9VOHVOLFIIOHIOL BB 4% 1%
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BT

229 Operating and Standby Current
Table 2.10 Operating and standby current (1) (1 of 2)
Conditions: VCC = AVCCO = AVCC1=161t05.5V
Test
Parameter Symbol | Typ*10 Max Unit | Conditions
Supply High-speed Normal mode Al peripheral clocks ICLK = 48 MHz lcc 5.2 - mA | *7,*1
current*? mode*2 disabled, while (1) code
executing from flash*3 ICLK = 32 MHz 3.8 3
ICLK = 16 MHz 2.3 -
ICLK = 8 MHz 1.6 -
AII peripheral clocks ICLK = 48 MHz 121 -
ERE
ICLK = 16 MHz 4.6 -
ICLK = 8 MHz 2.8 -
All peripheral clocks ICLK = 48 MHz 12.6 - *9 *1
crebld vhie (1 code [ ioix a2 e s |-
ICLK = 16 MHz 5.9 -
ICLK = 8 MHz 3.4 -
Al peripheral clocks ICLK = 48 MHz - 28.5 *9 11
enabled, code executing
from flash*3
Sleep mode AII peripheral clocks ICLK = 48 MHz 2.7 - *7
disabled”> ICLK = 32 MHz 2.1 -
ICLK = 16 MHz 1.5 -
ICLK = 8 MHz 1.1 -
All peripheral clocks ICLK = 48 MHz 9.8 - *9
enabled"® ICLK = 32 MHz 8.9 - 8
ICLK = 16 MHz 5.0 -
ICLK = 8 MHz 2.9 -
Increase during BGO operation*6 2.5 - -
Middl(f;speed Normal mode All peripheral clocks ICLK =12 MHz lcc 1.6 - mA | *7,*11
mede xeouting from flaches. | 1CLK =8 Mz R E
A_II peripheral clocks ICLK = 12 MHz 3.4 -
xecuing from flaghs | ICLK =8 Mz 26 |-
All peripheral clocks ICLK =12 MHz 4.3 - *8 *11
xecung rom fiashs. | ICLK =8 Mz TR E
All peripheral clocks ICLK = 12 MHz - 12.6
enabled, code executing
from flash*3
Sleep mode All peripheral clocks ICLK =12 MHz 1.0 - *7
disabled"> ICLK = 8 MHz 0.9 -
All peripheral clocks ICLK = 12 MHz 3.6 - *8
enabled"® ICLK = 8 MHz 27 -
Increase during BGO operation*é 2.5 - -
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Mar 16, 2020

, N
2.2.9 TERFFVLEB AR
Table 210  T{EHIFHART(1)(10f2)
Conditions: VCC = AVCC0O = AVCC1=161t055V
Test
Parameter Symbol | Typ*10 Max Unit | Conditions
Supply High-speed EEER %}%Tfﬁ&%;’ B ICLK = 48 MHz Icc 52 - mA | *7, *1
*1 <2 B (1)FCE3 MIR 7+
current mode (AR MIRTFHIT*S IOLK = 32 Mz 38 -
ICLK = 16 MHz 2.3 -
ICLK = 8 MHz 1.6 -
ZHFE IMEESEP, Core ICLK = 48 MHz 121 -
Mark X3 MIRFERIT*5
ICLK = 32 MHz 8.3 -
ICLK = 16 MHz 4.6 -
ICLK = 8 MHz 2.8 -
BARFEIMEEH, B ICLK = 48 MHz 12.6 - *9 11
B (1) MIATZRITS
ICLK = 32 MHz 10.9 - *8 *11
ICLK = 16 MHz 5.9 -
ICLK = 8 MHz 34 -
BAFMEIMEN, MR | ICLK =48 MHz - 285 *9 1
FHITHEE5
BRERIR 2 FEFRE IMEBT <5 ICLK = 48 MHz 2.7 - *7
ICLK = 32 MHz 2.1 -
ICLK = 16 MHz 1.5 -
ICLK = 8 MHz 1.1 -
BAFEIMEETE5 ICLK = 48 MHz 9.8 - *9
ICLK = 32 MHz 8.9 - *8
ICLK = 16 MHz 5.0 -
ICLK = 8 MHz 2.9 -
BGOIE{TEYIE IN+6 2.5 - -
Middle-speed | IE##85 BEFREIMNEN, B ICLK = 12 MHz lec 1.6 - mA | 71
mode*2 BY (1) X3 MIRTZR1T*5
ICLK = 8 MHz 1.3 -
B RAFBIMEAIH, Core | ICLK =12 MHz 3.4 -
Mark X8 MIRFERIT*5
ICLK = 8 MHz 2.6 -
BAMGEINENHE, B ICLK = 12 MHz 43 - *g 1
B (1) REB MIATEIRIT*S5
ICLK = 8 MHz 3.1 -
BAFEIMEEE, MIA ICLK = 12 MHz - 12.6
FHITHEES
BEERAE 2 B IMEBETE5 ICLK = 12 MHz 1.0 - *7
ICLK = 8 MHz 0.9 -
BAFEIMEETE5 ICLK = 12 MHz 3.6 - *8
ICLK = 8 MHz 2.7 -
BGO={TBYIE IN*6 2.5 - -
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Table 210  Operating and standby current (1) (2 of 2) Table 210  T{EFFFHIE(1)(20f2)
Conditions: VCC = AVCC0O = AVCC1=161t055V Conditions: VCC = AVCC0O = AVCC1=161t055V
Test Test
Parameter Symbol | Typ*10 Max Unit | Conditions Parameter Symbol | Typ*10 Max Unit | Conditions
Supply Low-speed Normal mode | All peripheral clocks ICLK = 1 MHz lcc 0.3 - mA | *7,*1 Supply Low-speed EEER BRAMEIMNEIIH, [ ICLK = 1 MHz Icc 0.3 - mA | *7,*1
current*1 mode*3 disabled, while (1) code current*1 mode*3 B (1) X3 MIRFZ 1T *5
executing from flash*S
All peripheral clocks ICLK = 1 MHz 0.4 - ZHEMAIMEEIH, Core | ICLK =1 MHz 0.4 -
disabled, CoreMark code Mark X3 MIRFZRIT*5
executing from flash*®
All peripheral clocks ICLK = 1 MHz 0.5 - *8 *11 BRMEIMSEH, [ ICLK = 1 MHz 0.5 - *8 11
enabled, while (1) code BY (1) XA MIRTZ1T*5
executing from flash*®
All peripheral clocks ICLK =1 MHz - 25 BRAIMNEET, KA ICLK = 1 MHz - 25
enabled, code executing FRITREES
from flash*5
Sleep mode All peripheral clocks ICLK = 1 MHz 0.2 - *7 BEBRAE T 2B IMEET $h«5 ICLK = 1 MHz 0.2 - *7
disabled*®
All peripheral clocks ICLK =1 MHz 0.4 - *8 BB IMEBT <5 ICLK =1 MHz 0.4 - *8
enabled*S
Low-voltage | Normal mode | All peripheral clocks ICLK = 4 MHz Icc 1.5 - mA | 7,11 Low-voltage | EEERT HRAEIMNETE, @ ICLK = 4 MHz Icc 15 - mA | 7,11
mode*3 disabled, while (1) code mode*3 B (1) XEB MIATEIRIT*5
executing from flash*5
All peripheral clocks ICLK = 4 MHz 2.2 - BRAFEIMEIIH, Core | ICLK =4 MHz 2.2 -
disabled, CoreMark code Mark X8 MIRFZRIT*5
executing from flash*3
All peripheral clocks ICLK = 4 MHz 2.5 - *8 *11 BAFEIMEESE, [ ICLK = 4 MHz 25 - *8 *11
enabled, while (1) code BY (1) XA MIRTZ 1T *5
executing from flash*®
All peripheral clocks ICLK = 4 MHz - 7.0 BRAREIMNESH, KA ICLK = 4 MHz - 7.0
enabled, code executing FRITREGS5
from flash*5
Sleep mode All peripheral clocks ICLK =4 MHz 1.3 - *7 BEBRAE T 2B IMEET $h«5 ICLK =4 MHz 1.3 - 7
disabled*®
All peripheral clocks ICLK = 4 MHz 2.3 - *8 BB IMEBT 5 ICLK =4 MHz 2.3 - *8
enabled*S
Subosc- Normal mode | All peripheral clocks ICLK =32.768 kHz | Icc 6.5 - pA | 8,11 Subosc- EERY HRAEIMNETE, @ ICLK =32.768 kHz | Icc 6.5 - pA | 8, 1
speed disabled, while (1) code speed B (1) XEB MIATEIRIT*5
mode*4 executing from flash*5 mode*4
All peripheral clocks ICLK = 32.768 kHz 12.1 - BRAMGINENT, B ICLK = 32.768 kHz 12.1
enabled, while (1) code B (1)XB3 MIRFZ 1T *5
executing from flash*S
All peripheral clocks ICLK = 32.768 kHz - 190.0 BRFFAIMNEETS, MR | ICLK = 32.768 kHz - 190.0
enabled, code executing FHATHRES
from flash*3
Sleep mode All peripheral clocks ICLK = 32.768 kHz 4.5 - *8 BEERAR T 2R IMEBT <5 ICLK = 32.768 kHz 4.5 - *8
disabled*5
All peripheral clocks ICLK = 32.768 kHz 10.2 - *8 BRFEIMEE 5 ICLK = 32.768 kHz 10.2 - *8
enabled*5
Note 1.  Supply current values do not include output charge/discharge current from all pins. The values apply when internal pull-up Note 1. ERREMREFREIEFMESIHNBLTBREBER, XLEEEHFAE Lhiet
MOSs are in the off state. MOS&F X AR
Note 2. The clock source is HOCO. Note 2. BI#HJREHOCO,
Note 3. The clock source is MOCO. Note 3. BI$#HJRAIMOCO,
Note 4. The clock source is the sub-clock oscillator. Note 4. BIHRE TR %28,
Note 5.  This does not include BGO operation. Note 5. XAEIEBGOIRIE,
Note 6. This is the increase for programming or erasure of the flash memory for data storage during program execution. Note 6. XERTEZFHITHRIE A FEHIBEMEMNNFNEIZETIRFRAVIE M,
Note 7. FCLK, PCLKB, and PCLKD are set to divided by 64. Note 7. FCLK. PCLKBFIPCLKDI& & 196473 5o
Note 8. FCLK, PCLKB, and PCLKD are the same frequency as that of ICLK. Note 8. FCLK. PCLKBFIPCLKDHEISHZE SICLKAYSHZEAER,
Note 9. FCLK and PCLKB are set to be divided by 2 and PCLKD is the same frequency as that of ICLK. Note 9. FCLKFIPCLKBIRE 24347, P CLKDSICLKEYSRZEAEE,
Note 10. VCC=3.3V. Note 10. VCC=3.3V.
Note 11. The flash cache is operating. ANAFRFETIET.
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Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the actual
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Ta = 25°C, ICLK = 16MHz *1 Ta = 105°C, ICLK = 16MHz *2
Ta=25°, ICLK = 8MHz *1 = ==-<Ta = 105°C, ICLK = 8MHz *2

Ta=25°%, ICLK =4MHz *1 e===-Ta=105°C, ICLK = 4MHz *2
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VCC (V)
Ta = 25°C, ICLK = 48MHz *1 ===-<Ta = 105°C, ICLK = 48MHz *2
Ta = 25°C, ICLK = 32MHz *1 Ta = 105°C, ICLK = 32MHz *2
Ta = 25°C, ICLK = 16MHz *1 Ta = 105°C, ICLK = 16MHz *2
Ta=25°, ICLK = 8MHz *1 = ==-<Ta = 105°C, ICLK = 8MHz *2

Ta=25°, ICLK =4MHz *1 e===-Ta=105°C, ICLK = 4MHz *2

Note 2.

measurements of the sample cores during product evaluation.
All peripheral operations except any BGO operation are operating at maximum. This is the average of the
actual measurements for the upper limit samples during product evaluation.

Figure 2.17

Voltage dependency in high-speed operating mode (reference data)
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Ta=25°, ICLK = 12MHz *1 e===Ta=105°C, ICLK = 12MHz *2
Ta =25°C, ICLK = 8MHz *1 Ta =105°C, ICLK = 8MHz *2
Ta =25°, ICLK = 4MHz *1 Ta =105°C, ICLK = 4MHz *2

Ta=25°, ICLK=1MHz *1 e===Ta=105°, ICLK=1MHz *2

Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the actual
measurements of the sample cores during product evaluation.

Note 2. All peripheral operations except any BGO operation are operating at maximum. This is the average of the
actual measurements for the upper limit samples during product evaluation.

Figure 2.18 Voltage dependency in middle-speed operating mode (reference data)
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VCC (V)
Ta =25°C, ICLK = 1MHz *1 ====Ta=105°C, ICLK = 1MHz *2
Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the actual
measurements of the sample cores during product evaluation.
Note 2. All peripheral operations except any BGO operation are operating at maximum. This is the average of the
actual measurements for the upper limit samples during product evaluation.
Figure 2.19 Voltage dependency in low-speed operating mode (reference data)
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1.5 2.0 2.5 3.0 3.5 40 45 5.0 5.5 6.0 1.5 20 2.5 3.0 3.5 40 45 5.0 5.5 6.0
VCC (V) VCC (V)
Ta=25°, ICLK=4MHz *1 e====Ta=105°C, ICLK =4MHz *2 Ta=25°, ICLK=4MHz *1 e===Ta=105°C, ICLK =4MHz *2
Ta =25°C, ICLK = 1MHz *1 Ta =105°C, ICLK = 1MHz *2 Ta =25°C, ICLK = 1IMHz *1 Ta =105°C, ICLK = 1MHz *2
Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the actual A1 BRERBGORIESN, FIBEIMIRIFYIERIETT, XEr mit e T a0l 8B/ FI9E, E2REMBGO
measurements Of the Samp|e cores during product eva|uation_ :Jt;:llgﬂ59|\; Fﬁﬁ?ﬁ&ﬁéf’ﬁ%ﬁ&%jﬁﬁ?‘h iz%f-‘E%im{a«ﬁxﬁla_tEE$¥HEIIJEI\J$B/]‘;)H\”%{EEI\J:FE{EO
Note 2. All peripheral operations except any BGO operation are operating at maximum. This is the average of the
actual measurements for the upper limit samples during product evaluation.

Figure 2.20 Voltage dependency in low-voltage operating mode (reference data) Figure 2.20 BESITEX THBEKEYE (BFHIE)
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180
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VCC (V)

Ta=25°, ICLK = 32kHz *1 ====Ta = 105°C, ICLK = 32kHz *2
Ta = 25°C, ICLK = 32kHz *1*3

Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the actual
measurements of the sample cores during product evaluation.

Note 2. All peripheral operations except any BGO operation are operating at maximum. This is the average of the
actual measurements for the upper limit samples during product evaluation.

Note 3. MOCO and DAC are stopped.

Figure 2.21 Voltage dependency in subosc-speed operating mode (reference data)

Table 2.11 Operating and standby current (2)
Conditions: VCC = AVCCO0 = AVCC1=1.6t0 55V

Parameter Symbol | Typ*3 Max Unit Test conditions
Supply Software Standby | T, =25°C lec 0.5 2.0 pA -
*1 *2
current mode T, =55°C 08 70
T,=85°C 1.8 17.0
T,=105°C 4.4 45.0
Increment for RTC operation with 0.4 - -
low-speed on-chip oscillator*4
Increment for RTC operation with 0.5 - SOMCR.SODRV[1:0] are 11b
sub-clock oscillator*4 (Low power mode 3)
1.3 - SOMCR.SODRV[1:0] are 00b
(normal mode)

Note 1.  Supply current values do not include output charge/discharge current from all pins. The values apply when internal pull-up
MOS transistors are in the off state.

Note 2. The IWDT and LVD are not operating.

Note 3. VCC=33V.

Note 4. Includes the low-speed on-chip oscillator or sub-oscillation circuit current.
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Figure 2.21 suboscIEREIREEN TR BEKEYE (BEHIE)
Table 211 T{EFIFFHNEBIR(Q2)
Conditions: VCC = AVCCO0 = AVCC1=161t05.5V
Parameter Symbol | Typ*3 Max Unit MR
Supply REFHART2 T, =25°C lec 0.5 2.0 HA -
current™? T, =55°C 0.8 7.0
T,=85°C 1.8 17.0
T,=105°C 4.4 45.0
%gﬁﬁﬁt#ﬁ%%ﬁ%ﬂ@mdﬁf’ﬁ 0.4 - -
AR HRH B BIRTCIR(FIEE 0.5 - SOMCR.SODRV[1:01811b (
*4 RIhFEER3)
1.3 - SOMCR.SODRV/[1:0] are 00b
(normal mode)

Note 1. HREREFNBEFRESIHNEHITERESRR, XEEEH TR L hA
MOSRIARE b F X AR
Note 2. IWDTHFILVDFKIZITo

Note 3. VCC=33V.

Note 4. BFEMES LIRHBHFIRHEEER.
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Figure 2.22 Temperature dependency in Software Standby mode (reference data)
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Figure 2.23 Temperature dependency of RTC operation (reference data)
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Table 2.12  Operating and standby current (3) Table 212  I{EFMFNETR(3)
Conditions: VCC = AVCCO = AVCC1=16t0 55V Conditions: VCC = AVCCO = AVCC1=16t0 55V
Test Mt S
Parameter Symbol | Min | Typ Max Unit conditions Parameter Symbol | Min | Typ Max Unit
Analog power During 16-bit A/D conversion Iaveco - - 1.5 mA - R R BB 7T 7E16{UAD¥IRER(E] Iaveco - - 1.5 mA -
| t - e ms
supply curren During 8-bit D/A conversion (per channel) *1 - - 1.6 mA - SAIDALHRERE] (B MBE) +1 - - 1.6 mA -
During 12-bit D/A conversion (per channel) *1 - - 0.9 mA - 12fUDAK R ERIE] (B1MEBE) 1 - - 0.9 mA -
Waiting for 16-bit A/D, 8-bit D/A and 12-bit D/A - - 2.0 pA - Z#516fIAD. SHIDAKI2MIDARIR (FigE - - 2.0 A -
conversion (all units) *5 7T) *5
During 24-bit sigma-delta A/D conversion laveet - - 1.29 mA - TE24{isigma-deltaAD¥¢ e HRiE] (FEIES laveet - - 1.29 mA -
(at normal mode) ERF)
During 24-bit sigma-delta A/D conversion - - 1.06 mA Gggr1 =8, or 24{isigma-deltaADF R HRIE]  (RINZEL - - 1.06 mA Gggr1 =8, or
(at low-power conversion) GroTaL = 24,32 Rat) GroTaL = 24,32
- - 09 mA Gser1, GroTAL = - - 0.9 mA GSET1 GTOTAL=EAt
the others
Waiting for 24-bit sigma-delta A/D conversion*6 - - 1.0 pA - F1F24MUsigma-deltaADF%ifi+6 - - 1.0 pA -
Reference During 16-bit A/D conversion IREFHO - - 80 pA - SEBERBR TE16/IAD¥E 1R 8] IREFHO - - 80 pA -
I -
Eﬁ\r/\r/grr]tsupp v Waiting for 16-bit A/D conversion - - 60 nA - £1F16{UAD IR - - 60 nA -
During 12-bit D/A conversion IREFH - - 650 pA - 7E12{UDARIRER(E] IREFH - - 650 pA -
Waiting for 12-bit D/A conversion - - 100 nA - E1F12MUDAK R - - 100 nA -
During 24-bit sigma-delta A/D conversion IREFI - - 30 pA External VREF fE24{iIsigma-deltaADF¢ 2 EAIE] IREFI - - 30 pA SMEBVREFIRTS
mode
Temperature Sensor (TSN) operating current INs - 75 - pA - mE AR (TSN) TIERR ItNs - 75 - pA -
Low-power Window comparator (high-speed mode) lcmpLP - 15 - pA - Low-power BORE (FERERX) lcmpLP - 15 - pA -
Anal Anal
Cg?n?)grator Comparator (high-speed mode) - 10 - HA - I:I:rgégg(ACM Comparator (high-speed mode) - 10 - HA -
(ACMPLP) Comparator (low-speed mode) - 2 - MA - E;LP)IVEEE’ Comparator (low-speed mode) - 2 - uA -
operating pi)
current
High-speed analog comparator (ACMPHS) operating current lcPMHS - 70 100 pA AVCC0=22.7V SRR L F 8] (ACMPHS) TR lcPMHS - 70 100 pA AVCC022.7V
Operational Low power mode 1 unit operating IamMP - 10 16 pA - Operational RThFERR MBS Iamp - 10 16 pA -
Amplifier - - K2R T
(OPAMP) 2 unit operating - 19 30 pA - PAMP) T 2R TTIRE - 19 30 pA -
. N3
gﬁfrrear:'tng 3 unit operating - 28 44 pA - free 3P ETTIRME - 28 44 pA -
Middle speed mode 1 unit operating - 280 360 pA - FRIERIET 1NRAEE - 280 360 pA -
2 unit operating - 530 690 pA - 2N EBITIRE - 530 690 uA -
3 unit operating - 770 1020 WA - 3P ETTIRE - 770 1020 WA -
High speed mode 1 unit operating - 0.74 0.91 mA - EIRER IMNRALEE - 0.74 0.91 mA -
2 unit operating - 1.41 1.74 mA - 2N EBITIRE - 1.41 1.74 mA -
3 unit operating - 2.07 2.57 mA - 3N EITIRE - 2.07 2.57 mA -
Internal reference voltage for ADC16 operating current lvrReraDC | - 65 130 pA - ADC16 LIFRBRINESEBE lvrReraDc | - 65 130 pA -
USBFS During USB communication under the following lusee™2 | - 3.6 (VCC) - mA - USBFST FEUTREMEG THITUSBBIEHIE:  IEEEHIRR Iyspe™? | - 3.6 (VCC) - mA -
operating settings and conditions: 1.1 (VCC_USB)*4 EERR ﬂ?%ﬁ@ﬂ&%mlkouﬂﬂ@? (645‘7“—%:) x1Bulk 1.1 (VCC_USB)*4
current o Function controller is in Full-Speed mode and INFE5IA (64—7—;:) x1  EHIEEED 1 KEEREY
- Bulk OUT transfer is (64 bytes) x 1 SBIEHIBIUSBR AL,
- Bulk IN transfer is (64 bytes) x 1
o Host device is connected by a 1-meter USB cable
from the USB port.
During suspended state under the following setting | Isysp*® | - 0.35 (VCC) - pA - EUTRBMFGTATEERS:  WEERIRL | Igysp™ | - 0.35 (VCC) - pA -
and conditions: 170 (VCC_USB)*4 TE@B (USB DPIEIERD — BAFNRI FAL 170 (VCC_USB)*4
¢ Function controller is in Full-Speed mode (the &I 1 RKAIUSBEELE MUSBIR &,
USB_DP pin is pulled up)
e Software Standby mode
* Host device is connected through a 1-meter USB
cable from the USB port.
Note 1.  The reference power supply current is included in the power supply current value for D/A conversion. Note 1. EEHEFHRESEDARKIRNBIRERET,
Note 2. Current is consumed only by the USBFS. Note 2. FEJR{XEHUSBFSIE#E.
Note 3. Includes the current supplied from the pull-up resistor of the USB_DP pin to the pull-down resistor of the host device, in addition Note 3. EIEMUSB_DP5IHIAY L EBRAIR 48 ENIRE THIBAEMER, URMCUEEERS T HFENER.
to the current consumed by the MCU in the suspended state.
Note 4. When VCC =VCC_USB =3.3V. Note 4. When VCC =VCC_USB =3.3V.
Note 5.  When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (ADC160 module-stop bit) is in the module-stop Note 5. HMCUL FHEFMAERHMSTPCRD.MSTPD16 (ADC160RIRIE L) A FHRIR(E LIRSS
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state.
Note 6. When the MCU is in the MSTPCRD.MSTPD17 (SDADC24 module-stop bit) is in the module-stop state.

2.2.10 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.13 Rise and fall gradient characteristics
Conditions: VCC = AVCCO0 =AVCC1=0t0 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 0 reset enabled at startup*1, *2 -
SCI/USB boot mode*2 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 = AVCCO0 = AVCC1=1.6t0 5.5V

The ripple voltage must meet the allowable ripple frequency f,cc) 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 2.24
Vi (veey £ VCC x 0.2
- - 1 MHz Figure 2.24
Vr (vee) <VCC x 0.08
- - 10 MHz Figure 2.24
Vi (veey < VCC x 0.06
Allowable voltage change risingand | dt/dVvCC | 1.0 - - ms/V When VCC change exceeds VCC + 10%
falling gradient

» <

1/ frvee)

VCC m Vivee)

Figure 2.24 Ripple waveform

state.
Note 6. HMCULFMSTPRD.MSTPD17 (SDADCAREIR(ZIENL) L FIERF LIRS,

2210  VCCEAMTFREEBEMLURINE

Table 2.13 LEAMTRESEFYE
Conditions: VCC = AVCC0 = AVCC1=0to 5.5V

Parameter Symbol | Min Typ | Max | Unit | Jit&H
FEHVCCEAR | BN ZABREEMNBOEN SrvCC | 0.02 - 2 ms/V | -
E BENEY B A BB E IS EER0 B i+ 1 »2 -

SCI/USB boot mode*2 2

Note 1.  When OFS1.LVDAS = 0.
Note 2. 7ESISHERT, FILOFSILVDASHIMEINM, BEKNBOMNEMIIRER,

Table 2.14  EA TEHEMSCHIAEFE

Conditions: VCC = AVCCO0 = AVCC1=161t05.5V

SUREBEMEVCC ERR(5.5V)HITPR(1.6V) Z BIRYSE RN E A FRSURSIE(VCC), HVCCELBITVCCE10%ET, HIUHERIFR
BETN LA TEFSEJIVCC,

Parameter Symbol | Min Typ Max Unit Wit &
ARUFLCRIAE fvee) | - - 10 kHz | Figure 2.24
V; veg) S VCC x 0.2
- - 1 MHz Figure 2.24
V; ey < VCC x 0.08
- - 10 MHz Figure 2.24
V; vee) S VCC x 0.06
AFBETW EFA THESE dt/dvCC | 1.0 - - ms/\V LVCCEBIIVCCE10%
> <« 1/ fee)

VCC m Vrvee)

Figure 2.24 SURER
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2.3 AC Characteristics

2.3.1 Frequency

Table 2.15 Operation frequency in high-speed operating mode
Conditions: VCC = AVCCO0 = AVCC1=24t0 55V

RA2A1 Datasheet 2. BEEHMHE

Parameter Symbol | Min Typ Max*7 Unit
Operation System clock (ICLK)*6 27t055V f 0.032768 - 48 MHz
frequency 241027V 0032768 | - 16
FlashIF clock (FCLK)*1:*2,*6 27t055V 0.032768 - 32
24t02.7V 0.032768 - 16
Peripheral module clock (PCLKB)*5:*6 | 2.7 t0 5.5V - - 32
24t02.7V - - 16
Peripheral module clock (PCLKD)*3.*6 | 2.7t0 5.5V - - 64*4
24t02.7V - - 16

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

Note 2. The frequency accuracy of FCLK must be + 3.5% during 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 ADC16 is in use.

