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ENESANS

RA4W1 Group

Datasheet

High efficiency 48-MHz Arm® Cortex®-M4 core, 512-KB code flash memory, 96-KB SRAM, Segment LCD Controller,
Capacitive Touch Sensing Unit, Bluetooth Low Energy, USB 2.0 Full-Speed, 14-Bit A/D Converter, 12-Bit D/A Converter,

security and safety features.

Features

m Arm Cortex-M4 Core with Floating Point Unit (FPU)
e Armv7E-M architecture with DSP instruction set
e Maximum operating frequency: 48 MHz
Support for 4-GB address space
Arm Memory Protection Unit (Arm MPU) with 8 regions
Debug and Trace: ITM, DWT, FPB, TPIU, and ETB
CoreSight™ debug port: JTAG-DP and SW-DP

= Memory
e 512-KB code flash memory
8-KB data flash memory (100,000 erase/write cycles)
96-KB SRAM
Flash Cache (FCACHE)
Memory Protection Units
Memory Mirror Function (MMF)
128-bit unique ID

m Connectivity
o Bluetooth Low Energy
- Bluetooth 5.0 core specification compliant BLE transceiver and
link layer
- Supporting LE 1M, 2M and Coded PHY, and LE Advertising
extension
- Dedicated AES-CCM (128-bit blocks) encryption circuit
USB 2.0 Full-Speed (USBFS) module
- On-chip transceiver
- Compliant with USB Battery Charging Specification 1.2
Serial Communications Interface (SCI) x 4
- UART
- Simple 1IC
- Simple SPI
Serial Peripheral Interface (SPI) x 2
12C bus interface (11C) x 2
Controller Area Network (CAN) module

= Analog

14-bit A/D Converter (ADC14)

12-bit D/A Converter (DAC12)

8-bit D/A Converter (DAC8) x2 (for ACMPLP)
Low Power Analog Comparator (ACMPLP) x 2
Operational Amplifier (OPAMP) x 1
Temperature Sensor (TSN)

m Timers

General PWM Timer 32-bit (GPT32) x 4

General PWM Timer 16-bit (GPT16) x 3
Asynchronous General-Purpose Timer (AGT) x 2
Watchdog Timer (WDT)

m Safety

e 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) with calendar and Battery Backup support
Event Link Controller (ELC)
DMA Controller (DMAC) x 4
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
e GHASH
o True Random Number Generator (TRNG)

m Human Machine Interface (HMI)
e Segment LCD Controller (SLCDC)
- Up to 9 segments x 4 commons
- Capacitive Touch Sensing Unit (CTSU)

m Multiple Clock Sources
e Main clock oscillator (MOSC)
(1 to 20 MHz when VCC =2.4t0 3.6 V)
(1to 8 MHz when VCC =1.8t02.4V)
e Sub-clock oscillator (SOSC) (32.768 kHz)
* High-speed on-chip oscillator (HOCO)
(24, 32, 48, 64 MHz when VCC =2.4t0 3.6 V)
(24, 32, 48 MHz when VCC =1.8t0 3.6 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 35 input/output pins
- Up to 3 CMOS input
- Up to 32 CMOS input/output
- Up to 4 input/output 5 V tolerant
- Up to 1 high current (20 mA)

m Operating Voltage
e VCC:18t03.6V

m Operating Temperature and Packages
e Ta=-40°C to +85°C
- 56-pin QFN (7 mm x 7 mm, 0.4 mm pitch)
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1.

Overview

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

The MCU in this series incorporates a low-power and high-performance Arm Cortex®-M4 32-bit core running up to
48 MHz, with the following features:

512-KB code flash memory
96-KB SRAM
Bluetooth Low Energy (BLE)

Segment LCD Controller (SLCDC)

Capacitive Touch Sensing Unit

(CTSU)

USB 2.0 Full-Speed Module (USBFS)

14-bit A/D Converter (ADC14)
12-bit D/A Converter (DAC12)

Security features.

1.1 Function Outline

Table 1.1 Arm core

1.

Overview

MCUSER 7 Z 0 RFIMEMBEFTAmMOS G B3 2UAZ, XERAREZ—HABANEFEIMNG, UE#irit
A RMENETFEIERTmt o

ZRFIRHIMCURA T BITMEREEX48MHzBYRINFE S £ REArmCortex®-M432{u 1%, BB LU TR E:

512-KBLR3IAE

96-KB SRAM

RIH#E A 5F (BLE)

N LCDI=H28(SLCDC)
ATV T RN B 7T (CTSU)
USB2.0& RE IR (USBFS)
14-bit A/D Converter (ADC14)

12-bit D/A Converter (DAC12)
Z2INkE,

Feature

Functional description

Arm Cortex-M4 core

e Maximum operating frequency: up to 48 MHz
e Arm Cortex-M4 core:
- Revision: rOp1-01rel0
- Armv7E-M architecture profile
- Single precision floating-point unit compliant with the ANSI/IEEE Std 754-2008.
o Arm Memory Protection Unit (Arm MPU):
- Armv7 Protected Memory System Architecture
- 8 protect regions
o SysTick timer:
- Driven by SYSTICCLK (LOCO) or ICLK.

1.1 DIEEHE

Table 1.1 Bo

Feature

ThieisieA

ArmCortex-M4M1%

RATESRE: FiX48MHz  ArmCortex-MAR#Z: fEITAR: rOp1-01relOArmv7E-M
’%‘%WEBE)}‘(#HﬁANSIIEEEStd754—20089@%*?&5#,5“%7_1:0 ArmAERIPERTT (
ArmMPU

ArmV7ZRIPFATFE RIS MR, SysTick
paiET N

FISYSTICCLK(LOCO)SXICLKIR B,

Table 1.2 Memory Table 1.2 Memory
Feature Functional description Feature IhEEis A
Code flash memory Maximum 512 KB of code flash memory. See section 43, Flash Memory in User’s Manual. RIBAE =AS512KBHIRIBANE, BEEAFRFMANELIIT, I
Data flash memory 8 KB of data flash memory. See section 43, Flash Memory in User’s Manual. BIBNTE S8KBHUIRINE, EERARFMTNELIT, HiF.

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.

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. The 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.

SRAM

On-chip high-speed SRAM with either parity bit or Error Correction Code (ECC). An area in
SRAMO provides error correction capability using ECC. See section 42, SRAM in User’s
Manual.

Option-setting memory

EPIR BEFESHEEUEMCUBIRS, WE7T,
BRFRAEEIRERF.

MEFIRRINEEMMF)

MR ERINEE(MMF) RTEC B A SIS I 7F P AT R RO N A A2 FR BRI IN 23t b SRR B 23 (U R EE AR B9
AEZE (REFERETEML) RN AREFMEERDL, TNEARFRBEEFRHEE
FMEZMMF BTt TT. MAREFEFTENBEFEEARATFRHMNRUE, BESH
BAFRPREST, AFHEEINEMME).

SRAM

BEFERIEANAEIE(ECOMF EBRESRAM, — MK TE
SRAMOTEFBECCIR I EUSERE . BEEMAFP FMHAIEL2TISRAM
Manual.
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1. Overview

Table 1.3 System (1 of 2)

Feature

Functional description

Operating modes

Two operating modes:

e Single-chip mode

e SCI/USB boot mode.

See section 3, Operating Modes in User’s Manual.

Resets

14 resets:

e RES pin reset

e Power-on reset

o VBATT-selected voltage power-on reset
¢ Independent watchdog timer reset

e Watchdog timer reset

* Voltage monitor O reset

* Voltage monitor 1 reset

e SRAM parity error reset

o SRAM ECC error reset

o Bus master MPU error reset

e Bus slave MPU error reset

o Stack pointer error reset

e Software reset.

See section 6, Resets in User’s Manual.

Low Voltage Detection (LVD)

The Low Voltage Detection (LVD) 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)

o Sub-clock oscillator (SOSC)

* High-speed on-chip oscillator (HOCO)

* Middle-speed on-chip oscillator (MOCO)

o Low-speed on-chip oscillator (LOCO)

e PLL frequency synthesizer

o IWDT-dedicated on-chip oscillator

» Bluetooth-dedicated clock oscillator

* Bluetooth-dedicated low-speed on-chip oscillator
e 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 and DMAC module. The ICU also controls NMI interrupts. See section 14, 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 21, Key Interrupt Function
(KINT) in User’s Manual.

Low Power Mode

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.

Battery backup function

A battery backup function is provided for partial powering by a battery. The battery powered
area includes RTC, SOSC, LOCO, wakeup control, backup memory, VBATT_R low voltage
detection, and switch between VCC and VBATT.

During normal operation, the battery powered area is powered by the main power supply,
which is the VCC pin. When a VCC voltage fall is detected, the power source is switched to the
dedicated battery backup power pin, the VBATT pin.

When the voltage rises again, the power source is switched from the VBATT pin to the VCC
pin. See section 12, Battery Backup Function in User’s Manual.

Register write protection

The register write protection function protects important registers from being overwritten
because of software errors. See section 13, Register Write Protection in User’'s Manual.
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Table 1.3 R24:(10f2)
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1. Overview

Table 1.3 System (2 of 2)

Feature

Functional description

Memory Protection Unit (MPU)

Four Memory Protection Units (MPUs) and a CPU stack pointer monitor function are provided
for memory protection. See section 16, 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. The
refresh-permitted period can be set to refresh the counter and used as the condition for
detecting when the system runs out of control. See section 26, 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. It can be used 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 27, Independent Watchdog Timer (IWDT) in User’s Manual.

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 19, 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 18, Data Transfer Controller (DTC) in User’s Manual.

DMA Controller (DMAC)

A 4-channel DMA Controller (DMAC) module is provided for transferring data without the CPU.
When a DMA transfer request is generated, the DMAC transfers data stored at the transfer
source address to the transfer destination address. See section 17, DMA Controller (DMAC) in
User’s Manual.
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1. Overview

Table 1.6 Timers

Feature

Functional description

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with 4 channels and a 16-bit timer with 3
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 23,
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 22, 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 of 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 24, 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 25, Realtime Clock (RTC) in User’s Manual.

Table 1.7 Communication interfaces (1 of 2)

Feature

Functional description

Serial Communications Interface
(SClI)

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

synchronous serial interfaces:

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

o 8-bit clock synchronous interface

e Simple IIC (master-only)

o 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 and SCI1 have 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 29, Serial Communications Interface (SCI) in User’s Manual.

12C 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 30, 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 32, Serial Peripheral Interface (SPI) in User’s Manual.

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 31, 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 host controller or device controller.
The module supports full-speed and low-speed (only for the host controller) 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 10 pipes. Pipes 1 to 9 can be
assigned any endpoint number based on the peripheral devices used for communication or
based on the user system.

The MCU supports revision 1.2 of the Battery Charging Specification. See section 28, USB 2.0
Full-Speed Module (USBFS) in User’s Manual.

R01DS0359EJ0100 Rev.1.00
Mar 31, 2020

RENESAS Page 6 of 105

RA4W1 Datasheet

1. Overview

Table 1.6 Timers

Feature

IhiEieA

1B APWMEBTZS(GPT)

BAPWME Y22 (GPT) 2 — N4@B Y3 2{UE R 83 F — 1 3BERY 1 611 E BT 88, PWMIKAZ AT LA
BRI INITEER . R ERES SR ERER SR . HeSh, RTLAE BRPWMIKIT SR R E
Bil. GPTHAILIAIEERENSE. FSHAFR FMRPNE23T, BAPWMER RGP,

GPT(POEG) Y (%1t e BE

£ FAPortOutputEnableforGPT(POEG) ThAER@APWME R 28 (GPT) it 5 | I B TR H B RARKE
o EEHRAPFMPIIE22T, GPT(POEG)M KL /B A,

RS IEA
Timer (AGT)

=P EAENIEAGDE—M6MIERE, FIAThiL, SN IR SE NS LRI
BEAHITER, XMMENSH-— N EHFERN— DB HSEAN. SHFESMERT
%‘%g(ﬁ@ﬂ?ﬂlﬁ—’l\i{ﬂi&, AJLLEEAGTRFRININ. FEHARFMRPNE24T, RPERE
Tax(AGT)o

SKESAY$H(RTC)

KN HRTOBEHEMITHER, AMTHRIN AT ER, AEERREREH. WFAH
it #R, RTCHE— 1N M20005F 212099 I100F HA, HERBEFNEER, WF#
TR, RICRITBEDHHBERRENFIE,

“HEH SRR AT AR (F7) UINIBR.
BERRFFMAEE25T, KEBHEHRTO,

Table 1.7 BEEO Q4MFD)

Feature

IhiEieA

BRITREEOGA

BITBEEOCOANEENANESNRSBRITEND: JFIED (UARTHIRD BIEEOERS

(ACIA))  SfuBSthEL D fIRIC (NFREH) BHESPI FEeFiEO, B FEOMNSISOIECTS1

6-3B FESHMEMMITAE, SCIOMSCI BBFIFO%E A UKIESM W T@E, HEA
LXT;E)%}#V\]‘I&ﬁ%ﬁi%ﬁ?ﬂﬁﬁﬂ%%&?ET%E&UEE!EO BEHABRFMPNE29T, BITBEEEO(
SClo

[2C24E0OIC)

JEERCRLIEOMCOFEHIRMENXPI2C (REPEMBLER) SLEEOMENTE, BSR
BRFEMHHE30N, RCRLEOC),

BRITIMEIEO(SPD)

SRR REIEREHITEE. 2RXITEAP BT

IR RITINERE O (SPDBIBRETS 5
, BRITIMEIEOSP,

BE. BEHARFMFEIE2T

IR B I (CAN)HE 3R

12528 R 1M (CAN) IR YR it 7 72 PR A IR A5 W FR R E I B 08 BRI INIE S MALAD A 2 [B]3E
WANE HEUERIZhAE. CANREIRTFBIS011898-1(CAN2.OACAN2.0B)ATE, %3532 HRFE
, BB EBHAENFFORN TR RRSEW, g (114D MY & (29fl) HEER
o BEHAPFRREIT, EHISZBEMCANER,

USB2.02 3R (USBFS) &1k

USB2.0£ 3R (USBFS)EIRB] LUF AN U IS IR EITHIERITIT, BERTIFBA BT EANE
200 EN B FRAEE ((NESATEIUTHIE) FhH. RRRE—PAEBUSBI RS, <iHhE
BRTEAINT20REXNFAFRAE, USBEEBTHIEFMNEREMER, RETEA
0MNEE, FILURIEARTRENIINERENRIEAFRAFAEB1RIDEEMNHRES. MCU
EFERMFERME.2MR. ESHE28T, USB20

PR F AR EREIR(USBFS).
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Table 1.7 Communication interfaces (2 of 2)

Feature

Functional description

Bluetooth low energy(BLE)

e On-chip RF transceiver and link layer compliant with the Bluetooth 5.0 Low Energy
specification

« Bit rates: 1 Mbps, 2 Mbps, 500 kbps, and 125 kbps

e LE Advertising extension support

¢ Includes an RF transceiver power supply (selectable as a DC-to-DC converter or linear
regulator)

* On-chip matching circuit to help reduce the number of external parts

e Transmission power: +4 dBm support

Table 1.8 Analog

Feature

Functional description

14-bit A/D Converter (ADC14)

A 14-bit successive approximation A/D converter is provided. Up to 8 analog input channels
are selectable. Temperature sensor output and internal reference voltage are selectable for
conversion. The A/D conversion accuracy is selectable from 12-bit and 14-bit conversion
making it possible to optimize the tradeoff between speed and resolution in generating a digital
value. See section 34, 14-Bit A/D Converter (ADC14) in User’s Manual.

12-bit D/A Converter (DAC12)

The 12-bit D/A Converter (DAC12) converts data and includes an output amplifier. See section
35, 12-Bit D/A Converter (DAC12) in User’s Manual.

8-bit D/A Converter (DAC8) for
ACMPLP

The 8-bit D/A Converter (DAC8) converts data and does not include an output amplifier. The
DACS is used only as the reference voltage for ACMPLP. See section 39, 8-Bit D/A Converter
(DACS8) in User’s Manual.

Temperature Sensor (TSN)

The on-chip temperature sensor 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 ADC14 for conversion and can be further used by the end
application. See section 36, Temperature Sensor (TSN) in User’s Manual.

Low-Power Analog Comparator
(ACMPLP)

The Low-Power Analog Comparator (ACMPLP) compares a reference input voltage and
analog input voltage. The comparison result can be read by software and also be output
externally. The reference voltage can be selected from 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 the high-speed
mode decreases the response delay time, but increases current consumption. Setting the low-
speed mode increases the response delay time, but decreases current consumption. See
section 38, Low Power Analog Comparator (ACMPLP) in User’s Manual.

Operational Amplifier (OPAMP)

The Operational Amplifier (OPAMP) can be used to amplify small analog input voltages and
output the amplified voltages. A differential operational amplifier unit with two input pins and
one output pin are provided. See section 37, Operational Amplifier (OPAMP) in User’s Manual.

Table 1.9 Human machine interfaces

Feature

Functional description

Segment LCD Controller (SLCDC)

The SLCDC provides the following functions:

o Waveform A or B selectable

e The LCD driver voltage generator uses an external resistance division method

« Automatic output of segment and common signals based on automatic display data register
read

e The LCD can be made to blink.

See section 44, Segment LCD Controller (SLCDC) in User’s Manual.

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 a finger does
not come into direct contact with the electrode. See section 40, Capacitive Touch Sensing Unit
(CTSU) in User’s Manual.

R01DS0359EJ0100 Rev.1.00
Mar 31, 2020
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Table 1.7 BEEEO Q1M hp214)

Feature

ThieiseA

RINFEES (BLE)

REEFSOMINFEMEN A ERFCL BIMEERE  EEAFE: 1Mbps. 2Mbps. 500kbps#l12
Skbps LE[-&¥ BXZiF SE—RFKARER (AIEEFEIEADC-to-DCHERBER LR ELE
) R LCEEREHFRIDIMBIHENHE FRINE: Z#FF+4dBm

Table 1.8 Analog

Feature

IhiEieA

14-bit A/D Converter (ADC14)

RHT —MMDBREEERERE, RSAEZSMENBNEE, fEFRERRERE
FASE BEHATTIRM, ADRBNFER 12U 14U IR ERE, NTa] LR TFERN
MWEEMDPRZENITER, BFSHARFMRPRE3LT, 14ADFKERE(ADC14),

12-bit D/A Converter (DAC12)

121iDARIRER (DACT 2) IR H B — Ma i K28, BERBFR FMHPEIST, 124D
ARR3883(DACT2),

FAFACMPLPRISTIDAR 22 (D
AC8)

8UDAK IR 2 (DACS)FIR IR, T EIEW LA, DACSINAIEACMPLPHIBEBE, 1FEH
R FMREsE397I, 8{IDARRIR(DACS).

REERIR(TSN)

FEREFRSBHEHBECHEE, UBRBEAIRET. FREHHSECREMELN
HE, ECEESHEBESEAMNXER, WHBERIEMAADC4FITHIR, FEATUKRRKRE
MA#H—PER, BEHAPFMPNE36T, BEESRKSE(TSN).

RIHFEREIA L 3288 (ACMPLP)

TRIHFEIRIALL B 2R (ACMPLP) LE R 2 E i N BB EFIRBUM A BBE, LI R o] LUBS R IREY,
WA AT oM, E& BB E R LAMCMPREFi(i=0 1)3|BIRY N, AEBSAIDARS R84 H siMCU
NEEMIATSEBE (Vref) PR, FJLUEFBREZINIREACMPLPIMIEE, 28 &E
BRSE O MRIEREE, BIEMBRERE, REMERN S NmEERNE, BREE
HER. BE2RARFMHBAEIsT, [MINFEEBILLIRES(ACMPLP),

EEBAZR(OPAMP)

TEBAZROPAMP BB FRA/NRIIS N BEHBHBRAGNEE, #ft7T AR
5@))\%IHiHD—/l\KﬁHj%IHfﬂE@%ﬁi@%ﬁ&k%&%ﬁ:o BEABRFMPBIE37TTIEERAE(OPA
MP)o

Table 1.9 ANSBE

Feature

IhiEiReA

E&T{LCDIZH 2] (SLCDO)

SLCDCIRMEELATRIhAE: RFZABIBRAIGE LCDIRmpREERAESREAIMNIBESESZE RIEBMET
%ﬁ?E%?%E%%iiEY)EEUE@&E&%D’A?H%% B LAELCDIRNR. BE2HAR FRPHFELLT, BRILC
DiF SLCDQ)o

A AR BN & T(CTSU)

AR E RS T(CTSU) N EMIBERIEZNFERS, FHHEESHNEMERARE, BCTSU
eSS N FIER T S AIBE RS ER, MRCARNBRIEMESKBLEETEE, RALFiE
FoEREMEIR. BEABARFRTHNELT, BEXRRBMEIT(CTSU).
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Table 1.10  Data processing Table 1.10  ¥XiEIE
Feature Functional description Feature IhgENREA
Cyclic Redundancy Check (CRC) The Cyclic Redundancy Check (CRC) calculator generates CRC codes to detect errors in the BIR TR (CRO)ITE R ﬂﬁﬂ\ﬁi%*ﬁ?;?:’%(CRC)iﬁ'E%ﬂiﬁ‘Zﬁ;Eﬁﬁ L){*\‘iz%}g?&gﬁE’\J%ﬁEEEgR%ZE%%%%E@?JFEEI%?%ﬁ
calculator data. The bit order of CRC calculation results can be switched for LSB-first or MSB-first AILSB-firstBMSB-firsti@fs. ,» WATLMEREMCRCEMZ o snoopTIHE 7 VF i AL
communication. Additionally, various CRC generation polynomials are available. The snoop %Eimntggi%ﬁﬁus)\" lﬂ:%ﬁ‘é&%%@%%%#@EEUE@ECR;{%E%E@FE)%¢?§E@ @/MD
. L P i 4 ) o RIS BT RIZEE A XS ANMMBITIERWE AX IR, B2EAFRFMPNEIT, BIF
function allows monitoring reads from and writes to specific addresses. This function is useful &A% (CRO)H B 52,
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 33, 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, BIBEE B (DOC) BIBREE B (DOO)N 16 HIBHITLLR. IEFIRE, 4175,
Data Operation Circuit (DOC) in User’s Manual. AR FMHBEIEIRERE(DOC),
Table 1.11 Security Table 1.11 Security
Feature Functional description Feature IhEEis A
Secure Crypto Engine 5 (SCE5) e« Security algorithm: RN 5| Z5(SCES) e Security algorithm:
- Symmetric algorithm: AES SFREE: AES HMZHFIhEE
o Other support features: :
- TRNG (True Random Number Generator) TRNG (ERENEERKSR) MAEEER: GH
- Hash-value generation: GHASH. ASHo
R01DS0359EJ0100 Rev.1.00 -zENESAS Page 8 of 105 R01DS0359EJ0100 Rev.1.00 -zENESAS #8TL, 1057
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1.2 Block Diagram 1.2 EE

Figure 1.1 shows a block diagram of the MCU superset. Some individual devices within the group may have a subset of E11ETRTMCUBERIEER, ARMELRMSETREBEIRENTE.
the features.

Memory Bus Arm Cortex-M4 System Memory Bus Arm Cortex-M4 System
Clock SFD ) Clock
Extornal | DSP | | FPU | | POR/LVD | ocks 512KBHBIA%E Extornal | DSP | | FPU | | POR/LVD | ocks
| MPU | | Reset | | MPU | | Reset |
_ (H/M/L) OCO (H/M/L) OCO
| NVIC | | Mode control PLL | NVIC | | RS | PLL
MPU MPU
| System timer | | Power control | CAC | | R TERT 28 | | IhEEEH| | | CAC |
DMA DMA
DTC | Test and DBG I/F | | ICU | Battery backup DTC | X FDBGIF | | ICU | |%ﬁﬁ 2t |
protection
Timers Communication interfaces Human machine interfaces Timers EREO ANAE
GPT32 x 4 SCI x4 BLE | CTSU | | sLCDC | GPT32 x 4 SClIx4 BLE | CTSU | | sLCDC |
oA <1 cAN <1
o] (e Lo ]
with Battery kR 1.289US
RTC Charging RTC BFS
revision 1.2
Event link Data processing Analog TETDEERE ¢y (S Analog
ELC CRC | ADC14 | | TSN | | OPAMP x 1 | ELC CRC | ADC14 | | TSN | | OPAMP x 1 |
Security DoC | DAC12 | | DAC8 | | ACMPLP x 2 | Security DoC | DAC12 | | DAC8 | | ACMPLP x 2 |
SCE5 SCE5
Figure 1.1 Block diagram Figure 1.1 EE
. == =
1.3 Part Numbering 1.3 ZEHES
. . . . . . el 5 = A=A T4 S —_— —_—N
Figure 1.2 shows how to read the product part number information, including memory capacity, and package type. Table EN2ERTNMER~RESES, SERFERENHERE, RIBERT - 1Tradlk.
1.13 shows a product list.
R0O1DS0359EJ0100 Rev.1.00 IQENESAS Page 9 of 105 R0O1DS0359EJ0100 Rev.1.00 -zENESAS 90T, 1057
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| A

AA 0
L

Production identification code
Packing, Terminal material (Pb-free)
#AA: Tray'Sn(Tin) only

#AC: Tray/others

Package type
NG: QFN 56 pins

Quality ID

Operating temperature
2:40 Cto85 C

Code flash memory size
D: 512 KB

Feature set

A: Security

Group name

W1: Wireless Communication 1
Series name

4: Up to 100MHz

Renesas RA family

Flash memory

Renesas microcontroller
Renesas

Figure 1.2

Table 1.12 Product list

Part numbering scheme

Product part number

Orderable part number

Code flash

Data flash SRAM

Operating
temperature

R7FA4W1AD2CNG

R7FA4W1AD2CNG#AAO

512 KB

8 KB 96 KB

-40 to +85°C

R01DS0359EJ0100 Rev.1.00

Mar 31, 2020
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RA4W1 Datasheet 1. Overview
R7TFA4W1AD2CNG#AAD
—I_— RIS
|, mFME (B8 #AA: X
FEESN(Tin)#AC: FERHA
(2E-ESiY
NG: QFN 56 pins
REMRIR
TERE2: -40
RIBIRF RN
D: 512 KB
IhEESEA:
el
BB F
W1: B&EE1
R5IBM4: BEiR1
OOMHzMY R F
RAZRFI
AF
Renesas microcontroller
Renesas
Figure 1.2 EHESHR
Table 1.12 =&FIE
TIERE
FmibtsS AIiTaER I S KEBIRTE BIRIRTE SRAM
R7FA4W1AD2CNG R7FA4W1AD2CNG#AAQ 512 KB 8 KB 96 KB -40 to +85°C
RO1DS0359EJ0100 Rev.1.00 RENESAS F107, #1057
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1.4 Function Comparison

Table 1.13 Function comparison
Part numbers R7FA4W1AD2CNG
Pin count 56
Package QFN
Code flash memory 512 KB
Data flash memory 8 KB
SRAM 96 KB
Parity 80 KB
ECC 16 KB
System CPU clock 48 MHz
Backup 512 bytes
registers
ICU Yes
KINT 8
Event control ELC Yes
DMA DTC Yes
DMAC 4
Timers GPT32 4
GPT16 3
AGT 2
RTC Yes
WDT/IWDT Yes
Communication | SCI 6
Ic 2
SPI 2
CAN 1
USBFS Yes
BLE An RF transceiver and link layer compliant with Bluetooth 5.0 low energy specification
Analog ADC14 8
DAC12 1
DAC8 2
ACMPLP 2
OPAMP 1
TSN Yes
HMI SLCDC 4 com x 9 seg
CTSU 1
Data CRC Yes
processing DOG Voo
Security SCE5
R01DS0359EJ0100 Rev.1.00 RENESAS Page 11 of 105
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1.4 IHEELLER

Table 1.13  IhaENdLL
ZH4S R7FA4W1AD2CNG
K 56
Package QFN
HEBIAE 512KB
HIRINF 8 KB
SRAM 96 KB
Parity 80 KB
ECC 16 KB
System PRILIZEBT I 48 MHz
EHEF 512 bytes
Fa
ICU Yes
KINT 8
FHEH ELC Yes
DMA DTC Yes
DMAC
Timers GPT32
GPT16 3
AGT 2
RTC Yes
WDT/IWDT Yes
Communication | SCI 6
IIc 2
SPI 2
CAN 1
USBFS Yes
BLE FEEFSORINFEMT RIS SRR B EER R
Analog ADC14 8
DAC12 1
DAC8 2
ACMPLP 2
OPAMP 1
TSN Yes
HMI SLCDC 4comx9seg
CTsu 1
HiEsE CRC Yes
DOC Yes
Security SCE5
R01DS0359EJ0100 Rev.1.00 RENESAS F1HW, #1050
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1.5 Pin Functions

1.5 5IHITHE

=}
B

Function Signal 110 Description Function Signal /10 Description
Power supply VCC Input Power supply pin. Connect it to the system power supply. Connect this pin IR VCC Input BIES |, BEEZIRABRRE. BI—D0.1uFBEA RIS | EIEEEIVSS
to VSS by a 0.1-yF capacitor. The capacitor should be placed close to the o BANEITSIMKE.
pin.
VCL Input Connect this pin to the VSS pin by the smoothing capacitor used to stabilize VCL Input BEATREADE RN BRI EERERIVSSSI#l, HBERRE
the internal power supply. Place the capacitor close to the pin. SIS E,
VSS Input Ground pin. Connect it to the system power supply (0 V). VSS Input BHSIH. BEEZIRABIROV).
VBATT Input Backup power pin VBATT Input EZFHBIRESIH
Clock XTAL Output Pins for a crystal resonator. An external clock signal can be input through Clock XTAL Output mRINIEIREZAIS M, SMEBETBNE S BT LU EXTALS BN
EXTAL Input the EXTAL pin. EXTAL Input
XCIN Input Input/output pins for the sub-clock oscillator. Connect a crystal resonator XCIN Input BB fhiRSH aS AV NI 5 1 Bl. FEXCOUTHIXCINZ il — R IE IR
XCOUT Output between XCOUT and XCIN. XCOUT Output °
CLKOUT_RF Output Bluetooth-dedicated clock output pin for output of a 1-, 2-, or 4-MHz signal CLKOUT_RF Output BT ANMRESIE, AFEad1. 284MHES
XTAL1_RF Input Pins for connecting the Bluetooth-dedicated clock oscillator. Connect a 32- XTAL1_RF Input BT EEET T ANMIR S5, EiE32
XTAL2_RF Output MHz oscillator to these pins. XTAL2_RF Output MHzZR7 B F X L5 .
CLKOUT Output Clock output pin CLKOUT Output B ppia 5 | R
Operating mode MD Input Pins for setting the operating mode. The signal levels on these pins must BRERIES MD Input AP EIREEXNS ., EMEMRESERETIVIRIERFEIRERE, XL®
control not be changed during operation mode transition at the time of release from 51 RS S BF R ER.
the reset state.
System control RES Input Reset signal input pin. The MCU enters the reset state when this signal RYgIEH RES Input SMfESHASIH, HZESTEEN, MCURENEMIRS.
goes low.
CAC CACREF Input Measurement reference clock input pin CAC CACREF Input MESFBEHIMANG I
Interrupt NMI Input Non-maskable interrupt request pin Interrupt NMI Input o] Rk P BTiERS | #
IRQO to IRQ4, IRQG, | Input Maskable interrupt request pins IRQO to IRQ4, IRQG, | Input A R AP BTIE SRS B
IRQ7, IRQY9, IRQ11, IRQ7, IRQY9, IRQ11,
IRQ14, IRQ15 IRQ14, IRQ15
KINT KRO0O to KRO7 Input A key interrupt can be generated by inputting a falling edge to the key KINT KRO0O0 to KRO7 Input B AR R T O\ 5 | B SE N BRI AT LU= S iR g P b
interrupt input pins
On-chip debug TMS 1/0 On-chip emulator pins On-chip debug TMS 1/O A E{RESRSIR
TDI Input TDI Input
TCK Input TCK Input
TDO Output TDO Output
SWDIO 110 Serial Wire debug Data Input/Output pin SWDIO 110 BITHERLIBERN RS
SWCLK Input Serial Wire Clock pin SWCLK Input BITER SR
SWO Output Serial Wire trace Output pin SWO Output BITHRDLR S
Battery backup VBATWIOO0 110 Output wakeup signal for the VBATT wakeup control function. R8I VBATWIOO0 I/0 VBATTIRER$Z HIThAERY i L IR ER (5 S
External event input for the VBATT wakeup control function. VBATTIRERIZHITHRERY SMEB B 4RI N0
GPT GTETRGA, Input External trigger input pin GPT GTETRGA, Input SMNERfik &SNS B
GTETRGB GTETRGB
GTIOO0A to 110 Input capture, Output capture, or PWM output pin GTIOO0A to 110 WMAGIE. MRS PWMER L 5| R
GTIOA5A,GTIO8A, GTIOA5A,GTIO8A,
GTIOOB to GTIOOB to
GTIOA5B,GTIO8B GTIOA5B,GTIO8B
GTIU Input Hall sensor input pin U GTIU Input EIRERIFEMASIHIU
GTIV Input Hall sensor input pin V GTIV Input ERLREFMASIHV
GTIW Input Hall sensor input pin W GTIW Input ERERIBFWMASIHIW
GTOUUP Output 3-phase PWM output for BLDC motor control (positive U phase) GTOUUP Output FFBLDCEENUIZHIA3BPWMEaE (IEUHE)
GTOULO Output 3-phase PWM output for BLDC motor control (negative U phase) GTOULO Output FFBLDCENIZFIR3BPWMEaE (fAUFE)
GTOVUP Output 3-phase PWM output for BLDC motor control (positive V phase) GTOVUP Output FFBLDCENEHIR3MEPWMEEE (IEVAR)
GTOVLO Output 3-phase PWM output for BLDC motor control (negative V phase) GTOVLO Output FETFBLDCEENIZHIA3BPWMEaE (faV4R)
GTOWUP Output 3-phase PWM output for BLDC motor control (positive W phase) GTOWUP Output FFBLDCENIZHIR3EPWMEaE (LEEWHE)
GTOWLO Output 3-phase PWM output for BLDC motor control (negative W phase) GTOWLO Output FFBLDCENEHIBIMEPWMEE (FAWAE)
AGT AGTEEO, AGTEE1 Input External event input enable AGT AGTEEO, AGTEE1 Input SMERE I N 1EBE
AGTIO0, AGTIO1 110 External event input and pulse output AGTIOO0, AGTIO1 110 SMERE A N RO R
AGTOO0, AGTO1 Output Pulse output AGTOO0, AGTO1 Output B ke
AGTOBO Output Output compare match B output AGTOBO Output i LA I AR
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Function Signal 110 Description
RTC RTCOUT Output Output pin for 1-Hz/64-Hz clock
RTCICO, RTCIC2 Input Time capture event input pins
SCI SCKO0,SCK1,SCK4, | 1/O Input/output pins for the clock (clock synchronous mode)

SCK9

RXDO0, RXD1,RXD4, | Input Input pins for received data (asynchronous mode/clock synchronous mode)

RXD9

TXDO, TXD1, TXD4, | Output Output pins for transmitted data (asynchronous mode/clock synchronous

TXD9 mode)

CTS0_RTSO, 110 Input/Output pins for controlling the start of transmission and reception

CTS1_RTSH1, (asynchronous mode/clock synchronous mode), active-low

CTS4_RTS4,

CTS9_RTS9

SCLO, SCL1, SCL4, | IO Input/output pins for the 1IC clock (simple 1IC)

SCL9

SDAO, SDA1, SDA4, | I/O Input/output pins for the IIC data (simple 1IC)

SDA9

SCKO0, SCK1, SCK4, | I/0 Input/output pins for the clock (simple SPI)

SCK9

MISOO0, MISO1, 110 Input/output pins for slave transmission of data (simple SPI)

MISO4, MISO9

MOSI0, MOSI1, 110 Input/output pins for master transmission of data (simple SPI)

MOSI4, MOSI9

SS0, SS1,5SS4,SS9 | Input Slave-select input pins (simple SPI), active-low

IIC SCLO to SCL1 110 Input/output pins for clock

SDAO to SDA1 110 Input/output pins for data

SPI RSPCKA, RSPCKB | I/0 Clock input/output pin

MOSIA, MOSIB 110 Inputs or outputs data output from the master

MISOA, MISOB 110 Inputs or outputs data output from the slave

SSLAO, SSLBO 1/0 Input or output pin for slave selection

SSLA1, SSLA2, Output Output pin for slave selection

SSLA3, SSLB1,

SSLB3

CAN CRXO0 Input Receive data
CTX0 Output Transmit data
USBFS VSS_USB Input Ground pins

VCC_USB_LDO Input Power supply pin for USB transceiver.
Apply the same voltage as VCC_USB.

VCC_USB 1/0 Input: Power supply pin for USB transceiver.

USB_DP /10 D+ I/0 pin of the USB on-chip transceiver. This pin should be connected to
the D+ pin of the USB bus.

USB_DM 1/0 D- 1/0 pin of the USB on-chip transceiver. This pin should be connected to
the D- pin of the USB bus.

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

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

USB_OVRCURA, Input External overcurrent detection signals should be connected to these pins.

