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RENESANS

RAGT1 Group

Datasheet

Leading performance 120-MHz Arm® Cortex®-M4 core, up to 512 KB of code flash memory, 64-KB SRAM, security

and safety features, and advanced analog.

Features

m Arm Cortex-M4 Core with Floating Point Unit (FPU)
e Armv7E-M architecture with DSP instruction set
e Maximum operating frequency: 120 MHz

Support for 4-GB address space

On-chip debugging system: JTAG, SWD, and ETM

Boundary scan and Arm Memory Protection Unit (Arm MPU)

= Memory
e Up to 512-KB code flash memory (40 MHz zero wait states)
o 8-KB data flash memory (125,000 erase/write cycles)
* 64-KB SRAM

Flash Cache (FCACHE)

Memory Protection Units (MPU)

Memory Mirror Function (MMF)

e 128-bit unique ID

m Connectivity
o Serial Communications Interface (SCI) with FIFO x 7
o Serial Peripheral Interface (SPI) x 2
e I2C bus interface (IIC) x 2
e CAN module (CAN) x 1
o IrDA interface

= Analog
e 12-bit A/D Converter (ADC12) with 3 sample-and-hold circuits
each x 2
e 12-bit D/A Converter (DAC12) x 2
e High-Speed Analog Comparator (ACMPHS) x 6
e Programmable Gain Amplifier (PGA) x 6
e Temperature Sensor (TSN)

= Timers

e General PWM Timer 32-bit Enhanced High Resolution
(GPT32EH) x 4
General PWM Timer 32-bit Enhanced (GPT32E) x 4
General PWM Timer 32-bit (GPT32) x 5
Asynchronous General-Purpose Timer (AGT) x 2
Watchdog Timer (WDT)

m Safety

e 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
e Event Link Controller (ELC)

DMA Controller (DMAC) x 8

Data Transfer Controller (DTC)

Key Interrupt Function (KINT)

L]
L]
L]
e Power-on reset

e Low Voltage Detection (LVD) with voltage settings

m Security and Encryption
AES128/192/256

3DES/ARC4
SHA1/SHA224/SHA256/MDS5

GHASH

RSA/DSA/ECC

True Random Number Generator (TRNG)

= Multiple Clock Sources
Main clock oscillator (MOSC) (8 to 24 MHz)
Sub-clock oscillator (SOSC) (32.768 kHz)

IWDT-dedicated on-chip oscillator (15 kHz)
Clock trim function for HOCO/MOCO/LOCO
Clock out support

m General-Purpose I/O Ports
e Up to 76 input/output pins
- Up to 9 CMOS input
- Up to 67 CMOS input/output
- Up to 14 input/output 5 V tolerant
- Up to 13 high current (20 mA)

m Operating Voltage
e VCC:2.7t03.6 V

m Operating Temperature and Packages
e Ta=-40°C to +105°C
- 100-pin LQFP (14 mm x 14 mm, 0.5 mm pitch)
- 64-pin LQFP (10 mm x 10 mm, 0.5 mm pitch)

High-speed on-chip oscillator (HOCO) (16/18/20 MHz)
Middle-speed on-chip oscillator (MOCO) (8 MHz)
Low-speed on-chip oscillator (LOCO) (32.768 kHz)
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1. Overview

1. Overview

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

The MCU in this series incorporates a high-performance Arm Cortex®-M4 core running up to 120 MHz with the

following features:

e Up to 512-KB code flash memory

e 064-KB SRAM

e Security and safety features

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

e Analog peripherals.

1.1 Function Outline

Table 1.1 Arm core

Feature

Functional description

Arm Cortex-M4 core

e Maximum operating frequency: up to 120 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.
e Arm Memory Protection Unit (Arm MPU):
- Armv7 Protected Memory System Architecture
- 8 protect regions.
e SysTick timer:
- Driven by SYSTICCLK (LOCO) or ICLK.

Table 1.2 Memory

Feature

Functional description

Code flash memory

Up to 512-KB code flash memory. See section 41, Flash Memory in User’s Manual.

Data flash memory

8-KB data flash memory. See section 41, Flash Memory in User’s Manual.

Memory Mirror Function (MMF)

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

Option-setting memory

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

SRAM

On-chip high-speed SRAM. See section 40, SRAM in User’s Manual.

Table 1.3 System (1 of 3)

Feature

Functional description

Operating modes

Two operating modes:

o Single-chip mode

o SCI boot mode.

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

1. Overview
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Table 1.3 System (2 of 3)
Feature Functional description
Resets 14 resets:

e RES pin reset

e Power-on reset

* Voltage monitor O reset

* Voltage monitor 1 reset

* Voltage monitor 2 reset

e Independent watchdog timer reset
e Watchdog timer reset

e Deep Software Standby reset

o SRAM parity error reset

o Bus master MPU error reset

¢ Bus slave MPU error reset

e Stack pointer error reset

o Software reset.

See section 6, Resets in User’s Manual.

Low Voltage Detection (LVD)

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

Clocks

Main clock oscillator (MOSC)

Sub-clock oscillator (SOSC)

High-speed on-chip oscillator (HOCO)

Middle-speed on-chip oscillator (MOCO)

Low-speed on-chip oscillator (LOCO)

PLL frequency synthesizer

IDWT-dedicated on-chip oscillator

Clock out support.

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

Clock Frequency Accuracy
Measurement Circuit (CAC)

The Clock Frequency Accuracy Measurement Circuit (CAC) counts pulses of the clock to be
measured (measurement target clock) within the time generated by the clock to be used as a
measurement reference (measurement reference clock), and determines the accuracy
depending on whether the number of pulses is within the allowable range.

When measurement is complete or the number of pulses within the time generated by the
measurement reference clock is not within the allowable range, an interrupt request is
generated.

See section 10, Clock Frequency Accuracy Measurement Circuit (CAC) in User’s Manual.

Interrupt Controller Unit (ICU)

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

Key Interrupt Function (KINT)

A key interrupt can be generated by setting the Key Return Mode Register (KRM) and inputting
a rising or falling edge to the key interrupt input pins. See section 20, Key Interrupt Function
(KINT) in User’s Manual.

Low power modes

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

Register write protection

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

Memory Protection Unit (MPU)

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

Watchdog Timer (WDT)

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

A refresh-permitted period can be set to refresh the counter and used as the condition for
detecting when the system runs out of control. See section 25, Watchdog Timer (WDT) in
User’s Manual.
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Table 1.3 System (3 of 3)

Feature

Functional description

Independent Watchdog Timer (IWDT)

The Independent Watchdog Timer (IWDT) consists of a 14-bit down-counter that must be
serviced periodically to prevent counter underflow. The IWDT provides functionality to reset
the MCU or to generate a non-maskable interrupt or 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, or refresh error, or by
a refresh of the count value in the registers. See section 26, 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 18, 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 17, Data Transfer Controller (DTC) in User’s Manual.

DMA Controller (DMAC)

An 8-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 16, DMA Controller
(DMAC) in User’s Manual.

Table 1.6 Timers

Feature

Functional description

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with 13 channels. PWM waveforms can be
generated by controlling the up-counter, down-counter, or 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 22, 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 21, Port Output Enable for GPT (POEG) in
User’s Manual.

Low Power Asynchronous General-
Purpose Timer (AGT)

The Low Power Asynchronous General-Purpose Timer (AGT) is a 16-bit timer that can be
used for pulse output, external pulse width or period measurement, and counting 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 can be accessed with the AGT register.
See section 24, Low Power Asynchronous General-Purpose Timer (AGT) in User’s Manual.
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Table 1.7 Communication interfaces

Feature

Functional description

Serial Communications Interface
(SClI)

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

synchronous serial interfaces:

o Asynchronous interfaces (UART and Asynchronous Communications Interface Adapter
(ACIA))

o 8-bit clock synchronous interface

e Simple IIC (master-only)

e Simple SPI

e Smart card interface.

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

transmission protocol.

Each SCI has FIFO buffers to enable continuous and full-duplex communication, and the data

transfer speed can be configured independently using an on-chip baud rate generator. See

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

IrDA Interface (IrDA)

The IrDA interface sends and receives IrDA data communication waveforms in cooperation
with the SCI1 based on the IrDA (Infrared Data Association) standard 1.0. See section 28,
IrDA Interface in User’'s Manual.

12C bus interface (IIC)

The 2-channel I12C bus interface (IIC) conforms with and provides a subset of the NXP 12C
(Inter-Integrated Circuit) bus interface functions. See section 29, 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 31, 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 30, Controller Area Network (CAN) Module in User’s Manual.

Table 1.8 Analog

Feature

Functional description

12-bit A/D Converter (ADC12)

Up to two successive approximation 12-bit A/D Converters (ADC12) are provided. In unit 0, up
to 11 analog input channels are selectable. In unit 1, up to eight analog input channels, the
temperature sensor output, and an internal reference voltage are selectable for conversion.
The A/D conversion accuracy is selectable from 12-bit, 10-bit, and 8-bit conversion, making it
possible to optimize the tradeoff between speed and resolution in generating a digital value.
See section 35, 12-Bit A/D Converter (ADC12) in User’s Manual.

12-bit D/A Converter (DAC12)

A 12-bit D/A Converter (DAC12) converts data and includes an output amplifier. See section
36, 12-Bit D/A Converter (DAC12) in User’s Manual.

Temperature Sensor (TSN)

The on-chip Temperature Sensor (TSN) can determine and monitor 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 ADC12 for conversion and can also be used by the end
application. See section 37, Temperature Sensor (TSN) in User’s Manual.

High-Speed Analog Comparator
(ACMPHS)

The High-Speed Analog Comparator (ACMPHS) compares a test voltage with a reference
voltage and provides a digital output based on the conversion result.

Both the test and reference voltages can be provided to the comparator from internal sources
such as the DAC12 output and internal reference voltage, and an external source with or
without an internal PGA.

Such flexibility is useful in applications that require go/no-go comparisons to be performed
between analog signals without necessarily requiring A/D conversion. See section 38, High-
Speed Analog Comparator (ACMPHS) in User’s Manual.
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5. ESRBFRFMPNE28T, IIDAEO,

2CEL#EOIC)

EERCRELZEONCOMTEHIRMENXPI2C (NEPEMBE) SLZOMENTFE. FER
BRPFEMHE29T, RCRLEOC),

ERITIMREEDO(SPD

AR B RITINEIE O (SPDIBIBRETS 5 S N A EBHINEREHITER. 2NIRAFHIT
BE. BEHARFMFRIET, BITIMIED(SPD.

IR B I (CAN)HE IR

Y2528 R 1SR (CAN)RIR YR it 7 72 PR WA IR A5 W FR (B R B 08 BRI INIE S 1 MALAD A 2 (B3
WANEHEUERIZhEE. CANRRIRTFBI1S011898-1(CAN2.0ACAN2.0B)ATE, %3532 HR%E
, BJEENEBHAEMFFORN TR RRIZEW, g (114D MY & (29 HEER
o BEHAPFRRBEIN, EHISZHEMCANER,

Table 1.8 Analog

Feature

IhHEREA

12-bit A/D Converter (ADC12)

REREM MR R 1 2{IRMILIRIE (ADC12), R0, RS AEEF 11 MRIENEE
o TEBITIH, AJLUEESASMENMANBE, RESCRBHHMNANSEBEHTEIR, AD
FARKEERT M1210, 10fURISIUARMR LR, MMAILITEE MM FEN R REN DL ZE

WITER. BEEAR FMREIST, 12(IADRERER(ADCI2),

12-bit D/A Converter (DAC12)

—M2MUDARIRER (DAC1 ) BRI BUBEH OIE— MAHK AR BSRAAFR FMPNEI6T,
12{iDA¥R%23(DACT2),

BEFRER(TSN)

B EREEREBTSN T LAEMBESAORE, URRSBTAIRET. fREHHSETERE
BYIELEBEEE, ETREESHEBESLEXR. MHBERMAADC 2HITEIR, BHE
KNAER. BEABRFMPNE7T, BESRB TN

EIR R LL AR ER(ACMPHS)

SEEMELIRER(ACMPHS NI B E 5 2 BE#H{TILR, HRERIRERIEHEFT AL,
ML B EMSEBEMAILIAAER (FIMNDACI 2B HMAESEBE) UNEERTHEEN
EBPGARISMNRRIZ MG LLIRER. XM RIAM AT EERIMES ZBHITgo-no-gotb M A —7E
FEADEMNNAPTREER. FERAFAFMRPHNEIST, SERIALLEREZ(ACMPHS).
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RA6T1 Datasheet

1. Overview

Table 1.9 Data processing

Feature

Functional description

Cyclic Redundancy Check (CRC)
calculator

The Cyclic Redundancy Check (CRC) calculator generates CRC codes to detect errors in the
data. The bit order of CRC calculation results can be switched for LSB-first or MSB-first
communication. Additionally, various CRC-generating polynomials are available. The snoop
function allows monitoring reads from and writes to specific addresses. This function is useful
in applications that require CRC code to be generated automatically in certain events, such as
monitoring writes to the serial transmit buffer and reads from the serial receive buffer. See
section 32, 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 39,
Data Operation Circuit (DOC) in User’s Manual.

Table 1.10 Security

Feature

Functional description

Secure Crypto Engine 7 (SCE7)

e Security algorithms:
- Symmetric algorithms: AES, 3DES, and ARC4
- Asymmetric algorithms: RSA, DSA, and ECC.
e Other support features:
- TRNG (True Random Number Generator)
- Hash-value generation: SHA1, SHA224, SHA256, GHASH, and MD5
- 128-bit unique ID.

1.2 Block Diagram

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

features.

R01DS0375EU0100 Rev.1.00
May 29, 2020
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1. Overview

Table 1.9 BB IE

Feature

IhiEEA

B TR (CRO)ITE 2R

BRI (CRO)ITE S E BCRCHES LUS ISR R B EIR, CRCITELERAVUIRIF 7] Ui
JILSB-firstsyMSB-firsti@ {5, Ibsh, A LUIERSMEMCRCEIZINI, snoopThBEs T a1l
SR EHIEBYIREN T No IWIREEREERLEM R BMEMCRCRBINARREEA, f
WUSFIRT BT R IXE AKX B NMBITIERE DX AR, ESRBAFRFMENERT, B
KRR (CRC)ITH R

HIEIZE BE(DOC)

IR E B (DOC)X 16U BB TLLIR. MEFURGE. W5E397T,
F P F AR ey EUEIREB IR (DOC),

Table 1.10 Security

Feature

IhiEREA

ZEME5IZ7(SCE?)

e Security algorithms:
STFRE L. AES. 3DESFIARCAIETFRE L. RSA
. DSAFMIECC, Hfth=Z#5Thee:

TRNG (ERENIERAERES) MBAEEERM: SHAT. SHA224. SHA256. G
HASHFIMD51 281 M—ID,

1.2 EE

E11ETRTMCUBERER, ZAFHN—ER8MpisERB RN FE.
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RA6T1 Datasheet 1. Overview RA6T1 Datasheet 1. Overview

Memory Bus Arm Cortex-M4 System Memory Bus Arm Cortex-M4 System
2k R
|Up 0572 KB code | MPU | | DSP | | FPU | | POR/LVD | Clocks [?'E’;LS]ZKBW)‘E'H | MPU | | DSP | | FPU | | POR/LVD | Clocks
MOSC/SOSC MOSC/SOSC
8 KB data flash 8KBEIRINTF
= ] = ]
(H/IM/L) OCO (H/IM/L) OCO
64 KB SRAM 64 KB SRAM
NVIC NVIC
| | | Mode control | PLL | | | | EREH | | PLL |
| System timer | | RATERT 2R |
| Power control | CAC | | ThEE) | | CAC |
DMA . DMA .
Test and DBG interface - Registerwite A FDBGENO - SERTep
DTC protection DTC
Timers Communication interfaces Timers BHEAO
SCIx7 SCIx7
GPT32EH x 4 GPT32EH x 4
GPT32E x 4 IrDA x 1 GPT32E x 4 IrDA x 1
GPT32x5 GPT32x5
SPIx 2 SPI x 2
AGT x 2 AGT x 2
CAN x 1 CAN x 1
WDT/IWDT WDT/IWDT
Event link Data processing Analog AR BB IR Analog
ELC ADC12 with ELC ADC12 with
| CRC | | DOC | | PGA x 2 TSN CRC DOC PGA x 2 TSN
Security DAC12 ACMPHS x 6 Security DAC12 ACMPHS x 6
SCE7 SCE7
Figure 1.1 Block diagram Figure 1.1 EE
R01DS0375EU0100 Rev.1.00 .zENESAS Page 8 of 69 R01DS0375EU0100 Rev.1.00 .IENESAS 80, #H69m
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RA6T1 Datasheet 1. Overview RA6T1 Datasheet 1. Overview

1.3 Part Numbering 1.3 SHES

Figure 1.2 shows the product part number information, including memory capacity and package type. Table 1.11 shows a 12BRTE@BGSER, BENFEIENHEXE, RINEBERTFEIIR,.

list of products.

L Production identification code L HFIRARS

Packaging, Terminal material (Pb-free) . WHFMKE () #AA:D (4T

#AA: Tray/Sn (Tin) only #Sn ($3) #AC: yFEEHM

#AC: Tray/others

Package type BELR

FP: LQFP 100 pins FP: LQFP 100 pins

FM: LQFP 64 pins FM: LQFP 64 pins

Quality Grade REFER

Operating temperature T{ERE3: -40°CE1

3:-40Cto105C 05°C

Code flash memory size REBARFEKN

D: 512 KB, B: 256KB D: 512 KB, B: 256KB

Feature set IheESE

Group number Hs

Series name RIIBFFR

RA family EREETR

Flash memory N7

Renesas microcontroller Renesas microcontroller
Figure 1.2 Part numbering scheme Figure 1.2 FHERSHER
Table 1.11 Product list Table 1.11 FEmyl&k

Operating TIERE
Product part number Orderable part number Package code Code flash | Data flash | SRAM | temperature Eaits AIiTHER S |ERD KBiNTE ¥iBNTE | SRAM
R7FA6T1AD3CFP R7FA6T1AD3CFP#AAQ PLQP0100KB-B 512 KB 8 KB 64 KB -40 to +105°C R7FA6T1AD3CFP R7FA6T1AD3CFP#AAQ PLQP0100KB-B 512 KB 8 KB 64 KB -40 to +105°C
R7FA6T1AB3CFP R7FA6T1AB3CFP#AAQ PLQP0100KB-B 256 KB -40 to +105°C R7FA6T1AB3CFP R7FA6T1AB3CFP#AAQ PLQP0100KB-B 256 KB -40 to +105°C
R7FAG6T1AD3CFM R7FA6T1AD3CFM#AAQ PLQP0064KB-C 512 KB -40 to +105°C R7FA6T1AD3CFM R7FA6T1AD3CFM#AAQ PLQP0064KB-C 512 KB -40 to +105°C
R7FA6T1AB3CFM R7FA6T1AB3CFM#AAOQ PLQP0064KB-C 256 KB -40 to +105°C R7FA6T1AB3CFM R7FA6T1AB3CFM#AAQ PLQP0064KB-C 256 KB -40 to +105°C
R01DS0375EU0100 Rev.1.00 RENESAS Page 9 of 69 R01DS0375EU0100 Rev.1.00 RENESAS FOT, 69T
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1.4 Function Comparison
Table 1.12 Functional comparison
Part numbers
Function R7FA6T1AD3CFP R7FA6T1AB3CFP R7FA6T1AD3CFM R7FA6T1AB3CFM
Pin count 100 64
Package LQFP LQFP
Code flash memory 256 KB/512 KB
Data flash memory 8 KB
SRAM 64 KB
Parity 64 KB
System CPU clock 120 MHz
Backup 512 Bytes
registers
ICU Yes
KINT 8
Event link ELC Yes
DMA DTC Yes
DMAC 8
Timers GPT32EH 4
GPT32E 3
GPT32 4
AGT 2
WDT/IWDT Yes
Communication | SCI 7
Ic 2
SPI 2
CAN 1
Analog ADC12 19 10
DAC12 2
ACMPHS 6
TSN Yes
Data processing | CRC Yes
DOC Yes
Security SCE7
R01DS0375EU0100 Rev.1.00 ;{EN ESNS Page 10 of 69

May 29, 2020

1.4 IhEELLER

Table 1.12  IhaELLEk
=4S
Function R7FA6T1AD3CFP R7FA6T1AB3CFP R7FA6T1AD3CFM R7FA6T1AB3CFM
K 100 64
Package LQFP LQFP
HEBIRF 256 KB/512 KB
BIRINE 8 KB
SRAM 64 KB
Parity 64 KB
System LR 120 MHz
&IN5 512 Bytes
w8
ICU Yes
KINT 8
JETHEERE ELC Yes
DMA DTC Yes
DMAC 8
Timers GPT32EH 4
GPT32E 4 3
GPT32 5 4
AGT 2
WDT/IWDT Yes
Communication | SCI 7
IIc 2
SPI 2
CAN 1
Analog ADC12 19 10
DAC12 2
ACMPHS 6
TSN Yes
iR CRC Yes
DOC Yes
Security SCE7
R01DS0375EU0100 Rev.1.00 RENESAS E107, H69M
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1.5 Pin Functions

Table 1.13 Pin functions (1 of 3)
Function Signal /10 Description
Power supply VCC Input Power supply pin. This is used as the digital power supply for the respective
modules and internal voltage regulator, and used to monitor the voltage of
the POR/LVD. Connect this pin to the system power supply. Connect it to
VSS by a 0.1-uF capacitor. Place the capacitor close to the pin.
VCLO Input Connect this pin to VSS through a 0.1-yF smoothing capacitor used to
VCL Input stabilize the internal power supply. Place the capacitor close to the pin.
VSS Input Ground pin. Connect to the system power supply (0 V).
Clock XTAL Output Pins for a crystal resonator. An external clock signal can be input through the
EXTAL Input EXTAL pin.
XCIN Input Input/output pins for the sub-clock oscillator. Connect a crystal resonator
XCOUT Output between XCOUT and XCIN.
CLKOUT Output Clock output pin
Operating mode MD Input Pin for setting the operating mode. The signal level on this pin must not be
control changed during operation mode transition on release from the reset state.
System control RES Input Reset signal input pin. The MCU enters the reset state when this signal goes
low.
CAC CACREF Input Measurement reference clock input pin
Interrupt NMI Input Non-maskable interrupt request pin
IRQO to IRQ13 Input Maskable interrupt request pins
KINT KRO0O to KRO7 Input A key interrupt can be generated by inputting a falling edge to the key
interrupt input pins
On-chip emulator | TMS I/0 On-chip emulator or boundary scan pins
TDI Input
TCK Input
TDO Output
TCLK Output This pin outputs the clock for synchronization with the trace data
TDATAO to TDATA3 Output Trace data output
SWDIO 1/0 Serial wire debug data input/output pin
SWCLK Input Serial wire clock pin
SWO Output Serial wire trace output pin
GPT GTETRGA, Input External trigger input pins
GTETRGB,
GTETRGC,
GTETRGD
GTIOCOA to I/O Input capture, output compare, or PWM output pins
GTIOC12A,
GTIOCOB to
GTIOC12B
GTIU Input Hall sensor input pin U
GTIV Input Hall sensor input pin V
GTIW Input Hall sensor input pin W
GTOUUP Output 3-phase PWM output for BLDC motor control (positive U phase)
GTOULO Output 3-phase PWM output for BLDC motor control (negative U phase)
GTOVUP Output 3-phase PWM output for BLDC motor control (positive V phase)
GTOVLO Output 3-phase PWM output for BLDC motor control (negative V phase)
GTOWUP Output 3-phase PWM output for BLDC motor control (positive W phase)
GTOWLO Output 3-phase PWM output for BLDC motor control (negative W phase)
AGT AGTEEO, AGTEE1 Input External event input enable signals
AGTIOO0, AGTIO1 1/0 External event input and pulse output pins
AGTOO0, AGTO1 Output Pulse output pins
AGTOAO, AGTOA1 Output Output compare match A output pins
AGTOBO, AGTOB1 Output Output compare match B output pins

R01DS0375EU0100 Rev.1.00

May 29, 2020
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1.5 5IiThEE

Table 1.13  SI#IZhEE(10f3)
Function Signal /10 Description
BIR VCC Input BIRSIR, XAES MERMABRERORFER, HATIHITPORLVDAY
Bk, S5 IMERIRGBR. BI— M0 IuFBREEHEHERIIVSS, K8
BEERsIMKE,
VCLO Input BE—1TAFREAS BRI UFEEBA LS I HERERIVSS, &
VCL Input BAREOSIMKE.
VSS Input FHSIH, EEIRFKBIROV),
Clock XTAL Output SRINIEIRSIASIH, MR ES AT LUBT A
EXTAL Input EXTAL pin.
XCIN Input Bl PR 7R MM NI 5. FEXCOUTRIXCINZ Bl — 1 SRR IEIR
XCOUT Output °
CLKOUT Output B a5 1D
BRIEEIUTH MD Input BFIgERMFRIN5 I, EMEMRSHERNREENZIRIRE, FFE
PRSI EME S B,
ARG RES Input BAESHASIH, HZESTME, MCUBAEBKRE.
CAC CACREF Input MESZ B EING |
Interrupt NMI Input Kol Rk P BTIE RS |5
IRQO to IRQ13 Input B Rk P BTIER S | B
KINT KRO00 to KRO7 Input B MR TN S | VN T RG] LU= R R i
On-chip emulator | TMS 110 B EhESRSnFAES M
TDI Input
TCK Input
TDO Output
TCLK Output 1Z5 | i 5 IR ER BB R & B9 B
TDATAO to TDATA3 | Output PRER E R
SWDIO 110 BITEIEIR SRR LS
SWCLK Input BTN H
SWO Output BITL L S| F
GPT GTETRGA, Input SMER R R AN S| R
GTETRGB,
GTETRGC,
GTETRGD
GTIOCOA to 110 WAFEIE. W REPWMER L 5|/
GTIOC12A,
GTIOCOB to
GTIOC12B
GTIU Input ERIERREBRASGIHIU
GTIV Input ERERBRNGIMV
GTIW Input ERERBFWMASIHIW
GTOUUP Output FFBLDCENITHIBIMEPWMEE (IEUME)
GTOULO Output FBFBLDCEEHIZHIRI3AEPWMEE (F1UE)
GTOVUP Output FFBLDCENEHIB3EPWMEE (IEVAR)
GTOVLO Output FFBLDCEHIZHIMMEPWMEAE (F1ViR)
GTOWUP Output FFBLDCENITHEIM3MEPWMELE (IEWAR)
GTOWLO Output FTFBLDCEBHUIZHIRIZAEPWMEALE (fAWAE)
AGT AGTEEO, AGTEE1 Input SMEREHIMNEREE S
AGTIOO0, AGTIO1 1/0 HMER B A NN Bk 5 | B
AGTOO0, AGTO1 Output BXoh4a 5 | B
AGTOAO, AGTOA1 Output i L AR I AC A 5 | B
AGTOBO, AGTOB1 Output B LRI ECBm L 5 | R