Note 4. The upper-limit frequency of PCLKD is 32 MHz when the ADC16 is in use.

Note 5. The lower-limit frequency of PCLKB is 1 MHz when the SDADC24 is in use.

Note 6. See section 9, Clock Generation Circuit in User’'s Manual for the relationship of frequencies between ICLK,
PCLKB, PCLKD, and FCLK.

Note 7. The maximum value of operation frequency does not include internal oscillator errors. For details on the range for
guaranteed operation, see Table 2.20, Clock timing.

Table 2.16 Operation frequency in middle-speed mode
Conditions: VCC = AVCCO0 = AVCC1=1.8t0 5.5V

Parameter Symbol | Min Typ Max*6é Unit
Operation System clock (ICLK)*> 27to55V f 0.032768 - 12 MHz
frequency 241027V 0.032768 | - 12
1.8t024V 0.032768 - 8
FlashIF clock (FCLK)*1:*2.*5 27t055V 0.032768 - 12
24t027V 0.032768 - 12
1.8t024V 0.032768 - 8
Peripheral module clock (PCLKB)*4*5 | 2.7t0 5.5V - - 12
24t027V - - 12
1.8t024V - - 8
Peripheral module clock (PCLKD)*3.*5 | 2.7t0 5.5V - - 12
24t027V - - 12
1.8t024V - - 8

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

Note 2. The frequency accuracy of FCLK must be + 3.5% 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 ADC16 is in use.

Note 4. The lower-limit frequency of PCLKB is 1 MHz when the SDADC24 is in use.

Note 5. See section 9, Clock Generation Circuit in User's Manual for the relationship of frequencies between ICLK,

23 mASME

2.3.1 Frequency

Table 2.15 BERBETIER FTHIEITIRE
Conditions: VCC = AVCCO = AVCC1 = 2.4 t0 5.5 V

Parameter Symbol | Min Typ Max*7 Unit
BITIE RFBH(ICLK)*6 27t055V f 0.032768 - 48 MHz
24t027V 0.032768 - 16
FlashIF clock (FCLK)*1.*2,*6 27t055V 0.032768 - 32
24t02.7V 0.032768 - 16
SMSIRIRETHH (PCLKB) *5+6 27t055V - - 32
24t027V - - 16
SMGIEIRBYE (PCLKD) *3 +6 27t055V - - 64*4
24t02.7V - - 16

1 X NFERTHRIZHIBRRS, FCLKAYTFIRSAZE N IMHz, HEAFCLKIEAMHz LA T RTEHITRIZSIRFRET, SAZRE LG
BHNTMHz. 2MHzE3MHz, FEEIRBEIERHIAR, BHII11.5MHz. E2 FETINFHITRIZHIBRIREY, FCLKAVSRAEREE MM
N+35%, HARHRININERBE, £3ERAADCI6ET, PCLKDBY TFIRIAZE 91 MHz,

E4FBADCI68Y, PCLKDEY_EFRSAZE F32MHzZo
SESfFASDADC24RT, PCLKBAY T RIAZE 191 MHzZo
FE6ICLKZ BIFSME X R ILA P FMEOT, BIFhERBER,
PCLKB, PCLKD, and FCLK.
A7 TEMENRAEARCEADIR SR IZRE. BXFIHRMETENEAER, BEBINFK220, NHEFFE,

Table 2.16  HFEBITIRFE
Conditions: VCC = AVCC0 = AVCC1=18t05.5V

Parameter Symbol | Min Typ Max*6é Unit
BITIE RGBT H(ICLK)*5 27t055V f 0.032768 - 12 MHz
24t02.7V 0.032768 - 12
1.8t024V 0.032768 - 8
FlashIF clock (FCLK)*1:*2.*5 27t055V 0.032768 - 12
24t027V 0.032768 - 12
1.8t024V 0.032768 - 8
SMRIRIRESHH (PCLKB) *4+5 27t055V - - 12
24t027V - - 12
18t024V - - 8
SMEGIEIRAYER (PCLKD) *3 +5 27t055V - - 12
24t027V - - 12
1.8t024V - - 8

F1 X NERITRIZHIBIRES, FCLKAYFIRSAZE N IMHz, HIERFCLKIEAMHz A TR HITRIZIBRET, SARAT LG
BEHNTMHz, 2MHzE3MHz, FREEIKEIFEEFINE, FI901.5MHz

2 X IRNEHITRIZSIERAT, FCLKAISRRREE M TN £3.5%, HINTSRMSRRRERE, E34EBADCI166F, PCLKDRY
TRIAZE 1 MHzo

FA4EFASDADC24EY, PCLKBAY TPRRAMZE 1 MHz,
ASICLKZ BRSAER X R AP FME0T, BIshEmeEBEs,
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PCLKB, PCLKD, and FCLK.
Note 6. The maximum value of operation frequency does not include internal oscillator errors. For details on the range for
guaranteed operation, see Table 2.20, Clock timing.

Table 2.17 Operation frequency in low-speed mode
Conditions: VCC = AVCCO = AVCC1=18t0 55V
Parameter Symbol | Min Typ Max*6 Unit
Operation System clock (ICLK)*S 1.8t05.5V f 0.032768 - 1 MHz
frequency FlashIF clock (FCLK) *1.¥2,*5 1.8105.5V 0.032768 - 1
Peripheral module clock (PCLKB)*4:*5 1.8t0 5.5V - - 1
Peripheral module clock (PCLKD)*3,*5 1.8t05.5V - - 1

Note 1.  The lower-limit frequency of FCLK is 1 MHz while programming or erasing the flash memory.

Note 2. The frequency accuracy of FCLK must be + 3.5% 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 ADC16 is in use.

Note 4. The lower-limit frequency of PCLKB is 1 MHz when the SDADC24 is in use.

Note 5. See section 9, Clock Generation Circuit in User's Manual for the relationship of frequencies between ICLK, PCLKB, PCLKD,
and FCLK.

Note 6. The maximum value of operation frequency does not include internal oscillator errors. For details on the range for guaranteed
operation, see Table 2.20, Clock timing.

Table 2.18 Operation frequency in low-voltage mode
Conditions: VCC = AVCCO = AVCC1=1.6t0 55V
Parameter Symbol | Min Typ Max*6 Unit
Operation System clock (ICLK)*5 16to55V f 0.032768 - 4 MHz
frequency FlashIF clock (FCLK)*1:¥2.*5 161055V 0.032768 - 4
Peripheral module clock (PCLKB)*4.*5 16to55V - - 4
Peripheral module clock (PCLKD)*3.*5 16to55V - - 4

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

Note 2. The frequency accuracy of FCLK must be + 3.5% during 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 ADC16 is in use.

Note 4. The lower-limit frequency of PCLKB is 1 MHz when the SDADC24 is in use.

Note 5. See section 9, Clock Generation Circuit in User’s Manual for the relationship of frequencies between ICLK, PCLKB, PCLKD,
and FCLK.

Note 6. The maximum value of operation frequency does not include internal oscillator errors. For details on the range for guaranteed
operation, see Table 2.20, Clock timing.

Table 2.19 Operation frequency in Subosc-speed mode
Conditions: VCC = AVCC0 = AVCC1=1.8t0 5.5V
Parameter Symbol | Min Typ Max Unit
Operation System clock (ICLK)*4 1.8t0 55V f 27.8528 | 32.768 | 37.6832 kHz
frequency FlashIF clock (FCLK)*1*4 181055V 27.8528 | 32.768 | 37.6832
Peripheral module clock (PCLKB)*3,*4 1.8t05.5V - - 37.6832
Peripheral module clock (PCLKD)*2*4 | 1.8t0 5.5V - - 37.6832

Note 1. Programming and erasing the flash memory is not possible.

Note 2. The ADC16 cannot be used.

Note 3. The SDADC24 cannot be used.

Note 4. See section 9, Clock Generation Circuit in User's Manual for the relationship of frequencies between ICLK, PCLKB, PCLKD,
and FCLK.
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PCLKB, PCLKD, and FCLK.
A6 TEMENRABEABEASTIR SR IZE. EXRIHBRECENFEMAEE, BEENKR220, BN,
Table 217  {REZITHIE
Conditions: VCC = AVCC0 = AVCC1=18t0 55V
Parameter Symbol | Min Typ Max*6 Unit
BT RGBTEH(ICLK)+5 1.8t05.5V f 0.032768 - 1 MHz
FlashlF clock (FCLK) *1,*2,*5 1.8t05.5V 0.032768 - 1
IMSIEERETER (PCLKB) +4+5 1.8t05.5V - - 1
IMEIRRETER (PCLKD) #3 #5 1.8t05.5V - - 1
Note 1. TEXFATFEHITHRIZHIRPRET, FCLKBY T PREAZE S 1MHz,
Note 2. TEXIATFHITHRIZHIZPRET, FCLKRVSAEEE SN £3.5%. HIARHRERAERE,
Note 3. fEAADC168Y, PCLKDEYTFPRIMZE 1 MHzo
Note 4. fEFASDADC248Y, PCLKBEYFIRSRZE /91 MHz,
Note 5. XFICLK. PCLKB. PCLKDFIFCLKZ BJHSAEXR, HENAF FMHINEITT I FHEMR B
Note 6. TIFMEMNRABEFREIEATIRHRIZE. BXRIERECENFARFEE, 5EMK220, NEHEF,
Table 2.18 {REEN TR I (ERE
Conditions: VCC = AVCC0O = AVCC1=16t0 55V
Parameter Symbol | Min Typ Max*6 Unit
BTN RBT FR(ICLK)*5 16t055V f 0.032768 - 4 MHz
FlashlF clock (FCLK)*1.*2,*5 16t055V 0.032768 - 4
IMEIRIRETER (PCLKB) %4 %5 16t055V - - 4
IMEIEERETEP (PCLKD) *3+5 16t05.5V - - 4

Note 1. FEXSIATFBITRIZSIEIRAT, FCLKBITRIAERIIMHz, HEAFCLKTEAMHZA TXIREATTRIZSIEFRT, SURATLURE A

MHz. 2MHzZ3MHz, FEEIZEIFEEHIRZE, fHIa01.5MHz.
Note 2. TEXSIATFHITRIZEIEIRAT, FCLKBYVSRFIEELHIN+35%. HIART HRBVAFNEE,
Note 3. fFADC168Y, PCLKDHEYTFIRITZE A1 MHz,

Note 4. fEFASDADC248Y, PCLKBEYTFIRSRZE /91 MHz,
Note 5. XTFICLK. PCLKB. PCLKDFAFCLKZ [BIf3E X R, EENAFL FMPHBEIT B E R ER

Note 6. TREMBRAEFTBEABIKERIZE. BXRILRMECTENFARGE, BENK220, HHF,

Table 2.19  SubosciEEiEX FHIBITIHE
Conditions: VCC = AVCCO = AVCC1=1.8t0 55V
Parameter Symbol | Min Typ Max Unit
BITIE RGP (ICLK)+4 1.8t05.5V f 27.8528 | 32.768 | 37.6832 kHz
FlashlF clock (FCLK)*1.*4 18t055V 27.8528 | 32.768 | 37.6832
IMEIEIRBYER (PCLKB) *3 *4 1.8t05.5V - - 37.6832
IMEIZIRETER (PCLKD) *2 *4 1.8t05.5V - - 37.6832

Note 1. TEI/EXTINEHITHRIZFIZRR.

Note 2. ADC16RE(E,

Note 3. SDADC24FREfER,

Note 4. XFICLK. PCLKB. PCLKDFIFCLKZ BIFVMEXR, BB NAF FMRPREIT BT HEMR B,
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RA2A1 Datasheet

2. Electrical Characteristics

23.2 Clock Timing

Table 2.20 Clock timing (1 of 2)
Parameter Symbol Min Typ Max Unit Test conditions
EXTAL external clock input cycle time txeyc 50 - - ns Figure 2.25
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 s - - 5 ns
EXTAL external clock input wait time*1 texwT 0.3 - - us -
EXTAL external clock input frequency fexTAL - - 20 MHz 24<VCC=<55
- - 8 1.8<VCC<24
- - 1 1.6<VCC<18
Main clock oscillator oscillation frequency fmain 1 - 20 MHz 24<VCC<55
1 - 8 1.8<VCC<24
1 - 4 1.6<VCC<1.8
LOCO clock oscillation frequency fLoco 27.8528 32.768 37.6832 kHz -
LOCO clock oscillation stabilization time tLoco - - 100 Us Figure 2.26
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 23.64 24 24.36 MHz Ta = -40 to -20°C
1.8<VCC<55
22.68 24 25.32 Ta =-40to 85°C
1.6<VCC<18
23.76 24 24.24 Ta=-20to 85°C
1.8<VCC=<55
23.52 24 24.48 Ta=85t0 105°C
24<VCC=<55
frocos2 31.52 32 32.48 Ta =-40 to -20°C
1.8<VCC<55
30.24 32 33.76 Ta =-40to 85°C
1.6<VCC<18
31.68 32 32.32 Ta =-20to 85°C
1.8<VCC<55
31.36 32 32.64 Ta=85to 105°C
24<VCC=<55
fhocoas™® 47.28 48 48.72 Ta =-40 to -20°C
1.8<VCC<55
47.52 48 48.48 Ta=-20to 85°C
1.8<VCC=<55
47.04 48 48.96 Ta=85to 105°C
24=<VCC=55
fHOCOG4*4 63.04 64 64.96 Ta = -40 to -20°C
24=<VCC=55
63.36 64 64.64 Ta=-20to 85°C
24<VCC=<55
62.72 64 65.28 Ta=85to0 105°C
24<VCC=<55
HOCO clock oscillation Except low-voltage | thoco2s - - 37.1 Us Figure 2.27
stabilization time*5, *6 mode thoco32
thocoss - - 43.3
tHocoe4 - - 80.6
Low-voltage mode tHocoz4 - - 100.9
thocos2
tHocoas
tHocoss
Sub-clock oscillator oscillation frequency fsus - 32.768 - kHz -
R01DS0354EJ0110 Rev.1.10 RENESAS Page 47 of 100
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£
2.3.2 BY 4 BY 5
Table 2.20 B $hit B3 (10f2)
Parameter Symbol Min Typ Max Unit IR
EXTALSMER B £ N\ /&) 2R BT &) txoyc 50 - - ns Figure 2.25
EXTALSMERES $hia N B Bk B2 B tyn 20 - - ns
EXTALSMERET $hia N Bk P 32 2 ty 20 - - ns
EXTALSMEBES 0 L 7B &) ty, - - 5 ns
EXTALSMERES $ T BB 8] tyr - - 5 ns
EXTALSMERET $hia N\ 450 18]« 1 texwT 0.3 - - us -
EXTALSMEBBS $h48 N SR fexTAL - - 20 MHz 24<VCC<55
- - 8 1.8<VCC<24
- - 1 16<VCC<1.38
1 - 8 1.8<VCC<24
1 - 4 1.6<VCC<18
LOCOBY ¢hifR %41z floco 278528 | 32.768 376832 | kHz -
LOCOBY $hifR:% #2 ZE Bt 8] tLoco - - 100 s Figure 2.26
IWDTE BB MR FIRE fiLoco 12.75 15 17.25 kHz -
MOCOBY $hif 5 fmoco 6.8 8 9.2 MHz -
MOCOBY #5512 7 B i8] tvoco - - 1 s -
HOCOBY #hifsH A foco24 23.64 24 24.36 MHz Ta=-40E-20°C1
.8sVCCs5h.5
22.68 24 25.32 Ta=-40%85°C1.
6=VCC<1.8
23.76 24 24.24 Ta=-20%F85°C1.
8=VC(Csh.5
23.52 24 24.48 Ta=85ZF105°C2.
4=\VCCsh.5
fuocos? 3152 32 32.48 Ta=-40F-20°C1
.8sVCCsh.5
30.24 32 33.76 Ta=-40E85°C1.
6=VCC<1.8
31.68 32 32.32 Ta=-20&E85°C1.
8=VCCsh.5
31.36 32 32.64 Ta=85F105°C2.
4=\VCCs5h.5
frocoas™3 47.28 48 48.72 Ta=-40E-20°C1
.8=VCCs5h.5
47.52 48 48.48 Ta=-20&E85°C1.
8=VCCs5h.5
47.04 48 48.96 Ta=85F105°C2.
4=VCCsh.5
frocosa™ 63.04 64 64.96 Ta=-40E-20°C2
A4=VCCsh.5
63.36 64 64.64 Ta=-20%85°C2.
4=VCCs5.5
62.72 64 65.28 Ta=85ZF105°C2.
4=VCCs5.5
HOCOE?%EP;E%*%EETJ 'fEHZE*;EtB%?}‘ tHOCOZ4 - - 37.1 us Figure 2.27
B]+5 +6 tHocos2
tHocoas - - 433
tHocos4 - - 80.6
Low-voltage mode tHocoz4 - - 100.9
tHocos2
tHocoss
tHocos4
2R IR % R IR fsus - 32768 | - KHz -
RO1DS0354EJ0110 Rev.1.10 RENESAS FATTT, 1000
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2. Electrical Characteristics

Table 2.20 Clock timing (2 of 2)
Parameter Symbol Min Typ Max Unit Test conditions
Sub-clock oscillation stabilization time*2 tsusosc - 0.5 - s Figure 2.28

RA2A1 Datasheet

2. BREN

Table 2.20 BE$hitE (29 hA924)
Parameter Symbol Min Typ Max Unit IR
BB $iRSH IR E BY E]+2 tsusosc - 0.5 - s Figure 2.28

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. The 48-MHz HOCO can be used within a VCC range of 1.8 Vto 5.5 V.

Note 4. The 64-MHz HOCO can be used within a VCC range of 2.4 Vto 5.5 V.

Note 5. This is a characteristic when the HOCOCR.HCSTP bit is cleared to 0 (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 ps.

Note 6. Check OSCSF.HOCOSF to confirm whether stabilization time has elapsed.

tchc
txn L txe
EXTAL external clock input / VCC x 0.5
txe txe
Figure 2.25 EXTAL external clock input timing
LOCOCR.LCSTP
tLoco
LOCO clock oscillator output ]l_\_/_\_/—
Figure 2.26 LOCO clock oscillation start timing
HOCOCR.HCSTP \
thocox
HOCO clock % \ / \ /
Note 1. x =24, 32, 48, 64
Figure 2.27 HOCO clock oscillation start timing (started by setting the HOCOCR.HCSTP bit)
SOSCCR.SOSTP \
tsusosc
Sub-clock oscillator output m Z? & % \ / \ /
Figure 2.28 Sub-clock oscillation start timing
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Note 1. H4MERBSSPIRER, TATHIRHERZLENMI(MOSCCRMOSTP)IEBE N0 (iB1T) /&, BYEhAILUEA/IBTEL,
Note 2. EEEXSOSCCRSOSTPIAYIR B LIS shaI I fRH 2R 1EE, NEETENMRZRESFNEEA FBERN IR DS, £
Bk 7 EHhSEHENIR S REFEE,
Note 3. 48MHzHOCORIE1.8VES5.5VHIVCCERERER,
Note 4. 64MHzHOCORIE2.4VES.5VIIVCCERRER,
Note 5. X2FEMOCOELIRZ FHOCOCRHCSTPIERR A0 (F%) BYAYEHILE,
EMOCOIRHEAE K HOCOCRHCSTPIIRE A0 (3R5%) BY, ZAERLE5E 1 uso
Note 6. HZOSCSFHOCOSFLUHIARREREIEE BT,
< tchc
. txn e txL
EXTALIMEBESERERIN | vccx05
txr A txr
Figure 2.25 EXTALSMEBBET EhiNBS
LOCOCR.LCSTP
tLoco

LOCORY Sl 5 82t F\/\\/

Figure 2.26 LOCOBT $hifRH FF 1aBT 5
HOCOCR.HCSTP \
0 thocox |
HOCO clock % \ , \ /
Note 1. x =24, 32,48, 64
Figure 2.27 HOCOBI iR H ARt F (EBiZ iR EHOCOCR.HCSTPIFFIA)
SOSCCR.SOSTP \
tsusc:sc

Figure 2.28 Bl hIRH eI
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2.3.3 Reset Timing 2.3.3 HEE)
Table 2.21 Reset timing Table 2.21 BEE
Test Mt 5%
Parameter Symbol | Min Typ Max Unit conditions Parameter Symbol | Min Typ Max Unit
RES pulse width At power-on trReswp | 3 - - ms Figure 2.29 RESBXHZERE At power-on treswp | 3 - - ms Figure 2.29
Not at power-on tRESW 30 - - us Figure 2.30 RFHL tRESW 30 - - us Figure 2.30
Wait time after RES cancellation LVDO enabled*! treswt | - 0.7 - ms Figure 2.29 giESHYiiéJ')’E‘E’\J%ﬁ%E? & (et LVDO enabled*! treswt | - 0.7 - ms Figure 2.29
(at power-on) LVDO disabled*2 - 03 |- LVDO disabled*2 - 03 |-
Wait time after RES cancellation LVDO enabled*? trReswT2 | - 0.5 - ms Figure 2.30 I;ESH)X%EE’\J%%N & (FFHIR LVDO enabled*? trReswT2 | - 0.5 - ms Figure 2.30
(during powered-on state) LVDO disabled*2 - 0.1 - &F LVDO disabled*2 - 0.1 -
Wait time after internal reset cancellation LVDO enabled*? tReswTs | - 0.6 - ms Figure 2.31 @?ﬁﬁfﬁﬂi%%}ﬁ{ﬂa‘%ﬁijﬁh%EI‘??@EN%E LVDO enabled*1 tReswTs | - 0.6 - ms Figure 2.31
(Watchdog timer reset, SRAM parity error : 2 ) ) FEELSBAMu (G xj_'u HIRE L SRAMECC - s - -
reset. SRAM ECC error reset, bus master LVDO disabled 0.15 }{Eﬁigﬁ=iﬁiii§%§g%%§%gﬁ§%¢é LVDO disabled 0.15
MPU error reset, bus slave MPU error reset, ;{ﬁ) SIRE ML SIRIREAL
stack pointer error reset, software reset)
Note 1. When OFS1.LVDAS = 0. 7E1.H0FS1.LVDAS=08Y, F2.50
Note 2. When OFS1.LVDAS = 1. FS1LVDAS=18Y,
VCC ’ VCC ’
RES . ;l RES . 7l
) treswp i ) treswp i
Internal reset i i j RERE U i i f
treswt treswt
Figure 2.29 Reset input timing at power-on Figure 2.29 LS UEANF
tRESW tRESW
S —

RES l RES l
Internal reset \ 7l AEE L \ 7[

Py ) W Ly

" treswrz " treswrz
Figure 2.30 Reset input timing (1) Figure 2.30 E(AARE()
treswiw, tReswir treswiw, tReswir
)

Independent watchdog timer reset [ 5 BB AENSEEN 1_557
Software reset SN ]

Internal reset \ A E L \
{C {C

£ L
2 ” 2 »

tRESW’TB tRESWT3
Figure 2.31 Reset input timing (2) Figure 2.31 E(RARE(2)
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Table 2.22

Wakeup Time

Timing of recovery from low power modes (1)

Parameter

Symbol

Min

Typ

Max

Unit

Test
conditions

Recovery time
from Software
Standby mode™!

High-speed
mode

Crystal
resonator
connected to
main clock
oscillator

System clock source is
main clock oscillator
(20 MHz)"2

tseyme

ms

Figure 2.32

External clock
input to main
clock oscillator

System clock source is
main clock oscillator
(20 MHz)"3

tseyEx

14

25

us

System clock source is HOCO™
(HOCO clock is 32 MHz)

tseyHo

43

52

us

System clock source is HOCO™
(HOCO clock is 48 MHz)

tseyHo

44

52

us

System clock source is HOCO™
(HOCO clock is 64 MHz)

tseyHo

82

110

us

System clock source is MOCO

tseymo

16

25

us

Note 1. The division ratio of ICK, FCK, and PCKXx 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 05h.
Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.
Note 4. The HOCO Clock Wait Control Register (HOCOWTCR) is set to 05h.
Note 5. The HOCO Clock Wait Control Register (HOCOWTCR) is set to 06h.
Table 2.23 Timing of recovery from low power modes (2)
Test
Parameter Symbol | Min | Typ | Max | Unit | conditions
Recovery time Middle-speed | Crystal System clock source is | tsgymc | - 2 3 ms | Figure 2.32
from Software mode resonator main clock oscillator
Standby mode*? connected to (12 MHz)*2
main clock
oscillator
External clock System clock source is | tsgyex | - 29 10 us
input to main main clock oscillator
clock oscillator | (12 MHz)*3
System clock source is HOCO*4 tseyHo | - 38 50 us
System clock source is MOCO (8 MHz) tseymo | - 3.5 55 us

Note 1.

Note 2.
Note 3.
Note 4.

The division ratio of ICK, FCK, and PCKXx is the minimum division ratio within the allowable frequency range. The recovery time
is determined by the system clock source.

The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h.
The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.
The system clock is 12 MHz.
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Table 2.22  MIETH#ERNXRERIBSiEI(1)
it &1

Parameter Symbol | Min | Typ Max | Unit
MERERFHET | High-speed | EEEI TR AZNHREENMIR | tsgyme | - 2 3 ms | Figure 2.32
RS B[]« 1 mode HifRS7 M Hes (20MHz) *2

m iR IERES

ERHIEFE | FANHESENTR | tsavex | - 14 25 us

3’37#&559‘%415@ %28 (20MHz) *3

R FHIRAIHOCO*4 (HOCO t - 43 52 s

335893 2MH?) sBYHo "

R HIRAIHOCO+4 (HOCO t - 44 52 s

YR ABMH2) SEYHO "

REZBTERIRAHOCO*5 (HOCO t - 82 110 s

3358 7964MH?) sBYHo "

f?éﬁﬁ?'ﬂiﬁﬁMOCO tSBYMO - 16 25 us
Note 1. ICK. FCK. PCKxHIZA#iitt B R IFMETEERNM R/ HitL, MERNEH AR HIRRE,
Note 2. EBYPMRH B EFFFITHIZ 788 (MOSCWTCR)IZRE 705hs
Note 3. EBTPhiRSH 83 F1FIZHIZE 788 (MOSCWTCR)I&E 900,
Note 4. HOCOBY$hEF#F1= | Z 7788 (HOCOWTCR)IZ & /905h,
Note 5. HOCOBY #h & 1% Z 7728 (HOCOWTCR)IZ & /306h.
Table 2.23  MEIh#EER R EAIESiE(2)

it 5=

Parameter Symbol | Min | Typ | Max | Unit
MERERFNER | Middle-speed | 1E#ZEI BT AZNMRAENIR | tsgyme | - 2 3 ms | Figure 2.32
RS B [E)*1 mode hifRS7 2R A9 Hes(12MHz)*2

LN ER

?%Eﬂﬂﬂ‘%ﬂﬁﬁ Hes(12MHz)+3

Note 1.

Note 2.
Note 3.
Note 4.