USB_OVRCURB

Analog power AVCCO Input Analog block power supply pin
supply AVSS0 Input Analog block power supply ground pin
VREFHO Input Reference power supply pin
VREFLO Input Reference power supply ground pin
ADC14 ANO004 to AN0OG, Input Input pins for the analog signals to be processed by the A/D converter

ANO009, ANO010,

ANO017, ANO19,

ANO020

ADTRGO Input Input pins for the external trigger signals that start the A/D conversion,
active-low

DAC12 DAO Output Output pins for the analog signals to be processed by the D/A converter

RA4W1 Datasheet
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Function Signal /10 Description
RTC RTCOUT Output 1Hz64HZBT FRRY5I L 5 | B
RTCICO, RTCIC2 Input IR LS N
SClI SCKO0,SCK1,SCK4, | I/0 B RANRLESIH (RsESELR)
SCK9
RXDO0, RXD1, RXD4, | Input BUEENMASIH (RS RAN RSP IRT)
RXD9
TXDO, TXD1, TXD4, | Output RRBIENEESIH (RPEANHRPIER)
TXD9
CTS0_RTSO, 110 Inputﬁﬁﬁ??‘ﬁﬁﬂﬁ‘i%ﬂ?ﬁﬂ&ﬁﬁéﬁ’\]fiﬁtﬂ%IHiI] (RPEANPHELSER) ,
CTS1_RTS1, REEFHH
CTS4_RTS4,
CTS9_RTS9
SCLO, SCL1, SCL4, | I/O NCESrEVm NS (& 21C)
SCL9
SDAO, SDA1, SDA4, | I/0 NCEIRMARH S (f§210)
SDA9
SCKO, SCK1, SCK4, | 1/0 By EhROS NI 1R (T 22 SPI)
SCK9
MISOO0, MISO1, 110 AT MY EEEEENRANRESIM (E2SP)
MISO4, MISO9
MOSI0, MOSI1, 110 BATFHEEERNEARLSIH (E2sP)
MOSI4, MOSI9
SS0, SS1,554,SS9 | Input MAEZFMASIH (RSP , MBTFEX
lic SCLO to SCL1 lfe} DN R )l
SDAO to SDA1 1/0 BTN
SPI RSPCKA, RSPCKB | I/0 BYEpim N 5 | A
MOSIA, MOSIB lfe} NS M A5 R
MISOA, MISOB lfe} MBS 3R S
SSLAO, SSLBO 110 MAEZFR AN S L 5 | B
SSLA1, SSLA2, Output MANIEEBY L 5 | B
SSLA3, SSLBH1,
SSLB3
CAN CRX0 Input B R
CTX0 Output BREIE
USBFS VSS_USB Input S|
VCC_USB_LDO Input USBU & 239 EBIR S B, BEANSVCC_U
SBHEREIMYEE %,
VCC_USB lfe} BN USBULK 23RYERIRS | Bl
USB_DP lfe} USBF LU % 2289D+I05 | fl. %5 IR IEHEEIUSB R L&RID+5(fHl.
USB_DM 110 D USBF £k 2RRVI05 1 fl. %5 |MIRERESIUSBRLLMID 51/,
USB_VBUS Input USBEB4n & I 1285 M, %5 | MIRERESIUSBRZEAIVBUS, ZHUSBIEIRIE
MIEEEHEEITE, ATLUARMEIVBUSSIBIRES (GEEZMA) -
USB_VBUSEN Output VBUS(5V) RSN BRI (R B fFREE S
USB_OVRCURA, Input SNERT FRAL G S ROERE X L5 B,
USB_OVRCURB
EIABIR AVCCO Input IR RS | ]
AVSS0 Input KRNI IR BB R B Mt 5 | R
VREFHO Input SEBIRSIH
VREFLO Input BSEBREMS|H
ADC14 ANO004 to ANOOS, Input AD¥ 1 28 Z AL IR AVARIME S 9N 5| Rl
ANO009, AN010,
ANO017, ANO19,
AN020
ADTRGO Input T BohADFIRRIIMR AR & E S EVIMANGIH, RBFEEN
DAC12 DAO Output FREUR L 1R 25 L IR VAR ME S BRI 51 R

R01DS0359EJ0100 Rev.1.00
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RA4W1 Datasheet

1. Overview

Function Signal 110 Description
Comparator output | VCOUT Output Comparator output pin
ACMPLP CMPREFO, Input Reference voltage input pins
CMPREF1
CMPINO, CMPIN1 Input Analog voltage input pins
OPAMP AMP2+ Input Analog voltage input pins
AMP2- Input Analog voltage input pins
AMP20 Output Analog voltage output pins
CTSU TS00, TSO01, TSO03, Input Capacitive touch detection pins (touch pins)
TS10, TS12, TS13,
TS18, TS28, TS30,
TS31, TS34
TSCAP — Secondary power supply pin for the touch driver
1/0 ports P004, P010, PO11, 110 General-purpose input/output pins
P014, P0O15
P100 to P111 /10 General-purpose input/output pins
P200 Input General-purpose input pin
P201, P204 to P206, | 1/0 General-purpose input/output pins
P212, P213
P214, P215 Input General-purpose input pins
P300 1/0 General-purpose input/output pins
P402, P404, P407, 110 General-purpose input/output pins
P409, P414
P501 1/0 General-purpose input/output pins
P914, P915 /10 General-purpose input/output pins
SLCDC VL1, VL2, VL4 1/0 Voltage pin for driving the LCD
COMO to COM3 Output Common signal output pins for the LCD controller/driver
SEG6, SEG9, Output Segment signal output pins for the LCD controller/driver
SEG11, SEG12,
SEG20, SEG23,
SEG49, SEG52,
SEG53
BLE (Bluetooth Low | ANT 110 RF single 1/O pin for the RF transceiver
Energy) Set the impedance of the signal line to 50 Q.
DCLOUT Output RF transceiver power-supply output pin
DCLIN_A Input RF transceiver power-supply output connection pin
DCLIN_D Input RF transceiver power-supply output connection pin
VCC_RF Input RF transceiver power supply pin
AVCC_RF Input RF transceiver power supply pin
VSS_RF Input RF transceiver ground pin

R01DS0359EJ0100 Rev.1.00

Mar 31, 2020
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RA4W1 Datasheet 1. Overview
Function Signal /10 Description
Lt VCOUT Output tbista i 5 M
ACMPLP CMPREFO, Input SEBEBMASIH
CMPREF1
CMPINO, CMPIN1 Input IR B RN G| R
OPAMP AMP2+ Input B EI NG| R
AMP2- Input B E NG| R
AMP20 Output BB ER LS
CTSU TS00, TSO1, TS03, | Input BARMERN I (REsIH)
TS10, TS12, TS13,
TS18, TS28, TS30,
TS31, TS34
TSCAP — bR IR BhE8 HIHHBN BB IR S | R
1/0 ports P004, P0O10, PO11, 110 General-purpose input/output pins
P014, PO15
P100 to P111 110 General-purpose input/output pins
P200 Input BRABINGIH
P201, P204 to P206, | I/O General-purpose input/output pins
P212, P213
P214, P215 Input BRWAGIH
P300 1/0 General-purpose input/output pins
P402, P404, P407, 110 General-purpose input/output pins
P409, P414
P501 1/0 General-purpose input/output pins
P914, P915 110 General-purpose input/output pins
SLCDC VL1, VL2, VL4 110 FAFIRENLCDBIERIES| B
COMO to COM3 Output LCDIEHI 2SI Thes N AR E St 5]
SEGB6, SEG9, Output LCDIZHISSIXh 2R FIERE St 51 R
SEG11, SEG12,
SEG20, SEG23,
SEG49, SEG52,
SEG53
BLE (EZF1R ANT I/0 RFU % 28 BIRFERIOS | Bl
Energy) BESLLBIEHIZE 7500,
DCLOUT Output RFUK % 28 BB R 5 | B
DCLIN_A Input RFUS % 28 B8 R4 1% 1% 5 | B
DCLIN_D Input RFUS % 88 B8R4 % 1% 5 | R
VCC_RF Input RFU % 23 B8R 5 | B
AVCC_RF Input RFU % 23 B8R 5 | B
VSS_RF Input SRR 285 | R
R01DS0359EJ0100 Rev.1.00 $140, F1050
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1.6 Pin Assignments 16  SIHISDE
Figure 1.3 shows the pin assignments. EN3ERT 5D ES.
o o
o o
W O W L W W W L
= nclncocooﬂﬁlﬂﬂ w5 nclncn:ooﬂflﬂfl
10 c0228333Y%¢ 6. < 10 c0228333Y%¢ 6. <
S08Ss5s¢8EEssER So08Ss5s¢8EEssER
SafzRRzzkkeERZ? SnofzRfezzkkeERz?®
NFOO) .:r\:: LochN‘—o m N\—omoor\co ::<r:: N‘—om
B EA A ) Ho MO IO IMIMImIIOHN! SHTHTHOLOHO IO IO IO IO IO M IO

DCLIN.D [ ‘| vss RF DCLIN.D [ "l vss_RF
P402 | 44 : ‘| P100 P402 | 44 72771 P100
DCLIN A |45 | P101 DCLIN A |45 :726_ | P101
P404 | 46 P102 P404 [ 45 i 25| P102
VBATT | 47 P103 VBATT | 47 : 24 | P103
VCL [ 48 ; P104 VCL | 48 ; i 23| P104
P215/XCIN | 49 P105 P215/XCIN | 49 17227 P105
paraxcout [555  RTFA4W1AD2CNG P106 paraxcout 557 RTFAAWI1AD2CNG 57 p1os
VSS : P107 VSS : : P107
P213/XTAL | ‘| vss P213/XTAL | “lvss
P212/EXTAL | ‘| vee P212/EXTAL | "l vce

P11
“| P110TDI

P109/TDO/SWO

| P11 vCe |
| P110/TDI P414/CLKOUT_RF [

P109/TDO/SWO P409

vee [
P414/CLKOUT_RF [

P409

ol linlielinlelo el inolis!
o o
S g2ABREEE02E 50 S g2ABREEE08E 50
a P e e A O S W i S eV N B e R Al M T
leg @ 71| Sst== leg @ 71| st ==
18853 2 as 38843 : as
22283 g 23388 I
> 9 Q E & > o Q E &=
o o O S D o o @) S D
> S S > S S
o a o a
Note: VSS_RF is assigned as the exposed die pad. AR VSS_RFEIEE NBRBOH IR,
For details, refer to Appendix 2, Package Dimensions. BXFHAER, BBAMR2, HERYT,
Figure 1.3 Pin assignment for QFN 56-pin (top view) Figure 1.3 QFN565| IS IS B (TRANE)
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1.7 Pin Lists 1.7 5|5 FR

Pin number Timers Communication interfaces Analogs HMI s Timers @EifEO Analogs HMI
= L
< #
o N
> E
%) #%
< .
3] B
) 2
H i
a i
- ¢
K] A
o C
. 2 . : o 2
g o = VB o =
- o z < AT o =z <
2 o g a T % < o
2 = " @ ) o a 5 ) o © o o
© & 5 t o 7 < o 2 4] © 5 T o o < o ] I
0 o £ o 1 w - - o a =) 0 £ o | w - - o a =)
& 3 £ o & & & g 8 5 z| | 8| ¢ 8§ g B £ sl 5| & Kl E| 8 8 5 z| | 8| ¢ 8§ g B
i} 2
g e £ 2 4 o o @ > @ e & o < a b4 ? o g £ 2 < © o [ > ) 2 & o < a 4 ? o
T P407 AGTIO0 RTCOUT |USB_VBUS |CTS4_RTS4 |[SDAO __ |SSLB3 ADTRGO SEGTT_|1S3 T P407 AGTIO0 RTCOUT |USB_VBUS |CTS4_RTS4 |[SDAO __ |SSLB3 ADTRGO SEGTT_|1S3
/sS4 /sS4
2 VSS_USB 2 VSS_USB
3 P915 USB_DM 3 P915 USB_DM
Z Po14 USB_DP Z Po14 USB_DP
5 \VCC_USB 5 VCC_USB
6 VCC_USB 6 VCC_USB
_LDO _LDO
7 TRQO P206 GTIU USB_VBUS |RXD4/ SDAT SSLBI SEG12  |TS1 7 RQO P206 GTIU USB_VBUS |RXD4/ SDAT SSLBI SEG12  |TS1
EN MISO4/SCL4 EN MISO4/SCL4
B CLKOUT |IRQ1 P205 AGTOT |GTIV GTIOC4A USB_OVRC |TXD4/ SCL1 SSLBO SEG20  |TSCAP 8 CLKOUT |IRQ1 P205 AGTOT |GTIV GTIOC4A USB_OVRC [TXD4/ SCL1 SSLBO SEG20  |TSCAP
URA MOSI4/ URA MOSI4/
SDA4/ SDA4/
CTS9_RTS9 CTS9_RTS9
/SS9 /SS9
9 CACREF P204 AGTO1 |GTW __ |GTIOC4B USB_OVRC |SCK4/SCK9 [SCLO RSPCKB SEG23  |TS0 9 CACREF P204 AGTO1 |GTW __ |GTIOC4B USB_OVRC |SCK4/SCK9 [SCLO RSPCKB SEG23  |1S0
URB URB
10 |RES 10 |RES
T [MD P201 1 [MD P201
12 NMI P200 12 NMI P200
13 |TCKI P300 GTOUUP |GTIOCOA SSLB1 13 |TCK/ P300 GTOUUP |GTIOCOA SSLB1
SWCLK SWCLK
14 [T™MS/ P108 GTOULO |GTIOCOB CTS9_RTS9 SSLBO 14 [T™MS/ P108 GTOULO |GTIOCOB CTS9_RTS9 SSLBO
SWDIO /5S9 SWDIO /5S9
15 |[TDO/ P109 GTOVUP |GTIOCTA CTX0 SCK1/ MOSIB SEG52  |TS10 15 |TDO/ P109 GTOVUP |GTIOCTA CTX0 SCK1/ MOSIB SEG52  |TS10
Swo/ TXDY/ SWo/ TXDY/
CLKOUT MOSl9/ CLKOUT MOSI9/
SDA9 SDA9
16 [TDI RQ3 P110 GTOVLO |GTIOCTB CRX0 RXD9/ MISOB VCOUT  |SEG53 16 [TDI RQ3 P110 GTOVLO |GTIOCTB CRX0 RXD9/ MISOB VCOUT  |SEG53
MISO9/SCLY MISO9/SCL9
17 RQ4 P11 GTIOC3A SCK9 RSPCKB TS12 17 RQ4 P11 GTIOC3A SCK9 RSPCKB TS12
18 |vcC 18 |vcC
19 |VSS 19 |vSS
20 KRO7 P107 GTIOC8A COM3 20 KRO7 P107 GTIOC8A CoM3
21 KR06 P106 GTIOC8B SSLA3 CoM2 21 KR06 P106 GTIOCeB SSLA3 CoM2
22 KROS5/ |P105 GTETRGA |GTIOCTA SSLA2 CcoM1  |Ts34 22 KRO5/  |P105 GTETRGA |GTIOCTA SSLA2 coMi  |Ts34
IRQO IRQO
23 KR04/  |P104 GTETRGB|GTIOCIB RXDO/ SSLAT COMO _ |TS13 23 KR4 [P104 GTETRGB|GTIOC1B RXDO/ SSLAT coMo  [Ts13
IRQ1 MISO0/SCLO IRQ1 MISO0/SCLO
24 KRO3 P103 GTOWUP |GTIOC2A CTX0 CTSO_RTSO SSLAO ANOT9 CMPREF1 |VL4 24 KR03 P103 GTOWUP |GTIOC2A CTX0 CTSO_RTSO SSLAO ANOT9 CMPREF1 |VL4
/1SS0 /SS0
25 KR02 P102 AGTO0 |GTOWLO |GTIOC2B CRX0 SCKO RSPCKA AN020/ CMPINT 25 KR02 P102 AGTOO |GTOWLO |GTIOC2B CRX0 SCKO RSPCKA AN020/ CMPINT
ADTRGO ADTRGO
26 KRO1/ |P101 AGTEEO |GTETRGB|GTIOC5A TXDO/ SDAT MOSIA CMPREFO |VL2 26 KRO1/ _|P101 AGTEEO |GTETRGB|GTIOC5A TXDO/ SDAT MOSIA CMPREFO |VL2
IRQ1 MOSI0/ IRQ1 MOSI0/
SDAO/ SDAO/
CTS1_RTS1 CTS1_RTS1
/ss1 /ss1
.
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Pin number Timers Communication interfaces Analogs HMI s Timers @EifEO Analogs HMI
[ L
% &
o N
> ES
) &%
< N
o B
% b2
i i
a i
£ C
K] A
© [4) c [4)
£ 8 g N 8 e
$ 5 z 3 a7 o z 3
> %) o o T ) [3) o
) 8 7] o ) a o 5 » o a a o
© & 5 t o ) < o = Q © g t o ) < o ] %)
n ) £ o | w - - [ a =) 0 = o 1 w - - o a =)
£ 3 g o G & & 4 o 3] T w 8 b 3 S 2 i g o G & & e o 3] T w -] 2 3 9 2
2 2
<] e £ 2 < o) (0] [ E) ) e & [ < a < ® o G £ 2 < © o o E) ) e & [ < a < ® o
27 KROO/ _|P100 AGTIO0 |GTETRGA |GTIOC5B RXDO/ sci MISOA CMPINO VL1 27 KROO/ _ |[P100 AGTIO0 |GTETRGA |[GTIOC5B RXDO/ scL MISOA CMPINO VL1
IRQ2 MISO0/ IRQ2 MISO0/
SscLo/ SscLo/
SCK1 SCK1
28 VSS_RF 28 VSS_RF
29 RQTT__ |P501 AGTOBO |GTIV GTIOC2B USB_OVRC ANO17 CMPINT _|SEG49 29 RQTT__ |P501 AGTOBO |GTIV GTIOC2B USB_OVRC ANO17 CMPINT _|SEG49
URA URA
30 ANT 30 ANT
31 RQ7 P015 ANO10 TS28 31 RQ7 P015 ANO10 TS28
32 PO14 ANO09 _|DAO 2 PO14 ANO09 _|DAO
3 XTALZ_RF 3 XTAL2_RF
34 XTAL1_RF 3 XTAL1_RF
35 |AVCCO 35 |AVCCO
36 |AVSSO 36 |AVSSO
37 |VREFLO |IRQ15 _ [POT1 ANOO6 _|AMP2+ TS31 37 |VREFLO |IRQ15 [P0 ANOOG _|AMP2+ TS31
38 |VREFHO |IRQ14 _ |P010 ANOO5 | AMPZ- TS30 38 |VREFHO |IRQ14 _ |PO10 ANOO5 | AMPZ- TS30
39 AVCC_RF 39 AVCC_RF
40 IRQ3 P004 ANOO4 |AMP20 40 RQ3 P004 ANOO4 |AMP20
P DCLOUT P DCLOUT
42 VCC_RF 42 VCC_RF
3 DCLIN_D 3 DCLIN_D
44 |[VBATWIO |IRQ4 P02 AGTIOO0 RTCICO _|CRX0 RXD1/ SEG6  |TS18 24 |VBATWIO |IRQ4 P402 AGTIOO0/ RTCICO _|CRX0 RXD1/ SEG6  |T518
0 AGTION MISO1/SCL1 0 AGTION MISO1/SCL1
45 DCLIN_A 5 DCLIN_A
6 P04 GTIOC3B |RTCIC2 6 P404 GTIOC3B |RTCIC2
47 |[VBATT 47 |VBATT
48 |ver 48 |veL
.
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Pin number Timers Communication interfaces Analogs HMI s Timers @EifEO Analogs HMI
[ L
% &
o N
> ES
o %
< N
o B
% b2
2 i
a i
% ¢
5 A
C
g g 2 : g 2
ks 4 z < ve 4 z <
@ - < o AT - < o
> [72) 3} o) T ['d (8] (e}
(2] s %) o . a o s %) o A ~ o
© & 5 T o ) < o = Q © g t o ) < o ] %)
n o = o I L - - o a =) o] = o I w - - o a =)
£ 3 g o G & & e o 3] T w 8 b 3 S 2 i g o G & & e o 3] T w -] 2 3 9 2
2 2
<] e £ 2 < o) (0] [ E) ) e & [ < a < ® o G £ 2 < o o o E) ) e & [ < a < ® o
49 [XCIN P215 49 [XCIN P215
50  [XCOUT P214 50  [XCOUT P214
51 |[vsS 51 |vsS
52 |XTAL RQ2 P213 GTETRGA |GTIOCOA TXD1/ 52 |XTAL RQ2 P213 GTETRGA |GTIOCOA TXD1/
MOsI1/ MOsI1/
SDA1 SDA1
53 |[EXTAL _|IRQ3 P212 AGTEE1 |GTETRGB |GTIOCOB [RXD1/ 53 |[EXTAL _|IRQ3 P212 AGTEE1 |GTETRGB |GTIOCOB [RXD1/
MISO1/SCL1 MISO1/SCL1
54 |vce 54 |[VCC
55 TRQ9 Pat4 GTIOCOB SSLA1 _|CLKOUT_ 55 RQ9 Pata GTIOC0B SSLA1 _ |CLKOUT_
RF RF
56 IRQ6 P409 GTOWUP |GTIOC5A USB_EXICE SEG9 56 RQ6 P409 GTOWUP |GTIOC5A USB_EXICE SEG9
N N
.
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RA4W1 Datasheet 2. Electrical Characteristics

2. Electrical Characteristics
Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:

VCC*1 = AVCCO = VCC_USB*2=VCC_USB_LDO*2=VCC_RF = AVCC_RF =1.8t0 3.6V, VREFHO = 1.8 to
AVCCO, VBATT =1.810 3.6V, VSS = AVSS0 = VREFLO = VSS_RF = VSS_USB = 0V, Ta = Ty

Note 1. The typical condition is set to VCC = 3.3V.
Note 2. When USBFS is not used.

Figure 2.1 shows the timing conditions.

For example P100 l O
T°

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

Figure 2.1 Input or output timing measurement conditions

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

Each function pin used for the same function must select the same drive ability. If the 1/0 drive ability of each function
pin is mixed, the AC specification of each function is not guaranteed.

RO1DS0359EJ0100 Rev.1.00 RENESAS Page 19 of 105
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2.  HBER%
RRIEREME, MCUMIBSIHFIEL TR TR

VCC*1 = AVCCO =VCC USB*2=VCC USB LDO*2=VCC RF=AVCC RF=1.8t03.6V, VREFHO=1.8t0
AVCCO, VBATT=1.8%3.6V, VSS=AVSSO=VREFLO=VSS_RF=VSS_USB=0V, Ta=Topr.

A1 HEBEHIRE AVCC=3.3V,
JE2. RfERUSBFSEY,

E21ER TR FEEH,

f5140P100 ® '0)

L
..

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

Figure 2.1 WARWHENNESGE
BESMMEPRNEFEABNNERG, UXMREIMNEERE B2, EHRBARS5IMNIKENEES L
BRI,

BT ERIhEEIE N ThEES | A LA R ERIRIREIEE 11, MR ZINAEEMIBIIOWREIAE /R, NI A RIERIH
BERYACHIAS
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RA4W1 Datasheet

2. Electrical Characteristics

2.1 Absolute Maximum Ratings

Table 2.1 Absolute maximum ratings
Parameter Symbol Value Unit
Power supply voltage VCC -0.5t0 +4.0 \%
Input voltage 5V-tolerant ports* Vin -0.3to0 +6.5 \%
P004, PO10, PO11, P014, Vin —0.3 to AVCCO + 0.3 \
P015
ANT Vin -1.0to +1.4 \Y
XTAL1_RF, XTAL2_RF Vin -0.3to +1.4 \Y
DCLIN_A, DCLIN_D Vin -0.3to +2.2 \Y
Others Vin -0.3toVCC +0.3 \
Reference power supply voltage VREFHO -0.3to +4.0 \%
VBATT power supply voltage VBATT -0.5t0 +4.0 \Y
Analog power supply voltage AVCCO —-0.5to +4.0 \%
VCC_RF -0.3 to +4.0 \Y
AVCC_RF -0.3 to +4.0 \Y
USB power supply voltage VCC_USB -0.5to +4.0 \%
VCC_USB_LDO -0.5t0 +4.0 \
Analog input voltage When ANO04 to AN0OG, Van —-0.3 to AVCCO + 0.3 \Y
ANO009, AN010 are used
When ANO17, ANO19, -0.3toVCC +0.3 \
ANO020 are used
LCD voltage VL1 voltage i -0.3t0+2.8 \
VL2 voltage Vi -0.3t0 +4.0 \
VL4 voltage Vig -0.3to +4.0 \
Operating temperature*2 Topr —40 to +85 °C
Storage temperature Tstg -55 to +125 °C

Note 1. Ports P205, P206, P402, P407 are 5V-tolerant.

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

Caution: Permanent damage to the MCU may result if absolute maximum ratings are exceeded.
To preclude any malfunctions due to noise interference, insert capacitors of high frequency characteristics
between the VCC and VSS pins, between the AVCCO0 and AVSSO0 pins, between VCC_RF and VSS_REF pins,
between the AVDD_RF and VSS_RF pins, between the VCC_USB and VSS_USB pins, between the VREFHO0 and
VREFLO pins. Place capacitors with values of about 2.2 pyF in the case of the VCC_RF pin and about 0.1 pF
otherwise as close as possible to every power supply pin, and use the shortest and thickest possible traces for

the connections. Also, connect capacitors as stabilization capacitance.

Connect the VCL pin to a VSS pin by a 4.7 uF capacitor. The capacitor must be placed close to the pin.
Do not input signals or an /O pull-up power supply while the device is not powered. The current injection that
results from input of such a signal or I/O pull-up might cause malfunction and the abnormal current that passes in

the device at this time might cause degradation of internal elements.
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Table 2.1 B RATEE
Parameter Symbol Value Unit
BIREBE VCC —-0.5to +4.0 \
BWANBE 5V-tolerant ports*? Vin —-0.3t0 +6.5 v
P004, P010, PO11, P014, Vin —0.3to AVCCO + 0.3 \Y%
P015
ANT Vin -1.0to +1.4 \Y
XTAL1_RF, XTAL2_RF Vin -0.3to+1.4 \
DCLIN_A, DCLIN_D Vin -0.3to +2.2 \
Others Vin -0.3toVCC +0.3 \
SEZBREE VREFHO —-0.3to +4.0 \Y
VBATTHIREB VBATT -0.5to +4.0 v
RN REE & AVCCO —-0.5to +4.0 \
VCC_RF -0.3to +4.0 \Y
AVCC_RF —0.3to +4.0 \
USBEEJREB/E VCC_USB —-0.5to +4.0 \Y
VCC_USB_LDO —0.5t0 +4.0 \Y%
RN B E fEFANOO4ZEANO06. A Van -0.3 to AVCCO + 0.3 v
NOO9. ANO108Y
When ANO17, AN0O19, -0.3to VCC +0.3 \Y
fEFANO20
LCD voltage VL1 voltage Vi1 -0.3t0+2.8 \
VL2 voltage Vi -0.3t0+4.0 \
VL4 voltage Via -0.3to +4.0 \
Operating temperature*2 Topr —40 to +85 °C
7R E Tstg -55to +125 °C

Note 1. #®MAP205. P206. P402. P407R]ZE&F 5V,

Note 2. BEEME2217, TTaE o

Caution: MRBIBWRATEME, WTEEIWMCUERKAERIT,
MBS EEE RS HEEFIRE, BEVCCHVSSSIIZiE, AVCCOHAVSSOSIRIZiE, VCC_RFFIVSS_RF3IRIZ
i&). AVDD_RFFNIVSS_RF3|BZial. VCC_USBHIVSS_USB5IfIZiE. ZiEliiA\RA s A2, VREFHOHVREF
LO5|Ml, #EVCC_RF5IMIMER THEEL A2 2uFMBELE, FHEMIERTHREXL0.1WFNEEE, RAGEREES I E
BEEIH, RERRENRENELHTER, I, ERBEFFNRERS, BE—14.7uFBEHVCLSIHIERRIVS
SSIR), BEXMFEIRSIMKE,

ENERERBREBA S SHIO LA MR, MALXRESHIO LNSHNBIENTEESHSE, HITETRENS
BHRATESSHABTESE L.
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Table 2.2 Recommended operating conditions Table 2.2 WETERH
Parameter Symbol Value Min Typ Max Unit Parameter Symbol Value Min Typ Max Unit
Power supply voltages VCC™. 2 When USBFSisnot | 1.8 - 3.6 \% BIREBE VCC™. "2 AfEAUSBFSEY 1.8 - 3.6 \%
used
When USBFS is used | VCC_USB | - 3.6 \ {EFUSBFSEY VCC_USB | - 3.6 \%
USB Regulator USBi2E28
Disable Disable
VSS - 0 - \% VSS - 0 - Vv
USB power supply voltages VCC_USB When USBFS is not | - VCC - \% USBERIREBE VCC_USB AfEFAUSBFSEY - VCC - \%
used
When USBFS is used | 3.0 3.3 3.6 Vv £ FBUSBFSEY 3.0 3.3 3.6 V
USB Regulator USBI2E2S
Disable Disable
(Input) (Input)
VCC_USB_LDO When USBFS is not | - vce - Vv VCC_USB_LDO REFUSBFSAT - vce - Vv
used
When USBFS is used | - VCC - \ {E FAUSBFSEY - VCC - \
VSS_USB - 0 - v VSS_USB - 0 - Vv
VBATT power supply voltage | VBATT When the battery - VCC - \% VBATTEBIREBE VBATT TERABMENHINE | - VCC - \%
backup function is not 55
used
When the battery 1.8 - 3.6 \% A B &N IhEE 1.8 - 3.6 \Y
backup function is B
used
Analog power supply voltages | AVCC0*1. 2 1.8 - 3.6 \Y EINEBIREBE AVCCO0™. "2 1.8 - 3.6 \%
AVSS0 - 0 - \% AVSSO0 - 0 - \%
VREFHO When used as 1.8 - AVCCO \% VREFHO LRE 1.8 - AVCCO \%
VREFLO ADC14 Reference _ 0 i v VREFLO ADC14 Reference _ 0 _ v
BLE power supply voltages VCC_RF"3 1.8 - 36 v BLEESEEE VCC_RF"3 1.8 - 36 Vv
AVCC_RF’3 1.8 - 3.6 AVCC_RF’3 1.8 - 3.6
VSS_RF - 0 - VSS_RF - 0 -
Note: Bluetooth power supply voltage Note: HFBRBE
VCC_RF*3 18-36V VCC_RF*3 18-36V
Note: AVCC RF*318-36V Note: AVCC RF*318-36V
Note: VCC RF - 0- V Note: VCC RF - 0- V
Note 1. Use AVCCO and VCC under the following conditions: Note 1. TELLTFHMATEAAVCCOMVCC: HVCC222VAIAVCC0=2.2VEY, AVCCOFIVCCRILITE TIESEREIAEIRIG
AVCCO0 and VCC can be set individually within the operating range when VCC 2 2.2 V and AVCC022.2V &
AVCCO0 =VCC whenVCC <2.2V orAVCC0<2.2V HVCC<22VEHAVCCO<2.2VAY, AVCCO=VCC
Note 2. When powering on the VCC and AVCCO pins, power them on at the same time or the VCC pin first and then the AVCCO pin. Note 2. #4VCCFIAVCCOLEE, ERFAY EBHE L EVCCHE LEAVCCO,
Note 3. Use VCC = VCC_RF = AVCC_RF Note 3. Use VCC = VCC_RF = AVCC_RF
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2.2 DC Characteristics 2.2 DC Characteristics
2.2.1 Tj/Ta Definition 2.2.1 Tj/Ta Definition
Table 2.3 DC characteristics Table 2.3 DC characteristics
Conditions: Products with operating temperature (T,) —40 to +85°C &M TYEBRE(Ta) 40E+85°CHIF=
Parameter Symbol Typ Max Unit Test conditions Parameter Symbol Typ Max Unit pllfae-2Es
Permissible junction temperature Tj - 105*1 °C High-speed mode RIFER Tj - 105*1 °C High-speed mode
Middle-speed mode Middle-speed mode
Low-voltage mode Low-voltage mode
Low-speed mode Low-speed mode
Subosc-speed mode Subosc-speed mode
Note: Make sure that Tj = T, + 6ja x total power consumption (W), where total power consumption = (VCC — Vo) % Zlgy + VoL % Note: HafRTj=Ta+0jax S INFE(W), EFHRINFE=(VCC VOH)xZIOH+VOLxZIOL+ICCmaxxVCCo

ZIOL + ICCmax x VCC.

Note 1. The upper limit of operating temperature is 85°C. For details, see section 1.3, Part Numbering. If the part number shows the Note 1. TEREELRHN85Co BXEFMER, BBREIIT, BHES. IRSHESERITIERENSSC, NTHRAEN105°

operation temperature at 85°C, then the maximum value of Tj is 105°C. Co

2.2.2 0 Vi, Vi, 2.2.2 1OV I H

Table 24 1O Vyy, Vi (1) Table 2.4  IOVIH VIL(1)

Conditions: VCC = AVCC0 = VCC_USB =VCC_USB LDO=2.7t03.6V, VBATT=1.81t03.6V,VSS=AVSS0=0V Conditions: VCC = AVCC0 = VCC_USB =VCC_USB LDO=2.7t03.6V, VBATT=1.81t03.6V,VSS=AVSS0=0V
Parameter Symbol Min Typ | Max Unit | Test conditions Parameter Symbol Min Typ | Max Unit | WiS&G
Schmitt trigger | IIC*1 Vin VCC x 0.7 - 5.8 \ - Eﬁ%‘ﬁgﬁﬁﬂigﬁ [c*1 Viy VCC x 0.7 - 5.8 V -
. ) £
input voltage VL - . VCC x 03 WA RE Vi R . VCC x 0.3

AV VCC x 0.05 - - AV VCC x 0.05 - -
RES, NMI Vin VCC x 0.8 - - RES, NMI Vin VCC x 0.8 - -
. . . 4 SILEdS
Other perlpheral input pins Vi N N VCC % 0.2 E?HC%E’JEM%WKW)\% Vi - - VCC x 0.2
excluding IIC ]
AVt VCC x 0.1 - - AVt VCC x 0.1 - -
Input voltage 5V-tolerant ports*2 ViH VCC x 0.8 - 5.8 BMABE (8 | 5V-tolerant ports*2 ViH VCC x 0.8 - 5.8
(except for v VCC x 0.2 el v VCC % 0.2
Schmitt trigger L - ) : NSIBIBRSM) IL - - .
input pin) P914, P915 Vin VCC_USB x0.8 | - VCC_USB + 0.3 P914, P915 Vin VCC_USB x 0.8 | - VCC_USB + 0.3
Vi - - VCC_USB x 0.2 Vi - - VCC_USB x 0.2
P004, PO10 ViH AVCCO0 x 0.8 - - P004, PO10 ViH AVCCO x 0.8 - -
V||_ - - AVCCO x 0.2 V||_ - - AVCCO x 0.2
EXTAL Vi VCC x 0.8 - - EXTAL Vi VCC x 0.8 - -
Input ports pins except for N N VCC x 0.2 BN OS IR T v N N VCC x 0.2
P004, P010, P914, P915 I ' P004, P010, P914, P915 L '
When VBATT P402 V|H VBATT x 0.8 - VBATT +0.3 ﬁ%VBATT%ﬁE P402 V|H VBATT x 0.8 - VBATT +0.3
lyi B
zzr;ge?pp yis ViL - - VearT X 0.2 Vi - - VearT X 0.2
AVT VBATT x 0.05 - - AVT VBATT x 0.05 - -

Note 1. P205, P206, P407 (total 3 pins). Note 1. P205, P206, P407 (total 3 pins).

Note 2. P205, P206, P402, P407 (total 4 pins). Note 2. P205, P206, P402, P407 (total 4 pins).
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Table 2.5 1[o] le! V"_ (2)
Conditions: VCC = AVCC0 = VCC_USB =VCC_USB LDO=1.8t02.7V,VBATT=1.81t03.6V,VSS=AVSS0=0V
Test
Parameter Symbol Min Typ Max Unit | conditions
Schmitt trigger RES, NMI ViH VCC x 0.8 - - \Y -
input voltage Peripheral input pins Vi N N VCC x 0.2
AVt VCC x 0.01 - -
Input voltage 5V-tolerant ports*? ViH VCC x 0.8 - 5.8
(except for v N i VCC x 0.2
Schmitt trigger L :
mput pm) P914, P915 V|H VCC_USB x 0.8 - VCC_USB +0.3
Vi - - VCC_USB x 0.2
P004, PO10 ViH AVCCO x 0.8 - -
Vi - - AVCCO x 0.2
EXTAL ViH VCC x 0.8 - -
Input ports pins except for v N N v 2
P004, PO10 I cexo.
When VBATT P402, P404 V|H VBATT x 0.8 - VBATT +0.3
power supply is - N
selected Vi Vearr * 0.2
AVt VgatT % 0.01 - -
Note 1. P205, P206, P402, P407 (total 4 pins).
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Table 2.5 IOVIH VIL(2)
Conditions: VCC = AVCC0 = VCC_USB =VCC_USB LDO=1.8t02.7V,VBATT=1.81t03.6V,VSS=AVSS0=0V
ML
Parameter Symbol Min Typ Max Unit
TR A R RES, NMI Vig VCC x 0.8 - - v o|-
LS = S Al
MNBE SMSENG | Vi ; ; VCC x 0.2
AV VCC x 0.01 - -
BWABE (78 5V-tolerant ports*? Viy VCC x 0.8 - 5.8
TR A 2R
NSIBIERSM) Vi - - VCC % 0.2
P914, P915 ViH VCC_USB x 0.8 | - VCC_USB + 0.3
Vi - - VCC_USB x 0.2
P004, P010 ViH AVCCO x 0.8 - -
Vi - - AVCCO x 0.2
EXTAL Viy VCC x 0.8 - -
WMARKOSIMBRT i 3
P004, PO10 Vi Veex02
%%VBATT%‘;}% P402, P404 VlH VBATT x 0.8 - VBATT +0.3
Br
Vi - - Vearr % 0.2
AVp VgarT X 0.01 - -
Note 1. P205, P206, P402, P407 (total 4 pins).
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2.2.3 110 lop, oL
Table 2.6 /10 IOH’ IOL
Conditions: VCC = AVCC0 = VCC_USB =VCC_USB_LDO=1.8t03.6 V
Parameter Symbol Min Typ Max Unit
Permissible output current Ports P212, P213 - lon - - -4.0 mA
(average value per pin)
loL - - 4.0 mA
Port P409 Low drive*? loH - - —4.0 mA
|o|_ - - 4.0 mA
Middle drive*2 lon - - -8.0 mA
VCC=27t03.0V
loL - - 8.0 mA
Middle drive*2 lonH - - -20.0 mA
VCC=3.0t03.6V
|o|_ - - 20.0 mA
Ports P100 to P111, Low drive* loH - - —-4.0 mA
P201, P204, P300, P501
(total 16 pins) loL - - 4.0 mA
Middle drive*2 lon - - -4.0 mA
|o|_ - - 8.0 mA
Ports P914, P915 - lon - - 4.0 mA
loL - - 4.0 mA
Other output pin*3 Low drive* lon - - -4.0 mA
|o|_ - - 4.0 mA
Middle drive*2 lon - - -8.0 mA
loL - - 8.0 mA
Permissible output current Ports P212, P213 - lon - - —4.0 mA
(Max value per pin)
|o|_ - - 4.0 mA
Port P409 Low drive*! loH - - —4.0 mA
loL - - 4.0 mA
Middle drive*2 lon - - -8.0 mA
VCC=27t03.0V
|o|_ - - 8.0 mA
Middle drive*2 lon - - -20.0 mA
VCC=3.0t03.6V
loL - - 20.0 mA
Ports P100 to P111, Low drive* lon - - —4.0 mA
P201, P204, P300, P501
(total 16 pins) loL - - 4.0 mA
Middle drive*2 lon - - -4.0 mA
loL - - 8.0 mA
Ports P914, P915 - lon - - —4.0 mA
|o|_ - - 4.0 mA
Other output pin*3 Low drive*1 lon - - —4.0 mA
loL - - 4.0 mA
Middle drive*2 lon - - -8.0 mA
|o|_ - - 8.0 mA
Permissible output current Total of ports P004, P010 ZloH (max) | - - =30 mA
(max value total pins)
ZIOL (max) - - 30 mA
Ports P914, P915 ZloH (max) | - - -4.0 mA
ZIOL (min) - - 4.0 mA
Total of all output pin*® ZloH (max) | - - -60 mA
ZIOL (max) - - 60 mA

Caution:

average output current indicates the average value of current measured during 100 ps.