R01DS0375EU0100 Rev.1.00
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Table 1.13  Pin functions (2 of 3) Table 1.13 SIThEE (21, #31)
Function Signal 110 Description Function Signal 110 Description
SCl SCKO to SCK4, 110 Input/output pins for the clock (clock synchronous mode) SCl SCKO to SCK4, I/0 e S (s EPE)
SCKS8, SCK9 SCKS8, SCK9
RXDO to RXD4, Input Input pins for received data (asynchronous mode/clock synchronous mode) RXDO to RXD4, Input BREUER A I (RS RAR RIS ER)
RXD8, RXD9 RXD8, RXD9
TXDO to TXD4, Output Output pins for transmitted data (asynchronous mode/clock synchronous TXDO to TXD4, Output BRI (BP RN SHEPER)
TXD8, TXD9 mode) TXD8, TXD9
CTS0_RTSO to I/0 Input/output pins for controlling the start of transmission and reception CTS0_RTSO to 110 WA A TR A ENZENFE (REPRANBRSERRA) ,
CTS4_RTS4, (asynchronous mode/clock synchronous mode), active-low CTS4_RTS4, REFHY
CTS8_RTSS, CTS8_RTSS,
CTS9_RTS9 CTS9_RTS9
SCLO to SCL4, I/0 Input/output pins for the IIC clock (simple IIC mode) SCLO to SCL4, I/0 NCBY RN S (BERICES)
SCLS8, SCL9 SCLS8, SCL9
SDAO to SDA4, I/0 Input/output pins for the 1IC data (simple [IC mode) SDAO to SDA4, I/0 ICHIEMBNEESIH (BRICE)
SDAS8, SDA9 SDAS8, SDA9
SCKO to SCK4, I/0 Input/output pins for the clock (simple SPI mode) SCKO to SCK4, 110 BN LS B (B ERSPIET)
SCK8, SCK9 SCK8, SCK9
MISOO0 to MISO4, I/0 Input/output pins for slave transmission of data (simple SPI mode) MISOO0 to MISO4, I/O AT MAINEEEIENE AR IM (E2SPHRT)
MISO8, MISO9 MISO8, MISO9
MOSIO to MOSI4, I/O Input/output pins for master transmission of data (simple SPI mode) MOSIO to MOSI4, I/0 WMARLSIMATFERESE (FRSPHER)
MOSI8, MOSI9 MOSI8, MOSI9
SS0 to SS4, SS8, Input Chip-select input pins (simple SPI mode), active-low SS0 to SS4, SS8, Input FIERANSIH (FRSPHER) , HBFEXR
SS9 SS9
Ic SCLO, SCL1 110 Input/output pins for the clock Ic SCLO, SCL1 110 RN T L
SDAO, SDA1 110 Input/output pins for data SDAO, SDA1 110 HIRWMAI LS
SPI RSPCKA, RSPCKB 110 Clock input/output pin SPI RSPCKA, RSPCKB 110 EREL PNl |
MOSIA, MOSIB 110 Input or output pins for data output from the master MOSIA, MOSIB 110 BFMENBE BB EE S|
MISOA, MISOB 110 Input or output pins for data output from the slave MISOA, MISOB 110 MANEIR A B0\ SR 5 | R
SSLAO, SSLBO 110 Input or output pin for slave selection SSLAQ, SSLBO 110 MANIEFRA5E N S48 5 | B
SSLA1 to SSLA3, Output Output pins for slave selection SSLA1 to SSLA3, Output MATIEIEEY 6 5 | B
SSLB1 to SSLB3 SSLB1 to SSLB3
CAN CRX0 Input Receive data CAN CRX0 Input EUWERIE
CTX0 Output Transmit data CTX0 Output ERIEIE
Analog power AVCCO Input Analog voltage supply pin. This is used as the analog power supply for the EHIAEBIR AVCCO Input BRI EEIRS I, XAESMERMRINEIR, 71Z5IMHRHESVCCSI
supply respective modules. Supply this pin with the same voltage as the VCC pin. RN EE,
AVSS0 Input Analog ground pin. This is used as the analog ground for the respective AVSS0 Input R |, XAES MERMEM, J9i%5| R H5VSSEIRIMEE
modules. Supply this pin with the same voltage as the VSS pin. B E,
VREFHO0 Input Analog reference voltage supply pin for the ADC12 (unit 0). Connect this pin VREFHO Input ADC12 (87T0) BIEIMSEBERBEIRSIH. ATEMHADCI2 (850) HMA
to VCC when not using the ADC12 (unit 0) and sample-and-hold circuit for NOOOEIANOO2HIRIF(RIFEBIRET, RFUL5IRIERERIVCC,
ANO0O00 to AN002.
VREFLO Input Analog reference ground pin for the ADC12. Connect this pin to VSS when VREFLO Input ADCT12BIB NS E RS |, AEMAADCI2 (£7T0) FIANOOOEANOO2E]
not using the ADC12 (unit 0) and sample-and-hold circuit for ANOOO to SEIERIFHRIRET, IS IHIEERIVSS
ANO002
VREFH Input Analog reference voltage supply pin for the ADC12 (unit 1) and D/A VREFH Input ADC12 (8751) MDAMRINSZE BEBIRS I
Converter. Connect this pin to VCC when not using the ADC12 (unit 1), #ifds. FEMAADCI2 (By51) . ANTOOEANTO2BIRAFRIFEIEEMD
sample-and-hold circuit for AN100 to AN102, and D/A Converter. AFEIREZEY, KFLLSIMEREIVCC,
VREFL Input Analog reference ground pin for the ADC12 and D/A Converter. Connect this VREFL Input ADC12AIDAR IR SSBIEI S F 15 B, AEAADC12 (£5T1) . AN100
pin to VSS when not using the ADC12 (unit 1), sample-and-hold circuit for EANT02BRAFRITBIBMDAR IR, UL MIEREIVSS,
AN100 to AN102, and D/A Converter.
ADC12 ANOO0O to AN003, Input Input pins for the analog signals to be processed by the ADC12 ADC12 ANOO0O to AN003, Input ADC1 2R IBRYIEINE S A4 N 5| B
ANO005 to ANOO7, ANOO5 to AN007,
ANO016 to AN018, ANO016 to AN018,
ANO020 ANO020
AN100 to AN102, Input AN100 to AN102, Input
AN105 to AN107, AN105 to AN107,
AN116, AN117 AN116, AN117
ADTRGO Input Input pins for the external trigger signals that start the A/D conversion ADTRGO Input T BohADFIRRISMER iR & 15 S BV S | B
ADTRG1 Input ADTRG1 Input
PGAVSS000, Input Pseudo-differential input pins PGAVSS000, Input REDBMNSIH
PGAVSS100 PGAVSS100
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Table 1.13  Pin functions (3 of 3) Table 1.13 SIRtitheE (3 eREI3T)
Function Signal 110 Description Function Signal 110 Description
DAC12 DAO, DA1 Output Output pins for the analog signals processed by the D/A converter DAC12 DAO, DA1 Output DA EEMRINGE SR S|
ACMPHS VCOUT Output Comparator output pin ACMPHS VCOUT Output LR asiai i 5 | f
IVREFO to IVREF3 Input Reference voltage input pins for comparator IVREFO to IVREF3 Input b2 S E BERANGIH
IVCMPO to IVCMP3 | Input Analog voltage input pins for comparator IVCMPO to IVCMP3 | Input tbiR 2SRRI B RN 5| Bl
1/O ports P000 to PO0O7 Input General-purpose input pins 1/0 ports P000 to PO0O7 Input BERBMASIH
P008, P014, P0O15 110 General-purpose input/output pins P008, P0O14, PO15 110 General-purpose input/output pins
P100 to P115 1/0 General-purpose input/output pins P100 to P115 1/0 General-purpose input/output pins
P200 Input General-purpose input pin P200 Input BRBNGIRM
P201, P205 to P214 | 1/O General-purpose input/output pins P201, P205 to P214 | 1/O0 General-purpose input/output pins
P300 to P307 1/0 General-purpose input/output pins P300 to P307 1/0 General-purpose input/output pins
P400 to P415 1/0 General-purpose input/output pins P400 to P415 1/0 General-purpose input/output pins
P500 to P504, P508 | I/O General-purpose input/output pins P500 to P504, P508 | I/O General-purpose input/output pins
P600 to P602, I/0 General-purpose input/output pins P600 to P602, I/0 General-purpose input/output pins
P608 to P610 P608 to P610
P708 1/0 General-purpose input/output pin P708 I/O General-purpose input/output pin
R01DS0375EU0100 Rev.1.00 ;{EN ESNS Page 13 of 69 R01DS0375EU0100 Rev.1.00 RENESAS 1301, H69M
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1.6  Pin Assignments 16  SIHISE

Figure 1.3 and Figure 1.4 show the pin assignments. E13ME1 4R T SIS EC.
o o
[a] [a]
- 0w - O v
BEE EEE
85883885858 1900288228938 858383885858 19002880228 =-3583
[ N N O O W [ N N O O N
OO0OQO000N00000000000000nn OOOQOO0000000000000000000
P500 ] 76 50[ P300/TCK/SWCLK P500 O] 76 50[ P300/TCK/SWCLK
P501 [ 77 491 P301 P501 O 77 491 P301
P502 ] 78 48] P302 P502 ] 78 48[ P302
P503 ] 79 47 P303 P503 ] 79 471 P303
P504 ] 80 46[] vCC P504 ] 80 46 VCC
P508 ] 81 45 VSS P508 ] 81 45 VSS
vce[ 82 44 P304 vce [ 82 44[] P304
VSS [ 83 43 P305 VSssS [ 83 43 P305
P015 ] 84 42[] P306 P015 ] 84 42 P306
P014 ] 85 411 P307 P014 ] &5 41 P307
VREFL ] 86 40[] P200 VREFL ] 86 40 P200
VREFH ] 87 39[1 P201/MD VREFH [ 87 39[1 P201/MD
= b R7FA6T1AD3CFP/ i = oo o R7FA6T1AD3CFP/ i =
wssor] R7FA6T1AB3CFP v 728 wssor] R7FA6T1AB3CFP v 72s
VREFLO ] 90 36[1 P209 VREFLO [ 90 361 P209
VREFHO ] 91 351 P210 VREFHO [ o1 351 P210
P008 [ 92 341 P211 P008 [ 92 341 P211
P007 [ 93 331 P214 P007 [ 93 331 P214
P006 ] 94 321 P205 P006 ] 94 321 P205
P005 ] 95 31 P206 P005 [] 95 3110 P206
POO4 ] 96 301 P207 POO4 ] 96 3010 P207
P003 [ 97 20 VCC P003 [ 97 29[ VCC
Po02 ] 98 281 NC”' P02 [ 98 281 NC'!
P00t ] 99 O 27 NG POO1 [ 99 O aNc!
P000 []100 - oo oo o Nm?mZBDVSS P000 100 - o e oo oo Nm?mZBDVSS
o000 ooooooQg o000 ooooogQg
8598388889259 22882r28:-2385 85883888 39Z582Z2y8LeTooce38s
ECEL’E{E{E{E{E{>228>§§>EE€E€EEE{EEE€E€EE E{E{E{E{E{E{E{>‘5’§8>§§>EE€E€E€E€E€E€E€E€E€
< g g < E 5
o g o &
Figure 1.3 Pin assignment for 100-pin LQFP (top view) Figure 1.3 1005|BILQFPHISI I3 EE (TRARE)
Note 1. This pin should be left floating. A1 IR,
R01DS0375EU0100 Rev.1.00 RENESAS Page 14 of 69 R01DS0375EU0100 Rev.1.00 RENESAS #1471, #6917

May 29, 2020 May 29, 2020



RA6T1 Datasheet

1. Overview
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Figure 1.4 Pin assignment for 64-pin LQFP (top view)
Note 1. This pin should be left floating.
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RA6T1 Datasheet 1. Overview RA6T1 Datasheet 1. Overview

1.7 Pin Lists 1.7 L ETIES

Pin number s
Timers Communication interfaces Analog Timers EREO Analog
[ 7]
§ 9 £ 3w £
S5 = r $h =
22 © 8 E © g
g8l | @4 8 - < o g 8l 3| %5 i " <% owm 3
= 8| s« g 5 NI aZ o o = B R 2 g Y oL 5 S
& & 582 g o & & & Z Sa Sa T 8 g & & g g > & & & Z Se 52 T g 2
g S| &89S £ g < o] o} o ®e R e & < a S 2 * 3 £ g < S o} S b e ae g & < a
T 1 - TRQ0 B400  |AGTION - GTIOC6A |- SCKa - SCLOA |- ADTRG1 B 1 T - TRQ0 P400  |AGTION - GTIOC6A |- SCKa B SCLOA |- ADTRG1 B
2 2 - IRQ5-DS _|P401 B GTETRGA GTIOC6B _ |[CTX0 CTS4_RTSAS |- SDAOA |- - B 2 2 - IRQ5-DS _|P401 B GTETRGA GTIOC6B _ |[CTX0 CTS4_RTSA4/S |- SDAOA |- - B
s4 sS4
3 3 CACREF RQ4DS |P402 _ |AGTIOO/AGTI |- - CRX0 B B B B - B 3 3 CACREF RQ4-DS |P402 _ |AGTIOO/AGTI |- - CRX0 B B B B - B
o1 o1
z B - B P403 _ |AGTIOOAGTI |- GTIOC3A |- B E - - B - z B - B P403 _ |AGTIOOAGTI |- GTIOC3A |- B B B B - B
o1 o1
5 B - B Pa04 |- - GTIOC3B |- B B B B - B 5 - B Pa04 |- - GTIOC3B |- B B B B - B
B B - B P405 |- - GTIOCTA |- B B B B - B B B - B P405 |- - GTIOCTA |- B B B B - B
7 B - B P406 |- - GTIOCTB |- B B B B - B 7 B - B P406 |- E GTIOCTB |- B B B B E B
B 2 vce B B B - - B B B B B - B B z Vce B B B - - B B B B B - B
9 5 VCLO B B B - - B B B B B - B 9 5 VCLO B B B - - B B B B B B B
10 B XCIN B B B - - B B B B B - B 10 B XCIN B B B - - B B B B B - B
i 7 XCOUT B B B - - B B B B B - B K 7 XCOUT B B B - - B B B B B - B
12 B VSS B B B - - B B B B B - B 2 B VSS B B B - - B B B B B - B
3 9 XTAL RQ2 P213 |- GTETRGC GTIOCOA |- - TXD1/MOSIT/S |- B ADTRG1 B 3 9 XTAL RQ2 P213 |- GTETRGC GTIOCOA |- - TXD1/MOSIT/S |- B ADTRG1 B
DA1 DA1
14 10 EXTAL RQ3 P212  |AGTEET GTETRGD GTIOCOB |- B RXD1/MISO1/S |- B - B 17 10 EXTAL RQ3 P212  |AGTEEA GTETRGD GTIOC0B |- B RXD1/MISO1/S |- B - B
cL1
15 ] VCe B B B - - B B B B B - B 15 i VCe B B B - - B B B B B - B
16 B CACREF lIRQTT p708 |- B B B B RXD1/MISO1/S - SSLA3B |- - 16 B CACREF RQ11 p708 |- B B B B RXD1/MISO1/S |- SSLA3B |- B
cL1
17 B - IRQ8 X - GTIOCOA |- B - - SSLA2 B |- - 17 B - IRQ8 P45 |- E GTIOCOA |- B X E SSLA2B |- E
18 B - IRQ9 Pata |- - GTIOCOB |- B - - SSATB |- - 18 B - IRQ9 Pata |- - GTIOCOB |- B X - SSLATB |- -
19 B - B P43 |- GTOUUP - B CTSO_RTSO/S |- B SSLAOB |- B 19 B - B P41 |- GTOUUP - B CTSO_RTSO/S |- B SSLAOB |- B
S0 S0
20 B - B P412  |AGTEET GTOULO B B SCKO - - RSPCKA B |- B 20 B - B P412  |AGTEET GTOULO B B SCKO - - RSPCKA B |- -
21 12 - RQ4 Pa1 AGTOAT GTOVUP GTIOC9A |- TXDO/MOSIOS [CTS3_RTS3/S |- MOSIAB |- - 21 2 - IRQ4 P11 AGTOAT GTOVUP GTIOC9A |- TXDO/MOSIOS [CTS3_RTS3/S |- MOSIA_B |- B
22 13 - IRQ5 P410  |AGTOB1 GTOVLO GTIOC9B |- RXDO/MISO0/S [SCK3 B MISOA B |- B 22 13 - IRQ5 P410  |AGTOBI GTOVLO GTIOC9B |- RXDO/MISO0/S |SCK3 B MISOA B |- B
cLo cLo
23 12 - IRQ6 P40S |- GTOWUP GTIOCT0A |- B TXD3/MOSI3/S |- B - B 23 12 - IRQ6 P40S |- GTOWUP GTIOCT0A |- B TXD3/MOSI3/S |- B - B
DA3 DA3
24 15 - IRQ7 P408 |- GTOWLO GTIOC10B |- B RXD3/MISO3/S|SCLO_B |- - B 24 15 - IRQ7 P408 |- GTOWLO GTIOC10B |- B RXD3/MISO3/S|SCLO_B |- - B
cL3 cL3
25 16 - B P407 _ |AGTIO0 - - B CTS4_RTS4/S |- SDAOB |- ADTRGO B 25 16 - B P407 _ |AGTIO0 - - B CTS4_RTS4/S |- SDAOB |- ADTRGO B
s4 s4
26 17 ES B B B - - B B - - - - - 26 17 VSS B B B - - B B B B B - B
27 18 - B B B - - B - - - - - 27 18 - B B B - - B B B B - B
28 19 - B B B - - B B E - - - - 28 19 - B B B - - B B B B B - B
29 20 vCe B B - - - B B - - - B - 29 20 VCe B B B - - B B B B B - B
30 21 B B P207 |- B B B B - - - B - 30 21 - B P207 |- - B B B E - - B -
31 22 - IRQO-DS _|P206 |- GTIU - B RXD4/MISO4/S |- SDATA |- - B 31 22 - IRQO-DS _|P206 |- GTIU - B RXDAMISO4/S |- SDATA |- - B
cLa cL4
32 23 CLKOUT IRQ1-DS |P205 _ |AGTO1 GTIV GTIOC4A |- TXD4IMOSI4/S [CTS9_RTSO/S |[SCL1_A |- - B 32 23 CLKOUT IRQ1-DS |P205 _ |AGTO1 GTIV GTIOC4A |- TXD4IMOSI4/S [CTS9_RTSO/S [SCL1_A |- - B
S
33 B TRCLK B P24 |- GTIU B B B - - - B - 33 B TRCLK B P24 |- GTIU - B B E - E - -
3 B TRDATAO B P21 - GTIV B B B - - B B B 3 B TRDATAO B P21 - GTIV B B B - - - B -
35 24 TRDATA B P210 |- GTIW B B B x - - B - 35 24 TRDATA B P210 |- GTIW B B B X - - B -
36 B TRDATAZ B P20 |- GTOVUP B B B - - - B - 36 B TRDATAZ B P20 |- GTOVUP B B B X - - B -
37 B TRDATAS B P208 |- GTOVLO B B B - - - B - 37 B TRDATAS B P208 |- GTOVLO - B B B - - - -
38 25 RES B B B - - B B B B B - B 38 25 RES B B B - - B B B B B - B
39 26 VD B P201 - B B B B - - - B - 39 26 VD B P201 B - - B B B B B - B
20 27 - NMI P200 |- - - B B B B B - B 20 27 - NMI P200 |- - - B B B B B - B
] B - B P307 |- GTOUUP B B B x - - B - ] B - B P307 |- GTOUUP B B B X E E B E
2 B - B P306 |- GTOULO - B B B B B - B 22 B - B P306 |- GTOULO - B B B B B - B
73 B - IRQ8 P305 |- GTOWUP - B B B B B - B 73 B - IRQ8 P305 |- GTOWUP - B B B B B - B
) B - IRQ9 P304 |- GTOWLO GTIOC7A |- B B B B - B ) B - IRQ9 P304 |- GTOWLO GTIOC7A |- B B B B B B
45 28 VSS B B - - - B B E - - B - 5 28 VSS B B B - - B B B B B - B
6 29 vCe B B - B B B B - - - B - 6 29 VCe B B B - - B B B B B - -
a7 B - B P303 |- - GTIOC7B |- B E - - B - a7 B - B P303 |- - GTIOC7B |- B B B B - B
48 30 - IRQ5 P302 |- GTOUUP GTIOC4A |- TXD2/MOSIZ/S |- B SSiB3 B |- B 48 30 - IRQ5 P302 |- GTOUUP GTIOC4A |- TXD2/MOSIZ/S |- B SSiB3B |- B
29 31 - IRQ6 P30T |AGTIO0 GTOULO GTIOC4B |- RXD2/MISO2/S [CTS9_RTSIS |- SSiB2.B |- - 29 31 - IRQ6 P301 AGTIO0 GTOULO GTIOC4B |- RXD2/MISO2/S [CTS9_RTSIS |- SSiB2.B |- B
cL2 s9 cL2 s9
50 32 TCKISWCLK |- P300 |- GTOUUP GTIOCOA_A |- B - - SSB1 B |- - 50 32 TCKISWCLK |- P300 |- GTOUUP GTIOCOA_A |- B B B SSB1 B |- B
51 33 TMS/SWDIO |- P108 |- GTOULO GTIOCOB_A |- B CTS9_RTSO/S |- SSIBOB |- - 51 33 TMS/SWDIO |- P108 |- GTOULO GTIOCOB_A |- B CTS9_RTSO/S |- SSLBO.B |- B
s9 s9
52 34 CLKOUT/TDOY |- P109 |- GTOVUP GTIOCTA_A |- B TXDIMOSIOTS |- MOSIB_B |- - 52 34 CLKOUT/TDOY |- P09 |- GTOVUP GTIOCTA_A |- B TXD9IMOSIOTS |- MOSIB_B |- B
SWo DA9 SWo DA9
53 35 TDI IRQ3 P10 |- GTOVLO GTIOCTB_A |- CTS2_RTS2/S |RXDIMISO9/S - MISOB_B |- VCOoUT 53 35 TDI IRQ3 P10 |- GTOVLO GTIOCTB_A |- CTS2_RTS2/S |RXDIMISO9/S - MISOB_B |- VCOoUT
s2 cLe s2 cLe
54 36 - RQ4 K - B GTIOC3A_A |- SCK2 SCK9 B RSPCKB_B |- B 54 36 - RQ4 P B - GTIOC3A_A |- SCK2 SCK9 B RSPCKB_B |- -
55 37 B B P12 |- B GTIOC3B_A |- TXD2/MOSI2/S |SCKA B SSLBOB |- B 55 37 - B P12 |- - GTIOC3B_A |- TXD2/MOSI2/S |SCK1 B SSLBOB |- B
56 - - B P13 |- B GTIOC2A |- RXD2/MISOZ/S |- B B - B 56 B - B ZEEE - GTIOC2A |- RXD2/MISO2/S |- B B - B
cL2 cL2
57 - B B e B GTIOC2B |- B - - - B - 57 B - B ZrE - GTIOC2B |- B B B B - B
58 - B B P15 |- B GTIOC4A |- B X - - B - 58 B - B P15 |- - GTIOC4A |- B B B B - B
59 E B B P68 |- B GTIOC4B |- B E - - B - 59 B - B P608 |- - GTIOC4B |- B B B B - B
=
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RA6T1 Datasheet 1. Overview RA6T1 Datasheet 1. Overview

Pin number s
Timers Communication interfaces Analog Timers EREO Analog
- 2 2
§¢g g B s
22 ® ) E © 3]
o &2 - > - < o s - > - <
el 2| %9 1 - NE S ~ o~ sl 3 B 1 NE S ~ o
o o g3 E 2 o = == biy 5 a o 7y E 3 S = == S 5
& & 581 gl o S & & Z 33 53 o T 3 2 gl & 2 gl o o & & 2 33 53 o T 3 2
rt 3 a00 E = < ) (G} 3] n e 2 = ] < a p | ) E = < ) (G} S n 2 n 2 = ] < a
60 B B B P609 s B GTIOC5A |- B B B B B B 60 B B B P609 B B GTIOC5A |- B B B B B B
61 - B B P610 - B GTIOC5B |- B B - - - - 61 B B B P610 B B GTIOC5B |- B B B B B B
62 38 VCC B B s N N B B B s B N B 62 38 VCC B B s B B B B B s . N s
63 39 VSS B B B - - B B B B B - B 63 39 VSS B B B - - B B B B B - B
64 20 VCL B B - B B B B B - - - - 64 20 VCL B B B B B B B B B B B B
65 B N B P602 B B GTIOC7B |- B TXD9 N N B N 65 . B B P602 B N GTIOC7B |- B TXD9 B B B B
6 B - B 60T - B GTIOC6A |- B RXD9 - - B - 6 B - B P60T B - GTIOC6A |- B RXD9 - - B -
67 B CLKOUT/CAC |- P600 B B GTIOC6B |- B SCK9 B B B B 67 B CLKOUT/CAC |- P600 B B GTIOC6B |- B SCK9 B B B B
REF REF
8 1 B KR07 P107 AGTOAQ B GTIOCBA |- CTS8_RTS8/S |- - - B - 68 a B KRO7 P107 AGTOAQ B GTIOCBA |- CTS8_RTS8/S |- - - B -
S8 S8
69 2 N KRO6 P106 AGTOBO B GTIOC8B |- SCK8 B B SSLA3 A |- B 69 22 B KRO6 P106 AGTOBO N GTIOC8B |- SCK8 B s SSLA3 A |- B
70 43 - IRQO/KRO5|P105 B GTETRGA GTIOCIA |- TXDEMOSIBTS |- B SSLAZ A |- B 70 43 E TRQO/KRO5|P105 B GTETRGA GTIOCIA |- TXD&MOSIBTS |- B SSLAZ A |- B
7 44 - IRQ1/KR04 (P104 - GTETRGB GTIOC1B - RXD8/MISO8/S |- - SSLA1_A |- - 71 44 - IRQ1/KR04 |P104 - GTETRGB GTIOC1B - RXD8/MISO8/S |- - SSLA1_A |- -
CL8
72 45 - KRO3 P103 - GTOWUP GTIOC2A_A |CTX0 CTSO0_RTSO0/S |- - SSLAO_A |- - 72 45 - KRO3 P103 - GTOWUP GTIOC2A_A |CTX0 CTSO0_RTSO0/S |- - SSLAO_A |- -
73 46 - KR02 P102 AGTOO0 GTOWLO GTIOC2B_A [CRX0 SCKO - - RSPCKA_A |ADTRGO - 73 46 - KR02 P102 AGTOO0 GTOWLO GTIOC2B_A [CRX0 SCKO - - RSPCKA_A |ADTRGO -
74 47 - IRQ1/KRO1|P101 AGTEEO GTETRGB GTIOC5A - TXDO/MOSI0/S |CTS1_RTS1/S [SDA1_B MOSIA_A |- - 74 47 - IRQ1/KRO1|P101 AGTEEO GTETRGB GTIOC5A - TXDO/MOSIO/S |CTS1_RTS1/S [SDA1_B MOSIA_A |- -
S
75 48 - IRQ2/KR00 [P100 AGTIO0 GTETRGA GTIOC5B - RXDO/MISO0/S |SCK1 SCL1_B MISOA_A |- - 75 48 - IRQ2/KR00 (P100 AGTIO0 GTETRGA GTIOC5B - RXDO/MISO0/S |[SCK1 SCL1_B MISOA_A |- -
CLO
76 49 - - P500 AGTOAO GTIU GTIOC11A |- - - - - ANO16 IVREFO 76 49 - - P500 AGTOAO GTIU GTIOC1M1A |- - - - - ANO16 IVREFO
7 50 - IRQ11 P501 AGTOBO GTIV GTIOC11B |- - - - - AN116 IVREF1 77 50 - IRQ11 P501 AGTOBO GTIV GTIOC11B |- - - - - AN116 IVREF1
78 B - RQ12 _ |P502 B GTIW GTIOC12A |- B X - - ANO17 TVCMPO 78 B - RQ12 _ |P502 B GTIW GTIOC12A |- B X E E ANOT7 VCMPO
79 B N B P503 B GTETRGC GTIOC12B |- B N B B ANT17 N 79 s B B P503 s GTETRGC GTIOC12B |- B B B B ANTT7 N
80 - B B P504 B GTETRGD B B B B B B ANO18 B 80 - B B P504 - GTETRGD B B B B B B ANO18 B
81 B B B P508 B B B B B B B B ANO20 B 81 B B B P508 B B B B B B B B ANO20 B
82 51 VCC B B B N N B B N B B N B 82 51 VCC B B s N N B B B B B N s
83 52 VSS B B - - - B B N - B - - 83 52 VSS B B B - - B B B B B - B
84 53 - IRQ13 PO15 - - - - - - - - ANOO6/AN106 |DA1/ 84 53 - IRQ13 PO15 - - - - - - - - ANOO6/AN106 [DA1/
IVCMP1 IVCMP1
85 54 - - P014 - - - - - - - - ANO05/AN105 [DAO/ 85 54 - - P014 - - - - - - - - ANO05/AN105 [DAO/
IVREF3 IVREF3
86 55 VREFL B B B B B B B N B B N B 86 55 VREFL B B B N N B B B s s N B
87 56 VREFH B B B B B B B B B B B B 87 56 VREFH B B B B B B B B B B B B
88 57 AVCCO B B B B B B B B B B B B 88 57 AVCCO B B B B B B B B B B B B
89 58 AVSSO B B B N N B B N s B N B 89 58 AVSSO B B s B N B B B B B N s
90 59 VREFLO B N N . N N N N N N N N 90 59 VREFLO B N B N . B N N N N N N
91 60 VREFHO - - - - - - - - - - - - 91 60 VREFHO - - - - - - - - - - - -
92 - - IRQ12-DS |P008 - - - - - - - - IANO03 - 92 - - IRQ12-DS |P008 - - - - - - - - IANO03 -
93 - - B P007 |- - - B B B B B PGAVSS100/ |- 93 B - B B007 |- - - B B B B B PGAVSS100/ |-
AN107 AN107
94 - - IRQ11-DS |P006 - - - - - - - - AN102 IVCMP2 94 - - IRQ11-DS |P006 - - - - - - - - AN102 IVCMP2
95 - - IRQ10-DS |P005 - - - - - - - - AN101 IVCMP2 95 - - IRQ10-DS |P005 - - - - - - - - AN101 IVCMP2
96 - - IRQ9-DS |P004 - - - - - - - - AN100 IVCMP2 96 - - IRQ9-DS |P004 - - - - - - - - AN100 IVCMP2
97 61 - - P003 - - - - - - - - PGAVSS000/ |- 97 61 - - P003 - - - - - - - - PGAVSS000/ |-
ANOO7 IANOO7
98 62 - IRQ8-DS  |P002 - - - - - - - - IAN002 IVCMP2 98 62 - IRQ8-DS  |P002 - - - - - - - - IAN002 IVCMP2
99 63 - IRQ7-DS  |P001 - - - - - - - - IANOO1 IVCMP2 99 63 - IRQ7-DS  |P0O01 - - - - - - - - IANOO1 IVCMP2
100 64 - IRQ6-DS  |P000 - - - - - - - - ANOOO IVCMP2 100 64 - IRQ6-DS  |P000 - - - - - - - - ANOOO IVCMP2
Note:  Some pin names have the added suffix of _A and _B. When assigning the GPT, IIC, and SPI functionality, select the functional Note: —LES|BIMARINT _AF_BHESE, 7 BCGPT. ICHISPIThAERY, EEFEABERELNTHEEE .
pins with the same suffix.
.
R01DS0375EU0100 Rev.1.00 RENESAS Page 17 of 69 R01DS0375EU0100 Rev.1.00 RENESAS 175, H69M

May 29, 2020 May 29, 2020



RA6T1 Datasheet 2. Electrical Characteristics

2. Electrical Characteristics
Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:
e VCC=AVCC0=2.7t03.6V
e 2.7<VREFHO/VREFH < AVCCO0
e VSS=AVSS0=VREFLO/VREFL=0V
o T,=Tg

Figure 2.1 shows the timing conditions.