PRS2 ST HI T 783 (MOSCWTCR)IR E A05hs
T IMRSHEE ST HI T F 88 (MOSCWTCR)IRE A00hs
RBBIPI912MHZ,

ICK. FCK. PCKxFIZSALLR A IFSIRCERMIR/N DS, RE AT B R SR HhiRRTE,
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Table 2.24 Timing of recovery from low power modes (3)
Test

Parameter Symbol | Min | Typ | Max | Unit | conditions
Recovery time Low-speed Crystal System clock source is | tsgymc | - 2 3 ms | Figure 2.32
from Software mode resonator main clock oscillator
Standby mode*1 connected to (1 MHz)*2

main clock

oscillator

External clock System clock source is | tsgyex | - 28 50 us

input to main main clock oscillator

clock oscillator | (1 MHz)*3

System clock source is MOCO (1 MHz) tseymo | - 25 35 us

Note 1.  The division ratio of ICK, FCK, and PCKXx 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 05h.
Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.
Table 2.25 Timing of recovery from low power modes (4)
Test
Parameter Symbol | Min | Typ Max Unit | conditions
Recovery time Low-voltage | Crystal System clock source is | tsgymc | - 2 3 ms Figure 2.32
from Software mode resonator main clock oscillator
Standby mode*? connected to (4 MHz)*2
main clock
oscillator
External clock | System clock source is | tsgyex | - 108 130 us
input to main main clock oscillator
clock oscillator | (4 MHz)*3
System clock source is HOCO (4 MHz) tseyHo | - 108 130 us

Note 1. The division ratio of ICK, FCK, and PCKXx 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 05h.
Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.
Table 2.26 Timing of recovery from low power modes (5)
Test
Parameter Symbol | Min | Typ | Max | Unit | conditions
Recovery time Subosc-speed mode System clock source is sub-clock | tsgysc | - 0.85 | 1 ms Figure 2.32
from Software oscillator (32.768 kHz)
*1
Standby mode System clock source is LOCO tseyLo | - 0.85|1.2 ms
(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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Table 224  MEINFERN M E H98TE(3)
Mt 51
Parameter Symbol | Min | Typ | Max | Unit
MERERFHERX | Low-speed ERER AZNMRAENIR | tsgyme | - 2 3 ms | Figure 2.32
RS B [E)*1 mode iRH AT Hes(1MHz)*2
iR IEIRES
RYSMEB B Shdan %es(1MHz)*3
A
?ﬁéﬁﬁif’i‘?ﬁ?ﬂMOCOU MHz) tSBYMO - 25 35 us
Note 1. ICK. FCK. PCKxBIZ§iitt @ AVFIESERAMR/ NI SltL. TRERE R AR HIRRE,
Note 2. EBIPPIRTH 28 F1FIEHIZ 728 (MOSCWTCR)I& & 05h,
Note 3. EBYPMRH B FFFITHI Z 788 (MOSCWTCR)IZE 7300ho
Table 2.25  MEIhERR R EAIESiE(4)
Mt 515
Parameter Symbol | Min | Typ Max | Unit
MEERFHER | Low-voltage | EIZEITES AANMREENMIR | tsgyme | - 2 3 ms Figure 2.32
TR 2 B 8]*1 mode hifR3% 23 HY Hes (4AMHz) =2
iR RS
BISMERESEPE | SHER (4MHZ) +3
A
Note 1. ICK. FCK. PCKxHIZD#iitt B IFMETEERNMN R/ N HitL, MENEHRRNHIRRE.
Note 2. EBYPMRT B FFFITH Z 788 (MOSCWTCR)IZRE 705hs
Note 3. EBYHMRT 23 F1FITH Z 788 (MOSCWTCR)IRE 7900hs
Table 2.26  MIKIH#EAEX1RE AYBSiE(5)
Mt 515
Parameter Symbol | Min | Typ | Max | Unit
MIERFHER | Subosc-speed mode RENWRARNIRSSE (32, | tspysc | - 0.85 | 1 ms | Figure 2.32
RS B 8]« 1 768kHz)
%&éﬁﬁﬂ“f‘*ﬁﬁLOCO(BZ%SkH tseyLo | - 085 | 1.2 ms
z

Note 1.

FESuboscREHETUHAE], BIFT#PiR% B HLOCOEZ MM FIURA T HEIR S,
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Figure 2.32 Software Standby mode cancellation timing
Table 2.27 Timing of recovery from low power modes (6)
Parameter Symbol | Min Typ Max Unit Test conditions
Recovery time from Software | High-speed mode tsnz - 36 45 us Figure 2.33
Standby mode to Snooze System clock source is HOCO
mode Middle-speed mode tsnz - 1.3 3.6 us
System clock source is MOCO
(8 MHz)
Low-speed mode tsnz - 10 13 us
System clock source is MOCO
(1 MHz)
Low-voltage mode tsnz - 87 110 us
System clock source is HOCO
(4 MHz)
Oscillator I | ﬂ B | I | I | I
ICLK (except DTC, SRAM) | | ﬂ .
ICLK (to DTC, SRAM)"' PCLK | | ﬂ .
IRQ .
Software Standby mode Snooze mode
) tsnz "’

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

Figure 2.33

Recovery timing from Software Standby mode to Snooze mode

MEFEIER

»

«
tseysc, tsevio

Figure 2.32 REFNERBCERF
Table 2.27  MEIHFEEX R AIBTiE(6)
Parameter Symbol | Min Typ Max Unit Wit &4
R ERTE) High-speed mode tsnz - 36 45 s Figure 2.33
BHERERZEELR RFERHIRAIHOCO
Middle-speed mode tsnz - 1.3 3.6 us
R HIREIMOCOBMHZ)
Low-speed mode tsnz - 10 13 us
ARFRHIRIMOCO(1MHz)
Low-voltage mode tsnz - 87 110 us
REBTHIRREHOCO(4MHz)
Oscillator I | ﬂ B | I | I | I
ICLK (except DTC, SRAM) | | ﬂ )
ICLK (to DTC, SRAM)"' PCLK | | ﬂ .
IRQ .
) REENESR S
) tsnz !
7E1.29SNZCRSNZDTCENTIZ B /918Y, ICLKIRHELADTCHISRAM,
Figure 2.33 MEREFFHLAE R 55 BE AR =AY 1k 2 B |)
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2.35 NMI and IRQ Noise Filter

Table 2.28 NMI and IRQ noise filter

Parameter Symbol | Min Typ Max Unit Test conditions

NMI pulse width | tyaiw 200 - - ns NMI digital filter disabled tpeye X 2<200 ns
tpeyc x 2*1 - - tpeyc X 2> 200 ns
200 - - NMI digital filter enabled tamick X 3 <200 ns
tumick X 3.572 | - - tumick X 3 > 200 ns

IRQ pulse width | tirqw 200 - - ns IRQ digital filter disabled tpeyc X 2 <200 ns
tpeyc x 2+ - - tpeyc X 2> 200 ns
200 - - IRQ digital filter enabled tirack % 3 <200 ns

tirack ¥ 3.5 | - -

thQCK x 3>200 ns

Note: 200 ns minimum in Software Standby mode.

Note: If the clock source is switched, add 4 clock cycles of the switched source.
Note 1. tpcyc indicates the PCLKB cycle.

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

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

tNMIW

Figure 2.34 NMI interrupt input timing

tiraw

Figure 2.35 IRQ interrupt input timing
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2.35 NMIFIIRQME = 2K 23

Table 2.28 NMIFNIRQME 7S 75 K 58

Parameter Symbol | Min Typ Max | Unit | JUit&4

NMIBK A B tamiw 200 - - ns NMIZCF IR 2 A tpeye ¥ 2 <200 ns
tpeyc x 2*1 - - tpeyc X 2> 200 ns
200 - - BEANMIEF SRS tamick * 3 <200 ns
tmick X 3.52 | - - tamick X 3 > 200 ns

IRQBREL traw | 200 - - ns | RQBFREEEA theye X 2 < 200 s
tpeyc x 2+ - - tpeyc X 2> 200 ns
200 - - BRRQEHFIE RS tirack * 3 <200 ns
tirack X 3.57 | - - tirack X 3>200 ns

Note: RERFTER TR 200ns,

Note:  WIRBIHUELIMR, MIEIOLIRRIADETERE R,

Note 1. tPcyc®R/RPCLKB/E .

Note 2.  tNMICKFRRNMIER F 378 5 88 SRAE AT # I B HA,

Note 3. tIRQCKFRRIRQIEFIEFESKIFAT¢hAv AR (i=0F17) »

tNMIW

Figure 2.34 NMIRER5E N BS F

tiraw
Figure 2.35 IRQHEFIRNEF
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2.3.6 I/0 Ports, POEG, GPT, AGT, KINT, and ADC16 Trigger Timing

2.3.6 [0, POEG. GPT. AGT. KINTAIADC16fit% B =

Note: Note:
Table 2.29 I/O Ports, POEG, GPT, AGT, KINT, and ADC16 trigger timing Table 2.29 10i%A. POEG. GPT. AGT. KINT#1ADC16ft %83+
Test Wit &%

Parameter Symbol | Min Max Unit conditions Parameter Symbol | Min Max Unit

I/0 Ports Input data pulse width trrw 1.5 - teoyc Figure 2.36 1/0 Ports BWNBUBOREE trrw 1.5 - teoyc Figure 2.36

POEG POEG input trigger pulse width tpoew | 3 - teeye Figure 2.37 POEG POEGHI N i & Bk A 55 troew | 3 - teoyc Figure 2.37

GPT Input capture pulse width Single edge taticw | 1.5 - tppeyc | Figure 2.38 GPT BNBRRORREE B8 teicw | 1.5 - tppeyc | Figure 2.38
Dual edge 25 - 7] 25 -

AGT AGTIO, AGTEE input cycle 27V<VCC<55V | tacyc™! | 250 - ns Figure 2.39 AGT AGTIO. AGTEERINJEHA 27V<VCC<55V | tacyc™! | 250 - ns Figure 2.39
24V<VCC<27V 500 - ns 24V <VCC<27V 500 - ns
1.8V=sVCC<24V 1000 - ns 1.8V<sVCC<24V 1000 - ns
1.6V=sVCC<18V 2000 - ns 1.6V<VCC<18V 2000 - ns

AGTIO, AGTEE input high-level | 2.7 V<VCC <55V | tackwi, | 100 - ns AGTIO. AGTEEMINBBTEE | 2.7V<VCC<55V | tackwh, | 100 - ns

width, low-level width 24V=VCC<27V | mokwL 500 |- ns - ERTRE 24V=VCC<27V | okwL 200 |- ns
1.8V<VCC<24V 400 - ns 1.8V<VCC<24V 400 - ns
1.6V=<VCC<18V 800 - ns 1.6V=VCC<18V 800 - ns

AGTIO, AGTO, AGTOA, AGTOB 27V<sVCC<55V | tacyco | 625 - ns Figure 2.39 AGTIO. AGTO. AGTOA. AGTO 27V<sVCC<55V | tacyco | 625 - ns Figure 2.39

output cycle 24V<VCC<27V 125 |- ns BiA 24V<VCC<27V 125 |- ns
1.8V<sVCC<24V 250 - ns 1.8V=VCC<24V 250 - ns
1.6V<VCC<18V 500 - ns 1.6V<VCC<18V 500 - ns

ADC16 16-bit A/D converter trigger input pulse width trraw | 1.5 - teoye Figure 2.40 ADC16 16U SR SR AR R I N KO B ttrraw | 1.5 - teeye Figure 2.40

KINT KRn (n = 00 to 07) pulse width tkr 250 - ns Figure 2.41 KINT KRn(n=00to07) Bk HE tkr 250 - ns Figure 2.41

Note:  tpeyc: PCLKB cycle, tppgyc: PCLKD cycle.
Note 1. Constraints on input cycle:
When not switching the source clock: tpeyc * 2 < tacyc should be satisfied.

When switching the source clock: tpeyc X 6 < tacyc should be satisfied.

7E: tPcyc: PCLKB/EHA, tPDcyc: PCLKDEHR, *
(REPNE A

TRETERAT . tPcycx2<tACYCRLH Bo
PIHLRBT$PBY . tPcycx6<tACYCRZIH Bo

Port jF<

trrw

Figure 2.36 1/0 ports input timing

POEG input trigger % %

trorw

Figure 2.37 POEG input trigger timing
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Port jLF<
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Figure 2.36 I0iROMAREF
POEGHINfit % >a£ jF<
< >
trorw
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Input capture

teTicw
Figure 2.38 GPT input capture timing
< tacvc >
e tackwi < tackwH —>]
AGTIO, AGTEE 4 \
(input) X
< tacvcz >
AGTIO, AGTO,
AGTOA, AGTOB
(output)
Figure 2.39 AGT 1/O timing
ADTRGO 7!
) trrow i’
Figure 2.40 ADC16 trigger input timing
KROO to KRO7 * /
.
" tkr
Figure 2.41 Key interrupt input timing
2.3.7 CAC Timing
Table 2.30 CAC timing
Conditions: VCC = AVCCO = AVCC1=16t0 55V
Test
Parameter Symbol | Min Typ Max | Unit | conditions
CAC CACREF input pulse width tPcyc 1< tcac*z tCACREF 4.5 x tcac + 3 x tPcyc - - ns -
tPcyc*1 > teac? S X teae 6.5 X tpeye | - - ns
Note 1. tpeyc: PCLKB cycle.
R01DS0354EJ0110 Rev.1.10 -IENESAS Page 55 of 100
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W % %
l«
teTicw
Figure 2.38 GPTHIAMIREIF
< tacvc >
[—— tackwiL — tackwHn —>
AGTIO, AGTEE 71 X
(input) \ X
< tacvee >
AGTIO, AGTO,
AGTOA, AGTOB
(output) 7
Figure 2.39 AGT 1/O timing
ADTRGO -
) trrow .
Figure 2.40 ADC16f RN F
KROO to KRO7 * /
" tkr i
Figure 2.41 s Lol kNGB 12
237 CACH
Table 2.30 CACitBY
Conditions: VCC = AVCCO = AVCC1=161t055V
Mt 51
Parameter Symbol | Min Typ | Max | Unit
CAC CACREFHINRKAEEE troye 1 Steac™? | toacreF | 45 X teac * 3 X tpgye | - - ns -
tF’cyc*1 > teac? S Xt 6.5 X tpeye | - - ns
Note 1. tpeyc: PCLKB cycle.
RO1DS0354EJ0110 Rev.1.10 RENESAS #5501, #1005
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Note 2.  t.,c: CAC count clock source cycle.
2.3.8 SCI Timing
Table 2.31 SCI timing (1)

Conditions: VCC = AVCCO = AVCC1=1.6t0 55V

Parameter Symbol | Min Max Unit"! | Test conditions
SCI Input clock cycle Asynchronous tseye - tpeye Figure 2.42
Clock synchronous -
Input clock pulse width tsckw 0.4 0.6 tseye
Input clock rise time tsckr - 20 ns
Input clock fall time tsckr - 20 ns
Output clock cycle Asynchronous tseyc - tpeyc
Clock synchronous 4 -
Output clock pulse width tsckw 0.4 0.6 tseye
Output clock rise time 1.8V <VCC <55V | tgckr - 20 ns
16V=<VCC<18V - 30
Output clock fall time 1.8V <VCC =55V | tgcks - 20 ns
1.6V<VCC<18V - 30
Transmit data delay | Clock 1.8V =<VCC <55V| trxp - 40 ns Figure 2.43
(master) synchronous [~ 6 < veC < 1.8 V N 45
Transmit data delay | Clock 27V<VCC<55V - 55 ns
(slave) synchronous 24V<=VCC <27V N 60
1.8V=<VCC<24V - 100
16V=<VCC<18V - 125
Receive data setup | Clock 27V<sVCC=s55V | tgxs 45 - ns
time (master) synchronous 24V<=VCC <27V 55 N
1.8V=<VCC<24V 90 -
16V=<VCC<18V 110 -
Receive data setup | Clock 27V<VCC<55V 40 - ns
time (slave) synchronous 16V<VCC <27V 45 N
Receive data hold Clock synchronous tRxH 5 - ns
time (master)
Receive data hold Clock synchronous trRxH 40 - ns
time (slave)
Note 1. tpeyc: PCLKB cycle.
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Note 2. tcac:CACIT#BYHIR AR,
2.3.8 SCIBY F»
Table 2.31  SCIBE (1)
Conditions: VCC = AVCC0 = AVCC1=161t055V
Parameter Symbol | Min Max Unit | iS4
SCI L PNEREE L Asynchronous tsoyc - teeyc Figure 2.42
B $h R -
BN HBK B E tsckw 0.4 0.6 tseyc
BB E EFHETE] tsckr - 20 ns
BB TR E) tsckr - 20 ns
it B B /E A Asynchronous tseye - tpoyc
B $h R 4 -
B EBKOR B E tsckw 0.4 0.6 tseyc
BT Eh LA AR 1.8V <VCC <55V | tgckr - 20 ns
16V=<VCC<18V - 30
BT T RS E] 1.8V <VCC <55V | tgeks - 20 ns
1.6V<VCC<18V - 30
FREIELER (X | N#RELS 1.8V <VCC <55V| tryp - 40 ns Figure 2.43
) 16V=<VCC<18V - 45
FREBIEIER (W | BHES 27VsVCC<55V - 55 ns
) 24V<VCC<27V - 60
1.8V=sVCC<24V - 100
16V=<VCC<18V - 125
2306 EEtE AV ITE) B EhE 2 27V<sVCC<s55V | tgxs 45 - ns
(E) 24V<VCC<27V 55 -
1.8V=sVCC<24V 90 -
16V=<VCC<18V 110 -
BWRSGREIE | BEES 27V<VCCs55V 40 - ns
(M) 1.6 V<VCC<27V 45 -
BRMIRRRSEE | RS tRxH 5 - ns
(EM)
BWSRRISE | NEEY tRxH 40 - ns
(ML)
Note 1. tpeyc: PCLKB cycle.
R01DS0354EJ0110 Rev.1.10 RENESAS %5631, 1007

Mar 16, 2020



RA2A1 Datasheet

2. Electrical Characteristics

SCKn
(n=0,1,9)

tsckw tscker tsoxr
f \
\( f/ \
T e
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Figure 2.42 SCK clock input timing
trxp
TXDn X X Xi
trxs | trxu
v ) D )
n=0,1,9
Figure 2.43 SCI input/output timing in clock synchronous mode
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Table 2.32 SCI timing (2)
Conditions: VCC = AVCCO = AVCC1=1.6t05.5V
Parameter Symbol | Min Max Unit"! | Test conditions
Simple | SCK clock cycle output (master) tspeyc 4 65536 tpoye | Figure 2.44
SPI SCK clock cycle input (slave) 6 65536
SCK clock high pulse width tspckwn | 0.4 0.6 tspeye
SCK clock low pulse width tspckwL 0.4 0.6 tSprC
SCK clock rise and fall time 18VsVvCcCc<55V | tspckr, - 20 ns
1evsvec<isy | O [C 30
Data input setup Master | 27V<VCC<55V | tgy 45 - ns Figure 2.45 to
fime 24V<VCC<27V 55 - Figure 2.48
1.8V=sVCC<24V 80 -
16VsVCC<18V 110 -
Slave 27V<VCC=s55V 40 -
16V<sVCC<27V 45 -
Data input hold time | Master th 33.3 - ns
Slave 40 -
SS input setup time tLEAD 1 - tspeyc
SS input hold time tLac 1 - tspeye
Data output delay Master 1.8V=sVCC=<55V | top - 40 ns
16V<sVCC<18V - 50
Slave 24V=sVCC=s55V - 65
1.8V<VCC<24V - 100
1.6V<VCC<18V - 125
Data output hold Master 27V=sVCC=55V | toy -10 - ns
time 24V<VCC<27V -20 -
1.8V<sVCC<24V -30 -
16V<sVCC<18V -40 -
Slave -10 -
Data rise and fall Master 1.8V =sVCC=<55V | tp, tpf - 20 ns
fime 16V<VCC <18V - 30
Slave 1.8V=<VCC=<55V - 20
16VsVCC<18V - 30
Simple | Slave access time tsa - 6 tpeye Figure 2.48
SP! Slave output release time tREL - 6 tpeye
Note 1. tpcyc: PCLKB cycle.
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Table 2.32  SCIBF (2)
Conditions: VCC = AVCCO = AVCC1=16t0 55V
Parameter Symbol | Min Max Unit | Wit & M
Simple | SCKESERERRILE (FEAH) tspeyc 4 65536 tpoye | Figure 2.44
SPU Dsckessemmsmn (M) 6 65536
SCKEY$has Bk B2 tspckwH | 0.4 0.6 tspeyc
SCKES $EC Bk AR B8 B tspckwe | 0.4 0.6 tspeyc
SCKES &b _EF+F0 T & B jE] 18V<VCC<55V | tspckr, - 20 ns
1evsvoc<isv | X [- 30
7 EET PN ERVAL) Master |27V <VCC<55V | tgy 45 - ns E245%
& 24V<VCC<27V 55 - Figure 2.48
1.8V=<VCC<24V 80 -
1.6 V<VCC<18V 110 -
Slave 27V=<VCC=s55V 40 -
1.6V<sVCC<27V 45 -
BB REFESE | Master ty 333 - ns
Slave 40 -
SSHINEEIZBTIE] tLeAD 1 - tspoyc
SSHINRIFETIE] tLaG 1 - tspeyc
IBHILER Master | 1.8V <VCC<55V | top - 40 ns
1.6V<VCC<18V - 50
Slave 24V<VCC<55V - 65
1.8V<sVCC<24V - 100
1.6VsVCC<18V - 125
BUER KRR Master | 27V<VCC<55V | toy -10 - ns
B 24V <VCC<27V -20 -
1.8V<sVCC<24V -30 -
1.6Vs<VCC<18V -40 -
Slave -10 -
SR EFHAI TR Master | 1.8V <VCC<55V | to toy - 20 ns
BYa] 1.6V<VCC<18V - 30
Slave 1.8V<VCC=<55V - 20
1.6 V<VCC<18V - 30
Simple | Mikifiaad 8] tsa - 6 tpeye Figure 2.48
LR TP P epe——— treL . 6 tpoye
7E1tPcyc: PCLKBRE A,
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tspokwH tspoke tspoxs tspokwH tspoke tspoxr
Vou .

SCKn SCKnE#%E

master select Fa

output

tspekwi
Iy > >
tspokwH tspekr tspcke tspokwH tspekr tspckr
SCKn SCKnMMIZEH 1
slave select input A
(n=0,1,9) (n=0,1,9)
Vou=0.7 x VCC, Vo_=0.3 x VCC, V3=0.7 x VCC, V,.=0.3 x VCC VOH=0.7xVCC, VOL=0.3xVCC, VIH=0.7xVCC, VIL=0.3xVCC
Figure 2.44 SCI simple SPI mode clock timing Figure 2.44 SCIE 2 SPI{E R BY #hBY
SCKn Z‘ 5\—ﬁ ™\ J\ / SCKn Z‘ 3 5 /
CKPOL =0 ;. CKPOL =0 ;. 3
output output
SCKn —_\ /—\_‘ (—\—/ \ P —'\ /—\_{ (_\_/ \
CKPOL =1 \ CKPOL =1 \
output N ‘1—/ output N S—/
tsu tn tsu tn
MISOn MISOn
ter, tEf l—y o ey top tBr, tEf le— ton ey top
MOSIn RV E 3 5 = MOSIn p A N $5 A
output N wmssout §< DATA >§ LSB OUT >< IDLE ><MSB ouT output _Zr MSB OUT 72< DATA >§ LSB OUT >< IDLE ><MSB ouT
(n=0,1,9) (n=0,1,9)
Figure 2.45 SClI simple SPI mode timing (master, CKPH = 1) Figure 2.45 SCIEISPIHERBYF (M, CKPH=1)

— —
CKPOL =1 7 CKPOL =1 7

output

SCKn / N SCKn / N
output -\—/ output _\—/
eRPOL =0 N 1 N ﬁ—/—\—/ SKPOL =0 \ 1 N ﬂ_/

output

i"::)i?" MSBIN p—1—5{ DATA LSB IN MSB IN mﬁ?" MSBIN Dp—1—5{ DATA LSB IN MSB IN
ton to tor, tor ton to tor, tor
s', qn ',s T
MOSin MSB OUT DATA LSB OUT IDLE MSB OUT MOSin MSB OUT DATA LSB OUT IDLE MSB OUT
output e - output e -
22 p2)

1

17

[
[

(n=0,1,9) (n=0,1,9)
Figure 2.46 SCI simple SPI mode timing (master, CKPH = 0) Figure 2.46 SCIiEg g SPIEEF (XM, CKPH=0)
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_ to _ to
SSn \ o E SSn \ o E
input L « 7Z \ input L . 7Z \
| tea ? tiac | tean ” tiac
SRroL =0 a J 3 / SRPOL = 0 /T J \ /
input — 7 input — 7
SCKn —T SCKn —T
CKPOL = 1 N /—\_5 /1 \ CKPOL = 1 N /—\_‘ /1 \
input — input —
tsa ton too treL ton too treL
MiSOn MSBOUT | DA:,':"A | LsBouT JXL MSB IN MSB OUT MISOn MSB OUT | DA:":"A | LsBouT 'XL MSB IN MSB OUT
output P ‘ N E A output P ‘ - E
12 | » >
tsu th tor, tor tor, tor
MOSIn MOSin % \
(n=0,1,9) (n=0,1,9)
Figure 2.47 SClI simple SPI mode timing (slave, CKPH = 1) Figure 2.47 SCIEIBSPIHERBYF (M#HL, CKPH=1)
to to
SSn \ o E SSn \ r p
input N I 7Z \ input N £ 7Z \
’ tiean 7 tiac ’ tiean 7 tiac
SkPOL = 1 \ / / SkPOL = 1 \ / /
input 7 e input 7 e
SCKn \ Z._ \ ol X /] i \
CKPOL =0 \ CKPOL =0 \
input input
tsa ton too treL tsa ton too treL
) £C ) £
MISOn LSB OUT r MISOn LSB OUT o
output (Last data) 1}< MSB OUT >§(  DATA I LSB OUT MSB OUT output (Last data) 1}< MSB OUT >§t  DATA I LSB OUT MSB OUT
b2 le— ¥ le—
tsu || th tor, tor tsu || th tor, tor
input input
(n=0,1,9) (n=0,1,9)
Figure 2.48 SCI simple SPI mode timing (slave, CKPH = 0) Figure 2.48 SCIiE BSPIHEXETF (M#l, CKPH=0)
Table 2.33  SClI timing (3) Table 2.33  SCIBRF (3)
Conditions: VCC = AVCCO = AVCC1=2.7t0 55V Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V
Parameter Symbol Min Max Unit | Test conditions Parameter Symbol Min Max Unit | iS5
Simple 1IC SDA input rise time ts - 1000 ns Figure 2.49 Simple IIC SDARI N _EFtBTE] tsr - 1000 ns Figure 2.49
(Standard mode) I"gpA%nsut fall time - - 300 ns (Standard mode) "cp, \¢e X Frs6vial - - 300 ns
SDA input spike pulse removal time tsp 0 4 X tycey*! | ns SDA N RUIERK A 2 FRETE] tsp 0 4 % ticeye™! | ns
Data input setup time tspas 250 - ns iR\ IIAY 8] tspas 250 - ns
Data input hold time tspaH 0 - ns 6 TDNESSINE tspAH 0 - ns
SCL, SDA capacitive load Cp*2 - 400 pF SCL, SDA capacitive load Cp*2 - 400 pF
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Table 2.33  SCl timing (3) Table 2.33  SCIBRFE (3)
Conditions: VCC = AVCC0 = AVCC1=2.7t0 5.5V Conditions: VCC = AVCC0 = AVCC1=2.7t0 5.5V
Parameter Symbol Min Max Unit | Test conditions Parameter Symbol Min Max Unit | it&4%
Simple IIC SDA input rise time ts - 300 ns Figure 2.49 Simple IIC SDAXIN _EFHAY{E] tsr - 300 ns Figure 2.49
(Fast mode) SDA input fall time tor - 300 ns (Fast mode) SDARIN T8 8] tes - 300 ns
SDA input spike pulse removal time tsp 0 4 X ticeye™! | Ns SDAI N RUIERK A 25 PRETE] tsp 0 4 X ticeye™! | NS
Data input setup time tspas 100 - ns 56/ D= AVAN ) tspas 100 - ns
Data input hold time tspAH 0 - ns 6 TDNESSENE] tspAH 0 - ns
SCL, SDA capacitive load Cp*2 - 400 pF SCL, SDA capacitive load Cp*2 - 400 pF
Note 1. tceye: Clock cycle selected by the SMR.CKS[1:0] bits. Note 1. tlICcyc: EHSMR.CKS[1:01iI&4R YA /3 HH
Note 2. C, indicates the total capacity of the bus line. Note 2. ChRIRARZEHNZBE,
I ] I b
SDAn I : \ ! SDAn | ! I :
o\ LA /. LA L/
b o o b
I ! \ ‘ \ ‘ I !
I ! \ ‘ \ ‘ I !
Lo L L Lo
! : —>| l—tep | | ! ! —> [ tep l !
! I ‘ I ‘ [ ! I
| XV I | I /4 | |
SCLn i : v i } SCLn i } v i :
I ! \ ‘ \ ‘ I !
I ! R \ ‘ \ ‘ —— I !
:Sr“ : }P“ } }Sr“ } :P*1 :
(n=0,1,9) __1 [ (n=0,1,9) __ __1
tspas tspas
Test conditions: Test conditions:
Viy=VCC x 0.7, V,. =VCC x 0.3 VIH=VCCx0.7, VIL=VCCx0.3
VoL =0.6V, lo. =6 mA VOL=0.6V, IOL=6mA
Note 1. S, P, and Sr indicate the following conditions: E1S. PHISIERIRIA T &14:
S: Start condition S: FQE‘%%#FP:
P: Stop condition R LESAF
Sr: Restart condition Sr: ERFMH
Figure 2.49 SClI simple IIC mode timing Figure 2.49 SCIEBINCIEX BT F
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2.3.9