To protect the reliability of the MCU, the output current values should not exceed the values in this table. The

R01DS0359EJ0100 Rev.1.00

Mar 31, 2020

RENESAS

Page 24 of 105

223 RERE

Table 2.6 BERE
Conditions: VCC = AVCCO0 = VCC_USB = VCC_USB_LDO =1.8t0 3.6 V
Parameter Symbol Min Typ Max Unit
AIFMHBER (815 Ports P212, P213 - loH - - -4.0 mA
KIF1E)
loL - - 4.0 mA
Port P409 K1 lon - - 4.0 mA
IOL - - 4.0 mA
| 2 lon - - -8.0 mA
VCC=27t03.0V
loL - - 8.0 mA
2 lon - - —200 |mA
VCC=3.0t03.6V
|0|_ - - 20.0 mA
HOPT100EP111, fER3E«1 lon - - -4.0 mA
P201, P204, P300, P501
(total 16 pins) loL - - 4.0 mA
-2 lon - - -4.0 mA
|0|_ - - 8.0 mA
Ports P914, P915 - lon - - —4.0 mA
loL - - 4.0 mA
Hitaig 5|53 EEIR*1 lon - - 4.0 mA
|0|_ - - 4.0 mA
K2 IOH - - -8.0 mA
loL - - 8.0 mA
AIFEMBEE (815 Ports P212, P213 - loH - - -4.0 mA
HERAE)
|0|_ - - 4.0 mA
Port P409 1R 3E«1 lon - - -4.0 mA
loL - - 4.0 mA
g2 lon - - -8.0 mA
VCC=27t03.0V
|0|_ - - 8.0 mA
| g2 lon - - 200 | mA
VCC=30t036V
loL - - 20.0 mA
IHOP100EPT11, Low drive*1 lon - - —4.0 mA
P201, P204, P300, P501
(total 16 pins) loL - - 4.0 mA
Middle drive*2 lon - - -4.0 mA
loL - - 8.0 mA
Ports P914, P915 - lon - - -4.0 mA
|0|_ - - 4.0 mA
| Bttt 5183 Low drive*1 lon - - —4.0 mA
loL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
|0|_ - - 8.0 mA
g;*ﬁlfgﬁﬂj B (mAKS5] P004. PO10uHCE K ZloH max) | - - -30 mA
%,
ZIOL (max) - - 30 mA
Ports P914, P915 Zlon (max) | - - -4.0 mA
ZIOL (min) - - 4.0 mA
| PRI SR S5 ZloH max) | - - -60 mA
ZIOL (max) - - 60 mA
Caution: ARPRRENAATEY, AHEREFEEILRPIE, FYHEHRRREE100usANFHRFFEE,
R01DS0359EJ0100 Rev.1.00 $240, 2
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Note 1. This is the value when low driving ability is selected with the Port Drive Capability bit in PmnPFS register.
Note 2. This is the value when middle driving ability is selected with the Port Drive Capability bit in 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 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 2.11, CTSU Characteristics.
224 I/0 Von, VoL, and Other Characteristics
Table 2.7 /0 Vo, Vo (1)
Conditions: VCC = AVCC0 = VCC_USB =VCC_USB_LDO =2.7t0 3.6 V
Parameter Symbol | Min Typ Max Unit Test conditions
Output voltage | IIC*1 VoL - - 0.4 \Y loL = 3.0 mA
VoL*2*s | - - 0.6 loL =6.0mA
Ports P409*2, *3 Von VCC-1.0 - - loy =—20 mA
VCC =33V
VOL - - 1.0 IOL =20 mA
VCC =33V
Ports P004, P010 Low drive VoH AVCCO0-0.5 - - lop =-1.0mA
VOL - - 0.5 IOL =1.0mA
Middle drive | Vou AVCCO0-0.5 - - lon =—2.0 mA
VoL - - 0.5 loL =2.0 mA
Ports P914, P915 VoH VCC_USB-05 | - - lop =-1.0mA
VOL - - 0.5 IOL =1.0mA
Other output pins Low drive VoH VCC-0.5 - - loy=-1.0mA
*4, %6
VoL - - 0.5 lop = 1.0 mA
Middle VoH VCC-0.5 - - lop =—2.0 mA
H *5 S —
drive VoL - - 05 loL = 2.0 mA
Note 1. P100, P101, P204, P205, P206, P407 (total 6 pins).
Note 2. This is the value when middle driving ability is selected with the Port Drive Capability bit in PmnPFS register.
Note 3. Based on characterization data, not tested in production.
Note 4. Except for ports P200, P214, P215, which are input ports.
Note 5. Except for P212, P213.
Note 6. This excludes the CLKOUT_RF pin.
Table 2.8 10 Vou, VoL (2)

Conditions: VCC = AVCCO0 = VCC_USB =VCC_USB_LDO =1.8t0 2.7V

Parameter Symbol | Min Typ Max Unit Test conditions
Output voltage | Ports P004, P010 Low drive Vou AVCC0-0.3 - - \ loy =-0.5mA
VoL - - 03 loL=05mA
Middle drive | Voy AVCCO-03 |- - lop=-10mA
VoL - - 0.3 lo, = 1.0 mA
Ports P914, P915 Von VCC_USB-0.3 | - - loy=-05mA
VoL - - 0.3 1oL =05mA
Other output pins Low drive VoH VCC-0.3 - - W
e VoL - - 0.3 loL=05mA
Middle Von VCC-0.3 - - oy =-10mA
drive’2 VoL - ; 0.3 ToL=10mA
Note 1. Except for ports P200, P214, P215, which are input ports.
Note 2. Except for P212, P213.
Note 3. This excludes the CLKOUT_RF pin.
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Note 1. XEFEAPmMnPFSE 728 AV O IXshEE S LERRIREhEE BTV (B,
Note 2. XEFERAPmMNPFSE 1728 AVIR O IXEHAE D AIEFR P EIREIEE BT HIE,
Note 3. #R[IP200. P214. P215f%, EAIRBANEO.
Note 4. X2MFAPmMnPFSE 1728 AYIR O IXKEHAE S ADERICIRER R AV FIRTHAE SRS RI{E,
Note 5. BX5SCTSU—EFERAMNAFHLEBERINEMAEE, BBRE211T, CTSURM,
224 IOVOH VOLF E fih 4 1%
Table 2.7 IOVOH VOL(1)
Conditions: VCC = AVCCO0 = VCC_USB =VCC_USB_LDO=2.7t03.6 V
Parameter Symbol | Min Typ Max Unit | Wit& G
HHBE lc*t VoL - - 0.4 v HOL=308%
Vo 2" | - - 06 | #oL=60m=
Ports P409*2, *3 Vou VCC -1.0 - - IOH= 20mAV
CC=3.3V
VoL - - 1.0 #H0L=20%
£VCC=3.3V
Ports P004, P0O10 ) Vou AVCCO0-0.5 - - IOH= 1.0Z%
VOL - - 05 ﬁOL=’|.0%§
FIERENE | Vo AVCCO-05 |- - [ 10H= 20Z%
VoL - - 0.5 HOL=20%%
Ports P914, P915 Vou VCC_USB-0.5 | - - IOH= 1.0Z%
VOL - - 05 ﬁOL=’|.0%§
E A4 4 3|4 1EIR Von VCC-0.5 - - [ 10H= 1.08%
Ve VoL - - 0.5 HOL=1.02%
Middle Vou VCC -0.5 - - IOH= 202 %
drive*> VoL _ B 05 HOL=202%
Note 1. P100, P101, P204, P205, P206, P407 (total 6 pins).
Note 2. XEFERAPmMNPFSE 1728 AVIR O IXKEHAE I AIEFR P EIREIEE BT HIE,
Note 3. ETFHMHIE, REEFMA,
Note 4. U®EAP200. P214. P215B&5, B IRHBARO.
Note 5. P212. P213&5h,
Note 6. XAEIECLKOUT_RF35|H,
Table 2.8 IOVOH VOL(2)
Conditions: VCC = AVCCO = VCC_USB = VCC_USB_LDO =1.81t02.7 V
Parameter Symbol | Min Typ Max Unit | Wit
B EBE Ports P004, P010 IR SN Vou AVCCO - 0.3 - - v IOH= 052 %
VOL - - 03 ﬁOL=O.5%§
FhiEllEENge | Vou AVCCO -0.3 - - IOH= 102X
Vou - - 0.3 [ ®oL=10=%
Ports P914, P915 Vou VCC_USB-0.3 | - - [OH= 052 %
VOL - - 03 ﬁOL=O.5%§
Hhig 55«1 IR Vou VCC-0.3 - - [OH= 0.5Z%
Ve Vou - - 0.3 [ ®oL=05=%
Middle Vou VCC -0.3 - - IOH= 1.0Z%
drive*2 VoL _ B 0.3 HOL=1.08%
Note 1. B®EAP200. P214. P215B&5, B IRHBARO.
Note 2. P212. P213B&5b,
Note 3. XFEIECLKOUT_RF3IH,
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Table 2.9 /0 Vo, VoL (3)
Conditions: 3.0V < VCC = AVCCO0 = VCC_USB = VCC_USB_LDO =VCC_RF =AVCC_RF <36V
Parameter Symbol Min Max Unit Test conditions
Output low CLKOUT_RF VoL - 0.3 \Y lop =0.5 mA
Output high CLKOUT_RF Vou VCC_RF-0.3 - \Y lon =-0.5 mA
Table 2.10 1/0 other characteristics
Conditions: VCC = AVCCO0 =1.8t0 3.6 V
Parameter Symbol Min Typ Max Unit Test conditions
Input leakage current RES, P200, P214, P215 | lin | - - 1.0 MA Vin=0V
Vin =VCC
Three-state leakage 5V-tolerant ports [rsi | - - 1.0 pA V=0V
current (off state) Vip,=5.8V
Other ports - - 1.0 Vi, =0V
(except for ports P200, P214, Vi, =VCC
P215 and 5 V tolerant)
Input pull-up resistor All ports Ry 10 20 50 kQ Vin=0V
(except for ports P200, P214,
P215, P914, P915)
Input capacitance P914, P915, Cin - - 30 pF Vihn=0V
P100 to P103, P111, P200 f=1MHz
Other input pins - - 15 Ta=25°C
2.2.5 I/O Pin Output Characteristics of Low Drive Capacity
lon/1oL Vs Vor/VoL
30
VCC = 3.6V
20
VCC =27V
10
< VCC = 18V
E
<
g
= VCC = 1.8V
-10 :
VCC =27V
-20
VCC =36V
-30
0.5 15 2 2.5 3 3.5 4
Vou/Vo [V]
Figure 2.2 Von/VoL and lgy/lg, voltage characteristics at Ta = 25°C when low drive output is selected

(reference data)
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Table 2.9 IOVOH VOL(3)
Conditions: 3.0V < VCC = AVCCO = VCC_USB = VCC_USB_LDO = VCC_RF = AVCC_RF <3.6 V
Parameter Symbol Min Max Unit Wit &4
B CLKOUT_RF VoL - 0.3 \ FHOL=052%
WS CLKOUT_RF VoH VCC_RF-0.3 - \Y IOH= 0.5Z%
Table 210  IOHf4HE
Conditions: VCC = AVCC0=1.8t0 3.6V
Parameter Symbol Min Typ Max Unit Wit &
PN RES, P200, P214, P215 [ | - - 1.0 uA Vi, =0V
Vin =VCC
ERRER (REARK 5V-tolerant ports [lrsi | - - 1.0 pA Vi, =0V
©h Vin =58V
HtiwO (3%EAP200. P214 - - 1.0 Vi,=0V
« P215FI5VARRRIM) Vi, =VCC
W LRI FiERO (OP200. P214 | Ry 10 20 50 kQ Vi =0V
« P215. P914. P915FRsH)
BABE P914, P915, Cin - - 30 pF Vi, =0V
P100 to P103, P111, P200 f=1MHz
E NG - - 15 Ta=25°C
2.25 {RIRThEE FJRYIO 5 | Bl dan B 455 14
IOHIOLvsVOHVOL
30
VCC = 3.6V
20
VCC =27V
10
10 VGG = 18V
HI
%z
o | Vvec=tsv
VCC = 2.7V
-20
VCC = 3.6V
-30
0.5 1.5 2 2.5 3 3.5 4
VOHVOL[V]
Figure 2.2 EFRIEEDE L BY, Ta=25°CAIAIVOHVOLFIIOHIOLE E4F1E (&E #iR)
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lOH/'OL VS VOH/VOL IOHIOLvsVOHVOL
6 6
Ta=-40°C Ta =-40°C
4 Ta=25°C 4 Ta=25°C
Ta=85°C Ta=85°C
2 2
= 10
£ HI
30 = 0
S Z]
©
-2 -2
Ta=85°C Ta=85°C
-4 -4
Ta=25°C Ta=25°C
Ta=-40°C Ta =-40°C
-6 -6
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Vou/Vor [V] VOHVOLIV]
Figure 2.3 Von/VoL and lgy/lg,. temperature characteristics at VCC = 1.8 V when low drive output is selected Figure 2.3 R RILE, VCC=1.8VEIRIVOHVOLFIIOHIOL:REF1E (SEEIR)
(reference data)
lon/1oL Vs Vou/Vor IOHIOLVsVOHVOL
20 20
15 = 15 =
Ta =-40°C Ta =-40°C
Ta=25°C Ta=25°C
10 Ta=85°C 10 Ta=85"C
= 5 IO >
£ HI
3 0 OL 0
S =
o 5 Z] 5
g Ja=zssC g Ja=zgse
Ta=25C Ta=25C
15 asel 15 Ja=za0'C
-20 -20
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
Von/Vor [V] VOHVOLLV]
Figure 2.4 Von/VoL and lgy/lo, temperature characteristics at VCC = 2.7 V when low drive output is selected Figure 2.4 R, VCC=2.7VEIAIVOHVOLFIIOHIOL:R 1 (SEEIR)
(reference data)
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lOH/IOLVS VOH/VOL IOHIOLvsVOHVOL
30 30
Ta=-40"C Ta =-40"C
20 Ta=25°C 20 Ta=25C
Ta=85°C Ta=85C
10 10
o 10
S HI
3 0 %o
S Z]
o
-10 -10
Ta=85°C Ta=85°C
-20 Ta=25C -20 Ta=25C
Ta =-40°C Ta =-40°C
-30 -30
0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4
Vou/Vor [V] VOHVOL[V]
Figure 2.5 Von/VoL and lgy/lg, temperature characteristics at VCC = 3.6 V when low drive output is selected Figure 2.5 EIF(RIETh A A, VCC=3.6VAIFIVOHVOLFIIOHIOL:RZEFE (& IR
(reference data)
2.2.6 I/O Pin Output Characteristics of Middle Drive Capacity 2.2.6 REIRE) A EBII0PInG H %
lon/loL Vs Vor/VoL IOHIOLvVsVOHVOL
60 60
VCC = 36V VCC =36V
40 40
VCC = 2.7V VCC = 2.7V
20 20
= VCC = 18V 0 VCC = 18V
S HI
S VCC = 18V = VCC = 18V
o
-20 -20
VCC =27V VCC =27V
-40 -40
VCC = 36V VCC = 36V
-60 -60
0 0.5 1 15 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4
Vou/Vo [V] VOHVOLIV]
Figure 2.6 Von/VoL and lgyflg, voltage characteristics at Ta = 25°C when middle drive output is selected Figure 2.6 i E iR Eh iR A3 Ta=25°CETAYVOHVOLFIOHIOLEBE4F1E (B EEIR)
(reference data)
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lon/loLvs Vor/Vou
12
Ta=-40"C
8 Ta=25°C
Ta=85°C
4
<
E
s 0
<
T
S
-4
-8 Ta=85C
Ta=25°C
Ta=-40°C
-12
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Von/Vo [V]
Figure 2.7 Von/VoL and lpy/lg. temperature characteristics at VCC = 1.8 V when middle drive output is
selected (reference data)
lon/loL Vs Von/Vou
40
Ta=-40°C
30 Ta=25"C
Ta=85C
20
= 10
E
2 O
<
I
=2 -10
20 ra-gsC
Ta=25°C
-30 -
Ta=-40 C
-40
0 0.5 1.5 2 2.5 3
VOH/VOL [V]
Figure 2.8 Von/VoL and lgy/loL temperature characteristics at VCC = 2.7 V when middle drive output is

selected (reference data)
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[IOHIOLvsVOHVOL
12
Ta =-40"C
8 Ta=25C
Ta=85C
4
I0
HI
oo
%]
-4
-8 Ta=85C
Ta =25°C
Ta=-40°C
-12
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
VOHVOLI[V]
Figure 2.7 EFHRiElIR eI HEY, VCC=1.8VEIRIVOHVOLFIIOHIOL:BEF1tE (BEHIE)
IOHIOLVsVOHVOL
40
Ta =-40°C
30 Ta=25"C
Ta=85C
20
o 10
HI
oo
%]
-10
20 ra-gsC
Ta=25°C
-30 -
Ta =-40°C
-40
0.5 1 1.5 2 2.5 3
VOHVOLI[V]
Figure 2.8 EIERiEIEED AT, VCC=2.7VBIAIVOHVOLFIIOHIOL:BE i (BEEIR)
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lOH/IOL VS VOH/VOL IOHIOLvsVOHVOL
80 80
60 Ta= -4(())°C 60 Ta= -4g°C
Ta=25°C Ta=25°C
40 Ta=85°C 40 Ta=85°C
= 20 o 20
S HI
3 0 %o
S %]
=2 -20 -20
-40 Ta=85°C -40 Ta=85°C
Ta=25°C Ta=25°C
-60 Ta =-40°C -60 Ta = -40°C
-80 -80
0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4
Von/Vo [V] VOHVOL[V]
Figure 2.9 Vou/VoL and loy/lo, temperature characteristics at VCC = 3.6 V when middle drive output is Figure 2.9 %R hiEIEEh AL BY, VCC=3.6VEIRIVOHVOLFIIOHIOL:BE S (BEHIR)
selected (reference data)
2.2.7 P409 1/0 Pin Output Characteristics of Middle Drive Capacity 2.2.7 P409 8]IXsh A EHIIOE R4 H 45 1%
lon/loL vs Von/Vol IOHIOLvsVOHVOL
100 100
80 80
VCC = 36V VCC = 36V
60 60
40 VCC = 2.7V 40 VCC = 2.7V
T 10
= 20 HI 20
ERR = 0
< =]
© -20 -20
40 VCC =27V 40 VCC =27V
-60 -60
80 VCC = 36V 80 VCC = 36V
-100 -100
0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4
Vou/Vor [V] VOHVOLIV]
Figure 2.10 Vou/VoL and lgy/lg, voltage characteristics at Ta = 25°C when middle drive output is selected Figure 2.10 iE$Zhia) 3R Eh et Ad Ta=25°CEYAYVOHVOLFIIOHIOL BB ESF1E (BEEIR)
(reference data)
R01DS0359EJ0100 Rev.1.00 RENESAS Page 30 of 105 R01DS0359EJ0100 Rev.1.00 RENESAS #3000, #1057

Mar 31, 2020 Mar 31, 2020



RA4W1 Datasheet

2. Electrical Characteristics

lon/1oL vs Vor/VoL
60
Ta=-40C
Ta =25°C
40 Ta=85°C
20
<
E
5 0
<
iy
S
-20
Ta=85"C
40 T e
Ta=-40C
-60
0 0.5 1 1.5 2 2.5 3
Von/Vor [V]
Figure 2.11 Von/VoL and lgy/lg. temperature characteristics at VCC = 2.7 V when middle drive output is
selected (reference data)
lon/1oL vs Vor/VoL
120
Ta=-40C
80 Ta=25C
Ta=85C
40
<
E
5 0
<
iy
o
-40
Ta=85C
-80 | Ta=25°C
Ta =-40°C
-120
0 0.5 1 1.5 2 25 3 35 4
Von/Vor [V]
Figure 2.12 Vou/VoL and Ign/loL temperature characteristics at VCC = 3.6 V when middle drive output is

selected (reference data)

R01DS0359EJ0100 Rev.1.00

Mar 31, 2020

RENESAS Page 31 of 105

RA4W1 Datasheet

2. BRAM

IOHIOLVsVOHVOL
60
Ta=-40C
Ta=25°C
40 Ta=85°C
20
10
HI
& o
2]
-20
Ta =85°C
-40 Ta=25°C
Ta =-40°C
-60
0 0.5 1 1.5 2 2.5 3
VOHVOLIV]
Figure 2.11 EFhiEiEEh s e, VCC=2.7VEIAIVOHVOLFIOHIOL:EEHE (SEiR)
IOHIOLVsVOHVOL
120
Ta =-40°C
80 Ta=25°C
Ta=85C
40
10
HI
& o
%]
-40
Ta=85"C
-80 Ta=25C
Ta =-40°C
-120
0 0.5 1 1.5 2 2.5 3 3.5 4
VOHVOL[V]
Figure 2.12 EFRiEIREAE AT, VCC=3.6VETAIVOHVOLFIOHIOL:BE 51 (BEHIR)
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2.2.8 [IC I/O Pin Output Characteristics
loLVs VoL
120
110
100
90
80
T 70
2 60
VCC = 3.6V (Middle drive)
50
40
30 VCC = 2.7V (Middle drive)
20 VCC = 3.6V (Low drive)
VCC = 2.7V (Low drive)
10
0
0 1 2 3 5 6
VoL [V]

Figure 2.13 Vou/VoL and Ign/loL voltage characteristics at Ta = 25°C
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2.2.8 ICIOS | Rt an 1 455 1%

120
110
100
90
80
70
60
50
40
30
20
10

loL[mA]

|o|_ VS Vo|_

VCC = 3.6V (Middle drive)

VCC = 2.7V (Middle drive)

VCC = 3.6V (Low drive)

VCC = 2.7V (Low drive)

Vo [V]

Figure 2.13 Ta=25°CEtAYVOHVOLFNIOHIOL BB [E4§1%
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2. Electrical Characteristics

229 Operating and Standby Current
Table 2.11 Operating and standby current (1) (1 of 2)
Conditions: VCC = AVCC0=1.8t03.6 V
Test
Parameter Symbol | Typ*10 Max | Unit | conditions
Supply ) High-sgeed Normal mode All peripheral clock ICLK = 48 MHz lcc 8.4 - mA *7
current* mode* disabled, while (1) code —
executing from flash*S ICLK = 32 MHz 5.9 -
ICLK = 16 MHz 3.5 -
ICLK = 8 MHz 23 -
All peripheral clock ICLK = 48 MHz 17.9 -
disabled, CoreMark code —
executing from flash*® ICLK = 32 MHz 124 -
ICLK = 16 MHz 7.0 -
ICLK = 8 MHz 4.3 -
All peripheral clock ICLK = 48 MHz 21.2 - *9
enabled, while (1) code "
executing from flash*3 ICLK = 32 MHz 16.0 - 8
ICLK = 16 MHz 8.8 -
ICLK = 8 MHz 5.1 -
All peripheral clock ICLK = 48 MHz - 56.0 *9
enabled, code executing
from SRAM*S
Sleep mode All peripheral clock ICLK = 48 MHz 3.7 - *7
) *5
disabled ICLK = 32 MHz 2.7 -
ICLK = 16 MHz 2.0 -
ICLK = 8 MHz 1.5 -
All peripheral clock ICLK = 48 MHz 16.4 - *9
enabled*®
ICLK = 32 MHz 12.7 - *8
ICLK = 16 MHz 7.2 -
ICLK = 8 MHz 4.3 -
Increase during BGO operation*6 2.5 - -
Middleéspeed Normal mode All peripheral clock ICLK = 12 MHz lcc 2.5 - mA *7
mode* disabled, while (1) code
executing from flash* ICLK = 8 MHz 21 B
ICLK = 1 MHz 1.0 -
All peripheral clock ICLK = 12 MHz 5.2 -
disabled, CoreMark code ~
executing from flash*® ICLK = 8 MHz 4.0 -
ICLK = 1 MHz 1.3 -
All peripheral clock ICLK = 12 MHz 6.5 - *8
enabled, while (1) code —
executing from flash*® ICLK = 8 MHz 4.8 -
ICLK = 1 MHz 1.6 -
All peripheral clock ICLK = 12 MHz - 23.0
enabled, code executing
from SRAM*S
Sleep mode All peripheral clock ICLK = 12 MHz 1.4 - *7
disabled*>
sable ICLK = 8 MHz 13 -
ICLK = 1 MHz 0.9 -
All periphéaral clock ICLK = 12 MHz 5.3 - *8
bled*
enavle ICLK = 8 MHz 40 -
ICLK = 1 MHz 1.5 -
Increase during BGO operation*6 2.5 - -
R01DS0359EJ0100 Rev.1.00 -IENESAS Page 33 of 105
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2.2.9 TEMFFNLEBR
Table 211 T{EHIFFHLEZ(1)(10f2)
Conditions: VCC = AVCC0=1.8t0 3.6 V
Pl 2t
Parameter Symbol | Typ*10 Max | Unit
EBEE | High-speed | ERMETR LRFEIMER, B ICLK = 48 MHz Icc 8.4 - mA | *7
*1 mode*2 BH(1) BB MIATERITS
ICLK = 32 MHz 5.9 -
ICLK = 16 MHz 3.5 -
ICLK = 8 MHz 2.3 -
FrEIMEBTEPEA A, Core ICLK = 48 MHz 17.9 -
MarkfXE8 MIRFZRIT*5
ICLK = 32 MHz 12.4 -
ICLK = 16 MHz 7.0 -
ICLK = 8 MHz 4.3 -
BEMBIMEE®, B ICLK = 48 MHz 21.2 - *9
BB MIRATZERITS
ICLK = 32 MHz 16.0 - *8
ICLK = 16 MHz 8.8 -
ICLK = 8 MHz 5.1 -
BRREIMEETER, MSR | ICLK = 48 MHz - 56.0 *9
AMBATES*5
BEIRIET FRBEIME BT Sh IR« ICLK = 48 MHz 3.7 - *7
5
ICLK = 32 MHz 2.7 -
ICLK = 16 MHz 2.0 -
ICLK = 8 MHz 1.5 -
BB YME Y B ICLK = 48 MHz 16.4 - *9
5
ICLK = 32 MHz 12.7 - *8
ICLK = 16 MHz 7.2 -
ICLK = 8 MHz 4.3 -
| BGOIB{TAT I IN+6 25 . B
Middle-speed | ER&E ZRAMEINE, [ ICLK = 12 MHz lcc 25 - mA | *7
mode*2 BH(1) BB MIATERITS
ICLK = 8 MHz 2.1 -
ICLK = 1 MHz 1.0 -
FRBIMEBTHEEA, Core | ICLK =12 MHz 5.2 -
MarkfXES MR IT+5
ICLK = 8 MHz 4.0 -
ICLK = 1 MHz 1.3 -
BRFBEIMERT, [ ICLK = 12 MHz 6.5 - *8
BB MIATFERITS
ICLK = 8 MHz 4.8 -
ICLK = 1 MHz 1.6 -
BRFEIMNEETH, MSR ICLK = 12 MHz - 23.0
AMBATES*5
BEIRIET FRBIME BT Sh IR« ICLK = 12 MHz 1.4 - *7
5
ICLK = 8 MHz 1.3 -
ICLK = 1 MHz 0.9 -
BRFFEIMEETE ICLK = 12 MHz 5.3 - *8
5
ICLK = 8 MHz 4.0 -
ICLK =1 MHz 1.5 -
BGOIE1TATIE N+6 25 B B
R0O1DS0359EJ0100 Rev.1.00 .IENESAS $8330, #1057
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Table 2.11 Operating and standby current (1) (2 of 2)
Conditions: VCC = AVCCO0=1.8t0 3.6 V

Test

Parameter Symbol | Typ*10 Max | Unit | conditions

Supply
current*1

Low-speed Normal mode All peripheral clock ICLK =1 MHz lec 0.4 - mA *7
*.

mode™3 disabled, while (1) code

executing from flash*®

All peripheral clock ICLK =1 MHz 0.6 -
disabled, CoreMark code
executing from flash*®

All peripheral clock ICLK =1 MHz 1.1 - *8
enabled, while (1) code
executing from flash*®

All peripheral clock ICLK = 1 MHz - 25
enabled, code executing
from SRAM*S

Sleep mode All peripheral clock ICLK = 1 MHz 0.3 - *7
disabled*>

All peripheral clock ICLK = 1 MHz 1.0 - *8
enabled*d

Low-voltage Normal mode All peripheral clock ICLK =4 MHz lcc 1.8 - mA *7
mode*3 disabled, while (1) code
executing from flash*®

All peripheral clock ICLK =4 MHz 3.0 -
disabled, CoreMark code
executing from flash*

All peripheral clock ICLK =4 MHz 3.3 - *8
enabled, while (1) code
executing from flash*®

All peripheral clock ICLK = 4 MHz - 9.0
enabled, code executing
from SRAM*5

Sleep mode All peripheral clock ICLK = 4 MHz 1.4 - *7
disabled*>

All peripheral clock ICLK = 4 MHz 2.9 - *8
enabled*d

Subosc- Normal mode Al peripheral clock ICLK = 32.768 kHz lcc 9.3 - WA *8
speed disabled, while (1) code
mode*4 executing from flash*®

All peripheral clock ICLK = 32.768 kHz 17.2 -
enabled, while (1) code
executing from flash*

All peripheral clock ICLK = 32.768 kHz - 106.0
enabled, code executing
from SRAM*S

Sleep mode All peripheral clock ICLK = 32.768 kHz 6.0 -
disabled*3

All peripheral clock ICLK = 32.768 kHz 14.0 -
enabled*5

Note 1.

Note 2.
Note 3.
Note 4.
Note 5.
Note 6.
Note 7.
Note 8.
Note 9.
Note 10.

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

The clock source is HOCO.

The clock source is MOCO.

The clock source is the sub-clock oscillator.

This does not include BGO operation.

This is the increase for programming or erasure of the flash memory for data storage during program execution.
FCLK, PCLKA, PCLKB, PCLKC and PCLKD are set to divided by 64.

FCLK, PCLKA, PCLKB, PCLKC and PCLKD are the same frequency as that of ICLK.

FCLK and PCLKB are set to divided by 2 and PCLKA, PCLKC and PCLKD are the same frequency as that of ICLK.
VCC =33 V.
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Table 2.11 TEFNFFMETE(1)(2012)
Conditions: VCC = AVCC0=1.8to 3.6V

Wit &
Parameter Symbol | Typ*10 Max | Unit
e | Low-speed EEiER ZEFTEIMNEN, [ ICLK = 1 MHz S 0.4 - mA | *7
*1 mode*3 B (1) FLB3 M INTERIT5
PR IMBRTSEZ A, Core | ICLK =1 MHz 0.6 -
MarkfXE8 MIATZIT5
BAREIMNEH, [ ICLK = 1 MHz 1.1 - *8
BY (1) MIRTERAT*S
BEFESMEIH, MSR | ICLK =1 MHz 25
AMIARFTHESS
REARAS T, P JME BT SR AR F« ICLK = 1 MHz 0.3 - *7
5
BT IME R s ICLK = 1 MHz 1.0 - *8
5
Low-voltage | EE&RI BRAMBIMNEIE, [ ICLK =4 MHz Icc 1.8 - mA | *7
mode*3 B (1) FLB3 M INTERIT5
FREIMBRTSEZ A, Core | ICLK =4 MHz 3.0 -
MarkfXE8 MIATZIT5
BAFREIMNEH, [ ICLK = 4 MHz 3.3 - *8
BY(1)EB MIRTERAT*S
BEFESMEH, MSR | ICLK = 4 MHz 9.0
AMIARITHES+5
REARAS T, P JME BT SR AR F« ICLK = 4 MHz 1.4 - *7
5
BT IMER ICLK = 4 MHz 2.9 - *8
5
Subosc- EEER AN, [ ICLK = 32.768 kHz | Ioc 9.3 - pA | *8
speed B (1) ARESMIATFHRITS
mode*4
BEFEIMENE, [ ICLK = 32.768 kHz 17.2 -
B (1) FLB3 M INTERIT5
BRFTEIME, MSR | ICLK = 32.768 kHz - 106.0
AMBATHES5
BEARIS = P75 MR BT SR AR i« ICLK = 32.768 kHz 6.0 -
5
BRFTEIMER - ICLK = 32.768 kHz 14.0 -
5
Note 1. EBJREBRERNSIEFAESIMVAL FTBENEBER, XLEEEH TR e
MOS&F X AR
Note 2. BIfRZEHOCO,
Note 3. BY$hEAMOCO,
Note 4. BYfHRERFI IR S,
Note 5. XA EIEBGOIRIE.
Note 6. XZERFNITHAIER THIBEFEHENAENRIERIZFRIIL M,
Note 7. FCLK. PCLKA. PCLKB. PCLKCFIPCLKDI&E 7644 5T,
Note 8. FCLK. PCLKA. PCLKB. PCLKCFIPCLKDSICLKBY$MZABE,
Note 9. FCLKFIPCLKBIREN248%, P CLKA. PCLKCFIPCLKDRYSAZE SICLKAYSAZEABE],
Note 10. VCC=3.3V.
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50
T T Ta = 85°C, ICLK = 48MHz"2
40 -
—_ Ta = 85°C, ICLK = 32MHz"?
<30
£
S
Q Ta = 25°C, ICLK = 48MHz"t
© 20
Ta =85°C, ICLK = 16MHz"2
Ta = 25°C, ICLK = 32MHz"?
Ta=85C, ICLK = 8MHz"2
10 — mmmeeee e e e e e e e e e e s Ta=25°C, ICLK = 16MHz"!
Ta =85.C, ICLK = 4MHz:?
Ta =25°C, ICLK = 8MHz"?
Ta =25°C, ICLK = 4MHz"!
0

15 2 25 3 35 4 45 5 55 6
VCC (V)
Ta = 25°C, ICLK = 48MHz *1
Ta = 25°C, ICLK = 32MHz *1
Ta = 25°C, ICLK = 16MHz *1
Ta = 25°C, ICLK = 8MHz *1
Ta = 25°C, ICLK = 4MHz *1

====Ta =85, ICLK = 48MHz *2
Ta =85°C, ICLK = 32MHz *2
Ta =85°C, ICLK = 16MHz *2

====Ta=85C, ICLK = 8MHz *2

----Ta =85, ICLK = 4MHz *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 2.14 Voltage dependency in high-speed mode (reference data)
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--------------------------------- Ta =85°C, ICLK = 12MHz"2

10 #

Ta =85°C, ICLK = 8MHz"
Ta =25°C, ICLK = 12MHz"!
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Ta =25°C, ICLK = 8MHz"!

ICC (mA)

Ta =25, ICLK = 4MHz"!
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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 2.15 Voltage dependency in middle-speed mode (reference data)
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Figure 2.14 SIEEN THEERY (BE88)
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ICC (HA

--------------------------------------- Ta =85°, ICLK = 1MHz"2

Ta =25°C, ICLK = 1IMHz"!

1.5

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.

25 3 35 4 45 5 55 6
VCC (V)

Ta=25%C,ICLK=1MHz*1 = ====- Ta =85, ICLK = 1MHz *2

Figure 2.16 Voltage dependency in low-speed mode (reference data)
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1
0
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Ta=25C,ICLK=4MHz*1 ~  ====- Ta =85°C, ICLK = 4MHz *2
Ta = 25°C, ICLK = 1MHz *1 Ta =85°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 2.17

Voltage dependency in low-voltage mode (reference data)
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Note 1. All peripheral operations except any BGO operation are operating normally.
actual measurements of the sample cores during product evaluation.

actual measurements for the upper-limit samples during product evaluation.

70.0
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Ta=25°, ICLK = 32kHz *1 ====- Ta = 85°C, ICLK = 32kHz *2

This is the average of the

Note 2. All peripheral operations except any BGO operation are operating at maximum. This is the average of the

Figure 2.18 Voltage dependency in subosc-speed mode (reference data)

Table 2.12 Operating and standby current (2)
Conditions: VCC = AVCCO =1.8t0 3.6 V

Parameter Symbol | Typ*4 Max Unit Test conditions
Supply Software Standby | T, =25°C lec 0.9 5.0 MA PSMCR.PSMC[1:0] = 01b (48-KB
current*? mode*2 T,=55C 15 8.1 SRAM on)
T, =85°C 36 22.1
T,=25°C 1.0 5.6 PSMCR.PSMCJ[1:0] = 00b (All SRAM
T,=55°C 16 8.4 on)
T, =85°C 43 26.7
Increment for RTC operation with 0.5 - -
low-speed on-chip oscillator*3
Increment for RTC operation with 04 - SOMCR.SODRV/[1:0] are 11b
sub-clock oscillator*3 (Low power mode 3)
1.2 - SOMCR.SODRV[1:0] are 00b

(Normal mode)

Note 1.  Supply current values do not include output charge/discharge current from all pins. The
MOSs are in the off state.

Note 2. The IWDT and LVD are not operating.

Note 3. Includes the current of sub-oscillation circuit or low-speed on-chip oscillator.

Note 4. VCC=33V.

values apply when internal pull-up

R01DS0359EJ0100 Rev.1.00
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B miT A HAIE) L PRAF f B SERR N 8 B8 T,

Figure 2.18 subosciE IR TRV ERKHIE (S5 HiE)
Table 2.12  T{EFMFFNEBIR(Q2)
Conditions: VCC = AVCC0 =1.8t0 3.6 V
Parameter Symbol | Typ*4 Max Unit MK 14
Supply REFHART -2 T,=25°C lcc 0.9 5.0 PA PSMCR.PSMCI[1:0] = 01b (48-KB
current*1 T,=55C 15 8.1 SRAM on)
T, =85°C 36 22.1
T,=25°C 1.0 5.6 PSMCR.PSMCJ[1:0] = 00b (All SRAM
T,=55°C 16 84 on)
T, =85°C 43 26.7
1§1E§EHJ:#}E%%§*3 HIRTCIRIE 05 - -
AR R 7 B HIRTCIR(FIL B 0.4 - SOMCRSODRV[1:01%311b (
*3 RINFERET3)
1.2 - SOMCR.SODRV/[1:0] are 00b
(Normal mode)

Note 1. HREREFEEMESIMNBLTEREBRR. XEEEBTFAI LA

MOS&F R FRTS,
Note 2. IWDTHILVDFKIETT,
Note 3. BIEFIRZBERIERA LIRS HIIHIER.
Note 4. VCC=3.3V.
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— Ayverage value of the tested middle samples during product evaluation.

=== Ayerage value of the tested upper-limit samples during product evaluation.

Figure 2.19 Temperature dependency in Software Standby mode 48-KB SRAM on (reference data)

100
B -
= "J’
-
10 + -
T - o
=4 - - /
.4 i s
T I -~
=) ,r"r /
1 + — ) e ——— - __------"""‘--‘--'l
01
-40 -20 0 20 40 60 80 100
Ta (°C)
— Ay erage value of the tested middle samples during product evaluation.
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Figure 2.20 Temperature dependency in Software Standby mode all SRAM on (reference data)
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Table 2.13

Operating and standby current (3)
Conditions: VCC = AVCCO = 0V, VBATT = 1.8 t0 3.6 V, VSS = AVSS0 = 0V

Parameter Symbol | Typ Max Unit Test conditions
Supply RTC operation T,=25°C lcc 0.8 - MA VBATT=2.0V
current*1 when VCC is off T.=55C 0.9 SOMCR.SORDRV[1:0] = 11b
a~ : -
(Low power mode 3)
T,=85°C 1.1 -
T,=25°C 0.9 - VBATT =3.3V
o SOMCR.SORDRV[1:0] = 11b
= 1.0 -
Ta=55°C (Low power mode 3)
T,=85°C 1.2 -
T,=25°C 1.6 - VBATT =2.0V
T,=55°C 18 _ SOMCR.SORDRV[1:0] = 00b
(Normal mode)
T,=85°C 2.1 -
T,=25°C 1.7 - VBATT =3.3V
T,=55°C 19 _ SOMCR.SORDRV[1:0] = 00b
(Normal mode)
T,=85°C 2.2 -
Note 1.  Supply current values do not include output charge/discharge current from all pins. The values apply when internal pull-up

MOSs are in the off state.