For example P100 L2 O

L
A

Von =VCC % 0.7, VoL =VCC x 0.3
Vi = 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 for the timing specification of each peripheral are recommended for the best peripheral
operation. However, make sure to adjust the driving abilities of each pin to meet the conditions of your system.

Each function pin used for the same function must select the same drive ability. If the I/O drive ability of each function
pin is mixed, the A/C specification of each function is not guaranteed.

2.1 Absolute Maximum Ratings

RA6T1 Datasheet

2. B

2. BREM%
FRIESEME, MCUNBSIFMREUTRETENX:
e VCC=AVCC0=27103.6V
e 2.7 <VREFHO/VREFH < AVCCO0
e VSS=AVSS0=VREFLO/VREFL=0 V
e« T,=T

opr*

E21EBRT &M,

flgnP100 I )
;; C

VOH=VCCx0.7, VOL=VCCx0.3VIH
=VCCx0.7, VIL=VCCx0.3

A A C=30pF

Figure 2.1 WARWHENNES G

HES MM FASERNER A, USMKEINLIRE, B2, BHERBERE IR LR E
BRZEBFM

T 18RIThERIE N INEE 5 | Bl AUk FABRI BV IR ENRE /). WNREINREEMIBVIONRERE /R, MAARIERTH

BERYACHLAS o

21 BYERAMEE

Table 2.1 Absolute maximum ratings
Parameter Symbol Value Unit
Power supply voltage VCC -0.3to +4.0 \%
Input voltage (except for 5 V-tolerant ports*1) Vin -0.3toVCC +0.3 \Y
Input voltage (5 V-tolerant ports*1) Vin -0.3 to + VCC + 4.0 (max. 5.8) \%
Reference power supply voltage VREFH/VREFHO -0.3 to AVCCO + 0.3 \%
Analog power supply voltage AVCCO *2 -0.3to +4.0 \Y
Analog input voltage (except for PO00 to P007) VaN -0.3 to AVCCO + 0.3 \Y
Analog input voltage (PO00 to PO07) when PGA pseudo- | Van -0.3 to AVCCO + 0.3 \Y

differential input is disabled

Analog input voltage (P000 to P002, P004 to PO06) VaN -1.3t0 AVCCO + 0.3 \Y

when PGA pseudo-differential input is enabled

Analog input voltage (P003, PO07) when PGA pseudo- | Van -0.8 to AVCCO + 0.3 \%

differential input is enabled

Operating temperature*3, *4 Topr -40 to +105 °C

Storage temperature Tstg -55 to +125 °C
Caution: Permanent damage to the MCU might result if absolute maximum ratings are exceeded.

Note 1. Ports P205, P206, P400, P401, P407 to P415, and P708 are 5V tolerant.
Note 2. Connect AVCCO to VCC.

R01DS0375EU0100 Rev.1.00
May 29, 2020
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Table 2.1 B RATEE
Parameter Symbol Value Unit
BIREBE VCC -0.3 to +4.0 \Y
BWANERE (PRTS5VEREO*1) Vin -0.3to VCC +0.3 \
WARE (SVARIKO) Vin -0.3 to + VCC + 4.0 (max. 5.8) \Y
SEBRBE VREFH/VREFHO -0.3to AVCCO + 0.3 \Y
RN JREBE AVCCO *2 -0.3 to +4.0 \
EHEANBE (POOOZEPOO7FRSM Van -0.3 to AVCCO + 0.3 \
PGAMES MR AR BE (POO0OZEP007) Van -0.3 to AVCCO + 0.3 \
BRAPGAED WA BIRIAMANERE (POO0OZEPOO Van -1.3to AVCCO0 + 0.3 \Y
2. POO4ZEP006)
PGATAZE 734\ 1B A BYAYAR A48 X\ BBJE (POO3 PO0O7) Van -0.8 to AVCCO + 0.3 \
Operating temperature*3, *4 Topr -40 to +105 °C
17 RE Tsig -55 to +125 °C

Caution: IMRBILEWRAGTEE, FTESITMCUERKAEEIF,

Note 1. &&[MP205. P206. P400. P401. P407ZEP415HIP708RIAZ 5V %,

Note 2. 1§AVCCOEREEIVCC,

R01DS0375EU0100 Rev.1.00 RENESAS 1871, #69MW
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Note 3. See section 2.2.1, TJ-/Ta Definition.
Note 4. Contact Renesas Electronics sales office for information on derating operation when Ta = +85°C to +105°C. Derating is the
systematic reduction of load for improved reliability.
Table 2.2 Recommended operating conditions
Parameter Symbol Min Typ Max Unit
Power supply voltages VCC 2.7 - 3.6 \Y
VSS - 0 - \Y
Analog power supply voltages | AVCCO*! - VCC - \%
AVSS0 - 0 - \Y

Note 1.

2.2 DC Characteristics

2.2.1

Table 2.3

Tj/T, Definition

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

Connect AVCCO to VCC. When the A/D converter, the D/A converter, or the comparator are not in use, do not leave the
AVCCO, VREFH/VREFHO0, AVSS0, and VREFL/VREFLO pins open. Connect the AVCCO and VREFH/VREFHO pins to VCC,
and the AVSS0 and VREFL/VREFLO pins to VSS, respectively.

Parameter

Symbol

Typ

Max

Unit

Test conditions

Permissible junction temperature

100-pin LQFP T;
64-pin LQFP

125

°C

High-speed mode
Low-speed mode
Subosc-speed mode.

Note: Make sure that T; = T, + 6ja x total power consumption (W),
where total power consumption = (VCC - Vo) x Zlgy + Vo X Zlg + Igcmax x VCC.
2.2.2 /O Vi, VL
Table 2.4 1[o] V||.|, V||_ (1 of 2)
Symbo
Parameter | Min Typ | Max Unit
Input voltage Peripheral | EXTAL(external clock input), SPI (except ViH VCC x 0.8 - - \%
(except for function RSPCK) v i i VCC x 0.2
Schmitt trigger | pin L i
input pins) IIC (SMBUS)""1 VlH 2.1 - -
VlL = = 08
IIC (SMBus)*2 ViH 2.1 - VCC + 3.6
(max 5.8)
VlL - - 08
Schmitt trigger IIC (except for SMBus)*1 ViH VCC x 0.7 - -
input voltage Vi N N VCC x 0.3
AVt VCC x 0.05 | - -
IIC (except for SMBus)*2 ViH VCC x 0.7 - VCC + 3.6
(max 5.8)
Vi - - VCC x 0.3
AVt VCC % 0.05 | - -
5 V-tolerant ports*3. *7 VIH VCC x0.8 |- VCC + 3.6
(max 5.8)
V||_ - - VCC x 0.2
AVt VCC x 0.05 | - -
R01DS0375EU0100 Rev.1.00 -QEN ESNAS Page 19 of 69
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Note 3. EZHE22.17, TTaE Xo
Note 4. B XTa=+85°CE+105°CHIETIRENGER, BRARFBFHENEFL, BRMRRFME L AHURSAIEN,
Table 2.2 WELERMS
Parameter Symbol Min Typ Max Unit
BIREBE VCC 2.7 - 3.6 \
VSS - 0 - \
R REE AvCCO0*1 - vCC - \Y
AVSS0 - 0 - \%
Note 1. J§AVCCOEREZFIVCC, TERAAD LS. DARMREBIILLIREN, BB

AVCCO. VREFHVREFHO. AVSSOFIVREFLVREFLOS|MIFTH. EAVCCOFIVREFHVREFHOS IR 5EZRIVCC, FAVSSOFMVREF

LVREFLOS| Bl 53 51 iE 2 EIVSS.

2.2 DC Characteristics

2.2.1 Tj/T, Definition
Table 2.3 DC characteristics
M TERE(Ta)-40E+105°CHI™ Mo
Parameter Symbol | Typ Max Unit Wit
RIFLER 100-pin LQFP T - 125 °C High-speed mode
64-pin LQFP Low-speed mode
Subosc-speed mode.
Note: HafRTj=Ta+0jax RINFE(W), EHALBINFE=(VCCVOH)xZIOH+VOLxZIOL+ICCmaxxVCCo
22.2 IOV I H
Table 2.4 IOVIH VIL(10f2)
Symbo
Parameter | Min Typ | Max Unit
@Q%gé?ﬁ %IIE;:'EDIJJQE EXTAL (SMEBBYERERN) , SPI (BR ViH VCCx0.8 |- - \Y
=R Al RSPCK
NEIHEA) : i |- T [veexoz2
IIC (SMBus)*1 ViH 2.1 - -
VlL = - 08
IIC (SMBus)*2 ViH 21 - VCC + 3.6
(max 5.8)
VlL - - 08
MR R 2% IIC (except for SMBus)*1 ViH VCCx0.7 |- -
WMABE
Vi - - VCC x 0.3
AVy VCC % 0.05 | - -
IIC (except for SMBus)*2 ViH VCC x 0.7 - VCC + 3.6
(max 5.8)
Vi - - VCC x 0.3
AVy VCC % 0.05 | - -
5 V-tolerant ports*3. *7 ViH VCC x0.8 |- VCC + 3.6
(max 5.8)
V||_ - - VCC x 0.2
AVy VCC x 0.05 | - -
R01DS0375EU0100 Rev.1.00 RENESAS 19T, 69T
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Table 2.4 /IO Vi, VL (2 of 2) Table 2.4 IOVIH VIL(20f2)
Symbo Symbo
Parameter | Min Typ | Max Unit Parameter | Min Typ | Max Unit
Schmitt trigger | Peripheral | P402/AGTIOO0,1 ViH VCC x0.8 |- VCC +0.3 \% MR R | JMRINEE | P402/AGTIO0,1 ViH VCC x0.8 |- VCC +0.3 \%
input voltage | function P403/AGTIO0, 1 Vi . . VCC x 0.2 WNRBE 51 P403/AGTIOO, 1 Vi . . VCC <02
pin i i
AV | VCCx0.05 | - - AV | VCCx0.05 |- -
Other input pins*4 Vi{ VCC x0.8 |- - HARNG |4 Viy VCC x08 |- -
Vi - - VCC x 0.2 Vi - - VCC x 0.2
AVt VCC x 0.05 | - - AVt VCC x 0.05 | - -
Ports 5 V-tolerant ports*3. *7 Vi VCCx0.8 |- VCC + 3.6 Ports 5 V-tolerant ports*3. *7 Vi VCC x0.8 |- VCC + 3.6
(max 5.8) (max 5.8)
Vi - - VCC x 0.2 Vi - - VCC x 0.2
Other input pins*6 Viy VCCx08 |- - HAtim A5 p«6 Viy VCCx08 |- -
V||_ - - VCC x 0.2 V||_ - - VCC x 0.2
Note 1. SCL1_B, SDA1_B (total 2 pins). Note 1. SCL1_B, SDA1_B (total 2 pins).
Note 2. SCLO_A, SDAO_A, SCLO_B, SDAO_B, SCL1_A, SDA1_A (total 6 pins). Note 2. SCLO_A, SDAO_A, SCLO_B, SDAO_B, SCL1_A, SDA1_A (total 6 pins).
Note 3. RES and peripheral function pins associated with P205, P206, P400, P401, P407 to P415, P708 (total 15 pins). Note 3. RESF15P205. P206. P400. P401. P407%IP415. P708tBXHISMNETHEESIRD (154518 »
Note 4.  All input pins except for the peripheral function pins already described in the table. Note 4. BREFHBEIFHARNINETHEES | BISMIFTERMASIH,
Note 5. P205, P206, P400, P401, P407 to P415, P708 (total 14 pins). Note 5. P205, P206, P400, P401, P407 to P415, P708 (total 14 pins).
Note 6.  All input pins except for the ports already described in the table. Note 6. PBREFFBEHARIIRHOIMIFFE RN,
Note 7. When VCC is less than 2.7 V, the input voltage of 5 V-tolerant ports should be less than 3.6 V, otherwise breakdown may occur Note 7. HVCCUNF27VEY, MsVIGOMMANBERNFI6V, BUEIEAETE, HASVIERORREN, FREREFRE.
because 5 V-tolerant ports are electrically controlled so as not to violate the breakdown voltage.
2.2.3 110 lom, loL 2.2.3 RERH
Table 2.5 /O lgp; loL (1 of 2) Table 2.5 IOIOH IOL(10f2)
Parameter Symbol Min Typ Max Unit Parameter Symbol Min Typ Max Unit
Permissible output current Ports P008, P201 - IoH - - -2.0 mA AIFEMBER (815 Ports P008, P201 - IoH - - -2.0 mA
(average value per pin) HF591E)
IOL - - 2.0 mA |o|_ - - 2.0 mA
Ports P0O14, P0O15 - loH - - -4.0 mA Ports P014, P0O15 - loH - - -4.0 mA
loL - - 4.0 mA loL - - 4.0 mA
Ports P205, P206, P407 to P415, | Low drive*! loH - - -2.0 mA IHEAP205. P206. P407ZEP415. Low drive*1 IoH - - 2.0 mA
P602, P708 (total 13 pins) P602, P708 (total 13 pins)
IOL - - 2.0 mA |o|_ - - 2.0 mA
Middle drive*2 loH - - -4.0 mA Middle drive*2 IoH - - -4.0 mA
IOL - - 4.0 mA |o|_ - - 4.0 mA
High drive*3 loH - - -20 mA High drive*3 loH - - -20 mA
IOL - - 20 mA IOL - - 20 mA
Other output pins*4 Low drive*! IoH - - -2.0 mA Hithtgi i 5(fi«4 Low drive*! IoH - - -2.0 mA
IOL - - 2.0 mA |o|_ - - 2.0 mA
Middle drive*2 loH - - -4.0 mA Middle drive*2 IoH - - -4.0 mA
IOL - - 4.0 mA |o|_ - - 4.0 mA
High drive*3 loH - - -16 mA High drive*3 loH - - -16 mA
IOL - - 16 mA IOL - - 16 mA
R01DS0375EU0100 Rev.1.00 RENESAS Page 20 of 69 R01DS0375EU0100 Rev.1.00 RENESAS H2001, 69T
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Table 2.5 110 lon, loL (2 of 2)

Parameter Symbol Min Typ Max Unit
Permissible output current Ports P008, P201 - loH - - -4.0 mA
(max value per pin) ™ . - 20 A
Ports P014, P015 - loH - - -8.0 mA
loL - - 8.0 mA
Ports P205, P206, P407 to P415, | Low drive*! loH - - -4.0 mA
P602, P708 (total 13 pins) ™ . . 20 A
Middle drive*2 IoH - - -8.0 mA
loL - - 8.0 mA
High drive*3 loH - - -40 mA
loL - - 40 mA
Other output pins*4 Low drive*1 loH - - -4.0 mA
loL - - 4.0 mA
Middle drive*2 IoH - - -8.0 mA
loL - - 8.0 mA
High drive*3 loH - - -32 mA
loL - - 32 mA
Permissible output current Maximum of all output pins ZIoH (max) - - -80 mA

(max value of total of all pins)
ZloL (max) | - - 80 mA
Caution: To protect the reliability of the MCU, the output current values should not exceed the values in this table. The

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

Note 1. This is the value when low driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.

Note 2. This is the value when middle driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected
driving ability is retained in Deep Software Standby mode.

Note 3. This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected
driving ability is retained in Deep Software Standby mode.

Note 4. Except for PO0O0 to P0O07, P200, which are input ports.

RAB6T1 Datasheet 2. SN

224 I/0 VoH, VoL, and Other Characteristics
Table 2.6 /0 Voh, VoL, and other characteristics (1 of 2)
Parameter Symbol Min Typ Max Unit Test conditions
Output voltage lic VoL - - 0.4 \ loL =3.0mA
VOL - - 0.6 lOL =6.0 mA
lc*1 VoL - - 0.4 loL = 15.0 mA
(ICFER.FMPE = 1)
VOL - 0.4 - lOL =20.0 mA
(ICFER.FMPE = 1)
Ports P205, P206, P407 to P415, | Voy VvCC-1.0 |- - loH = -20 mA
P602, P708 (total of 13 pins)*2 VCC =33V
VoL - - 1.0 loL =20 mA
VCC =33V
Other output pins Vou VCC-0.5 - - lon =-1.0 mA
VOL - - 0.5 lOL =1.0mA
Input leakage current RES [linl - - 5.0 A Vih=0V
Vin =5.5V
Ports PO00 to P002, P004 to P06, - - 1.0 Vih=0V
P200 Vi, = VCC
Ports P003, P007 | Before - - 45.0 Vih=0V
initialization*3 Vi, =VCC
After - - 1.0 Vi =0V
initialization*4 Vi, =VCC
R01DS0375EU0100 Rev.1.00 RENESAS Page 21 of 69
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Table 2.5 IOIOH IOL(2/2)

Parameter Symbol Min Typ Max Unit
AFEHBER (815 Ports P008, P201 - loH - - -4.0 mA
HNRAE)
|o|_ - - 4.0 mA
Ports P014, P015 - loH - - -8.0 mA
|o|_ - - 8.0 mA
I#0IP205. P206. P407ZEP415, Low drive*1 loH - - -4.0 mA
P602, P708 (total 13 pins)
loL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
|o|_ - - 8.0 mA
High drive*3 IoH - - -40 mA
|o|_ - - 40 mA
HAthia 5 (R4 Low drive*! loH - - -4.0 mA
loL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
|o|_ - - 8.0 mA
High drive*3 loH - - -32 mA
|o|_ - - 32 mA
sAFRHER B3NS | BRSNS E ZIOH (max) | - - -80 mA
NRAE)
ZIOL (max) - - 80 mA
Caution: ARPERNOATEY, BEBRERNESERPNE FiomdERRIEE100usAF Y EFEIIE,

Note 1. FEPMNPFSEFF 2RI QIR ERE D PSR RIERENITRIE, ERERGFINEX TEREFMENB RS,

[eay

X2
Note 2. XZBTEPmMnPFSEH 7788 Hik O IRENEE I I FIRFRF RN NE, RERGEIER T2REMENSIEES,
XZ

7
Note 3. FEPMNPFSEFF 2R O IRERE NI PiEF S RN IIIE, ERERFHFIEL TREFMENB T,

Note 4. FRTPOOOZEP007. P200/%INiH .

224 IOVOH VOLF E fth 4!

ki

Table 2.6 IOVOH. VOLHIH ft4FE(10f2)

Parameter Symbol Min Typ Max Unit Wit &
B EBE Inc VoL - - 0.4 v ROL=30EZR
VoL - - 0.6 HOL=608%
lc*1 VoL - - 0.4 I0L=150mA(ICFER.
FMPE=1)
VoL - 0.4 - I0L=20.0mA(ICFER.
FMPE=1)
#%EP205. P206. P407ZEP415, VoH VCC-1.0 - - FHOH=-202
P602. P708 (#13%) =2 LVCC=3.3V
VoL . . 1.0 HOL=20%
LVCC=3.3V
HithiatsIM VoH VCC-05 |- - [OH=-108%
VoL - - 0.5 HOL=1.08%
WNRER RES [lin - - 5.0 WA Vip=0V
Vin=5.5V
1% COPO00ZEP002. PO04AZEPO06. - - 1.0 Vih=0V
P200 Vi =VCC
Ports P003, PO07 | Before - - 45.0 Vih=0V
initialization*3 Vi, =VCC
After - - 1.0 Vin=0V
initialization*4 Vin = VCC
R0O1DS0375EU0100 Rev.1.00 .ZENESAS 8210, #6971
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Table 2.6 I/0 Vou, Voo, and other characteristics (2 of 2)
Parameter Symbol Min Typ Max Unit Test conditions
Three-state leakage 5 V-tolerant ports lIrsil - - 5.0 HA Vin=0V
current (off state) Vin=5.5V
Other ports (except for ports PO0O0 - - 1.0 Vih=0V
to P007, P200) Vi, = VCC
Input pull-up MOS current | Ports PO to P7 (except for ports Ip -300 - -10 MA VCC=27t036V
P000 to P007) Vin=0V
Input capacitance Ports P003, P007, P014, P015, Cin - - 16 pF Vbias =0V
P400, P401 Vamp =20 mV
Other input pins 8 f=1Mhz
putp T,=25°C

May 29, 2020

Note 1. SCLO_A, SDAO_A (total 2 pins).
Note 2. This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register.
The selected driving ability is retained in Deep Software Standby mode.
Note 3. POnPFS.ASEL(n=3o0r7)=1
Note 4. POnPFS.ASEL(n=30r7)=0
225 Operating and Standby Current
Table 2.7 Operating and standby current (1 of 2)
Parameter Symbol Min Typ Max Unit | Test conditions
Supply Maximum?*2 lec*? - - 87 mA ICLK = 120 MHz
current*1 v PCLKA = 120 MHz
CoreMark - 17 - PCLKB = 60 MHz
Normal mode All peripheral clocks enabled, - 24 - PCLKC =60 MHz
while (1) code executing from PCLKD = 120 MHz
flash*4 FCLK = 60 MHz
° All peripheral clocks disabled, - 12 -
g while (1) code executing from
£ flagh*®, *6
g_ Sleep mode*S. *6 - 9 33.5
.:‘{J Increase during BGO Data flash P/E - 6 -
S ;
£ | operation Code flash P/E - 8 -
Low-speed mode*> - 1.2 - ICLK = 1 MHz
Subosc-speed mode*S - 1.0 - ICLK = 32.768 kHz
Software Standby mode - 1.3 13 Ta < 85°C
- 1.3 21 Ta <105°C
DPSBYCR.DEEPCUT[1:0] = 00b*8 - 28 65 uA Ta<85°C
- 28 93 Ta<105°C
DPSBYCR.DEEPCUT[1:0] = 01b*8 - 11.6 28 Ta < 85°C
2 - 11.6 32 Ta<105°C
g DPSBYCR.DEEPCUT[1:0] = 11b*8 - 4.9 21 Ta < 85°C
>
5 - 4.9 26 Ta<105°C
=
% Increase when the AGT | When the low-speed on-chip - 4.4 - -
o | is operating oscillator (LOCO) is in use
©
2 When a crystal oscillator for - 1.0 - -
3 low clock loads is in use
§ When a crystal oscillator for - 1.4 - -
[a] standard clock loads is in use
Analog During 12-bit A/D conversion Alcc - 0.8 1.1 mA -
23;’;; During 12-bit A/D conversion with S/H amp - 23 3.3 mA -
current PGA (1ch) - 1 3 mA | -
ACMPHS (1 unit) - 100 150 uA -
Temperature sensor - 0.1 0.2 mA -
During D/A conversion (per unit) Without AMP output - 0.1 0.2 mA -
With AMP output - 0.6 1.1 mA -
Waiting for A/D, D/A conversion (all units) - 0.9 1.6 mA -
ADC12, DAC12 in standby modes (all units)*? - 2 8 uA -
R01DS0375EU0100 Rev.1.00 -IEN ESNAS Page 22 of 69
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Table 2.6 IOVOH. VOLFIH{#4FE(20f2)
Parameter Symbol Min Typ Max Unit Mt &1
=FRER REARK 5 V-tolerant ports [Irsil - - 5.0 pA Vi =0V
X Vin =55V
HhiwO (#OPOO0ZEPO07. P20 - - 1.0 Vin=0V
OBSH) Vj, = VCC
N _EHIMOSEE R wAPOZEP7 (EHORRIH Ip -300 - -10 MA VCC=27t036V
P00 to P007) Vip=0V
MANBER Ports P003, P007, P014, P015, Cin - - 16 pF Vbias =0V
P400, P401 Vamp =20 mV
— f=1MHz
HAm A - - 8 T,=25°C
Note 1. SCLO_A, SDAO_A (total 2 pins).
Note 2. XZTEPMNPFSE 1223 AVim O IXEhEE /711 &R S IRBhEE ST BT AY{E,
ERERHFIER TREREBMANEIREET,
Note 3. POnPFS.ASEL(n=3or7) =1
Note 4. POnPFS.ASEL(n=30r7)=0
., s
2.2.5 TEMFFNEBR
Table 2.7 TEFNFFNEBR(10f2)
Parameter Symbol Min Typ Max | Unit | Wik&4
R Maximum?®*2 lec*3 - - 87 mA ICLK =120 MHz
*1 s PCLKA = 120 MHz
CoreMark - o PCLKB = 60 MHz
EEER BREAIMNEE R, BBT(1)R - 24 - PCLKC =60 MHz
BMIRERITS PCLKD =120 MHz
FCLK =60 MHz
P RMBIMEE S, BT - 12 -
% BB MIRTEHIT*5. 6
1S
©
% | Sleep mode*s. *6 - 9 335
Q
2 | BGOBfTHAEIE N HIRINTEPE - 6 -
£ REBIRTEPE - 8 -
Low-speed mode*S - 1.2 - ICLK = 1 MHz
Subosc-speed mode*S - 1.0 - ICLK = 32.768 kHz
BUERFHER - 1.3 13 Ta < 85°C
- 1.3 21 Ta<105°C
DPSBYCR.DEEPCUT[1:0] = 00b*8 - 28 65 A Ta<85°C
- 28 93 Ta<105°C
DPSBYCR.DEEPCUT[1:0] = 01b*8 - 11.6 28 Ta<85°C
= - 11.6 32 Ta<105°C
% DPSBYCR.DEEPCUT[1:0] = 11b*8 - 4.9 21 Ta<85°C
g - 4.9 26 Ta <105°C
#l | AGTEfTET M %ﬁﬁﬁﬁ%ﬂlﬁ%%&(l_oco) - 44 |- -
1% ;
= -
YEAAFRNAENS - 1.0 - -
T iRHRET
U5 AT BT S E A RIAIR - 14 - -
ShEany
%%@ f£1 2( AD¥ R HAIE) Alcc - 0.8 1.1 mA | -
1218 A8 SHamp#H171 21T AD# i8] - 23 |33 |mA |-
PGA (1ch) - 1 3 mA | -
ACMPHS (1 unit) - 100 150 A -
R R 28 - 0.1 0.2 mA -
DAF:#HAE (1) FAMPHIH - 0.1 0.2 mA | -
HAMPH - 0.6 1.1 mA | -
FFAD. DARRIR (FE211) - 0.9 1.6 mA -
ADC12. DACT2RFENER (FiG#) 7 - 2 8 pA | -
R01DS0375EU0100 Rev.1.00 .ZENESAS 582201, #6971
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Table 2.7 Operating and standby current (2 of 2)
Parameter Symbol Min Typ Max Unit | Test conditions
Reference During 12-bit A/D conversion (unit 0) AlREFHO - 70 120 WA -
zgg;,; Waiting for 12-bit A/D conversion (unit 0) ; 007 |05 |pA |-
current ADC12 in standby modes (unit 0) - 0.07 0.5 pA -
(VREFHO)
Reference During 12-bit A/D conversion (unit 1) AlREFH - 70 120 WA -
28;\’;'; During D/A conversion Without AMP output - 0.1 0.4 mA -
it
current (per unit) With AMP ouput - 01 04 |mA |-
(VREFH)
Waiting for 12-bit A/D (unit 1), D/A (all units) conversion - 0.07 0.8 pA -
ADC12 unit 1 in standby modes - 0.07 0.8 MA -

Note 1.  Supply current values are with all output pins unloaded and all input pull-up MOS transistors in the off state.
Note 2. Measured with clocks supplied to the peripheral functions. This does not include the BGO operation.
Note 3. Igc depends on f (ICLK) as follows. (ICLK:PCLKA:PCLKB:PCLKC:PCLKD = 2:2:1:1:2)
lcc Max. = 0.53 x f + 23 (maximum operation in High-speed mode)
Icc Typ. = 0.08 x f + 2.4 (normal operation in High-speed mode)
lcc Typ. = 0.1 xf + 1.1 (Low-speed mode)
lcc Max. = 0.09 x f + 23 (Sleep mode).
Note 4. This does not include the BGO operation.
Note 5.  Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 6. FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (3.75 MHz).
Note 7. When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (12-bit A/D Converter 0 Module Stop bit) and
MSTPCRD.MSTPD15 (12-bit A/D Converter 1 Module Stop bit) are in the module-stop state.

See section 35.6.8, Available functions and register settings of ANOOO to AN002, AN007, AN100 to AN102, and AN107 in

User's Manual.

Note 8. For more information on the DBSBYCR register, see section 11.2.11, Deep Software Standby Control Register (DPSBYCR) in

User’'s Manual.

jnn "
(LR

1CC [mA)

-40 -20 0 20 40 60 80 100

Ta(*C)

Avergge value of thetested middlesamples during product evaluation.

----- Aver zge value of thetested upper-imit samples during product evaluation.