Table 2.34

SPI Timing

SPI timing (1 of 2)

Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol | Min Max Unit"! | Test conditions
SPI | RSPCK clock cycle | Master tspeye 2 4096 tpeyc | Figure 2.50
Slave 6 4096 C=30pF
RSPCK clock high | Master tspckwH | (tspeye - tspekr | - ns
pulse width -tspeks) /2-3
Slave 3 X tpeyc -
RSPCK clock low Master tspekwi | (tspeyc - tspekr | - ns
pulse width -tspeks) /2-3
Slave 3 X tpeyc -
RSPCK clock rise | Output | 2.7V <VCC <55V | tgpckr, - 10 ns
and fall time 24VsVCC<27V |'sPcki [ 15
1.8V=<VCC=<24V - 20
16V=VCC<18V - 30
Input - 1 us
Data input setup Master tsy 10 - ns Figure 2.51 to
time Slave | 24V<VCC<55V 10 - noure i—gs
1.8V<sVCC<24V 15 -
16V=sVCC<18V 20 -
Data input hold Master thr 0 - ns
time (RSPCK is PCLKB/2)
Master ty tpeyc -
(RSPCK is not PCLKB/2)
Slave th 20 -
SSL setup time Master | 1.8 V<VCC <55V | tigap -30 + N x - ns
tSpcyc*2
16V=VCC<18V -50 + N x -
tSpcyc’r
Slave 6 % tpeyc - ns
SSL hold time Master tLaG -30 + N x - ns
tSpcyc*
Slave 6 * tpeyc - ns
Data output delay Master | 2.7V <VCC<55V | togp - 14 ns
24V<VCC<27V - 20
1.8V=sVCC<24V - 25
1.6V=sVCC<18V - 30
Slave | 2.7V<VCC<55V - 50
24V<sVCC<27V - 60
1.8V=sVCC<24V - 85
1.6V=sVCC<18V - 110
Data output hold Master ton 0 - ns
time Slave 0 -
Successive Master to tspeyc +2 % 8 x tgpgyc + ns
transmission delay tpeyc 2 x tpeye
Slave 6 x tPcyc -
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2.3.9 SPIRY %
Table 2.34  SPIBYF (10f2)
M. EPMNPFSEHZ 28005 O IR shAE (L APikiZ P el IR chid o
Parameter Symbol | Min Max Unit™ | A&
SPI | RSPCKEY#/E £ Master tspeye 2 4096 tpeyc | Figure 2.50
Slave 6 4096 C=30pF
RSPCKAY#m=fkH | Master tspckwH | (tspeye - tspekr | - ns
KR - tspexr) /2-3
Slave 3 X tpeyce -
RSPCKEI$##{ERKA | Master tspckwe | (tspeyc - tspekr | - ns
Lz -tspckp) /2-3
Slave 3 X tpeye -
RSPCKEI®H EFFN | Output | 27V<VCC<55V | tgpckr | - 10 ns
TREE 24VEVCC <27V | tsekr [ 15
1.8V<sVCC=<s24V - 20
16V=<VCC<18V - 30
Input - 1 us
%‘%#EE@)\EE‘ZH‘I Master tsu 10 - ns E251%
= ;
Slave | 24V<VCC<55V 10 - E'gzug% 2p-§6
1.8V<sVCC<24V 15 -
16V=<VCC<18V 20 -
B eI DNES S F# (RSPCKAPCLK tur 0 - ns
Bial B2)
ZI)E (RSPCKRZPCLKB t tpeyo -
Slave th 20 -
SSLIRERY[E] Master | 1.8 V<VCC <55V | tigap -30 + N x - ns
tSpcyc*2
16V=sVCC<18V -50 + N x -
tSpcyc*
Slave 6 * tpeyc - ns
SSLR¥FAYE] Master tLaG -30 + N x - ns
tSpcyc*
Slave 6 * tpeyc - ns
iE R Master | 2.7V<VCC <55V | top - 14 ns
24V <VCC<27V - 20
1.8V<sVCC<24V - 25
16V=sVCC<18V - 30
Slave 27V<VCC=<55V - 50
24V <VCC<27V - 60
1.8V<sVCC<24V - 85
1.6V<VCC<18V - 110
SRR R Master ton 0 - ns
o Slave 0 -
EEEWER Master trp tspoyc + 2 X 8 % tgpeyc * ns
tpeye 2 X tpgye
Slave 6 x tPcyc -
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Table 2.34

SPI timing (2 of 2)

Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol | Min Max Unit"! | Test conditions
sp| | MOSI and MISO Output | 27V <sVCC <35V | tp tpf - 10 ns Figure 2.51 to
rise and fall time 24V<VCC <27V B 15 Figure 2.56
C =30 pF
1.8V=sVCC<24V - 20
16V=sVCC<18V - 30
Input - 1 us
SSL rise and fall Output | 27V <sVCC <55V | tgg - 10 ns
time 24V<VCC<27V | st [ 15
1.8V=sVCC<24V - 20
16V=sVCC<18V - 30
Input - 1 us
Slave access time 24V<=sVCC=<55V | tgp - 2 x1tpeyc+100 | ns Figure 2.55 and
18V<VCC<24V - 2 X tpoye *+ 140 2‘9’:“;‘3 i'lfs
16V=sVCC<18V - 2 % tpgy + 180
Slave output release time 24V<=sVCC=<55V | tggL - 2 xtpeyc+ 100 | ns
1.8V<VCC<24V - 2 x tpeyc + 140
16V=sVCC<18V - 2 x tpeyc + 180

Note 1. tpeyc: PCLKB cycle.
Note 2. N is set as an integer from 1 to 8 by the SPCKD register.
Note 3. N is set as an integer from 1 to 8 by the SSLND register.
tspckwi tspckr tspckr
RSPCKn
master select
output
tspekwH
RSPCKn
slave select input
(n=AorB) Vou=0.7 x VCC, Vo= 0.3 x VCC, V|y=0.7 x VCC, V,.=0.3 x VCC
Figure 2.50 SPI clock timing
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Table 2.34  SPIBF (2222)
M. EPMNPFSE 28V O IR ShAE I (I ik iR op Bl IR shig Ho
Parameter Symbol | Min Max Unit™ | A&
SpI| MOSIFIMISO Output | 27VSVCC<55V |ty tor | - 10 ns | E251%
FHFI T PERY ] Figure 2.56
24V<sVCC<27V - 15
C=30pF
1.8V<sVCC<24V - 20
16V<VCC<18V - 30
Input - 1 us
sngtﬂﬁuT B Output | 27V<VCC<55V | tsg, | - 10 ns
e :
' 24V<VCC<27V |lsstf [ 15
1.8V<VCC<24V - 20
1.6V<VCC<18V - 30
Input - 1 us
MB35 1218 i8] 24V<VCC<55V | tgp - 2Xtpyo+ 100 | ns | E25570
Figure 2.56
1.8V=sVCC<24V - 2%t + 140
X TPoye C = 30 pF
16V<VCC<18V - 2 X tpgye + 180
S G 24V<VCC<55V | tggL - 2 X tpye + 100 | ns
1.8V=<VCC<24V - 2><tpcyc+140
16V<VCC<18V - 2 X tpgyg + 180
Note 1. tpeyc: PCLKB cycle.
Note 2. NHSPCKDZFZ2RI8E M 1EISHIEE R,
Note 3. NHISSLNDZE 772518 E 71 BISHIEEHL,
tspokwH tspekr tspexr
RSPCKnZE 3%
B
tspckwH
RSPCKn M iEE
ETPN
(n=AorB) VOH=0.7xVCC, VOL=0.3xVCC, VIH=0.7xVCC, VIL=0.3xVCC
Figure 2.50 SPIBY$hEYFF
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b ) tro R
SSLn0 to 4 - |- r SSLn0 to 4 \ -  r
SSLn3 N X SSLn3 N X
OUtPUt tLEAD ” tLAG 1€ OUtpUt tLEAD » tLAG P—1€
tssLr tssir
RSPCKn Zl—s 4,—\ ssLr, lssLf RSPCKn Zl—s — ssLr, lssLf
CPOL=0 A CPOL =0 ; \
output output
RSPCKn — RSPCKn —
CPOL = 1 \ /—\_‘ \ CPOL = \ /—\_‘ ] \
output — 5_/ output
tSU tH tsu tH
MISOn MISOn
tEﬂ th ton k—y top tEﬂ th ton k—y top
MOSIn JZL MSB OUT DATA >§L LSB OUT >< IDLE ><MSB out MOSIn AZL MSB OUT DATA >§L LSB OUT >< IDLE ><MSB ouT
output Fmy « k output 1 4 K
(n=AorB) (n=AorB)
Figure 2.51 SPI timing (master, CPHA = 0) (bit rate: PCLKB division ratio is set to any value other than 1/2) Figure 2.51 SPIEIE (FEH, CPHA=0) (Eb4¥=E: PCLKBSSitkiRE A1 29 EI(E)
. to . . to R
SSLn0 to % X kY SSLnO to 5 3 : '- y
SSLn3 . 7Xr 7Xr SSLn3 . N _Xc
output tLeaD ” tiac >e output tieap » tLac >«
A i tssir, tssir - i tssir, tssir
RSPCKn / 3 g \ / RSPCKn / 3 5 \ /
CcPOL=0 7 J I S( CPOL =0 7 \_ﬁ I S
output output
RSPCKn \ /—\_‘ L 4 RSPCKn \
- N / / L : N N N L
CPOL =1 CPOL = 1
output output
tsu tue th tur
<€ > [— 1 > 1
3 5 3 Yo - p s —
MISOn —Z MSB IN DATA >—< LSBIN MSB IN MISOn —Z MSB IN DATA >—< LSBIN MSB IN
input N 7§_< £ 4 N input N 7§_< < N
tor, tor ton —y too tor, tor le—y toH ey too
MOSIn W wmssour DATA >§ LSB OUT >< IDLE ><MSB out MOSIn W wmssour l§< DATA >§ LSB OUT >< IDLE ><MSB out
output K « c output i A « K
(n=AorB) (n=AorB)
Figure 2.52 SPI timing (master, CPHA = 0) (bit rate: PCLKB division ratio is set to 1/2) Figure 2.52 SPIBYF (FEiF, CPHA=0) (LL453E: PCLKBSSiitbigE 112)
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N tm
SSLnO to £ \ I - SSLnO to £ \ I  r
SSLn3 N N SSLn3 N N
output tLeaD 7 tiac > output tLeaD 7 tiac >
tSSLr, SSLf [_S tSSLr, SSLf
RSPCKn /X S o RSPCKn /X o
CPOL=0 i X / CPOL=0 i X /
output output
RSPCKn RSPCKn ———
CPOL =1 ] / \ \ CPOL =1 ] / \ \
output \—7 s output \—7 s
tSU tH tSU tH
s = S Mgy S vy, s s = S gy S vy, (s
ton to tor, tor ton to tor, tor
MOSIn MSB OUT " DaTA >< LSB OUT lZL IDLE ><MSB ouT MOSiIn MSB OUT " DATA >< LSB OUT lZL IDLE ><MSB ouT
output & m output « m
(n=AorB) (n=AorB)
Figure 2.53 SPI timing (master, CPHA = 1) (bit rate: PCLKB division ratio is set to any value other than 1/2) Figure 2.53 SPIBYRF (E#H, CPHA=1) (Lb4FEE: PCLKBSSHtLigE 7912059 (E(EE)
. tTD R . tTD N
SSLn0 to g - ‘" SSLn0 to g - "
SSLn3 N X SSLn3 N X
OUtpUt tenn >y tac | [2 OUtpUt tenn >y tac - |2
N e tssir, tssir A i tssir, tssir
RSPCKn / ) s ’ RSPCKn / ) s ’
CPOL = 0 : N s_\_/—\q / CPOL =0 : N s_\_/—\q /
output output
RSPCKn ——— RSPCKn ——
CPOL =1 ] Y N f\_/ I \ CPOL =1 ) Y N f\_/ \
output \— s output \— s
tsu I thr tH tsu I thr tH
:\:ﬁ?n MSB IN &< DATA { MSB IN :\:Li?n MSB IN &< DATA { MSB IN
ton }3 tor, tor ton }3 tor, tor
5 yF 5 “I>
MOSin MSB OUT DATA >< Lssout X IDLE ><MSB ouT MOSin MSB OUT DATA >< Lssout X IDLE ><MSB out
output 4 - output 4 ymy
(n=AorB) (n=AorB)
Figure 2.54 SPI timing (master, CPHA = 1) (bit rate: PCLKB division ratio is set to 1/2) Figure 2.54 SPIBYF (FEiF, CPHA=1) (HL453E: PCLKBSSfitbigE H12)
R01DS0354EJ0110 Rev.1.10 RENESAS Page 65 of 100 R01DS0354EJ0110 Rev.1.10 RENESAS $65T1, 1005

Mar 16, 2020 Mar 16, 2020



RA2A1 Datasheet

2. Electrical Characteristics
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Figure 2.55

SPI timing (slave, CPHA = 0)
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Figure 2.56

SPI timing (slave, CPHA = 1)
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SSLn0
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Figure 2.55

SPIESF (M#L, CPHA=0)
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SPIESF (M#L, CPHA=1)
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2.3.10 [IC Timing
Table 2.35 lIC timing
Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V
Test
Parameter Symbol | Min*1 Max Unit | conditions
lIc SCL input cycle time tscL 6 (12) x tjjceyc + 1300 | - ns Figure 2.57
Standard mode, - - -
(SMBus) SCL input high pulse width tscLH 3 (6) * tjjceyc + 300 - ns
SCL input low pulse width tscLL 3 (6) * tjceyc + 300 - ns
SCL, SDA input rise time tsr - 1000 ns
SCL, SDA input fall time tst - 300 ns
SCL, SDA input spike pulse removal | tgp 0 1(4) *ticeye | NS
time
SDA input bus free time tsur 3 (6) * tjjceyc + 300 - ns
(when wakeup function is disabled)
SDA input bus free time tguF 3(6) X tyjcoyc +4 X tpeye | - ns
(when wakeup function is enabled) + 300
START condition input hold time tsTAH tiiceyc + 300 - ns
(when wakeup function is disabled)
START condition input hold time tsTAH 1(5) * ticeye * treye + | - ns
(when wakeup function is enabled) 300
Repeated START condition input tstas 1000 - ns
setup time
STOP condition input setup time tstos 1000 - ns
Data input setup time tspas tiiceye + 90 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp - 400 pF
IIC SCL input cycle time tscL 6 (12) x t)ceyc + 600 - ns Figure 2.57
(Fast mode) SCL input high pulse width tsotn | 3(6) X ticeye + 300 | - ns
SCL input low pulse width tscLL 3 (6) x tyyceyc + 300 - ns
SCL, SDA input rise time tsr - 300 ns
SCL, SDA input fall time tst - 300 ns
SCL, SDA input spike pulse removal | tgp 0 1(4) Xtyceye | NS
time
SDA input bus free time tguF 3 (6) x tyceyc + 300 - ns
(When wakeup function is disabled)
SDA input bus free time tsur 3(6) * tycoyc +4 X tpeye | - ns
(When wakeup function is enabled) + 300
START condition input hold time tsTAH ticeyc + 300 - ns
(When wakeup function is disabled)
START condition input hold time tsTAH 1(5) * ticeye * treye v | - ns
(When wakeup function is enabled) 300
Repeated START condition input tstas 300 - ns
setup time
STOP condition input setup time tstos 300 - ns
Data input setup time tspas tiiceyc + 90 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp - 400 pF

Note: tiiceye: 1IC internal reference clock (IICo) cycle, tpec: PCLKB cycle

Note 1.

Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
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2.3.10 [IC Timing
Table 2.35 lIC timing
Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V
it &
Parameter Symbol | Min*1 Max Unit
Inc SCLE A HARY 8] tscL 6 (12) X tycoye + 1300 | - ns | Figure 2.57
(Ssl\tﬂaé‘;’:)rd mode, sl g NBROREE tsot | 3(6) X ticeye + 300 | - ns
SCLEINERBK A BT E tscLL 3 (6) x tycgyc + 300 - ns
SCL. SDAIA L FHETE) tr - 1000 ns
SCL. SDA%IN T FERT{a] tst - 300 ns
SCL. SDAXINRIERK A ZPRBYE] tsp 0 1(4) Xticeye | NS
SDAKI N BR8] (F2FMmEE tgur 3 (6) x tycgyc + 300 - ns
Theehy)
SDARINS LT RTE (BAME | tayr 3(6) X ticeye + 4 X tpeys | - ns
IhieRy) +300
%%Rﬁgﬁ)#ﬁ)\ﬁﬁwm (2R tsTAH ticeye + 300 - ns
EE'I QJR%]';—@;-’F@)\T%?%NI‘EH (/5 A tsTAH :13 O(g) *Yicoye Ftpeye ¥ | - ns
EERMFHRARIE tstas 1000 - ns
STOPE {4 N 1LY ) tstos | 1000 - ns
B 6PN = VAL )| tspas | ticeys + 50 - ns
R ENES SN tspan | O - ns
SCL, SDA capacitive load Cp - 400 pF
Inc SCL¥8I N & HARY /8] tscL 6 (12) X tjceyc + 600 - ns Figure 2.57
(Fast mode) SCLENBR AR tsotn | 3(6) X ticeye + 300 | - ns
SCLAINRBK R EERE tscll | 3(6) X ticeyc + 300 - ns
SCL. SDAMIA LEF+B(E] tsr - 300 ns
SCL. SDAXIN TFEBY(E] ts - 300 ns
SCL. SDAZNRIERKHZEBRETE] tsp 0 1(4) % ticeye | NS
SDAMIN R RATE (RAMEE | tgyr 3 () X tjiceye + 300 - ns
IhaERT)
SDARI N BR8] (/3 FMmEE tgur 3(8) * ticeyc + 4 X tpgyc | - ns
IHRERY) + 300
STARTHR I NRIFETIB] (BRAMEER | tgran ticeye + 300 - ns
IhaERT)
%%Rﬁgﬁ)ﬂ@)\ﬁ?%ﬁﬂﬂ (BAME | tsran ; O(g) % ticeye * tpeye | - ns
EEBHFHENEILTE tstas 300 - ns
STOPS i N2 IZ AT 8] tstos 300 - ns
iR NI 8] tspas tiiceye + 50 - ns
BRI N\ RIFET (8] tspaH 0 - ns
SCL, SDA capacitive load Cp - 400 pF

Note:  tIICcyc:lICHEREZE B HR(IICH)BHA, tPcyc:PCLKBREHA

Note 1.

HICMR3INF[1:0li&B R 11b B F IS KB HBICFERNFEIRE N 18Y, ESHHEIER,
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V \ f T V \ o T
H H
SDAO and SDA1 SDAO and SDA1
e 1 A i 1 A
tBUF tBUF
[« > tscLm ) > sen
DEm— —> < tsTas —> —tsp < tsTos A— —> < tsTas —> [t tstos
- \
SCLO and SCL1 \— v SCLO and SCL1 J \— v
px! -t g+t I pr! p*! =T e+t =TT p!
tspas tspas
<= tspan <= tspan
Note 1. S, P, and Sr indicate the following conditions: 1S, PHISIRRLLT&MH:
S: Start condition S: FFEEEMP:
. = L&
P: Stop condition RIS
Sr: Restart condition Sr: BEE%EMN
Figure 2.57 12C bus interface input/output timing Figure 2.57 RCEAEORAFENF
2.3.11 CLKOUT Timing 2.3.11 CLKOUT Timing
Table 2.36 CLKOUT timing Table 2.36 CLKOUT timing
Parameter Symbol | Min Max Unit Test conditions Parameter Symbol | Min Max Unit Mt E 1
CLKOUT CLKOUT pin output cycle*! 27V<sVCC=s55V thyc 62.5 - ns Figure 2.58 CLKOUT CLKOUTS | Bl g s B A1 27V<sVCC=s55V thyc 62.5 - ns Figure 2.58
1.8V=sVCC<27V 125 - 1.8V<sVCC<27V 125 -
1.6V=sVCC<18V 250 - 1.6V=<VCC<18V 250 -
CLKOUT pin high pulse width*2 | 2.7V <VCC <55V ton 15 - ns CLKOUTS | S Bk B B *2 27VsVCCs55V ton 15 - ns
1.8V=sVCC<27V 30 - 1.8V<VCC<27V 30 -
1.6V=sVCC<18V 150 - 1.6V=sVCC<18V 150 -
CLKOUT pin low pulse width*2 | 2.7V <VCC <55V toL 15 - ns CLKOUTS | BMEERk A BE B +2 27V<sVCC=s55V toL 15 - ns
1.8V=sVCC<27V 30 - 1.8V<sVCC<27V 30 -
1.6V=<VCC<18V 150 - 1.6V=<VCC<18V 150 -
CLKOUT pin output rise time 27V<VCC<55V ter - 12 ns CLKOUTS | it £ BT 8] 27VsVCC<s55V ter - 12 ns
1.8V=sVCC<27V - 25 1.8V=sVCC<27V - 25
1.6V=sVCC<18V - 50 1.6V=sVCC<18V - 50
CLKOUT pin output fall time 27V=sVCC=s55V ter - 12 ns CLKOUTS | B4t T B B &) 27V<sVCC=s55V ter - 12 ns
1.8V=sVCC<27V - 25 1.8V<sVCC<27V - 25
1.6V=sVCC<18V - 50 1.6V=<VCC<18V - 50
Note 1. When the EXTAL external clock input or an oscillator is used with division by 1 (the CKOCR.CKOSEL[2:0] bits are 011b and Note 1.  SHfEMEXTALIMIEY #48 \ Sk 57 88 FR L1 (CEHOCR.CKOSEL[ZO]TTL?SN 1b, CKOCR.CKODIV[2:01{7000b) MCLKOUTHa H B
the CKOCR.CKODIV[2:0] bits are 000b) to output from CLKOUT, specifications in Table 2.36 should be satisfied with 45% to » ARG 2 36N HE45%E55%H9 N S =tk
55% of input duty cycle.
Note 2.  When MOCO is selected as the clock output source (the CKOCR.CKOSEL[2:0] bits are 001b), set the clock output division Note 2. WhenMOCOisselectedastheclockputputsource(theCKOCR.CKOSEL[ZO]bitsare001 b) settheclockoutputdivisionratiotobedivi
ratio to be divided by 2 (the CKOCR.CKODIV[2:0] bits are 001b). dedby2(theCKOCR.CKODIV[2:0]bitsare001b).
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. BN

CLKOUT

thyc

o th
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teL

d

< tCr

Test conditions: Von=VCC % 0.7, Vo= VCC % 0.3, lon=-1.0 mA, lo.= 1.0 mA, C = 30 pF

CLKOUT

thyc

<«— th

O\

d

teL

< » g
<

- tCr

MR VOH=VCCx0.7, VOL=VCCx0.3, IOH=-1.0mA, IOL=1.0mA, C=30pF

Figure 2.58 CLKOUT output timing Figure 2.58 CLKOUT#H Bt =
2.4  USB Characteristics 2.4 USBYM
2.4.1 USBFS Timing 2.4.1 USBFS Timing
Table 2.37  USB characteristics Table 2.37  USB#Ff%
Conditions: VCC = AVCC0 = AVCC1 =VCC_USB =3.0t0 3.6 V, Ta = -20 to +85°C %1 VCC=AVCCO=AVCC1=VCC_USB=3.0E3.6V, Ta=-20F+85°C
Parameter Symbol Min Max Unit | Test conditions Parameter Symbol Min Max Unit | Wid&KG
Input Input high level voltage ViH 2.0 - \Y% - WA RABBFEBE ViH 2.0 - \Y -
characteristics 70 it low level voltage | V. - 0.8 vo- BAEEFBE Vi - 0.8 vo-
Differential input sensitivity | Vp, 0.2 - \% | USB_DP - USB_DM | ENRWARBE Vp 0.2 - \% | USB_DP - USB_DM |
Differential common mode | Vg 0.8 25 \% - ENHZTEE Vem 0.8 25 \Y% -
range
Output Output high level voltage | Von 2.8 VCC_USB \Y% lon = -200 pA Lfe ek S 3k RSB FEBE Vo 2.8 VCC_USB \% lon = -200 pA
characteristics "5 tout low level voltage | Vo 0.0 0.3 Vo |lo=2mA HHEEFBE VoL 0.0 0.3 v | BoL2E=®
Cross-over voltage VcRs 1.3 2.0 \% Figure 2.59, Cross-over voltage VcRs 1.3 2.0 \% Figure 2.59,
Rise time FS |t 4 20 ns E:gﬁ 5:2‘1)’ B FS |t 4 20 ns E:gﬁ:z ;:g?*
LS 75 300 LS 75 300
Fall time FS te 4 20 ns eS| FS t 4 20 ns
LS 75 300 LS 75 300
Rise/fall time ratio | FS | t/t 90 11.11 % EATFREEL | FS |t/ 90 111.11 %
LS 80 125 LS 80 125
Output resistance ZpRrv 28 44 Q (Adjusting the resistance it BB PE ZpRrv 28 44 Q (FREPBINBTHH
of external elements is not B, )
required.)
VBUS VBUS input voltage Vin VCC x 0.8 - v - VBUS VBUSHINEBE Vin VCC x 0.8 - v -
characteristics Vi - VCC % 0.2 \Y, - characteristics Vi - VCC x 0.2 \Y -
Pull-up, Pull-down resistor Rpp 14.25 24.80 kQ - Pull-up, Pull-down resistor Rpp 14.25 24.80 kQ -
pull-down Pull-up resistor Reul 0.9 1575 kQ | During idle state pull-down Pull-up resistor Reu, 0.9 1575 kQ | SRRERE
Rpua 1.425 3.09 kQ During reception Rpua 1.425 3.09 kQ EFERIE]
Battery charging | D+ sink current IbP_SINK 25 175 pA - FMZEEBMIE1.2 | DHEBRR IbP_SINK 25 175 pA -
32?;2';’?‘2” D- sink current Iom sINK | 25 175 pA | - & D- sink current Iom sINK | 25 175 pA | -
DCD source current Ipp_src 7 13 pA - DCDIREEIAR Ibp_SrRC 7 13 pA -
Data detection voltage Vpar Rrer | 0.25 0.4 \Y - RN B E Vpat Rrer | 0.25 0.4 \% -
D+ source voltage Vop_src 0.5 0.7 \Y Output current = 250 pA D+IREBE Vbp_src 0.5 0.7 \Y HitH B =250puA
D- source voltage Vom src | 05 0.7 \% Output current = 250 pA D- source voltage Vom src | 0.5 0.7 \Y B BB IR=250pA
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USB_DP,
USB_DM

Figure 2.59 USB_DP and USB_DM output timing
Observation
USB_DP point
X /
- 1
% 50 pF
USB_DM
50 pF
Figure 2.60 Test circuit for Full-Speed (FS) connection
Observation
USB_DP point
X /
L
L 200 pF to
% 600 pF 36V
1.5 KQ
USB_DM
l 200 pF to /
% 600 pF  Observation
point
Figure 2.61 Test circuit for Low-Speed (LS) connection

242 USB External Supply
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USB_DP,
USB_DM

Figure 2.59 USB_DP#IUSB_DM&ihi Bt %
ML =
USB_DP M
1
% 50 pF
USB_DM
50 pF
Figure 2.60 2IE(FS)EE Mt B
ML =
USB_DP M
{ ]
L 200 pF to
% 600 pF 36V
1.5 KQ
USB_DM
l 200 pF to /
% 600 pF  Observation
point
Figure 2.61 & (LS) &Mt eR B

242 USBIMNEREB R

Table 2.38 USB regulator
Parameter Min Typ Max Unit Test conditions
VCC_USB supply current 3.8V =<VCC _USB LDO <45V - - 50 mA -
45V <VCC_USB_LDO=<55V |- - 100 mA -
VCC_USB supply voltage 3.0 - 3.6 \% -
R01DS0354EJ0110 Rev.1.10 RENESAS Page 70 of 100
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Table 2.38 USBi2[E2%
Parameter Min Typ Max Unit Mt & 14
VCC_USBIEREER 3.8V=<VCC _USB LDO <45V - - 50 mA -
45V<VCC_USB_LDO<55V |- - 100 mA -
VCC_USBEIREE 3.0 - 36 \% -
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25 ADC16 Characteristics

Table 2.39

16-bit A/D conversion, power supply, and input range conditions

Conditions: VCC = AVCCO = AVCC1=1.7t0 5.5V, VREFHO = 1.7 t0 5.5V, VSS = AVSS0O = AVSS1 = VREFLO =0V
Reference voltage range applied to the VREFHO and VREFLO.