10

ICC (pA)

Note 1.

Normal drive
cgpacity*1

- a» e» o a» & L —
E— ————
Low-drive capacity1
-40 -20 0 20 40 60 80 100 120
Ta (°C)

Low drive capacity™1

Average value of the tested middle sample during product evaluation.

=== Normal drive capacity*1

Figure 2.21

Temperature dependency of RTC operation with VCC off (reference data)
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Table 2.13  I{EFMFNETR(3)
Conditions: VCC = AVCCO = 0V, VBATT = 1.8 to 3.6 V, VSS = AVSS0 = 0V
Parameter Symbol | Typ Max Unit Wit & 14
Supply VCCXHAIBIHIRT T, =25°C lec 0.8 - pA VBATT =20V
current*! | CI&fE T —55°C 09 SOMCR.SORDRV[1:0]=11b (
a~ : 3 EIhFERETC3)
T, =85°C 1.1 -
T,=25°C 0.9 R VBATT = 3.3V
— SOMCR.SORDRV[1:0]=11b (
Ta=95°C 19 - {EIpFiE3)
T, =85°C 1.2 -
T, =25°C 1.6 - VBATT = 2.0V
g - SOMCR.SORDRV[1:0] = 00b
Ta=55°C '8 (Normal mode)
T, =85°C 2.1 -
T,=25°C 1.7 R VBATT = 3.3V
e - SOMCR.SORDRV[1:0] = 00b
Ta=55°C "9 (Normal mode)
T, =85°C 2.2 -
Note 1. EBIREBREFRBIEAMESIHNEL TBMEBEM, XEEEHA TR LR
MOSAEF X FKS
10
@I Ehas
BEx -
2 -—-----—------------ —
2 S —
3) IREp R 21K+
Q
0
-40 -20 0 20 40 60 80 100 120
Ta (°C)
— XA E 1 - ZEIEEAE
Note 1.  F= &R IFA B M hia) i @AY 9 E,
Figure 2.21 VCCR AR RTCIZMER B EKEE (BEEIE)
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Table 2.14 Operating and standby current (4)
Conditions: VCC = AVCCO0 = 1.8 to 3.6 V, VREFHO0 = 2.7 VV to AVCCO
Test
Parameter Symbol | Min | Typ Max Unit | conditions
Analog power During A/D conversion (at high-speed conversion) lavce - - 3.0 mA -
supply current - - -
During A/D conversion (at low power conversion) - - 1.0 mA -
During D/A conversion (per channel)*1 - 0.4 0.8 mA -
Waiting for A/D and D/A conversion (all units)*6 - - 1.0 UA -
Reference During A/D conversion IREFHO - - 150 uA -
power supply — - -
current Wiaiting for A/D conversion (all units) - - 60 nA -
During D/A conversion IREFH - 50 100 uA -
Waiting for D/A conversion (all units) - - 100 HA -
Temperature sensor NS - 75 - uA -
Low-Power Window mode lempLp - 15 - uA -
Analog -
Comparator Comparator High-speed mode - 10 - HA -
operating Comparator Low-speed mode - 2 - A -
current
Comparator Low-speed mode using DAC8 - 820 - uA -
Operational Low power mode 1 unit operating lamp - 2.5 4.0 HA -
Amplifier - - -
operating High speed mode 1 unit operating - 140 220 A -
current
LCD operating External resistance division method lLcpt*® - 0.34 - uA -
current fLcp = fsus = 128 Hz, 1/3 bias, and 4-time slice
USB operating During USB communication operation under the lusBH™ | - 4.3 (VCC) - mA -
current following settings and conditions: 0.9 (VCC_UsSB)*4
e Host controller operation is set to full-speed mode
Bulk OUT transfer (64 bytes) x 1,
bulk IN transfer (64 bytes) x 1
e Connect peripheral devices via a 1-meter USB
cable from the USB port.
During USB communication operation under the luser*2 - 3.6 (VCC) - mA -
following settings and conditions: 1.1 (VCC_USB)*
e Device controller operation is set to full-speed mode
Bulk OUT transfer (64 bytes) x 1,
bulk IN transfer (64 bytes) x 1
e Connect the host device via a 1-meter USB cable
from the USB port.
During suspended state under the following setting Isusp™ - 0.35 (VCC) - uA -
and conditions: 170 (VCC_USB)*4
* Device controller operation is set to full-speed mode
(pull up the USB_DP pin)
* Software standby mode
e Connect the host device via 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 2.  Current consumed only by the USBFS.
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
to the current consumed by the MCU during the suspended state.
Note 4. When VCC =VCC_USB=3.3V.
Note 5.  Current flowing only to the LCD controller. Not including the current that flows through the LCD panel.
Note 6. When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (ADC140 Module Stop bit) is in the module-stop

state.
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Table 2.14  IT{EFIFNEBR(4)
Conditions: VCC = AVCCO = 1.8 t0 3.6 V, VREFHO0 = 2.7 V to AVCCO0
Wit &
Parameter Symbol | Min | Typ Max Unit
WINERE | ADSRERIE (REESIREY) lawvee | - - 3.0 mA | -
AD¥%iHAE] ({EIhERFLHRAY) - - 1.0 mA -
DARRERIE] (B MBE) *1 - 0.4 0.8 mA -
Z1FADHIDARRIR (FTBRI) 6 - - 1.0 uA -
%% EE.\;EEE%II:. EAD&?*Q/HH[ETJ IREFHO - - 150 }JA -
ERFADER (FRBE) - 60 nA -
DA% HA ] IREFH - 50 100 pA -
ERDAEHR (FRE S - - 100 uA -
P AR AVE lTNS - 75 - A -
Low-Power HOER lempLP - 15 - pA -
Vew e [ wusmeas o i A -
A Ho s R st - 2 - A |-
fEADACSHILL iR BRI IRIE T 820 pA -
Operational RINFEER I BALEE IamP - 25 4.0 pA -
T
{»Ei.éizﬁ BRI, 1MNBALEE - 140 220 pA -
B ITIERFR SMEREB RS 77 A fLCD=fSUB=128Hz 131R&E 4-t lept®™® | - 0.34 - pA -
imeslice
USBT{ERH L TR BME M FHITUSBBSIBIERE: TN | lyse? | - 4.3 (VCC) - mA | -
FISRIB PR B AL EEXBUOUTIEH (64FH) x1 0.9 (VCC_USB)*
, HEINEI (64F 1) =1 @ 1KERINEIRER
B USBEOAIUSBER L,
FEUTIEEMZ S THITUSBBISIRMERE: 8B Iygpr? | - 3.6 (VCC) - mA -
BIRIEIGBERSREXBUKOUTIR I (64FT5) =1, #t 1.1 (VCC_USB)*4
2INEH (64FT) =1 @i 1-EZFENIGEKUSBE
4 MUSBER O,
EUTREMEH FTOTFERRS:  BEEHBRER gusp™ | - 0.35 (VCC) - pA -
BASEER (FOi2USB_DPSIH)) HERFNER @l 170 (VCC_USB)*4
USBIf @it 1 K KB USBEEAEZE EHVIRE.
Note 1. EEBREMESTEDAKIRMNBIRBERES,
Note 2. {XEHUSBFSEFERIEE,
Note 3. E3EMUSB_DP5IMIAY L mBPRIR ML NG E THIBMEMER, URMCUTEIERRSHEIEFERNER.
Note 4. When VCC =VCC_USB=3.3V.
Note 5. ERRMURMLCDIERIZE. FAEIEMTLCOMEmIRBIEBM,
Note 6. HMCULATFHRHFNEXNFIMSTPCRDMSTPD16 (ADCT40MER{ZIEN) b FERE ILIREH,
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Table 2.15 Operating and standby current (5)
Conditions: VCC = VCC_RF = AVCC_RF =3.3V,VSS=VSS RF=0V, Ta=+25°C
Typ
Transmit output power Test
Parameter Symbol | Min 0 dBm 4 dBm Max Unit | conditions
BLE operating | Transmit mode, 2 Mbps Idd_tx - 4.5 8.7 - mA -
current :
(When DC-DC Transmit mode, 1 Mbps - - mA -
converter is Transmit mode, 500 kbps - - mA -
selected) Transmit mode, 125 kbps - - mA -
Receive mode, 2 Mbps Idd_rx - 3.3 3.5 - mA -
Prf = -67 dBm
Receive mode, 1 Mbps - - mA -
Prf =-67 dBm
Receive mode, 500 kbps - - mA -
Prf =-72 dBm
Receive mode, 125 kbps - - mA -
Prf =-79 dBm
Idle mode Idd_idle - 0.5 - mA -
Deep sleep mode Idd_slp - 1.5 - HA -
Power down mode Idd_down | - 0.1 - HA -
BLE operating | Transmit mode, 2 Mbps Idd_tx - 10.2 18.1 - mA -
current -
(When linear Transmit mode, 1 Mbps - - mA -
regulator is Transmit mode, 500 kbps - - mA -
selected) Transmit mode, 125 kbps - - mA -
Receive mode, 2M bps Idd_rx - 6.9 - mA -
Prf = -67 dBm
Receive mode, 1 Mbps - 6.9 - mA -
Prf =-67 dBm
Receive mode, 500 kbps - 6.9 - mA -
Prf =-72 dBm
Receive mode, 125 kbps - 71 - mA -
Prf =-79 dBm
Idd_idle Idd_idle | - 0.7 - mA -
Idd_slp Idd_slp - 1.5 - pA -
Idd_down Idd_down | - 0.1 - A -
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Table 2.15  IT{EFFFNEFR(5)
Conditions: VCC = VCC_RF =AVCC_RF=3.3V,VSS=VSS RF=0V, Ta=+25°C
Typ
- Th= .
RetthThE ik
Parameter Symbol | Min 0 dBm 4 dBm Max Unit
BﬁLTExI{’E EE?;’F%( EHEX, 2Mbps Idd_tx - 45 8.7 mA | -
] DC-DC N
e E@IBR, 1Mbps - mA | -
fZHatE0, 500kbps - mA | -
fE5HiIET, 125kbps - mA -
BT, 2Mbps Idd_rx - 3.3 35 mA |-
Prf =-67 dBm
EUWHR, 1Mbps - mA | -
Prf = -67 dBm
ZUWEL, 500kbps - mA | -
Prf =-72 dBm
ZUWHR, 125kbps - mA | -
Prf =-79 dBm
TRER ldd_idle | - 0.5 mA -
REBRE ldd_slp | - 15 pA | -
e Idd_down | - 0.1 pA | -
Bﬁl.;]é’r;?gﬁ_ (| fewE=, 2Mbps Idd_tx - 10.2 18.1 mA | -
1 LMRE o
s2hy) £, 1Mbps - mA | -
ZHatEI0, 500kbps - mA | -
2RI, 125kbps - mA -
EWHETL, 2Mbps Idd_rx - 6.9 mA | -
Prf = -67 dBm
ZIWEIL, 1Mbps - 6.9 mA | -
Prf =-67 dBm
EUWHETL, 500kbps - 6.9 mA | -
Prf=-72 dBm
ZEWEL, 125kbps - 71 mA | -
Prf =-79 dBm
Idd_idle Idd_idle - 0.7 mA -
Idd_slp ldd_slp | - 15 pA | -
Idd_down Idd_down | - 0.1 A -
RO1DS0359EJ0100 Rev.1.00 RENESAS BT, #1050
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2.2.10 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.16 Rise and fall gradient characteristics
Conditions: VCC = AVCC0=0to 3.6 V

Parameter Symbol | Min Typ | Max | Unit | Test conditions
Power-on VCC Voltage monitor O reset disabled at startup (normal | SrVCC | 0.02 | - 2 ms/V | -
rising gradient startup)

Voltage monitor O reset enabled at startup*1 0.02 | - -

SCI/USB Boot mode*2 0.02 |- 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 the OFS1.LVDAS bit.

Table 2.17 Rising and falling gradient and ripple frequency characteristics

Conditions: VCC = AVCC0 =VCC_USB=1.8t03.6 V

The ripple voltage must meet the allowable ripple frequency f,cc) within the range between the VCC upper limit (3.6 V) and lower limit
(1.8 V).

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

Parameter Symbol | Min Typ Max Unit Test conditions
Allowable ripple frequency fr vee) - - 10 kHz Figure 2.22
Vr (vee) <VCC x0.2
- - 1 MHz Figure 2.22
Vi veey < VCC % 0.08
- - 10 MHz Figure 2.22
Vr (vee) <VCC x 0.06
Allowable voltage change rising and | dt/dVCC | 1.0 - - ms/V When VCC change exceeds VCC +10%
falling gradient

»—«— 1/fvee)

VCC m Vyvee)

Figure 2.22 Ripple waveform
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2210  VCCEAMTEHMEMOUKINE

Table 2.16 LEAMTRESEFYE
Conditions: VCC = AVCC0=0to 3.6 V

Parameter Symbol | Min | Typ | Max | Unit | Mif&%
FHVCCEAE | BoNZRBEERNE0EM (EEB5) SrvCC | 0.02 | - 2 ms/V | -
FES BB B R E I+ 0.02 |- -
SCI/USB Boot mode*2 0.02 |- 2

Note 1.  When OFS1.LVDAS = 0.
Note 2. 7E5IS#ERT, FILOFSTLVDASMIAYEINM, HBEEIEMEBEKMEROHITHIE ML

Table 2.17 LA THEEEMSUEIRES T

Conditions: VCC = AVCCO = VCC_USB = 1.8 t0 3.6 VV

KU ESFAEVCC ERR(3.6V)FI FIR(1.8V) Z BIHSE B H B A I BISCRRERfr(VCC)o HVCCILIBIFVCCE10%BY, HTH B 1P
BELZL E A TFREBEJtdVCC,

Parameter Symbol | Min Typ Max Unit Wit &1
f‘tﬁé)‘(f)fﬁ% fr (vCC) - - 10 kHz Figure 2.22
Vr (vee) <SVCC x0.2
- - 1 MHz Figure 2.22
Vi veey < VCC % 0.08
- - 10 MHz Figure 2.22
Vr (vee) <VCC x 0.06
AFBRETK EATRERBE dt/dvCC | 1.0 - - ms/V | HVCCEEBIVCCE10%

»—«— 1/fvee)

VCC m Vivee)

Figure 2.22 SRR
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2.3 AC Characteristics
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2.3.1 Frequency
Table 2.18 Operation frequency value in high-speed operating mode
Conditions: VCC = AVCC0=2.41t03.6 V
Parameter Symbol | Min Typ Max*5 Unit
Operation System clock (ICLK)*4 27t036V f 0.032768 - 48 MHz
frequency 241027V 0.032768 | - 16
FlashIF clock (FCLK)*1. *2, *4 27t036V 0.032768 - 32
24t027V 0.032768 - 16
Peripheral module clock (PCLKA)*4 27t036V - - 48
24t027V - - 16
Peripheral module clock (PCLKB)*4 27t03.6V - - 32
24t027V - - 16
Peripheral module clock (PCLKC)*3.*4 | 2.7 t0 3.6 V - - 64
24t027V - - 16
Peripheral module clock (PCLKD)*4 27t03.6V - - 64
24t027V - - 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% while programming or erasing the flash memory. Confirm the frequency
accuracy of the clock source.

Note 3. The lower-limit frequency of PCLKC is 4 MHz at 2.4 V or above and 1 MHz at below 2.4 VV when the 14-bit A/D converter is in
use.

Note 4. See section 9, Clock Generation Circuit in User’s Manual for the relationship of frequencies between ICLK, PCLKA, PCLKB,
PCLKC, PCLKD, and FCLK.

Note 5. The maximum value of operation frequency does not include the internal oscillator errors. The operation can be guaranteed
with the errors of the internal oscillator. For details on the range for guaranteed operation, see Table 2.23, Clock timing.

Table 2.19 Operation frequency value in Middle-speed mode
Conditions: VCC = AVCC0=1.8t0 3.6 V
Parameter Symbol | Min Typ Max*5 Unit
Operation System clock (ICLK)*4 27t036V f 0.032768 - 12 MHz
frequency 241027V 0.032768 | - 12
1.8t024V 0.032768 - 8
FlashIF clock (FCLK)*1 *2, *4 27t036V 0.032768 - 12
24t027V 0.032768 - 12
1.8t024V 0.032768 - 8
Peripheral module clock (PCLKA)*4 27t036V - - 12
24t027V - - 12
1.8t024V - - 8
Peripheral module clock (PCLKB)*4 271036V - - 12
24t02.7V - - 12
1.8t024V - - 8
Peripheral module clock (PCLKC)*3.*4 | 2.7t03.6 V - - 12
24t027V - - 12
1.8t024V - - 8
Peripheral module clock (PCLKD)*4 27t036V - - 12
24t027V - - 12
1.8t024V - - 8
R01DS0359EJ0100 Rev.1.00 RENESAS Page 43 of 105
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23 mAE

2.3.1 Frequency
Table 218  SEESTRATHEBITIAEE
Conditions: VCC = AVCC0=2.41t03.6 V
Parameter Symbol | Min Typ Max*S Unit
BEITIE REBIHICLK)*4 27t036V f 0.032768 - 48 MHz
24t027V 0.032768 - 16
FlashIF clock (FCLK)*1. *2, *4 27t036V 0.032768 - 32
24t027V 0.032768 - 16
IMSARIRET SR (PCLKA)*4 27t036V - - 48
24t027V - - 16
IMSIRIRET S (PCLKB)*4 27t036V - - 32
24t027V - - 16
SMSARERETSR (PCLKC) *3 %4 27t036V - - 64
24t027V - - 16
IMSIRIRETF(PCLKD)*4 27t036V - - 64
24t027V - - 16

Note 1. TEXTAFEEITRIETIRPREY, FCLKBY FIRIAE N IMHzZ, HERFCLKIEAMHzZ L FXTAEEITHRIZTIRPREY, METTLUGE A1

MHz. 2MHzZ3MHz, FEEIR B IEREINE,

401.5MHzo

Note 2. TEXIRAFFHITRIZSIEFREY, FCLKRMEBE L INL3.5% B HRIREREE,

Note 3. M 14IAD¥ 2R, PCLKCHYTIRSAZE /92.4VEl A LB AMHZ, 1RF2.4VESH1MHzZo

Note 4. XFICLK. PCLKA. PCLKB.
PCLKC, PCLKD, and FCLK.

Note 5. Iéﬁ?%ﬁﬁg%t@*@%W%B?E%%‘%iiﬁo ME IR H IR RIRE R LURIERF. AXRIERIECEMNFRER, BENR223
, BIERBY .
Table 219  HERNIBITIAEME
Conditions: VCC = AVCC0=1.8t0 3.6 V
Parameter Symbol | Min Typ Max*S Unit
BITIE REBIHICLK)*4 27t036V f 0.032768 - 12 MHz
24t027V 0.032768 - 12
1.8t024V 0.032768 - 8
FlashIF clock (FCLK)*1. *2, *4 27t036V 0.032768 - 12
24t027V 0.032768 - 12
1.8t024V 0.032768 - 8
IMSIRIRETFH(PCLKA)*4 27t036V - - 12
24t027V - - 12
1.8t024V - - 8
MR ARIR B (PCLKB)*4 271036V - - 12
24t02.7V - - 12
1.8t024V - - 8
IMSARRETSR (PCLKC) *3 4 27t036V - - 12
24t027V - - 12
1.8t024V - - 8
SMGIEIRES B (PCLKD)*4 27t036V - - 12
24t027V - - 12
1.8t024V - - 8
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Note 1.

Note 2.

Note 3.
Note 4.

Note 5.

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.

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

The lower-limit frequency of PCLKC is 4 MHz at 2.4 V or above and 1 MHz at below 2.4 V when the 14-bit A/D converter is in use.
See section 9, Clock Generation Circuit in User’'s Manual for the relationship of frequencies between ICLK, PCLKA, PCLKB,
PCLKC, PCLKD, and FCLK.

The maximum value of operation frequency does not include errors of the internal oscillator. The operation can be guaranteed
with the errors of the internal oscillator. For details on the range for guaranteed operation, see Table 2.23, Clock timing.

Table 2.20 Operation frequency value in Low-speed mode
Conditions: VCC = AVCC0=1.8t0 3.6 V

Parameter Symbol | Min Typ Max*4 Unit
Operation System clock (ICLK)*3 1.8t0 3.6V f 0.032768 - 1 MHz
frequency FlashIF clock (FCLK)*!. *3 1.810 3.6V 0.032768 - 1
Peripheral module clock (PCLKA)*3 1.8t03.6V - - 1
Peripheral module clock (PCLKB)*3 1.8t0 3.6V - - 1
Peripheral module clock (PCLKC)*2.*3 | 1.8t0 3.6V - - 1
Peripheral module clock (PCLKD)*3 1.8t0 3.6V - - 1
Note 1. The lower-limit frequency of FCLK is 1 MHz while programming or erasing the flash memory.
Note 2.  The lower-limit frequency of PCLKC is 1 MHz when the A/D converter is in use.
Note 3. See section 9, Clock Generation Circuit in User's Manual for the relationship of frequencies between ICLK, PCLKA, PCLKB,
PCLKC, PCLKD, and FCLK.
Note 4. The maximum value of operation frequency does not include the internal oscillator errors. The operation can be guaranteed
with the errors of the internal oscillator. For details on the range for guaranteed operation, see Table 2.23, Clock timing.
Table 2.21 Operation frequency value in low-voltage mode
Conditions: VCC = AVCC0=1.8t0 3.6 V
Parameter Symbol | Min Typ Max*5 Unit
Operation System clock (ICLK)*4 1.8t0 3.6V f 0.032768 - 4 MHz
frequency FlashIF clock (FCLK)*!, *2, *4 1.8103.6V 0.032768 - 4
Peripheral module clock (PCLKA)*4 1.8t03.6V - - 4
Peripheral module clock (PCLKB)*4 1.8t03.6V - - 4
Peripheral module clock (PCLKC)*3.*4 | 1.8t0 3.6 V - - 4
Peripheral module clock (PCLKD)*4 1.8t03.6V - - 4
Note 1. The lower-limit frequency of FCLK is 1 MHz while programming or erasing the flash memory. When using FCLK for

Note 2.

Note 3.

Note 4.

Note 5.

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.

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

The lower-limit frequency of PCLKC is 4 MHz at 2.4 V or above and 1 MHz at below 2.4 VV when the 14-bit A/D converter is in
use.

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

The maximum value of operation frequency does not include errors of the internal oscillator. The operation can be guaranteed
with the errors of the internal oscillator. For details on the range for guaranteed operation, see Table 2.23, Clock timing.

R01DS0359EJ0100 Rev.1.00
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Note 1.

Note 2.

Note 3.
Note 4.

Note 5.

EXAEEITRIETIRPRE, FCLKBYTRIMENIMHzZ, HEAFCLKIEAMHzZ L FSTAEE I THRIZIIRPREY, METTLUEE A1
MHz. 2MHzZ3MHz, FBEIREIEELHINZE, F901.5MHz,

EXAEETRIZEIRRET, FCLKRSARBEL TN £3.5%, HINFTHRISARIEE,

B 140 ADFEIREZET, PCLKCHY TFPRIMEE 2.4V LA EBSH4MHz, RF2.4VET 1 MHzZ.

X FICLK. PCLKA. PCLKB.

PCLKC, PCLKD, and FCLK.

Ié’?@%?’g%kfﬁ/_ﬁﬁﬁm%B#!E%%%E'\Ji%%o AR 7R ANZRE T URIERE. BXFRIHZECEMNFAES, BHE5RKR223
s BVIREY o

Table 2.20 {RFEEX THIETINEE
Conditions: VCC = AVCC0=1.8t0 3.6 V

Parameter Symbol | Min Typ Max*4 Unit
BITIE RIFBIER(ICLK)*3 1.8t0 3.6V f 0.032768 - 1 MHz
FlashIF clock (FCLK)*1. *3 1.8t0 3.6V 0.032768 - 1
IMEIRIRESH(PCLKA)*3 18t03.6V - - 1
IMEIRIRES$ (PCLKB)*3 1.8t0 3.6V - - 1
IMEIRRESER (PCLKC) *2#3 1.8t0 3.6V - - 1
IMEIRIRBS$P(PCLKD)*3 1.8t0 3.6V - - 1
Note 1. TEXTATF#HITRIZSIZFRET, FCLKAYTPRIAZE /91 MHz,
Note 2. fEFADH: AT, PCLKCHY TIRIAZE 91 MHzZ,
Note 3. XFICLK. PCLKA. PCLKB.
PCLKC, PCLKD, and FCLK.
Note 4. ITESIEMEAREFTERNNIRERIRE. ABIKRHEMNIREDT URIERIE, BEXFRILRIECENERER, BE5NKR223

, BTHETF,

Table 2.21 BEEXTHI(EREE
Conditions: VCC = AVCC0=1.8t0 3.6 V

Parameter Symbol | Min Typ Max*5 Unit
BITIE RIFBIFR(ICLK)*4 1.8t03.6V f 0.032768 - 4 MHz
FlashIF clock (FCLK)*1, *2, *4 1.8t03.6V 0.032768 - 4
IMSIEIRBY P (PCLKA)*4 18t03.6V - - 4
IMEIRIRES P (PCLKB)*4 1.8t03.6V - - 4
IMGIEIRBYHR (PCLKC) +3 %4 1.8t03.6V - - 4
IMEIRIRBSEP(PCLKD)*4 1.8t03.6V - - 4

Note 1.

Note 2.

Note 3.

Note 4.

Note 5.

EXTNTFERTRIZIRAEES, FCLKAYTFRRIAE A TIMHz, HEAFCLKIEAMHZ LU T INEHITRIZSIBIRET, SAERATLULE N1
MHz. 2MHzZ3MHz, FBEIREBIEBHINZ, Fa01.5MHz,

EXTNTFERHITRIZHIRERA, FCLKASAERBEN TN +3.5%, HIANHRIIAREE,
fEF 14 IADFFIR2SEY, PCLKCHYTRIRSNZE 2.4V L EBSH4MHz, BF2.4VES 91 MHz,
% FICLK. PCLKA. PCLKB.

PCLKC, PCLKD, and FCLK.

Ig’;gﬁ}ﬂﬁ%ﬁ@x@%W‘SBT’E%%%E'Ji;%o AERIRHERMIRE B LURIEIR(F, BXRRIERECENIEAER, BESLR223
5 HY ' Fo
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Table 2.22 Operation frequency value in Subosc-speed mode
Conditions: VCC = AVCC0=1.8t0 3.6 V
Parameter Symbol | Min Typ Max Unit
Operation System clock (ICLK)*3 1.8t0 3.6V f 27.8528 | 32.768 | 37.6832 kHz
frequency FlashIF clock (FCLK)*1, *3 1.810 3.6V 27.8528 | 32.768 | 37.6832
Peripheral module clock (PCLKA)*3 1.8t0 3.6V - - 37.6832
Peripheral module clock (PCLKB)*3 1.8t03.6V - - 37.6832
Peripheral module clock (PCLKC)*2, *3 1.8t0 3.6V - - 37.6832
Peripheral module clock (PCLKD)*3 1.8t0 3.6V - - 37.6832
Note 1. Programming and erasing the flash memory is not possible.

Mar 31, 2020

Note 2. The 14-bit A/D converter cannot be used.
Note 3. See section 9, Clock Generation Circuit in User’s Manual for the relationship of frequencies between ICLK, PCLKA, PCLKB,
PCLKC, PCLKD, FCLK, and BCLK.
2.3.2 Clock Timing
Table 2.23 Clock timing (1 of 2)
Parameter Symbol Min Typ Max Unit Test conditions
EXTAL external clock input cycle time txeyc 50 - - ns Figure 2.23
EXTAL external clock input high pulse width txH 20 - - ns
EXTAL external clock input low pulse width txr 20 - - ns
EXTAL external clock rising time txr - - 5 ns
EXTAL external clock falling time txs - - 5 ns
EXTAL external clock input wait time*1 tEXWT 0.3 - - us -
EXTAL external clock input frequency fexTAL - - 20 MHz 24<VCC=<3.6
- - 8 1.8<VCC<24
Main clock oscillator oscillation frequency fmAIN 1 - 20 MHz 24<VCC=<36
1 - 8 1.8<VCC<24
Main clock oscillation stabilization wait time (crystal)*® tmMAINOSCWT - - -*9 ms
LOCO clock oscillation frequency floco 27.8528 32.768 37.6832 kHz -
LOCO clock oscillation stabilization time tLoco - - 100 us Figure 2.24
IWDT-dedicated clock oscillation frequency fiLoco 12.75 15 17.25 kHz -
Bluetooth-dedicated clock oscillation frequency fBLECK - 32 - MHz
Bluetooth-dedicated low-speed on-chip oscillator oscillation | fg| gl oco - 32.768 - kHz
frequency
MOCO clock oscillation frequency fmoco 6.8 8 9.2 MHz -
MOCO clock oscillation stabilization time tmMoco - - 1 us -
HOCO clock oscillation frequency fHoco24 23.64 24 24.36 MHz Ta =-40to -20°C
1.8<VCC=<36
23.76 24 24.24 Ta=-20t0 85°C
1.8<VCC=<36
fHoco32 31.52 32 32.48 Ta=-401t0-20°C
1.8<VCC=<36
31.68 32 32.32 Ta=-20t0 85°C
1.8<VCC=<36
fuocoas™ 47.28 48 48.72 Ta =-40t0 -20°C
1.8<VCC=<36
47.52 48 48.48 Ta=-20to0 85°C
1.8<VCC=<36
fuocoes™ 63.04 64 64.96 Ta =40 to -20°C
24<VCC<36
63.36 64 64.64 Ta =-20 to 85°C
24<VCC=<36
R01DS0359EJ0100 Rev.1.00 RENESAS Page 45 of 105

RA4W1 Datasheet

2. BRAM

Mar 31, 2020

Table 2.22  Subosc-speedifizt FHIEITHAZHE(ME
Conditions: VCC = AVCC0=1.8t0 3.6 V
Parameter Symbol | Min Typ Max Unit
BT ARGBTER(ICLK)*3 1.8t03.6V f 27.8528 | 32.768 | 37.6832 kHz
FlashIF clock (FCLK)*1. *3 1.8t03.6V 27.8528 | 32.768 | 37.6832
IMSIE IR BT ER (PCLKA)+3 1.8t03.6V - - 37.6832
IMSIE IR BT ER(PCLKB)*3 1.8t03.6V - - 37.6832
IMEIRERETH (PCLKC) *2 %3 1.8t0 3.6V - - 37.6832
IMEIEERETER(PCLKD)+*3 1.8t03.6V - - 37.6832
Note 1. FiAXTIRIE#ITHRIZFIZ IR,
Note 2. FHEEFI14{IADFHRER,
Note 3. XTFICLK. PCLKA. PCLKB.
PCLKC, PCLKD, FCLK, and BCLK.
2.3.2 BY $h B e
Table 2.23  B3#hitEd(10f2)
Parameter Symbol Min Typ Max Unit Wik
EXTALSMER BT $481 N\ B HARY 8] tyeye 50 - - ns Figure 2.23
EXTALSNERBY SR N BBk A B I 20 - - ns
EXTALSN BB S04 N R BIOR B L 20 - ; ns
EXTALSNEBBI 4 E 1B 8] e - - 5 ns
EXTALSNERBY 50 T FEEY 8] [ - - 5 ns
EXTALSNEBES 503 N\ B3 B 11 texwT 03 - - us -
EXTALSNERBY 5 N30 foxTaL - - 20 MHz 24<VCC<36
- - 8 1.8<VCC<24
TR SRR T TR TMAIN 1 - 20 MHz 24<VCCs36
1 - 8 1.8<VCC <24
INHRFRESRNE (B +9 twamosowr | - : =9 ms
LOCOBY $hif 74z fLoco 27.8528 | 32.768 376832 | kHz
LOCOR $#ifR:% 42 R AT 8] tLoco - - 100 s Figure 2.24
IWDT% FR BT $hif 5 4 fiLoco 12.75 15 17.25 kHz
BT =B MRAIE fBLECK - 32 - MHz
EFERERA LR SIRHME faLlELoco | - 32768 | - KHz
MOCORT $hif5 %4713 fuoco 6.8 8 9.2 MHz -
MOCOFY #1712 B 8] tMoco - - 1 us -
HOCOBT iR 74T fioco24 23.64 24 24.36 MHz Ta= 40 20°C1.
8=VCC=36
23.76 24 24.24 | Ta= 20E85°Ct.
8=VCC=36
fHoco32 31.52 32 32.48 | Ta= 40E-20°C1.
8=VCC=36
31.68 32 32.32 | Ta= 20F85°C1.
8=VCC=3.6
fuocoss™ | 47.28 48 48.72 | Ta= 40% 20°C1.
8=VCC=3.6
4752 48 48.48 | Ta= 20F85°Ct.
8=VCC=3.6
fuocosa™ | 63.04 64 64.96 | Ta= 40 20°C2.
4=VCC=36
63.36 64 64.64 Ta= 20Z85°C2.
4=VCC=36
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Table 2.23 Clock timing (2 of 2)

Parameter Symbol Min Typ Max Unit Test conditions
HOCO clock oscillation Except low-voltage | thoco24 - - 371 us Figure 2.25
stabilization time*6, *7 mode thocoa2

tHoco4s - - 43.3

tHocos4 - - 80.6

Low-Voltage mode | tyoco24 - - 100.9

tHocos2

tHocoas

tHocoea
PLL input frequency*2 fRLLIN 4 - 12.5 MHz -
PLL circuit oscillation frequency*2 fpLL 24 - 64 MHz -
PLL clock oscillation stabilization time*8 tpLL - - 55.5 us Figure 2.27
PLL free-running oscillation frequency fPLLFR - 8 - MHz -
Sub-clock oscillator oscillation frequency fsus - 32.768 - kHz -
Sub-clock oscillation stabilization time*3 tsusosc - - -*3 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. The VCC range that the PLL can be used is 2.4to 3.6 V.

Note 3. After changing the setting of the SOSCCR.SOSTP bit so that the sub-clock oscillator operates, only start using the sub-clock
oscillator after the sub-clock oscillation stabilization wait time elapses, that is greater than or equal to the value recommended
by the oscillator manufacturer.

Note 4. The 48-MHz HOCO can be used within a VCC range of 1.8 Vto 3.6 V.

Note 5. The 64-MHz HOCO can be used within a VCC range of 2.4 V0 3.6 V.

Note 6. This is a characteristic when HOCOCR.HCSTP bit is set to 0 (oscillation) in MOCO stop state.

When HOCOCR.HCSTP bit is set to 0 (oscillation) during MOCO oscillation, this specification is shortened by 1 us.

Note 7. Whether stabilization time has elapsed can be confirmed by OSCSF.HOCOSF.

Note 8. This is a characteristic when PLLCR.PLLSTP bit is set to 0 (operation) in MOCO stop state.

When PLLCR.PLLSTP bit is set to 0 (operation) during MOCO oscillation, this specification is shortened by 1 ps.

Note 9. When setting up the main clock, ask the oscillator manufacturer for an oscillation evaluation and use the results as the
recommended oscillation stabilization time. Set the MOSCWTCR register to a value equal to or greater than the recommended
stabilization time. After changing the setting of the MOSCCR.MOSTP bit so that the main clock oscillator operates, read the
OSCSF.MOSCSF flag to confirm that it is 1, then start using the main clock.

W tchc
txn L txe
EXTAL external clock input [ vccx05
txr txe
Figure 2.23 EXTAL external clock input timing
LOCOCR.LCSTP
tLoco
LOCO clock oscillator output 7l_\_/_\_/_
Figure 2.24 LOCO clock oscillation start timing

Table 2.23 BE$hitEE (29 hE929)

Parameter Symbol Min Typ Max Unit pljes2t

HOCOBY #hiE AR E B RERpRI tHoco24 - - 371 Hs Figure 2.25

86, +7 thocos2

tHoco4s - - 433

tHocos4 - - 80.6
Low-Voltage mode | tyocoo4 - - 100.9

thocos2

thocoas

tHocoe4

PLL input frequency*2 fRLLIN 4 - 125 MHz -

PLLEBBRIR H M2 foLL 24 - 64 MHz -

PLLEY $3f5% 42 7 B [8]+8 tpLL - - 55.5 us Figure 2.27

PLLQEEHE:%&)ﬁg fPLLFR - 8 - MHz -

B HMRH B IR AR fsus - 32.768 - kHz -

BB $h iR H IS E BY 8]+3 tsusosc - - -*3 s Figure 2.28

Note 1. H/MEBETHIZERT, FAIHIRHIHZLEAI(IMOSCCRMOSTPIRE RO (iB1T) &, BEEILUERAvAETE),

Note 2. PLLAEIAEAMVCCERERE24513.6V,

Note 3. EZISOSCCRSOSTP{RI% BfFRIEY #HikHa: TIF/E, RBERINHIRZREFHNESAGA FIaERRINIRSSE, MK
FHEFHFBEIRHBREIED,

Note 4. 48-MHzHOCORI7E1.8VE3.6VHIVCCEERFER,

Note 5. 64MHzHOCORIE2.4VE3.6VHIVCCGEEINER.

Note 6. XEFEMOCOEILRE TIHFHOCOCRHCSTPAIIRE RO (R%) BRI,

EMOCOIRHHRIE, HHOCOCRHCSTPAIIRE RO (&%) BY, ZMSERLERE 1 uso

Note 7.  OSCSF.HOCOSFEI LA ERY B R E Eido

Note 8. XETEMOCOFEILIRE TIEPLLCRPLLSTPIIIRE N0 (I2E) BYRI4FIE,
LEMOCOIRHHAEIEPLLCRPLLSTPAIIRE N0 (IR1E) BY, ZMSEREEIE 1us.