Figure 2.2 Temperature dependency in Software Standby mode (reference data)
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Table 2.7 TERFFN AT (20f2)
Parameter Symbol Min Typ Max | Unit | WiX&4
iéﬁ%iﬁ 1E12ADFEHRiE] (27T0) Algrro | - 70 120 | pA |-
BRVREF e mADRR (#50) - 007 |05 |m |-
ADC1 280 FHEHAE (285T0) - 007 |05 A -
iéﬁ%iﬁ E12ADFE R RIE] (25T1) Algern | - 70 120 | pA |-
IR(VREF )DA%MHH (e FAMPHIH - 01 |04 |mA |-
HAMPH - 0.1 0.4 mA | -
FF120UAD (#87T1) « DA (FiBE#m) ®i - 0.07 |08 pA -
ADC128 501 b FREMEN - 0.07 |08 uA -
Note 1. BRREREREMERLSIMTHEFRERA LIIMOSSEARELFXAREHNER T,
Note 2. fERIRMEAINETHENNFHFHITIE. XFAEIEBGOIRE,
Note 3. ICCEURTFF(ICLK)®IFo (ICLK:PCLKA:PCLKB:PCLKC:PCLKD=2:2:1:1:2)
BHCCR/R KA. =0.53xf+23 (BREX THRAIRNE)
FCCHA, =008xf+2.4 (EREX THIEEERE)
lcc Typ. = 0.1 xf+ 1.1 (Low-speed mode)
lcc Max. = 0.09 x f + 23 (Sleep mode).
Note 4. XA EIEBGORIE.
Note 5. TEZKB TELAEMEIRSRENHES, XFEIEBGORE,
Note 6. FCLK. PCLKA. PCLKB. PCLKCHIPCLKDIZE& /7fkL64(3.75MHz),
Note 7. HMCULFREFNNELHMSTPCRD.MSTPD16 (1211 ADFIRZSOERIELE(L) H
MSTPCRD.MSTPD15 (12{IAD3% RS 1MEH(Z L) b FIERE IR,
EE 535687, ANOOOEANOO2. ANOO7. ANTOOEANT02FIANT07HA] ATHRENI B 7288 E
User's Manual.
Note 8. B XDBSBYCRHFFHRMNEZER, BESNE11.211T, RERGEFNITHIZFEE3(DPSBYCR)
User’'s Manual.
100.0
10.0
<
o
=
10
-40 -20 0 20 an &0 80 100
0.1 o
a("C)
fvergge value of thetested middlesamples during product evaluation.
----- Averzge value of thetested upper-imit samples during product evaluation.
Figure 2.2 REFMEX TREREYE (SFHIE)
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Averzge value of thetested middle samples during product evaluation. Averzge value of thetested middlesamples during product evaluation.
----- Averzge value of thetested upper-imit samples during product evaluation. === fyerge value of the tested upper-imit samples during product evaluation.
Figure 2.3 Temperature dependency in Deep Software Standby mode, power-on reset circuit low power Figure 2.3 AERGFINEXTHRERIYE, LBSMBREINEIGEER (B2E5B)
function disabled (reference data)
100 100
< <
= 10 = 10
L L
= =
1 1
40 -20 0 20 4ap 60 &0 100 40 20 0 20 40 &0 80 100
Ta [°C) Ta [°C)
Averzge value of thetested middlesamples during product evaluation. Aver gge value of thetested middle samples during product evaluation.
----- Averzge value of thetested upper-imit samples during product evaluation. === Avergge value of thetested upper-imit samples during product evaluation.
Figure 2.4 Temperature dependency in Deep Software Standby mode, power-on reset circuit low power Figure 2.4 RERGEFNER THREKSY, A LBSMIBEREIIFEEE (BEHIE)
function enabled (reference data)
24701, #6901
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2.2.6 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.8 Rising gradient characteristics
Parameter Symbol | Min Typ Max Unit Test conditions
VCC rising gradient | Voltage monitor O reset disabled at startup | SfVCC | 0.0084 | - 20 ms/V -
Voltage monitor O reset enabled at startup 0.0084 | - - -
SCI boot mode*1 0.0084 | - 20 -

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

Table 2.9 Rise and fall gradient and ripple frequency characteristics
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

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

Parameter Symbol Min Typ Max Unit Test conditions
Allowable ripple frequency fr (vee) - - 10 kHz Figure 2.5
Vr (vee) <VCC x 0.2
- - 1 MHz Figure 2.5
V (vee) S VCC x 0.08
- - 10 MHz Figure 2.5
Vr (vee) <VCC x 0.06
Allowable voltage change rising dt/dvCC 1.0 - - ms/V When VCC change exceeds VCC +10%
and falling gradient

>l fce

VCC m Viveo

Figure 2.5 Ripple waveform

2.3 AC Characteristics

2.3.1 Frequency

Table 2.10 Operation frequency value in high-speed mode

Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK*2) f - - 120 MHz
Peripheral module clock (PCLKA)*2 - - 120
Peripheral module clock (PCLKB)*2 - - 60
Peripheral module clock (PCLKC)*2 -*3 - 60
Peripheral module clock (PCLKD)*2 - - 120
Flash interface clock (FCLK)*2 -1 - 60

Note 1. FCLK must run at a frequency of at least 4 MHz when programming or erasing the flash memory.

Note 2. See section 9, Clock Generation Circuit in User’s Manual for the relationship between the ICLK, PCLKA, PCLKB, PCLKC,
PCLKD, and FCLK frequencies.

Note 3. When the ADC12 is used, the PCLKC frequency must be at least 1 MHz.

R01DS0375EU0100 Rev.1.00
May 29, 2020
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226  VCCEFARITRBEAMLEAE

Table 2.8 LHHEEE

Parameter Symbol | Min Typ Max Unit Mt & 14

VCCEAE BN 2 AR EEME0E L SrvVCC | 0.0084 | - 20 ms/V -
BEhBY B AR E R0 (i 0.0084 | - - -
SCIFFHAZE T *1 0.0084 | - 20 -

Note 1. 7TESISRAT, FTICOFSI.LVDASUREINM, EBEEIEMEBEEMLB0HITHE L,

Table 2.9 FHBEABREERSURSARIFE .
SURFBESIIEVCC EIRG.6VIFITIR(2.7V) ZBIRSEE N B 2 F BISURSI RS (VCC)o HVCCEBIIVCCE10%MT, HIUHTE RIFRIE
EZW EAM TRERSEJdVCC,

Parameter Symbol | Min Typ Max Unit Mt 5=
ﬁl*éyi&ﬁ)ﬁ$ fr (vCCe) - - 10 kHz Figure 2.5
Vr (vee) <VCC x 0.2
- - 1 MHz Figure 2.5
Vr (vce) S VCC x 0.08
- - 10 MHz Figure 2.5
Vr (vee) <VCC x 0.06
AFBETYEATEEE dt/dvCC 1.0 - - ms/V HVCCEHBIIVCCE10%

>l fce

VCC m Viveo

Figure 2.5 BURETS
2.3 R4

2.3.1 Frequency

Table 2.10 BEREX TREBEITIEE

Parameter Symbol | Min Typ Max Unit
BITHER RABTFR(ICLK*2) f - - 120 MHz
SMZAEIR BT $ (PCLKA)*2 - - 120
SMG IR BT $H (PCLKB)*2 - - 60
SMS IR BT $H (PCLKC)*2 -3 - 60
HMGHRIRET $h (PCLKD)*2 - - 120
IATF 3 OB $ (FCLK)*2 -1 - 60

Note 1. TEXFRNEHITRIZHIZIRN, FCLKUFUZEDLAMHZBISARIBTIT,
Note 2. XTFICLK. PCLKA. PCLKB. PCLKC.

PCLKDFIFCLK3HR,
Note 3. fEAADC126, PCLKCIAERMME DA 1MHz,

R01DS0375EU0100 Rev.1.00
May 29, 2020

RENESAS 257, 69



RA6T1 Datasheet

2. Electrical Characteristics

RA6T1 Datasheet

2. B

ki3

Table 2.11 Operation frequency value in low-speed mode

Parameter

Symbol

Min

Typ

Max Unit

Operation frequency

System clock (ICLK)*2

Peripheral module clock (PCLKA)*2

Peripheral module clock (PCLKB)*2

Peripheral module clock (PCLKC)*2,*3

Peripheral module clock (PCLKD)*2

Flash interface clock (FCLK)*1, *2

MHz

Al Al al Al A ~

Note 1.  Programming or erasing the flash memory is disabled in Low-speed mode.
Note 2. See section 9, Clock Generation Circuit in User's Manual for the relationship between the ICLK, PCLKA, PCLKB, PCLKC,

PCLKD, and FCLK frequencies.
Note 3.  When the ADC12 is used, the PCLKC frequency must be set to at least 1 MHz.

Table 2.12 Operation frequency value in Subosc-speed mode

Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK)*2 f 29.4 - 36.1 kHz
Peripheral module clock (PCLKA)*2 - - 36.1
Peripheral module clock (PCLKB)*2 - - 36.1
Peripheral module clock (PCLKC)*2,*3 - - 36.1
Peripheral module clock (PCLKD)*2 - - 36.1
Flash interface clock (FCLK)*1. *2 29.4 - 36.1

Note 1. Programming or erasing the flash memory is disabled in Subosc-speed mode.

Note 2. See section 9, Clock Generation Circuit in User’s Manual for the relationship between the ICLK

PCLKD, and FCLK frequencies.
Note 3. The ADC12 cannot be used.

23.2 Clock Timing

Table 2.13 Clock timing except for sub-clock oscillator (1 of 2)

, PCLKA, PCLKB, PCLKC,

Parameter Symbol Min Typ Max Unit Test conditions

EXTAL external clock input cycle time tExeye 41.66 - - ns Figure 2.6

EXTAL external clock input high pulse width texH 15.83 - - ns

EXTAL external clock input low pulse width texL 15.83 - - ns

EXTAL external clock rise time texr - - 5.0 ns

EXTAL external clock fall time texs - - 5.0 ns

Main clock oscillator frequency fmaIN 8 - 24 MHz -

Main clock oscillation stabilization wait time tvainosewT | - - -1 ms Figure 2.7

(crystal) *1

LOCO clock oscillation frequency fLoco 29.4912 | 32.768 | 36.0448 | kHz -

LOCO clock oscillation stabilization wait time t ocowT - - 60.4 us Figure 2.8

ILOCO clock oscillation frequency fiLoco 13.5 15 16.5 kHz -

MOCO clock oscillation frequency Fmoco 6.8 8 9.2 MHz -

MOCO clock oscillation stabilization wait time tmocowT - - 15.0 us -
R01DS0375EU0100 Rev.1.00 ;{EN ESNS Page 26 of 69
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Table 2.11 {EEEX TRIBITIARE

Parameter Symbol | Min Typ Max Unit
BITHIRER RGRTH(ICLK)*2 f R R 1 MHz
HMEAEIRET R (PCLKA)*2 - - 1
HME IR BT £ (PCLKB)*2 - - 1
JMGRZIRET $R (PCLKC)*2 *3 3 B 1
SMG IR BT $H (PCLKD)*2 - - 1
Flash# O BY $0(FCLK)*1 *2 - - 1
Note 1. #RIZSIERRIAEFEEMEEL THER.,
Note 2. XTFICLK. PCLKA. PCLKB. PCLKC.
PCLKDFIFCLKMZE,
Note 3. fEFADC128Y, PCLKCAREMINIZENEL1MHZ,
Table 212  Subosc-speedi& X FHIZITIAEME
Parameter Symbol | Min Typ Max Unit
BT RFBIF(ICLK)*2 f 29.4 - 36.1 kHz
HMEAELRET R (PCLKA)*2 - - 36.1
SMG IR BT $h (PCLKB)*2 - - 36.1
SMGIEERET $H (PCLKC)*2 +3 - - 36.1
HMERERBT $R (PCLKD)*2 - - 36.1
FlashiZ O BS R (FCLK)*1 *2 29.4 - 36.1
Note 1. TESuboscERERI T, BIEXRAFHITRIZHIER,
Note 2. XTFICLK. PCLKA. PCLKB. PCLKC.
PCLKDFNFCLKSRZE,
Note 3. ADC12FRBEfEA,
2.3.2 BY $h B e
Table 2.13  FREIEIPRSH2FIMIBISNESE (29 PE914)
Parameter Symbol Min Typ Max Unit Mt 5= 14
EXTALSMERES $hia N B HARS &) texcye 41.66 - - ns Figure 2.6
EXTALIMERES SR N B Bk B B tex 15.83 - - ns
EXTALSMERBT s N 1R B O B B tex 15.83 - - ns
EXTALSMERET $h L FHE 8] texr - - 5.0 ns
EXTALSMERET $h T P A 8] texs - - 5.0 ns
FETERIR T BRIME fMAIN 8 - 24 MHz -
FERHIRHIRE FFEIE (BR) «1 twanoscwT | - - -1 ms Figure 2.7
LOCOBY $hiR % MR floco 29.4912 | 32.768 | 36.0448 | kHz -
LOCOBY $ifx %8 & F 1507 8] t ocowT - - 60.4 us Figure 2.8
ILOCOBY # iR H AR fiLoco 13.5 15 16.5 kHz -
MOCOBY #ifR 57 5= Fmoco 6.8 8 9.2 MHz -
MOCOBY #5718 & S #FAt &) tmocowT - - 15.0 us -
R01DS0375EU0100 Rev.1.00 :{ENESAS 2601, #69W
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Table 2.13 Clock timing except for sub-clock oscillator (2 of 2)
Parameter Symbol Min Typ Max Unit Test conditions
HOCO clock oscillator Without FLL fhoco1s 15.78 16 16.22 MHz -20 < Ta<105°C
oscillation frequency frocots 17.75 18 18.25
fHoco20 19.72 20 20.28
fioco1e 15.71 16 16.29 -40<Ta<-20°C
fioco1s 17.68 18 18.32
fHoco20 19.64 20 20.36
With FLL fioco1s 15.955 16 16.045 -40<Ta<105°C
froco1s 17.949 | 18 18.051 fsrzgu‘;':g; scouracy
fHoco20 19.944 20 20.056 is £50 ppm.
HOCO clock oscillation stabilization wait time*2 tHocowT - - 64.7 us -
FLL stabilization wait time trLLwT - - 1.8 ms -
PLL clock frequency feLL 120 - 240 MHz -
PLL clock oscillation stabilization wait time teLLwT - - 174.9 us Figure 2.9

Table 213  FREIET$hiRS% 23 I BRI S FF (20f2)

Parameter Symbol Min Typ Max Unit MR

HOCORT #5532 15 % Without FLL fuoco1s 15.78 16 16.22 MHz | -20<Ta<105°C

o fiocots 1775 | 18 18.25
fuoco20 19.72 20 20.28
fhocots 15.71 16 16.29 -40 < Ta < -20°C
fuocots 17.68 18 18.32
fuoco20 19.64 20 20.36

With FLL fuocois 15955 | 16 16.045 ~40=Ta=105°CAlEY

fuocots 17.949 | 18 18.051 ;ﬁ?"g*ﬁgﬁ +50p
fuoco20 19.944 | 20 20.056

HOCORT $hiR % fa E S5 AT [a+2 thocowT - - 64.7 us -

FLLAZE S 150Y1a] trLLwT - - 1.8 ms -

BABIF BT TR foLL 120 - 240 MHz |-

PLLEY SR 5% AR E S B iE] tpLLwT - - 174.9 s Figure 2.9

Note 1. When setting up the main clock oscillator, ask the oscillator manufacturer for an oscillation evaluation, and use the results as Note 1. IRETHMIRZAEN, BAIRZRHISHRIURAIPE, FHIGERIENEFIIRFGREN B, FMOSCWTCREFERIRENET
the recommended oscillation stabilization time. Set the MOSCWTCR register to a value equal to or greater than the HATHEENE, EHMOSCCRMOSTPIRIIRE BRI ERIHRIFE, BREROSCSFMOSCSFARS LIMIAE A1, AEFIatEA
recommended value. FRIRH 2R
After changing the setting in the MOSCCR.MOSTP bit to start main clock operation, read the OSCSF.MOSCSF flag to confirm
that it is 1, and then start using the main clock oscillator.

Note 2. This is the time from release from reset state until the HOCO oscillation frequency (fHOCO) reaches the range for guaranteed Note 2. XZMEMKEEREIHOCOIRHIMZK (FHOCO)XEIMRIE TIESEEBIETE],
operation.

Table 2.14  Clock timing for the sub-clock oscillator Table 2.14  BIBT ¢ H AT IR

Parameter Symbol Min Typ Max Unit Test conditions Parameter Symbol Min Typ Max Unit it 5= 1
Sub-clock frequency fsus - 32.768 - kHz - Sub-clock frequency fsus - 32.768 - kHz -
Sub-clock oscillation stabilization wait time tsuroscwt | - - -1 s Figure 2.10 BB $iiRSH IR B F1F AT IE) tsuroscwT | - - -*1 s Figure 2.10

Note 1. When setting up the sub-clock oscillator, ask the oscillator manufacturer for an oscillation evaluation and use the results as the Note 1. IREEIN#IRZEN, BARHEDEHRME TS, HBERIENESNIRGRENE, BEeSOSCCRSOSTPAIAYIRE LIS
recommended oscillation stabilization time. MEIN#REE, REEAINHIEHRENBIEHEEEBREST K EARIN IR S, BNEARETERENE,
After changing the setting in the SOSCCR.SOSTP bit to start sub-clock operation, only start using the sub-clock oscillator after
the sub-clock oscillation stabilization time elapses with an adequate margin. A value that is two times the value shown is
recommended.

tEchc tEchc
texn L texc texn L texc
EXTAL external clock input | vccx05 EXTALIMEBESER5RIN [ vecx05
texr texr texr texr
Figure 2.6 EXTAL external clock input timing Figure 2.6 EXTALSMERBT EhiNBSF
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MOSCCR.MOSTP \

MOSCCR.MOSTP l‘

Main clock oscillator output gzzzzzzzzz; % g? \ / \ ’ \ ’ FHHPIRS 2R gzzzzzzzzz; % ﬂ; \ / \ / \ /
B tmainoscwT N B tmainoscwT N
Main clock W FEIER W
Figure 2.7 Main clock oscillation start timing Figure 2.7 IR H A IGE
LOCOCR.LCSTP \ LOCOCR.LCSTP \
tLocowt tLocowt
R A WAV —— S
Figure 2.8 LOCO clock oscillation start timing Figure 2.8 LOCORY R % F Ia Bt
PLLCR.PLLSTP !‘ PLLCR.PLLSTP \
teLiwr teLiwT
OSCSF.PLLSF OSCSF.PLLSF
PLL clock PLL clock
Figure 2.9 PLL clock oscillation start timing Figure 2.9 PLLES $hifR:HF 4GRS F
Note:  Only operate the PLL after the main clock oscillation has stabilized. Note: RIEERHRHIRESIRIEPLL,
SOSCCR.SOSTP X( SOSCCR.SOSTP \
o ) ' &
Sub-clock oscillator output !ZZZZZZZZZ; Qs g? \ / \ ’ \ ’ BB BhiRSH 28 ﬂzzzzzzzzz; % ﬂ? \ / \ ’ \ ’
tsusoscwr . tsusoscwr ,
Sub-clock %_\_/_ Sub-clock %_\_/_
Figure 2.10 Sub-clock oscillation start timing Figure 2.10 BB ¢hRH A Ia BT
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2.3.3 Reset Timing 2.3.3 Eh= NI
Table 215  Reset timing Table 215  EEHAE
Test it 51
Parameter Symbol | Min Typ Max Unit conditions Parameter Symbol | Min Typ Max Unit
RES pulse width | Power-on treswp | 1 - - ms Figure 2.11 RESRK A EEE Power-on treswp | 1 - - ms Figure 2.11
Deep Software Standby mode tReswp | 0.6 - - ms Figure 2.12 REREEHNER tReswp | 0.6 - - ms Figure 2.12
Software Standby mode, Subosc-speed tResws 0.3 - - ms BMHEFNIRETC, SuboscREET tResws 0.3 - - ms
mode
All other tresw 200 - - ps PR At tresw 200 - - s
Wait time after RES cancellation treswt | - 29 32 s Figure 2.11 RESEUH [ERYE#ERTa) treswt | - 29 32 s Figure 2.11
Wait time after internal reset cancellation (IWDT reset, WDT tresw2 | - 320 390 s - WEIS MBUHER SRR (WDTEL, WDTEL, RHAESM | teeswz | - 320 390 s -
reset, software reset, SRAM parity error reset, bus master MPU s SRAMEBIRBIEIRE . REEMPURIREM. BLEMMPU
error reset, bus slave MPU error reset, stack pointer error reset) BIREL. HEEIEHEREM)
0 5 % %
VCC T VCC n
£ £5
RES 1 RES 1
< n > ‘ < n >
Internal reset signal ReswP 5 NBEES (R RESWP 5
(active-low) « g BEBH) £5 $5
tRESWT tRESWT
Figure 2.11 Power-on reset timing Figure 2.11 LS (iiEF
treswp, trResws, tREsw treswp, trResws, tREsw
———— S
RES RES 7
Internal reset signal RBEMURES (R
(active-low) \ BEEH) \
45 45 45 £5
treswt treswt
Figure 2.12 Reset input timing Figure 2.12 SEURAREF
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Table 2.16 Timing of recovery from low power modes
Test
Parameter Symbol | Min | Typ Max Unit conditions
Recovery time Crystal System clock source is main | tsgymc - 2.4 2.8*9 ms Figure 2.13
from Software resonator clock oscillator*2 The division
*1 .
Standby mode connepted System clock source is PLL | tsgypc - 2.7*9 3.2%9 ms ratlg of all .
to main ; . . 3 oscillators is 1.
with main clock oscillator
clock
oscillator
External System clock source is main | tsgyex - 230*9 280*9 | ps
clock input | clock oscillator*4
to main : - "
System clock source is PLL | tggypE - 570*9 700*9 | ps
clock ; . . "
. with main clock oscillator*d
oscillator
System clock source is sub-clock tseysc - 1.2*9 1.3*9 ms
oscillator*8
System clock source is LOCO*8 tseyLo - 1.2*9 1.4*9 ms
System clock source is HOCO*6 tseyHO - 240*9. *10 | 300 us
*9, ¥10
System clock source is MOCO*7 tseymo - 220*9 300*9 us
Recovery time from Deep Software Standby mode tosey - 0.65 1.0 ms Figure 2.14
Wait time after cancellation of Deep Software Standby mode tosgywt | 34 - 35 teye
Recovery time High-speed mode when system clock tsnz - 35%*9,*10 | 70 us Figure 2.15
from Software source is HOCO (20 MHz) *9, ¥10
gtandby mo(;je to High-speed mode when system clock tsnz - 11*9 14*9 us
nooze mode source is MOCO (8 MHz)

Note 1.

Note 2.

Note 3.

Note 4.

Note 5.

Note 6.
Note 7.
Note 8.
Note 9.

Note 10.

The recovery time is determined by the system clock source. When multiple oscillators are active, the recovery time can be
determined with the following equation:

Total recovery time = recovery time for an oscillator as the system clock source + the longest oscillation stabilization time of any
oscillators requiring longer stabilization times than the system clock source + 2 LOCO cycles (when LOCO is operating) + 3
SOSC cycles (when Subosc is oscillating and MSTPCO = 0 (CAC module stop)).

When the frequency of the crystal is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h). For
other settings (MOSCWTCR is set to Xh), the recovery time can be determined with the following equation:

tSBYMC (MOSCWTCR = Xh) = tSBYMC (MOSCWTCR = 05h) + (tMAINOSCWT (MOSCWTCR = Xh) - tMAINOSCWT (MOSCWTCR =
05h))

When the frequency of PLL is 240 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h). For other
settings (MOSCWTCR is set to Xh), the recovery time can be determined with the following equation:

tsgymc (MOSCWTCR = Xh) = tggypmc (MOSCWTCR = 05h) + (tyainoscwT (MOSCWTCR = Xh) - tyainoscewt (MOSCWTCR =
05h))

When the frequency of the external clock is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h).
For other settings (MOSCWTCR is set to Xh), the recovery time can be determined with the following equation:

tSBYMC (MOSCWTCR = Xh) = tSBYMC (MOSCWTCR = OOh) + (tMA|NOSCWT (MOSCWTCR = Xh) - tMA|NOSCWT (MOSCWTCR =
00h))

When the frequency of PLL is 240 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h). For other
settings (MOSCWTCR is set to Xh), the recovery time can be determined with the following equation:

tSBYMC (MOSCWTCR = Xh) = tSBYMC (MOSCWTCR = OOh) + (tMAlNOSCWT (MOSCWTCR = Xh) - tMAlNOSCWT (MOSCWTCR =
00h))

The HOCO frequency is 20 MHz.

The MOCO frequency is 8 MHz.

In Subosc-speed mode, the sub-clock oscillator or LOCO continues oscillating in Software Standby mode.

When the SNZCR.RXDREQEN bit is set to 0, the following time is added as the power supply recovery time:
STCONR.STCONJ1:0] = 00b:16 ps (typical), 34 pys (maximum)

STCONR.STCONJ1:0] = 11b:16 s (typical), 104 pys (maximum).

When the SNZCR.RXDREQEN bit is set to 0, 16 us (typical) or 18 ys (maximum) is added as the HOCO wait time.
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2.3.4 N2 B2 B (8]
Table 2.16  MEINFEE RS HIBTE
it &= 14
Parameter Symbol | Min | Typ Max Unit
WGSBS | RN | AANBEAENIRPE | tayme | - 2.4%9 289 |ms | E2I3MAR
ik &2 B &)1 BRI 2 ik 1iobapiiled
SR SRAE - SN
'IE’?E%% %éﬁﬁjg¢7ﬁ%%ﬁ3‘iﬁq%¢#§ tSBYPC - 2.7%9 3.2*9 ms
SHesHIPLL*3
F IR ARENHIRANENHIRHSE | tsgyex - 230*9 280*9 | us
SHasvah 4
BB BT hia -
N AAENHERSE TR tseyPE - 570*9 700*9 us
Shea*5HIPLL
%éﬁ Hif%q’f}ﬁ?jﬂ EH Bq%¢ﬂ§%%§*8 tSBYSC - 1 .2*9 1 .3*9 ms
%gﬁ HT_T%LP‘;E?Q LOCO*8 tSBYLO - 1 .2*9 1 .4*9 ms
REBI IR IHOCO*6 tseyHO - 240*9, *10 | 300 us
*9, *10
%éﬁﬂj%q’;}?\ﬁ MOCO*7 tSBYMO - 220*9 300*9 us
MRERGFHE RS B E tpsey - 0.65 1.0 ms Figure 2.14
ICE R ER AR E R B S S tosaywr | 34 | - 35 toyo
MEREFNER | RENHRAIHOCO20MHZ) B == tsnz - 35%9,*10 | 70 us Figure 2.15
REF # *9, *10
BB K FHY = R *9 *9
amEiER ;ft,ij’;ﬂﬁql B AIMOCO(8MHz) BT B =3 tsnz 11 14 us
Note 1. MERBHRLZNHERT. HZMRHELTENRERN, MENETLUBE U TARXHE: SMERE=1R 5B IEANRFH

Note 2.

Note 3.

Note 4.

Note 5.

Note 6.
Note 7.
Note 8.
Note 9.

PIRBIR S BT B+ 7 B EL R 4R phIR BB K AR TE BY 8] M HR5% SR M R KRS AR E AT [E]+ 2 NLOCOE HR (HLOCOE1TRY) +31°S0
SC/AHR (HSubosclETEIRHEMSTPCO=0 (CACKEIRIZLE) BY) o

YRIRIAERN24MHZEY (ER IR T SSFFIEHIFTFEEE (MOSCWTCR) IREANOSh) o SIFHMIEE (MOSCWTCRIZE FXh
) > BILERUTARNBEMERE: tSBYMCIMOSCWTCR=Xh)=tSBYMC(MOSCWTCR=05h)+({tMAINOSCWT(MOSCWTCR=Xh
JtMAINOSCWT(MOSCWTCR=05h))

LPLLAYSAZE N240MHzEY (ERTHIRHBRFFITHFESE (MOSCWTCR) REHNOSh) o W FEMIEE (MOSCWTCRIRE AX
h) , AIUERUTAXHEMERE: tSBYMC(MOSCWTCR=Xh)=tSBYMC(MOSCWTCR=05h)+{tMAINOSCWT(MOSCWTCR=X
h)tMAINOSCWT(MOSCWTCR=05h))

HSMNEBRT AR A 24MHZRY (ERF IR T B FFRERZFFEE (MOSCWTCR) IREAO00h) » X FHEMIZE (MOSCWTCRIRE
AXn) 5 AIERAUTARBEMERIE: tSBYMCIMOSCWTCR=Xh)=tSBYMC(MOSCWTCR=00h)+{tMAINOSCWT(MOSCWTC
R=Xh)tMAINOSCWT(MOSCWTCR=00h))

LPLLAYSAE H240MHZEY (R HRF B FFITHIEFESE (MOSCWTCR) 8B A00h) » FTFEHMIEE (MOSCWTCRIRE X
h) , AUERUTARNBEMRERIE: tSBYMC(MOSCWTCR=Xh)=tSBYMC(MOSCWTCR=00h)+{tMAINOSCWT(MOSCWTCR=X
h)tMAINOSCWT(MOSCWTCR=00h))

HOCO#$ZR A3 20MHz,

MOCO#IZE A 8MHZ,

7ESuboscRERR T, Bl #iRH2EHLOCOTEREFRNR L THALIR T,
L SNZCRRXDREQEN(i 1% & 0B, FRINLLT B [al e B IR iR S B ia) :
STCONR.STCONJ1:0] = 00b:16 ps (typical), 34 pys (maximum)
STCONR.STCONJ[1:0] = 11b:16 s (typical), 104 ys (maximum).