RA2A1 Datasheet

2. BREN

Parameter Min Typ Max Unit Test conditions
High-potential reference voltage 1.5 3.3 AVCCO \% -
Low-potential reference voltage - AVSS0 - \% -
Analog input voltage range 0 - VREFHO Vv -
Input common-mode Acm 0 VREFH0/2 | VREFHO \% Differential analog input
range
Analog input Cs - - 4.3 pF -
capacitance*2
Analog input resistance*! | Rs - - 0.7 kQ High-precision channel
27V=<AVCCO=<55V
- - 1.5 High-precision channel
1.7V<AVCCO<27V
- - 2.5 Normal-precision channel
27V=<AVCCO=55V
- - 3.8 Normal-precision channel

1.7V=<AVCCO<27V

Note 1. These values are based on simulation. They are not production tested.
Note 2.  Except for I/O input capacitance (Cin), see section 2.2.4, /0 VOH, VOL, and Other Characteristics.

Figure 2.62 shows the equivalent circuit for analog input.

Analog input
ANn

-

MCU

-

Rs ADC16

L2

n

Cs

Figure 2.62

Table 2.40

Equivalent circuit for analog input

16-bit A/D conversion, timing parameters (1 of 2)

Conditions: VCC = AVCCO0 = AVCC1=1.7t0 5.5V, VREFH0 = 1.7 t0 5.5V, VSS = AVSS0 = AVSS1 = VREFLO =0V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Symbol | Min | Typ | Max Unit | Test conditions
Frequency ADCLK | 1 - 32 MHz | 3.0 V<AVCC0<55YV,
3.0 V < VREFHO
1 - 24 27V<AVCCO=<55YV,
2.7V < VREFHO
1 - 16 24<AVCCO=55Y,
1.5V < VREFHO
1 - 8 1.8V=<AVCCO0=<55YV,
1.5V < VREFHO
1 - 4 1.7V=<AVCCO<55Y,
1.5V < VREFHO
Conversion rate Fs - - 1/ (tspL + 18 / ADCLK) Sis -
R01DS0354EJ0110 Rev.1.10 -ZENESAS Page 71 of 100
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25 ADC16 Characteristics

+2.3916fIADFIR. BEMBMATERMHSM: VCC=AVCCO=AVCC1=1.7E5.5V, VREFH0=1.7%5.5
V, VSS=AVSS0=AVSS1=VREFLO=0V

[ F FVREFHOFMVREFLOMYZ E B L EE,

Parameter Min Typ Max Unit Wit &
BBUSEZBE 1.5 3.3 AVCCO \Y -
REBUSEBE - AVSS0 - \Y -
B\ BESEE 0 - VREFHO \Y -
WMAREEE Acm 0 VREFH0/2 | VREFHO \ E RN
%?Wﬁ)\ BE Cs - - 43 pF -
PR EIDNGEY Ry Rs - - 0.7 kQ High-precision channel
27V=<AVCCO=55V
- - 15 High-precision channel
1.7V<AVCCO<27V
- - 2.5 Normal-precision channel
27V=<AVCCO=55V
- - 3.8 Normal-precision channel

1.7V<AVCCO0 <27V

Note 1. XEEETFEM. BIIREESNiH.

Note 2.

E2.62 27 7RI AR F R B,

FRIOBINFEA(Cin)St, 128522477, IOVOH. VOLFIE M,

RN

ANnN

-

MCU

Rs ADC16

e

n

Cs

Figure 2.62

1R N SR B R

]2.4016{IAD¥R, BIFE (10f2) 4. VCC=AVCCO=AVCC1=1.7E5.5V, VREFH0=1.7E5.5V, VSS=AVS

S0=AVSS1=VREFLO=0V

[ F§ FVREFHOF VREFLORY &% BBIESEE

Parameter Symbol | Min | Typ | Max Unit | Mi&4
Frequency ADCLK | 1 - 32 MHz | 3.0 V<AVCC0<55YV,
3.0 V < VREFHO
1 - 24 27V<AVCCO0=<55YV,
2.7V < VREFHO
1 - 16 24 <AVCCO=<55Y,
1.5V < VREFHO
1 - 8 1.8V <AVCCO=<55Y,
1.5V < VREFHO0
1 - 4 1.7V <AVCCO=<55YV,
1.5V < VREFHO
SRR Fs - - 1/ (tspL + 18 / ADCLK) S/s -
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Table 2.40 16-bit A/D conversion, timing parameters (2 of 2)
Conditions: VCC = AVCCO0 = AVCC1 =1.7to 5.5V, VREFH0 = 1.7 to 5.5V, VSS = AVSS0 = AVSS1 = VREFLO =0V

Reference voltage range applied to the VREFHO and VREFLO.

RA2A1 Datasheet 2. BEEHMHE

Parameter Symbol | Min | Typ | Max Unit | Test conditions

Sampling time*! | Permissible signal | tsPL 0.25 | - - us High-precision channel
source impedance 27V<AVCCO=<55V

Max = 0.5 kQ 3 _ - High-precision channel

1.7V=<AVCCO0<2.7V

3 - - Normal-precision channel
27V<AVCCO=<55V

10 - - Normal-precision channel
1.7V<AVCCO<27V

Settling time*1 tSTART | - - 1 us 27V <AVCCO0<55V

- - 3.2 1.8V <AVCCO<27V

- - 8.9 1.7V<AVCCO0<18V

Note 1. These values are based on simulation. They are not production tested.

Table 2.41 16-bit A/D conversion, linearity parameters
Conditions: VCC = AVCCO0 = AVCC1=1.7t0 5.5V, VREFH0 = 1.7 to 5.5V, VSS = AVSS0 = AVSS1 = VREFLO =0V

External clock input used. Reference voltage range applied to the VREFHO and VREFLO.

Parameter Symbol Min Typ Max Unit Test conditions

Resolution - - 16 - Bit -

Integral non-linearity *1 INL - +4 +8 LSB 27V <AVCCO0=<55V, 2.7V <VREFHO

- +16 1.7V<AVCCO0<27V

Differential non-linearity** DNL - -1to +2 - LSB -

Offset error*1 Ofst - t4 - LSB -

Gain error*1 Gerr - - 0.1 % 2.7V <VREFHO

Note: The characteristics apply when no pin functions other than 16-bit A/D converter input are used. Offset error, full-scale error,

DNL differential non-linearity error, and INL integral non-linearity error do not include quantization errors.
Note 1. These values are based on simulation. They are not production tested.

Table 2.42 16-bit A/D conversion, dynamic parameters (1) (1 of 2)
Conditions: VCC = AVCCO0 = AVCC1=1.7t0 5.5V, VREFHO = 1.7 to 5.5V, VSS = AVSS0 = AVSS1 = VREFLO =0 V
External clock input used. Reference voltage range applied to VREFHO and VREFLO.

Parameter Symbol Min Typ Max Unit Test conditions
Signal-to-noise and distortion*2 SINAD 67 81 - dB Differential input, Fin = 1 kHz,
VREFHO =1.7Vto 5.5V,
AVCCO0=1.7Vto5.5V
78 81 - Differential input, Fin = 1 kHz,
VREFHO0 =3.3 V,
AVCCO0 =33V
- 92 - Differential input, Fin = 1 kHz,
VREFHO0 =3.3 V,
AVCC0=3.3V,
ADADC.ADCJ[2:0] = 101b
61 75 - Single input, Fin = 1 kHz,
VREFHO =1.7Vto 5.5V,
AVCCO0=1.7Vto55V
72 75 - Single input, Fin = 1 kHz,
VREFHO0 =3.3 V,
AVCC0 =33V
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}2.4016{IAD¥HR, BIFE(20f2)% 4. VCC=AVCCO=AVCC1=1.7E5.5V, VREFH0=1.7E5.5V, VSS=AVSS0=
AVSS1=VREFLO=0V

N FFVREFHOFMIVREFLOBI & & BB [ESE E

Parameter Symbol | Min | Typ | Max Unit | lid&4
Sampling time*! | AAFHIESIREHT | tsPL 025 | - - us High-precision channel
Max=0.5kQ) 2.7V<AVCCO<55V
3 - - High-precision channel
1.7V<AVCCO0<27V
3 - - Normal-precision channel
27V<AVCCO=<55V
10 - - Normal-precision channel
1.7V<AVCCO<27V
Settling time*1 tSTART | - - 1 us 27V <AVCCO0<55V
- - 3.2 1.8V<AVCCO0<27V

1.7V<AVCCO0<18V

Note 1. XLEEEFEM. EIIREESNiK.

+2.4116{AD¥: IR, KMESHMEM: VCC=AVCCO=AVCC1=1.7E5.5V, VREFH0=1.7E5.5V, VSS=AVSS0=AVSS
1=VREFLO=0V

fEASNEBET AN N AT VREFHOFVREFLOM B Z BIESEE,

Parameter Symbol Min | Typ Max Unit MR

Resolution - - 16 - Bit -

Integral non-linearity *1 INL - +4 +8 LSB 2.7V <AVCCO0=<55V, 27V <VREFHO
- +16 1.7V<AVCCO<27V

Differential non-linearity*? DNL - -1to +2 - LSB -

Offset error*1 Ofst - t4 - LSB -

Gain error*1 Gerr - - 0.1 % 2.7V <VREFHO

Note:  EFMERTREMMRI6MIADIIREBMALUMNISIRITIEER, RBIRE, HERRIRE,
DNL#A D IR MIREFMINLIR D FFAMIREF BIEBHIRE,
Note 1. XLEBEEFEM. EIIREESNiK.

£2.4216fADEH, EHARBE(1)(10f2)E%: VCC=AVCCO=AVCC1=1.7E5.5V, VREFH0=1.7E5.5V
» VSS=AVSS0=AVSS1=VREFLO=0V

fEARSNEBETEh N R FBFVREFHOFIVREFLOM B Z BIEEE,

Parameter Symbol Min Typ Max Unit Wit & 14

Signal-to-noise and distortion*2 SINAD 67 81 - dB EZD8AN, Fin=1kHz,
VREFHO =17V t0o 5.5V,
AVCC0=1.7Vto55V

ESDWN, Fin=1kHz,
VREFH0 =3.3V,
AVCCO0=33V

78 81 -

EDN, Fin=1kHz,
VREFH0 =3.3V,

AVCCO0 =33V,
ADADC.ADC[2:0] = 101b

61 75 - BN, Fin=1kHz, VRE
FHO=1.7VE55V,

AVCC0=17Vto55V

72 75 - BN, Fin=1kHz,
VREFHO =3.3V,

AVCC0=33V

R01DS0354EJ0110 Rev.1.10
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Table 2.42 16-bit A/D conversion, dynamic parameters (1) (2 of 2)
Conditions: VCC = AVCCO0 = AVCC1=1.7 to 5.5V, VREFH0 = 1.7 to 5.5V, VSS = AVSS0 = AVSS1 = VREFLO =0 V
External clock input used. Reference voltage range applied to VREFHO and VREFLO.

Parameter

Symbol

Min

Typ

Max

Unit

Test conditions

Effective number of bits*2

ENOB

1

13.2

bit

VREFHO =1.7Vt0 5.5V,
AVCC0=17Vto55V

Differential input, Fin = 1 kHz,

12.7

13.2

VREFHO =3.3V,
AVCC0=3.3V

Differential input, Fin = 1 kHz,

15

VREFHO = 3.3V,
AVCCO =3.3V,
ADADC.ADC[2:0] = 101b

Differential input, Fin = 1 kHz,

10

12.2

Single input, Fin = 1 kHz,
VREFHO =1.7Vto 5.5V,
AVCC0=17Vto55V

12.2

Single input, Fin = 1 kHz,
VREFHO0 =3.3V,
AVCC0=3.3V

Total harmonic distortion*1, *2

THD

-100

dB

AVCC0=33V

Differential input, Fin = 1 kHz,

Single input, Fin = 1 kHz,
AVCCO0 =33V

Common mode rejection ratio*2

CMRR

100

dB

Differential input,

AVCCO0 =33V

Acm = 0 to VREFHO at 1 kHz,

Note: The characteristics apply when no pin functions other than 16-bit A/D converter input are used.
Note 1. THD = HD2 + HD3 + HD4 + HD5.
Note 2. These values are based on simulation. They are not production tested.

Table 2.43 16-bit A/D conversion, dynamic parameters (2)
Conditions: VCC = AVCCO = AVCC1=1.7t0 5.5V, VSS = AVSS0 = AVSS1 =VREFLO =0V

External clock input used.

Parameter Symbol Min Typ Max Unit Test conditions
Signal-to-noise and distortion*! | SINAD - 78.6 - dB Differential input, Fin = 1 kHz,
AVCC0=3.3V,
VREFADC output =2.5V
- 76.6 - Differential input, Fin = 1 kHz,
AVCCO0=3.3V,
VREFADC output =2.0 V
- 74.2 - Differential input, Fin = 1 kHz,
AVCCO0=3.3V,
VREFADC output =1.5V
Effective number of bits*1 ENOB - 12.8 - bit Differential input, Fin = 1 kHz,
AVCC0=3.3V,
VREFADC output = 2.5V
- 124 - Differential input, Fin = 1 kHz,
AVCC0=3.3V,
VREFADC output =2.0 V
- 12.0 - Differential input, Fin = 1 kHz,
AVCC0=3.3V,
VREFADC output=1.5V
Note: The characteristics apply when no pin functions other than 16-bit A/D converter input are used.

Note 1. These values are based on simulation. They are not production tested.

R01DS0354EJ0110 Rev.1.10
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£2.4216AD%SHE, ThAES¥(1)(20f2)&#: VCC=AVCCO=AVCC1=1.7E5.5V, VREFH0=1.7E5.5V
» VSS=AVSS0=AVSS1=VREFLO=0V
EAINERET SN P FVREFHORVREFLOMI B E BBESEE

Parameter

Symbol

Min

Typ

Max

Unit

ML

B2

ENOB

1"

13.2

bit

12.7

13.2

15

10

12.2

12.2

ENWN, Fin=1kHz,
VREFHO =1.7V1t0 5.5V,
AVCC0=17Vto55V

ESWN, Fin=1kHz,
VREFH0 =3.3V,
AVCC0=3.3V

EDN, Fin=1kHz,
VREFH0 =3.3V,

AVCCO0 =33V,
ADADC.ADC[2:0] = 101b

BN, Fin=1kHz, VRE
FHO=1.7VES5.5V,

AVCC0=1.7Vtob55V

igﬁ)\: Fin=1kHz,
VREFHO =3.3V,
AVCCO0 =33V

BIERKE +2

THD

-100

dB

%ﬁ&ﬁ)\, Fin=1kHz,
AVCCO0 =33V

BN, Fin=1kHz,
AVCC0 =33V

HARINHI L2

CMRR

100

dB

EDBAN,
Acm=0ZVREFHO, $REH1kHz,
AVCCO0 =33V

Note:  ZAFIMEER FAERMR 6LADFHRER A LLSNYS I BIZhRERY,
Note 1. THD = HD2 + HD3 + HD4 + HD5.
Note 2. XEEETFEM. BIIREESNiH.

R2.4316{AD¥R, shBSI(2)%FH: VCC=AVCCO=AVCC1=1.7E5.5V, VSS=AVSSO=A

VSS1=VREFLO=0V

5 F SN ER BT EhAR N6
Parameter Symbol Min Typ Max Unit MR
Signal-to-noise and distortion*! | SINAD - 78.6 - dB Z78AN, Fin=1kHz,
AVCC0=3.3YV,
VREFADC output =2.5V
- 76.6 - ENWN, Fin=1kHz,
AVCC0=3.3YV,
VREFADC output =2.0V
- 74.2 - ESDHN, Fin=1kHz,
AVCC0=3.3YV,
VREFADC output =1.5V
BRAIERT ENOB - 12.8 - bit ENMHN, Fin=1kHz,
AVCC0=3.3YV,
VREFADC output =2.5V
- 12.4 - EZ7WAN, Fin=1kHz,
AVCC0=3.3V,
VREFADC output =2.0V
- 12.0 - ESRN, Fin=1kHz,
AVCC0=3.3V,
VREFADC output=1.5V
Note:  ZFFMERTAEMMR16MIADFEIRERIMN LISV FITHEERT,
Note 1. XLBEEFERMN. BIIRELEME,
RO1DS0354EJ0110 Rev.1.10 RENESAS #7335, #1003
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Table 2.44 16-bit A/D converter channel classification
Classification Channel Conditions
High-precision channel ANOOO to ANO08 AVCCO0=1.7t055V
Normal-precision channel ANO016 to AN023

Internal reference voltage input channel

Internal reference voltage

AVCCO0=20t0 55V

Temperature sensor input channel

Temperature sensor output

AVCC0=20to 5.5V

Table 2.45

Internal reference voltage for 16-bit ADC (VREFADC) characteristics

Conditions: VCC = AVCC0 = AVCC1=1.7V to 5.5V, VSS = AVSS0 = AVSS1 =VREFLO =0V

Parameter Min Typ Max Unit | Test conditions
Output voltage range 1.41 1.5 1.59 Vv VREFAMPCNT.VREFADCG[1:0] = 00b
AVCC0>1.7V
1.88 2 212 VREFAMPCNT.VREFADCGJ[1:0] = 10b
AVCC0>22V
2.35 25 2.65 VREFAMPCNT.VREFADCG[1:0] = 11b
AVCC0>2.7V
BGR stabilization time*2 (after BGR is enabled) - - 150 us VREFAMPCNT.BGREN = 1
VREF AMP stabilization time*2 (after VREFAMP is - - 1500 | ps VREFAMPCNT.VREFADCEN = 1
enabled)
Detect over current*2 - 20 40 mA | -
Load capacitance*! 0.75 1 125 | uF -

Note 1.
Note 2.

Table 2.46

Conditions: VCC = AVCCO0 = AVCC1 = VREFHO = 2.0 to 5.5 V*1

A/D internal reference voltage characteristics

Connect capacitors as stabilization capacitance between the VREFHO0 and VREFLO pins when VREFADC is used.
These values are based on simulation. They are not production tested.

Parameter Min Typ Max Unit Test conditions
Internal reference voltage input channel*2 1.36 1.43 1.50 \Y -
Sampling time*3 5.0 - - us -

Note 1.
Note 2.
converter.
Note 3.
2.6
Table 2.47

SDADC24 Characteristics

Analog inputs characteristics (1 of 2)

Conditions: VCC = AVCC0O = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V

The internal reference voltage cannot be selected for input channels when AVCCO0 < 2.0 V.
The 16-bit A/D internal reference voltage indicates the voltage when the internal reference voltage is input to the 16-bit A/D

This is a parameter for ADC16 when the internal reference voltage is selected for an analog input channel in ADC16.

Mar 16, 2020

Parameter Symbol | Min Typ Max Unit | Test conditions
Full-scale range Fsr - +08/ - \ -
GroTaL
Analog input in Differential Vip -0.8/GrotaL | - 0.8/GrotaL | V Vip = ANSDnP - ANSDnN, or
differential input | input voltage AMPOO - AMP10
mode range (n=0to 3), dorr =0 MV
Input voltage " 0.2 - 1.8 \ V, = ANSDnP, ANSDnN,
range AMPOO, or AMP10
(n=0to03)
Commonmode | Veom 0.2 + (|V|p| x 1.0 1.8-(Vplx | V dopr=0mV
Input voltage GSET1) /2 GSET1) /2
range
R01DS0354EJ0110 Rev.1.10 -IENESAS Page 74 of 100
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Table 2.44  16{iiREFIREZEE A
Classification Channel Conditions
High-precision channel ANOOO to ANO08 AVCCO0=1.7t055V
Normal-precision channel ANO016 to AN023
AL S E BERNBE AESEBE AVCC0=2.0to 5.5V
mEERSBRNBE mEGRISERE AVCC0=2.0t0 5.5V
Table 2.45  16{iADC(VREFADC)$¥14MIAEIEE B[E
Conditions: VCC = AVCC0O = AVCC1 =17V to 5.5V, VSS = AVSS0 = AVSS1 =VREFLO =0V
Parameter Min Typ | Max | Unit | Wif&4
B EBEEE 141 |15 159 |V VREFAMPCNT.VREFADCG[1:0] = 00b
AVCC0>1.7V
1.88 2 212 VREFAMPCNT.VREFADCG[1:0] = 10b
AVCC0>2.2V
2.35 25 2.65 VREFAMPCNT.VREFADCG[1:0] = 11b
AVCC0>2.7V
BGRIZEMIE2 (BFBGRE) - - 150 | ps | VREFAMPCNT.BGREN =1
VREFAMPR2EBTIE«2 (BAVREFAMP/S) - - 1500 us VREFAMPCNT.VREFADCEN =1
RIS BB R+ 2 - 20 40 mA -
Load capacitance*! 075 |1 125 | uF -
Note 1. fEFVREFADCEY, TEVREFHOFVREFLOSIMIZ [EEiZBARIEANBREELER.
Note 2. XLFEEFEB. EIIREENH,
Table 2.46  ADASESEBEIFH
Conditions: VCC = AVCCO = AVCC1 = VREFHO0 = 2.0 to 5.5 V*1
Parameter Min Typ Max Unit Wi 5= 14
AL S E BERMNEE2 1.36 1.43 1.50 \Y -
Sampling time*3 5.0 - - us -
Note 1. HAVCCO<20VEY, FEERMNBEEZEANESEBE,
Note 2. 16{UADAEEEBEZIEAISE BEMAT16{IADFEIERNEBE,
Note 3. HAADCI6FHIRINE N EEIZZERNESEBERN, XEADCI6HSH,
2.6 SDADC?24 Characteristics
Table 2.47  1EHlEAFFE(10f2)
Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVSS0=AVSS1=0V
Parameter Symbol | Min Typ Max Unit | MiX&H
Full-scale range Fsr - +08/ - \ -
GroTaL
EDWMARRT | EHWAE Vip -0.8/GroraL | - 0.8/ GroraL | V VID=ANSDNPANSDNN, %
ERLEPEETDN [EEE AMPOOAMP10 (n=0F
3) , dOFR=0mV
MNEBET v 0.2 - 1.8 Y% V| = ANSDnP, ANSDnN,
AMPOOZLAMP10 (
n=0%E3)
;%*ﬁ VCOM 02 + (|V|D| X 10 18 - (|V|D| X V dOFR = 0 mV
BWABED Gser1) /2 GseT1) /2
R01DS0354EJ0110 Rev.1.10 RENESAS #7401, H1000
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Table 2.47

Analog inputs characteristics (2 of 2)

Conditions: VCC = AVCC0 = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V

Parameter Symbol | Min Typ Max Unit | Test conditions
Analog Input in Input voltage " 0.2 - 1.8 \Y V, = ANSDnP, ANSDnN,
single-ended range*1 AMPOO, or AMP10
input mode (n=0to 3),
VCOM =1.0 V,
dOFR =0 mV,
Ggert1 =1, Gger2=1,
OSR =256
Note 1. The single-ended input mode supports only dogr = 0 mV, Gggrq = 1, Gggro = 1 and OSR = 256.

RA2A1 Datasheet

2. BREN

Table 2.47  EIGEARE 249214

Conditions: VCC = AVCCO0O = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V
Parameter Symbol | Min Typ Max Unit | MiX&H
TN WABETS v, 0.2 - 1.8 v V, = ANSDnP, ANSDnN,
THIEIA AN El*1 AMPOOZAMP10 (n

=0&3) , VCOM=1.0
V, dOFR=0mV, GSE
T1=1, GSET2=1,

OSR =256

Note 1.