Note 9. IREXRIHEY, BAIRHBHEHRBIREITME, ARERFARENIRZIRENE, HMOSCWTCREFHIKENFTHAT
BN ENEINE, EAMOSCCRMOSTPAIAYIR B LUEF IR %38 TIE/S, EBXOSCSFMOSCSFARE UIAE 1, AR
FFea{E AR BT H,

W tchc
txn L txe
EXTALSMEBBT $him N | vcc x 05
txr txr
Figure 2.23 EXTALSMERBT $hia NI
LOCOCR.LCSTP
tLoco
LOCOB SR 88 4 F\ /J\/
Figure 2.24 LOCOBY #hifx % F I8 B3
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HOCOCR.HCSTP \

L.

tiocox |
HOCOx

HOCO clock % \ , \ /

HOCOCR.HCSTP \
*
tHocox

HOCO clock % \ / \ /

Note 1. x =24, 32,48, 64 Note 1. x =24, 32,48, 64
Figure 2.25 HOCO clock oscillation start timing (started by setting HOCOCR.HCSTP bit) Figure 2.25 HOCORI i HFFIAEIF (i@idig EHOCOCR.HCSTP{ FF &)
MOSCCR.MOSTP l‘ MOSCCR.MOSTP \
Main clock oscillator output W\I\J—\J— Ed:ngznt il gzzzzzzzzzy g& !7 \ / \ / \ /
e tmamoscwr . e tmamnoscwr .
Main clock N FaTE N
Figure 2.26 Main clock oscillation start timing Figure 2.26 R H A IGEF
PLLCR.PLLSTP i i PLLCR.PLLSTP i .
. .
PLL clock L \ ’ PLL clock L \ ’
Figure 2.27 PLL clock oscillation start timing (PLL is operated after main clock oscillation has settled) Figure 2.27 PLLEY$MEHFF 4B F (PLLIE B MR HIREFIEIT)
SOSCCR.SOSTP l‘ SOSCCR.SOSTP \
tsusc?sc tsusosc
Sub-clock oscillator output W—UU BB BhiRSH 2R iR 2222222222; i& Z; i % \ / \ /
Figure 2.28 Sub-clock oscillation start timing Figure 2.28 BB ¢hRH A Ia BT
MOCOCR.MCSTP MOCOCR.MCSTP
tmoco tmoco
MOCO clock oscillator output ]l_\_/_\_/— MOCOBY $1fx 5% 28 f tH 7l_\_/_\_/—
Figure 2.29 MOCO clock oscillation start timing Figure 2.29 MOCOBT $hiEH FF 5 BT 5
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2.3.3 Reset Timing
Table 2.24 Reset timing
Test
Parameter Symbol | Min Typ Max Unit conditions
RES pulse width At power-on tRESWP 3 - - ms Figure 2.30
Other than above | tresw 30 - - us Figure 2.31
Wait time after RES cancellation LVDO: enable*! tRESWT - 0.7 - ms Figure 2.30
(at power-on) LVDO: disable*2 - 03 -
Wiait time after RES cancellation LVDO: enable*" treswte | - 0.5 - ms Figure 2.31
(during powered-on state) LVDO: disable*2 _ 005 _
Internal reset cancellation time (Watchdog | LVDO: enable*! tReswTs | - 0.6 - ms
timer reset, SRAM parity error reset, p 2 } 015 }
SRAM ECC error reset, Bus master MPU LVDO: disable ’
error reset, Bus slave MPU error reset,
Stack pointer error reset, Software reset)
Note 1.  When OFS1.LVDAS = 0.
Note 2.  When OFS1.LVDAS = 1.
VCC ]
RES . /
) treswp
Internal reset « «
treswt
Figure 2.30 Reset input timing at power-on
tresw
RES l
Internal reset \
treswT2
Figure 2.31 Reset input timing (1)
R01DS0359EJ0100 Rev.1.00 -2 ENESAS Page 48 of 105

2.3.3 ER=gNAE
Table 2.24  EEFAA
Mt
Parameter Symbol | Min Typ Max Unit
RESRKHEEE At power-on treswe | 3 - - ms Figure 2.30
RS tRESW 30 - - s Figure 2.31
)RESHY?F#EE’J%?%E?T[EH (Eent LVDO: enable*! treswT | - 0.7 - ms Figure 2.30
LVDO: disable*2 - 0.3 -
EESHYf%EE'\J%?%E‘JfEﬂ (FFHAR LVDO: enable*! treswt2 | - 0.5 - ms Figure 2.31
- LVDO: disable*2 ) 0.05 -
W%ﬂﬁfﬁﬂg‘}‘ﬁﬂﬁlﬁl (El‘j?@iﬁﬂtﬁﬁfﬂs S LVDO: enable’” tRESWT3 - 0.6 - ms
RAMBHBIX S 54128 fil, SRAMECCHHIZE —
fil, BEEEMPUEIREN. BEMEMP | LVDO: disable - 0.5 -
;J%‘éi%E{fL\ HiEIRHBIZE N, RYEQ
Note 1.  When OFS1.LVDAS = 0.
Note 2.  When OFS1.LVDAS = 1.
VCC ;
RES » 7l
) treswp |
E¥=Ein « «
treswt
Figure 2.30 LHEEMFENEF
tresw
S—
RES l
REPE ML \
treswT2
Figure 2.31 SHARE1)
RO1DS0359EJ0100 Rev.1.00 RENESAS 54831, 1053
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2.34 Wakeup Time
Table 2.25 Timing of recovery from low power modes (1)
Test
Parameter Symbol | Min | Typ | Max | Unit | conditions
Recovery time High-speed Crystal System clock source is | tsgymc | - 2 3 ms | Figure 2.32
from Software mode resonator main clock oscillator
Standby mode™! connected to (20 MHz)"2
ma|1r1| Ct|OCk System clock source is | tsgypc | - 2 3 ms
osciflator PLL (48 MHz) with Main
clock oscillator™2
External clock System clock source is | tsgyex | - 14 25 us
input to main main clock oscillator
clock oscillator | (20 MHz)"3
System clock source is | tsgype | - 53 76 us
PLL (48 MHz) with Main
clock oscillator™3
System clock source is HOCO™ tseyHo | - 43 52 us
(HOCO clock is 32 MHz)
System clock source is HOCO™ tseyno | - 44 52 ys
(HOCO clock is 48 MHz)
System clock source is HOCO"S tseyHo | - 82 110 | ps
(HOCO clock is 64 MHz)
System clock source is MOCO tseymo | - 16 25 ys
Note 1. The division ratio of ICK, BCK, FCK, and PCKx 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 2.26 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
ma|1r1| CtIOCk System clock source is | tsgypc | - 2 3 ms
oscillator PLL (24 MHz) with main
clock oscillator*2
External clock | System clock sourceis | tsgyex | - 29 |10 ys
input to main main clock oscillator
clock oscillator | (12 MHz)*3
System clock source is | tsgype | - 49 76 us
PLL (24 MHz) with main
clock oscillator*3
System clock source is HOCO (24 MHz) tsgyHo | - 38 50 us
System clock source is MOCO tseymo | - 35 |55 ys
Note 1. The division ratio of ICK, BCK, 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.
Note 3.

The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h.
The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.
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2.3.4 & B2 A )
Table 2.25  MEIHFEEXEEAIBEN(1)
it &%
Parameter Symbol | Min | Typ | Max | Unit
MERHEFHER | High-speed | EEEI TR AZNMREENIR | tsgyme | - 2 3 ms | Figure 2.32
T2 BB+ 1 mode hiRSH 2R A hes (20MHz) =2
EERESER
AENMERHEEN |t - 2 3 ms
SIRHRIPLLABMHD) |
2
?9#&551‘#5@ Has (20MHz) *3
RGRIRRHAEN | t ; 53 |76 | s
%¢$}§%%§B’9PELL(48MHz)* SBYPE
3
Z 48T #9IR IHOCO+4 (HOCOHRY tsyHo | - 43 |52 |us
¥ /932MHz)
9 }48MHz)
R EIFEAHOCO*5 (HOCO t - 82 110 s
B 6MH?) SBYHO "
AL HIREAIMOCO tSBYMO - 16 25 MS
Note 1. ICK. BCK. FCK. PCKxHIZ#iitt B R IFSMEERAN RN D Hiitt, TSR iE) R RS #HIRRE,
Note 2. EBPMRH 2R FFHTHI T FE8(MOSCWTCR)IZE 7905h,
Note 3. EBHhRSH B F1FITHIZF 28 (MOSCWTCR)IZE 7900h,
Note 4. HOCOBY #hZERHZ K ZF 1728 (HOCOWTCR)IEE 7905h,
Note 5. HOCOBY #h & #F1THIZ 7728 (HOCOWTCR)I& & /306h,
Table 2.26  MIRIh#EENIRE A9BSiE)(2)
Mt &1
Parameter Symbol | Min | Typ | Max | Unit
MERERFNER | Middle-speed | 1E#EE EBY AFNMRAERIR | tsgyme | - 2 3 ms | Figure 2.32
T2 BB+ 1 mode iR AR $hes(12MHz)*2
ERENER RS
RABHIREZEPLLQ4AMH | t - 2 3 ms
2, HEERHRAR |
2
BN EBET Bhia 528 (12MHz)*3
A
2), BAENIRS S
3
R HIREAIMOCO tSBYMO - 3.5 5.5 MS

Note 1.

Note 2.
Note 3.

F MRS 2 ST I T F 288 (MOSCWTCR)IIZE 705h,
FEEMRSH S ST HI T F 28R (MOSCWTCR)IRE A900h,

ICK. BCK. FCK. PCKxEYZSRLLR A FSIRSEER MRS, RS BT B) R PR FRRE,

R01DS0359EJ0100 Rev.1.00
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Table 2.27 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*? 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 tseymo | - 25 35 us

Note 1. The division ratio of ICK, BCK, 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 2.28 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 sourceis | tsgyex | - 108 | 130 | ps
input to main main clock oscillator
clock oscillator | (4 MHz)*3
System clock source is HOCO tseyno | - 108 | 130 | ps

Note 1. The division ratio of ICK, BCK, FCK, and PCKx is the minimum division ratio within the allowable frequency range. The
recovery time is determined by the system clock source. When multiple oscillators are active, the recovery time can be
determined by the following expression.

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 2.29 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 to oscillate in Software Standby mode during Subosc-speed mode.

R01DS0359EJ0100 Rev.1.00
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Table 2.27  METh#EERX R E AIESiE(3)
Mt 51
Parameter Symbol | Min | Typ | Max | Unit
MEREFHER | Low-speed EED R AFNMRAERMIR | tsgyme | - 2 3 ms | Figure 2.32
s iR IEIRE
RYSMEB BT Shia %es(1MHz)*3
A
REBHIREAIMOCO tSBYMO - 25 35 V5
Note 1. ICK. BCK. FCK. PCKxEY#fitb R TSR B BN RN Hitt, RE R BB RFNHIRIRE.
Note 2. EBIHNEH 2R EFHIEHI T FE8(MOSCWTCR)IZE }905h,
Note 3. EBTPhRH 2 FFHTHI T F28(MOSCWTCR)IZE 7300h,
Table 2.28  M{EINERR T AIESiE(4)
Mt 51
Parameter Symbol | Min | Typ | Max | Unit
MEEFHNER | Low-voltage | EEEITHY AANMREERMR | tsgyme | - 2 3 ms | Figure 2.32
RS B[]+ 1 mode iRSH 2B AY s (AMHz) 2
iR ReE
B9 SN ER BY Fhia ek (4AMHz) *3
N
REBTEHIRAHOCO tSBYHO - 108 130 MS
Note 1. ICK. BCK. FCK. PCKxBY#itb B TSR BERNR/NDHitt. MENBRARNHRRE, S MHEILTFERD
WS, MENER LU U TRARBE,
Note 2. EBHMRHBFFHTHIFTFER(MOSCWTCR)IRE 05N,
Note 3. EBTHIRSH B FFITHIFTHFER(MOSCWTCR)IZE 7900h,
Table 2.29  MIEIh#EARN % E AYBSiE(5)
MRS
Parameter Symbol | Min | Typ | Max | Unit
MERHEFHER | Subosc-speed mode RENHRABIN RS (32, | tspyse | - 0.85 | 1 ms | Figure 2.32
MR8 By &)1 768kHz)
AL IR AILOCO(32.768kH tseyLo | - 085 | 1.2 ms

2)

Note 1.

fESuboscREETUHAE], BIBYHRHERHLOCOR S TR FHE N FUEIR T
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Oscillator | |

ICLK | |

=]

(=]

Uy
JuREpE]

IRQ

rd

24

ICLK J_L—l

Software Standby mode

P

-

P

tseymc, tseypc, tsByEx,
tseype, tseymo, tseyHo

[S2]

JujEpE)
JEjEpE)

IRQ

rid

2

<

Software Standby mode

»

<
<

P

tseysc, tseyLo

Figure 2.32 Software Standby mode cancellation timing
Table 2.30 Timing of recovery from low power modes (6)
Parameter Symbol | Min Typ Max Unit Test conditions
Recovery time from | High-speed mode tsnz - 36 45 us Figure 2.33
Software Standby System clock source is HOCO
mode 10 Sn00ze Mniddie-speed mode tsnz - 13 36 us
mode System clock source is MOCO
Low-speed mode tsnz - 10 13 ys
System clock source is MOCO
Low-voltage mode tsnz - 87 110 us
System clock source is HOCO
R01DS0359EJ0100 Rev.1.00 -2 ENESAS Page 51 of 105
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Oscillator | |

ICLK | |

[52]

A

JupEpE)
Uy

IRQ

rd

BEEHEL

-

tseymc, tseypc, tseyEx,
tseyre, tseymo, tseyHo

ICLK J_L—l

"

JEjEpE)

R

IRQ t°
) REFNER
tsevsc, tsevio
Figure 2.32 REFNERBUER
Table 2.30  MEINFERA M E A98TE(6)
Parameter Symbol | Min Typ Max Unit Mt &1
RS B 1E A High-speed mode tsnz - 36 45 us Figure 2.33
REFNERER | RARFPIFEAHOCO
BEIE .
Middle-speed mode tsnz - 1.3 3.6 us
RFEBIHIRHAIMOCO
Low-speed mode tsnz - 10 13 us
AZEHIRAIMOCO
Low-voltage mode tsnz - 87 110 us
RFBIHIRIFIHOCO
R01DS0359EJ0100 Rev.1.00 IQENESAS $B5101, #1053
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Oscillator | | ﬂ i

ICLK (except DTC, SRAM) | |

—1

U

ICLK (to DTC, SRAM) ' PCLK | | ﬂ

IRQ

n

Software Standby mode

>

Snooze mode

<

tsnz

>

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

Figure 2.33 Recovery timing from Software Standby mode to Snooze mode
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Oscillator | | ﬂ i

ICLK (except DTC, SRAM) | |
ICLK (to DTC, SRAM) ' PCLK | |

IRQ

U

—1

Ied

n

7 1.SNZCRSNZDTCENIZ & /9187,

BREFHTRI

ICLKIR {45 DTCFISRAM,

tsnz

‘s

Figure 2.33

MR FFNAR VR 53 BB S T a9 1R B B i)
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2.35 NMI and IRQ Noise Filter

Table 2.31 NMI and IRQ noise filter
Parameter Symbol | Min Typ Max Unit Test conditions
NMI pulse width | t\yaw 200 - - ns NMI digital filter disabled tpeyc X 2<200 ns
tpeyc x 2*1 - - tpeyc X 2> 200 ns
200 - - NMI digital filter enabled tnmick X 3 <200 ns
tmick X 3572 | - - tumick X 3> 200 ns
IRQ pulse width | tiraw 200 - - ns IRQ digital filter disabled tpeyc X 25200 ns
tpeyc x 2*1 - - tpeyc X 2> 200 ns
200 - - IRQ digital filter enabled tirack X 3 <200 ns
tirack X 3.5 | - - tirack * 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 cycle of PCLKB.
Note 2.  tywmick 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 15).

tamiw

Figure 2.34 NMI interrupt input timing
- M
tiraw
Figure 2.35 IRQ interrupt input timing
R01DS0359EJ0100 Rev.1.00 RENESAS Page 53 of 105
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2.3.5 NMIFIIRQME = 75 23
Table 2.31  NMIFIIRQME Sk 23
Parameter Symbol | Min Typ Max | Unit | JUit&4
NMIBKH BE tamiw 200 - - ns NMIZCF IR 28 2 A tpeye ¥ 2 <200 ns
tpeyc x 2*1 - - tpeyc X 2> 200 ns
200 - - BANMIK TSRS tamick X 3 < 200 ns
tamick X 3.5%2 | - - tamick X 3> 200 ns
RQBONEEEE traw | 200 . - ns RQMFEHBEA tpeye X 2 <200 ns
tpoye X 2*1 - - tpeye X 2> 200 ns
200 - - BRIRQEFISKE tirack X 3 <200 ns
tirack * 3.5*3 - - tirack X 3 > 200 ns

Note: RHEFNMER TR 200ns,

Note:  WIREIHRLIMR, MIEIILNIRERAET S EHR,
Note 1. tPcycZR/RPCLKBRI/E A,
Note 2. tNMICKZFRRNMIFF I8 K 28 KI8T Eh 9 F A,

Note 3. tIRQCKFRRIRQIEFIEFESKAFAT¢hE9EHA (i=0F15) o

tamiw

Figure 2.34 NMIPER5E N B3 F
- M
tiraw
Figure 2.35 IRQHEFIENBTFF
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2.3.6 I/0 Ports, POEG, GPT, AGT, KINT, and ADC14 Trigger Timing 2.3.6 [0i% . POEG. GPT. AGT. KINTAIADC14fi % BY =
Table 2.32 /0 Ports, POEG, GPT, AGT, KINT, and ADC14 trigger timing Table 2.32 10ixA. POEG. GPT. AGT. KINT#1ADC14ft % B3+
Test Mt &1
Parameter Symbol | Min Max Unit conditions Parameter Symbol | Min Max Unit
/0 ports Input data pulse width tprw 1.5 - teeye Figure 2.36 1/0 ports BNEIERORTEE tprwW 1.5 - teeye Figure 2.36
Input/output data cycle (P004) tpoeye | 10 - us N4 E 4R A HA(P004) teocye | 10 - us

POEG POEG input trigger pulse width troew | 3 - teoyc Figure 2.37 POEG POEGHIN &R RX A BT troew | 3 - teoye Figure 2.37

GPT Input capture pulse width Single edge tericw | 15 - tepeye | Figure 2.38 GPT WA R E 25y tericw | 1.5 - tepeye | Figure 2.38
Dual edge 25 - 7] 25 -

AGT AGTIO, AGTEE input cycle 27VSVCC<36V | tacyc™ | 250 - ns Figure 2.39 AGT AGTIO. AGTEE4IN/E L 27VSVCC<36V | 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

AGTIO, AGTEE input high level | 2.7 V<VCC <3.6 V | tackwi, | 100 - ns AG{ETEIECé\ Aﬁ};EEEﬁA% BPEE | 27VSVCC<36V | tackwr | 100 - ns
width, low-level width 24VsVCC<27V |MokWL [200 |- ns AR 24V=VCC<27V | okwL 00 |- ns
1.8V<sVCC<24V 400 - ns 1.8V<sVCC<24V 400 - ns
AGTIO, AGTO, AGTOB output | 27 VSVCC<3.6V | tacyca | 625 | - ns Figure 2.39 QGTIO\ AGTO. AGTOBi§H/E 27V<VCC<36V |tacycs | 625 |- ns Figure 2.39
A
cycle 24VsSVCC<27V 125 - ns 24VsVCC<27V 125 - ns
1.8V<sVCC<24V 250 - ns 1.8V=sVCC<24V 250 - ns
ADC14 14-bit A/D converter trigger input pulse width ttrrew | 1.5 - teoyc Figure 2.40 ADC14 1 MU IR B AR R I NPT trrew | 1.5 - teoyc Figure 2.40
KINT KRn (n = 00 to 07) pulse width tkr 250 - ns Figure 2.41 KINT KRn(n=00to07)Bk 45 E tkr 250 - ns Figure 2.41
Note 1. Constraints on input cycle: Note 1. INEHARILIR:
When not switching the source clock: tpgye X 2 < tacyc should be satisfied. TYHRRBSSRET . tPcycx2<tACYCRZIH o
When switching the source clock: tpey % 6 < tacyc should be satisfied. PIHURES BT . tPcycx6<tACYCRLE Eo
Note: tpeyc: PCLKB cycle, tppeye: PCLKD cycle Note: tpeyc: PCLKB cycle, tppeye: PCLKD cycle
Port % % Port >¥ %
" trrw i " trw i
Figure 2.36 I/0 ports input timing Figure 2.36 (o) {mLI1PN: b2
POEG input trigger >§E }< POEGHINfit % >§E jF<
<€ > = >l
tPOEW tPOEW
Figure 2.37 POEG input trigger timing Figure 2.37 POEGHN\fih & B3 %
Input capture BN
1< > 1< q!
teTicw teTicw
Figure 2.38 GPT input capture timing Figure 2.38 GPTHIAIEIRIFF
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tacvc >
—— tackwL —> < tackwH —>
AGTIO, AGTEE Z X
(input) X
tacvez >
AGTIO, AGTO,
AGTOB
(output)
N
Figure 2.39 AGT I/O timing
ADTRGO * —+
" trrew i
Figure 2.40 ADC14 trigger input timing
KROO to KRO7 }#
.
[« " >
Figure 2.41 Key interrupt input timing
2.3.7 CAC Timing
Table 2.33 CAC timing
Test
Parameter Symbol | Min Typ Max | Unit | conditions
CAC CACREF inpUt pUISe width tPchc*1 < tCaC*Z tCACREF 4.5 % tcac +3 % tPchc*1 - - ns -
tPchc*1 > teac? S X teae + 6.5 tPchc*1 - - ns

Note 1.
Note 2.

tpeeyc: PCLKB cycle.
tcac: CAC count clock source cycle.
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< tacve >
re— tackwi r—— tackwH —>
AGTIO, AGTEE Z X
(input) \ X
N
tacvez >
AGTIO, AGTO,
AGTOB
(output)
N
Figure 2.39 AGT I/O timing
ADTRGO * +
D trrew 7
Figure 2.40 ADC14ft RN
KRO0O0 to KRO7 *
£
[ - >
Figure 2.41 EEPERARF
2.3.7 CACBYF
Table 2.33  CACitBd
Wik &4
Parameter Symbol | Min Typ | Max | Unit
CAC CACREFSINRX A B traoye™ Steac™® | tcacrer | 45 % tac + 3 X tpaeye™! | - - ns -
tF’chc*1 > teac? S X teae + 6.5 tPchc*1 - - ns
Note 1. tpgcyc: PCLKB cycle.
Note 2. tcac:CACIH#BY#EE .
RO1DS0359EJ0100 Rev.1.00 RENESAS H5501, #1050
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2.3.8 SCI Timing
Table 2.34 SCI timing (1)
Test
Parameter Symbol Min Max Unit™ conditions
SClI 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 tscks - 20 ns
Output clock cycle | Asynchronous tseye 6 - tpeyc
Clock synchronous 4 -
Output clock pulse width tsckw 0.4 0.6 tseyc
Output clock rise time 1.8 V or above | tgcr - 20 ns
Output clock fall time 1.8 V or above | tgcs - 20 ns
Transmit data delay | Clock 1.8 Vorabove | tryp - 40 ns Figure 2.43
(master) synchronous
Transmit data delay | Clock 2.7 V or above - 55 ns
(slave) synchronous
2.4V or above - 60
1.8 V or above - 100
Receive data setup | Clock 2.7V orabove | tgxs 45 - ns
time (master) synchronous
2.4V or above 55 -
1.8 V or above 90 -
Receive data setup | Clock 2.7V or above 40 - ns
time (slave) synchronous
1.8 V or above 45 -
Receive data hold Clock synchronous tRxH 5 - ns
time (master)
Receive data hold Clock synchronous tRXH 40 - ns
time (slave)
Note 1. tpeyc: PCLKA cycle.
tsckw tsckr tscxs
< > l—
SCKn i \ i "\
(n=0,1,4,9) N
tScyc "
Figure 2.42 SCK clock input timing
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Table 2.34  SCIBdF (1)
ML
Parameter Symbol Min Max Unit™
SCl PN Asynchronous tseyo 4 - tPeyo Figure 2.42
B s R 6 -
LN a9l tsckw 04 0.6 tseye
HINBY $9 LAY i8] tsckr - 20 ns
LN RN tscks - 20 ns
4 He B R A HR Asynchronous tseye 6 - teoyc
B EPEI S 4 -
BB E tsckw 0.4 0.6 tseyc
T B B A BYE) 1.8VEL LA E tsckr - 20 ns
T80 HH B £ T FR B i) 1.8VEL LA E tscs - 20 ns
;’55@%&?&@5 ( | w#ES 18VEIL £ tryp - 40 ns Figure 2.43
FHEIELEE (W | HHRES 2.7VEi A E - 55 ns
) 24VELLE - 60
1.8V A E - 100
T%(g%ﬂ%@ﬁﬂﬁl‘ﬂ B $E) 27VEL E trxs 45 - ns
2.4V E 55 -
1.8va £ 90 -
BWHSiERINE | MRS 2.7VEi A E 40 - ns
(M#)
1.8VE L E 45 -
BWHIERENE | NHES trRxH 5 - ns
(FEH)
RSUERSEE | BHES tRxH 40 - ns
(M#)
Note 1. tpcyc: PCLKA cycle.
tscrw tsckr tscxs
< «
SCKn 4/ [ ‘\
(n=0,1,4,9) L
towe
Figure 2.42 SCKET§pIENBT 7
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SCKn m SCKn m

trxo trxo
TXDn X X Xi TXDn X X Xi
trxs | trxH trxs | trxH
v | S ) v | S )
n=0,1,4,9 n=0,1,4,9
Figure 2.43 SCl input/output timing in clock synchronous mode Figure 2.43 IR IER FASCHaNFNHITF
Table 2.35  SCI timing (2) Table 2.35  SCIBtF (2)
Parameter Symbol Min Max Unit Test conditions Parameter Symbol Min Max Unit plfas-2Es
Simple | SCK clock cycle output (master) tspeyc 4 65536 tpoyc Figure 2.44 Simple | SCKE$hEERGIH (FEH) tspoyc 4 65536 teoyo Figure 2.44
SPI "SCK clock cycle input (slave) 6 65536 SPI FsckessEmmA (M) 6 65536
SCK clock high pulse width tSPCKWH 0.4 0.6 tspoye SCKBY SR BRORIEE tSPCKWH 0.4 06 tspoye
SCK clock low pulse width tspeKwL 0.4 06 tspoye SCKBY SR EBK R E tspoKWL 0.4 06 tspoye
SCK clock rise and fall time 1.8 V or above | tgpckr, - 20 ns SCKBY ¥ _EF+F1 T BEAY 18] 1.8VE Lk tspckr, - 20 ns
tspcks tspcks
Data input setup Master | 2.7 V or above | tgy 45 - ns Figure 2.45 to HiEm AR Master | 27V L tsu 45 - ns E245%
time 2.4V or above 55 - Figure 2.48 B 24V E 55 - Figure 2.48
1.8 V or above 80 - 1.8VEIE 80 -
Slave 2.7 V or above 40 - Slave 27V E 40 -
1.8 V or above 45 - 1.8Vl E 45 -
Data input hold time | Master th 33.3 - ns BB RIFASE] | Master th 33.3 - ns
Slave 40 - Slave 40 -
SS input setup time tLeAD 1 - tspeyc SSHI N ILAYIE] tLEAD 1 - tspeye
SS input hold time tLaG 1 - tspeyc SSHINRFFAY 8] tLac 1 - tspeyc
Data output delay | Master | 1.8 V or above | top - 40 ns HiERIHIER Master | 1.8VELIL top - 40 ns
Slave 2.4V or above - 65 Slave 24V E - 65
1.8 V or above - 100 1.8V E - 100
Data output hold Master | 2.7 V or above | toy -10 - ns SRR R Master | 27VELLLE ton -10 - ns
time 2.4V or above —20 - = 24V E 20 -
1.8 V or above -30 - 1.8VEIE -30 -
Slave -10 - Slave -10 -
Data rise and fall Master | 1.8V orabove | tp, tpy - 20 ns iR LA Master | 1.8VELLILE tor, tof - 20 ns
time Slave | 1.8V or above - 20 HIE) Slave | 1.8VEiLLE - 20
Slave access time tsa - 10 (PCLKA > | tpyc Figure 2.47 and ki)Y jE] tsa - 10 (PCLKA > | tpyc E2.47%0
32 MHz), Figure 2.48 32 MHz), Figure 2.48
6 (PCLKA < 6 (PCLKA <
32 MHz) 32 MHz)
Slave output release time trEL - 10 (PCLKA > | tpgye A A8 L R T 8] tREL - 10 (PCLKA > | tpgye
32 MHz), 32 MHz),
6 (PCLKA < 6 (PCLKA <
32 MHz) 32 MHz)
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tspckwH tspckr tspexs tspckwH tspckr tspes
SCKn SCKnEMIE
master select Bt
output

> >
tspckwh tspokr tspcke tspckwH tspokr tspcks
VlH
SCKn SCKNMALEIR
slave select input N
(n=0,1,4,9) fspow (n=0,1,4,9)
Von=0.7 x VCC, Vo_,=0.3 x VCC, Vi3=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 S SPI{E R B #h B

— —
. VA VAN / O N /
output output
sckn T sckn T\
CKPOL =1 N /—\_‘ (—\_/ CKPOL =1 N /—\_‘ (—\_/
output N 9—/ \— output N 5_/ \_
tSU tH tsu tH
m:)i?n <} < DATAZ} < LsBIN ) { MSBIN I“:Li?” 4» — DATAz:>7—< LSBIN ) { MsB N
t?r, th tOH ! tOD ter th e tOH e tOD
gﬂu?psd{‘ )ZL MSB OUT DATA >§ LSB OUT >< IDLE ><MSB out gﬂu?psu't" AZE MSB OUT l2< DATA >§ LSB OUT >< IDLE ><MSB out
(n=0,1,4,9) (n=0,1,4,9)
Figure 2.45 SCI simple SPI mode timing (master, CKPH = 1) Figure 2.45 SCIig s SPIEINBTF (EH, CKPH=1)
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tsu ty

VR N\ / 7. N SNV /
outpu outpu

SCKn -\ i SCKn h J

e WV N - e WV -

m:i?” MSBIN p—+—{ DATA LSB IN MSB IN m:)‘z?” MSBIN p—+—{ DATA LSB IN MSB IN

N N
ton top tor, tor ton to tor, tor
[ [ > e [ >hie

MOSIn ” Y MOSIn ? RV a

output MSB OUT >§  DATA >< LSB OUT 72_ IDLE ><MSB out output MSB OUT  DATA >< tseout X IDLE ><MSB out

(n=0,1,4,9) (n=0,1,4,9)

Figure 2.46 SClI simple SPI mode timing (master, CKPH = 0) Figure 2.46 SCIEISPIHER Y (EH, CKPH=0)
_ to _ to
ss \ r y ss -\ s y
inp[}t | " 7Z \ inp:t | ” 7Z \
| tea 7 tiac | tea 7 tiac
355, o . A / 355, o AN /
input — 7 i input — 7 i
SCKn  EE— i SCKn  EE— i
CKPOL =1 N _/—\_‘ \ CKPOL =1 N _/—\_‘ \
input — — input N —r
tsa ton too treL ton too treL
<> > <> €|
2’!;‘3{‘ MSB OUT §< DATA >§: LSB OUT :Zz MSB IN MSB OUT '(\)"L:tsp(at” Q MSB OUT §< DATA >§: LSB OUT :Z: MSB IN MSB OUT
tsu tn tor,tor tor,tor
mgu?'n <> DATA D—@ { MSBIN :\r/]IguStIn DATA >—< LSB IN > { MSBIN
(n=0,1,4,9) (n=0,1,4,9
Figure 2.47 SClI simple SPI mode timing (slave, CKPH = 1) Figure 2.47 SCIESPIHERBYF (M#HL, CKPH=1)
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tro -
SSn \ y A
input N « —Z \
tLean 7 tac
< >
SCKi ) ¢ /
CKP?)L =1 F &< /
input
SCKn \ )
CKPOL =0 /] \
input \—7 R
tsa ton too treL
MISOn LSB OUT HIJ’”
output (Last data) MSB OUT ’ DATA I LSB OUT MSB OUT
) le—
tsu tH tDr, Df
o ) v
input
(n=0,1,4,9)
Figure 2.48 SCI simple SPI mode timing (slave, CKPH = 0)
Table 2.36 SCI timing (3)
Conditions: VCC =2.7t0 3.6 V
Parameter Symbol Min Max Unit Test conditions
Simple IIC SDA input rise time tsr - 1000 ns Figure 2.49
(Standard mode) "gp A%n oyt fall time tor - 300 ns
SDA input spike pulse removal time tsp 0 4 xtcoctt | ns
Data input setup time tspas 250 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp*2 - 400 pF
Simple IIC SDA input rise time tsr - 300 ns Figure 2.49
(Fast mode) : - _ For all ports use
SDA input fall time tst 300 ns PmnPFS. DSCR
SDA input spike pulse removal time tsp 0 4 x t”CCyC*1 ns of middle drive.
Data input setup time tspas 100 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp*2 - 400 pF
Note 1. tjceye: Clock cycle selected by the SMR.CKS[1:0] bits.
Note 2. Cb indicates the total capacity of the bus line.
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tro -
SSn \ y A
input N ‘ —Z \
’ tean 7 tac
SkPOL = 1 N /
input h 7 N
SCKn \ )
CKPOL =0 /] \
input \—7
tsa ton ton treL
1)
MISOn LSB OUT 5
outpit (Last data) MSB OUT | DATA I LSB OUT MSB OUT
¥ le—
tsu || tw tor, tor
o oon }
(nN=0,1,4,9)
Figure 2.48 SCIESPIHERBYF (M#HL, CKPH=0)
Table 2.36 SCIBtF (3)
Conditions: VCC =2.7t0 3.6 V
Parameter Symbol Min Max Unit | M54
Simple IIC SDAXIN _EFBYE] tsr - 1000 ns Figure 2.49
(Standard mode) I"cp \¢s X Frsadial tor - 300 ns
SDAI N SRIEBK A2 BREY 8] tsp 0 4 X tycey! | Ns
G IDNE RV NE] tspas 250 - ns
6 NP SN tspaH 0 - ns
SCL, SDA capacitive load Cp*2 - 400 pF
Simple IIC SDAXIN _EFBYE] tsr - 300 ns Figure 2.49
Y N bS %O,
(Fast mode) SDARIN T F B8] tsf - 300 ns %igfﬁgggfm
SDAHIARIEBOH B tsp 0 FETTSNC P
IRV ] tspas 100 - ns
6 NP SN tspaH 0 - ns
SCL, SDA capacitive load Cp*2 - 400 pF
Note 1. tlICcyc: HASMR.CKS[1:0MiE3ZHYBT £ & A,
Note 2. ChRTARLENEBE,
R01DS0359EJ0100 Rev.1.00 .IENESAS 556001, #1050
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V|H
Vi

SDAnN
tsr > tss
SCLn
p*1 S+
(n=0,1,4,9)

—> «—tgp

.

sr+'

L/

<— tspan

Note 1. S, P, and Sr indicate the following conditions:
S: Start condition
P: Stop condition
Sr: Restart condition.

tspas

Test conditions:
Viu=VCC x 0.7,V =VCC x 0.3
VoL=0.6 V, oL =6 mA

Figure 2.49

SCI simple lIC mode timing
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VlH
Vi

SDAn
_ ]
tsr > tss
—>| «—tgp
SCLn J J \\ v \J
p*! g1 === Sr*t TTTTT p*!
(n=0,1,4,09)
<— tspan tspas
Test conditions:
VIH=VCCx0.7, VIL=VCCx0.3
VOL=0.6V, IOL=6mA
Note 1. S. PFISrRIRLAT&MA:
S: FUA%KMHP:
fFIE&MH
Sri ERFM.
Figure 2.49 SCIFE RICIERBIF
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Table 2.37

SPI Timing

SPI timing (1 of 2)
Conditions: Middle drive output is selected in the Port Drive Capability in PmnPFS register

Parameter Symbol | Min Max Unit™ | Test conditions
SPI | RSPCK clock cycle | Master tspeyc 2*4 4096 tpeye | Figure 2.50
Slave 6 4096
RSPCK clock high | Master tspckwH | (tspeye — tsPekr - ns
pulse width —tspekf) /2-3
Slave 3 % tpeye -
RSPCK clock low Master tspekwe | (tspeye — tspekr - ns
pulse width —tspcks) /2-3
Slave 3 * tpeye -
RSPCK clock rise Output 2.7V orabove | tgpckr, - 10 ns
and fall ime 2.4V or above | 'SPCKf - 15
1.8 V or above - 20
Input - 1 us
Data input setup Master tsu 10 - ns Figure 2.51 to
time Slave 2.4 V or above 10 - Figure 2.56
1.8 V or above 15 -
Data input hold time | Master the 0 - ns
(RSPCK is PCLKA/2)
Master ty tpeyc -
(RSPCK is other than
above.)
Slave th 20 -
SSL setup time Master | 1.8 Vorabove | t gap -30 + N x tgpeyc*? | - ns
Slave 6 * tpeyc -
SSL hold time Master tLag -30 + N x tgpo 3 | -
Slave 6 % tpeyc -
Data output delay Master 2.7V orabove | top - 14 ns Figure 2.51 to
2.4V or above - 20 Figure 2.56
1.8 V or above - 25
Slave 2.7 V or above - 50
2.4 V or above - 60
1.8 V or above - 85
Data output hold Master ton 0 - ns
time Slave 0 -
Successive Master tro tspeyc + 2 X tpeye | 8 X tspeyc ns
transmission delay +2 X tpeye
Slave 6 % tpeyc -
MOSI and MISO Output 2.7V orabove | tp tpf - 10 ns
rise and fall time 24V or above N 15
1.8 V or above - 20
Input - 1 us
R0O1DS0359EJ0100 Rev.1.00 RENESAS Page 62 of 105
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2.3.9 SPIR
Table 2.37  SPIBYF (10f2)
%M. TEPMNPFSE 728 A9PortDriveCapability #1543 Hr (8] 3R T
Parameter Symbol | Min Max Unit™ | g &4
SPI | RSPCKBY$hEIHA Master tspeye 2*4 4096 tpeye | Figure 2.50
Slave 6 4096
RSPCKBY#pmfkH | Master tspckwH | (tspoye — tspokr - ns
RE ~tspexr)/2-3
Slave 3xtp oye -
RSPCKEI$H{EERKA | Master tspckwi | (tspoye — tspekr - ns
Lz - tspokr) /2 -3
Slave 3 * tpeye -
RSPCKRY# EFH] | Output 27VELE tspckr - 10 ns
THREE JAVELE | tseekr [ 15
1.8VE AL - 20
Input - 1 us
ES SN ERVAN | Master tsu 10 - ns E251F
o Slave | 24VEELE 10 - Figure 2.56
1.8VE LA E 15 -
iR N\ RIFBTE] AI;)TL (RSPCKHAIPCLK te 0 - ns
Slave th 20 -
SSLig ERYE] Master 1.8VE A E tLEAD -30 + N % tgpeyc™? | - ns
Slave 6 * tpeyc -
SSLER¥FET (8] Master tLaG -30 + N x tgpe ™3 | -
Slave 6 X tpoyc -
iR HIER Master 27V E top - 14 ns E251%
24V E - 20 Figure 2.56
1.8V L - 25
Slave 27VELE - 50
24VH L E - 60
1.8VE LA E - 85
BEm R AT Master ton 0 - ns
o Slave 0 -
EEEWER Master tro tspoyc * 2 X tpgye | 8 X tspeye ns
+2x tPcyc
Slave 6 % tpoyc -
MOSIFIMISO £ Output 27VELE tor tor - 10 ns
FHRIRREEE 24V £ | - 15
1.8V L - 20
Input - 1 us
R01DS0359EJ0100 Rev.1.00 RENESAS 56201, #105M
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Table 2.37

SPI timing (2 of 2)