7E10.24SNZCRRXDREQENMIIR EH0BY, #il16us (HBE) 18us (RAME) ENHOCOERFATEL,
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Oscillator
(system clock)

Oscillator
(not the system clock)

ICLK

IRQ

Oscillator
(system clock)

Oscillator
(not the system clock)

ICLK

IRQ

£

JJ

< »

Sl
<
tSBVOSCWT" tseysea

Iy
1
1L

-2 5

£

2

|

Software Standby mode

When stabilization of the system clock oscillator is slower

P

< »

< >

tseymc, tseyex, tseypc, tsayrE,
tsypH, tseysc, tseyho, tseyLo

14

£

tseyoscwt tsavseq

==

14

({4

tsevoscwr

[

o

£

2

»

Software Standby mode

When stabilization of an oscillator other than the system clock is slower

»
»

tseymc, tsevex, tsevpc, tseype,
tseyph, tseysc, tseyro, tseyLo

Figure 2.13

Software Standby mode cancellation timing

Deep Software Standby reset
(active-low)

IRQ

Oscillator J_I_

[ )

Uy

A

A 7

L

Internal reset

g

(active-low)

Deep Software Standby mode

»

< >

tosey

<
P <

toseywr

Reset exception handling start

Figure 2.14

Deep Software Standby mode cancellation timing

Oscillator
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Hes (FRESN
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<

»
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tSBYOSCWT T tseysea

-
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IRQ ‘ — >
RERFNER
tseymc, tseyex, tseyrc, tsayre,
tseypH, tseysc, tseyho, tseyLo
LYRAN IR HENIRERERIEH
Oscillator
(system clock) «
tseyoscwt tsavsea
K7es (FRELKN
) «
tsevoscwr
ICLK J_|__| . mF
IRQ .
T mEsnER

YR LSRR BRI E R IER

>
tseymc, tsevex, tseypc, tseype,
tseyph, tseysc, tseyro, tsevio

Figure 2.13
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2. Electrical Characteristics

Oscillator J_U’_l .

4

ICLK(except DTC, SRAM) | | ﬂ )

UL

ICLK(to DTC, SRAM)"' PCLK | | ﬂ

L

4

IRQ

(4
LU

»la

Software Standby mode

Snooze mode

<

tsnz

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

>

Figure 2.15

235 NMI and IRQ Noise Filter

Recovery timing from Software Standby mode to Snooze mode

Table 2.17 NMI and IRQ noise filter

Parameter Symbol | Min Typ Max Unit Test conditions

NMI pulse width | t\aiw 200 - - ns NMI digital filter disabled tpeyc X 2 <200 ns
tpeye * 2*1 - - tpeyc * 2> 200 ns
200 - - NMI digital filter enabled tamick X 3 <200 ns
tamick x 3.5*2 - - tamick * 3 > 200 ns

IRQ pulse width | tirqw 200 - - ns IRQ digital filter disabled tpeyc X 2200 ns
tpeyc x 2+ - - tpeye X 2> 200 ns
200 - - IRQ digital filter enabled tirack % 3 =200 ns
tirack * 3.5 - - tirack X 3>200 ns

Note: 200 ns minimum in Software Standby mode.
Note: If the clock source is switched, add 4 clock cycles of the switched source.
Note 1. tpy indicates the PCLKB cycle.

Note 2.  tymick indicates the cycle of the NMI digital filter sampling clock.
Note 3. trqck indicates the cycle of the IRQi digital filter sampling clock.

tamiw

RA6T1 Datasheet

2. B

ki3

Figure 2.16 NMI interrupt input timing
- M
tIRQW
Figure 2.17 IRQ interrupt input timing
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Oscillator J_Uﬂ .

4

ICLK(except DTC, SRAM) | | ﬂ )

UL

ICLK(to DTC, SRAM)"' PCLK | | ﬂ

[(4

»

IRQ

L
n

MAFHIER

“amE

tsnz

E1.2SNZCRSNZDTCENIRE 18T, ICLKIRELADTCHISRAM,

Figure 2.15 MERE AR T 22 BB AE A9 e 2 Y i)

2.35 NMIFIIRQIR = JE R 28

Table 217  NMIFIIRQMEFS ISk 28

Parameter Symbol | Min Typ | Max | Unit | W&

NMIBK 58 B taaw | 200 - - ns NMIZR S 8 28 22 Fi tpeyo X 2 < 200 ns
tpeye * 2*1 - - tpeyc * 2 > 200 ns
200 - - B NMIZR TR 58 tamick X 3 < 200 ns
tamick x 3.5*2 - - tamick * 3 > 200 ns

IRQBX AT tiraw 200 - - ns IRQEFIS KB tpeyc X 2 <200 ns
tpeyc x 2+ - - tpeye X 2> 200 ns
200 - - BRRQET IR RS tirack * 3 < 200 ns
tirack * 3.5 - - tirack X 3> 200 ns

Note: REFHER TR 20005,

Note: WRETEURTIIR, MEINTIIRIRR4E BhE A,
Note 1. tPcycZ=/~PCLKBE .

Note 2.  tNMICKZR/RINMIEN F 5K 28 XA ¢ 89 B HAo
Note 3. tIRQCKZR/RIRQI#F & a8 KA AT FHAY A o

tamiw

Figure 2.16 NMIFREREN BT
- M
tIRQW
Figure 2.17 IRQHEfENITF
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2. Electrical Characteristics

2.3.6

Table 2.18

I/O Ports, POEG, GPT32, AGT, KINT, and ADC12 Trigger Timing

1/0 ports, POEG, GPT32, AGT, KINT, and ADC12 trigger timing

GPT32 conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
AGT conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Test
Parameter Symbol | Min Max Unit conditions
1/0 ports Input data pulse width tprw 1.5 - tpeyc Figure 2.18
POEG POEG input trigger pulse width troew | 3 - tpeyc Figure 2.19
GPT32 Input capture pulse width Single edge teTicw | 1.5 - tPDeyc Figure 2.20
Dual edge 2.5 -

GTIOCXY output skew Middle drive buffer teTisk™! | - 4 ns Figure 2.21

(x=0to7,Y=AorB) High drive buffer - 4

GTIOCXY output skew Middle drive buffer - 4

(x=8t012,Y=AorB) High drive buffer - 4

GTIOCXY output skew Middle drive buffer - 6

(x=01t012,Y =AorB) High drive buffer - 6

OPS output skew tgTosk | - 5 ns Figure 2.22

GTOUUP, GTOULO, GTOVUP,

GTOVLO, GTOWUP, GTOWLO
GPT GTIOCXY_Z output skew thrsk™2 | - 2.0 ns Figure 2.23
(PWM Delay (x=0to3,Y=AorB,Z=A)
Generation
Circuit)
AGT AGTIO, AGTEE input cycle tacyc™3 | 100 - ns Figure 2.24

AGTIO, AGTEE input high width, low width tackwhs | 40 - ns

tackwiL

AGTIO, AGTO, AGTOA, AGTOB output cycle tacyce | 62.5 - ns
ADC12 ADC12 trigger input pulse width trrRew 1.5 - tpeye Figure 2.25
KINT KRn(n = 00 to 07) pulse width tkr 250 - ns Figure 2.26

Note: tpeyc: PCLKB cycle, tppeye: PCLKD cycle.
Note 1.

This skew applies when the same driver I/O is used. If the I/O of the middle and high drivers is mixed, operation is not

guaranteed.
Note 2. The load is 30 pF.
Note 3. Constraints on input cycle:

When not switching the source clock: tpeyc X 2 < tacyc should be satisfied.

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

Port >a1:
I trrw g
Figure 2.18 1/0 ports input timing
POEG input trigger
™ =1
tF’OEW
Figure 2.19 POEG input trigger timing
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2.3.6 I0i%H. POEG. GPT32. AGT. KINTAIADC12fif &Y=
Table 2.18 0. POEG, GPT32, AGT. KINT#IADC12fit kB3 =
GPT32%fF: fEPMNnPFSEHFasVin O IREAE NI iEFE B Rt . AGTR M. EPMnPFSEZE3RVIR
OIREHEE AL APEE R IE R Ho
Mt &= 14
Parameter Symbol | Min Max Unit
110 ports WMAEURRK R EEE tPRW 1.5 - tPcyc Figure 2.18
POEG POEGHI N fi & B h 55 teoew | 3 - theye Figure 2.19
GPT32 5@)\;@?@%‘](;4]%% %J\j_j_ tGT|CW 1.5 - tPDcyc Figure 2.20
X7T] 25 -
GTIOCXYHI RS (x A EETEIE: Pt temisk™ | - 4 ns Figure 2.21
=0%7, Y=AZB) re——
= IREhEE HES - 4
GTIJOCxYEﬁHj_Tén:ﬁ% (x= FhE] IR Th4E s - 4
ES| ) =RE ——
83012, Y=A%B B IR T4 3 - 4
GTIJOCxYEﬁ]HjZTSIZ?ﬁ? (x= Fhie] IR Th 4R 238 - 6
12, Y=AZB ———
0% BThE e : 6
OPSE@I&H{E% tGTOSK - 5 ns Figure 2.22
GTOUUP, GTOULO, GTOVUP,
GTOVLO, GTOWUP, GTOWLO
GPT (PWM GTIOCXY_Z#itm#E (x=0%I tursk™? | - 2.0 ns Figure 2.23
HEIRE R 3, Y=AZB, Z=A)
Circuit)
AGT AGTIO. AGTEEMIN/EHA tacyc™® | 100 - ns Figure 2.24
AGTIO. AGTEEE@)\%ﬁ\ {E&j’““j tACKWH’ 40 - ns
tackwL
AGTIO. AGTO. AGTOA. AGTOBHitH/EHA tacyce | 62.5 - ns
ADC12 ADC12f0 5 BN B S trrow | 1.5 - thoye Figure 2.25
KINT KRn(n=00Z107) Bk 5 B tkr 250 - ns Figure 2.26

Note: tpeyc: PCLKB cycle, tppeye: PCLKD cycle.

Note 1. L{ERIERAMIREHIZFIORN, REER. MBEPSENBNIOREER, NEAMBEET.
Note 2. faZ;930pF,
Note 3. A ANEHBRILIER:
TR SABT : tPcycx2<tACYCRZH Bo
PIHRETERAY . tPcycx6<tACYCR i Eo
Port jF<
I trw g
Figure 2.18 (o) mL-PN:h): 2
POEGHINfil &
[« ql
troew
Figure 2.19 POEGHI N & B3 F
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May 29, 2020



RA6T1 Datasheet

2. Electrical Characteristics

Input capture

teTicw

Figure 2.20 GPT32 input capture timing

PCLKD /—L

A

Output delay

GPT32 output

temisk

Figure 2.21 GPT32 output delay skew

PCLKD / \

(A AU A

Output delay

GPT32 output

teTosk

Figure 2.22 GPT32 output delay skew for OPS

oo [\

(U S AR U

Output delay
b

GPT32 output
(PWM delay

generation circuit)

thrsk

Figure 2.23 GPT32 (PWM delay generation circuit) output delay skew
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WAFERE

teTicw

Figure 2.20 GPT32i A\t

PCLKD /—L

A A A A

TR
—

GPT32 output

teTisk

Figure 2.21 GPT32%H iR {RTB

wo [\ S\ L

WHEER

L

GPT32 output

teTosk

Figure 2.22 BAFOPSHIGPT3 24 iR RT%

oo [\

Bt EER
—

(A AU

GPT325H (PW
MEER =4 BB R )

thrsk

Figure 2.23 GPT32 (PWMIERF4 M) iMtHiERER
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AGTIO, AGTEE
(input)
« tacvcz >
AGTIO, AGTO,
AGTOA, AGTOB
(output)
Figure 2.24 AGT input/output timing
ADTRGO, Z
ADTRG1 7
) trrow .
Figure 2.25 ADC12 trigger input timing
KRO00 to KRO7 * /
.
I :
KR
Figure 2.26 Key interrupt input timing
2.3.7 PWM Delay Generation Circuit Timing
Table 2.19 PWM Delay Generation Circuit timing
Parameter Min Typ Max Unit Test conditions
Operation frequency 80 - 120 MHz -
Resolution - 260 - ps PCLKD = 120 MHz
DNL*1 - 2.0 - LSB -
Note 1.  This value normalizes the differences between lines in 1-LSB resolution.
2.3.8 CAC Timing
Table 2.20 CAC timing
Test
Parameter Symbol | Min Typ Max | Unit | conditions
CAC CACREF input pulse width | tppeyc < teac™ tcacrer | 4.5 X toac + 3 X tppeyc | - - ns -

tPBeyc > toac™? 5 X teac + 6.5 X thpeyc

ns

RA6T1 Datasheet
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AGTIO, AGTEE
(input) \
« tacvez >
AGTIO, AGTO,
AGTOA, AGTOB
(output)
Figure 2.24 AGT input/output timing
ADTRGO,
ADTRG1 v
) trrow .
Figure 2.25 ADC12f8 R RNBT
KROO to KRO7
| /
" tkr
Figure 2.26 EEPERARF
2.3.7 PWMZIEIR 7= & B8 B BY /5
Table 219  PWMIER =4 BBIRETFF
Parameter Min Typ Max Unit Mt & 14
BITRER 80 - 120 MHz -
Resolution - 260 - ps PCLKD = 120 MHz
DNL*1 - +2.0 - LSB -
Note 1. LLEFREN1-LSBRMERMITZEINER,
2.3.8 CACBYF
Table 2.20 CACites
Mt 51
Parameter Symbol | Min Typ Max | Unit
CAC CACREFE@)\%‘](MJEE tPchc < tcac*z tCACREF 45 % tcac + 3 x tPchc - = ns .
tPBeyc > toac™ 5 X teac + 6.5 X tppeyc | - - ns
R01DS0375EU0100 Rev.1.00 553501, $#69m
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Note 1. tpgcyc: PCLKB cycle.
Note 2.  t.5c: CAC count clock source cycle.
239 SCI Timing
Table 2.21 SCI timing (1)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SCKO to SCK4,
SCK8, SCKO.
For other pins, middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Test
Parameter Symbol | Min Max Unit" | conditions
SCI Input clock cycle Asynchronous | tgeyc 4 - tpeyc Figure 2.27
Clock 6 -
synchronous
Input clock pulse width tsckw 0.4 0.6 tseyc
Input clock rise time tsckr - ns
Input clock fall time tsckf - 5 ns
Output clock cycle Asynchronous | tscyc - tpeyc
Clock -
synchronous
Output clock pulse width tsckw 0.4 0.6 tseye
Output clock rise time tsckr - ns
Output clock fall time tsckr - 5 ns
Transmit data delay Clock trxp - 25 ns Figure 2.28
synchronous
Receive data setup time Clock trRxs 15 - ns
synchronous
Receive data hold time Clock tRxH 5 - ns
synchronous
Note 1. tpeyc: PCLKA cycle.
tsckw tsckr tsckr
SCKn i ‘\ /‘ \
(n=0t04,8,9) I 1
tScyc
Figure 2.27 SCK clock input/output timing
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Note 1. tpgcyc: PCLKB cycle.
Note 2. tcac:CACIT¥BTHREREIHA.
2.3.9 SCIBY
Table 2.21  SCIBIF (1)
M fEPMNPFSEFERMVER O RBNEE U A LTSI BliEEERahiad : SCKOESCK4S,
SCKS8, SCKO.
Xt FEMSIH, FEPmnPFSE 728 RVER QIR shaE I ik FE el iR chia o
Mt &1
Parameter Symbol | Min Max Unit"1
SCI LNV Asynchronous | tgeyc 4 - teoyc Figure 2.27
B EpES 6 -
BNNERORTEE tsckw 0.4 0.6 tseyc
BB _EFH AT A tsckr - ns
541 N B 5 T B B 18] tsckr - 5 ns
T BB B Asynchronous | tggyc - teoyc
RS 4 -
AR ORTEE tsckw 0.4 0.6 tseyc
W A g _E AT A tsckr - ns
44 tH BY 0 T PR BT 18] tsck - o ns
RHEIBIER RS trxp - 25 ns Figure 2.28
FUEB I I B i8] EpES trxs 15 - ns
BUEIR R AT 8] B EpES trxH 5 - ns
Note 1. tpcyc: PCLKA cycle.
tsckw tsckr tsckr
y \ [ \
SCKn
(n=0to04,8,9) / \ / \(
tScyc >
Figure 2.27 SCKEY§pIR N BT
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trxo
TxDn >< >< ><i
trxs | trxH
o) S \
(n=0t04,8,9)
Figure 2.28 SCI input/output timing in clock synchronous mode
Table 2.22 SCI timing (2)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SCKO to SCK4,
SCK8, SCK9.
For other pins, middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Test
Parameter Symbol Min Max Unit conditions
Simple | SCK clock cycle output tspeyc 4 (PCLKA <60 MHz) | 65536 tpeyc Figure 2.29
SPI (master) 8 (PCLKA > 60 MHz)
SCK clock cycle input (slave) | - 6 (PCLKA <60 MHz) | 65536
12 (PCLKA > 60 MHz)
SCK clock high pulse width | tspckwH 0.4 0.6 tspeye
SCK clock low pulse width tspekwiL 0.4 0.6 tspeyc
SCK clock rise and fall time | tspckr tspeks | - 20 ns
Data input setup time tsu 33.3 - ns Figure 2.30 to
Data input hold time ty 33.3 - ns Figure 2.33
SS input setup time t eAD 1 - tspeye
SS input hold time tLac 1 - tspeye
Data output delay top - 33.3 ns
Data output hold time ton -10 - ns
Data rise and fall time tor tof - 16.6 ns
SS input rise and fall time tssim tssie - 16.6 ns
Slave access time tsa - 4 (PCLKA =60 MHz) | tpeyc Figure 2.33
8 (PCLKA > 60 MHz)
Slave output release time tREL - 5 (PCLKA =60 MHz) | tpeyc
10 (PCLKA > 60 MHz)
R01DS0375EU0100 Rev.1.00 RENESAS Page 37 of 69
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\

trxs | trxH

A4

SCKn
tT)<D
TxDn
RxDn ><
(n=01t04,8,9)
Figure 2.28 I EPEX FASCHING LN F
Table 2.22 SCIFF (2)

&M FEPMNPFSHFRR VIR D RNAE NI 79 AT 5| BLE RS RN . SCKOESCK4,
SCK8, SCKO9.
XFEMSIE, FEPmnPFSETFEs0YiE QIR ThEE /(i i FHiE) iEah4a o

Mk fF

Parameter Symbol Min Max Unit
Simple | SCKEtEhERRRH (E tspoye 4 (PCLKA <60 MHz) | 65536 tpeye | Figure 2.29
SPI ) 8 (PCLKA > 60 MHz)

SCKESHHEI AN (MA) - 6 (PCLKA < 60 MHz) | 65536

12 (PCLKA > 60 MHz)

SCKEY = bR EE tspCKWH 0.4 0.6 tspeye

SCKEY P {EEBK AR B tspckwiL 0.4 0.6 tspeyc

SCKES $h L F+#0 T FEAYiE] tspckr tspekr | - 20 ns

IR N I AY ] tsy 33.3 - ns E230%

HIRB N RIFEE th 333 - ns Figure 2.33

SSHINEIZBYIE] tLEAD 1 - tspoye

SSENRIFETIE) fLAG 1 ; tsPeye

HIER LR top - 33.3 ns

R R ATIE] ton -10 - ns

4B E AR T RERYIE] ton tos - 16.6 ns

SSEIN _EF AN T PR E] tssir tssLf - 16.6 ns

M35 18] B ) tsa - 4 (PCLKA <60 MHz) | tp,c | Figure 2.33

8 (PCLKA > 60 MHz)
A58 RE R B E] treL - 5 (PCLKA < 60 MHz) | tpeyc
10 (PCLKA > 60 MHz)
R01DS0375EU0100 Rev.1.00 REN ESNS $37HW, H697

May 29, 2020



RA6T1 Datasheet

2. Electrical Characteristics

SCKn
master select
output

SCKn

(n=0t04,8,9)

slave select input

tspokwh tspeke

A

tspokr

tspckwH tspckr

ViH

tspckwL

>

tspoke

Von=0.7 x VCC, VoL=0.3 x VCC, V= 0.7 x VCC, V;.=0.3 x VCC
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Figure 2.32 SClI simple SPI mode timing for slave when CKPH = 1 Figure 2.32 CKPH=183 AHBYSCIfE B SPIHE BT 7
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3 teap ? tiac B teap v tiac
SkPOL = 1 / / SkPOL = 1 / N ] /
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SCKn \ S SCKn \ /S
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tsa ton too treL tsa ton too treL
‘_1 £ ) L0 |
MISOn LSB OUT ? MISOn LSB OUT r w
output (Last data) MSB OUT >$ DATA LSB OUT MSB OUT output (Last data) MSB OUT >§t _ DATA 7& LSB OUT MSB OUT
tSU tH tgr E)f
input input
(n=0t04,8,9) (n=0t04,8,9)
Figure 2.33 SClI simple SPI mode timing for slave when CKPH =0 Figure 2.33 CKPH=08F M\ HBYSCIfE B SPIE BT
Table 223  SCI timing (3) (1 of 2) Table 223  SCIitB3(3)(10f2) o
Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register. %M. TEPMNPFSE 78NV IR EhAE /1 ik E A (E IR chia o
Parameter Symbol Min Max Unit | Test conditions Parameter Symbol Min Max Unit | iS5 4%
Simple IIC SDA input rise time tsr - 1000 ns Figure 2.34 Simple IIC SDAXIN _EFHBY{E] tsr - 1000 ns Figure 2.34
(Standard mode) "gp A%yt fall time tor - 300 ns (Standard mode) "cp, \¢e X\ Frs8vial tes - 300 ns
SDA input spike pulse removal time tsp 0 4 X t00yc ns SDA N RUIERK A 25 FRET 8] tsp 0 4 X tceyc ns
Data input setup time tspas 250 - ns BIRM NI BT E] tspas 250 - ns
Data input hold time tspaH 0 - ns iR N\ RIFAY 8] tspAH 0 - ns
SCL, SDA capacitive load Cp! - 400 pF SCL, SDA capacitive load Cp! - 400 pF
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Table 2.23

SCI timing (3) (2 of 2)

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

Parameter Symbol Min Max Unit Test conditions
Simple IIC SDA input rise time tsr - 300 ns Figure 2.34
(Fast mode) SDA input fall time tor - 300 ns
SDA input spike pulse removal time tsp 0 4 * Yiceye ns
Data input setup time tspas 100 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp1 - 400 pF
Note: tiiceye: 1IC internal reference clock (1IC) cycle.
Note 1.  Cb indicates the total capacity of the bus line.
Viu A
SDANn
V||_ 7* ‘ A
tsr P e
—>| [—tgp
SCLn / / \
p1 S+ -t sr+' Tt px!
(n=0to4,8,9)
< tspan tspas
Note 1. S, P, and Sr indicate the following: Test conditions:
S: Start condition Vu=VCC x0.7,V,.=VCC x0.3
P: Stop condition VoL =06V, lo. =6 mA
Sr: Restart condition
Figure 2.34 SCI simple IIC mode timing
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Table 2.23 SCIitB$(3)(20f2) )
%M. EPmMNPFSE Fa3 89 O IR shaE F7 13 FPiEE a1 IR shis o
Parameter Symbol Min Max Unit | WHt5
Simple IIC SDAIN _EFHBY{E] ts - 300 ns Figure 2.34
(Fast mode) SDAWIN FIEES 8] tor - 300 ns
SDAE@)\%“-&H*)?%@H?WW tsp 0 4 x tIICcyc ns
%&?EE@)\ETLEE‘“E—'] tSDAS 100 - ns
IR R E] tspAH 0 - ns
SCL, SDA capacitive load (o - 400 pF
Note: tlICcyc:ICAIEREE BY #(IICH) A Ho
Note 1. COERTRAKZEMERE.
VIH A
SDA
’ Vi 1 \ a
tsr —> }“ tst
—>»| —tgp
[ A
SCLn / \ v
p! S+ I sr+' T px!
(n=0to4,8,9)
<= tspan tspas
Note 1. S. PHISIRRIUTHREA: Test conditions:
S: FFIAKMGP: VIH=VCCx0.7, VIL=VCCx0.3
ZIEEH VOL=0.6V, IOL=6mA
Sr: BEREM
Figure 2.34 SCIFEBINCIEK T F
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2. Electrical Characteristics

2.3.10 SPI Timing
Table 2.24 SPI timing
Conditions:

For RSPCKA and RSPCKB pins, high drive output is selected with the Port Drive Capability bit in the PmnPFS register.
For other pins, middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol | Min Max Unit*! | Test conditions*2
SPI RSPCK clock cycle Master tspeyc 2 (PCLKA <60 MHz) | 4096 tpeyc | Figure 2.35
4 (PCLKA > 60 MHz) C =30pF
Slave 4 4096
RSPCK clock hlgh Master tSPCKWH (tSPcyc - tSPCKr - - ns
pulse width tspckf) /2 -3
Slave 2 * tpeye -
RSPCK clock low pulse | Master tSPCKWL (tSPcyc - tSPCKr - - ns
width tSPCKf) /2-3
Slave 2 * tpeye -
RSPCK clock rise and | Master tspckr - 5 ns
fall time Slave tSPCKf _ 1 us
Data input setup time Master tsu 4 - ns Figure 2.36 to
Figure 2.41
Slave 5 C =30 pF
Data input hold time Master thr 0 - ns
(PCLKA division ratio
set to 1/2)
Master ty tpeyc -
(PCLKA division ratio
set to a value other
than 1/2)
Slave ty 20 -
SSL setup time Master tLeAD N x tgpeyc - 10*3 N x ns
tSPcyc +
100*3
Slave 6 X tpeyc - ns
SSL hold time Master tLAc N X tgpgyc - 10 *4 N x ns
tSPcyc +
100*4
Slave 6 X tpeyc - ns
Data output delay Master top - 6.3 ns
Slave - 20
Data output hold time | Master ton 0 - ns
Slave 0 -
Successive Master tro tspeyc + 2 X tpeyc 8 x ns
transmission delay tspeye *
2 * tpeye
Slave 6 * tpeyc
MOSI and MISO rise Output tor, tof - 5 ns
and fall time
Input - 1 us
SSL rise and fall time | Output tssir, - 5 ns
Input tssLf - 1 us
Slave access time tsa - 2 Xtpeyc | NS Figure 2.40 and
+28 Figure 2.41
Slave output release time tREL - 2 X tpeyc C = 30pF
+28
Note 1. tpcyc: PCLKA cycle.
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2310  SPIF®
Table 2.24  SPIRIFF
Conditions:
X FRSPCKAFMIRSPCKBS I fl, @12 PmnPFSE 1728 R ViR O IXEhAE ki = iR shia o
X FEMSIH, EPmnPFSEHFZE8095 IR shAE U A I ZEia IR ahia o
Parameter Symbol | Min Max Unit*1 | Test conditions*2
SPI | RSPCKBY$H/EHA Master tspeye | 2 (PCLKA <60 MHz) | 4096 tpoye | Figure 2.35
4 (PCLKA > 60 MHz) C=30pF
Slave 4 4096
BHSPCKETI%*%&]\()? Master tSPCKWH (tSPcyc - tSPCKr - - ns
BE tspeki) /2 - 3
Slave 2 x tpeye -
RSPCKBY # Rk A3 E Master tSPCKWL (tSPcyc - tSPCKr - - ns
tspekr) /2-3
Slave 2 * tpeye -
R?PCKH‘J%M:?F*D'FK% Master tspekr | - 5 ns
B ig] '
Slave tsPckf - 1 us
IR NEILATE Master tsu 4 - ns E236E
Figure 2.41
Slave 5 C =30 pF
B G IPNES SN F1E (PCLKADSALL | tye 0 - ns
RERN12)
FiT (PCLKADSALL | ty teoyc -
B R12LSMYE)
Slave ty 20 -
SSLiQEEE“ETJ Master tLEAD N x tSPcyc -10*3 N x ns
tSPcyc +
100*3
Slave 6 X tpeyc - ns
SSLIR¥FAYE] Master tLac N % tgpeyc - 10 *4 N x ns
tSPcyc +
100*4
Slave 6 X tpeyc - ns
iR TR Master top - 6.3 ns
Slave - 20
iR LR AT [a) Master ton 0 - ns
Slave 0 -
ELEWTER Master tro tspoye + 2 * tpoye 8 x ns
tSPcyc +
2 X tpoye
Slave 6 * tpeyc
MOSIFIMISO_EFHH Output tor, tof - 5 ns
P& BT 8]
Input - 1 us
SSL_EFFN T REAY(E] Output tssir, - 5 ns
Input tssif - 1 us
M E&7 18] B (8] tsa - 2xtpgye | NS [E2.40%0
+28 Figure 2.41
WA BB 8] tReL |- 2 X tpoys C = 30pF
+28
Note 1. tpcyc: PCLKA cycle.
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2. Electrical Characteristics

Note 2. Must use pins that have a letter appended to their name, for instance “_A”, “ B”, to indicate group membership. For the SPI

interface, the AC portion of the electrical characteristics is measured for each group.
Note 3. N is set to an integer from 1 to 8 by the SPCKD register.
Note 4. N is set to an integer from 1 to 8 by the SSLND register.