Table 2.48

A {RITIL AR (N TR A 25 sigma—deltaAD¥515228(1)

BRI NR N HFdOFR=0mV. GSET1=1. GSET2=1F10SR=256,

Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V

Table 2.48 Programmable gain instrumentation amplifier and sigma-delta A/D converter (1)
Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVYSS0 = AVSS1 =0V
Parameter Symbol | Min Typ Max Unit | Test conditions
Resolution RES - 24 - bits -
Over sampling | Normal A/D Fos - 1 - MHz | -
frequency conversion
mode
Low-power A/D - 0.125 -
conversion
mode
Output data rate foATA1 0.48828 - 15.625 ksps | Normal A/D conversion
mode
foATA2 61.03615 - 1953.125 sps Low-power A/D
conversion mode
Gain Settlng range GTOTAL 1 - 32 VIV GTOTAL = GSET1 x GSETZ
1st Gain Setting range GseT1 - 1,2,3,4,8 - VIV | -
2nd Gain Setting range GseT2 - 1,2,4,8 - VIV -
Offset adjust bit range dors - 5 - bits -
Offset adjust range dorr -164.06 / Gggrq | - +164.06 / Gggtq | mV Referred to input
Offset adjust step dors - 350/32/Ggetq | - mV Referred to input
Table 2.49 Programmable gain instrumentation amplifier and sigma-delta A/D converter (2)

Conditions: VCC = AVCC0 = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V

The electrical specifications are applied at differential input mode, external clock input used, Fog = 1 MHz, dOFR =0 mV,
unless otherwise specified.

Parameter Symbol Min Typ Max Unit Test conditions
Signal to Noise Ratio*1,*3 | SNR 83 86 - dB Gsem1 =1, OSR =256
Vip=0V Ggerz =1
81 84 - dB GSET1 = 8, OSR =1024
Gsgr2 = 4
Signal to Noise and SINAD 82 85 - dB Gsetq =1, OSR = 256
Distortion Ratio*1, *2,*3 Gser2 = 1
fin = 50 Hz _ -
79 82 - dB Gser1 =8, OSR = 1024
Gser2 =4
74 80 - dB Gser1 =1, OSR = 256,
Gsemo =1 Single-ended input mode

Note:
Note 1.
Note 2.

User’'s Manual for the relation between analog input and digital output.

Note 3.

Not production tested but is guaranteed by the design and characterization.

The characteristics apply when no pin functions other than 24-bit sigma-delta A/D converter input are used.
SNR and SINAD are the ratio to Full-Scale Range (FSR) of analog inputs. These do not include the noise of analog inputs.
When V|p is equal to + 0.8 / Gro1a, actually, the digital output may overflow due to Gain Error (Eg), Offset

Error (Eps), and so forth. As a result, SINAD is degraded. See Table 33.7 of 24-Bit Sigma-Delta A/D Converter (SDADC24) in

R01DS0354EJ0110 Rev.1.10

Mar 16, 2020

RENESAS

Page 75 of 100

Parameter Symbol | Min Typ Max Unit | it
Resolution RES - 24 - bits -
o SRR EEE Fos - 1 - MHz | -
PR
IRINFEIR R - 0.125 -
PR
W IBERE foaTa1 | 0.48828 - 15.625 ksps | Ti@iREGLIRIET
(5
BERETH GrotaL |1 - 32 VIV | GrotaL = GseT1 * GseT2
FE—IEFIGECE Gset1 | - 1,2,3,4,8 - VIV | -
%:1 #.T.'LQE:;H- GSETZ - 1, 2, 4, 8 - VIV -
REIAEAMSER dors - 5 - bits | -
{ﬁ*zﬁ?é% dOFR -164.06 / GSET1 - +164.06 / GSET1 mV %%Eﬁ)\
{ﬁ*gﬁ?éﬁ—q% dOFS - 350/32/ GSET1 - mV %%Eﬁ)\
Table 2.49 A RIEIE B (N RN A 25 1sigma-deltaAD3%5#02%(2)
Conditions: VCC = AVCCO0O = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V
FRIESHEIGE, SNBSIEERTESMAER. FRMIFHEA. FOS=TMHz. dOFR=0mV,
Parameter Symbol Min Typ | Max | Unit Mt & 14
EMEL1 +3 SNR 83 86 | - dB Geerr =1, OSR = 256
Vip=0V Gggr2 =1
81 84 - dB GSET1 = 8, OSR =1024
Gser2 =4
fER LA SINAD 82 85 |- dB Gserq = 1, OSR = 256
He B3+ »2 +3fin=50H Ggerp = 1
z
79 82 - dB GSET1 = 8, OSR =1024
Gser2 =4
74 80 |- dB Gserq = 1, OSR = 256,
GSETZ =1 %ﬁ#ﬁﬁ)\ﬁi

Note:

Note 1.
Note 2.

Note 3.

X MEE B F R 24 Isigma-deltaAD¥5 I 234N\ 2 SN & E 5| IThAERIIE o
SNRFISINADZEINAN S HEIZTE (FSRIMELE, XEREIEBEIMNMNNIRE,

LVIDEPR EFEFL0.8GTOTALEY, HFHMEAIge=FIERIZE(EG). BEEMAN
HIR(EOS)FSH. £R, SINADEMESR. BB MFK33.7HHI241M1Sigma-DeltaAD¥4 128 (SDADC24)
BRI ANF TR Z 8 x R B P Ft.

REEFNE, BHRIZITAFEFRIE,
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SNR vs OSR
(Differential input mode, typical condition)
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Figure 2.63 SNR vs. OSR (reference data)

SINAD vs OSR

(Differential input mode, typical condition)
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Figure 2.64

Table 2.50

SINAD vs. OSR (reference data)

Programmable gain instrumentation amplifier and sigma-delta A/D converter (3) (1 of 2)

Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V
The electrical specifications are applied at the differential input mode, with external clock input used, Fos = 1 MHz,
OSR =256, and dogr = 0 mV, unless otherwise specified.

Parameter Symbol | Min Typ Max Unit Test conditions
Gain error*2 -0.5 - 0.5 % After internal calibration,
(excluding SINC3 frequency excluding SBIAS error or VREFI
response characteristic) error,
Gger1 =1, Gggr2 =1
-3 - 3 Single-ended input mode,
excluding SBIAS error or
VREFI error,
Gger1 =1, Gggr2=1
R01DS0354EJ0110 Rev.1.10 -IENESAS Page 76 of 100
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SNR5OSR (ERMNEREI, HIVEZM)
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Figure 2.63 SNR vs. OSR (reference data)
SINADSOSR (ERHANERT, BHEIFH)
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e GSET1=1,GSET2=1 e GSET1 =8, GSET2 =4
Figure 2.64 SINAD vs. OSR (reference data)
Table 2.50  AI‘RIEIGTIINFRMAEEHsigma—-deltaAD3% 12§ (3)(10f2)

Conditions: VCC = AVCCO = AVCC1=2.7 to 5.5V, VSS = AVSS0 = AVYSS1=0V
BEMSERTESMANER, FEHAIMBNMREN, Fos=1MHz,
FRIESHIHEE, TNOSR=256, dOFR=0mMV,

Parameter Symbol | Min Typ Max Unit Wik &
WEIRE2 (FEESING | Eg -0.5 - 0.5 % ARG, HEBRSBIASIREDV
EIESIVES L) REFIIRE, GSET1=1, GSET2=1
-3 - 3 BIHEMNRL, TEFESB
IASHRIR S VREFIFHIR,
GseT1 =1, Gggr2=1
R01DS0354EJ0110 Rev.1.10 RENESAS #7601, #1007
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Table 2.50

Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVYSSO0 = AVSS1=0V
The electrical specifications are applied at the differential input mode, with external clock input used, Fos = 1 MHz,
OSR =256, and dpgr = 0 mV, unless otherwise specified.

Programmable gain instrumentation amplifier and sigma-delta A/D converter (3) (2 of 2)

Parameter Symbol | Min Typ Max Unit Test conditions
Gain drift*1, *2 dEg - 6 22 ppm/°C | Excluding SBIAS error or
VREFI error,
Gser1 =1, Gger2 =1
Offset error*2 Eos -1 - 1 mV After internal calibration,
Gger1 =1, Ggete = 1, referred to
input
-50 - 50 Single-ended input mode,
including SBIAS error,
GSET'] = 1, GSETZ = 1, referred to
input
Offset drift*1, *2 dEgpg - 2 6 pV/°C | Referred to input
- - 120 Single-ended input mode,
including SBIAS error,
Gger1=1, Gger2 =1
Integral non-linearity*2 INL - 15 - ppm Input = DC,
of FSR | OSR =2048
Common mode CMRR - 80 - dB Veom=1.0+£08YV,
Rejection ratio*2 fin = 50 Hz,
Gger1 =1, Gggr2=1
Power supply PSRR - 70 - dB AVCC1=5.0V +0.1Vpp ripples
Rejection ratio*2 fin = 50 Hz,
GSET1 = 1, GSET2 = 1, excluding
SBIAS error or VREFI error
Input absolute current*2 IIN - 2 - nA Vi=1V
Input offset current*2 IINOFR - 1 - nA Vip=0V,Veom=1V
Input impedance*2 ZN - 500 - Mohm | Vip=1V,Veou=1V
Offset adjust gain error*2 dorGE -5 - 5 % Including SBIAS error,
dOFR Z0mV
Offset adjust dOFINL | -0.5 - 0.5 LSB dorr # 0 MV
integral non-linearity*2
Note: The characteristics apply when no pin functions other than 24-bit sigma-delta A/D converter input are used.
Note 1.  Gain drift is calculated by (Max (EG (T (-40°C) to T (125°C))) - Min (EG (T (-40°C) to T (125°C)))) / (125°C - (-40°C))
Offset drift is calculated by (Max (EOS (T (-40°C) to T (125°C))) - Min (EOS (T (-40°C) to T (125°C)))) / (125°C - (-40°C)).
Note 2. Not production tested but is guaranteed by the design and characterization.
Table 2.51 2.1 V LDO linear regulator for ADC (ADREG) characteristics

Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVYSS0 = AVSS1=0V
Connect the ADREG pin to a AVSS1 pin by a 0.47 pF (-50% to +20%) capacitor.

Parameter

Symbol

Min

Typ

Max Unit

Test conditions

ADREG output voltage

VADREG

21

- \%

Table 2.52

ADC external reference voltage (VREFI) characteristics

Conditions: VCC = AVCC0 = AVCC1=2.7t0 5.5V, VSS = AVYSS0 = AVSS1=0V

Parameter Symbol Min Typ Max Unit Test conditions

External reference voltage range*? VREFI 0.8 - 24 \% SDADCSTC1.VREFSEL =1
External reference voltage step VRsTEP - 0.2 - \ SDADCSTC1.VREFSEL = 1
External reference voltage accuracy VRp -3 - 3 % SDADCSTC1.VREFSEL =1

Note 1.

Select the reference voltage input value with STC1.VSBIAS[3:0].

R01DS0354EJ0110 Rev.1.10
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Table 2.50

Bl RIZIE R (N R A B Msigma-deltaAD5%458%(3)(20f2)

Conditions: VCC = AVCC0 = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V
BAMEERTENBNRN, ERIIMNHEAN, Fos=1MHz,

FRIER B, TMOSR=256, dOFR=0mV,
Parameter Symbol | Min Typ Max Unit Mt & 14
Gain drift*1, *2 dEg - 6 22 ppm/°C | HEBRSBIASHIRS
VREFI error,
Gser1 =1, Gger2 =1
Offset error*2 Eos -1 - 1 mv RERESS,
GSET1=1, GSET2=1, BEHA
-50 - 50 PiRMANE, BIESBIASIRE,
GSET1=1, GSET2=1, BEHA
Offset drift1, *2 s - 2 6 pvreC | BEBA
- - 120 BIRMNRI, EESBIA
S$RIR, GSET1=1, GSET2
=1
Integral non-linearity*2 INL - 15 - ppm Input = DC,
of FSR | OSR = 2048
HAZMHI L2 CMRR - 80 - dB VCOM=1.0£08V, fi
n=50Hz, GSET1=1,
GSET2=1
= PSRR - 70 - dB AVCC1=5.0V+0.1Vpp_ripple, fi
Rejection ratio*2 n=50Hz, GSET1=1, GSET2=1,
TEE
SBIAS$HIREY VREFIfH IR
N B2 N - 2 - nA Vi=1V
Kﬁ)\%ﬁ%‘;ﬁ*z I|NOFR - 1 - nA VID=0V, VCOM=1V
Input impedance*2 ZiN - 500 - Mohm | VID=1V, VCOM=1V
fﬁ*%ﬁ?ét#ﬁi%ﬁ*z dOFGE -5 - 5 % @}ESBIASi;%) dOF
R=OmV
RIBIAEIA D IEL dOFINL | -0.5 - 0.5 LSB dorr # 0 MV
2

Note: XIS TFR241Isigma-deltaAD¥ R 2RI N Z SMEH 5| HITHEERYIE L,
B FEBITE AR (Max(EG(T(-40°C)toT(125°C)))MIn(EG(T(-40°C)toT(125°0))))(125°C(-40°C))

Note 1.

RI%ZB T E AT (Max(EOS(T(-40°C)toT(125°C)))MIn(EOS(T(-40°C)toT(125°C))))(125°C(-40°C)).

Note 2.

REEFNE, BRI ERIE

#}2.51FFADC(ADREG)¥#14192.1VLDOZ IR ER K 4. VCC=AVCCO=AVCC1=2.7F
5.5V, VSS=AVSS0=AVSS1=0V

BT —N0ATUF (-50%ZE+20%) FBAFADREGS | BIEEEIAVSS 13| #l,

Parameter Symbol Min Typ Max | Unit Wit &4
ADREGH H B [E VADREG - 21 |- v -

Table 2.52  ADCHMERE £ BB[E(VREFI)151%

Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS =AVSS0=AVSS1=0V
Parameter Symbol Min Typ | Max | Unit Wit &1
SNEBBE BESTE1 VREFI 0.8 - 2.4 \ SDADCSTC1.VREFSEL =1
585 B R EX VRg1ep - 02 |- v SDADCSTC1.VREFSEL = 1
SNBSS EBERE VRp -3 - 3 % SDADCSTC1.VREFSEL =1

Note 1. fEFSTC1.VSBIAS[3:0li&ZE S E BEM A E.
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Table 2.53

Sensor bias (SBIAS) characteristics

Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V
Connect the SBIAS/VREFI pin to a AVSS1 pin by a 0.22 pF (-20% to +20%)

Parameter Symbol Min Typ Max Unit Test conditions
Output voltage range*2 SBIAS 0.8 - 2.2 \Y -
Output voltage step SVsTEP - 0.2 - \ -
Output voltage accuracy*? SVp -3 - 3 % Sloyr=1mA
Output current*? Slout - - 10 mA -
Short current* SISHORT - 35 65 mA SBIAS =0V
Load regulation*1 SLg - - 15 mV 1MA<Slgyr<5mA
- - 20 mV 1mA < Slgyt <10 mA
Power supply rejection ratio*? SPSRR - 50 - dB AVCC1=5.0V +0.1Vpp ripples
f=100 Hz, Slgyt=2.5mA
Transition time of one step*1,*3 ST+rs - - 80 us SBIAS < SV 3%
1 mA < Sloyt < Slout_max

current is small, additional external load resistance is required.

Note 1.

Note 2.

Note 3.

2.7 DAC12 Characteristics

Table 2.54 12-bit D/A conversion characteristics

Not production tested but is guaranteed by the design and characterization.
Select the reference voltage output value for the sensor with STC1.VSBIAS[3:0].
The load current of more than 1 mA is required because the output stage of SBIAS is Pch open drain. When the original load

Conditions: VCC = AVCCO0 = AVCC1=1.7V1t05.5V,VREFH=1.7V1t0 5.5V, VSS = AVSS0O = AVSS1 =VREFL =0V

Parameter Min | Typ | Max Unit | Test conditions
Resolution - - 12 bit -
Charge pump stabilization time*? - - 100 us -
SW stabilization time*? - - 50 us -
Conversion time*1 DAC Ref. = AVCC or VREFH >2.7V | - - 1.0 us Cload = 38 pF, @ 1 LSB step
Cload = 8 pF, @ full range
DAC Ref. = AVCC or VREFH <27V | - - 1.2 -
Wake-up time*1 - - 1.0 us -
Absolute accuracy - - +12 LSB | 2-MQ resistive load
DNL differential non-linearity DAC Ref. = AVCC or VREFH >2.7V | - - +1.0 LSB | -
error DAC Ref. = AVCCor VREFH<27V |- |- [#20 -
INL integral non-linearity error - - +7.0 LSB | -
RO output resistance - 35 |- kQ -
Load resistance 2 2 - MQ | -
Load capacitance 1 LSB step - 38 - pF -
Full range - 8 - -
Note 1. These values are based on simulation. They are not production tested.
2.8 DACS8 Characteristics
Table 2.55 8-bit D/A conversion characteristics (1 of 2)
Conditions: VCC = AVCC0O = AVCC1=1.7Vt0 5.5V, VSS = AVSS0 = AVSS1=0V
Parameter Min Typ Max Unit Test conditions
Resolution - - 8 bit -
Charge pump stabilization time*1 - - 100 us -
R01DS0354EJ0110 Rev.1.10 RENESAS Page 78 of 100
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Table 2.53

23R = (SBIAS)4¥i%

Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVSS0 = AVSS1=0V
Bid0.22uF (-20%ZFE+20%) I&SBIASVREFISIRIZEZEEIAVSS15|H

Parameter Symbol Min Typ | Max | Unit Mt & 14

B ETE2 SBIAS 0.8 - 2.2 \% -

W BEM R SVsrep - 0.2 - Y -

I BERE SV -3 - 3 % stat=12%

Output current*? tHE - - 10 mA -

Short current*1 SIfE - 35 65 mA SBIAS=0V

Load regulation*? SLr - - 15 mvV 1Z2R=SIRH=sS2R

- - 20 mV 12R=SHH=10E8%

BB TR I Ebe1 SPSRR - 50 - dB AVCC1=50V+0.1Vpp_ripple, f
=100Hz, SIOUT=2.5mA

— 5L IERT(E]«1 +3 STrs - - 80 us SBIAS < SVp £ 3%
TmMA=SIOUT=SIOUT_MAX

Note 1. REZ4EFNR, BEEIGITHSFERIL,
Note 2. fEASTC1.VSBIAS[3:0]HfE IR iEIFSE BEREE,
Note 3. EIFSBIASEVIAIE R APchHR, FLLLFEZEImAM ENAEBR. HREAEBRE/NE, FE2MIMIINEBRAEEE,
2.7 DAC12 Characteristics
+K2.5412UDAFEMIFERM: VCC=AVCCO=AVCC1=1.7VES5.5V, VREFH=1.7VES5.5V, VSS=AVSSO0=AVSS1=VRE
FL=0V
Parameter Min | Typ | Max | Unit | flit& &%
Resolution - - 12 bit -
BT R AR E Y]« - - 100 us -
SW stabilization time*? - - 50 us -
Conversion time*! DACE%, =AVCCEVREFH 2.7V - - 1.0 us | Cload = 38 pF, @ 1 LSB step
Cload=8pF, @&EE
DACE%, =AVCCE{VREFH<2.7V - - 1.2 -
Wake-up time*1 - - 1.0 us -
BEITREE - - +12 LSB | 2MQEEFET
DNLIB D IELMIRE DACE%, =AVCCZLVREFH 2.7V - - +1.0 LSB | -
DACEE, =AVCCEVREFH<2.7V - - +2.0 -
INLFR D IELR IR E - - +7.0 LSB | -
RO%I 4 EB R - 35 |- kQ -
= 2 2 - MQ | -
HHBA 1 LSB step - 38 |- pF -
2R - 8 - -
Note 1. XLEBFEETFEP. EIIREEME,
2.8 DACS8 Characteristics
+2.558{ DA IRYFE(10f2) FfF: VCC=AVCCO=AVCC1=1.7VE5.5V,
VSS=AVSS0=AVSS1=0V
Parameter Min Typ Max Unit MK &1
Resolution - - 8 bit -
BRI RIS ERTIE]*1 - - 100 us -
R01DS0354EJ0110 Rev.1.10 .IENESAS §87801, #100%
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Table 2.55 8-bit D/A conversion characteristics (2 of 2)
Conditions: VCC = AVCC0 = AVCC1=1.7Vt0 5.5V, VSS = AVSS0 = AVSS1=0V
Parameter Min Typ Max Unit Test conditions
Switch stabilization time*1 - - 50 us -
Conversion time*1 AVCCO0=27t0o55V | - - 3.0 us 35-pF capacitive load
AVCCO0=17t02.7V | - - 6.0 us
Absolute accuracy AVCC0=27t055V | - - +3.0 LSB 2-MQ resistive load
AVCCO0=17t02.7V | - - +35
AVCCO0=27t055V | - - +20 LSB 4-MQ resistive load
AVCCO0=17t02.7V | - - +25
RO output resistance - 7.4 - kQ -
Note 1. These values are based on simulation. They are not production tested.
29 TSN Characteristics
Table 2.56 TSN characteristics
Conditions: VCC = AVCCO = AVCC1=20to 5.5V
Parameter Symbol Min Typ Max Unit Test conditions
Relative accuracy - - +1.5 - °C 2.4V or above
- +20 - °C Below 2.4 V
Temperature slope - - -3.65 - mV/°C -
Output voltage (at 25°C) - - 1.05 - \Y VCC =33V
Temperature sensor start time tSTART - - 5 us -
Sampling time - 5 - - us
2.10 OSC Stop Detect Characteristics
Table 2.57 Oscillation stop detection circuit characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Detection time tyr - - 1 ms Figure 2.65
Main clock _\_/_\_/_\_/q’
b tar
OSTDSR.OSTDF +
MOCO clock ’ \ ’ \ ’
ICLK \ / \ / \ / \ ’ \ /

Figure 2.65

Oscillation stop detection timing
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#2.558iDAKIFIE(20f2) FF: VCC=AVCCO=AVCC1=1.7VES5.5V,

VSS=AVSS0=AVSS1=0V

Parameter Min Typ Max Unit MR
FF XA E BT B+ - - 50 us -
Conversion time*1 AVCC0=27t055V | - - 3.0 us 35-pF capacitive load
AVCCO0=17t02.7V | - - 6.0 us
HITIEE AVCCO0=27t055V | - - +3.0 LSB 2MQEBFE a3
AVCCO0=17t02.7V | - - +3.5
AVCC0=27t055V | - - +2.0 LSB AMQERBEA
AVCCO0=17t02.7V | - - +25
RO%itH BB fH - 7.4 - kQ -
Note 1. XLBEETERM, SIIRELEFNIR,
29 TSN Characteristics
Table 2.56 TSN characteristics
Conditions: VCC = AVCCO0 = AVCC1=2.0to 55V
Parameter Symbol Min Typ Max Unit Wit &= 14
R E - - +15 - °C 24VE I E
- +2.0 - °C Below 2.4 V
BERE - - -3.65 - mV/°C -
M EBE (25°CHY) - - 1.05 - VCC =33V
e E 2R B ohaY 8] tsTART - - 5 -
RAERYE] - 5 - -
2.10  OSCIZ L M4F 4
Table 2.57  #&HEILIENBIRIFE
Parameter Symbol Min Typ Max Unit Wit 1
B8] tyr - - 1 ms Figure 2.65
b tar |
OSTDSR.OSTDF -+
MOCO clock ’ \ ’ \ ’
ICLK \ ’ \ ’ s ’ \ ’ \ ’
Figure 2.65 HR5H (S LA BT,
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2.11 POR and LVD Characteristics

Table 2.58 Power-on reset circuit and voltage detection circuit characteristics (1)

Parameter Symbol Min Typ Max Unit | Test Conditions
Voltage detection Power-on reset (POR) Vpor 1.27 1.42 1.57 \Y Figure 2.66,
level*1 Figure 2.67
Voltage detection circuit (LVD0)*2 Vdeto_o 3.68 3.85 4.00 \ Figure 2.68
Vaeto_1 268 | 285 | 296 fealing edge
Vdeto_2 2.38 2.53 2.64
Vdeto_3 1.78 1.90 2.02
Veto_4 1.60 1.69 1.82
Voltage detection circuit (LVD1)*3 Vdet1 0 4.13 4.29 4.45 \ Figure 2.69
Vet 1 398 | 416 | 430 ng'"”g edge
Vdet1 2 3.86 4.03 4.18
Vdet1_3 3.68 3.86 4.00
Vdet1_4 2.98 3.10 3.22
Vet1 5 2.89 3.00 3.1
Vet1 6 2.79 2.90 3.01
Vdet1 7 2.68 2.79 2.90
Vdet1_8 2.58 2.68 2.78
Vdet1_9 2.48 2.58 2.68
Vdet1_A 2.38 2.48 2.58
Vdet1_B 2.10 2.20 2.30
Vet1_c 1.84 1.96 2.05
Vdet1_D 1.74 1.86 1.95
Vdet1_E 1.63 1.75 1.84
Vet F 1.60 1.65 1.73
Voltage detection circuit (LVD2)*4 Vdet2 0 4.1 4.31 4.48 \ Figure 2.70
Veotz 1 397 | 417 | 434 ng'"”g edge
Vet2 2 3.83 4.03 4.20
Vdet2_3 3.64 3.84 4.01

Note 1. These characteristics apply when noise is not superimposed on the power supply. When a setting causes this voltage detection
level to overlap with that of the voltage detection circuit, it cannot be specified whether LVD1 or LVD2 is used for voltage

detection.

Note 2. #in the symbol Vetg 4 denotes the value of the OFS1.VDSEL1[2:0] bits.