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

Parameter Symbol | Min Max Unit™ | Test conditions
SPI SSL rise and fall Output 2.7V orabove | tgg - 10 ns Figure 2.51 to
time 2.4V or above | tsstf - 15 Figure 2.56
1.8 V or above - 20
Input - 1 us
Slave access time 2.4V orabove | tgp - 2 x tpgye + 100 | ns Figure 2.55 and
1.8V or above - 2 X tpeyo + 140 Figure 2.56
Slave output release time 2.4V or above | trg. - 2 % tpeye + 100 | ns
1.8 V or above - 2 X tpeyc + 140
Note 1. tpgyc: PCLKA 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.
Note 4. The upper limit of RSPCK is 16 MHz.
tspekwH tspekr tspcks
RSPCKn
master select
output
tspckwh
RSPCKn
slave select input
Von=0.7 x VCC, Vo= 0.3 x VCC, Viy=0.7 x VCC, V,.=0.3 x VCC
n=AorB
Figure 2.50 SPI clock timing
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Table 2.37  SPIBIF (222)
%M. TEPMNPFSE 728 AIPortDriveCapability #1543 Hr (8] 3R T
Parameter Symbol | Min Max Unit™ | g &4
SPI gjg%:ﬂ%ﬂﬂé Output | 27vELE tssir - 10 ns E251%
' 24V E tssif - 15 Figure 2.56
1.8VE L L - 20
Input - 1 us
& 18] B 8] 24V E tsa - 2 x tpgye+ 100 | ns E2.55%]
1.8VE L E - 2 x tPcyc +140 Figure 2.56
U\m’iﬁﬂjﬁﬁﬁlﬂ‘ﬂﬁl 24V§£L>{J: tREL - 2 % tPcyc +100| ns
18V £ - 2 X tpgy + 140
Note 1. tpgyc: PCLKA cycle.
Note 2. NHSPCKDEF2RIZE NI M1EISHIEEEL,
Note 3. NHSSLNDZEF#3 1 E 1 FISHIEL,
Note 4. RSPCKHY_EFR/916MHz,
tspekwH tspckr tspcks
RSPCKnZE i#%
At
>|
tspckwH tspckr tspoks
Vin
RSPCKnM#EHE
DN
tsperwL
VOH=0.7xVCC, VOL=0.3xVCC, VIH=0.7xVCC, VIL=0.3xVCC
n=AorB
Figure 2.50 SPIBY$hEYFF
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_ to o
SSLnO to e - i SSLnO to £ - Ay
SsLn3 ™ N SsLn3 ™ ™
output TerD 5 tre 11 output terD 5 tire -1 [2
tssir, tssit tssir, tssit
RSPCKn % \ ™\ ' RSPCKn % X ™\ '
CPOL = 0 A \_ﬁ / CPOL = 0 A J /
output output
RSPCKn —\ RSPCKn —\
CPOL =1 /—\_‘ \ CPOL =1 /—\_‘ \
output — ’_/ output m— ’_/
sy th tsu th
MISOn 4 MsBIN DATA LSB IN {MSB IN MISOn 4 MsBIN D DATA { LsBIN {MSB IN
input input \
tEr, th le— ton k—y top tEr, tor le— ton ey too
NV R i - NV \ 7 -
MOSin X MSBOUT §< DATA >§ LSB OUT >< IDLE ><MSB ouT MOSin X MsSBOUT §< DATA >§ LSB OUT >< IDLE ><MSB ouT
output +x y ,),’ - output X y ,),’ -
n=AorB n=AorB
Note: There is no SSLB2 Note: &BSSLB2
Figure 2.51 SPI timing (master, CPHA = 0) (bit rate: PCLKA division ratio is set to any value other than 1/2) Figure 2.51 SPIEIE (FEH, CPHA=0) (Eb4¥=E: PCLKASSRLLIZE 79120991 E(T{E)
o o
SSLnO to 5 ~ RV E SSLnO to 5 N v E
SSLn3 & 'Zr 'Xr SSLn3 & 72- X
output tLeap fiae | > output tLean tla = >
tsstr, tssir tsstr, tssir
RSPCKn / 5\_/_"i \I / RSPCKn / 5\_/_"i \I /
cPOL=0 4 X CPOL=0 ____ 7 A
output output
RSPCKn b 4 RSPCKn 3 Z—\_7 4
CPOL =1 \_7/—\_“_/—\_72 \ CPOL =1 N 3_/ / A
output tsu thr thr output tsu the thr
[ = > [ ]
A N ‘)‘: N A N 7 N
MISOn — MSBIN §—< DATA >—< LSB IN[ - MSB IN MISOn — 3 MSBIN §—< DATA >—< LSB IN| b {MSB IN
input 1 <5 input 7 <5
tor, tor le— ton e too tor, tor le— ton ey too
NV R ‘)r) - N \ )y y
MOSiIn X MsBoOUT §< DATA >§ LSB OUT >< IDLE ><MSB ouT MOSIn X MsBoOUT §< DATA >§ LSB OUT >< IDLE ><MSB ouT
output v I v 4 - output v v 4 -
n=AorB n=AorB
Note: There is no SSLB2 Note: & SSLB2
Figure 2.52 SPI timing (master, CPHA = 0) (bit rate: PCLKA division ratio is set to 1/2) Figure 2.52 SPIEYF (FE#E, CPHA=0) (EL4F3E: PCLKASRLLI&E712)
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tro tro

SSLno to 55 _X: '_X_ SSLno to <5 _Z: '_X_

SSLn3 SSLn3

output £ 1~ 1N~ output I 1~ 1N~

tLeaD tiac > e tLeaD tiac > e
— tssir, tssir — tssir, tssir
RSPCKn / ~ / RSPCKn / N /
cPOL = 0 3 CPOL = 0 ] \
- 7

output \—/ output \—/

RSPCKn \ RSPCKn \ I

CPOL = 1 Y \ \ CPOL =1 Y \ \

output \— N output \— N

tsu ty tsu ty
m:}i?” > L «( DATA ) { LSBIN ) { MSB IN m:}i?” > —<( DATA ) { LSBIN ) { MSB IN
ton to tor, tor 4t0—H> to tor, tor
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Figure 2.53 SPI timing (master, CPHA = 1) (bit rate: PCLKA division ratio is set to any value other than 1/2) Figure 2.53 SPIEIF (EH, CPHA=1) (EL452E: PCLKASSRLLIEE 7912 A9 I(E ()
_to _ to
SSLN0 to % - i SSLn0 to % - -
sSLn3 X X ssLn3 X X
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output - output -
RSPCKn —\ \ f\_/_ RSPCKn \ \ f\J_
CPOL =1 1% N \ CPOL = 1 Y N\ \
output \— s output \— s
tsu i thr ot tsu i tir W
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n=AorB n=AorB
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Figure 2.54 SPI timing (master, CPHA = 1) (bit rate: PCLKA division ratio is set to 1/2) Figure 2.54 SPIBRF (E#E, CPHA=1) (Lb43EE: PCLKASSRLLIgE H12)
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SPI timing (slave, CPHA = 0)
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2.3.10 [IC Timing 2.3.10 [IC Timing
Table 2.38 lIC timing Table 2.38 lIC timing
Conditions: VCC = 2.7 to 3.6 V Conditions: VCC =2.7 to 3.6 V
Test Mt S
Parameter Symbol | Min*1 Max Unit | conditions Parameter Symbol | Min*1 Max Unit
Inc SCL input cycle time tscL 6 (12) * tyceye + 1300 | - ns Figure 2.57 Ic SCLE N\ EEABY 8] tscL 6 (12) * tyceye + 1300 | - ns Figure 2.57
standard mode, - - - standard mode, T p——
(SMBus) SCL input high pulse width tscLH 3 (6) * tcyc + 300 - ns (SMBus) SCLM NS HEE tscLH 3 (6) * tcyc + 300 - ns
SCL input low pulse width tscLL 3 (6) * tceye + 300 - ns SCLENRRK A EEE tscLL 3 (6) * tceye + 300 - ns
SCL, SDA input rise time ts - 1000 ns SCL. SDAXIN _LF+BYE] tsr - 1000 ns
SCL, SDA input fall time tss - 300 ns SCL. SDAMIN FPEETIE] tss - 300 ns
SCL, SDA input spike pulse removal | tgp 0 1(4) % ticeye | NS SCL. SDAXIANRUERKHZEFRETE] tsp 0 1(4) % ticeye | NS
time
SDA input bus free time tsuF 3 (6) * tyceye *+ 300 - ns SDAMIN B HETE] (RFAMRE | tgyr 3 (6) X tjigeye *+ 300 - ns
(When wakeup function is disabled) TIEEET)
SDA input bus free time tsuF 3(6) * tiicoye + 4 X tpoyc | - ns SDABIN S WEYE (BRAMRE | tgyr 3(6) * tiicoye + 4 * tpoyc | - ns
(When wakeup function is enabled) + 300 THEERT) + 300
START condition input hold time tsTAH tiiceye *+ 300 - ns STARTAFAINRIFETIE] CRAIR | tsran ticeye + 300 - ns
(When wakeup function is disabled) FETHRERY)
START condition input hold time tsTAH 1(5) % ticeye * troye + | - ns STARTR AN REFETIE] (BRI | tsran 1(5) * ticeye * treye + | - ns
(When wakeup function is enabled) 300 BETORERT) 300
Repeated START condition input tsTAs 1000 - ns EERFHMARIE tsTAs 1000 - ns
setup time
STOP condition input setup time tstos 1000 - ns STOPZ i N2 37 B8] tstos 1000 - ns
Data input Setup time tSDAS tIICcyc +50 - ns i‘ﬂiﬁiﬁ)\ﬁ_\iﬂ? fEﬂ tSDAS tIICcyc +50 - ns
Data input hold time tspaH | O - ns B IDNESEENEE tspaH | O - ns
SCL, SDA capacitive load Cp - 400 pF SCL, SDA capacitive load Cp - 400 pF
Ic SCL input cycle time tscL 6 (12) X tceyc + 600 - ns | Figure 2.57 Inc SCLE N B #ABYE] tscL 6 (12) X tceyc + 600 - ns | Figure 2.57
(Fast mode) SCL input high pulse width tsctn | 3 (6) % tigeyo + 300 | - ns E;’; all ports, (Fast mode) SCLANBIRA R E tsctn | 3 (6) % ticeyo + 300 | - ns ?ﬁg gl
SCL input low pulse width tsoll | 3(6) X tyceye + 300 - ns | PmnPFS.DS SCLEIN Rk 22 tscll | 3(6) X tyceye + 300 - ns éﬂéfggpmﬂPF
SCL, SDA input rise time tg - 300 ns SR of middle SCL. SDAMIA LFAYE] tg - 300 ns |
rive.
SCL, SDA input fall time tst - 300 ns SCL. SDAXINTFERYE] tst - 300 ns
SCL, SDA input spike pulse removal | tgp 0 1(4) X tygeye | NS SCL. SDAMINRIERKAZEPRAEYE] tsp 0 1(4) X tygeye | NS
time
SDA input bus free time tsuF 3 (6) * tyiceyc + 300 - ns SDABIN ST WEYE (FFAMRE | tgyr 3 (6) * tyiceye + 300 - ns
(When wakeup function is disabled) ThEERT)
SDA input bus free time tsur 3 (6) X tIICcyc +4 x tPcyc - ns SDAAEﬁ)\/§\2£§|\7FJ Bl (2 FRMEEE tBUF 3 (6) x tIICcyc +4 % tPcyc - ns
(When wakeup function is enabled) +300 Thiery) +300
START condition input hold time tsTAH ticeye + 300 - ns STARTR AN RIFETIE] (RAMR | tgran ticeye + 300 - ns
(When wakeup function is disabled) B2INRERT)
START condition input hold time tsTAH 1(5) X ticeye * troye * | - ns STARTHRAFINRIFETIE] (BAMR | tsran 1(8) * ticoye + troye + | - ns
(When wakeup function is enabled) 300 BETHRERT) 300
Repeated START condition input tsTas 300 - ns EERBFMHEANRIITE tsTas 300 - ns
setup time
STOP condition input setup time tstos | 300 - ns STOP%& i N2 1LY 18] tstos | 300 - ns
Data input setup time tspas | ticeye * 50 - ns B &P = AVA: ) tspas | ticeye * 50 - ns
Data input hold time tspan | O - ns RN R (E] tspaH | O - ns
SCL, SDA capacitive load Cp - 400 pF SCL, SDA capacitive load Cp - 400 pF

Note:
Note 1.

tiiceyce: 1IC internal reference clock (IICo) cycle, tpeyc: PCLKB cycle
The value 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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Note:
Note 1.

tlCcycICAE S E B #(ICH) B, tPcyc:PCLKBEHA
ESHHEERFICMR3NFI:0I&E 110 B F &K 28 /5 A BICFERNFEIRE 7167,
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VIH j
SDAO, SDA1
Vi I LA
taur
< > tscLm
—>| —> i tsTas —>| «—tsp —> <! tstos
\ ——-
SCLO, SCL1 \ v
P*1 3*1 T Sr*1 Tt P*1
ter —> tspas
< tspan
Note 1. S, P, and Sr indicate the following conditions.
S: Start condition
P: Stop condition
Sr: Restart condition
Figure 2.57 I2C bus interface input/output timing
2.3.11 CLKOUT Timing
Table 2.39 CLKOUT timing
Parameter Symbol Min | Max | Unit* Test conditions
CLKOUT CLKOUT pin output cycle*! VCC =2.7 V or above | tceyc 62.5 | - ns Figure 2.58
VCC =1.8 V or above 125 | -
CLKOUT pin high pulse width*2| VCC = 2.7 V or above | tcy 15 - ns
VCC =1.8 V or above 30 -
CLKOUT pin low pulse width*2 | VCC = 2.7 V or above | tc, 15 - ns
VCC =1.8 V or above 30 -
CLKOUT pin output rise time VCC =2.7 V or above | tc, - 12 ns
VCC =1.8 V or above - 25
CLKOUT pin output fall time VCC = 2.7V or above | tc¢ - 12 ns
VCC =1.8 V or above - 25
CLKOUT_RF*3 | CLKOUT_RF pin output cycle tcRFeye 250 | - ns Figure 2.59
CLKOUT_REF pin high pulse width tcRFH 100 | - ns
CLKOUT_REF pin low pulse width torEL 100 | - ns
CLKOUT_REF pin output rise time terFr - 5 ns
CLKOUT_REF pin output fall time tcRFf - 5 ns

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
the CKOCR.CKODIV[2:0] bits are 000b) to output from CLKOUT, the above should be satisfied with an input duty cycle of 45 to
55%.

Note 2.  When the MOCO is selected as the clock output source (the CKOCR.CKOSEL[2:0] bits are 001b), set the clock output division
ratio selection to be divided by 2 (the CKOCR.CKODIV[2:0] bits are 001b).

Note 3. The voltage for VCC_RF when CLKOUT_RF pin is to be used is between 3.0 V and 3.6 V.
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v N T T T
IH
SDAOQ, SDA1
Vi 7* ,AT
taur
< > tsoLn
—>| —> < tsTas —>| —tsp —> <! tsTos
\ R
SCLO, SCL1 \— v
P*'I S*1 Tt Sr*1 A P*1
tsr—> tspas
<= tspan
Note 1. S. PFISrRRIAT &M
S: FFUA%KMP:
fFIE& M
Sr: BEREH
Figure 2.57 RCELIEOMAGELItF
2.3.1 CLKOUT Timing
Table 2.39 CLKOUT timing
Parameter Symbol Min | Max | Unit*1 | fif& 4%
CLKOUT CLKOUT3 [FiE4 H A A1 VCC=27VE teoye 625 | - ns Figure 2.58
VCC=1.8VEH I Lt 125 | -
CLKOUTS | i@ Rk h B =2 VCC=27VE Mk ton 15 |- ns
VCC=1.8VE L L 30 -
CLKOUTS | BiMERK A B B *2 VCC=2.7VE Uk toL 15 - ns
VCC=1.8VEH I Lt 30 -
CLKOUTE | f# i £ FHEd ] VCC=2.7VER Bk ter - 12 |ns
VCC=18VE L L - 25
CLKOUTS5 | Réidas i T P2 B ) VCC=2.7VE L k£ tes - 12 ns
VCC=1.8VEH I Lt - 25
CLKOUT_RF*3 | CLKOUT_RF3 |44 tH /A A tcrFeye | 250 | - ns Figure 2.59
CLKOUT_RF5 RIS Rk A EEE terFH 100 | - ns
CLKOUT_RF5 | BMEERK A BT terFL 100 | - ns
CLKOUT_RF5| fififai tH £ 7+ B8] tcrrr - 5 ns
CLKOUT_RF%lHiDKﬁHﬂI—FﬁéEqE—'J tCRFf - 5 ns

Note 1. H{EFEXTALIMERET Shia N SIRSH 22 L1987 (CKOCR.CKOSEL[2:01Mi1:8011b, CKOCR.CKODIV[2:0]1{i:8000b) MCLKOUTEHitH

Y, ERRHR45ES5%HBA ST,

Note 2.  WhentheMOCOQisselectedastheclockoutputsource(theCKOCR.CKOSEL[2:0]bitsare001b) settheclockoutputdivisionratioselectio

ntobedividedby2(theCKOCR.CKODIV[2:0]bitsare001b) o
Note 3. fEACLKOUT_RF5|BIBY, VCC_RFRYEBETE3.OVAI3.6VZIEl,
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CLKOUT pin output

teL

Test conditions: Voy = VCC x 0.7, VoL = VCC % 0.3, loy =-1.0 mA, lo. = 1.0 mA, C =30 pF

Figure 2.58 CLKOUT output timing
tCRFcyc
t
CRFH < tCRFf
Vo \
CLKOUT_REF pin output
/ VoL
< <« tcrer
tereL CRF
Test conditions: Vou = VCC_RF x 0.8, Vo = VCC_RF % 0.2
Note. The voltage for VCC_RF pin when CLKOUT_RF is to be used is between 3.0 Vand 3.6 V.
Figure 2.59 CLKOUT_RF Output Timing
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CLKOUTS | fii4gi

< e

tCr

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

Figure 2.58 CLKOUTHIh Bt 7
tCRFcyc
terrH
> toRrr
CLKOUT_RF3 | B %
/ VoL
< < tcRrrer
terrL CRF
M4 VOH=VCC_RFx0.8 VOL=VCC_RFx0.2
%418, FACLKOUT_RFEIVCC_RFEMIBIEBIETE3.OVIIZ.6VZIE,
Figure 2.59 CLKOUT_RFiitH B

R01DS0359EJ0100 Rev.1.00

Mar 31, 2020

RENESAS



RA4W1 Datasheet

2. Electrical Characteristics

24 USB Characteristics

241 USBFS Timing
Table 2.40 USB characteristics
Conditions: VCC = VCC_USB = 3.0 to 3.6 V, Ta = -20 to +85°C (USBCLKSEL = 1)
Parameter Symbol Min Max Unit | Test conditions
Input Input high level voltage ViH 2.0 - \% -
characteristics Input low level voltage Vi - 0.8 \ -
Differential input sensitivity | Vp, 0.2 - \% | USB_DP - USB_DM |
Differential common mode | Vgum 0.8 2.5 \% -
range
Output Output high level voltage | Vou 2.8 VCC_USB \Y lon =—200 pA
characteristics Output low level voltage VoL 0.0 0.3 \Y loL=2mA
Cross-over voltage Vcrs 1.3 2.0 \Y Figure 2.60,
Rise time FS |t 4 20 ns E:gz:: ;:g;’
LS 75 300
Fall time FS tf 4 20 ns
LS 75 300
Riseffall time ratio | FS o/t 90 1M11.11 %
LS 80 125
Output resistance ZpRrvy 28 44 Q (Adjusting the resistance
of external elements is not
required.)
VBUS VBUS input voltage Vin VCC x 0.8 - \ -
characteristics Vi - VCC x 0.2 \Y -
Pull-up, Pull-down resistor Rpp 14.25 24.80 kQ -
pull-down Pull-up resistor Reur 0.9 1575 kQ | During idle state
Rpyua 1.425 3.09 kQ During reception
Battery Charging | D + sink current Iop_siNk 25 175 pA -
\S/greﬁi-fizcation D - sink current Ipm_sINK 25 175 pA -
DCD source current Ipp_src 7 13 pA -
Data detection voltage VpaT Rer | 0.25 0.4 \ -
D + source voltage Vpp src 0.5 0.7 \% Output current = 250 A
D — source voltage VbMm_sRrc 0.5 0.7 \% Output current = 250 pA
USB_DP, VCRS< ............................
USB_DM 10%
)
Figure 2.60 USB_DP and USB_DM output timing
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2.4  USBHHE
241 USBFS Timing
Table 240  USB¥§f%
% VCC=VCC_USB=3.0E3.6V, Ta=-20F+85°C(USBCLKSEL=1)
Parameter Symbol Min Max Unit | Mit&G
BN MASBTREE V4 2.0 - \% -
BWAREBTREE Vi - 0.8 \% -
EDBMANRHE Vp, 0.2 - v | USB_DP - USB_DM |
ENHETE Vewu 0.8 25 \Y -
A SR TERE Vou 2.8 VCC_USB v lon = —200 pA
RMEEBETEE VoL 0.0 0.3 v HKOL=2ER
Cross-over voltage Vcrs 1.3 2.0 \Y Figure 2.60,
T FESE FS |t 4 20 ns E:gﬂ;: ;:g;*
LS 75 300
AT E] FS t 4 20 ns
LS 75 300
EATEMELL | FS |t/ 20 111.11 %
LS 80 125
Wit Zprv 28 44 Q (FREFEBIMNITHN
BB, )
VBUS VBUSHIN EBE Vig VCC x 0.8 - v -
characteristics Vi - VCC x 0.2 \Y -
Pull-up, Pull-down resistor Rpp 14.25 24.80 kQ -
pull-down Pull-up resistor Reu, 0.9 1575 kKQ | SRRARE
Rpua 1.425 3.09 kQ | B
BT ER D+EEER Iop_SINK 25 175 pA -
Specfloation D EER Iom sk | 25 175 e
DCDJRER Ibp_SrRC 7 13 pA -
RN B E Vpar Rrer | 0.25 0.4 \% -
D+iEERE Vpp src | 05 0.7 v it B =250pA
D—RHE Vom src | 05 0.7 v i1t BB 7=250A
USB_DP,
USB_DM
Figure 2.60 USB_DP#IUSB_DMiaiti Bt F
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Observation
DP point
or /
- 1
% 50 pF
DM
50 pF
Figure 2.61 Test circuit for Full-Speed (FS) connection
Observation
DP point
or /
L1
l 200 pF to
% 600 pF 36V
1.5 KQ
DM

l 200 pF to /

% 600 pF  Observation
point

Figure 2.62 Test circuit for Low-Speed (LS) connection
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MBS
DDF’ ¥
i 50 pF
DM
50 pF
Figure 2.61 23R (FS)iEE i B iy
MEE =
EE’ ¥
L 200 pF to
% 600 pF 36V
1.5 KQ
DM
l 200 pF to /
% 600 pF  Observation
point
Figure 2.62 & (LS) &Mt eR B
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2.5 ADC14 Characteristics
VREFHO L VREFHO |
a0 [ 40 b
36 36|
3.5 3.5
- - I AID Conversion
- | | A/DConversion - ] Characteristics (3)
30 B Characteristics (1) 3.0 B
27 E——————r— | A/D Conversion 27— — == I A/D Conversion
25 | Characteristics (2) 25 [ ™" Characteristics (4)
24 i 24 —————
n | | - — A/D Conversion
20 : : 20 Characteristics (5)
- ] 18—
o o Col 1o
T I A I | I N 1 Y A A I
24 27 3.6 AvVCCO 18 24 27 36 AvVCCO
2.0 25 3.0 35 4.0 2.0 25 3.0 3.5 4.0
ADCSRADHSC =0 ADCSRADHSC =1
Figure 2.63 AVCCO0 to VREFHO voltage range
Table 2.41 A/D conversion characteristics (1) in high-speed A/D conversion mode (1 of 2)

Conditions: VCC = AVCC0 =2.7 t0 3.6 V, VREFH0 = 2.7 t0 3.6 V
Reference voltage range applied to the VREFHO and VREFLO.

RA4W1 Datasheet

2. BRAM

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 48 MHz -
Analog input capacitance*2 Cs - - 8 (reference data) pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
Analog input resistance Rs - - 2.5 (reference data) | kQ High-precision channel
- - 6.7 (reference data) | kQ Normal-precision channel
Analog input voltage range Ain 0 - VREFHO \Y -
12-bit mode
Resolution - - 12 Bit -
Conversion time*1 Permissible signal 0.94 - - ys High-precision channel
(Operation at source impedance ADCSR.ADHSC =0
PCLKC =48 MHz) Max. = 0.3 kQ ADSSTRN.SST[7:0] = 0Dh
1.50 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
Offset error - +0.5 +4.5 LSB High-precision channel
+6.0 LSB Other than above
Full-scale error - $0.75 | #4.5 LSB High-precision channel
6.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - +1.25 | 5. LSB High-precision channel
+ LSB Other than above
DNL differential nonlinearity error - +1.0 - LSB -
INL integral nonlinearity error - + +3.0 LSB -
14-bit mode
Resolution | - | - 14 | Bit | -
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VREFHO [ VREFHO L
40 | a0 |
36 36
35 3.5
N I~ [ ADESHRIFIE(3)
- | | ADEHHE() - T | I
a0 [ 30 =
27 === || hommisHQ) 27— ——— || D@
25 ! 25
24 St it e 24 —————
- 1o - — ADFEI4F I (5)
20 L1 20
- (B -
B | [} 18—
N o Co [
T 1 B [ T Y O I e A [
24 27 36 AVCCO 18 24 27 36 AVCCO
20 25 3.0 35 4.0 20 25 3.0 35 4.0
ADCSRADHSC=0 ADCSRADHSC =1
Figure 2.63 AVCCOEVREFHOR[EEE
Table 241  FEADHIRIZR FHIADFIRIFIE(1)(10f2)
Conditions: VCC = AVCCO0 = 2.7 t0 3.6 V, VREFHO = 2.7 t0 3.6 V
[ F§ FVREFHOM VREFLOM & & BB[ESE R,
Parameter Min Typ Max Unit MR
Frequency 1 - 48 MHz -
RPN B B2 Cs - - 8 (reference data) pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
et PNl ] Rs - - 2.5 (reference data) | kQ High-precision channel
- - 6.7 (reference data) | kQ Normal-precision channel
BN BETEE Ain 0 - VREFHO Y, -
12-bit mode
Resolution - - 12 Bit -
FeiEdial«1 (F£PC AFNESTRBETT 0.94 - - us High-precision channel
LKC=48MHz iz Max.=0.3kQ ADCSR.ADHSC =0
17) ADSSTRN.SST[7:0] = 0Dh
1.50 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
RBIRE - +0.5 4.5 LSB High-precision channel
16.0 LSB RGN
Full-scale error - +0.75 | #4.5 LSB High-precision channel
16.0 LSB RGN
2WIRE - 0.5 - LSB -
HITHEE - +1.25 | 5. LSB High-precision channel
+ LSB RGN
DNLIS D IELLMIRE - 1. - LSB -
INLAR D JELRMIRE - t 3.0 LSB -
14-bit mode
Resolution | - | - | 14 | Bit | -
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Table 2.41

Conditions: VCC = AVCC0 =2.7t0 3.6 V, VREFHO = 2.7 t0 3.6 V

Reference voltage range applied to the VREFHO and VREFLO.

AID conversion characteristics (1) in high-speed A/D conversion mode (2 of 2)

Parameter Min Typ Max Unit Test conditions
Conversion time*1 Permissible signal 1.06 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =0
PCLKC =48 MHz) Max. = 0.3 kQ ADSSTRN.SST[7:0] = 0Dh
1.63 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
Offset error - +2.0 +18 LSB High-precision channel
+24.0 LSB Other than above
Full-scale error - 3.0 +18 LSB High-precision channel
+24.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - 5.0 +20 LSB High-precision channel
+32.0 LSB Other than above
DNL differential nonlinearity error - +4.0 - LSB -
INL integral nonlinearity error - 4.0 +12.0 LSB -
Note: The characteristics apply when no pin functions other than 14-bit A/D converter input are used. Absolute accuracy does not

include quantization errors. Offset error, full-scale error, DNL differential nonlinearity error, and INL integral nonlinearity error do
not include quantization errors.

Note 1. The conversion time is the sum of the sampling time and the comparison time. The number of sampling states is indicated for
the test conditions.

Note 2.  Except for I/O input capacitance (Cin), see section 2.2.4, 1/0 Voy, Vo, and Other Characteristics.

Table 2.42 AID conversion characteristics (2) in high-speed A/D conversion mode (1 of 2)
Conditions: VCC = AVCC0=2.41t03.6 V, VREFH0O =24t0 3.6 V

Reference voltage range applied to the VREFHO0 and VREFLO.

Table 2.41

RIEADHUET TRIADIEIRIFIE(1)(20f2)

Conditions: VCC = AVCC0 =2.7 t0 3.6 V, VREFHO = 2.7 t0 3.6 V
N A3 FVREFHOFIVREFLORY B Z BB [ESEHE,

Parameter Min Typ Max Unit MR
HRETIE«1 (FEPC AFINE SR 1.06 - - us High-precision channel
LKC=48MHz Fiz Max.=0.3kQ ADCSR.ADHSC =0
1) ADSSTRN.SST[7:0] = 0Dh
1.63 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
RBIRE - 2.0 +18 LSB High-precision channel
+24.0 LSB Eb2yYEN
Full-scale error - +3.0 +18 LSB High-precision channel
+24.0 LSB RSN
EHIRE - 10. - LSB -
HITHEE - +5 +20 LSB High-precision channel
+32.0 LSB Eb2 YN
DNLI D IR MIRE - +4, - LSB -
INLFR 73 3F£R iR E - + +12.0 LSB -

Note:  ZAHEER T AEAMKIAMUADIEIRBEALIIMISIITIRER, EIEERBIEENIRE, RBIRE. HERIRE. DNLHS I
FIHREMINLR D IFLMIRETBIEEHIRE

Note 1. FEiRAYiE 2 RAFASEFILLIRATEIBI S H, FHXTMWIAFHFIETRERSHEE.

Note 2. PBRIOINEBR(Cin)oh, ESIME224TIIOVOH. VOLFE 4%,

Table 2.42

BIEADHRIET FTRIADIEIRIFIE(2)(10f2)

Conditions: VCC = AVCCO0 =2.4t0 3.6 V, VREFHO =2.4t0 3.6 V
[ F3FVREFHOFM VREFLOM &% BB IESE

Mar 31, 2020

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 32 MHz | -
Analog input capacitance*? Cs - - 8 (reference data) pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
Analog input resistance Rs - - 2.5 (reference data) | kQ High-precision channel
- - 6.7 (reference data) | kQ Normal-precision channel
Analog input voltage range Ain 0 - VREFHO \% -
12-bit mode
Resolution - - 12 Bit -
Conversion time*1 Permissible signal 1.41 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =0
PCLKC =32 MHz) Max. = 1.3 kQ ADSSTRn.SST[7:0] = 0Dh
2.25 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRnN.SST[7:0] = 28h
Offset error - +0.5 4.5 LSB High-precision channel
6.0 LSB Other than above
Full-scale error - +0.75 | #4.5 LSB High-precision channel
+6.0 LSB Other than above
Quantization error - +0.5 - LSB -
Absolute accuracy - +1.25 | 5. LSB High-precision channel
+ LSB Other than above
DNL differential nonlinearity error - +1. - LSB -
INL integral nonlinearity error - + +3.0 LSB -
14-bit mode
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Parameter Min Typ Max Unit | Wit& M
Frequency 1 - 32 MHz | -
BN B2 Cs - - 8 (reference data) pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
R\ BB Rs - - 2.5 (reference data) | kQ High-precision channel
- - 6.7 (reference data) | kQ Normal-precision channel
RN BETE Ain 0 - VREFHO \Y -
12-bit mode
Resolution - - 12 Bit -
iRBYE1 (TEPC AIFESIRET 1.41 - - us High-precision channel
LKC=32MHz Fiz Max.=1.3kQ ADCSR.ADHSC =0
17) ADSSTRn.SST[7:0] = 0Dh
2.25 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
RBIRE - +0.5 4.5 LSB | High-precision channel
16.0 LSB R ASR
Full-scale error - +0.75 | #4.5 LSB High-precision channel
6.0 LSB RGN
BHIRE - 0.5 - LSB -
HoITHEE - +1.25 | 15 LSB | High-precision channel
t LSB RS
DNLI D IELMIRE - +1. - LSB -
INLAR D IEEMIRE - + 3.0 LSB -
14-bit mode
R01DS0359EJ0100 Rev.1.00 RENESAS 730, #£105:
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Table 2.42

Conditions: VCC = AVCC0=2.41t03.6 V, VREFHO =2.4t0 3.6 V

Reference voltage range applied to the VREFHO and VREFLO.

AID conversion characteristics (2) in high-speed A/D conversion mode (2 of 2)

Parameter Min Typ Max Unit Test conditions
Resolution - - 14 Bit -
Conversion time*1 Permissible signal 1.59 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =0
PCLKC =32 MHz) Max. = 1.3 kQ ADSSTRN.SST[7:0] = 0Dh
2.44 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
Offset error - +2.0 +18 LSB High-precision channel
+24.0 LSB Other than above
Full-scale error - +3.0 +18 LSB High-precision channel
+24.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - 5.0 120 LSB High-precision channel
+32.0 LSB Other than above
DNL differential nonlinearity error - 4.0 - LSB -
INL integral nonlinearity error - +4.0 +12.0 LSB -
Note: The characteristics apply when no pin functions other than 14-bit A/D converter input are used. Absolute accuracy does not

include quantization errors. Offset error, full-scale error, DNL differential nonlinearity error, and INL integral nonlinearity error do
not include quantization errors.

Note 1. The conversion time is the sum of the sampling time and the comparison time. The number of sampling states is indicated for
the test conditions.

Note 2. Except for I/O input capacitance (Cin), see section 2.2.4, 1/0 Vg, VgL, and Other Characteristics.

Table 2.43 AID conversion characteristics (3) in low power A/D conversion mode (1 of 2)
Conditions: VCC = AVCCO = 2.7 to 3.6 V, VREFHO = 2.7 to 3.6 V

Reference voltage range applied to the VREFHO and VREFLO.

Table 2.42

RIEADHRIET TRIADIEIRIFIE(2)(2012)

Conditions: VCC = AVCC0 =2.4t0 3.6 V, VREFHO =2.4t0 3.6 V
N A3 FVREFHOFIVREFLORY B Z BB [ESEHE,

Parameter Min Typ Max Unit | Mhit&H
Resolution - - 14 Bit -
HmEtiE)«1 (FEPC AFINESIRBTT 1.59 - - us High-precision channel
LKC=32MHz Fiz Max.=1.3kQ ADCSR.ADHSC =0
(& ADSSTRN.SST[7:0] = 0Dh
2.44 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
RBIRE - 20 | +18 LSB | High-precision channel
+24.0 LSB RSN
Full-scale error - +3.0 +18 LSB High-precision channel
+24.0 LSB RSN
2HIRE - +0. - LSB -
HITHEE - * +20 LSB | High-precision channel
+32.0 LSB RSN
DNLI D IELEMIRE - #0 |- LSB | -
INLFRS ER IR E - +4.0 +12.0 LSB -

Note:  ZAFIEERFTEAMRAUADR RSN IS5 HITHRERT

HHIRENMINLRD FEMIRETBEENIRE,

Note 1. iR/ 2RAFAS BRI LLARAT RIS F, FHXTMIHFHFIETRIRSHEE.

Note 2. BRIOMINEBE(Cin)oh, ESHE2.24TIOVOH. VOLME M4,

Table 2.43

{RIhFEADRHRIE T T RIADFE IF1E(3)(10f2)

Conditions: VCC = AVCCO = 2.7 to 3.6 V, VREFHO0 = 2.7 to 3.6 VV
N AAFVREFHOFIVREFLOM S Z BIEEE,

HIWEEFBEENIRE, RIBIRE. BERIRE. DNLHSHIE

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 24 MHz -
Analog input capacitance*? Cs - - 8 (reference data) pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
Analog input resistance Rs - - 2.5 (reference data) | kQ High-precision channel
- - 6.7 (reference data) | kQ Normal-precision channel
Analog input voltage range Ain 0 - VREFHO \Y -
12-bit mode
Resolution - - 12 Bit -
Conversion time*1 Permissible signal 2.25 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC =24 MHz) Max. = 1.1 kQ ADSSTRN.SST[7:0] = 0Dh
3.38 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h
Offset error - 0.5 +4.5 LSB High-precision channel
16.0 LSB Other than above
Full-scale error - +0.75 | #4.5 LSB High-precision channel
6.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - +1.25 | 5.0 LSB High-precision channel
+8.0 LSB Other than above
DNL differential nonlinearity error - 1.0 - LSB -
INL integral nonlinearity error - +1.0 +3.0 LSB -
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Parameter Min Typ Max Unit | Wit&H%
Frequency 1 - 24 MHz -
RN B B2 Cs - - 8 (reference data) | pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
e TIDNGEE] Uz Rs - - 2.5 (reference data) | kQ High-precision channel
- - 6.7 (reference data) | kQ Normal-precision channel
IR N\ BEEE Ain 0 - VREFHO \% -
12-bit mode
Resolution - - 12 Bit -
HRETIE]«1 (TEPC ARAFINE SR 2.25 - - us High-precision channel
LKC=24MHz Fiz Max.=1.1kQ ADCSR.ADHSC =1
1) ADSSTRn.SST[7:0] = 0Dh
3.38 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRnN.SST[7:0] = 28h
R%IRE - +0.5 4.5 LSB High-precision channel
+6.0 LSB RGN
Full-scale error - +0.75 | #4.5 LSB High-precision channel
+6.0 LSB RSN
EHIRE - +0.5 - LSB -
HITHEE - +1.25 | %5, LSB High-precision channel
+ LSB RSN
DNLI D IR MIRE - 1.0 |- LSB -
INLFRD IR IR E - +1.0 | 3.0 LSB | -
R01DS0359EJ0100 Rev.1.00 RENESAS 7451, #1050
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Table 2.43

Conditions: VCC = AVCCO0 = 2.7 to 3.6 V, VREFH0 = 2.7 t0 3.6 V
Reference voltage range applied to the VREFHO and VREFLO.

AID conversion characteristics (3) in low power A/D conversion mode (2 of 2)

Table 2.43

{RIhFEADIHRIE T T BIADFE RIF1E(3)(202)

Conditions: VCC = AVCC0 =2.7t0 3.6 V, VREFHO = 2.7 t0 3.6 V
N A3 FVREFHOFIVREFLORY B Z BB [ESEHE,

Parameter | Min | Typ | Max | Unit | MR
14-bit mode
Resolution - - 14 Bit -
HATEl«1 (FEPC AWFMIESIRET 2.50 - - us High-precision channel
LKC=24MHz Fiz Max.=1.1kQ ADCSR.ADHSC =1
) ADSSTRn SST[7:0] = 0Dh
3.63 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRn.SST[7:0] = 28h
RBIRE - +2.0 +18 LSB High-precision channel
+24.0 LSB RSN
Full-scale error - +3.0 +18 LSB High-precision channel
+24.0 LSB RSN
EHXIRE - 0.5 |- LSB | -
HITHEE - 50 | +20 LSB High-precision channel
+32.0 LSB RSN
DNL# 5 JELR IR E - +4.0 - LSB -
INLFR EE IR E - +4.0 +12.0 LSB -

Parameter | Min | Typ | Max Unit | Test conditions
14-bit mode
Resolution - - 14 Bit -
Conversion time*! Permissible signal 2.50 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC =24 MHz) Max. = 1.1 kQ ADSSTRn.SST[7:0] = 0Dh
3.63 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRnN.SST[7:0] = 28h
Offset error - 2.0 +18 LSB High-precision channel
+24.0 LSB Other than above
Full-scale error - +3.0 +18 LSB High-precision channel
+24.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - 5.0 +20 LSB High-precision channel
+32.0 LSB Other than above
DNL differential nonlinearity error - +4.0 - LSB -
INL integral nonlinearity error - +4.0 +12.0 LSB -

Note: The characteristics apply when no pin functions other than 14-bit A/D converter input are used. Absolute accuracy does not
include quantization errors. Offset error, full-scale error, DNL differential nonlinearity error, and INL integral nonlinearity error do
not include quantization errors.