RA6T1 Datasheet

2. B

ki3

Note 2. MIEABRMEMEFZHSIM, FW_A "B, URTHARZZMN. XFSPHEA, NES

Note 3. NHASPCKDEF23IRE N M1EISHIEEEK,
Note 4. NHISSLNDZEH 772812 E /I M1 EIBRIEE L,

ARBSFERIIRE Do

SPI tspckwh tspeke tspcxs Pl tspckwH tspoke tspckr
V V
RSPCKn > RSPCKN 3% >
master select EHd
output
tsporwi tspokwL
tspeye | tspeye N
N g g
tspokwH tspoke tspxr tspekwH tspckr tspeks
Viu ViH
RSPCKn RSPCKNMWIESE
slave select input WA
tsporwiL
tspeye tspeye
n=AorB <€ SPoy » n=AorB B SPoy »
Von= 0.7 x VCC, Vo= 0.3 x VCC, Vy=0.7 x VCC, V.= 0.3 x VCC VOH=0.7xVCC, VOL=0.3xVCC, VIH=0.7xVCC, VIL=0.3xVCC
Figure 2.35 SPI clock timing Figure 2.35 SPIBY§PEYFF
SPI SPI
_ to to
SSLnO to 45 \ I \ I SSLn0 to 45 I
SSLn3 72r 72r SSLn3 72r
output tLeap 7 tLac > output tieap 7 tiac >
tssir tssir
RSPCKn Zz—s S—\ SSLr, LSSLf RSPCKn Zz—s S—\ SSLr, LSSLf
CPOL=0 7 CPOL=0 7
output output
RSPCKn — RSPCKn —
CPOL = 1 ! 7/—\_‘ / CPOL = 1 7/—\_‘ /] \
output output
tsu th tsu tH
input { MSBIN D DATA} LSB IN | input { MSBIN D DATA LSB IN MSB IN
ter, tEf ey tom ey top ter, tEf ey tom ey top
XV R l’l’ - XV R l’l’ -
MOSIn Z MSB OUT E< DATA >< LSB OUT >< IDLE ><MSB ouT MOSIn Z MSB OUT E< DATA >< LSB OUT >< IDLE ><MSB ouT
output Fm = « - output % = « -
n=AorB n=AorB
Figure 2.36 SPI timing for master when CPHA = 0 Figure 2.36 CPHA=083 X #1A9SPIRY F
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SPI timing for master when CPHA = 0 and the bit rate is set to PCLKA/2
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RSPI timing for master when CPHA = 1 and the bit rate is set to PCLKA/2
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SPI
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2.3.11

Table 2.25

lIC Timing

IIC timing (1) (1 of 2)

SPI timing for slave when CPHA =1

(1) Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDAO_B,
SCLO_B, SDA1_A, SCL1_A, SDA1_B, SCL1_B.
(2) The following pins do not require setting: SCLO_A, SDAQO_A.

(3) Use pins that have a letter appended to their names, for instance “_A” or “_B”, to indicate group membership. For the IIC interface, the

AC portion of the electrical characteristics is measured for each group.
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2.3.11

CPHA=183 MHBISPIBY

[IC Timing

F+2.251CHIF(1)(10f2) (1) %4 : fEPMnPFSEF1F2300IR OIRENEE A (iR A LA TSI &R Pia R ahisit . SDAO_B. SCLO_
B. SDA1_A. SCL1_A. SDA1 _B. SCL1_B, ()L TFIIMAEEIZE: SCLO_A. SDA0_A, B)EREBMEMEFINE
§T, fIeN”_A"sR”_B”, "-ARRF B, JMFICED, NESANBIIFHNT RIS,

Test

Parameter Symbol | Min*1 Max Unit | conditions*3
lIc SCL input cycle time tscL 6 (12) x tjceyc + 1300 | - ns Figure 2.42
Standard mode, - - .
(SMBUS) SCL input high pulse width tsotn | 3(6) X ticeye + 300 | - ns
ICFER.FMPE =0 | SCL input low pulse width tscLL 3 (6) * tjceyc + 300 - ns

SCL, SDA input rise time tsr - 1000 ns

SCL, SDA input fall time tsf - 300 ns

SCL, SDA input spike pulse removal | tgp 0 1(4) *ticeye | NS

time

SDA input bus free time when tsur 3 (6) * tjceyc + 300 - ns

wakeup function is disabled

SDA input bus free time when tsuF 3(6) X tijcoyc +4 X tpeye | - ns

wakeup function is enabled + 300

START condition input hold time tsTAH tiiceye + 300 - ns

when wakeup function is disabled

START condition input hold time tsTAH 1(5) * ticeye * treye * | - ns

when wakeup function is enabled 300

Repeated START condition input tstas 1000 - ns

setup time

STOP condition input setup time tstos 1000 - ns

Data input setup time tspas tiiceye + 90 - ns

Data input hold time tspaH 0 - ns

SCL, SDA capacitive load Cp - 400 pF
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Test

Parameter Symbol | Min*1 Max Unit | conditions*3
Inc SCLE N B #ABYa] tscL 6 (12) X tjjgeye + 1300 | - ns | Figure 2.42
Standard mode, T ——
(SMBUS) SCLENBR R E tsctn | 3(6) X ticoyo + 300 | - ns
ICFER.FMPE =0 | SCLEINERKHEERE tscie | 3 (6) X tyceye + 300 - ns

SCL. SDAIN _EFBY{8] tsr - 1000 ns

SCL. SDA%INTB&ET(E] tst - 300 ns

SCL. SDA?@)\%@%@%@E?@ tSP 0 1 (4) x tIICcyc ns

2 FRGEETHRERTRISDAIIN B tBUF 3 (6) x tllC + 300 - ns

L= iRAd ) o

DQEEIjJLE‘EEﬁHETISDAKﬁ)\EJ\éf tBUF 3 (6) X tIICcyc +4 x tPcyc - ns

== N B8] +300

f—‘T"—fﬁﬁ@@E%ﬁEWE'\JSTART%#Eﬁ)\ tSTAH t||c + 300 - ns

S o

EﬁﬁuﬁgglﬂﬁgﬁqﬂgsTART%#FKﬁ tSTAH 1 (5) X tllC + tp + - ns

NRFEE 8] 00 0

BEEDHEERNRIHE toras | 1000 - ns

STOP%{#E@)\ETLET_“ETJ tSTOS 1000 - ns

gy?&ﬁﬁ)\gﬁﬁj |Eﬂ tSDAS tIICcyc + 50 - ns

?ﬂ?}ﬂﬁ)\ﬁﬁfﬁﬁlm tSDAH 0 - ns

SCL, SDA capacitive load Cp - 400 pF
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Table 2.25

lIC timing (1) (2 of 2)

(1) Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDAO_B,
SCLO_B, SDA1_A, SCL1_A, SDA1_B, SCL1_B.
(2) The following pins do not require setting: SCLO_A, SDAO_A.
(3) Use pins that have a letter appended to their names, for instance “_A” or “_B”, to indicate group membership. For the IIC interface, the
AC portion of the electrical characteristics is measured for each group.

Test

Parameter Symbol | Min*1 Max Unit | conditions*3
lIC SCL input cycle time tscL 6 (12) x t)ceyc + 600 - ns Figure 2.42
(Fast mode) SCL input high pulse width tsotn | 3(6) X ticeye + 300 | - ns

SCL input low pulse width tscLL 3 (6) x tIICcyc + 300 - ns

SCL, SDA input rise time tsr 20 x (external pullup 300 ns

voltage/5.5V)*2
SCL, SDA input fall time tst 20 x (external pullup 300 ns
voltage/5.5V)*2

SCL, SDA input spike pulse removal | tgp 0 1(4) % ticeye | NS

time

SDA input bus free time when tsur 3 (6) * tjceyc + 300 - ns

wakeup function is disabled

SDA input bus free time when tguF 3(6) X tyjcoyc +4 X tpeye | - ns

wakeup function is enabled + 300

START condition input hold time tsTAH tiiceyc + 300 - ns

when wakeup function is disabled

START condition input hold time tsTAH 1(5) * ticoye * treye * | - ns

when wakeup function is enabled 300

Repeated START condition input tstas 300 - ns

setup time

STOP condition input setup time tstos 300 - ns

Data input setup time tspas tiiceye + 90 - ns

Data input hold time tspaH 0 - ns

SCL, SDA capacitive load Cp - 400 pF

Note: tiiceye: 1IC internal reference clock (IIC9) cycle, tpeyc: PCLKB cycle.

Note 1. Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
Note 2.  Only supported for SCLO_A, SDAO_A.

» o«

Note 3. Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the 1IC
interface, the AC portion of the electrical characteristics is measured for each group.
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F+2.251ICHIF(1)(20f2) (1) &4 : 7EPMnPFSEH1FEMROIEShAE I iR A A T 51 ihiEiE ek zhimti: SDAO_B. SCLO_
B. SDA1_A. SCL1_A. SDA1_B. SCL1_B, (2)ATFSIMAFEIRE: SCLO_A. SDAO_A, (3)FEABMEHEFINE
§T, fIeN~“_A"s”_B”, RT-ARRF B, JMFICED, NESAMNBIIFENZ R,

Test
Parameter Symbol | Min*1 Max Unit | conditions*3
Inc SCLi N B H#ABY 8] tscL 6 (12) X tceyc + 600 - ns Figure 2.42
(Fast mode) SCLENBRHEE tscLn | 3(6) X ticeyo * 300 | - ns
SCLENERBK BT E tscLL 3 (6) x tIICcyc + 300 - ns
SCL. SDAIAN LFBdia] tsr 20 x (external pullup 300 ns
voltage/5.5V)*2
SCL. SDAXINTFEBYE] tsr 20 x (external pullup 300 ns
voltage/5.5V)*2
SCL. SDAE@)\&Q@%W%@E?@ tsp 0 1 (4) x tIICcyc ns
2 FRGEETHRERTRISDAIIN B tBUF 3 (6) x tllC + 300 - ns
=SR] o
DQEEIjJLE‘EEﬁHE?SDAgﬁ)\:E\éi tBUF 3 (6) X tIICcyc +4 x tPcyc - ns
= INETE] +300
f—‘T"—fﬁﬁ@@EWﬁEWE'\]START%#Eﬁ)\ tSTAH tllC + 300 - ns
{RIEHT o
EﬁﬁuﬁgglﬂﬁgﬁqﬂgsTART%#FKﬁ tSTAH 1 (5) x t||C + tp + - ns
NRFEETIE] 00 0
BEERMFHMNREINE tsTas 300 - ns
STOP%{#gﬁ)\ETLETﬂEj tSTOS 300 - ns
gk?ggﬁ)\gﬁﬁj |ET_| tSDAS tIICcyc + 50 - ns
%&?EE@)\T%#&EE“EH tSDAH 0 - ns
SCL, SDA capacitive load Cp - 400 pF
Note: tliCcyc: NCAERBERTH(IICH)EAE, tPcyc: PCLKBEHA,
Note 1. HICMR3.NF[1:0118 BN 110 B FIE KB A EICFERNFEIRE NN, ESHNEEH,
Note 2. {¥Z#FSCLO_A. SDAO_Ao
Note 3. WFRAZMEMEFINSIM, Hlwn A B, URTARRAZMHN., NFICED, NESAHANBSFENZ RIS
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Table 2.26 lIC timing (2)
Setting of the SCLO_A, SDAO_A pins is not required with the Port Drive Capability bit in the PmnPFS register.
Test
Parameter Symbol | Min*1,*2 Max Unit | conditions
lIC SCL input cycle time tsoL 6 (12) x tyceyc + 240 - ns Figure 2.42
(Fast mode+) : : -
ICFER FMPE = 1 SCL input high pulse width tscLH 3 (6) * ticeyc + 120 - ns
SCL input low pulse width tscLL 3 (6) * tyceyc + 120 - ns
SCL, SDA input rise time tsr - 120 ns
SCL, SDA input fall time tst - 120 ns
SCL, SDA input spike pulse removal | tgp 0 1(4) X tyceye | NS
time
SDA input bus free time when tgur 3 (6) * tyceyc + 120 - ns
wakeup function is disabled
SDA input bus free time when tsur 3(6) * tycoyc +4 % tpeye | - ns
wakeup function is enabled +120
Start condition input hold time when tsTAH ticeye + 120 - ns
wakeup function is disabled
START condition input hold time tsTAH 1(5) * tiuceye * treye v | - ns
when wakeup function is enabled 120
Restart condition input setup time tsTas 120 - ns
Stop condition input setup time tstos 120 - ns
Data input setup time tspas tiiceye + 30 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp - 550 pF
Note: tiiceyce: 1IC internal reference clock (IIC¢) cycle, tpey: PCLKB cycle.
Note 1. Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
Note 2. Cb indicates the total capacity of the bus line.
VIH j
SDAO, SDA1
Vi A & A
’ taur N
N —>| ! tstas —>| —tsp tstos
\ T 7
SCLO, SCL1 \ \/
p*! g1 - s srt'! i p!
tsr tspas
< tspan
Note 1. S, P, and Sr indicate the following: Test conditions:
. S: Siart condition . Vin=VCC x 0.7,V = VCC x 0.3
P Stop condition VoL =0.6 V, lo. =6 mA (ICFER.FMPE = 0)
Sr: Restart condition VoL =0.4V, lo. = 15 mA (ICFER.FMPE = 1)
Figure 2.42 12C bus interface input/output timing
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Table 2.26 lIC timina (2)
PMNPFSEFes P BYim AIRBIRE U ARFE EIRESCLO_A. SDAO_AS|A,
it &= 14
Parameter Symbol | Min*1,*2 Max Unit
Ic SCLEIN B #ARY 8] tseL 6 (12) X tyceye + 240 | - ns | Figure 2.42
Fast mode+ ~ N\ = A3
fCFER'FMPEL | | SCLBABBARE tsctn | 3(6) X ticeye * 120 | - ns
SCLEINERRKHTEE tscLL 3 (6) x tIICcyc +120 - ns
SCL. SDAMIN L FHATia] tr - 120 ns
SCL. SDAEIN TFEATIa] tsf - 120 ns
SCL. SDAE@)\SQ“-&H*)?%"?E?WH tSP 0 1 (4) x tIICcyc ns
%?Fﬁﬂﬁ@glﬁﬁENE@SDAﬁﬁ)\E\ tBUF 3 (6) x t||C +120 - ns
5 iRAd ] o
Uﬁﬁglﬁﬁﬁfé’nﬁﬁ EETSDAE@)\/E\éi tBUF 3 (6) x tIIC +4 x tp - ns
= W8] 120 e
%ﬁﬁiﬂﬁ@ilﬂﬁéﬂqﬂ’ﬂﬁ HIESLSTIPNES tSTAH tIICcyc +120 - ns
F5BYa]
Eﬂa”ﬁ@glﬂﬁ’éﬂ‘fﬂ'\JSTART%#ﬁﬁ tSTAH 1 (5) x tllC + tp + - ns
NRIFEA 120 0T
E%%{#Eﬁ)\%ﬂﬂtﬂa tSTAS 120 - ns
{%t%{¢EﬁAEﬁEq|Ej tSTOS 120 - ns
%&;EK@)\EL\_LET_“EH tSDAS tIICcyc + 30 - ns
%&?EE@)\{%#%EE‘“EH tSDAH 0 - ns
SCL, SDA capacitive load Cp - 550 pF
Note:  tllCcyc: NICHEBSFEBIFR(ICeH) AR, tPcyc: PCLKBREIHA,
Note 1. HICMR3NF[1:0lI&E R 11b B FIE K232 A BICFERNFEIRE N 1EY, ESHIEIER,
Note 2. CORRARZENERE.
VIH A
SDAO, SDA1
Vi 7* *‘ ,A
tsur
< > tscLH
) —>| [« tsTas —>| —tgp < tsTos
\ T XF
SCLO, SCL1 \ N/
p! g1 T " sr+'! Tt p!
tst—> tspas
<~ tspan
Note 1. S. PRISrERIUTRE: jesticonditions:
C Y aasptn ) VIH=VCCx0.7, VIL=VCCx0.3
?g'ig?fﬁp' VOL=06V, I0L=6mA(ICFERFMPE=0)VOL=
St BREMH 0.4V, IOL=15mA(ICFERFMPE=1)
Figure 242 IRCEZEOWAEHEEF
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Table 2.27 A/D conversion characteristics for unit 0 (1 of 2)
Conditions: PCLKC = 1 to 60 MHz
Parameter Min Typ Max Unit Test conditions
Frequency 1 - 60 MHz -
Analog input capacitance - - 30 pF -
Quantization error - +0.5 - LSB -
Resolution - - 12 Bits -
Channel-dedicated | Conversion time*1 Permissible signal 1.06 - - us e Sampling of channel-
sample-and-hold (operation at source impedance (0.4 +0.25)*2 dedicated sample-and-hold
circuits in use*3 PCLKC =60 MHz) | Max.=1kQ circuits in 24 states
(ANOOO to ANOO2) » Sampling in 15 states
Offset error - +1.5 +3.5 LSB ANO00O to AN002 = 0.25 V
Full-scale error - +1.5 3.5 LSB ANO00O to ANOO2 =
VREFHO0- 0.25 V
Absolute accuracy - +2.5 +5.5 LSB -
DNL pseudo-differential nonlinearity error - +1.0 +2.0 LSB -
INL integral nonlinearity error - +1.5 +3.0 LSB -
Holding characteristics of sample-and hold | - - 20 us -
circuits
Dynamic range 0.25 - VREFHO | V -
-0.25
Channel-dedicated | Conversion time*1 Permissible signal 0.48 (0.267)*2 - - us Sampling in 16 states
sample-and-hold (operation at source impedance
circuits not in use PCLKC = 60 MHz) Max. = 1 kQ
AN ANO002
(ANO0O to ANC02) Offset error - +1.0 25 LSB -
Full-scale error - +1.0 +2.5 LSB -
Absolute accuracy - +2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error - 0.5 +1.5 LSB -
INL integral nonlinearity error - +1.0 +2.5 LSB -
High-precision Conversion time*1 Permissible signal 0.48 (0.267)*2 - - us Sampling in 16 states
channels (operation at source impedance
(ANO03, ANOO5, PCLKC =60 MHz) Max. = 1 kQ
ANO006) —
Max. = 400 Q 0.40(0.183)*2 | - - us Sampling in 11 states
VCC =AVCC0=3.0t0 3.6V
3.0 V < VREFHO < AVCCO
Offset error - +1.0 25 LSB -
Full-scale error - +1.0 +2.5 LSB -
Absolute accuracy - +2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error - 0.5 +1.5 LSB -
INL integral nonlinearity error - +1.0 +2.5 LSB -
High-precision Conversion time*1 Permissible signal 0.75 (0.533)*2 - - us Sampling in 32 states
channels (operation at source impedance
(ANO07) PCLKC =60 MHz) Max. = 1 kQ
Offset error - +1.0 25 LSB -
Full-scale error - +1.0 +2.5 LSB -
Absolute accuracy - +2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error - 0.5 +1.5 LSB -
INL integral nonlinearity error - +1.0 +2.5 LSB -
R01DS0375EU0100 Rev.1.00 -IEN ESNAS Page 48 of 69
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Table 2.27  £5T0(10f2)FADFEIRIFIE
Conditions: PCLKC = 1 to 60 MHz
Parameter Min Typ Max Unit it &% 4
Frequency 1 - 60 MHz -
RINBABE - - 30 pF -
2HWIRE - +0.5 - LSB -
Resolution - - 12 Bits -
FERTNBEELA HiEdlala (TEPC | AFESTRIEN 1.06 - - us I RAF
RIERFBES (A | LKC-6OMHZFIE | Max=1k0 (0.4 +0.25)*2 QTR T AR RIF B
NOOOZAN002) 1) 1 SFURAS BURAE
RIBIRE - +1.5 +3.5 LSB ANO0O00 to AN002 = 0.25 V
Full-scale error - +1.5 +3.5 LSB ANO0O to ANOO2 =
VREFHO0- 0.25 V
PBITHEE - 25 +5.5 LSB -
DNL pseudo-differential nonlinearity error - +1.0 +2.0 LSB -
INLRR D R IR E - 1.5 +3.0 LSB -
R RIFEBEA R - - 20 us -
MAEE 0.25 - VREFHO | V -
-0.25
KEMBEEAR | BiREE (EPC | AWMIESTRMEM | 0.48 (0.267)2 | - - us TE16 M 1T 3%
IR (ANOO | LKC=60MHz Fi& Max=1kQ
0ZAN002) )
R%IRE - +1.0 2.5 LSB -
Full-scale error - +1.0 2.5 LSB -
HIEE - +2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error - 0.5 +1.5 LSB -
INLRR D IELR IR E - +1.0 2.5 LSB -
High-precision BETE- (FEPC | AFMESIRIER 0.48 (0.267)*2 | - - s TE16MNEITHRE
channels |;_KC=60MHZ—Fi§ Max.=1kQ
(AN003, ANOO5, 7)
AN0OS) Max. = 400 O 0.40 (01832 | - - us 11N
VCC =AVCC0=3.0t0 3.6 V
3.0 V< VREFHO0 £ AVCCO
R%IRE - +1.0 2.5 LSB -
Full-scale error - +1.0 2.5 LSB -
HITAEE - +2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error - 0.5 +1.5 LSB -
INLRR D R IR E - +1.0 25 LSB -
High-precision BBYial«1 (FEPC ATBIESIRIET 0.75 (0.533)*2 | - - us TE32 M THAE
channels |/_L<C:6OMHZ—F5£ Max.=1kQ
(AN007) )
R%IRE - +1.0 2.5 LSB -
Full-scale error - +1.0 2.5 LSB -
HITEE - +2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error - 0.5 +1.5 LSB -
INLRR D IELR IR E - +1.0 2.5 LSB -
RO1DS0375EU0100 Rev.1.00 RENESAS 548, H69W
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Table 2.27  A/D conversion characteristics for unit 0 (2 of 2) Table 2.27 £550(20f2) FIADFEHRF 1%
Conditions: PCLKC = 1 to 60 MHz Conditions: PCLKC = 1 to 60 MHz
Parameter Min Typ Max Unit Test conditions Parameter Min Typ Max Unit MR
Normal-precision Conversion time*1 Permissible signal 0.88 (0.667)*2 | - - us Sampling in 40 states EEEEEE (AN | BiEtE- (EPC | AWHIESIRER 0.88 (0.667)*2 | - - us TEA0 NN 1T A%
channels (Operation at source impedance 016EANO18. AN I/.L(C=60MHZ‘FJE Max.=1kQ
(ANO16 to AN0O18, PCLKC =60 MHz) Max. = 1 kQ 020) (5}
AN020) Offset error - 1.0 5.5 LSB - RIBIRE - +1.0 5.5 LSB -
Full-scale error - +1.0 55 LSB - Full-scale error - +1.0 55 LSB -
Absolute accuracy - 2.0 £7.5 LSB - HITHEE - 12.0 17.5 LSB -
DNL pseudo-differential nonlinearity error - +0.5 +4.5 LSB - DNL pseudo-differential nonlinearity error - +0.5 +4.5 LSB -
INL integral nonlinearity error - +1.0 55 LSB - INLRRAD FELR IR E - +1.0 +55 LSB -
Note:  These specification values apply when there is no access to the external bus during A/D conversion. If access occurs during Note:  XEHUBEIEAFHEADRIGIRELIEIARIIMNIRENER. WRIFALERE
A/D conversion, the values might not fall within the indicated ranges. AD¥HE, BERIREERTEIEESEEN,
The use of ports 0 as digital outputs is not allowed when the 12-bit A/D converter is used. fER12(UADEREREY, AR OoRFRFt.
The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and 12-bit A/D converter input voltage XEERFMEIE A FAVCCO. AVSSO. VREFHO. VREFH. VREFLO. VREFLFN12{iAD¥: #2238 N\ BERE .
are stable.
Note 1. The conversion time includes the sampling and comparison times. The number of sampling states is indicated for the test Note 1. HE#RBY(E) E1ERAF IS BIAIELARBT (Bl $HXTMIXFHIETRIFIRSHIKE,
conditions.
Note 2. Values in parentheses indicate the sampling time. Note 2. IESHHIERTRIFNE],
Note 3. When simultaneously using channel-dedicated sample-and-hold circuits in unit 0 and unit 1, see Table 2.29. Note 3. ERTOMETT1FEINFERBE T AHNRERFBEL, ESLRK2.29
Table 2.28  A/D conversion characteristics for unit 1 (1 of 2) Table 2.28 ST 1MIADHEMFNE (249F8911)
Conditions: PCLKC = 1 to 60 MHz Conditions: PCLKC = 1 to 60 MHz
Parameter Min Typ Max Unit Test conditions Parameter Min Typ Max Unit MR
Frequency 1 - 60 MHz - Frequency 1 - 60 MHz -
Analog input capacitance - - 30 pF - EINMANBR - - 30 pF -
Quantization error - +0.5 - LSB - BHIRE - +0.5 - LSB -
Resolution - - 12 Bits - Resolution - 12 Bits -
Channel-dedicated | Conversion time*! | Permissible signal | 1.06 - - s ¢ Sampling of channel- ERPNBELR | KIREE FIPC | RKFMESHMER | 1.06 - - s BIERE
sample-and-hold (operation at source impedance | (0.4 + 0.25)*2 dedicated sample-and-hold %ﬁﬁxﬁ BE&+3 (A | LKC=60MHz Fi&E Max.=1kQ (0.4 +0.25)*2 24FRS L F SR RIS ER
circuits in use*3 PCLKC =60 MHz) | Max. =1kQ circuits in 24 states N100ZEAN102) ) 1 5K HY R
(AN100 to AN102) o Sampling in 15 states
Offset error - +1.5 +3.5 LSB AN100 to AN102 =0.25V RIBIRE - +1.5 +3.5 LSB AN100 to AN102 =0.25V
Full-scale error - +1.5 +3.5 LSB AN100 to AN102 = Full-scale error - +1.5 +3.5 LSB AN100 to AN102 =
VREFH - 0.25V VREFH - 0.25V
Absolute accuracy - £25 155 LSB - HBITEE - 2.5 5.5 LSB -
DNL pseudo-differential nonlinearity error | - +1.0 +2.0 LSB - DNL pseudo-differential nonlinearity error | - +1.0 +2.0 LSB -
INL integral nonlinearity error - 1.5 +3.0 LSB - INLFR D JE IR E - +1.5 +3.0 LSB -
Holding characteristics of sample-and - - 20 us - R RFBEBRNFRSRE - - 20 us -
hold circuits
Dynamic range 0.25 - VREFH-0.25 | V - HASERE 0.25 - VREFH-0.25 | V -
Channel-dedicated | Conversion time*! | Permissible signal | 0.48 - - us Sampling in 16 states KEMBELTAR | HiREEA (EPC | AWNESHEER | 048 - - s TE16 NI THhEE
sample-and-hold (Operation at source impedance | (0.267)*2 HRIFEE (AN10 | LKC=60MHZ TiE Max.=1kQ (0.267)*2
circuits notin use | PCLKC =60 MHz) | Max. = 1kQ 0ZEAN102) )
(AN100 to AN102) Offset error - +1.0 +25 LSB - RBIRE - +1.0 2.5 LSB -
Full-scale error - +1.0 2.5 LSB - Full-scale error - +1.0 2.5 LSB -
Absolute accuracy - £2.0 4.5 LSB - HITHEE - +2.0 4.5 LSB -
DNL pseudo-differential nonlinearity error +0.5 +1.5 LSB - DNL pseudo-differential nonlinearity error | - +0.5 +1.5 LSB -
INL integral nonlinearity error - 1.0 2.5 LSB - INLFRD IEEMIRE - 1.0 2.5 LSB -
RO1DS0375EU0100 Rev.1.00 ENESAS Page 49 of 69 RO1DS0375EU0100 Rev.1.00 ENESAS #4001, H69W
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Table 2.28 A/D conversion characteristics for unit 1 (2 of 2)
Conditions: PCLKC = 1 to 60 MHz
Parameter Min Typ Max Unit Test conditions
High-precision Conversion time*1 Permissible signal | 0.48 - - us Sampling in 16 states
channels (Operation at source impedance | (0.267)*2
(AN105, AN106) PCLKC =60 MHz) | Max. =1kQ
Max. =400 Q 0.40 - - us Sampling in 11 states
(0.183)*2 VCC =AVCC0=3.0t0 3.6V
3.0 V < VREFH < AVCCO
Offset error - +1.0 2.5 LSB -
Full-scale error - +1.0 2.5 LSB -
Absolute accuracy - 2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error +0.5 +1.5 LSB -
INL integral nonlinearity error - +1.0 2.5 LSB -
High-precision Conversion time*1 Permissible signal | 0.75 - - us Sampling in 32 states
channels (Operation at source impedance | (0.533)*2
(AN107) PCLKC =60 MHz) | Max.=1kQ
Offset error - +1.0 2.5 LSB -
Full-scale error - +1.0 2.5 LSB -
Absolute accuracy - 2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error +0.5 +1.5 LSB -
INL integral nonlinearity error - +1.0 25 LSB -
Normal-precision Conversion time*1 Permissible signal | 0.88 - - us Sampling in 40 states
channels (Operation at source impedance | (0.667)*2
(AN116, AN117) PCLKC =60 MHz) | Max. =1kQ
Offset error - +1.0 5.5 LSB -
Full-scale error - +1.0 5.5 LSB -
Absolute accuracy - 2.0 +7.5 LSB -
DNL pseudo-differential nonlinearity error +0.5 +4.5 LSB -
INL integral nonlinearity error - +1.0 5.5 LSB -

A/D conversion, the values might not fall within the indicated ranges.
The use of ports 0 as digital outputs is not allowed when the 12-bit A/D converter is used.
The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and 12-bit A/D converter input voltage

Note:

are stable.
Note 1.

conditions.
Note 2.
Note 3.
Table 2.29

Values in parentheses indicate the sampling time.
When simultaneously using channel-dedicated sample-and-hold circuits in unit 0 and unit 1, see Table 2.29.