Note 3.  #in the symbol Vyet1_# denotes the value of the LVDLVLR.LVD1LVL[4:0] bits.
Note 4. #in the symbol Vyetp 4 denotes the value of the LVDLVLR.LVD2LVL[2:0] bits.
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2.11  PORFILVD#F4*

Table 2.58  LES{IHBRERZEESNBRFE (—)
Parameter Symbol Min Typ Max Unit | Wit&KHE
BB R 4G M BB T+ 1 Power-on reset (POR) Vpor 1.27 1.42 1.57 \Y Figure 2.66,
Figure 2.67
FBER B (LVDO) =2 Veeto_o 368 | 385 |400 |V | Figure2.68
Veteto_1 268 |28 |29 CECEB%%
Veeto_2 238 | 253 |264
Veeto_3 178|190 | 2.02
Veto_4 160 |169 | 1.82
BEMERE (LVD1) *3 Viet1 0 4.13 4.29 4.45 Y Figure 2.69
Vet 1 398 | 416 | 4.30 \T/EC-EB@”I
Vet1 2 386 |403 |4.18
Veett 3 368 |386 |4.00
Veett 4 298 |310 |322
Vaet1 s 289 300 |3.11
Veett_6 279 | 290 | 3.01
Veett_7 268 | 279 |290
Vaett 8 258 | 268 | 278
Veett o 248 | 258 | 268
Veet1 A 238 | 248 | 258
Vaet1 5 210 | 220 230
Vet o 184 | 196 | 205
Veett_b 174 |18 |1.95
Vaet1 £ 163 |175 |184
Vaet1 F 160 |165 |173
BETIEREE (LVD2) «4 Veetz 0 411|431 |448 |v Figure 2.70
Vetz_ 1 397 | 417 | 434 \?C-Eﬁéfﬁ
Veetz 2 383 | 403 |4.20
Veetz 3 364 | 384 | 4.01

Note 1. XLAFMERTHELEESMEENER. HRBESHZEERNBIESHEERNMEBERNWBEEEN, TEBERLVDIER
LVD2AFEBER M,

Note 2. S VdetO_#™HI#FTRROFS1.VDSELT[2:01{ A&,
Note 3. fFSVdetl_#HHI#RRLVDLVLRLVD1LVLI4:01 A&,
Note 4. RIS Vdet2_#*BI#R/RLVDLVLRLVD2LVLI2:01{i#9{&E,
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Table 2.59  Power-on reset circuit and voltage detection circuit characteristics (2) Table 2.59  LEAS{IBERBESNBIRFYE (2)
Parameter Symbol Min Typ Max Unit Test Conditions Parameter Symbol Min Typ Max Unit i1
Wait time after power-on | LVDO: enable tror - 1.7 - ms - FHEMBUHERERI | LVDO: enable tror - 1.7 - ms -
reset cancellation &
LVDO: disable tpor - 1.3 - ms - LVDO: disable tpor - 1.3 - ms -
Wait time after voltage LVDO: enable*! too12 | - 0.6 - ms - FBEIAR0 1 28 {1 LVDO: enable*! too12 | - 0.6 - ms -
monitor 0,1,2 reset BUH RIS RFATE]
cancellation LVDO: disable*2 tLyp1 2 - 0.2 - ms - LVDO: disable*2 tLyp1 2 - 0.2 - ms -
Response delay*3 tdet - - 350 us Figure 2.66, Figure 2.67 Response delay*3 tdet - - 350 us Figure 2.66, Figure 2.67
Minimum VCC down time tyorrF 450 - - s Figure 2.66, B/\WCCIEHBT 8] tvorrF 450 - - s Figure 2.66,
VCC = 1.0 V or above VCC=1.0VE U £
Power-on reset enable time tw (POR) 1 - - ms Figure 2.67, LS fIfERERTEl tw (POR) 1 - - ms Figure 2.67,
VCC = below 1.0 V VCC = below 1.0 V
LVD operation stabilization time (after LVD is Ta €-A) - - 300 us Figure 2.69, LVDIgfERRERE (BALVDRE) Td E-A) - - 300 s Figure 2.69,
enabled) Figure 2.70 Figure 2.70
Hysteresis width (POR) VpoRH - 110 - mvV - IR 5 E (POR) VpORH - 110 - mvV -
Hysteresis width (LVDO, LVD1 and LVD2) VivH - 60 - mV LVDO selected REZEE (LVvDO. LVD1FILVD2) VivH - 60 - mvV LVDO selected
- 100 - Vdet1 010 Vget1 2 selected - 100 - #EHEVdet1_0FEVdet1_2
- 60 - Vdet1_3 10 Vget1_g selected - 60 - BEHEVdet1_3EVdet1_9
- 50 - Vdet1_A 10 Vget1_p selected - 50 - B Vdet1_AEVdet1_B
- 40 - Vdet1_C to Vdet1_F selected - 40 - ﬁ?ﬁVdEtT 7C§Vdet1 _F
- 60 - LVD2 selected - 60 - LVD2 selected
Note 1.  When OFS1.LVDAS = 0. Note 1.  When OFS1.LVDAS = 0.
Note 2. When OFS1.LVDAS = 1. Note 2.  When OFS1.LVDAS = 1.
Note 3. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels Vpog, Note 3. &/I\WCCIEHAYEIRTRVCCIE T B IE M EE FVPORM &=/ MERIET 8],
Vyetor Vdet1» @and Vgetp for the POR/LVD. PORLVDEYVdetO. Vdet1FIVdet2,
tvorr tvorr
VCC VCC
VPOR VPOR
1.0V 1.0V
Internal reset signal ABEES (R
(active-low) HEE)
rl  erle > >l erle >
toet  taet  teor toet  taet  teor
Figure 2.66 Voltage detection reset timing Figure 2.66 B EAS S (i B
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Veor
VCC

1.0V

twPor)

Internal reset signal
(active-low)

»e >
Lgh L
et

<
teet  tror

being held below the valid voltage (1.0 V).
When VCC turns on, maintain t,,poR) for 1.0 ms or more.

Note 1. typoR is the time required for a power-on reset to be enabled while the external power VCC is

Figure 2.67 Power-on reset timing
< tvorF
vee Vo /g Vow
Internal reset signal
(active-low)
gl <
taet tae tivoo
Figure 2.68 Voltage detection circuit timing (Vgeto)
RO1DS0354EJ0110 Rev.1.10 RENESAS Page 82 of 100
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VPOR
VCC
1.0V
| twPor) .
REEES (F !
BIEER)
bl >
toet  tror
JE1.tw(POR)Z7EIMEREEIRVCCAA T B IR Y L BB & (1 /5 PR B YA 8]
BERBEEREE (1.0V) LT, HVCCITHE, RiFtw
(POR)1.0msZE K,
Figure 2.67 LHBEHNF
tvorF .
vce Veeo /g Vow
ASEMES
(active-low)
gl Dl >
tdet tadt tLvoo
Figure 2.68 HERNBEEF (Vdet0)
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. tvorr tvorF
vce Vet /1 Viwn vce Ve /1 Vi
LVCMPCR.LVD1E LVCMPCR.LVD1E
¢>‘ TaE-n) ¢>‘ TuE-a)
LVD1 LVD1
Comparator output tbikag it
LVD1CRO.CMPE | LVD1CRO.CMPE |
LVD1SR.MON LVD1SR.MON
Internal reset signal ABENES
(active-low) (active-low)
When LVD1CRO.RN =0 When LVD1CRO.RN =0
oy >l oy o>l
tet taet tLvos taet taet tLvos
When LVD1CRO.RN =1 When LVD1CRO.RN =1
tLvpi tLvpi
Figure 2.69 Voltage detection circuit timing (Vget1) Figure 2.69 HERNBIEEF (Vdet1)
B tvorr tvorr
vee Vet A— Vo vee Vet A— Vo
LVCMPCR.LVD2E LVCMPCR.LVD2E
*" TuEa) *" TuEa)
LvVD2 LVD2
Comparator output LR 28 iR
LVD2CRO.CMPE | LVD2CRO.CMPE |
LVD2SR.MON LVD2SR.MON
Internal reset signal HNEEES
(active-low) (active-low)
When LVD2CRO0O.RN =0 When LVD2CRO.RN =0
-] Py -] ol
taet taet tLvp2 taet taet tLvp2
When LVD2CRO.RN =1 When LVD2CRO.RN =1
tivoz " ) tivoz
Figure 2.70 Voltage detection circuit timing (Vget2) Figure 2.70 BESNBERF (Vdet2)
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212

Table 2.60

CTSU Characteristics

CTSU characteristics

Conditions: VCC = AVCCO = AVCC1=18t0 5.5V

Parameter Symbol | Min Typ Max Unit Test conditions

External capacitance connected to TSCAP pin | Cigcap 9 10 1 nF -

TS pin capacitive load Chase - - 50 pF -

Permissible output high current Zlon - - -24 mA When the mutual capacitance
method is applied and TS07 to TS14
are not used for transmit channel

- - -14 When the mutual capacitance
method is applied and TS07 to TS14
are used for transmit channel

213 Comparator Characteristics
Table 2.61 ACMPHS characteristics
Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVYSS0 = AVSS1 =0V

Parameter Symbol Min Typ Max Unit Test conditions

Input offset voltage Viocmp - +5 +40 mV -

Input voltage range Vicpm 0 - AVCCO |V -

Internal reference voltage input*3 Vref 1.36 1.43 1.50 \Y AVCC0z2.0V

Input signal cycle teemp 10 - - us -

Output delay time Ty - 50 100 ns Input amplitude £ 100 mV

Stabilization wait time during input channel Twart 300 - - ns Input amplitude £ 100 mV

switching*"

Operation stabilization wait time*2 Temp 1 - - us 3.3V=<AVCCO=<55V

3 - - us 27V=<AVCCO0<33V

Note 1.
Note 2.
characteristics.
Note 3.
Table 2.62

ACMPLP characteristics

Conditions: VCC = AVCC0 = AVCC1=1.81t0 5.5V, VSS =AVSS0 =AVSS1=0V

The internal reference voltage cannot be selected for input channels when AVCCO < 2.0 V.

Period from when the comparator input channel is switched until the switched result reflects in its output.
Period from when comparator operation is enabled (CPMCTL.HCMPON = 1) until the comparator satisfies the DC/AC

Parameter Symbol | Min Typ Max Unit | Test conditions
Input voltage range IVREFO VRer 0 - VCC-14*1 |V -
IVREF1 (Standard mode) 0 - VCC-1.4 \Y
IVREF1 (Window mode) 1.4*1 - VCC \Y
IVCMPO, IVCMP1 V, 0 - VCC \Y
Internal reference voltage*2 - 1.36 1.43 1.50 \Y VCC =20V
Output delay Comparator high-speed mode | Ty - - 1.2 us VCC=3.0V
(Standard mode) Slew rate of input
Comparator high-speed mode - - 2.0 us signal > 50 mV/us
(Window mode)
Comparator low-speed mode - - 5.0 us
(Standard mode)
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2.12 CTSU Characteristics
Table 2.60 CTSU characteristics
Conditions: VCC = AVCC0 = AVCC1=18t0o 55V
Parameter Symbol | Min Typ Max | Unit | Wid&MH
EREBITSCAPS ISR RS Cscap | 9 10 11 nF -
TSSIFIB A E Chase - - 50 pF -
SVFHRIH KRR Tlo - - -24 mA HNAERA S EETS07EITS14F
BT EamiEe
- - -14 SN RAEBAAEHBTS07EITS14
BT RRmiEe
213  HLREEM
Table 2.61 ACMPHS characteristics
Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V, VSS = AVSSO0 = AVSS1=0V
Parameter Symbol | Min Typ Max Unit Wit 5= 1
tfﬁ)\g&ﬂgj EE}:E V|OCMP - +5 +40 mV -
BABEEE Vicem 0 - AVCCO |V -
REFBE BER N3 Vref 1.36 143 1.50 \% AVCC0=220V
WMAES A tPCMP 10 - - MS -
T3 HY SR B ) Tq - 50 100 ns BNIBE£100mV
BB E YRR AR E F AR a1 Twarr 300 - - ns BWNBE£100mV
BITIRE 0T a2 Temp 1 - - us 33V<AVCCO<55V
3 - - us 27V <AVCCO0<33V
Note 1. MELIRERHNEE L3R B e BB s R 7E EL 48 R A A i) ER
Note 2. MELIRESHRER B (CPMCTLHCMPON=1)EI Lt 3% 287% B DCACHF I 9B B ER
Note 3. HAVCCO<20VEY, REENHWNEEEFRANHSEBE,
Table 2.62 ACMPLP characteristics
Conditions: VCC = AVCCO = AVCC1=1.8t05.5V,VSS=AVSS0 =AVSS1=0V
Parameter Symbol | Min Typ Max Unit | Mit&4%
WABEEE IVREFO Veee | O - VCC-1.4*1 |V -
IVREF1 (Standard mode) 0 - VCC-14 \Y
IVREF1 (Window mode) 1.4*1 - VCC \
IVCMPO, IVCMP1 \ 0 - VCC \Y
REFBE BE2 - 1.36 1.43 1.50 \ VCC=20V
HHIER b EEER, (FREER) Ty - - 1.2 us VCC=3.0V
i@)\%%ﬁ’slﬂ%
oo — - - N E>50mV
hnRsREn (FOER) - - 2.0 us 7o0mVHS
bR SERER (FEE) - - 5.0 us
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Table 2.62

ACMPLP characteristics

Conditions: VCC = AVCC0 = AVCC1=1.81t0 5.5V, VSS =AVSS0 =AVSS1=0V

Parameter Symbol | Min Typ Max Unit | Test conditions
Offset voltage Comparator high-speed mode - - - 50 mV -
(Standard mode)
Comparator high-speed mode - - 60 mV
(Window mode)
Comparator low-speed mode - - 40 mV
(Standard mode)
Operation stabilization wait time Temp 100 - - us -
Note 1. In window mode, be sure to satisfy the following condition: V\yrer1 - Vivrero = 0.2 V.
Note 2. The internal reference voltage cannot be selected for input channels when VCC < 2.0 V.
2.14 OPAMP Characteristics
Table 2.63 OPAMP characteristics (1 of 3)
Conditions: VCC = AVCCO = AVCC1=1.7V1t0 5.5V, VSS = AVSS0 = AVYSS1 =0V
Parameter Symbol Conditions Min Typ Max Unit
Supply voltage range AVCCO Low power mode 1.7 - 5.5 \Y
Middle-speed mode 21 - 5.5 \Y
High-speed mode 2.4 - 5.5 Vv
Charge pump stabilization time*? | - - - - 100 us
SW stabilization time*1 - - - - 50 us
Input voltage range Viem1 Low power mode AVSSO | - AVCCO |V
Viem2 Middle-speed mode
Viem3 High-speed mode
Output voltage range Volh1 Low power mode, AVSSO | - AVCCO |V
llode = 100 pA
Voih2 Middle-speed mode,
lload = 100 pA
Voihs High-speed mode,
lload = 100 pA
Input offset trimming range*? Voffadj2l Middle-speed mode, -3 - 3 mV
Vin=0.1V,
Tj=25°C
Voffadizh Middle-speed mode,
Vin = AVCCO0 - 0.1V,
Tj=25°C
Voftadjal High-speed mode,
Vin=0.1YV,
Tj=25°C
Voffadjah High-speed mode,
Vin = AVCCO0 - 0.1V,
Tj=25°C

Table 2.62 ACMPLP characteristics
Conditions: VCC = AVCC0O = AVCC1=1.81t0 5.5V, VSS =AVSS0 =AVSS1=0V
Parameter Symbol | Min Typ Max Unit | MiK&4
misBE bR mERE (&) - - - 50 mv |-
thReERRl (HO&R) - - 60 mv
EEIR SRR (&) - - 40 mv
BITREEFNIE Temp 100 - - us -
Note 1. HEBORKT, BHHHEBUTHRM: VIVREFIVIVREFO 0.2V,
Note 2. HVCC<20VEY, FEENWMNBEREFERISEBE,
214 OPAMP Characteristics
Table 2.63  EHEAFE(103)
Conditions: VCC = AVCC0 = AVCC1=1.7Vt0 5.5V, VSS = AVYSS0 = AVSS1=0V
Parameter Symbol Conditions Min Typ Max Unit
BIREEEE AVCCO IR 1.7 - 55 \Y%
Middle-speed mode 21 - 5.5 \Y
High-speed mode 2.4 - 5.5 \%
EB AT R AR TE BY &)+ 1 - - - - 100 s
SW stabilization time*? - - - - 50 us
BARETHE Viem (EIhFEER AVSSO | - AVCCO |V
Viem2 Middle-speed mode
Viem3 High-speed mode
HHEESE Voin1 RIS, AVSSO | - AVCCO |V
llode = 100 pA
Voih2 Middle-speed mode,
lload = 100 pA
Voihz High-speed mode,
lload = 100 pA
BRI HEEE Voftadj2! Middle-speed mode, -3 - 3 mv
Vin=0.1V,
Tj=25°C
Voffadj2h EF‘ETEEQ, Vin=AVC
C00.1V,
Tj=25°C
Voffadjal High-speed mode,
Vin=0.1V,
Tj=25°C
Voffadjah High-speed mode,
Vin = AVCCO0 - 0.1V,
Tj=25°C
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Table 2.63 OPAMP characteristics (2 of 3)
Conditions: VCC = AVCCO = AVCC1=1.7V1t0 5.5V, VSS = AVYSS0 = AVSS1 =0V
Parameter Symbol Conditions Min Typ Max Unit
Input offset*1 Vioff1a Low power mode, -5.0 - 5.0 mV
Vin < AVCCO0-1.0V
Vioff1b Low power mode, -8.0 - 8.0
Vinz AVCCO0-1.0V
Vioffoa Middle-speed mode, -3.0 - 3.0
Vin<AVCCO0-1.2V
Viofiob Middle-speed mode, -3.0 - 3.0
Vinz AVCCO0-1.2V
Vioff3a High-speed mode, -2.5 - 25
Vin < AVCCO0-1.2V
Vioftsb High-speed mode, -2.5 - 2.5
Vin= AVCCO-1.2V
Offset drift*1 Drift1a Low power mode, -70 - 70 uv/eC
Vin < AVCCO0-1.0V
Drift1b Low power mode, -70 - 70
Vin= AVCCO-1.0V
Drift2a Middle-speed mode, -30 - 30
Vin < AVCC0-1.2V
Drift2b Middle-speed mode, -30 - 30
Vin= AVCCO-1.2V
Drift3a High-speed mode, -30 - 30
Vin < AVCC0-1.2V
Drift3b High-speed mode, -30 - 30
Vin= AVCCO-1.2V
Open gain*1 Av1 Low power mode 70 130 - dB
Av2 Middle-speed mode 70 120 -
Av3 High-speed mode 60 130 -
Gain bandwidth product*" GBW1 Low power mode - 90 - kHz
GBW2 Middle-speed mode - 2 - MHz
GBW3 High-speed mode - 4.8 - MHz
Phase margin*1 PM1 Low power mode 35 - - deg
PM2 Middle-speed mode 35 - -
PM3 High-speed mode 35 - -
Gain margin* GM1 Low power mode 10 - - dB
GM2 Middle-speed mode 10 - -
GM3 High-speed mode 10 - -
Input noise density*! Vind11 Low power mode, - 860 - nV/AHz
f=10Hz
Vind12 Low power mode, - 260 -
f=1kHz
Vind21 Middle-speed mode, - 50 -
f=1kHz
Vind22 Middle-speed mode, - 30 -
f=100 kHz
Vind31 High-speed mode, - 40 -
f=1kHz
Vind32 High-speed mode, - 20 -
f=100 kHz
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Table 2.63  EEBAH{EE (219, #31)
Conditions: VCC = AVCCO = AVCC1=1.7V1t0 5.5V, VSS = AVYSS0 = AVSS1 =0V
Parameter Symbol Conditions Min Typ Max Unit
Input offset*! Vioffa RIhFERE, -5.0 - 5.0 mV
Vin < AVCC0-1.0V
Vioffib RIhFERE T, -8.0 - 8.0
VinzAVCCO-1.0V
Vioff2a EPE*%EE; Vin<AVC -3.0 - 3.0
Cco1.2v
ViOfbe EPE*EEC; VinzAVC -3.0 - 3.0
co1.2v
Vioff3a High-speed mode, -2.5 - 25
Vin<AVCC0-1.2V
Viofab High-speed mode, -2.5 - 2.5
Vinz AVCCO-1.2V
Offset drift*1 Drift1a RIhFEER, -70 - 70 pv/ec
Vin < AVCCO0-1.0V
Drift1b RIhFERE T, -70 - 70
Vinz AVCCO-1.0V
Drift2a IR, Vin<AVC -30 - 30
co1.2v
Drift2b FRIRIEIL, VinzAVC -30 - 30
co1.2v
Drift3a High-speed mode, -30 - 30
Vin < AVCC0-1.2V
Drift3b High-speed mode, -30 - 30
Vinz AVCCO-1.2V
Open gain*1 Av1 RINFERT 70 130 - dB
Av2 Middle-speed mode 70 120 -
Av3 High-speed mode 60 130 -
M FA GBW1 RIhFERER - 90 - kHz
GBW2 Middle-speed mode - 2 - MHz
GBW3 High-speed mode - 4.8 - MHz
Phase margin*1 PM1 {RInFERT 35 - - deg
PM2 Middle-speed mode 35 - -
PM3 High-speed mode 35 - -
Gain margin*1 GM1 RINFERR 10 - - dB
GM2 Middle-speed mode 10 - -
GM3 High-speed mode 10 - -
Eﬁ)\ﬂgcéﬁa:z} 1 Vind11 {E&Dj%%*ﬁﬂ; f=1 - 860 - nV/\/Hz
OHz
Vind12 1&111%%*%5%) f=1 - 260 -
kHz
Vind21 Middle-speed mode, - 50 -
f=1kHz
Vind22 Middle-speed mode, - 30 -
f=100 kHz
Vind31 High-speed mode, - 40 -
f=1kHz
Vind32 High-speed mode, - 20 -
f=100 kHz
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Table 2.63  OPAMP characteristics (3 of 3) Table 2.63 EHEBAH{HFE 1 HHI314)
Conditions: VCC = AVCCO = AVCC1=17Vt0o55V,VSS=AVSS0=AVSS1=0V Conditions: VCC = AVCCO = AVCC1=17Vt0o55V,VSS=AVSS0=AVSS1=0V
Parameter Symbol Conditions Min Typ Max Unit Parameter Symbol Conditions Min Typ Max Unit
Power supply rejection ratio*’ PSRR1 Low power mode - 90 - dB BB RNt PSRR1 EIhFEER - 90 - dB
PSRR2 Middle-speed mode - 90 - PSRR2 Middle-speed mode - 90 -
PSRR3 High-speed mode - 90 - PSRR3 High-speed mode - 90 -
Common mode rejection ratio*! | CMRR1 Low power mode - 90 - dB AN HI L1 CMRR1 RINFER - 90 - dB
CMRR2 Middle-speed mode - 90 - CMRR2 Middle-speed mode - 90 -
CMRR3 High-speed mode - 90 - CMRR3 High-speed mode - 90 -
Settling time* Tsett Low power mode - 70 200 ps Settling time*" Tset1 RIhFERE T - 70 200 ps
Tset2 Middle-speed mode - 2.8 8 Tseto Middle-speed mode - 2.8 8
Tset3 High-speed mode - 1.2 3.2 Teet3 High-speed mode - 1.2 3.2
Slew rate*1 SR1 Low power mode 0.02 0.05 - V/uS Slew rate*1 SR1 RINFEER 0.02 0.05 - V/uS
SR2 Middle-speed mode 0.8 1.3 - SR2 Middle-speed mode 0.8 1.3 -
SR3 High-speed mode 1.8 3.0 - SR3 High-speed mode 1.8 3.0 -
Turn on time* Tiurnt Low power mode, - 80 220 us FEHLET[E]*1 Tiurn1 RINFERT, AMP - 80 220 us
AMPENx =0 — 1, ENx=0—1,
IREFEN=0 —1 IREFEN =0 — 1
Tiurn2 Middle-speed mode, - 3 10 Tturn2 Middle-speed mode, - 3 10
AMPENx =0 — 1, AMPENx =0 — 1,
IREFEN=0 — 1 IREFEN=0—1
Tiurn3 High-speed mode, - 1.3 4 Tturn3 High-speed mode, - 1.3 4
AMPENx =0 — 1, AMPENx =0 — 1,
IREFEN=0 — 1 IREFEN=0 — 1
Input offset trimming step*! Vioffst2 Middle-speed mode, 0.3 0.459 0.58 mV/code BWANRBHEALS B Viofist2 HRIRIET, Vin<AVC 0.3 0.459 0.58 mV/code
Vin < AVCCO-1.2V co1.2v
Middle-speed mode, 0.24 - 0.56 FRE, VinzAVC 0.24 - 0.56
Vin= AVCCO0-1.2V cotr.2v
Vioftst3 High-speed mode, 0.35 0.52 0.65 Vioftst3 High-speed mode, 0.35 0.52 0.65
Vin < AVCC0-1.2V Vin<AVCCO0-1.2V
High-speed mode, 0.28 - 0.61 High-speed mode, 0.28 - 0.61
Vin= AVCC0-1.2V Vin= AVCCO0-1.2V
Wait time after trimming*? Twm_ tm2 | Middle-speed mode - - 1.5 us (EED =T RN R Twm_tm2 | Middle-speed mode - - 1.5 us
Tturn_tm3 High-speed mode - - 1 Tiurn_tm3 High-speed mode - - 1
Load current load - - - 100 pA AEEBR load - - - 100 pA
Load capacitance CL - - - 20 pF HHBA CL - - - 20 pF
Note 1. These values are based on simulation. They are not production tested. Note 1. XLBEEFEM. BIIRELENH,
2.15 Flash Memory Characteristics 215 AEREG
2.15.1 Code Flash Memory Characteristics 2.15.1 RABIRFHFE
Table 2.64  Code flash characteristics (1) Table 2.64  BBAHE (—)
Parameter Symbol | Min Typ Max Unit Conditions Parameter Symbol | Min Typ Max Unit Conditions
Reprogramming/erasure cycle*1 Npec 1000 - - Times - Reprogramming/erasure cycle*1 Npec 1000 - - Times -
Data hold time After 1000 times Npgg torp 20*2,*3 - - Year T,=+85°C AR IRIFAYE) ‘ 1000/XNPECSE torp 20*2,*3 - - Year T,=+85°C
Note 1. The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times (n = 1,000), Note 1. EFMRZZFEIRE N RAVIRIRAEN, HEMREEBFATRANK (n=1000) B, AJUSEMRBITORERR. fl0, HXH

-KBRFF A BB MIT256RAFTRIZ, ARRRE MR, EMEEREFANITNL. B8, TR ML REEN

erasing can be performed n times for each block. For instance, when 4-byte programming is performed 256 times for different \
—RERR (BLEESR) o

addresses in 1-KB blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However,
programming the same address for several times as one erasure is not enabled (overwriting is prohibited).

Note 2. Characteristic when using the flash memory programmer and the self-programming library provided by Renesas Electronics. Note 2. fFRIHFE B FIRIENNEFRIZET BHIEERVTL.
Note 3. This result is obtained from reliability testing. Note 3. XMEREMAIFEMEMHAFIKEN,
R01DS0354EJ0110 Rev.1.10 RENESAS Page 87 of 100 R01DS0354EJ0110 Rev.1.10 RENESAS 558751, #1005

Mar 16, 2020 Mar 16, 2020



RA2A1 Datasheet

2. Electrical Characteristics

Table 2.65

Code flash characteristics (2)

High-speed operating mode
Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V
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FCLK =1 MHz FCLK = 32 MHz

Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 8-byte tpg - 116 998 - 54 506 us
Erasure time 2-KB teok - 9.03 287 - 5.67 222 ms
Blank check time 8-byte tacs - - 56.8 - - 16.6 us

2-KB tacok - - 1899 - - 140 us
Erase suspended time tsep - - 225 - - 10.7 us
Startup area switching setting time tsas - 21.9 585 - 121 447 ms
Access window time taws - 21.9 585 - 121 447 ms
OCD/serial programmer ID setting time tosis - 21.9 585 - 121 447 ms
Flash memory mode transition wait time 1 | tp;g 2 - - 2 - - us
Flash memory mode transition wait time 2 | tyg 5 - - 5 - - us

Note: Does not include the time until each operation of the flash memory is started after instructions are executed by software.

Note: The lower-limit frequency of FCLK is 1 MHz during programming or erasing the flash memory. When using FCLK 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.

Note: The frequency accuracy of FCLK must be + 3.5% during programming or erasing the flash memory. Confirm the frequency
accuracy of the clock source.