Note 1. The conversion time is the sum of the sampling time and the comparison time. The number of sampling states is indicated for
the test conditions.

Note 2.  Except for I/O input capacitance (Cin), see section 2.2.4, I/0 Vgy, Vg, and Other Characteristics.

Table 2.44 A/D conversion characteristics (4) in low power A/D conversion mode (1 of 2)

Conditions: VCC = AVCC0=2.41t0 3.6V, VREFH0O =2.4t0 3.6 V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 16 MHz | -
Analog input capacitance*2 Cs - - 8 (reference data) pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
Analog input resistance Rs - - 2.5 (reference data) | kQ High-precision channel
- - 6.7 (reference data) | kQ Normal-precision channel
Analog input voltage range Ain 0 - VREFHO \% -
12-bit mode
Resolution - - 12 Bit -
Conversion time*1 Permissible signal 3.38 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC = 16 MHz) Max. = 2.2 kQ ADSSTRN.SST[7:0] = 0Dh
5.06 - - us Normal-precision channel
ADCSR.ADHSC = 1
ADSSTRN.SST[7:0] = 28h
Offset error - +0.5 4.5 LSB High-precision channel
$6.0 LSB Other than above
Full-scale error - +0.75 | +4.5 LSB High-precision channel
6.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - +1.25 | 45. LSB High-precision channel
+ LSB Other than above
DNL differential nonlinearity error - +1.0 - LSB -
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HIWEEFLEENIRE, RIEIRE. HEREIRE. DNLHSIFE

Note:  IZHSMEIEAF REMBR 4GIADEEIR IR N LIS S BITHAERY
SMREMINVR D ER 2 EREIEBLIZE,

Note 1. FEifBYIa12 RALBS AN LL XA EIM S, RSN R 8T REER SRR E,

Note 2. PBRIOMIAEEZE(CinSh, ESME224TI0VOH. VOLAIE i,

Table 2.44 {RINFEADSS IE X FAIADE F14E(4) (10f2)

Conditions: VCC = AVCC0=241t03.6V, VREFH0O=24t0 3.6V
I A FVREFHOFIVREFLOM S E BIESEE,

Parameter Min Typ Max Unit | TG
Frequency 1 - 16 MHz | -
RN B B2 Cs - - 8 (reference data) | pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
et PNl ] Rs - - 2.5 (reference data) | kQ High-precision channel
- - 6.7 (reference data) | kQ Normal-precision channel
BN BETEE Ain 0 - VREFHO \Y -
12-bit mode
Resolution - - 12 Bit -
HETiE=1 (FEPC AFNESTRBETT 3.38 - - us High-precision channel
LKC=16MHz F iz Max.=2.2kQ ADCSR.ADHSC = 1
1) ADSSTRN.SST[7:0] = 0Dh
5.06 - - us Normal-precision channel
ADCSR.ADHSC = 1
ADSSTRN.SST[7:0] = 28h
RBIRE - +0.5 +4.5 LSB | High-precision channel
6.0 LSB RGN
Full-scale error - +0.75 | +4.5 LSB High-precision channel
16.0 LSB RSN
2WIRE - 0.5 - LSB -
HITHEE - +1.25 | 5. LSB | High-precision channel
+ LSB RGN
DNLiM7 3FLk1EiRE - +1.0 - LSB | -
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Table 2.44

Conditions: VCC = AVCC0=2.41t03.6 V, VREFHO =2.4t0 3.6 V

Reference voltage range applied to the VREFHO and VREFLO.

AID conversion characteristics (4) in low power A/D conversion mode (2 of 2)

Parameter Min Typ Max Unit Test conditions
INL integral nonlinearity error - +1.0 +3.0 LSB -
14-bit mode
Resolution - - 14 Bit -
Conversion time*? Permissible signal 3.75 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC = 16 MHz) Max. = 2.2 kQ ADSSTRN.SST[7:0] = 0Dh
5.44 - - us Normal-precision channel
ADCSR.ADHSC = 1
ADSSTRN.SST[7:0] = 28h
Offset error - +2.0 +18 LSB High-precision channel
124.0 LSB Other than above
Full-scale error - +3.0 +18 LSB High-precision channel
+24.0 LSB Other than above
Quantization error - - LSB -
Absolute accuracy - + +20 LSB High-precision channel
+32.0 LSB Other than above
DNL differential nonlinearity error - +4.0 - LSB -
INL integral nonlinearity error - +4.0 +12.0 LSB -

The characteristics apply when no pin functions other than 14-bit A/D converter input are used. Absolute accuracy does not
include quantization errors. Offset error, full-scale error, DNL differential nonlinearity error, and INL integral nonlinearity error do

The conversion time is the sum of the sampling time and the comparison time. The number of sampling states is indicated for

Except for I/O input capacitance (Cin), see section 2.2.4, 1/0 Vgy, Vg, and Other Characteristics.

Note:
not include quantization errors.
Note 1.
the test conditions.
Note 2.
Table 2.45

A/D conversion characteristics (5) in low power A/D conversion mode (1 of 2)
Conditions: VCC = AVCCO = 1.8 to 3.6 V (AVCCO = VCC when VCC < 2.0 V), VREFHO = 1.8 t0 3.6 V
Reference voltage range applied to the VREFHO and VREFLO.

Table 2.44

{RIhFEADIEHRIE T T BIADFE I 1F1E(4) (202)

Conditions: VCC = AVCC0 =2.4t0 3.6 V, VREFHO =2.4t0 3.6 V
N A3 FVREFHOFIVREFLORY B Z BB [ESEHE,

Parameter Min Typ Max Unit | it&RG
INLFR T ER IR E - +1.0 +3.0 LSB -
14-bit mode
Resolution - - 14 Bit -
HRATE+1 (TEPC AVFRESIRET 3.75 - - s High-precision channel
LKC=16MHz & Max.=2.2kQ ADCSR.ADHSC = 1
17) ADSSTRn.SST[7:0] = 0Dh
5.44 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h
REIRE - 2.0 +18 LSB High-precision channel
+24.0 LSB RSN
Full-scale error - +3.0 +18 LSB High-precision channel
124.0 LSB RSN
EHIRE - - LSB |-
HoITHEE - + +20 LSB | High-precision channel
+32.0 LSB RGN
DNLI D IELEMIRE - +4.0 - LSB |-
INLRRZEE IR E - +4.0 +12.0 LSB -

Note:  ZAFMEERATFAEARKIAUADIEIRBEA LIS ITIEER . EIEEFEEENIRE, RBIRE. HERIRE. DNLHS I
HIHREMINLR D L MIRETEEBHIRE,

Note 1. HEiRBT(EIR FAFBYEANLLARBH BB S M. TN FHfER R RSHHE,

Note 2. BRIOWIANEBR(Cin)oh, BESRE224TIIOVOH. VOLFEMh4F 1%,

Table 2.45

{RINFEADF RIS T RIADIERAF1E(5) (10f2)

£ VCC=AVCCO=18F3.6V (HVCC<2.0VBFAVCCO=VCC) , VREFHO=1.8ZE3.6V
N F3FVREFHOFIVREFLOMY B E BB[ESEE,

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 8 MHz -
Analog input capacitance*2 Cs - - 8 (reference data) pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
Analog input resistance Rs - - 3.8 (reference data) | kQ High-precision channel
- - 8.2 (reference data) | kQ Normal-precision channel
Analog input voltage range Ain 0 - VREFHO Vv -
12-bit mode
Resolution - - 12 Bit -
Conversion time*1 Permissible signal 6.75 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC = 8 MHz) Max. = 5 kQ ADSSTRN.SST[7:0] = 0Dh
10.13 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h
Offset error - +1.0 7.5 LSB High-precision channel
+10.0 LSB Other than above
Full-scale error - +1.5 7.5 LSB High-precision channel
+10.0 LSB Other than above
Quantization error - +0.5 - LSB -
Absolute accuracy - +3.0 8.0 LSB High-precision channel
+12.0 LSB Other than above
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Parameter Min Typ Max Unit Mt &1
Frequency 1 - 8 MHz -
HEHIAIE N\ BB A *2 Cs - - 8 (reference data) | pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
S\ BB FE Rs - - 3.8 (reference data) | kQ High-precision channel
- - 8.2 (reference data) | kQ Normal-precision channel
EINBNBETEE Ain 0 - VREFHO \% -
12-bit mode
Resolution - - 12 Bit -
HEHRATEl1 (TEP AWFMIESIRET 6.75 - - us High-precision channel
CLKC=8MHz Fiz Max.=5kQ ADCSR.ADHSC =1
1) ADSSTRN.SST[7:0] = 0Dh
10.13 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h
RBIRE - +1.0 +7.5 LSB High-precision channel
+10.0 LSB RSN
Full-scale error - +1.5 7.5 LSB High-precision channel
+10.0 LSB RSN
=2HIRE - +0.5 - LSB -
HITHEE - £3.0 +8.0 LSB High-precision channel
+12.0 LSB RS
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AID conversion characteristics (5) in low power A/D conversion mode (2 of 2)

Conditions: VCC = AVCCO0 = 1.8 to 3.6 V (AVCCO0 = VCC when VCC < 2.0 V), VREFH0 = 1.8t0 3.6 V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test conditions
DNL differential nonlinearity error - 1.0 - LSB -
INL integral nonlinearity error - +1.0 3.0 LSB -
14-bit mode
Resolution - - 14 Bit -
Conversion time*1 Permissible signal 7.50 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC = 8 MHz) Max. = 5 kQ ADSSTRN.SST[7:0] = 0Dh
10.88 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h
Offset error - +4.0 +30.0 LSB High-precision channel
+40.0 LSB Other than above
Full-scale error - 6.0 +30.0 LSB High-precision channel
+40.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - +12.0 +32.0 LSB High-precision channel
+48.0 LSB Other than above
DNL differential nonlinearity error - 4.0 - LSB -
INL integral nonlinearity error - +4.0 +12.0 LSB -
Note: The characteristics apply when no pin functions other than 14-bit A/D converter input are used. Absolute accuracy does not

include quantization errors. Offset error, full-scale error, DNL differential nonlinearity error, and INL integral nonlinearity error do
not include quantization errors.
Note 1. The conversion time is the sum of the sampling time and the comparison time. The number of sampling states is indicated for

the test conditions.

Note 2.  Except for I/O input capacitance (Cin), see section 2.2.4, 1/0 Voy, Vo, and Other Characteristics.

Sensor

MCU

Analog input

ANn Rs

I I Cin
o

Analog input

ANn Rs

&d NV

L.
]

Figure 2.64

Table 2.46

Equivalent circuit for analog input

14-bit A/D converter channel classification (1 of 2)

Classification

Channel

Conditions

Remarks

High-precision channel

ANO004 to ANOOG, ANOOQ9,
ANO10

AVCCO0=18t036V

Normal-precision channel

ANO017, ANO19, ANO20

Pins AN004 to AN006, AN0O09 and
ANO010 cannot be used as general I/
O, IRQ3 inputs, and TS transmission,
when the A/D converter is in use

Internal reference voltage
input channel

Internal reference voltage

AVCC0=2.0t03.6V

R01DS0359EJ0100 Rev.1.00

Mar 31, 2020

RENESAS

Page 77 of 105

RA4W1 Datasheet

2. BRAM

Table 2.45

{RINFEADI RIS T T AIADFEIRIF1E(5)(20f2)

%£f%: VCC=AVCCO=18E3.6V (HVCC<2.0VAFAVCCO=VCC) , VREFHO=1.8FE3.6V
N A3 FVREFHOFIVREFLORY B Z BB [ESEHE,

Parameter Min Typ Max Unit Wit &1

DNLIM D IELMIRE - +1.0 - LSB -

INLFRD IEAEMIRE - +1.0 +3.0 LSB -

14-bit mode

Resolution - - 14 Bit -

EHRATEl1 (TEP AV SIRET 7.50 - - us High-precision channel

CLKC=8MHz F iz Max.=5kQ ADCSR.ADHSC =1

1) ADSSTRN.SST[7:0] = 0Dh

10.88 - - us Normal-precision channel
ADCSR.ADHSC = 1
ADSSTRnN.SST[7:0] = 28h

R%IRE - +4.0 +30.0 LSB High-precision channel
+40.0 LSB RGN

Full-scale error - 6.0 +30.0 LSB High-precision channel
+40.0 LSB RGN

2HIRE - +0.5 - LSB -

HITHEE - +12.0 | £32.0 LSB High-precision channel
+48.0 LSB Eb2 YN

DNLI D IR MIRE - +4.0 - LSB -

INLRRZFER IR E - +4.0 +12.0 LSB -

Note:  ZAFEERTFAEAMRIAMUADEIRBENLIIMISIITIRER, SLIBEERBIEENIRE, RBIRE. HERIRE. DNLHS I
FIHREMINLR D IFLMIRETBEEHIRE

Note 1. FiRAYiE 2 RAFASEFILLIRATEIBI S H, FHXTMIAFFIETRIERSHEE.

Note 2. PBRIOMINEBA(Cin)oh, ESIME224TIIOVOH. VOLFE 414,

MCU
(PPN
ANn Rs
Sensor /\/\/\/ i l /\/\/\/
Cin
I 1 4 ADC
? l Cs
PITIN ;[
ANn Rs
&d l NV
1 Cin
Figure 2.64 BRI SRR
Table 2.46  14{iAD¥:I%3%&)E 53 2(10f2)
Classification Channel Conditions Remarks

High-precision channel

ANO004 to ANOOG, ANOO9,
ANO10

AVCC0=18t03.6V

Normal-precision channel

ANO017, ANO19, ANO20

ANOO4ZEANO06. ANOO9SFIANO10
5| BE R 1R AL

O. IRQ3WAFTSIZH, HEAADLE
mazEd

AESEBEHNEE

ANESEBE

AVCC0=20t03.6V
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Table 2.46 14-bit A/D converter channel classification (2 of 2)

Classification

Channel

Conditions

Remarks

Temperature sensor input
channel

Temperature sensor output

AVCC0=2.0t03.6V

Table 2.47 A/D internal reference voltage characteristics
Conditions: VCC = AVCCO = VREFH0 = 2.0 to 3.6 V*1

Parameter Min Typ Max Unit Test conditions
Internal reference voltage input 1.36 1.43 1.50 \% -

channel*2

Frequency*3 1 - 2 MHz -

Sampling time*4 5.0 - - us -

Note 1. The internal reference voltage cannot be selected for input channels when AVCC0 < 2.0 V.
Note 2. The 14-bit A/D internal reference voltage indicates the voltage when the internal reference voltage is input to the 14-bit A/D

converter.

Note 3. This is a parameter for ADC14 when the internal reference voltage is used as a high-potential reference voltage.
Note 4. This is a parameter for ADC14 when the internal reference voltage is selected for an analog input channel in ADC14.
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Table 2.46 14 AD¥: 23R8 532 (20f2)
Classification Channel Conditions Remarks
BEARSRNEE REARISEEN AVCC0=2.0t03.6V -
Table 247 ADREESEB[EIFH
Conditions: VCC = AVCCO0 = VREFHO0 = 2.0 to 3.6 V*1
Parameter Min Typ Max Unit WIS
REBE BERNIBE*2 1.36 1.43 1.50 \ -
Frequency*3 1 - 2 MHz -
Sampling time*4 5.0 - - us -
Note 1. HAVCCO<2.0VHEY, REENBMNBBEXRFARSEBE,
Note 2. 14fIADHRERSEBERIERNISE BEMAIN 4UADFIREB A EE,
Note 3. XEZHZBELEBERESBRUSEBENADCI4HBE,
Note 4. HAADCI4FREIANBEIEEZFAISE BEN, XEADCI4H95%,
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s
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0000h 7t ; Offset error /1 -~
0 Analog input voltage " VREFHO
(full-scale)
Figure 2.65 lllustration of 14-bit A/D converter characteristic terms

Absolute accuracy

Absolute accuracy is the difference between output code based on the theoretical A/D conversion characteristics, and the
actual A/D conversion result. When measuring absolute accuracy, the voltage at the midpoint of the width of analog
input voltage (1-LSB width), which can meet the expectation of outputting an equal code based on the theoretical A/D
conversion characteristics, is used as the analog input voltage. For example, if 12-bit resolution is used and the reference
voltage VREFHO = 3.072 V, then 1-LSB width becomes 0.75 mV, and 0 mV, 0.75 mV, and 1.5 mV are used as the analog
input voltages. If analog input voltage is 6 mV, an absolute accuracy of +5 LSB means that the actual A/D conversion
result is in the range of 003h to 00Dh, though an output code of 008h can be expected from the theoretical A/D
conversion characteristics.

Integral nonlinearity error (INL)

Integral nonlinearity error is the maximum deviation between the ideal line when the measured offset and full-scale
errors are zeroed, and the actual output code.

Differential nonlinearity error (DNL)

Differential nonlinearity error is the difference between 1-LSB width based on the ideal A/D conversion characteristics
and the width of the actually output code.

Offset error
Offset error is the difference between the transition point of the ideal first output code and the actual first output code.
Full-scale error

Full-scale error is the difference between the transition point of the ideal last output code and the actual last output code.
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HA, 580, MRER1 2P MERHBESEBEVREFH0=3.072V, M1-LSBEEZH0.75mV, FHEFEAOmMV. 0.
75mVAIT.5SmVIEABINENEBE, WREIEMNBEA6MV, £5LSBRILITFEE EKELIRAIADEIRE R
003hZI00DhAISEEIN, RE MBI _EAIADE AT AT LAFnER 4 B A2 9 008h,

A ELMIRE (INL)
MPELMEIRERNVENRIENBHERDRENTHNIERAS KFRHABEZENERRE.

53 L& 1% iR 2 (DNL)
MOELMIRERE T IEBADE RN -LSBEES K RHBMNEEZ £,

miZiRE
REIRERERNE T HEABNERRRISKRNE - T RERBZENER,

Full-scale error

HERRERERNSEEREAENERRSEFNEEHEABEZENESR,
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2.6 DAC12 Characteristics

Table 2.48 D/A conversion characteristics (1)
Conditions: VCC = AVCCO =1.8t0 3.6 V

Reference voltage = AVCCO or AVSSO selected

Parameter Min Typ Max Unit Test conditions
Resolution - - 12 bit -
Resistive load 30 - - kQ -
Capacitive load - - 50 pF -
Output voltage range 0.35 - AVCCO - 0.47 \% -
DNL differential nonlinearity error - +0. +2.0 LSB -
INL integral nonlinearity error - +2 8.0 LSB -
Offset error - - +30 mV -
Full-scale error - - +30 mV -
Output impedance - 5 - Q -
Conversion time - - 30 us -
Table 2.49 D/A conversion characteristics (2)
Conditions: VCC = AVCC0=1.8t0 3.6 V
Reference voltage = internal reference voltage selected
Parameter Min Typ Max Unit Test conditions
Resolution - - 12 bit -
Internal reference voltage (Vbgr) 1.36 1.43 1.50 \% -
Resistive load 30 - - kQ -
Capacitive load - - 50 pF -
Output voltage range 0.35 - Vbgr \% -
DNL differential nonlinearity error - +2.0 +16.0 LSB -
INL integral nonlinearity error - +8.0 +16.0 LSB -
Offset error - - +30 mV -
Output impedance - 5 - Q -
Conversion time - - 30 us -
R01DS0359EJ0100 Rev.1.00 RENESAS Page 80 of 105
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2.6 DAC12 Characteristics

Table 2.48  DAFRIFIE()
Conditions: VCC = AVCC0=1.8t0 3.6V

SEBE=EIFAVCCOHAVSSO

Parameter Min Typ Max Unit Wit &4
Resolution - - 12 bit -
PR $2 & 30 - - kQ -
Capacitive load - - 50 pF -
W BEEE 0.35 - AVCCO - 0.47 \Y -
DNLIS D IELLMIRE - +0. 2.0 LSB -
INLRRD IEEMIRE - 12 18.0 LSB -
RIBIRE - - +30 mvV -
Full-scale error - - +30 mV -
TR - 5 - Q -
AT E] - - 30 us -

Table 249  DA¥RIFIE(2)

Conditions: VCC = AVCC0 =1.8t0 3.6 V

SEBE=-LCENNESZBE
Parameter Min Typ Max Unit Wit 51
Resolution - - 12 bit -
AEBEE BIE(Vbgr) 1.36 1.43 1.50 \ -
FEME TR 30 - - kQ -
Capacitive load - - 50 pF -
W BEEE 0.35 - Vbgr \Y -
DNLIM D IELMIRE - 2.0 +16.0 LSB -
INLAR D IEEMIRE - 8.0 +16.0 LSB -
RIZIRE - - +30 mV -
PR - 5 - Q -
AT ] - - 30 us -

R01DS0359EJ0100 Rev.1.00 RENESAS 558001, H105m

Mar 31, 2020



RA4W1 Datasheet 2. Electrical Characteristics
A
Full-scale error Gain error =
Upperoutput limit === e cc e e e e e e e e mcm e m e e e e a2 ATX
Integral nonlinearity error (INL) — | ---}---
- R
= ] Yﬁset error
1-LSB width for ideal D/A conversion

Output analog voltage | -haracteristic Ideal output voltage

Differential nonlinearity error
(DNL)

Lower output limit === e e e e e e e e e e e = A fm e e e e e e e - = -

_I_]'T- Actual D/A conversion characteristic

Offset error

Ideal output voltage

S e e s

/e
4
000h FFFh
D/A converter input code

v

Note 1. Ideal D/A conversion output voltage that is adjusted so that offset and full scale errors are zeroed.

Figure 2.66 lllustration of D/A converter characteristic terms

Integral nonlinearity error (INL)

Integral nonlinearity error is the maximum deviation between the ideal output voltage based on the ideal conversion
characteristic when the measured offset and full-scale errors are zeroed, and the actual output voltage.

Differential nonlinearity error (DNL)

Differential nonlinearity error is the difference between 1-LSB voltage width based on the ideal D/A conversion
characteristics and the width of the actual output voltage.

Offset error

Offset error is the difference between the highest actual output voltage that falls below the lower output limit and the
ideal output voltage based on the input code.

Full-scale error

Full-scale error is the difference between the lowest actual output voltage that exceeds the upper output limit and the
ideal output voltage based on the input code.

RO1DS0359EJ0100 Rev.1.00 RENESAS Page 81 of 105
Mar 31, 2020

RA4W1 Datasheet 2. B

A |
1
1
______________________________________________ [
1
1
Full-scale error B@miRE :
T SR T i
DI MIREIND —A | i
= , fisieE i
""" QU I 1
I F\E S vi= ﬁx !
M FEDARITILI -LSBR IRt ]
1
W I IIRE !
(DNL) ..., *1 .
1
N :
1
TR e i N !
SFRDARE S M ]
BigigE '
T i
1
A i
i
1
/t 1 [
000h v FFFh
DAREIR IS N LED
Note 1. IZAEDARMELBEZTIHE, BRENFRIZIZENS,

Figure 2.66 RS SIS 1 TR BR

A ELMEIRE(INL)

MO EAMIRERTENENRBFNHERRENTHETERRREGENERBHBEES KFRHEEZ
B R A RE.

53 IEL& iR E (DNL)

M IFA I IRERE T IEADARIASEM 1 -LSBBERE S LR HHBENEEZ £,

miziRE
KAREZRTRE TRNESXSFEEBEESETRARENERBEBEZENEE,

Full-scale error

HERRERBHEN LRNSRKIREHEESETFRABERREEBEZBNEE.

RO1DS0359EJ0100 Rev.1.00 RENESAS #B1T, #1057
Mar 31, 2020



RA4W1 Datasheet 2. Electrical Characteristics RA4W1 Datasheet 2. B

2.7 TSN Characteristics 2.7 TSN Characteristics

Table 2.50 TSN characteristics Table 2.50 TSN characteristics

Conditions: VCC = AVCC0=2.0to 3.6 V Conditions: VCC = AVCC0=2.0t0 3.6 V
Parameter Symbol Min Typ Max Unit Test conditions Parameter Symbol Min Typ Max Unit it 5= 14
Relative accuracy - - +1.5 - °C 2.4V or above HEXTREE - - +1.5 - °C 24VE L E

- - +2.0 - °C Below 2.4 V - - +2.0 - °C Below 2.4 V

Temperature slope - - -3.65 - mV/°C - RERE - - -3.65 - mV/°C -
Output voltage (at 25°C) - ; 1.05 ] Vv VCC =33V BdEBE (25°CHY) - - 1.05 - Vv VCC =33V
Temperature sensor start time tstaRT - - 5 s - RE LRI B AT E] tSTART - - 5 s -
Sampling time - 5 - - us - RIEBT(E] - 5 - - us -

2.8  OSC Stop Detect Characteristics 2.8  OSCELEHM4FE

Table 2.51 Oscillation stop detection circuit characteristics Table 2.51 IEH SIS N BB RE 4T 1
Parameter Symbol Min Typ Max Unit Test conditions Parameter Symbol Min Typ Max Unit it &= 14
Detection time tyr - - 1 ms Figure 2.67 1623 B &) tar - - 1 ms Figure 2.67

Main clock _\_/_\_/_\ﬁ7 Main clock _\_/_\_/_\ﬁ’ B

tar
+ —
OSTDSR.OSTDF OSTDSR.OSTDF OSTDSR.OSTDF

MOCO clock / \ / \ ’ PLL clock lnm\nﬂnm‘]u—u—u—u—\ MOCO clock

J PLL clock |“H“HH“H“” ’ | ’ | ' \ ' |
ICLK ~’~’~’~ ’ ~ ’ ICLK ’
MOCO clock I\ l \ / MOCO clock m

eoe AL LML cwe AL LML

7,» tar
OSTDSR.OSTDF ]

tar

E
i

When the main clock is selected bricteda sl g2
When the PLL clock is selected PEFRPLLAS §hAY
Figure 2.67 Oscillation stop detection timing Figure 2.67 HRSH S LA MBS,
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2.9 POR and LVD Characteristics

Table 2.52 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 \% Figure 2.68,
level*1 Figure 2.69
Voltage detection circuit (LVDO)*2 Vdeto_1 2.68 2.85 2.96 \ Figure 2.70
Veeto_2 238 | 253 | 264 thfg'"”g edge
Vdeto_3 1.78 1.90 2.02
Voltage detection circuit (LVD1)*3 Vdet1_4 2.98 3.10 3.22 \% Figure 2.71
Veett 5 280 |300 |31 thfg'"”g edge
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 2.38 248 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
Vdett_F 1.60 1.65 1.73

Note 1. These characteristics apply when noise is not superimposed on the power supply.

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

Note 3. # in the symbol Vdet1_# denotes the value of the LVDLVLR.LVD1LVL[4:0] bits.
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2.9 PORFILVD#¥1%E

Table 2.52  LHRE{IBBRBENIBEEFE (—)

Parameter Symbol Min Typ Max Unit | Mit&H
B[R A0 M BB T+ 1 Power-on reset (POR) Vpor 1.27 1.42 1.57 \% Figure 2.68,
Figure 2.69
BERNEERE (LVDO) *2 Vieto_1 2.68 2.85 2.96 \Y Figure 2.70
Vaeto_ 2 238 [253 |264 CECEB%G
Vaeto_3 178 |[190 |[202
BERMEBE (LVD1) +3 Vaet1 4 208 [310 [322 |v Figure 2.71
Vaett_s 289 [3.00 |3.11 CECEB%;G
Vet 6 279  [290 |3.01
Vet 7 268 279 |290
Vet1 8 258 [268 |278
Vet o 248 | 258 |268
Vaet1 A 238 [248 |258
Vaett_B 210 [220 |230
Ve c 184 | 196 | 205
Veet1 b 174 | 186 | 1.95
Vaet1 £ 163 | 175 | 184
Vaet1 F 160 | 165 | 173
Note 1. XEHFMIEHFEIRLEEEMRENIE L.
Note 2. TFSVdetO_#-FHI#RROFST.VDSEL1[2:01{HI{E,
Note 3. fFSVdet1_#HHI#ZRRLVDLVLRLVD1LVL[4:0lfIMY{E,
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Table 2.53  Power-on reset circuit and voltage detection circuit characteristics (2) Table 2.53 ~ LEAS(IBERBESNBIRFYE (2)
Parameter Symbol Min Typ Max Unit Test conditions Parameter Symbol Min Typ Max Unit i 5= 1
Wait time after power-on | LVDO:enable tror - 1.7 - ms - FHREMIUEERER | LVDO:enable tror - 1.7 - ms -
reset cancellation |8
LVDO:disable tpor - 1.3 - ms - LVDO:disable tpor - 1.3 - ms -
Wait time after voltage LVDO:enable** tLvpo,1 - 0.6 - ms - BESAR0. 181 LVDO:enable*! tLypo,1 - 0.6 - ms -
monitor 0,1 reset BUH G AR BYE]
cancellation LVDO:disable*2 tvD1 - 0.2 - ms - LVDO:disable*2 tivD1 - 0.2 - ms -
Response delay*3 tdet - - 350 us Figure 2.68, Response delay*3 tdet - - 350 us Figure 2.68,
Figure 2.69 Figure 2.69
Minimum VCC down time tyorr 450 - - s Figure 2.68, B/\WCCIEHBT A tyorr 450 - - s Figure 2.68,
VCC = 1.0V or above VCC=1.0VE ULt
Power-on reset enable time tw por) | 1 - - ms Figure 2.69, LS IfERER A tweor) | 1 - - ms Figure 2.69,
VCC = below 1.0 V VCC = below 1.0 V
LVD operation stabilization time (after LVD is t4 (E-A) - - 300 s Figure 2.71 LVDIZfEIRERE (BALVDE) ty (E-A) - - 300 s Figure 2.71
enabled)
Hysteresis width (POR) Veorn | - 110 - mv - R (POR) Veorn | - 110 - mv -
Hysteresis width (LVDO and LVD1) VivH - 60 - mV LVDO selected RiEEE (LVDOFILVDT) VivH - 60 - mV LVDO selected
- 60 - Vdet1_4 to Vdet1_9 selected - 60 - BiEEVdet1_4FEVdet1_9
- 50 - Vdet1_A OF Vyet1_g Selected - 50 - EEVdet1_AZVdet1_B
- 40 - Vdet1_c OF Vget1_F Selected - 40 - #EHEVdet1_CalVdet1_F
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 VpoR, Vgeto Note 3. &/\WCCTFERYEFRTVCCRFPORLYDRYRBEMEFVPOR. VdetOFVdet 1 RIS/ MERIBTE,

and Vg4 for the POR/LVD.

‘tVOFF' ‘tVOFF'
VCC VCC
VPOR VPOR
1.0V 1.0V
Internal reset signal NHEMES (R
(active-low) BIEEX)
> e 44 > > e 44 >
toet  teet tror toet  teet tror
Figure 2.68 Voltage detection reset timing Figure 2.68 HER NS (8 F
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VPOR
VCC
1.0V
7 twipor)
Internal reset signal b
(active-low)
tror
Note: tw(por is the time required for a power-on reset to be enabled while the external power VCC is being held
below the valid voltage (1.0 V).
When VCC turns on, maintain typor) for 1.0 ms or more.

Figure 2.69 Power-on reset timing
tvorr
VvCC Vieto Vivu
Internal reset signal
(active-low)
tLvpo
Figure 2.70 Voltage detection circuit timing (Vgeto)
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VvCC

1.0V

Vpor

ABENUES (K
BEEX)

twipor)

*1

P

POR)1.0msZ FE o

Note:  tW(POR)ZFESMBEBIRVCCRIFERMBENOVI LT EBEMEAPAIFNIE, HVCCTHE, RIFtw(

Figure 2.69 LHBENF
tvorr
VCC Vieto Vivm
REEES
(active-low)
tLvoo >
Figure 2.70 HBENBEEEEFE (Vdet0)
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VCC

LVCMPCR.LVD1E

LVD1
Comparator output

LVD1CR0.CMPE

LVD1SR.MON

Internal reset signal
(active-low)

tvorr

Vaett

Vivk

4% taE-n)

|

When LVD1CRO.RN =0

tdel

When LVD1CRO.RN =1

«

tdet

tLvpi

tLvpa

Figure 2.71

Voltage detection circuit timing (Vge)
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VvCC

LVCMPCR.LVD1E

LVD1
bRt

LVD1CR0.CMPE

LVD1SR.MON

ABEMES
(active-low)

tvorr

Viett

Vivk

+>{ taE-A)
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When LVD1CRO.RN =0

When LVD1CRO.RN =1

hh ]

tdet
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Figure 2.71

RBERMEREEE (Vdet)

R01DS0359EJ0100 Rev.1.00
Mar 31, 2020

RENESAS



RA4W1 Datasheet

2. Electrical Characteristics

RA4W1 Datasheet

2. BRAM

2.10 VBATT Characteristics

Table 2.54 Battery backup function characteristics
Conditions: VCC = AVCCO = 1.8V to 3.6V, VBATT =1.6t0 3.6 V

Parameter Symbol Min Typ Max Unit Test conditions
Voltage level for switching to battery backup (falling) VDETBATT 199 209 |219 |V Figure 2.72,
Hysteresis width for switching to battery back up VVBATTH - 100 - mV Figure 2.73
VCC-off period for starting power supply switching tVOFFBATT 300 - - us -

Voltage detection level VvBATPOR 1.30 1.40 1.50 \Y Figure 2.72,
VBATT_Power-on reset (VBATT_POR) Figure 2.73
Wait time after VBATT_POR reset time cancellation tvBATPOR - - 3 mS -

Level for detection of voltage drop on | VBTLVDLVL[1:0] = 10b | VpgtgaTLvD | 2.1 22 2.29 \ Figure 2.74
the VBATT pin (falling) VBTLVDLVL[1:0] = 11b 192 |2 208 |V

Hysteresis width for VBATT pin LVD VVBATLVDTH | - 50 - mV

VBATT pin LVD operation stabilization time t4_vbat - - 300 us Figure 2.74
VBATT pin LVD response delay time tdet_vbat - - 350 us

Allowable voltage change rising/falling gradient dt/dvCC 1.0 - - ms/V | -

VCC voltage level for access to the VBATT backup registers V BkBATT 1.8 - - \ -

Note: The VCC-off period for starting power supply switching indicates the period in which VCC is below the minimum value of the
voltage level for switching to battery backup (VpetgaTT)-
Vet A % Vivk
vee VveatH &7[
VDETBATT y
Vpor \C V4
VBATT \
VVBATPOR
Internal reset signal
(active-low)
- @< >
taet toet tLvo
Backup power area
VCC supplied VBATT supplied VCC supplied
Figure 2.72 Power supply switching and LVDO reset timing
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Table 2.54  HMWEHRTHEEIE =
Conditions: VCC = AVCCO = 1.8V to 3.6V, VBATT =1.6t0 3.6 V
Parameter Symbol Min Typ Max | Unit | ilif&H
IR & i B R Vveartn | - 100 |- mv | Figure 2.73
Eﬁj.] EEEEﬁJ*ﬁE’JVCC‘OfHEJ/H\H tVOFFBATT 300 - - us -
EEE@;JH\UEE:F VVBATPOR 1.30 1.40 1.50 \Y Flgure 272,
VBATT_Power-on reset (VBATT_POR) Figure 2.73
VBATT?PORETL_LBTJW—'JHy;ﬁEE"J%ﬁ%ﬂrﬂﬁj tVBATPOR - - 3 mS -
VBATTS|IEBEPEIQM BT (TFFE) VBTLVDLVL[1:0] = 10b | VpereaTLvD | 2-11 2.2 2.29 \% Figure 2.74
VBTLVDLVL[1:0] = 11b 1.92 2 2.08 \Y,
VBATT% | HiﬂLVDE"JiE\J%ﬁ = VVBATLVDTH - 50 - mV
VBATTS | BILVDIZ 1R E B 8] t4 vbat - - 300 s Figure 2.74
VBATT3 | BILV D R7 3R B 8] tet_vbat - - 350 s
AFBETH EATREEE dt/dvCC 1.0 - - ms/V | -
FTBIEIVBATT& A5 1 2889V CCERE B T Vekearr |18 |- - v -
Note:  FHAEBIRIIIREIVCC-of ARARRVCCR T HIR R & F s A BB R FB P &=/ ME(VDETBATT) B A #o
Vaeto A ? VLVH
VCC {
VVBATH
VDETBATT y
Vpor \C V4
VBATT
VVBATPOR
RNEEGES
(active-low)
> <>
. t taet t
ZFHRBEREX det det tLvpo
VCC supplied VBATT supplied VCC supplied
Figure 2.72 HRIRFILVDOE i BY
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VCC A

VbeTBATT /7 5 VvBATH
VBATT
VVBATPOR
VBATT_POR
(active-low)
tveatPoRr
Backup power area
VCC supplied VBATT supplied Not supplied VCC supplied
Figure 2.73 VBATT_POR reset timing
VBATT VbETBATLVD /| VveatLvorh
VBTCR2.VBTLVDEN
+ﬂ Tq vbat

VBATT pin LVD

Comparator output

VBTCMPCR.VBTCMPE

VBTSR.VBTBLDF

> >
tdetﬁvbat tdetﬁvbat
Figure 2.74 VBATT pin voltage detection circuit timing
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VvCC VDETBATT /7 x VvBATH
VBATT
VVBATPOR
VBATT_POR
(active-low)
. tveatPor
HHRBEX
VCC supplied VBATT supplied Tieft VCC supplied
Figure 2.73 VBATT_PORE il i3 F
VBATT VpETBATLVD /| % VvsatLvorh
VBTCR2.VBTLVDEN
4‘" Td_vbat
VBATT pin LVD
thias i J
VBTCMPCR.VBTCMPE
VBTSR.VBTBLDF
PN PN
tdetﬁvbat tdetﬁvbat
Figure 2.74 VBATTS| BB R4S M EB BR BT P
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Table 2.55 VBATT-I/O characteristics

Parameter Symbol | Min Typ | Max | Unit Test conditions

VBATWIONI/O | VCC > VpgrgatT | VCC=271t03.6V Vou VCC-05 |- - lon =-100 pA

grl:;’?:::teristics Vo . . 05 lo, = 100 pA

(n=0) VCC = VpereatT 10 2.7 V| VR VCC-03 |- - lon = -50 pA

VoL - - 0.3 loL =50 pA
VCC < VpgteatT | VBATT =2.7t03.6 V Von Vearr-0.5 - - lon =-100 pA
VoL - - 0.5 loL =100 pA
VBATT=1.8t027V Von Vear7-0.3 | - - lon = -50 pA