These specification values apply when there is no access to the external bus during A/D conversion. If access occurs during

The conversion time includes the sampling and comparison times. The number of sampling states is indicated for the test

A/D conversion characteristics for simultaneous use of channel-dedicated sample-and-hold

circuits in unit 0 and unit 1

Conditions: PCLKC = 30/60 MHz

Parameter Min Typ Max Test conditions
Channel-dedicated sample-and-hold circuits in use | Offset error - 1.5 +5.0 e PCLKC =60 MHz
with continious sampling function enabled i _ . + e Sampling in 15 states
(ANOOO to ANOO2) Full-scale error +2.5 5.0

Absolute accuracy - +4.0 8.0
Channel-dedicated sample-and-hold circuits in use | Offset error - +1.5 5.0
with continious sampling function enabled i _ N +
(AN100 to AN102) Full-scale error 2.5 5.0

Absolute accuracy - +4.0 8.0
Channel-dedicated sample-and-hold circuits in use | Offset error - +1.5 +3.5 e PCLKC =30 MHz
with continious sampling function enabled i _ . + e Sampling in 7 states
(ANOOO to ANOO2) Full-scale error +1.5 +3.5

Absolute accuracy - +3.0 +4.5/-6.5
Channel-dedicated sample-and-hold circuits in use | Offset error - +1.5 +3.5
with continious sampling function enabled i _ N +
(AN100 to AN102) Full-scale error +1.5 3.5

Absolute accuracy +3.0 +4.5/-6.5

Table 2.28  f5T1KADIRIFE (24 r924)
Conditions: PCLKC = 1 to 60 MHz
Parameter Min Typ Max Unit pljes 2t
High-precision FigedlE (EPC | AWFMESIRER | 048 - - us TE16 NN THME
channels |;l<C:6OMHZ—FJE Max.=1kQ (0267)*2
(AN105, AN106) | T
Max. =400 Q 0.40 - - us TRV ITHEE
(0.183)*2 VCC =AVCC0=3.0t0 3.6V
3.0 V < VREFH < AVCCO
RIBIZE - +1.0 2.5 LSB -
Full-scale error - 1.0 2.5 LSB -
HEITEE - 2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error | - +0.5 +1.5 LSB -
INLFRD IEAMIRE - +1.0 2.5 LSB -
High-precision FigedlE (FEPC | AWMESIHEER | 0.75 - - s TE32M N THhEE
channels |/.L<C=6OMHZ—FE Max.=1kQ (0.533)*2
(AN107) )
RIBIZE - +1.0 2.5 LSB -
Full-scale error - +1.0 2.5 LSB -
HEITEE - 2.0 +4.5 LSB -
DNL pseudo-differential nonlinearity error | - +0.5 +1.5 LSB -
INLRRDIEAMIRE - +1.0 2.5 LSB -
Normal-precision FigedlE (FEPC | AWMESIRER | 0.88 - - s TE40NNIHITHAEE
channels |/.L<C=6OMHZ—FE Max.=1kQ (0.667)*2
(AN116, AN117) | 1T)
RIBIZE - +1.0 5.5 LSB -
Full-scale error - +1.0 5.5 LSB -
HITEE - 2.0 7.5 LSB -
DNL pseudo-differential nonlinearity error | - +0.5 +4.5 LSB -
INLRR D IEAMIRE - +1.0 55 LSB -

Note:

AD¥IR, (ERIRETEIEESEER.
fEM2(IADRIREREY, FAFEROOBIFHF .
XLEAFMIERFAVCCO. AVSSO. VREFHO. VREFH. VREFLO. VREFLFN12{IADHH#R235IN BERER,

Note 1.

Note 2.
Note 3.

ESPRERTRERE,
RN ST FRINEREE T ARNRFRFERE, H51%229

PR AT () BLEE RAF BT [BI AN LLARAT (B, EHXTUIAF IR RN SHHE,

XEEHEEE R FIEADEIR BB T A A RSN B RE . RIABRERE

#]2.295 U0 701 iEE T AR FFRITEBEIEANADZIRIFERM: PCLKC=3060MHz
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Parameter Min Typ Max Wit & 14
BRELRETHEENEE T AREFRIFBEE (AN0O | RBIEE - 1.5 £5.0 PCLKC=60MHz 15Muik
0ZEAN002) SREE

Full-scale error - +2.5 5.0

HITIEE - +4.0 +8.0
BRESRETIENBE T AREFRIFER (AN10 | REIRE - #1.5 +5.0
0ZEAN102)

Full-scale error - +2.5 5.0

HITIEE - +4.0 +8.0
BREERETIEENEE T ARERIFBEE (AN0O | REIEE - 1.5 +3.5 PCLKC=30MHz 77K
0ZEAN002) SR

Full-scale error - +1.5 +3.5

HITIEE - +3.0 +4.5/-6.5
BRESRETIENBET AREFRIFER (AN10 | REIRE - #1.5 +3.5
0ZEAN102)

Full-scale error - +1.5 +3.5

HBXTREE - 3.0 | +4.51-6.5

R01DS0375EU0100 Rev.1.00 RENESAS 500, H691
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Note: When simultaneously using channel-dedicated sample-and-hold circuits in unit 0 and unit 1, setting the ADSHMSR.SHMD bit
to 1 is recommended.

Table 2.30 A/D internal reference voltage characteristics

Parameter Min Typ Max Unit Test conditions
A/D internal reference voltage 1.13 1.18 1.23 \Y -
Sampling time 415 - - us -

FFFh [7m= o s oo m oo oo oo oo oo r—rorosees

'
'

'

'

'

'

'

'

i

Integral nonlinearity ety !

error (INL) ,

A/D converter !
output code

Ideal line of actual A/D’

Actual A/D conversion conversion characteristic

characteristic

LN

Ideal A/D conversion //

characteristic Pseudo-differential nonlinearity

. error (DNL)
: 1-LSB width for ideal A/D
i conversion characteristic

Pseudo-differential nonlinearity
error (DNL)

i~ 1.LSB width for ideal A/D
conversion characteristic

A i —

Absolute accuracy

000h | 3 Offset error /1

0 Analog input voltage " VREFHO

(full-scale)

Figure 2.43 lllustration of ADC12 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 the 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 is 3.072 V, then the 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 the 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.

Pseudo-differential nonlinearity error (DNL)

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

R01DS0375EU0100 Rev.1.00
May 29, 2020
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Note:  TERJTOMBTTIRRERERAEE LT ARFRIFTERE, BIUFADSHMSRSHMDIIRE N 1.

Table 2.30 ADAIZIEE HEFE

Parameter Min Typ Max Unit MR
ADREFSEBE 1.13 1.18 1.23 Y, -
REERYE) 4.15 - - us -
b
FFFh [=7 === msm o msm s gy SRR
RSFAEREIN J— ;
ADS 1285 9/ :
B Pl EIRADS IS VIR
TIFADS IR A ,
.7 '
B ~4 :
= o ;
7 :
AR I ;
Pseudo-differential nonlinearity H
; . error (DNL) H
’ i 1-LSBEEE, SRIIZARMIA !
i i DRl ;
i : Pseudo-differential nonlinearity E
: _“ error (DNL) :
i 1-LSBEE, RIIBEMA '
DI IR i
g BN ;
000h / RBIRE m : .
0 EINRNBE v VREFHO
(full-scale)

Figure 2.43 ADC124FEIn35tEA
MITKEE

#ITFEE R R TIEICADE TN H E RIS 5 LRADRZRIRER 2 BINER, NELITIFER, BRMEANE
EZE (1-LSBRE) N REBEEARMBNEE, ZEEFEIC L LUHRH HEEAEEE, fliwm, MR
FER12M D EESEBEVREFHON3.072V, M1-LSBREZN0.75mV, FHBEFEHAOMV. 0.75mVF1.5mV{E
FEPENEBE, INRENENEBEN6MY, +5LSBRIAITIEE B kA SLPRAIADE 45 R1E003hE/00DhAYSE
ER, REMNEBIC_ERADRKIRSFE O] LIFRER S H 3 9008h,

A ELMEIRE(INL)
AN ELMIRERNENRENHERRENZHMVERLES KLtk H AR ZBNERRE,

Pseudo-differential nonlinearity error (DNL)

NP AR ERE TEBADR IS IER -LSBREE S EirmbENEE 2 &,

miziRE
RZIRERERNE - ML AENRR RS KRS - M RE B ZENER,.

R01DS0375EU0100 Rev.1.00
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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.

2.5 DAC12 Characteristics

Full-scale error

HERRERERNREREAENERRSEFHNREHEABZENESR,

25 DAC12 Characteristics

May 29, 2020

Table 2.31 D/A conversion characteristics
Parameter Min Typ Max Unit Test conditions
Resolution - - 12 Bits -
Without output amplifier
Absolute accuracy - - 124 LSB Resistive load 2 MQ
INL - 2.0 18.0 LSB Resistive load 2 MQ
DNL - +1.0 12 LSB -
Output impedance - 8.5 - kQ -
Conversion time - - 3.0 us Resistive load 2 MQ,
Capacitive load 20 pF
Output voltage range 0 - VREFH \% -
With output amplifier
INL - 2.0 4.0 LSB -
DNL - +1.0 2.0 LSB -
Conversion time - - 4.0 us -
Resistive load 5 - - kQ -
Capacitive load - - 50 pF -
Output voltage range 0.2 - VREFH-0.2 |V -
26 TSN Characteristics
Table 2.32 TSN characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Relative accuracy - - +1.0 - °C -
Temperature slope - - 4.0 - mV/°C -
Output voltage (at 25°C) - - 1.24 - \% -
Temperature sensor start time tsTaRT - - 30 us -
Sampling time - 4.15 - - us -
2.7 OSC Stop Detect Characteristics
Table 2.33 Oscillation stop detection circuit characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Detection time tar - 1 ms Figure 2.44
R01DS0375EU0100 Rev.1.00 ;{EN ESNS Page 52 of 69

Table 2.31  DA¥RHE
Parameter Min Typ Max Unit Wik & 14
Resolution - - 12 Bits -
Pt ) G
HITIEE - - 124 LSB PR A E2MQ
INL - +2.0 +8.0 LSB FEME R H2MQ
DNL - +1.0 +2.0 LSB -
AT - 8.5 - kQ -
BB 8] - - 3.0 s BEAH2MQ, BE
1220pF
M BETE 0 - VREFH \Y -
TR KRR
INL - +2.0 +4.0 LSB -
DNL - +1.0 2.0 LSB -
HATE) - - 4.0 us -
PRI A2 5 - - kQ -
Capacitive load - - 50 pF -
M BETE 0.2 - VREFH - 0.2 \% -
2.6 TSN Characteristics
Table 2.32 TSN characteristics
Parameter Symbol Min Typ Max Unit Mt & 14
HEXHEE - - £1.0 - °C -
RERE - - 4.0 - mV/°C -
WHBE (25°CH) - - 1.24 - \Y -
mE IR B n AT E tsTarT - - 30 us -
e =SNG - 4.15 - - us -
2.7  OSCIZ LA M4F 4%
Table 2.33  #RHSILICTBERITE
Parameter Symbol Min Typ Max Unit Mt & 14
12 MBS 8] tyr - - 1 ms Figure 2.44
R01DS0375EU0100 Rev.1.00 RENESAS 5201, #69MW
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OSTDSR.OSTDF

MOCO clock m
ICLK \ , \ ’ \ ’ \ , \ ,

Figure 2.44 Oscillation stop detection timing

2.8 POR and LVD Characteristics

Table 2.34 Power-on reset circuit and voltage detection circuit characteristics

Parameter Symbol | Min Typ Max Unit I:rs'ntditions
Voltage detection | Power-on reset | DPSBYCR.DEEPCUT[1:0] = | VpoRr 25 2.6 2.7 \Y Figure 2.45
level (POR) 00b or 01b
DPSBYCR.DEEPCUT[1:0] = 1.8 225 |27
11b
Voltage detection circuit (LVDO) Vdeto_1 2.84 2.94 3.04 Figure 2.46
Veto_2 277 | 287 |297
Vdeto_3 270 |280 |290
Voltage detection circuit (LVD1) Vdet1_1 2.89 2.99 3.09 Figure 2.47
Vdet1_2 282 292 |3.02
Vdet1_3 275 |285 |295
Voltage detection circuit (LVD2) Vdet2_1 2.89 2.99 3.09 Figure 2.48
Viet2 2 282 [292 |3.02
Viet2 3 275 |285 |295
Internal reset time | Power-on reset time tpor - 4.5 - ms Figure 2.45
LVDO reset time tLvbo - 0.51 - Figure 2.46
LVD1 reset time tLvp1 - 0.38 - Figure 2.47
LVD2 reset time tLvp2 - 0.38 - Figure 2.48
Minimum VCC down time*" tvoFF 200 - - ys Figure 2.45,
Figure 2.46
Response delay tget - - 200 us Figure 2.45 to
Figure 2.48
LVD operation stabilization time (after LVD is enabled) taE-A) - - 10 us Figure 2.47,
Hysteresis width (LVD1 and LVD2) Vivn - 70 |- my | Figure 2.48

Note 1. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels VpR,

Vget1, @and Vyeto for POR and LVD.

R01DS0375EU0100 Rev.1.00
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b

OSTDSR.OSTDF

MOCO clock

ICLK

tdr

Figure 2.44 555 (F LEAS B AN
2.8  PORFMLVDFF!%

Table 2.34  EEBE{IBEKRBENLNBRIFE

Mt =1
Parameter Symbol | Min Typ Max Unit
BRI B Power-on reset | DPSBYCR.DEEPCUT[1:0] = | Vpor 25 26 2.7 \% Figure 2.45
(POR) 00b or 01b
DPSBYCR.DEEPCUT[1:0] = 1.8 2.25 2.7
11b
FBEMIEBE (LVDO) Vaeo 1 | 284 | 294 |3.04 Figure 2.46
Vaew 2 | 277 | 287 | 297
Vaetwns |270 |280 |2.90
BERNBES (LVD1) Vaetr 1 | 289 |299 |3.00 Figure 2.47
Ve 2 | 282 |292 [3.02
Vae s | 275 |285 | 295
BERIBEHS (LVD2) Vae 1 | 289 | 299 | 3.09 Figure 2.48
Vez 2 | 282 |292 |3.02
Vaez s | 275 | 285 |295
AER S fi BT 8] LEBEIkYE tror - 45 - ms Figure 2.45
LVDOE i 8] tLvbo - 051 |- Figure 2.46
LVD1 & fiByia) tvp1 - 038 |- Figure 2.47
LVD2E {4 t.vD2 - 038 |- Figure 2.48
=FEVCCIEN BT a1+ tyorr 200 |- - s Figure 2.45,
Figure 2.46
VAN tyet - - 200 | ps E245%F
Figure 2.48
LVDIRERRERTIE] (BALVD/E) ta(e-A) - - 10 s Figure 2.47,
R®EE (LVD1FILVD2) Vivn - 70 |- my | Figure 2.48
Note 1. &/I\WCCEHIBTIEIRRVCCIR T B EH M FVPORK &/ ERI BT 8],
Vdet1#1Vdet2 8 FPORFMLVD,
R01DS0375EU0100 Rev.1.00 65301, H#69MW
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tvorr tvorr
VPOR VPOR
VCC VCC
Internal reset signal ABEES (R
(active-low) TR

«»le > DESE I > e > DI I >

st toor fet oot tpoR tet  teor fet  taot tooR
Figure 2.45 Power-on reset timing Figure 2.45 LS RF

tVOFF > < t\/OFF
VCC VdetO VCC VdetO
Internal reset signal RBEMURES (R
(active-low) ‘ BEEX) ‘
G:: toer tLvoo EJ:: toer tLvoo
Figure 2.46 Voltage detection circuit timing (Vyeto) Figure 2.46 BESNBEEF (Vdet0)
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VCC

LVCMPCR.LVD1E

LVD1
Comparator output

LVD1CRO.CMPE

LVD1SR.MON

Internal reset signal
(active-low)

When LVD1CRO.RN =0

When LVD1CRO.RN = 1

AN
NS

tvorr

A

VLVH

@ tae-a)

L

tdet

Lt

tdet

tLvp

tLvos

Figure 2.47

Voltage detection circuit timing (Vget1)

VCC

LVCMPCR.LVD2E

LVD2
Comparator output

LVD2CR0.CMPE

LVD2SR.MON

Internal reset signal
(active-low)

When LVD2CRO.RN =0

When LVD2CRO.RN = 1

tvorr

Vdet2

VLVH

o taen

tdet

P

taet

tLvp2

A

tLvp2

Figure 2.48

Voltage detection circuit timing (Vget2)
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29 ACMPHS Characteristics
Table 2.35 ACMPHS characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Reference voltage range VREF 0 - AVCCO |V -
Input voltage range \i 0 - AVCCO |V -
Output delay*! Td - 50 100 ns VI = VREF 100 mV
Internal reference voltage Vref 1.13 1.18 1.23 \'% -
Note 1. This value is the internal propagation delay.
210 PGA Characteristics
Table 2.36 PGA characteristics in single mode
Parameter Symbol Min Typ Max Unit
PGAVSS input voltage range PGAVSS 0 - 0 \Y
AINO (G = 2.000) 0.050 x AVCCO - 0.45 x AVCCO Vv
AIN1 (G = 2.500) 0.047 x AVCCO - 0.360 x AVCCO Vv
AIN2 (G = 2.667) 0.046 x AVCCO - 0.337 x AVCCO Vv
AIN3 (G = 2.857) 0.046 x AVCCO - 0.32 x AVCCO \
AIN4 (G = 3.077) 0.045 x AVCCO - 0.292 x AVCCO \Y
AIN5 (G = 3.333) 0.044 x AVCCO - 0.265 x AVCCO \Y
AING (G = 3.636) 0.042 x AVCCO - 0.247 x AVCCO \Y
AIN7 (G = 4.000) 0.040 x AVCCO - 0.212 x AVCCO \
AIN8 (G = 4.444) 0.036 x AVCCO - 0.191 x AVCCO Vv
AIN9 (G = 5.000) 0.033 x AVCCO - 0.17 x AVCCO Vv
AIN10 (G = 5.714) 0.031 x AVCCO - 0.148 x AVCCO \Y
AIN11 (G = 6.667) 0.029 x AVCCO - 0.127 x AVCCO \Y
AIN12 (G = 8.000) 0.027 x AVCCO - 0.09 x AVCCO \
AIN13 (G = 10.000) 0.025 x AVCCO - 0.08 x AVCCO \
AIN14 (G = 13.333) 0.023 x AVCCO - 0.06 x AVCCO \
Gain error Gerr0 (G =2.000) -1.0 - 1.0 %
Gerr1 (G = 2.500) -1.0 - 1.0 %
Gerr2 (G = 2.667) -1.0 - 1.0 %
Gerr3 (G = 2.857) -1.0 - 1.0 %
Gerrd (G = 3.077) -1.0 - 1.0 %
Gerr5 (G = 3.333) -1.5 - 1.5 %
Gerr6 (G = 3.636) -1.5 - 1.5 %
Gerr7 (G = 4.000) -1.5 - 1.5 %
Gerr8 (G = 4.444) -2.0 - 2.0 %
Gerr9 (G = 5.000) -2.0 - 2.0 %
Gerr10 (G =5.714) -2.0 - 2.0 %
Gerr11 (G = 6.667) -2.0 - 2.0 %
Gerr12 (G = 8.000) -2.0 - 2.0 %
Gerr13 (G = 10.000) -2.0 - 2.0 %
Gerr14 (G = 13.333) -2.0 - 2.0 %
Offset error Voff -8 - 8 mV
R01DS0375EU0100 Rev.1.00 ;{EN ESNS Page 56 of 69
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29 ACMPHS Characteristics
Table 2.35 ACMPHS characteristics
Parameter Symbol Min Typ Max Unit Mt & 14
SEBETE VREF - AVCCO |V -
MABETE \ 0 - AVCCO |V -
Output delay*1 Td - 50 100 ns VI =VREF = 100 mV
AEEEBE Vref 1.13 1.18 1.23 \% -
Note 1. ZERREMERELIR,
210 PGA%%E
Table 2.36  HIEPGA%HE
Parameter Symbol Min Typ Max Unit
PGAVSSHINEBBESCE PGAVSS 0 - 0 \%
AINO (G = 2.000) 0.050 x AVCCO - 0.45 x AVCCO \Y
AIN1 (G = 2.500) 0.047 x AVCCO - 0.360 x AVCCO \Y
AIN2 (G = 2.667) 0.046 x AVCCO - 0.337 x AVCCO \%
AIN3 (G = 2.857) 0.046 x AVCCO - 0.32 x AVCCO \Y
AIN4 (G = 3.077) 0.045 x AVCCO - 0.292 x AVCCO \%
AIN5 (G = 3.333) 0.044 x AVCCO - 0.265 x AVCCO \%
AING6 (G = 3.636) 0.042 x AVCCO - 0.247 x AVCCO \Y
AIN7 (G =4.000) 0.040 x AVCCO - 0.212 x AVCCO \%
AIN8 (G =4.444) 0.036 x AVCCO - 0.191 x AVCCO \%
AIN9 (G = 5.000) 0.033 x AVCCO - 0.17 x AVCCO \%
AIN10 (G =5.714) 0.031 x AVCCO - 0.148 x AVCCO \%
AIN11 (G = 6.667) 0.029 x AVCCO - 0.127 x AVCCO \%
AIN12 (G = 8.000) 0.027 x AVCCO - 0.09 x AVCCO \Y
AIN13 (G = 10.000) 0.025 x AVCCO - 0.08 x AVCCO \Y
AIN14 (G = 13.333) 0.023 x AVCCO - 0.06 x AVCCO \Y
1z Gerr0 (G = 2.000) -1.0 - 1.0 %
Gerr1 (G = 2.500) -1.0 - 1.0 %
Gerr2 (G = 2.667) -1.0 - 1.0 %
Gerr3 (G = 2.857) -1.0 - 1.0 %
Gerrd (G = 3.077) -1.0 - 1.0 %
Gerr5 (G = 3.333) 15 - 15 %
Gerr6 (G = 3.636) -1.5 - 1.5 %
Gerr7 (G = 4.000) -1.5 - 15 %
Gerr8 (G = 4.444) 2.0 - 2.0 %
Gerr9 (G = 5.000) -2.0 - 2.0 %
Gerr10 (G = 5.714) 2.0 - 2.0 %
Gerr11 (G = 6.667) 2.0 - 2.0 %
Gerr12 (G = 8.000) -2.0 - 2.0 %
Gerr13 (G = 10.000) | -2.0 - 2.0 %
Gerr14 (G =13.333) | -2.0 - 2.0 %
R%IRE Voff -8 - 8 mV
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Table 2.37 PGA characteristics in pseudo-differential mode
Parameter Symbol Min Typ Max Unit
PGAVSS input voltage range PGAVSS -0.5 - 0.3 \%
Pseudo-differential G =1.500 AIN-PGAVSS -0.5 - 0.5 \Y
input voltage range G=2333 04 _ 04 v
G =4.000 -0.2 - 0.2 \Y
G =5.667 -0.15 - 0.15 \
Gain error G =1.500 Gerr -1.0 - 1.0 %
G =2.333 -1.0 - 1.0
G =4.000 -1.0 - 1.0
G =5.667 -1.0 - 1.0
2.11  Flash Memory Characteristics
2.11.1 Code Flash Memory Characteristics
Table 2.38 Code flash memory characteristics
Conditions: Program or erase: FCLK = 4 to 60 MHz
Read: FCLK < 60 MHz
FCLK =4 MHz 20 MHz < FCLK < 60 MHz Test
Parameter Symbol | Min Typ Max Min Typ Max Unit conditions
Programming time 128-byte tp1og - 0.75 13.2 - 0.34 6.0 ms
Npgc <100 times g trax - 49 176 |- 22 80 ms
32-KB tpsok - 194 704 - 88 320 ms
Programming time 128-byte tp128 - 0.91 15.8 - 0.41 7.2 ms
Npec > 100times g g tpeK - 60 212 |- 27 9 ms
32-KB tpaok - 234 848 - 106 384 ms
Erasure time 8-KB tegk - 78 216 - 43 120 ms
Npgc <100 times 35 1 tek |- 283|864 |- 157 480 ms
Erasure time 8-KB tegk - 94 260 - 52 144 ms
Npgc > 100 times 35 kg tek |- 341 1040 |- 189 576 ms
Reprogramming/erasure cycle*4 Npec 10000*1 |- - 10000*1 |- - Times
Suspend delay during programming | tspp - - 264 - - 120 us
First suspend delay during erasure in | tsegp+ - - 216 - - 120 us
suspend priority mode
Second suspend delay during tsesp2 - - 1.7 - - 1.7 ms
erasure in suspend priority mode
Suspend delay during erasure in tseep - - 1.7 - - 1.7 ms
erasure priority mode
Forced stop command trp - - 32 - - 20 us
Data hold time*2 torp 10*2,*3 |- - 10*2,*3 |- - Years
302, *3 |- - 30%2,*3 |- - Ta =+85°C
Note 1. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1

to the minimum value.
Note 2.
Note 3.
Note 4.

This result is obtained from reliability testing.

This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.

The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times (n = 10000),

erasing can be performed n times for each block. For example, when 128-byte programming is performed 64 times for different
addresses in 8-KB blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However,
programming the same address several times as one erasure is not enabled. Overwriting is prohibited.