Table 2.66 Code flash characteristics (3)

Middle-speed operating mode
Conditions: VCC = AVCCO = AVCC1 =1.81t0 5.5V, Ta =-40 to +85°C

Table 2.65  BBIA%ME (2)
ERETERR
Conditions: VCC = AVCC0O = AVCC1=2.7t0 5.5V
FCLK =1 MHz FCLK = 32 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
YRAZ BT (8] 8-byte tpg - 116 998 - 54 506 us
1BERETa) 2-KB teok - 9.03 287 - 5.67 222 ms
FTHKENE 8-byte tacs - - 56.8 - - 16.6 s
2-KB tecok - - 1899 - - 140 us
BRIRE (REYE] tsep - - 225 - - 10.7 us
B X )% B Bt e tsas - 21.9 585 - 12.1 447 ms
18 & O BY /8] taws - 21.9 585 - 12.1 447 ms
OCDE O 4RI22RIDIE B Y] tosis - 21.9 585 - 12.1 447 ms
N R A )1 tois 2 - - 2 - - us
N R 5 Y )2 ts 5 - - 5 - - us
Note: TEERGHITIESBIINEFNERIZIEF IR E,
Note:  TEXRFHITHRIEZEZIERIRE, FCLKEYTIRIMZENTIMHz, HEAETFIMHZAIFCLKEY, SAEATLIKENTMHzZ. 2MHzE3MH
zo THEGEIFBHUAE, FHIWN1.5MHz,
Note: EXTNFEHITRIZHIZIRN, FCLKAVREREES AN T3.5%. HIARHRIIAEEE,
Table 2.66  BBIA%ME (=)
HRIEREITIEL
%M. VCC=AVCCO=AVCC1=1.8F5.5V, Ta=-40FE+85°C
FCLK =1 MHz FCLK = 8 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
YRIZETa] 8-byte tpg - 157 1411 - 101 966 ys
1B ERETE) 2-KB teok - 9.10 289 - 6.10 228 ms
THKENE 8-byte tacs - - 87.7 - - 52.5 s
2-KB tecok - - 1930 - - 414 us
BRIRE (REYE] tsep - - 327 - - 21.6 us
BEIX k% &Y E tsas - 22.8 592 - 14.2 465 ms
18] & O B /8] taws - 22.8 592 - 14.2 465 ms
OCDE O 4R122RIDIZ B Y] tosis - 22.8 592 - 14.2 465 ms
TR R 2 A )1 tois 2 - - 2 - - us
AT AR S AT [8]2 tus 720 - - 720 - - ns
Note:  FEIERHHITIESFEINFNERIREF BRI E,
Note:  TEXJINTFHITRIZIELREY, FCLKBTFIRIAERNIMHzZ, HEMRMTAMHZEIFCLKEY, SRFRATLUKENTMHz, 2MHzE(3MH
zo TREIRBIFBEUAER, FIMN1.5MHz,
Note:  TEXVIRFFHITRIZZIEFREY, FCLKRYSMENGSE LA £3.5%, HWINNHIRRITEEE,
2152  #BIEAEFERME
Table 2.67  ¥RIAEFHE (—)
Parameter Symbol | Min Typ Max Unit Conditions
Reprogramming/erasure cycle*1 NppPec 100000 1000000 | - Times -
BUERIEETIE] NDPEC10000/% f5 toprp 20*2,*3 - - Year Ta = +85°C
NDPEC1000007% f5 5%2,*3 - - Year
NDPEC1000000/% f& - 1*2,*3 - Year Ta = +25°C

FCLK =1 MHz FCLK = 8 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 8-byte tpg - 157 1411 - 101 966 us
Erasure time 2-KB teok - 9.10 289 - 6.10 228 ms
Blank check time 8-byte tacs - - 87.7 - - 52.5 us
2-KB tecok - - 1930 - - 414 us
Erase suspended time tsep - - 32.7 - = 21.6 us
Startup area switching setting time tsas - 22.8 592 - 14.2 465 ms
Access window time taws - 22.8 592 - 14.2 465 ms
OCD/serial programmer ID setting time tosis - 22.8 592 - 14.2 465 ms
Flash memory mode transition wait time 1 | tpg 2 - - 2 - - us
Flash memory mode transition wait time 2 | tys 720 - - 720 - - ns
Note: Does not include the time until each operation of the flash memory is started after instructions are executed by software.
Note: The lower-limit frequency of FCLK is 1 MHz during programming or erasing the flash memory. When using FCLK 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.
Note: The frequency accuracy of FCLK must be + 3.5% during programming or erasing the flash memory. Confirm the frequency
accuracy of the clock source.
2.15.2 Data Flash Memory Characteristics
Table 2.67 Data flash characteristics (1)
Parameter Symbol | Min Typ Max Unit Conditions
Reprogramming/erasure cycle*1 NppPec 100000 1000000 | - Times -
Data hold time | After 10000 times of Nppgc topre 20*2.*3 | - - Year Ta =+85°C
After 100000 times of Nppgec 5*2,*3 - - Year
After 1000000 times of Nppgc - 1*2,*3 - Year Ta=+25°C
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Note 1. The reprogram/erase cycle is the number of erasure for each block. When the reprogram/erase cycle is n times (n = 100,000),
erasing can be performed n times for each block. For instance, when 1-byte programming is performed 1,000 times for different
addresses in 1-byte blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However,
programming the same address for several times as one erasure is not enabled. (overwriting is prohibited.)

Note 2. Characteristics when using the flash memory programmer and the self-programming library provided by Renesas Electronics.

Note 3. These results are obtained from reliability testing.

Table 2.68 Data flash characteristics (2)

High-speed operating mode
Conditions: VCC = AVCCO = AVCC1=2.7t0 5.5V

FCLK =4 MHz FCLK =32 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 1-byte top4 - 52.4 463 - 42.1 387 us
Erasure time 1-KB tpE1K - 8.98 286 - 6.42 237 ms
Blank check time 1-byte tpec1 - - 24.3 - - 16.6 us
1-KB tDBC']K - - 1872 - - 512 us
Suspended time during erasing tbsep - - 13.0 - - 10.7 us
Data flash STOP recovery time tbstop 5 - - 5 - - us
Note: Does not include the time until each operation of the flash memory is started after instructions are executed by software.
Note: The lower-limit frequency of FCLK is 1 MHz during programming or erasing the flash memory. When using FCLK 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.
Note: The frequency accuracy of FCLK must be + 3.5% during programming or erasing the flash memory. Confirm the frequency
accuracy of the clock source.
Table 2.69 Data flash characteristics (3)

Middle-speed operating mode
Conditions: VCC = AVCCO = AVCC1 =1.8t0 5.5V, Ta =-40 to +85°C

FCLK = 4 MHz FCLK = 8 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 1-byte top1 - 94.7 886 - 89.3 849 us
Erasure time 1-KB tbe1k - 9.59 299 - 8.29 273 ms
Blank check time 1-byte tbec1 - - 56.2 - - 52.5 us
1-KB tbeC1K - - 217 - - 1.51 ms
Suspended time during erasing tbsep - - 23.0 - - 21.7 us
Data flash STOP recovery time tobsTop 720 - - 720 - - ns
Note: Does not include the time until each operation of the flash memory is started after instructions are executed by software.
Note: The lower-limit frequency of FCLK is 1 MHz during programming or erasing the flash memory. When using FCLK 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.
Note: The frequency accuracy of FCLK must be + 3.5% during programming or erasing the flash memory. Confirm the frequency
accuracy of the clock source.
2.15.3 Serial Wire Debug (SWD)
Table 2.70 SWD characteristics (1) (1 of 2)
Conditions: VCC = AVCCO = AVCC1=24t0 5.5V
Parameter Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time tswekeye 80 - - ns Figure 2.71
SWCLK clock high pulse width tswekH 35 - - ns
SWCLK clock low pulse width tswekL 35 - - ns
SWCLK clock rise time tswekr - - 5 ns
SWCLK clock fall time tsweks - - 5 ns
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Note 1. ENREEBEFEREES MRIVIBIHRRE, SEWRFEEEFFEIA IR (1=100000) B, AILXEMRAITARIER. Fld, =
1 FRHRAPFREUHIT 00081 FTiRiE, AEEMRENRE, ERHFEEEREARITN. B2, BRI M2 R
BRA—RER. (BLENE, )

Note 2. fEFAIRE B FIRHMAINFRIZERF B RIEEAVEL,

Note 3. XLELERRFATFMM A,

Table 2.68  ¥IEAFRHE (2)

ERETERR

Conditions: VCC = AVCCO = AVCC1=2.7t0o 5.5V

FCLK =4 MHz FCLK =32 MHz

Parameter Symbol | Min Typ Max Min Typ Max Unit
YRIZETIE) 1-byte top1 - 52.4 463 - 421 387 us
1EBRET(E] 1-KB tpE1K - 8.98 286 - 6.42 237 ms
TR EAE 1-byte tpac1 - - 243 - - 16.6 us

1-KB tDBC']K - - 1872 - - 512 us
T?f‘%ﬁﬁfﬂjﬂ'ﬂgfgﬂqlﬁl tDSED - - 13.0 - - 10.7 us
;&}El\ﬂ{g'l%}—igﬂj“ﬂ tDSTOP 5 - - 5 - - us

Note:  AEIERHGHITIESEIRNENE IEFIBMETE,
Note: EXAFHITRIZHIRBREY, FCLKEY FRRIAZE A 1MHz, HEREFAMHZEIFCLKEY, SAEEATLUEE A T1MHz. 2MHzE3MH
Zo FREIRBIEBEIAZ, FIU1.5MHz,
Note:  TEXTAEFEBHITRIEIZIRET, FCLKASMZEREE XA £3.5% HIAR SRR IEE,
Table 2.69  #IBRAEIFE (3)
FRBEITER
&M VCC=AVCCO=AVCC1=1.8F55V, Ta=—40F+85°C
FCLK =4 MHz FCLK = 8 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
YRIZBT(E] 1-byte top1 - 94.7 886 - 89.3 849 us
1R AT 8] 1-KB tbE1K - 9.59 299 - 8.29 273 ms
§ @EETJ[EH 1-byte tDBC'] - - 56.2 - - 52.5 us
1-KB tDBC‘lK - - 217 - - 1.51 ms
EPRERIEI A E (S BT 8] tDSED - - 23.0 - - 21.7 us
BIRAE RS B ] tpsTOP 720 - - 720 - - ns
Note: TEERENITIES BRINFNE IREF BRIt E,
Note:  TEXIAEFHITHRIESHIZIREY, FCLKIOTIRIMEN1MHz, HBERMFIMHzAIFCLKEY, SREKRBILUEE I 1MHz. 2MHzE3MH
Zo FEEIKBIEBEHINZ, FI901.5MHz,
Note: EXTAFHITRIZTIZFREY, FCLKAVSRERIEE NN N £3.5%. HIATFHIRIVIARIEE,
2.15.3 EB1T4L1E (SWD)
Table 2.70  SWD$§1%£(1)(10f2)
Conditions: VCC = AVCCO = AVCC1=241t055V
Parameter Symbol Min Typ Max Unit MR
SWCLKBES$#h /8 HART |8] tswekoye 80 - - ns Figure 2.71
SWCLKETI%:P%H*MJEE tSWCKH 35 - - ns
SWCLKETJJ‘E*{E\EH*M]Z':‘:’E tSWCKL 35 - - ns
SWCLKAS S £ 7B 8] tswekr - - 5 ns
SWCLKEY$4 T F&RY 18] tsweks - - 5 ns
R01DS0354EJ0110 Rev.1.10 .ZENESAS $88901, #100M
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2. Electrical Characteristics

Table 2.70
Conditions: VCC = AVCCO = AVCC1=241t0 55V

SWD characteristics (1) (2 of 2)

Parameter Symbol Min Typ Max Unit Test conditions
SWDIO setup time tswos 16 - - ns Figure 2.72
SWDIO hold time tswoH 16 - - ns
SWDIO data delay time tswobp 2 - 70 ns
Table 2.71 SWD characteristics (2)
Conditions: VCC = AVCCO = AVCC1=161t024V
Parameter Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time tswekeye 250 - - ns Figure 2.71
SWCLK clock high pulse width tswekH 120 - - ns
SWCLK clock low pulse width tswekL 120 - - ns
SWCLK clock rise time tswekr - - ns
SWCLK clock fall time tsweks - - 5 ns
SWDIO setup time tswos 50 - - ns Figure 2.72
SWDIO hold time tswoH 50 - - ns
SWDIO data delay time tswobp 2 - 150 ns
) tswekeye
tsworn
tsweks
/ \ |
SWCLK / \ /—\—
\ ]
< > tswekr
tswekL
Figure 2.71 SWD SWCLK timing
SWCLK / \ ;/—\—/—\—
tswos | tswon
SWDIO
(Input)
tswop
SWDIO
(Output)
tSWDD
SWDIO
(Output)
B tswop
SWDIO
(Output)
Figure 2.72 SWD input/output timing
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2. BREN

Table 2.70 SWD4FIE(1)(20f2)
Conditions: VCC = AVCC0O = AVCC1=24t055V
Parameter Symbol Min Typ Max Unit Wit &4
SWDIO& &R i8] tswos 16 - - ns Figure 2.72
SWDIO{%?%HT_“EH tSWDH 16 - - ns
Table 2.71 SWD characteristics (2)
Conditions: VCC = AVCC0O = AVCC1=1.61t024V
Parameter Symbol Min Typ Max Unit Wit &4
SWCLKBY#4 /3 HARY 8] tswekoye 250 - - ns Figure 2.71
SWCLKH?%‘F%%W%E tSWCKH 120 - - ns
SWCLKH?%ME&%W%E tSWCKL 120 - - ns
SWCLKHTI%:PJ:H'ETJEH tSWCKr - - ns
SWCLKBY b T BB ] tswek - - 5 ns
SWDIOi& &R 8] tswbs 50 - - ns Figure 2.72
SWDIO{%;%BT”E—'J tSWDH 50 - - ns
) tswekeye
tswekn
> tsweks
/ \
SWCLK / \ /l—\—
< > <—tsweke
tsweke
Figure 2.71 SWD SWCLK timing
SWCLK / \ ;/—\—/—\—
tswos tswon
SWDIO
(Input)
tswop
SWDIO
(Output)
tSWDD
SWDIO
(Output)
B tswop
SWDIO
(Output)
Figure 2.72 SWD input/output timing
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Appendix 1. Package Dimensions

Appendix 1.Package Dimensions
Information on the latest version of the package dimensions or mountings is displayed in “Packages” on the Renesas

Electronics Corporation website.

JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [9]

P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3
Unit: mm
Hp
*1 D
48 33
ARARAARAAAAAAAAR E
49 = =32 —
o - =.
= = =
=] == -
(== = w w
(== =] o~ T
[=i- =] *
[= = =
[= = =
[= = =
o )
o )
64 = )/ s 17
CCEEEE LR
1 16 NOTE 4
Index area
NOTE 3
F NOTE)
1. DIMENSIONS “*1” AND “*2” DO NOT INCLUDE MOLD FLASH.
5] 2. DIMENSION **3" DOES NOT INCLUDE TRIM OFFSET.
E /] [ 1 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
IR LOCATED WITHIN THE HATCHED AREA.
4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
=1 R ——
@ bp Reference | Dimensions in millimeters
o< @) Symbel | Min | Nom | Max
D 9.9 10.0 | 10.1
E 9.9 10.0 | 10.1
Az — 1.4 —
Hp 11.8 | 12.0 | 12.2
( \ He 11.8 | 12.0 | 12.2
wv
N - -
< & 1 S| o A 1.7
AT A 005 | — |05
- 77“’ bp | 0.15 | 0.20 | 0.27
< c 0.09 — 0.20
Lo 0 0° | 35° | 8
L4 le] — 05 —
Detail F X - o 0.08
y — — 0.08
Lp 0.45 0.6 | 0.75
L4 — 1.0 —
© 2015 Renesas Electronics Corporation. All rights reserved.
Figure 1.1 LQFP 64-pin
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Jx
fIR1BERT
RITMRANEER TR REEE B RERERFI &+
BF Bk,
JEITAB &K RENESAS Code LA A9XE3 MASS (Typ) [g]
P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3
Unit: mm
Hp
*1D
48 33
RARARAAAAAAAARAR I
| -
49 £=32 EZ
=] o =
[ === - | I-=I
[ === - | .=.
[ === - | — |
(=== = w w
[== = o~ I
[=-= =} *
[=-= =}
[=-= =}
[=-= =}
64 = /) Ew
EACEELEEELEELLT A
! HIFIIR 10 NOTE 4
F LRSS T FOEED, 2R FOEMIARE. 3PN
MOER5 | ThEERTBER B E, BXANTFREXERN. 415858
MR RAAR, RJAIEREM AR,
i N
AT
§
@- *3 bp same | RILEKNSM
@ Min | Nom | Max
D 9.9 | 10.0 | 10.1
E 9.9 | 10.0 | 10.1
Az — | 14| —
Ho | 11.8 | 12.0 | 1222
He | 11.8 | 12.0 | 1222
el
N ( \ N A — | — | 17
‘D YN
[ [\ gy A 005 — [015
- 77“’ bp | 0.15 | 0.20 | 0.27
< c 009 | — | 020
Lo 0 0° | 35°| 8
' L1 e | — | 05| —
Detail F X - o 0.08
y — | — | o008
lLp | 045 | 06 | 0.75
L1 — | 10| —
©2015mEB T AT, WRIFAB.
Figure 1.1 LQFP 64-pin
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\ JEITAPackage Code | RENESAS Code |  Previous Code | MASS[Typ] |
\ P-LQFP32-7x7-0.80 | PLQP0032GB-A 32P6U-A | 029 |
Ho
.
24 17
HEAHHHAA o
1. DIMENSIONS "*1" AND "*2"
DO NOT INC\:EJ?E MOLD FLASH.
» 0 Fe R oreser
] |
] | o
0 Wi & s Dimension in Millimeters
O] i Symeol | Min [ Nom | Max
(i - D 69|70 71
Terminal cross section E 6.9 7.0 71
32 ] Q SiSh ¥ AT 14—
H H H H H H H # Hpo | 88 ] 90| 9.2
— He | 88| 9.0 | 9.2
1 8 Al—]—117
_n Index mark Aq 0 011] 02
F < & b, [0.32]0.37] 042
j‘ by | — [035] —
— - c ]0.09/0.145| 0.20
[] \ . | = 0.125
L 9 ool — 1| &
t— Detail F ] — 108 —
=lv]s] 3 x | —|]—1[020
e % B @) y |— | — 010
Zo | — [ 07 ] —
Ze | — 07| —
L [0o3]05]07
Li | — 110
Figure 1.2 LQFP 32-pin
R01DS0354EJ0110 Rev.1.10 ENESAS Page 92 of 100
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JETABEATD | RENESAS Code |  LABUE9FLE3
P-LQFP32-7x7-0.80 ‘ PLQP0032GB-A ‘ 32P6U-A 0.2g
Hp
“
24 17
1. R 1«2 FaERRE.
HHAAAHAA e
25 I 116 2 B,
] |
] |
i I sl wess | MERABMHERT
[ i} Min | Nom [ Max
[ | D 6970 71
— Q |- i E [69]70] 7.1
‘ o Ap | — [ 14| —
H HHHHHH I Ho | 88 ] 9.0 | 9.2
. He | 88 ] 9.0 | 9.2
1 ) s Al — | — 117
E - Aq 0 0.1] 0.2
F = b, | 0.32]0.37] 0.42
j‘ by | — [0.35] —
* © c | 0.09[0.145] 0.20
[] [ 1\ . L c 0.125
L 0 0° | — | &
Detail F g — 08 | —
B Ts] - ol x | — | — 020
EREECE % B @) y |— | — 010
Zp | — | 07| —
Ze | — 07 ] —
L [03]05]07
Li | —1]10] —
Figure 1.2 LQFP 32-pin
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JEITA Package Code | RENESAS Code |  Previous Code | MASS[Typ.] | JETABZEACE | RENESAS Code | LB BLED | MASS[Typ.] |
P-LFBGA36-5x5-0.80 | PLBG0036GA-A | 36FHE \ 01g | P-LFBGA36-5x5-0.80 | PLBG0036GA-A | 36FHE \ 0.1g
@] = @] =
J SISl A % I 2 B[] A 5 8
B ‘ A B ‘ At
| [0 goloo et | - [0 goloo et
‘ £ OOOOO@ ‘ £ OOOOO@
| A o |000l000| ] | A I o |000l000| ]
c | OO 0000 c OO 0000
! s |[OO 0000 ! s |[OOO0OO0O0O0
- Q » [ooolooo - Q » [ooolooof
x4 ‘ ! 2 s ‘ ¢ 5 8 imension in Millimeters x4 ‘ ! 2 s ‘ ¢ § 8 I = [ =k MR~
= L o index 557 Nin | Nom| Max = EaE - ##7% Yin | Nom | Max
aser mart D — 50 — aser mart & D — 50 —
E|—]50]— E | — 150 —
v |— | —1015 v |—|—1015
w | — | — 1020 w | — | — 1020
Al—|— 114 Al—|— 114
A1 [ 03]035]| 04 A1 [ 03035 04
€ | — 08— E | — | o8| —
b | 04]045]| 05 b [ 04]045] 05
X | — | —10.08 X | — | —10.08
Yy | — | —10.10 Yy | — | —10.10
Zp | — | 05| — Zp | — | 05| —
Ze | — 105 — Ze | — 105 —
Figure 1.3 BGA 36-pin Figure 1.3 BGA 36-pin
R01DS0354EJ0110 Rev.1.10 RENESAS Page 93 of 100 R01DS0354EJ0110 Rev.1.10 RENESAS #9307, 1007
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JEITA Package code RENESAS code Previous code MASS(TYP.)[g]
P-HWQFN48-7x7-0.50 | PWQNOO4BKB-A |  pagks oo oba-6 0.13

36 25

37

24

13

1 12

INDEX AREA

EXPOSED DIE PAD

D2
—Lp >{A]
1 2
UUUUUUUUUUU
=) 'é”’
D (e
= d
D (e
F = )=
D C
= —+ = Eo
= d
D (e
e :
=3 =
“Cannanonnnonn 1*
36 25
Zp e}

b

©2013 Renesas Electronics Corporation. All rights reserved.

DETAIL OF (A) PART

A
RN =
—Aq “—co
Referance| Dimension in Millimeters
Symbol Min Nom Max
D 6.95 7.00 7.05
E 6.95 7.00 7.05
A — — 0.80
A1 0.00 o —
b 0.18 0.25 0.30
—] 0.50 —
Lp 0.30 0.40 0.50
X . — 0.05
y — — 0.05
Zp — 0.75 -
Ze — 0.75 -
C2 0.15 0.20 0.25
D2 — 5.50 —
E, — 5.50 —

Figure 1.4

QFN 48-pin
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JEITABES RENESAS code LARTBI1CES MASS(TYP.)[g]
P-HWQFN48-7x7-0.50 | PWQNOO4BKB-A |  pagks oo aba-6 0.13
D
36 25
37 24 BHAT
+ e A
R
48 13 —A1 —C2
1 12
#R5IX
Referance LX%*%%{EE’\JRTJ—
Symbol Min Nom Max
D D 6.95 | 7.00 | 7.05
2
E 6.95 | 7.00 | 7.05
*Lp #%E/‘JE}#@ A — N 0.80
! 12 A 000 | — —
UUUUUUUUUUU
48P ZalE b 0.18 | 025 | 0.30
3 E le] — 050 | —
g g Lp 0.30 | 040 | 050
= g — | — 0.05
=) + (= E2 X
= = y — | — | o005
= = — —
ZE— D d Zp 0.75
= = Ze — | o075 | —
373nnnn 0 24 c2 015 | 020 | 025
nnnannQ : : :
% % D — | ss0 | —
Zp e E, — 550 | —
:
©2013BFEBF AT, MIFiE,
Figure 1.4 QFN 48-pin
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JEITA Package code RENESAS code Previous code MASS(TYP.)[g]
P-HWQFN40-6x6-0.50 PWQNO040KC-A P40K8-50-4B4-5 0.09
D
30 21
31 20 DETAIL OF (A) PART
s E A
] ] B
40 11 —Aq ¢y
P/
1 10
INDEX AREA
Referance| Dimension in Millimeters
Symbol Min Nom Max
D D 595 | 6.00 | 6.05
2
E 595 | 6.00 | 6.05
—Lp EXPOSED DIE PAD A AN [ om0
i UUUUUUUUTY NN —
P g (el — | 050 | —
3 g Lp 0.30 | 040 | 050
D g — | — 0.05
) + d E2 X
») (- y — — 0.05
=) (- Zo — 075 | —
Ze g g Ze — | o5 | —
*Tannnnnannn 1% c2 015 | 020 | 025
30 21
D2 — 450 | —
Zp e] E — [ as0 | —
b/P[x @ s|AB]
Figure 1.5 QFN 40-pin
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JEITAEI351XE3 RENESAS code LARTEY1XES MASS(TYP.)[g]
P-HWQFN40-6x6-0.50 PWQNO0040KC-A P40K8-50-4B4-5 0.09
D
30 21
31 20 751314:25%
A+ E A
11 -
40 1 —Aq —Co
P/
1 10
R3IX
Referance HZRRNEMHRT
Symbol Min Nom Max
D D 595 | 6.00 | 6.05
2
E 595 | 6.00 | 6.05
—Lp BEOTHR A — T — T oso
’ UUUUUUUUUT A 000 — | —
40P =l b 0.18 0.25 0.30
P - B — | os0 | —
3 E Lp 0.30 | 040 | 050
g + g Ep X — | — | o005
») (- y — — 0.05
) (- Zp — 075 | —
€] 3 E Ze — 075 | —
“Cannnnnannn 17 c2 015 | 020 | 025
30| 21
D2 — 450 | —
Zp E E — 450 | —
b|D|x @ s | AB]
Figure 1.5 QFN 40-pin
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General Precautions

. Precaution against Electrostatic Discharge (ESD)

A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately
degrade the device operation. Steps must be taken to stop the generation of static electricity as much as possible, and
quickly dissipate it when it occurs. Environmental control must be adequate. When it is dry, a humidifier should be used.
This is recommended to avoid using insulators that can easily build up static electricity. Semiconductor devices must be
stored and transported in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions must be taken for printed circuit
boards with mounted semiconductor devices.

. Processing at power-on

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

. Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results
from input of such a signal or 1/0 pull-up power supply may cause malfunction and the abnormal current that passes in
the device at this time may cause degradation of internal elements. Follow the guideline for input signal during power-
off state as described in your product documentation.

. Handling of unused pins

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

. Clock signals

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

. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device
stays in the area between V| (Max.) and V, (Min.) due to noise, for example, the device may malfunction. Take care to
prevent chattering noise from entering the device when the input level is fixed, and also in the transition period when the
input level passes through the area between V, (Max.) and V,y (Min.).

. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of
functions. Do not access these addresses as the correct operation of the LSI is not guaranteed.

. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the
change will not lead to problems. The characteristics of a microprocessing unit or microcontroller unit products in the
same group but having a different part number might differ in terms of internal memory capacity, layout pattern, and
other factors, which can affect the ranges of electrical characteristics, such as characteristic values, operating margins,
immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a
system-evaluation test for the given product.
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12.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third

Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the

product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and i audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult

and i ical, you are re ible for the safety of the final products or systems manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics

products in I with all these i laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable

laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Rev.4.0-1 November 2017)
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