VoL - - 0.3 loL =50 pA

211 CTSU Characteristics

Table 2.56 CTSU characteristics

Conditions: VCC = AVCC0=1.8t0 3.6 V

Parameter Symbol Min Typ Max Unit Test conditions

External capacitance connected to TSCAP pin Ciscap 9 10 1 nF -

TS pin capacitive load Chase - - 50 pF -

Permissible output high current ZloH - - -24 mA When the mutual
capacitance method
is applied
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Table 2.55 VBATT-I/O characteristics
Parameter Symbol | Min Typ | Max | Unit MR
VBATWIONIO | VCC > Vpgreatt | VCC =2.7t03.6V Vou VCC-05 |- - loy = -100 pA
B M (n=0)
VoL - - 05 lo, = 100 A
VCC = Vpergarr 10 2.7 V| Vo VCC-03 |- - low = -50 UA
VoL - - 0.3 loL = 50 pA
VCC < Vpergatr | VBATT =2.7t03.6 V Von Vparr-0.5] - - lop = -100 pA
VoL - - 0.5 lo, = 100 pA
VBATT = 1.8t0 2.7 V Vou Vpart-0.3] - - loy = -50 pA
VoL - - 0.3 loL = 50 A
211 CTSU Characteristics
Table 2.56 CTSU characteristics
Conditions: VCC = AVCC0=1.8t0 3.6 V
Parameter Symbol Min Typ Max Unit Mt & 14
SEEEITSCAPS RSN R Ciscap 9 10 1 nF -
TSSIHIB M & Chase - - 50 pF -
SV KRR YloH - - 24 mA 7 FR B AR
R01DS0359EJ0100 Rev.1.00 RENESAS 568951, H105M
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212 Segment LCD Controller Characteristics
2121 Resistance Division Method
[Static Display Mode]
Table 2.57 Resistance division method LCD characteristics (1)
Conditions: VL4 <VCC <3.6 V
Parameter Symbol Min Typ Max Unit Test conditions
LCD drive voltage Vig 2.0 - VCC \ -
[1/2 Bias Method, 1/4 Bias Method]
Table 2.58 Resistance division method LCD characteristics (2)
Conditions: VL4 <VCC <3.6 V
Parameter Symbol Min Typ Max Unit Test conditions
LCD drive voltage Via 2.7 - VCC \ -
[1/3 Bias Method]
Table 2.59 Resistance division method LCD characteristics (3)
Conditions: VL4 <VCC <3.6 V
Parameter Symbol Min Typ Max Unit Test conditions
LCD drive voltage Via 25 - VCC \ -
213 Comparator Characteristics
Table 2.60 ACMPLP characteristics
Conditions: VCC =1.8t0 3.6 V
Parameter Symbol | Min Typ Max Unit Test conditions
Reference voltage range Standard mode | IVREFn VREF 0 - VCC-14 |V -
(n=0,1)
Window mode*2 | IVREF1 VREFH | 1.4 - VCC \ -
IVREFO VREFL |0 - VCC-14 |V -
Input voltage range VI 0 - VCC \% -
Internal reference voltage - 1.36 1.44 1.50 \% -
Output delay High-speed mode Td - - 1.2 us VCC =3.0
Low-speed mode - - 5 us 2';:\;{ itesg frrIR/F;l:Jts
Window mode - - 2 us
Offset voltage*1 High-speed mode - - - 50 mV -
Low-speed mode - - - 40 mV -
Window mode - - - 60 mV -
Operation stabilization wait time Temp 100 - - us -

Note 1. When 8-bit DAC output is used as the reference voltage, the offset voltage increases up to 2.5 x VCC/256.
Note 2. In window mode, be sure to satisfy the following condition: IVREF1 - IVREF0 > 0.2 V.
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212  EBILCDIEHIZBFIE
2121 RS B
[Static Display Mode]
Table 2.57  HBIASELCDISE (—)
Conditions: VL4 <VCC <3.6 V
Parameter Symbol Min Typ Max Unit Wit 5= 14
& & IR T B Via 2.0 - VCC Vv -
[12REE, 14REE]
Table 2.58  EMESELCDHFE (2)
Conditions: VL4 <VCC <3.6 V
Parameter Symbol Min Typ Max Unit Mt & 14
KR IRE B E Via 2.7 - vce v -
[1/3 Bias Method]
Table 2.59  EBIASELCDIE (2)
Conditions: VL4 <VCC <3.6 V
Parameter Symbol Min Typ Max Unit Wit 51
R R IR E B Vig 25 - vce Vv -
213 HbIREstE
Table 2.60 ACMPLP characteristics
Conditions: VCC =1.8t0 3.6 V
Parameter Symbol | Min Typ Max Unit | Wit&RG
sEBEEE AR IVREFnN VREF 0 - VCC-14 |V -
(n=0,1)
Window mode*2 | IVREF1 VREFH | 1.4 - VCC \% -
IVREFO VREFL | O - VCC-14 |V -
WMABEEE VI 0 - VCC \% -
AESEBE - 1.36 1.44 1.50 \% -
IR High-speed mode Td - - 1.2 us VCC=3.0
Low-speed mode - - 5 us @ﬁ)ﬁﬁ/ﬁi}f%
BHOKER - - 2 us
Offset voltage*1 High-speed mode - - - 50 mV -
Low-speed mode - - - 40 mV -
BORK - - - 60 mV -
BITREEFIE Temp 100 - - us -

A1 H8IDACHY AESEBIER, KFBESIEME2.5xVCC2560
A2EFEOBRRT, BESHHRUTEM: IVREF1IVREF0>0.2V,
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214 OPAMP Characteristics 2.14 OPAMP Characteristics

Table 2.61 OPAMP characteristics Table 2.61 OPAMP characteristics
Conditions: VCC = AVCCO0 = 1.8 to 3.6 V (AVCCO = VCC when VCC < 2.0 V) £ VCC=AVCCO=18ZE3.6V (HVCC<2.0VES, AVCCO=VCQ)
Parameter Symbol Conditions Min Typ Max Unit Parameter Symbol Conditions Min Typ Max Unit
Common mode input | Viem1 Low-power mode 0.2 - AVCCO0-0.5 | V HIBHNEE Vicm1 Low-power mode 0.2 - AVCCO0-0.5 |V
range
& Vicm2 High-speed mode 0.3 - AVCC0-06 |V Vicm2 High-speed mode 0.3 - AVCC0-06 |V
Output voltage range | Vo1 Low-power mode 0.1 - AVCC0-0.1 | V ind BT Vo1 Low-power mode 0.1 - AVCCO0-0.1 | V
Vo2 High-speed mode 0.1 - AVCC0-0.1 | V Vo2 High-speed mode 0.1 - AVCC0-0.1 | V
Input offset voltage Vioff 30 -10 - 10 mV WAKIEABE Vioff 30 -10 - 10 mV
Open gain Av 60 120 - dB TS Av 60 120 - dB
Gain-bandwidth (GB) GBW1 Low-power mode - 0.04 - MHz Gain-bandwidth (GB) GBW1 Low-power mode - 0.04 - MHz
product product
GBW2 High-speed mode - 1.7 - MHz GBW2 High-speed mode - 1.7 - MHz
Phase margin PM CL =20 pF 50 - - deg BB E PM CL =20 pF 50 - - deg
Gain margin GM CL =20 pF 10 - - dB RGFE GM CL =20 pF 10 - - dB
Equivalent input noise | Vnoise1 f=1kHz Low-power mode - 230 - nV/AHz EREMNIRE Vnoise1 f=1kHz Low-power mode - 230 - nV/AHz
Vnoise2 f=10 kHz - 200 - nV/Hz Vnoise2 f=10kHz - 200 - nV/Hz
Vnoise3 f=1kHz High-speed mode - 90 - nV/VHz Vnoise3 f=1kHz High-speed mode - 90 - nV/Hz
Vnoise4 f=2kHz - 70 - nV/AHz Vnoise4 f=2kHz - 70 - nV/AHz
Power supply PSRR - 90 - dB B RRER L PSRR - 90 - dB
reduction ratio
Common mode signal | CMRR - 90 - dB HIZES AL CMRR - 90 - dB
reduction ratio
Stabilization wait time | Tstd1 CL =20 pF Low-power mode 650 - - us REFERFTE Tstd1 CL=20pF{XBEIzE AR~ Low-power mode 650 - - us
Only operational amplifier is - 1 -
Tstd2 activated *1 High-speed mode 13 - - us Tstd2 High-speed mode 13 - - us
Tstd3 CL =20 pF Low-power mode 650 - - us Tstd3 CL =20 pF Low-power mode 650 - - us
Operational amplifier and EEBARNESEBIREBR
Tstd4 reference current circuit are High-speed mode 13 - - us Tstd4 BlESEE High-speed mode 13 - - us
activated simultaneously
Settling time Tset1 CL =20 pF Low-power mode - - 750 us RERTE Tset1 CL =20 pF Low-power mode - - 750 us
Tset2 High-speed mode - - 13 us Tset2 High-speed mode - - 13 us
Slew rate Tslew1 CL =20 pF Low-power mode - 0.02 - Vius 222 Tslew1 CL =20 pF Low-power mode - 0.02 - Vius
Tslew2 High-speed mode - 1.1 - Vius Tslew2 High-speed mode - 1.1 - Vius
Load current lload1 Low power mode -100 - 100 pA REERTR lload1 RINFERTC —-100 - 100 uA
lload2 High-speed mode -100 - 100 uA lload2 High-speed mode -100 - 100 uA
Load capacitance CL - - 20 pF HHBE CL - - 20 pF

Note 1. When the operational amplifier reference current circuit is activated in advance.
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Note 1. HIZBERABEE BRMEBRKIATTHEN
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2.15 Flash Memory Characteristics

2.15.1 Code Flash Memory Characteristics

Table 2.62 Code flash characteristics (1)
Parameter Symbol | Min Typ Max Unit Test conditions
Reprogramming/erasure cycle*! Npec 1000 - - Times -
Data hold time After 1000 times of Npgc | tprp 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),
erasing can be done n times for each block. For instance, when 8-byte programming is performed 256 times for different
addresses in 2-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 3. This result is obtained from reliability testing.

Table 2.63 Code flash characteristics (2)
High-speed operating mode
Conditions: VCC =2.7t0 3.6 V

FCLK =1 MHz FCLK = 32 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 8-byte tpg - 116 998 - 54 506 ys
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 tgcok - - 1899 - - 140 us
Erase suspended time tsep - - 225 - - 10.7 us
Startup area switching setting time tsas - 21.7 585 - 121 447 ms
Access window time taws - 21.7 585 - 121 447 ms
OCD/serial programmer ID setting time | tog)s - 21.7 585 - 121 447 ms
Flash memory mode transition wait tois 2 - - 2 - - us
time 1
Flash memory mode transition wait tvs 5 - - 5 - - us
time 2
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%. Confirm the frequency accuracy of the clock source.
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2.15.1 RGN ERE

Table 2.62  BIAYE (—)
Parameter Symbol | Min Typ Max Unit Wit &
Reprogramming/erasure cycle*! Npec 1000 - - Times -
BIBRIFEYE] | NPEC1000R/E torp 2072, %3 - - Year T, = +85°C

Note 1. EWRIZZEMFEAZE MRIERRE, HEFRIEZRBE IR (n=1000) B, BTUSMRETRIER. F30, XY
2K\I}3}?§£§E’\J?ﬁﬁj§%¢£§ﬁ?256&8?%2&@, REBREBENREN, EREREREASRITN. B8, TREEE—HMUZREEN
— /KRR R m/) o

Note 2. M ImE"HE FRMBINFRIZEN B RIZETEIR L,
Note 3. X MERZBMARIEM NP RIFH.

Table 2.63  BBIA%ME (2)
ERETER
Conditions: VCC =2.7t0 3.6 V

FCLK =1 MHz FCLK = 32 MHz

Parameter Symbol | Min Typ Max Min Typ Max Unit
YRIZETa] 8-byte tpg - 116 998 - 54 506 us
1B ERETa) 2-KB teok - 9.03 287 - 5.67 222 ms
TRIEERE 8-byte tacs - - 56.8 - - 16.6 us

2-KB tcok - - 1899 - - 140 us
BIRE (R0 tsep - - 22,5 - - 10.7 us
BEIX k% &Y E tsas - 21.7 585 - 121 447 ms
18] & O B /8] taws - 21.7 585 - 121 447 ms
OCDE O 4R122RIDIE B Y] tosis - 21.7 585 - 121 447 ms
TR R 2 B )1 tois 2 - - 2 - - us
N R % 50T )2 tus 5 - - 5 - - us

Note:  AEEHEHITIESBNENE XIREFBHIEIE,

Note: EXAEFERITRIETIRBREY, FCLKRTIRIAENIMHz, HERMEFAMHZEIFCLKEY, $MEALUKE N 1MHz. 2MHzE3MH
Zo FHEIRBIEEHIAZER, FIW01.5MHz,

Note: FCLKAUSRRKEE A AN £3.5%, WHIABTHRAVIARIEE,
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Table 2.64 Code flash characteristics (3)
Middle-speed operating mode
Conditions: VCC = 1.8 to 3.6 V, Ta = -40 to +85°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 - - 525 us
2-KB tBcok | - - 1930 - - 414 us
Erase suspended time tsep - - 32.7 - - 216 us
Startup area switching setting time tsas - 22.5 592 - 14.0 464 ms
Access window time taws - 225 592 - 14.0 464 ms
OCD/serial programmer ID setting time tosis - 225 592 - 14.0 464 ms
Flash memory mode transition wait time 1| tps 2 - - 2 - - us
Flash memory mode transition wait time 2 | tyg 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%. Confirm the frequency accuracy of the clock source.

2.15.2 Data Flash Memory Characteristics

Table 2.65 Data flash characteristics (1)

Parameter Symbol | Min Typ Max Unit Test conditions
Reprogramming/erasure cycle*1 NprEC 100000 1000000 | - Times -
Data hold time | After 10000 times of Nppgc topre 20*2.*3 | - - Year Ta = +85°C
After 100000 times of Nppgc 5*2,*3 - - Year
After 1000000 times of Nppgc - 1%2,*3 - Year Ta=+25°C

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 2.66 Data flash characteristics (2)
High-speed operating mode
Conditions: VCC =2.7t0 3.6 V

FCLK =4 MHz FCLK =32 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 1-byte top1 - 52.4 463 - 42.1 387 us
Erasure time 1-KB tbe1K - 8.98 286 - 6.42 237 ms
Blank check time 1-byte tbec1 - - 24.3 - - 16.6 us
1-KB tbeC1K - - 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%. Confirm the frequency accuracy of the clock source.
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Table 2.64 BBiAFHE (=)
FRETIER
%1 VCC=18ZE3.6V, Ta= 40E+85°C

FCLK =1 MHz FCLK = 8 MHz

Parameter Symbol | Min Typ Max Min Typ Max Unit
YRAZ BT (8] 8-byte tps - 157 1411 - 101 966 us
1B ERETa) 2-KB teok - 9.10 289 - 6.10 228 ms
THLENE 8-byte tecs - - 87.7 - - 52.5 s

2-KB tBeok | - - 1930 - - 414 us
BIRE (RETE] tsep - - 327 - - 21.6 V]
B X )Ri% B Bt iE] tsas - 225 592 - 14.0 464 ms
18] & O BY /8] taws - 225 592 - 14.0 464 ms
OCDE O 4R122RIDIL B Y] tosis - 225 592 - 14.0 464 ms
N R A )1 tois 2 - - 2 - - us
N R Y )2 tus 720 ; - 720 - - ns

Note:  AEEBERHGHITIESBINENS KIZIEFTIBHET &,
Note: EXAEFERITRIETIRREY, FCLKR TFIRIAENIMHz, HERMEFAMHZEIFCLKEY, $MEALUKE N 1MHz. 2MHzE3MH
Zo FHEIRBIEEHIAZER, FIW01.5MHz,

Note:  FCLKRVSMENSEMI N +£3.5%, HINE#HRAISAENEE,

2152  HWIRENERME

Table 2.65  $¥iBIRAEHNE (—)

Parameter Symbol | Min Typ Max Unit Wit 51

Reprogramming/erasure cycle*! NprEC 100000 1000000 | - Times -

AR IRIFAYE] NDPEC10000:% [ topre 20*2.*3 | - - Year Ta = +85°C
NDPEC100000:R /& 5*2,*3 - - Year
NDPEC1000000:R /& - 1%2,%3 - Year Ta = +25°C

Note 1. ENREEZEREBREENRAVBIRRE, HEWRFEZEHRBI IR (1=100000) B, FILXEMRIITNRIER, Fld0, =
¥E%$ﬁ:$$qg7$|§iﬁ%#£;ﬂ 000N FT4RIE, AREREMRN, EFMEFEEERARITN. B2, TEBE—MIZRE
£ /N — /KERPRo = m) o

Note 2. £ B FIRMIINEFRIZRM B RIZENTIE,
Note 3. XEELRRKHAFEMEM I,

Table 2.66  ¥IBRAEIFE (2)
BEREITERN
Conditions: VCC =2.7t0 3.6 V

FCLK =4 MHz FCLK = 32 MHz

Parameter Symbol | Min Typ Max Min Typ Max Unit
YRIZETIE) 1-byte top4 - 52.4 463 - 421 387 us
1Z=PRET 8] 1-KB tpE1k - 8.98 286 - 6.42 237 ms
=T HIETE] 1-byte tbBC1 - - 24.3 - - 16.6 us

1-KB tbBC1K - - 1872 - - 512 us
BIRBE N =6 E tosep | - - 13.0 - - 10.7 us
RN IRE B8] tosToP 5 - - 5 - - s

Note:  AEEHERITIESBNENE XIREF B IE,

Note: EXAEFERITRIETIRBREY, FCLKR TIRIAENIMHz, HERMEFAMHZEIFCLKEY, $MEALUKE N 1MHz. 2MHzE3MH
Zo FHEIRBIEEHIAZER, F1401.5MHz,

Note: FCLKAUSRRKEE A AN £3.5%, WIABTHRAVIARIEE,
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Table 2.67  Data flash characteristics (3) Table 2.67  HIBAEIHE (3)
Middle-speed operating mode FRIRIZITIE T
Conditions: VCC = 1.8 to 3.6 V, Ta = —40 to +85°C %M. VCC=18F3.6V, Ta= 40E+85°C
FCLK =4 MHz FCLK = 8 MHz FCLK =4 MHz FCLK = 8 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 1-byte tpp1 - 94.7 886 - 89.3 849 s YRAZ BT (8] 1-byte top1 - 94.7 886 - 89.3 849 us
Erasure time 1-KB tpe1k - 9.59 299 - 8.29 273 ms 1B ERETE) 1-KB toE1k - 9.59 299 - 8.29 273 ms
Blank check time 1-byte tpac1 - - 56.2 - - 52.5 ps THLENE 1-byte tpac1 - - 56.2 - - 52.5 s
1-KB toscik | - - 217 - - 1.51 ms 1-KB toscik | - - 217 - - 1.51 ms
Suspended time during erasing tosep - - 23.0 - - 21.7 us ZFRHR B R E (= B (8] tpsep - - 23.0 - - 21.7 us
Data flash STOP recovery time tosToP 720 - - 720 - - ns BAREAZ R E B8] tosToP 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:  AEIERHGHITIESEIRNENE IEFIBMETE,
Note:  The lower-limit frequency of FCLK is 1 MHz during programming or erasing the flash memory. When using FCLK at below Note: EXAFHITRIZSIZFREY, FCLKBYTIRMZFNIMHzZ, HEREFTAMHZBIFCLKEY, SAFTATLUZE N T1MHzZ. 2MHZE3MH
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. zo FREREIFRHINZR, FIE1.5MHz,
Note:  The frequency accuracy of FCLK must be #3.5%. Confirm the frequency accuracy of the clock source. Note:  FCLKRUSAZFEE RN E3.5%, HIABISIRAIEEE,
2.16  Joint Test Action Group (JTAG) 2.16  EX&MXITEIAUTAG)
Table 2.68 JTAG (debug) characteristics (1) Table 2.68 JTAG (debug) characteristics (1)
Conditions: VCC =2.4t03.6 V Conditions: VCC =2.4t03.6 V
Parameter Symbol Min Typ Max Unit Test conditions Parameter Symbol Min Typ Max Unit MR
TCK clock cycle time trekeye 80 - - ns Figure 2.75 TCKBY $4/E HRRY 8] trekeye 80 - - ns Figure 2.75
TCK clock high pulse width trekn 35 - - ns TCKEY i Ak B E trekH 35 - - ns
TCK clock low pulse width trekL 35 - - ns TCKBY $REEAK A B E trexL 35 - - ns
TCK clock rise time trekr - - 5 ns TCKBY$_E F+ B /8] trekr - - 5 ns
TCK clock fall time troke - - 5 ns TCKEY $ T F& B ) treks - - S ns
TMS setup time trmss 16 - - ns Figure 2.76 TMSIZ & B8] trmss 16 - - ns Figure 2.76
TMS hold time trmsH 16 - - ns TMSEREFRT 8] trmsH 16 - - ns
TDI setup time trpis 16 - - ns TDIER 1L BY &) trpis 16 - - ns
TDI hold time trpIH 16 - - ns TDIR¥FEY (8] trpiH 16 - - ns
TDO data delay time troop - - 70 ns TDOERHEREIR B[] troop - - 70 ns
Table 2.69 JTAG (debug) characteristics (2) Table 2.69 JTAG (debug) characteristics (2)
Conditions: VCC =1.8t0 2.4 V Conditions: VCC =1.8t0 2.4V
Parameter Symbol Min Typ Max Unit Test conditions Parameter Symbol Min Typ Max Unit MR
TCK clock cycle time trekeye 250 - - ns Figure 2.75 TCKBY $4/E HRRY 8] trekeye 250 - - ns Figure 2.75
TCK clock high pulse width trekn 120 - - ns TCKEY = Ak B trekH 120 - - ns
TCK clock low pulse width trekL 120 - - ns TCKBY $REEAK A B E trexL 120 - - ns
TCK clock rise time trekr - - 5 ns TCKBY$9_E F+ B /8] trekr - - 5 ns
TCK clock fall time trexs - - 5 ns TCKBY $4 B AT ] trexs - - 5 ns
TMS setup time trmss 50 - - ns Figure 2.76 TMSIZ & B8] trmss 50 - - ns Figure 2.76
TMS hold time trmsH 50 - - ns TMSEREFRT 8] trmsH 50 - - ns
TDI setup time trpis 50 - - ns TDIER 1L BY &) trpis 50 - - ns
TDI hold time trpIH 50 - - ns TDIR$FEY[A] trpiH 50 - - ns
TDO data delay time trpop - - 150 ns TDOHUIEIEIR Y] trpop - - 150 ns
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2.16.1

Table 2.70
Conditions: VCC=241t03.6 V

Serial Wire Debug (SWD)

SWD characteristics (1)

Parameter Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time tswekeye 80 - - ns Figure 2.77
SWCLK clock high pulse width tswekH 35 - - ns
SWCLK clock low pulse width tswekL 35 - - ns
SWCLK clock rise time tswekr - - ns
SWCLK clock fall time tsweks - - 5 ns
SWDIO setup time tswpos 16 - - ns Figure 2.78
SWDIO hold time tswpH 16 - - ns
SWDIO data delay time tswop 2 - 70 ns

Table 2.71 SWD characteristics (2)

Conditions: VCC =1.8t0 2.4V
Parameter Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time tswekeye 250 - - ns Figure 2.77
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 2.78
SWDIO hold time tswoH 50 - - ns
SWDIO data delay time tswop 2 - 150 ns

tswekeye .
tswekn
SWCLK ; tsweke Z
[— tswokr
tswekL
Figure 2.77 SWD SWCLK timing
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2.16.1 B1T4E (SWD)
Table 2.70 SWD characteristics (1)
Conditions: VCC =2.4t03.6 V
Parameter Symbol Min Typ Max Unit MR
SWCLKEY S /& HA B 8] tswekeye 80 - - ns Figure 2.77
SWCLKEt SRk BE tswekH 35 - - ns
SWCLKBY SRR A BE tswekL 35 - - ns
SWCLKES $h_E 7B i8] tswekr - - ns
SWCLKAY S T A 8] tsweks - - 5 ns
SWDIOIZ &RY 8] tswps 16 - - ns Figure 2.78
SWDIC){%?%EE“EH tSWDH 16 - - ns
Table 2.71 SWD characteristics (2)
Conditions: VCC=1.8t0 2.4V
Parameter Symbol Min Typ Max Unit MR
SWCLKES S /B HARY 8] tswekoye 250 - - ns Figure 2.77
SWCLKE?%¢%HJ3@¢ ﬁfﬁ tSWCKH 120 - - ns
SWCLKETI%EFT&H*FF ?'_":,Jg tSWCKL 120 - - ns
SWCLKE$h L7+ B 8] tswekr - - ns
SWCLKBY 8 T [ B8] tswoks - - 5 ns
SWDIOig &R i8] tswps 50 - - ns Figure 2.78
SWDIO{%?%EE”EH tSWDH 50 - - ns
P tswekeye .
tswekn
SWCLK tswekr Z
n [— tswokr
-SWCKL
Figure 2.77 SWD SWCLK timing
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2.17 BLE Characteristics

2171 Transmission Characteristics
Table 2.72 Transmission Characteristics
Conditions: VCC = VCC_RF = AVCC_RF =3.3V,VSS=VSS_RF =0V, T, = +25°C
Parameter Symbol Min Typ Max Unit Test conditions
Range of frequency RFcE 2402 - 2480 MHz
Data rate RFpaTA_2M - 2 - Mbps
RFpata_im | - 1 - Mbps
RFpATA_ 500k | - 500 - kbps
RFpaTA_125k | - 125 - kbps
Maximum transmitted output RFpowER - 0 dBm 0 dBm output mode
power - 4 dBm 4 dBm output mode
Output frequency error RF1xFERR -10 - 10 ppm *1
Note: The characteristics are based on pins and functions other than those for the BLE interface not being in use.

Note 1. This does not take frequency errors due to manufacturing irregularities, drift with temperature, or deterioration of the crystal

over time into account.
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217 RIWEEFHE

2.17.1 Ehats it

Table 2.72 EiatFtE
Conditions: VCC = VCC_RF = AVCC_RF =3.3V,VSS=VSS_RF =0V, T, =+25°C

Parameter Symbol Min Typ Max Unit Mt & 1%
DESo RFcr 2402 - 2480 MHz
HiEEE RFpATA 2Mm - 2 - Mbps

RFpata_im | - 1 - Mbps

RFpaTA 500k | - 500 - Kbps

RFpaTA_125k | - 125 - kbps
RARSEHINE RFpowER - 0 dBm OdBm I HAE T

- 4 dBm 4dBmia HR S

HHMEIRE RF1xFERR -10 - 10 ppm *1

Note:  XLENFMETFREMBIBLEZEDLASMYSIMIFITIAE,
Note 1. XRBEZEEBTFTHERAMNE. BEFBEHRAFMENES LS ENMEFIRE,
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217.2

Table 2.73

Reception Characteristics

Reception Characteristics (2 Mbps)

Conditions:VCC = VCC_RF =AVCC_RF =3.3V,VSS=VSS_RF=0V, T, =+25°C

Item Symbol Min. Typ. Max. Unit Test Conditions

Input frequency RFRXFIN_2Mm 2402 — 2480 MHz

Maximum input level RF EvL_om -10 4 — dBm *1

Receiver sensitivity RFsTy om — -92 — dBm *1

Secondary emission strength | RFrxsp om — -72 -57 dBm 30 MHz to 1 GHz
— -54 —47 dBm 1 GHz to 12 GHz

Co-channel rejection ratio RFccr_2m — -8 — dB Prf = —67 dBm*1

Adjacent channel rejection RFADCR 2Mm — 2 — dB Prf=—67 dBm*! |+2 MHz

ratio — 35 — dB +4 MHz
— 39 — dB +6 MHz

Blocking RFgLk_2m — -1 — dBm Prf =67 dBm*! | 30 MHz to 2000 MHz
— -25 — dBm 2000 MHz to 2399 MHz
— -21 — dBm 2484 MHz to 3000 MHz
— -10 — dBm > 3000 MHz

Allowable frequency RFrxFer oM | =120 — 120 ppm *1

deviation*2

RSSI accuracy RFRrssis_2m — +4 — dB —70 dBm < Prf < —-10 dBm

Note: The characteristics are based on pins and functions other than those for the BLE interface not being in use.

Note 1. PER < 30.8%, and a 37-byte payload

Note 2.  Allowable range of difference between the center frequency for the RF input signals and the carrier frequency generated within

the chip
217.3 Reception Characteristics (1 Mbps)
Table 2.74 Reception Characteristics

Conditions:VCC = VCC_RF = AVCC_RF =3.3V,VSS=VSS_RF =0V, T, =+25°C

Item Symbol Min. Typ. Max. Unit Test Conditions

Input frequency RFRrxFiN_1m | 2402 — 2480 MHz

Maximum input level RF EVL 1M -10 4 — dBm *1

Receiver sensitivity RFsTY 1M — -95 — dBm *1

Secondary emission strength RFRrxsp_1m — -72 -57 dBm 30MHz to 1GHz
— -54 47 dBm 1GHz to 12GHz

Co-channel rejection ratio RFcer_1m — -7 — dB Prf = -67dBm*1

Adjacent channel rejection ratio | RFaApcr 1m — -1 — dB Prf = —67dBm*! | +1MHz
— 34 — dB +2MHz
— 35 — dB +3MHz

Blocking RFgLK_1Mm — 0 — dBm Prf = -67dBm*! | 30MHz to 2000MHz
— —24 — dBm 2000MHz to 2399MHz
— -20 — dBm 2484MHz to 3000MHz
— -4 — dBm > 3000MHz

Allowable frequency deviation*? | RFryrer 1m | =120 — 120 ppm 1

RSSI accuracy RFrssis 1M |— 4 — dB —70dBm = Prf < —10dBm

Note: The characteristics are based on pins and functions other than those for the BLE interface not being in use.

Note 1. PER < 30.8%, and a 37-byte payload

Note 2.  Allowable range of difference between the center frequency for the RF input signals and the carrier frequency generated within

the chip
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2.17.2 A% (2Mbps)
Table 2.73  EU4SHE
Conditions:VCC = VCC_RF = AVCC_RF =3.3V,VSS=VSS_RF=0V, T, =+25°C
Item Symbol Min. Typ. Max. Unit Wit &4
PN TES RFRXFIN_2M 2402 — 2480 MHz
RRBNEFE RFLEVL 2m -10 4 — dBm *1
BNR S RFsty om _ —92 — dBm |
ZRRSTERERFRXSP_2M — 72 -57 dBm 30 MHz to 1 GHz
— -54 —47 dBm 1 GHz to 12 GHz
ESTH I b RFccr_2m — -8 — dB Prf = —67 dBm*1
SREHNHILL RFADCR_2Mm — 2 — dB Prf = -67 dBm*! | +2 MHz
— 35 — dB +4 MHz
— 39 — dB +6 MHz
Blocking RFgLk 2m — -1 — dBm Prf =—67 dBm*! |30 MHz to 2000 MHz
— -25 — dBm 2000 MHz to 2399 MHz
— -21 — dBm 2484 MHz to 3000 MHz
— -10 — dBm > 3000 MHz
ARVFIRRRE2 RFRxFErR 2m | =120 — 120 ppm *1
RSSI accuracy RFRrssis_2m — +4 — dB —70 dBm < Prf <—-10 dBm

Note:  XEEAFMEETRMEMAIBLEREDO LISMYSIHIFITNEE,

Note 1. PER=30.8%, BXEMN3I7FT
Note 2. RFEINESHIFROAESE A RE = ENHRMEZ BN R ITFEETE
2173 EUWHF 1% (1 Mbps)
Table 2.74  1EUIS1E
Conditions:VCC = VCC_RF = AVCC_RF =3.3V,VSS =VSS_RF =0V, T, = +25°C
Item Symbol Min. Typ. Max. Unit Wit
LD TES RFRxFIN_1M | 2402 — 2480 MHz
RARBNEFE RFLEVL 1M -10 4 — dBm *1
BRRBE RFsTY 1M — -95 — dBm *1
ZRRERE RFRxsp_1Mm — 72 -57 dBm 30MHz to 1GHz
— —54 —47 dBm 1GHz to 12GHz
EpzENL]d RFccr 1M — -7 — dB Prf = -67dBm*1
REHIHILL RFADCR 1M |— -1 — dB Prf = —67dBm*! | +1MHz
— 34 — dB +2MHz
— 35 — dB +3MHz
Blocking RFgLK_1Mm — 0 — dBm Prf = -67dBm*! | 30MHz to 2000MHz
— —24 — dBm 2000MHz to 2399MHz
— -20 — dBm 2484MHz to 3000MHz
— -4 — dBm > 3000MHz
ARVFIRRRE2 RFRrxFer_ 1M |—120 — 120 ppm *1
RSSI accuracy RFrssis 1M |— 4 — dB —70dBm < Prf < —10dBm

Note:  XEEAFIEETFRMEMBIBLEROLISMYSIHIFIZHEE,

Note 1.
Note 2.

PER=30.8%, BMHMAI7TFT
RFEIN(E SHIROAR 5B A= ENEIRRE 2 BN AT EETER
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2174

Table 2.75

Reception Characteristics

Reception Characteristics (500 kbps)

Conditions:VCC = VCC_RF =AVCC_RF =3.3V,VSS=VSS_RF=0V, T, =+25°C

Item Symbol Min. Typ. Max. Unit Test Conditions

Input frequency RFRrxFIN_ 500k | 2402 — 2480 MHz

Maximum input level RF e s00k  |—10 4 — dBm 1

Receiver sensitivity RFsTY 500K — -100 — dBm *1

Secondary emission strength RFrxsp_s00k | — —72 -57 dBm 30MHz to 1GHz
— —54 —47 dBm 1GHz to 12GHz

Co-channel rejection ratio RFccr 500k | — -4 — dB Prf = —-72dBm*1

Adjacent channel rejection ratio | RFapcr 500k | — 6 — dB Prf=-72dBm*! | +1MHz
— 36 — dB +2MHz
— 42 — dB +3MHz

Blocking RFBLK_500k — 0 — dBm Prf = -72dBm*! | 30MHz to 2000MHz
— -23 — dBm 2000MHz to 2399MHz
— -20 — dBm 2484MHz to 3000MHz
— -7 — dBm > 3000MHz

Allowable frequency deviation*2 RFRxFER 500k | —120 — 120 ppm 1

RSSI accuracy RFRrssis_s00k | — 4 — dB —70dBm < Prf < —10dBm

Note: The characteristics are based on pins and functions other than those for the BLE interface not being in use.
Note 1. PER < 30.8%, and a 37-byte payload
Note 2.  Allowable range of difference between the center frequency for the RF input signals and the carrier frequency generated within
the chip
2175 Reception Characteristics (125 kbps)
Table 2.76 Reception Characteristics
Conditions:VCC = VCC_RF = AVCC_RF =3.3V,VSS =VSS_RF =0V, T, = +25°C
Item Symbol Min. Typ. Max. Unit Test Conditions
Input frequency RFRxFIN_125k | 2402 — 2480 MHz
Maximum input level RF gy _125k |10 4 — dBm *1
Receiver sensitivity RFsTy 125K — -105 — dBm *1
Secondary emission strength RFrxsp_ 125k | — —72 -57 dBm 30 MHz to 1 GHz
— —-54 47 dBm 1 GHz to 12 GHz
Co-channel rejection ratio RFcer 125k | — -2 — dB Prf = —79 dBm*1
Adjacent channel rejection ratio | RFapcr 125k | — 12 — dB Prf=-79 dBm*! | +1 MHz
— 39 — dB +2 MHz
— 45 — dB +3 MHz
Blocking RFBLK_125k — 0 — dBm Prf =-79 dBm*! | 30 MHz to 2000 MHz
— -23 — dBm 2000 MHz to 2399 MHz
— -20 — dBm 2484 MHz to 3000 MHz
— -1 — dBm > 3000MHz
Allowable frequency deviation*? | RFryrer 125k | =120 — 120 ppm *1
RSSI accuracy RFRrssis_125k | — 4 — dB T, = +25°C, =70 dBm < Prf £ —10 dBm

Note:

Note 1.

Note 2.
the chip

The characteristics are based on pins and functions other than those for the BLE interface not being in use.
PER < 30.8%, and a 37-byte payload
Allowable range of difference between the center frequency for the RF input signals and the carrier frequency generated within

2174  EWIS1%(500kbps)
Table 2.75  $EU4SHE
Conditions:VCC = VCC_RF = AVCC_RF =3.3V,VSS=VSS_RF=0V, T, =+25°C
Item Symbol Min. Typ. Max. Unit Wit &1
BN RFRXFIN_s500k | 2402 — 2480 MHz
RAMANBE RF EvL_s00k | =10 4 — dBm *1
BRRUE RFsTy 500k | — -100 — dBm *1
ZRRERE RFRrxsp 500k | — 72 -57 dBm 30MHz to 1GHz
— -54 47 dBm 1GHz to 12GHz
ESTM I b RFcer 500k |— —4 — dB Prf = —72dBm*1
RBINFILL RFADCR 500k | — 6 — dB Prf=-72dBm*! | +1MHz
— 36 — dB +2MHz
— 42 — dB +3MHz
Blocking RFBLK_500k — 0 — dBm Prf = -72dBm*! | 30MHz to 2000MHz
— -23 — dBm 2000MHz to 2399MHz
— -20 — dBm 2484MHz to 3000MHz
— -7 — dBm > 3000MHz
RVFIREARE2 RFRrxFER 500k |—120 — 120 ppm *1
RSSI accuracy RFRrssis_s00k | — 4 — dB —70dBm < Prf < —10dBm

Note:  IXUEAFMETRMERAMIBLEREDO MGG IIFITNAE,
Note 1. PER=30.8%, BREMNI7FET
Note 2. RFEINESHFROIRESTE A RE = £ HRINEZ BN AT EETE
2.17.5 U (125kbps)
Table 2.76  1EUNIS1E
Conditions:VCC = VCC_RF =AVCC_RF =3.3V,VSS=VSS_RF =0V, T, =+25°C
Item Symbol Min. Typ. Max. Unit Mt 5= 14
BNIRE RFRxFIN_ 1256 | 2402 | — 2480 | MHz
BABNBT RFiev 125k |10 4 — dBm | *1
B R RFsty 125 | — 105 |— dBm |
TR TIRE RFRxsp 125¢ | — 72 57 dBm |30 MHz to 1 GHz
— -54 —47 dBm 1 GHz to 12 GHz
BSR4 L RFcor 125k |— -2 — dB Prf = —79 dBm*’
SBBINHILL RFADCR 125k | — 12 — dB Prf = —79 dBm*! | +1 MHz
— 39 — dB +2 MHz
— 45 — dB +3 MHz
Blocking RFeik 1osk | — 0 — dBm | Prf=—79 dBm*' | 30 MHz to 2000 MHz
— -23 — dBm 2000 MHz to 2399 MHz
— —-20 — dBm 2484 MHz to 3000 MHz
— -1 — dBm > 3000MHz
S RE2 RFaxrer 125k |—120 | — 120 ppm | *1
RSS! accuracy RFrssis_ 125k | — +4 — dB T, = +25°C, —70 dBm < Prf < —10 dBm

Note:
Note 1.
Note 2.

XL BT R A AYBLERE O LASMY S| BN THEE,
PER=30.8%, BREFTHN3I7FT
RFEINE SRR S G A R~ £ NERIMER 2 B A EETEE
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Proprietary Notice

All text, graphics, photographs, trademarks, logos, artwork and computer code, collectively known as content, contained in
this document is owned, controlled or licensed by or to Renesas, and is protected by trade dress, copyright, patent and
trademark laws, and other intellectual property rights and unfair competition laws. Except as expressly provided herein, no
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Notice

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

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

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

4. You shall 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.

5. 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 measurement equipment; 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.

6. 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.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

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

9. 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.

10. 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
party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

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

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

(Rev.4.0-1 November 2017)
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