Table 2.37  (AEDEX THIPGAFE
Parameter Symbol Min Typ Max Unit
PGAVSSHINBETEE PGAVSS -0.5 - 0.3 \Y
HEDRNBED G =1.500 AIN-PGAVSS -0.5 - 0.5 \Y
G=2.333 -0.4 - 0.4 \Y
G =4.000 -0.2 - 0.2 \%
G =5.667 -0.15 - 0.15 \Y%
WEIRE G =1.500 Gerr -1.0 - 1.0 %
G=2333 -1.0 - 1.0
G =4.000 -1.0 - 1.0
G =5.667 -1.0 - 1.0
211 NEFEG
2111 RIS F 514
Table 2.38  fREBAFIHE
KM REFIBFR: FCLK=4E60MHz
Read: FCLK < 60 MHz
FCLK =4 MHz 20 MHz < FCLK = 60 MHz Tk
Parameter Symbol | Min Typ Max Min Typ Max Unit
%EEETHEHNPEC 100 |128-byte tp128 - 0.75 13.2 - 0.34 6.0 ms
8-KB trgk - 49 176 - 22 80 ms
32-KB toaok - 194 704 - 88 320 ms
éﬁfwfsﬂNPECM 0 |128-byte to108 - 0.91 15.8 - 0.41 7.2 ms
8-KB trak - 60 212 - 27 96 ms
32-KB toaok - 234 848 - 106 384 ms
IRBRESIE) 8-KB tesk - 78 216 - 43 120 ms
NPEC 1007 32-KB tesok - 283 864 - 157 480 ms
1R EREY(E] 8-KB tesk - 94 260 - 52 144 ms
NPEC>1002% 32-KB teax |- 341 |1040 |- 189|576  |ms
Reprogramming/erasure cycle*4 Npec 10000*1 |- - 10000*1 |- - Times
{RIZHABIE (2R tspp - - 264 - - 120 us
E%g?ﬂ%ﬁ?%ﬁ%ﬁﬂﬁ BE—ME | tsesps - - 216 - - 120 us
MR TERRENEZ tsEsD2 - - 1.7 - - 1.7 ms
ERIEIR
ﬁg}gﬁﬁ?ﬂ%ﬁ??ﬁﬁ%ﬁﬂ@ ByEiS tseep - - 1.7 - - 1.7 ms
JHEE LS trp - - 32 - - 20 s
AR RIFEIIE]2 torp 102, %3 |- - 10%2. %3 |- - Years
30%2,*3 |- - 30%2.*3 |- - Ta = +85°C
Note 1. XEBEMHEFRIEMBIFENSR DR, RIEEEZEM FIS/IVE,
Note 2. XRREIEECERNRNITENRENFENRIVE,
Note 3. XMERZMITEMMNIHHREN,
Note 4. FEMRIZFRERHERE MRIIBIRRE, BEMFEZRAEIANK (n=10000) B, SIUNEMRAITARIER, a0, Xt

BKBIRFY A EIMIAL ATT64/R128F TifwiZ, ASEMFE MR, ENEREFDRIT .. BF, TEEESMUSZREERN

—RiEkR. BIEEE,
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« Suspension during programming

FCU command X Program >< >< Suspend

Not Ready Not Ready

FSTATRO.FRDY \

tSF’D
FSTATRO.FRDY \ Not Ready
Programming pulse
« Suspension during erasure in suspend priority mode
FCU command X  Erase >< >< Suspend >< Resume >< >< Suspend
tSESD1 tSESDZ

/ \

« Suspension during erasure in erasure priority mode

FCU command X Erase >< >< Suspend
FSTATRO.FRDY \
Erasure pulse /

« Forced Stop

tseen

A

FACI command X Forced Stop >

FSTATR.FRDY

Figure 2.49 Suspension and forced stop timing for flash memory programming and erasure

2. B

RABT1 Datasheet 4

~RIZEEE 2

FCU command X Program >< >< Suspend
FSTATRO.FRDY \

izhi

tspp

HRMERN T IRIRIREER

FCU command X Erase >< >< Suspend
FSTATRO.FRDY \
asr / \

>< Resume >< >< Suspend

tsesp1 tsesp2

SRR AR THIRIRE

FCU command X Erase >< >< Suspend
FSTATRO.FRDY \
PERRRK /

5 EIFLE

tseen

FACIEE < X SBEIELE >

FSTATR.FRDY

Figure 2.49 NTERIZIIZ RN E FHEARF LN F
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2.11.2 Data Flash Memory Characteristics 2.11.2 SIRAFE
Table 2.39  Data flash memory characteristics Table 2.39  #ERNEIHE

S RIZSIRFR. FCLK=4ZE60MHz
Read: FCLK < 60 MHz

Conditions: Program or erase: FCLK = 4 to 60 MHz
Read: FCLK < 60 MHz

May 29, 2020

May 29, 2020

FCLK =4 MHz 20 MHz < FCLK < 60 MHz Test FCLK =4 MHz 20 MHz < FCLK < 60 MHz it
Parameter Symbol Min Typ Max Min Typ Max Unit | conditions Parameter Symbol Min Typ Max Min Typ Max Unit
Programming time 4-byte tppa - 0.36 |3.8 - 0.16 17 ms {miZEY(E] 4-byte topa - 0.36 |3.8 - 0.16 17 ms
8-byte tops - 038 |40 |- 017 |18 8-byte tops - 038 |40 |- 017 |18
16-byte top1e - 042 |45 |- 019 |20 16-byte top1e - 042 |45 |- 019 |20
Erasure time 64-byte tpeea - 3.1 18 - 1.7 10 ms 1EIRAYE] 64-byte toeea - 3.1 18 - 17 10 ms
128-byte tDE128 - 4.7 27 - 2.6 15 128—byte tDE128 - 4.7 27 - 2.6 15
256-byte tDE256 - 8.9 50 - 4.9 28 256-byte tDE256 - 8.9 50 - 4.9 28
Blank check time 4-byte toca - - 84 - - 30 s THGERE 4-byte toca - - 84 - - 30 s
Reprogramming/erasure cycle* NppPec 125000*2 |- - 125000*2 |- - - Reprogramming/erasure cycle* NppPec 125000*2 |- - 125000*2 |- - -
Suspend delay during | 4-byte tospD - - 264 - - 120 us RIZRRIRE(RIEIR 4-byte toseD - - 264 - - 120 us
programming 8-byte - - 264 |- - 120 8-byte - - 264 |- - 120
16-byte - - 264 - - 120 16-byte - - 264 - - 120
First suspend delay | 64-byte tpsesD1 - - 216 - - 120 s ?ﬁi@gg?ﬂ%aﬁ;ffﬁ 64-byte tpsesD1 - - 216 - - 120 s
during erasure in ARIBIM B — MR
suspend priority mode 128-byte 216 120 R 128-byte 216 120
256-byte - - 216 |- - 120 256-byte - - 216 |- - 120
Second suspend 64-byte tosesp2 |- - 300 - - 300 s H\%E%%’fﬁ?&{% & | 64-byte tosesp2 |- - 300 - - 300 s
. G B 25 = I AR TR
delay during erasure o7 o ; ; 390 |- - 390 HEEE M280yte - - 390 |- - 390
in suspend priority
mode 256-byte - - 570 - - 570 256-byte - - 570 - - 570
Suspend delay during | 64-byte tpsEED - - 300 - - 300 us g?ﬁ@ﬁ%g?&%ﬂ?@ 64-byte tpsEED - - 300 - - 300 us
ing i RER B E (E TR
erasing in erasure 128-byte - - 390 |- - 390 SR 128-byte ] - 390 |- - 390
priority mode
256-byte - - 570 - - 570 256-byte - - 570 - - 570
Forced stop command trp - - 32 - - 20 s BHEE LS trp - - 32 - - 20 us
Data hold time*3 torp 1084 |- - 10344 |- - Year HIBRIFET )3 torp 1084 |- - 10344 |- - Year
30*3.+4 - - 30*3.+4 - - Ta =+85°C 30%3.+4 - - 30%3.+4 - - Ta =+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 = 125000), Note 1. EFEERREAMEE TREOFRRE, ABMBERREMBANR (n=125000) B, SMRAIBIATNRIER, I, 2336
erasing can be performed n times for each block. For example, when 4-byte programming is performed 16 times for different 47T i%EPE’g;r\IﬂﬂtiiJk#Hﬂ ERAFTIRIZ, AREMREDRE, ENEEERERITN. B2, FTEREE—HutZREER
addresses in 64-byte blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However, — Rk RIEEE.
programming the same address several times as one erasure is not enabled. Overwriting is prohibited.
Note 2. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 Note 2. XREHMHRERRIEMBREENRELRE. RIEBEEEM FIRIME
to the minimum value.
Note 3. This indicates the minimum value of the characteristic when reprogramming is performed within the specified range. Note 3. XRIRIERRETBEANITEMRENFENR/IVE,
Note 4. This result is obtained from reliability testing. Note 4. XNEREMAIEENIXFIKREH.
s +
2.12 Boundary Scan 212 BLRPH
Table 2.40  Boundary scan characteristics (1 of 2) Table 2.40  AFRFARIFE(10f2)
Test it 5=
Parameter Symbol Min Typ Max Unit conditions Parameter Symbol Min Typ Max Unit
TCK clock cycle time trekeye 100 - - ns Figure 2.50 TCKBY 3 ] ERBY 8] trekeyo 100 - - ns Figure 2.50
TCK clock high pulse width trekH 45 - - ns TCKEYShS A B trekH 45 - - ns
TCK clock low pulse width trekL 45 - - ns TCKAYSMERK A B trekL 45 - - ns
TCK clock rise time trekr - - 5 ns TCKEY§h_EF+BY 8] trekr - - 5 ns
TCK clock fall time tres - - ns TCKBY $ T BB 8] tres - - ns
R01DS0375EU0100 Rev.1.00 RENESAS Page 59 of 69 R01DS0375EU0100 Rev.1.00 RENESAS H59T, HE9TM
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Table 2.40 Boundary scan characteristics (2 of 2)
Test
Parameter Symbol Min Typ Max Unit conditions
TMS setup time trmss 20 - - ns Figure 2.51
TMS hold time trmsH 20 - - ns
TDI setup time trois 20 - - ns
TDI hold time troiH 20 - - ns
TDO data delay troop - - 40 ns
Boundary scan circuit startup time*? TessTuP tRESWP - - - Figure 2.52

Note 1. Boundary scan does not function until the power-on reset becomes negative.

tTCKr:yc

A 4

<
<

trokn

TCK /

RA6T1 Datasheet

2. B

Figure 2.50 Boundary scan TCK timing
=/ N/ ./ \__
trvss trmsn
[
TMS *
trois trom
[
TDI >ﬂ%
troop
TDO ;
Figure 2.51 Boundary scan input/output timing
VCC 1
RES
) tessTup - Boundary scan -
= tReswp) execute
Figure 2.52 Boundary scan circuit startup timing
R01DS0375EU0100 Rev.1.00 -zEN ESNS Page 60 of 69
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Table 2.40  BFARIHIE(20f2)
Wit 5
Parameter Symbol Min Typ Max Unit
TMSIZ & B8] trmss 20 - - ns Figure 2.51
TMS{%}%EE”EH tTMSH 20 - - ns
TDIE_\_LET_”EH tTDIS 20 - - ns
TDIT%?%ET_“ETJ tTDlH 20 - - ns
TDO%&}EES\E tTDOD - - 40 ns
mﬁ?ﬂ#ﬁ EEE%E E)jE:_”Eﬂ*‘I TBSSTUP tRESWP - - - Figure 2.52
Note 1. TELBEMTANEZR, BRIEPETEER,
€ tTCKcyc »
trokn
TCK /
Figure 2.50 BRETCKEF
e 4/—\\_//—\_/—\;
trvss trmsn
[
T™MS i
trois trom
[
TDI i
troop
TDO ;
Figure 2.51 BRAERMANRHEFE
VCC 1
RES
T tesse OREAHERAG
(=trReswp)
Figure 2.52 BRARBREBNINF
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2.13  Joint Test Action Group (JTAG) 213 EBEX&MHIToIHUTAG)

Table 2.41 JTAG Table 2.41 JTAG

Test it 5=
Parameter Symbol Min Typ Max Unit conditions Parameter Symbol Min Typ Max Unit
TCK clock cycle time trekeye 40 - - ns Figure 2.50 TCKBY $h /] HA RS i8] trekeye 40 - - ns Figure 2.50
TCK clock high pulse width trekH 15 - - ns TCKES S A B E trexH 15 - - ns
TCK clock low pulse width treke 15 - - ns TCKBY R MEEAK A BT treke 15 - - ns
TCK clock rise time trekr - - 5 ns TCKBY$9_E Ft B8] trekr - - 5 ns
TCK clock fall time tres - - 5 ns TCKBY $ TP A ] trexs - - 5 ns
TMS setup time trmss 8 - - ns Figure 2.51 TMSIZ & B8] trmss 8 - - ns Figure 2.51
TMS hold time tTMSH 8 - - ns TMS{%*%ET_“E—J tTMSH 8 - - ns
TDI setup time trpis 8 - - ns TDIZR L BY &) trois 8 - - ns
TDI hold time trom 8 - - ns TDHRIEEY A trom 8 - - ns
TDO data delay time troop - - 20 ns TDO¥RIBREIR A 8] troop - - 20 ns
) trokeye N . trekeye R
tTCKH tTCKH
TCK / — treke —\— TCK / trexe —\—
e »| e troke le— treke
tTCKL tTCKL
Figure 2.53 JTAG TCK timing Figure 2.53 JTAG TCK timing
s 4/—\\_//—\_/—\_ s 4/—\\_//—\_/—\_
trss trmsh trss trmsh
D E—
™S ™S
trois trom trois trom
D EE—
TDI TDI
tTDOD tTDOD
DO D0
Figure 2.54 JTAG input/output timing Figure 2.54 JTAG input/output timing
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214  Serial Wire Debug (SWD)

RA6T1 Datasheet

2. B

Table 2.42 SWD
Test
Parameter Symbol Min Typ Max Unit conditions
SWCLK clock cycle time tswekeye 40 - - ns Figure 2.55
SWCLK clock high pulse width tswekH 15 - - ns
SWCLK clock low pulse width tswekL 15 - - ns
SWCLK clock rise time tswekr - - ns
SWCLK clock fall time tsweks - - 5 ns
SWDIO setup time tswos 8 - - ns Figure 2.56
SWDIO hold time tswpH 8 - - ns
SWDIO data delay time tswobp 2 - 28 ns
B tswekeye R
tswekn
SWCLK / l—\—
tswekL
Figure 2.55 SWD SWCLK timing
s [T\ \__
tSWDS tSWDH
SWDIO
(input)
, tswop ,
SWDIO
(output)
tswop >
SWDIO
(output)
P tswop >
SWDIO
(output)
Figure 2.56 SWD input/output timing
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214 &7 (SWD)

Table 2.42 SWD

Mk fF
Parameter Symbol Min Typ Max Unit
SWCLKHEY 5 /& HA R 8] tswekoye 40 - - ns Figure 2.55
SWCLKES B Rk 5L tswekH 15 - - ns
SWCLKN%WE&%W'&TE tSWCKL 15 - - ns
SWCLKETI%:PJ:H'ETij tSWCKr - - ns
SWCLKE?%*TE%HTJEH tSWCKf - - 5 ns
SWDIOi& &R 8] tswps 8 - - ns Figure 2.56
SWDIOfRF5HY 8] tswoH 8 - - ns
SWDIO¥R#E HE R Y /8] tswpp 2 - 28 ns
B tswekeye R
tswekH
SWCLK / _—\—
tswekL
Figure 2.55 SWD SWCLK timing
SWCLK / \ 7[—\—/—\—
tSWDS tSWDH
SWDIO
(input)
« tswop .
SWDIO
(output)
< tswop >
SWDIO
(output)
< tswop >
SWDIO
(output)
Figure 2.56 SWD input/output timing
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2.15 Embedded Trace Macro Interface (ETM)

RA6T1 Datasheet

2. B

2.15 WARBRERZREOETM)

Table 2.43 ETM
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Test

Parameter Symbol Min Typ Max Unit conditions

TCLK clock cycle time treikeye 33.3 - - ns Figure 2.57

TCLK clock high pulse width troLkH 13.6 - - ns

TCLK clock low pulse width trokL 13.6 - - ns

TCLK clock rise time trolkr - - 3 ns

TCLK clock fall time trouks - - 3 ns

TDATA[3:0] output setup time trrDs 3.5 - - ns Figure 2.58

TDATA[3:0] output hold time tTRDH 2.5 - - ns

P treLkeye -
treLku
€ troike
trewke
Figure 2.57 ETM TCLK timing
TCLK ZZ
>
trrRos trroH trros
TDATA[3:0]
Figure 2.58 ETM output timing
R01DS0375EU0100 Rev.1.00 RENESAS Page 63 of 69
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Table 2.43 ETM ‘ N
M. EPMNPFSEZ23MViR O IRBHEE Al S FE S W ah i o
Wik &

Parameter Symbol Min Typ Max Unit

TCLK B /E) HA B (&) treLKeye 333 - - ns Figure 2.57

TCLKEj%qJ%_Hi;EFEE tTCLKH 13.6 - - ns

TCLKE?%*E&H*)‘?%E tTCLKL 13.6 - - ns

TCLKETI%[FJ:%HTIW—'J tTCLKr - - 3 ns

TCLKES 8 T BB ] treLks - - 8 ns

TDATA[3:0]4) i 22 373 8] trRDS 35 - - ns Figure 2.58

TDATA[3O]5@H§IT%?§ETJ|EH tTRDH 2.5 - - ns

P treLkeye -
trokH
TCLK ’ tTCLKf l—\—
4 trcikr
troike
Figure 2.57 ETM TCLK timing
TCLK ZZ
trros trroH trros trRoH
TDATA[3:0]
Figure 2.58 ETMEE Bt
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Appendix 1.Package Dimensions

Information on the latest version of the package dimensions or mountings is shown in “Packages” on the Renesas

Electronics Corporation website.

JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g]
P-LFQFP100-14x14-0.50 PLQP0100KB-B — 0.6
Ho Unit: mm
*1 D
75 51
76 = =50
[== =) -]
o |
o =
o =
o =
[== =) -]
[== =) jum s}
[== =) jum s}
[== =) -]
[== =) -]
[== =) -
= =] w| £
[== =) - N
[= | = *
[~ -
[~ -
[~ -
[~ -
- —]
[~ jum s
o =
o =
A EEELLLEEE TN B
1 25
Index area NOTE4 NOTE)
NOTE 3 F 1. DIMENSIONS “*1” AND **2” DO NOT INCLUDE MOLD FLASH.
2. DIMENSION “*3” DOES NOT INCLUDE TRIM OFFSET.
3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
” / l \ LOCATED WITHIN THE HATCHED AREA.
\\ U m 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
Reference | Dimensions in millimeters
- [ y[s] *3 bp Symbol 1 Min | Nom | Max
(e[ @) D | 139 14.0 | 14.1

E 13.9 | 14.0 | 141

A2 — 1.4 —

Hp 15.8 | 16.0 | 16.2

He 16.8 | 16.0 | 16.2

o ] A — — | 17
< < o :
%:EB%W 1% A 005 — [o015
jj° bp | 015 | 020 | 0.27
< ) c |009| — |o020
N 2 0 0° | 35°| 8
1
Detail F (6] — 0.5 0;8
X — — .
y — | — | o008
Lp | 045 | 06 | 075
L+ — 10 | —
© 2015 Renesas Electronics Corporation. All rights reserved.
Figure 1.1 100-pin LQFP
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JEITABIKE3 RENESAS Code MASS (Typ) [g]
P-LFQFP100-14x14-0.50 PLQP0100KB-B 0.6
Ho Unit: mm
*1D
75 51
AAARAAAAARARAAAAAAAAAARAAR
76 = = 50
[== =) =
o s
o =
o =
o =
[== =) =
[== =) =
[== =) =
[== =) =
[== =) =
[== =) =
== = w| £
[== =) = N
[= | = *
[~ =
[~ =
[~ =
[~ =
=
[~ =
o =
o =
o s
100 = &:anG
! H\%%E 2 :“OTE“ LRI R OIEEN. 2RI REEMIBRE. 3PINT
— MR |IEERTBERBAIARE, BUAUTFHEEXEN, 415858
NOTE 3 F WMEARREN, RITTERKEAARR,
il JAR
L] i
sxme | RIUBKNE
@ E *sbp Min | Nom | Max
[&]x @) D | 13.9 | 14.0 | 141
E 13.9 | 14.0 | 14.1
Ao — 14| —
Hpo | 158 | 16.0 | 16.2
He | 15.8 | 16.0 | 16.2
o q A — | — | 17
<| < S
%ﬁf}j?’ A1 | 005| — | 015
jj“’ bp | 015 | 020 | 0.27
< c 009 | — |020
LLP 0 0° | 35° | 8
1
Detail F [e] — 0.5 0;8
X — — .
y — | — | o008
Lo | 045 | 06 | 0.75
L1 — 10 | —
©2015HFEBTF AT, MILFHE.
Figure 1.1 100-pin LQFP
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M1 EERST

JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g] JEITABL3E1XES RENESAS Code LARTB94KES MASS (Typ) [g]
P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3 P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3
Unit: mm Unit: mm
Hp Hp
*1 p *1 p
TRARRRARRARRRRRD IRARRRRARARRRRAE
49 ; i 32 49 ; i 32
=] -] =] -]
=] = =] =
o 1 | o 1 |
‘:::: :=E iN) w ‘:::: :=E W8] w
== = ~ T == = N T
= = = =
= = = =
o am | s o am | s
64 = = 64 = =
17 17
H/HHHHHHHHHHHHH ) H/HHHHHHHHHHHHH A
1 16 1 16
Index area NOTE 4 A3FSIX NOTE 4
NOTE 3
1. DIMENSIONS “*1” AND “*2” DO NOT INCLUDE MOLD FLASH. ATEFRS| hEEPTES BN TR, BaRIFREXEA. 415
2. DIMENSION **3” DOES NOT INCLUDE TRIM OFFSET. MERRALN, RYATEEANTE.
[l [ 1\ 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE [l [ 1
LOCATED WITHIN THE HATCHED AREA.
AVTS] N 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY. AVTS] N
y y
8 *3 bp Reference | Dimensions in millimeters 8 *3 bp BEBS PR R R
&x @ Symeol | \in | Nom | Max ¢]x @ Min | Nom | Max
D 9.9 10.0 | 101 D 9.9 10.0 | 101
E 9.9 10.0 | 101 E 9.9 10.0 | 101
A2 — 1.4 — A2 — 1.4 —
Hp 11.8 | 12.0 | 12.2 Hp 11.8 | 12.0 | 12.2
He 11.8 | 12.0 | 12.2 He 1.8 | 12.0 | 12.2
Te) Yo}
g \ 8 Al — ] —]17 g \ 8 Al — | —[17
< < o < < o
[ L h A1 | 005 — [o015 | L h A1 | 005 — |o015
- jjd’ bp | 0.15 | 0.20 | 0.27 - jj“’ bp | 015 | 0.20 | 0.27
< c 0.09 — 0.20 < c 0.09 — 0.20
Lo 0 0° | 35° | 8 Lo 0 0° | 35° | 8
Lq [ _ 05 | — L1 B _ 05 | —
Detail F X o o 0.08 Detail F X - - 0.08
y — — 0.08 y — — 0.08
Lp 0.45 0.6 | 0.75 Lp 0.45 0.6 | 0.75
L4 — 1.0 — L4 — 1.0 —
© 2015 Renesas Electronics Corporation. All rights reserved. ©2015EBF AT, WG,
Figure 1.2 64-pin LQFP Figure 1.2 64-pin LQFP
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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.
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. 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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	Features
	1. Overview
	1.1 Function Outline
	1.2 Block Diagram
	1.3 Part Numbering
	1.4 Function Comparison
	100
	64
	LQFP
	LQFP
	256 KB/512 KB
	8 KB
	64 KB
	64 KB
	120 MHz
	512 Bytes
	Yes
	8
	Yes
	Yes
	8
	4
	4
	3
	5
	4
	2
	Yes
	7
	2
	2
	1
	19
	10
	2
	6
	Yes
	Yes
	Yes
	SCE7

	1.5 Pin Functions
	1.6 Pin Assignments
	1.7 Pin Lists

	2. Electrical Characteristics
	2.1 Absolute Maximum Ratings
	Note 1. Ports P205, P206, P400, P401, P407 to P415, and P708 are 5 V tolerant.
	Note 2. Connect AVCC0 to VCC.
	Note 3. See section 2.2.1, Tj/Ta Definition.
	Note 4. Contact Renesas Electronics sales office for information on derating operation when Ta = +85°C to +105°C. Derating is the systematic reduction of load for improved reliability.

	2.2 DC Characteristics
	2.2.1 Tj/Ta Definition
	2.2.2 I/O VIH, VIL
	Note 1. SCL1_B, SDA1_B (total 2 pins).
	Note 2. SCL0_A, SDA0_A, SCL0_B, SDA0_B, SCL1_A, SDA1_A (total 6 pins).
	Note 3. RES and peripheral function pins associated with P205, P206, P400, P401, P407 to P415, P708 (total 15 pins).
	Note 4. All input pins except for the peripheral function pins already described in the table.
	Note 5. P205, P206, P400, P401, P407 to P415, P708 (total 14 pins).
	Note 6. All input pins except for the ports already described in the table.
	Note 7. When VCC is less than 2.7 V, the input voltage of 5 V-tolerant ports should be less than 3.6 V, otherwise breakdown may occur because 5 V-tolerant ports are electrically controlled so as not to violate the breakdown voltage.

	2.2.3 I/O IOH, IOL
	Note 1. This is the value when low driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving ability is retained in Deep Software Standby mode.
	Note 2. This is the value when middle driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving ability is retained in Deep Software Standby mode.
	Note 3. This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving ability is retained in Deep Software Standby mode.
	Note 4. Except for P000 to P007, P200, which are input ports.

	2.2.4 I/O VOH, VOL, and Other Characteristics
	Note 1. SCL0_A, SDA0_A (total 2 pins).
	Note 2. This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving ability is retained in Deep Software Standby mode.
	Note 3. P0nPFS.ASEL(n = 3 or 7) = 1
	Note 4. P0nPFS.ASEL(n = 3 or 7) = 0

	2.2.5 Operating and Standby Current
	Note 1. Supply current values are with all output pins unloaded and all input pull-up MOS transistors in the off state.
	Note 2. Measured with clocks supplied to the peripheral functions. This does not include the BGO operation.
	Note 3. ICC depends on f (ICLK) as follows. (ICLK:PCLKA:PCLKB:PCLKC:PCLKD = 2:2:1:1:2) ICC Max. = 0.53 x f + 23 (maximum operation in High-speed mode) ICC Typ. = 0.08 x f + 2.4 (normal operation in High-speed mode) ICC Typ. = 0.1 x f + 1.1 (Low-speed...
	Note 4. This does not include the BGO operation.
	Note 5. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
	Note 6. FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (3.75 MHz).
	Note 7. When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (12-bit A/D Converter 0 Module Stop bit) and MSTPCRD.MSTPD15 (12-bit A/D Converter 1 Module Stop bit) are in the module-stop state. See section 35.6.8, Available functions and re...
	Note 8. For more information on the DBSBYCR register, see section 11.2.11, Deep Software Standby Control Register (DPSBYCR) in User’s Manual.

	2.2.6 VCC Rise and Fall Gradient and Ripple Frequency
	Note 1. At boot mode, the reset from voltage monitor 0 is disabled regardless of the value of the OFS1.LVDAS bit.


	2.3 AC Characteristics
	2.3.1 Frequency
	Note 1. FCLK must run at a frequency of at least 4 MHz when programming or erasing the flash memory.
	Note 2. See section 9, Clock Generation Circuit in User’s Manual for the relationship between the ICLK, PCLKA, PCLKB, PCLKC, PCLKD, and FCLK frequencies.
	Note 3. When the ADC12 is used, the PCLKC frequency must be at least 1 MHz.
	Note 1. Programming or erasing the flash memory is disabled in Low-speed mode.
	Note 2. See section 9, Clock Generation Circuit in User’s Manual for the relationship between the ICLK, PCLKA, PCLKB, PCLKC, PCLKD, and FCLK frequencies.
	Note 3. When the ADC12 is used, the PCLKC frequency must be set to at least 1 MHz.
	Note 1. Programming or erasing the flash memory is disabled in Subosc-speed mode.
	Note 2. See section 9, Clock Generation Circuit in User’s Manual for the relationship between the ICLK, PCLKA, PCLKB, PCLKC, PCLKD, and FCLK frequencies.
	Note 3. The ADC12 cannot be used.

	2.3.2 Clock Timing
	Note 1. When setting up the main clock oscillator, 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...
	Note 2. This is the time from release from reset state until the HOCO oscillation frequency (fHOCO) reaches the range for guaranteed operation.
	Note 1. When setting up the sub-clock oscillator, ask the oscillator manufacturer for an oscillation evaluation and use the results as the recommended oscillation stabilization time.

	2.3.3 Reset Timing
	2.3.4 Wakeup Timing
	Note 1. The recovery time is determined by the system clock source. When multiple oscillators are active, the recovery time can be determined with the following equation: Total recovery time = recovery time for an oscillator as the system clock sourc...
	Note 2. When the frequency of the crystal is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h). For other settings (MOSCWTCR is set to Xh), the recovery time can be determined with the following equation: tSBYMC (MOSCWTCR ...
	Note 3. When the frequency of PLL is 240 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h). For other settings (MOSCWTCR is set to Xh), the recovery time can be determined with the following equation: tSBYMC (MOSCWTCR = Xh) =...
	Note 4. When the frequency of the external clock is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h). For other settings (MOSCWTCR is set to Xh), the recovery time can be determined with the following equation: tSBYMC (MO...
	Note 5. When the frequency of PLL is 240 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h). For other settings (MOSCWTCR is set to Xh), the recovery time can be determined with the following equation: tSBYMC (MOSCWTCR = Xh) =...
	Note 6. The HOCO frequency is 20 MHz.
	Note 7. The MOCO frequency is 8 MHz.
	Note 8. In Subosc-speed mode, the sub-clock oscillator or LOCO continues oscillating in Software Standby mode.
	Note 9. When the SNZCR.RXDREQEN bit is set to 0, the following time is added as the power supply recovery time: STCONR.STCON[1:0] = 00b:16 µs (typical), 34 µs (maximum) STCONR.STCON[1:0] = 11b:16 µs (typical), 104 µs (maximum).
	Note 10. When the SNZCR.RXDREQEN bit is set to 0, 16 μs (typical) or 18 μs (maximum) is added as the HOCO wait time.

	2.3.5 NMI and IRQ Noise Filter
	Note 1. tPcyc indicates the PCLKB cycle.
	Note 2. tNMICK indicates the cycle of the NMI digital filter sampling clock.
	Note 3. tIRQCK indicates the cycle of the IRQi digital filter sampling clock.

	2.3.6 I/O Ports, POEG, GPT32, AGT, KINT, and ADC12 Trigger Timing
	Note 1. This skew applies when the same driver I/O is used. If the I/O of the middle and high drivers is mixed, operation is not guaranteed.
	Note 2. The load is 30 pF.
	Note 3. Constraints on input cycle: When not switching the source clock: tPcyc × 2 < tACYC should be satisfied. When switching the source clock: tPcyc × 6 < tACYC should be satisfied.

	2.3.7 PWM Delay Generation Circuit Timing
	2.3.8 CAC Timing
	Note 1. tPBcyc: PCLKB cycle.
	Note 2. tcac: CAC count clock source cycle.

	2.3.9 SCI Timing
	Note 1. Cb indicates the total capacity of the bus line.

	2.3.10 SPI Timing
	Note 1. tPcyc: PCLKA cycle.
	Note 2. Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the SPI interface, the AC portion of the electrical characteristics is measured for each group.
	Note 3. N is set to an integer from 1 to 8 by the SPCKD register.
	Note 4. N is set to an integer from 1 to 8 by the SSLND register.

	2.3.11 IIC Timing
	Note 1. Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
	Note 2. Only supported for SCL0_A, SDA0_A.
	Note 3. Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the IIC interface, the AC portion of the electrical characteristics is measured for each group.
	Note 1. Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
	Note 2. Cb indicates the total capacity of the bus line.


	2.4 ADC12 Characteristics
	Note 1. The conversion time includes the sampling and comparison times. The number of sampling states is indicated for the test conditions.
	Note 2. Values in parentheses indicate the sampling time.
	Note 3. When simultaneously using channel-dedicated sample-and-hold circuits in unit 0 and unit 1, see Table 2.29.

	2.5 DAC12 Characteristics
	2.6 TSN Characteristics
	2.7 OSC Stop Detect Characteristics
	2.8 POR and LVD Characteristics
	Note 1. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels VPOR, Vdet1, and Vdet2 for POR and LVD.

	2.9 ACMPHS Characteristics
	2.10 PGA Characteristics
	2.11 Flash Memory Characteristics
	2.11.1 Code Flash Memory Characteristics
	Note 1. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to the minimum value.
	Note 2. This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.
	Note 3. This result is obtained from reliability testing.
	Note 4. The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times (n = 10000), erasing can be performed n times for each block. For example, when 128-byte programming is performed 64 times for diffe...

	2.11.2 Data Flash Memory Characteristics
	Note 1. The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times (n = 125000), erasing can be performed n times for each block. For example, when 4-byte programming is performed 16 times for differ...
	Note 2. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to the minimum value.
	Note 3. This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.
	Note 4. This result is obtained from reliability testing.


	2.12 Boundary Scan
	2.13 Joint Test Action Group (JTAG)
	2.14 Serial Wire Debug (SWD)
	2.15 Embedded Trace Macro Interface (ETM)
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