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High-performance 360 MHz Arm® Cortex®-M85 core with Helium™, 1 MB code flash memory with Dual-bank, background
and SWAP operation, 12 KB Data flash memory, and 544 KB SRAM with Parity. High-integration with Ethernet MAC
controller, USB 2.0 Full-Speed, CANFD, Octal SPI and advanced analog.

Features

® Arm® Cortex®-M85 core with Helium™

o Armv8.1-M architecture profile
o Armv8-M Security Extension
o Maximum operating frequency: 360 MHz
o Memory Protection Unit (Arm MPU)
— Protected Memory System Architecture (PMSAvVS)
— Secure MPU (MPU_S): 8 regions
— Non-secure MPU (MPU_NS): 8 regions
o SysTick timer
— Embeds two Systick timers: Secure and Non-secure instance
— Driven by CPUCLK or MOCO divided by 8

e CoreSight™ ETM-M85

m Memory

e | MB code flash memory
e 12 KB data flash memory (100,000 program/erase (P/E) cycles)
® 544 KB SRAM including 32 KB of TCM

m Connectivity

o Serial Communications Interface (SCI) X 6 , up to 60 Mbps
— Asynchronous interfaces
— 8 bit clock synchronous interface
— Smart card interface
— Simple IIC
— Simple SPI
— Manchester coding (SCIO)
— Simple LIN (SCI0, SCI1)

® I2C bus interface (IIC) x 2

o Serial Peripheral Interface (SPI) x 2, up to 60 Mbps
o Octal Serial Peripheral Interface (OSPI)

e USB 2.0 Full-Speed Module (USBES)

o CAN with Flexible Data-rate (CANFD) x 2

o Ethernet MAC/DMA Controller (ETHERC/EDMAC)
o Serial Sound Interface Enhanced (SSIE) x 2

m Analog

e 12-bit A/D Converter (ADC12) x 2

® 12-bit D/A Converter (DAC12)

e High-Speed Analog Comparator (ACMPHS) x 2
o Temperature Sensor (TSN)

m Timers

o General PWM Timer 32-bit (GPT32) x 6

o General PWM Timer 16-bit (GPT16) x 4

e [ ow Power Asynchronous General Purpose Timer (AGT) x 2
o Ultra-Low-Power Timer (ULPT) x 2

m Security and Encryption

o Renesas Secure [P (RSIP-ES1A)
— 128 bit unique ID

o Arm® TrustZone®
— Up to two or four regions for the code flash, depending on the
bank mode
— Up to two regions for the data flash
— Up to two regions for the SRAM
— Individual Secure or Non-secure security attribution for each
peripheral
e Privileged control
e Device lifecyle management
e Pin function
— Up to three tamper-resistant pins
— Secure pin multiplexing

m System and Power Management

e Low power modes

e Battery backup function (VBATT)

e Realtime Clock (RTC) with calendar and VBATT support

e Event Link Controller (ELC)

e Data Transfer Controller (DTC)

e DMA Controller (DMAC) x 8

e Power-on reset

e Programable Voltage Detection (PVD) with voltage settings

e Watchdog Timer (WDT)
o Independent Watchdog Timer (IWDT)

m Human Machine Interface (HMI)
o Capture Engine Unit (CEU)

m Multiple Clock Sources

® Main clock oscillator (MOSC) (8 to 48 MHz)

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

e High-speed on-chip oscillator (HOCO) (16/18/20/32/48 MHz)
e Middle-speed on-chip oscillator (MOCO) (8 MHz)

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

e Clock trim function for HOCO/MOCO/LOCO

e PLLI/PLL2

o Clock out support

m General-Purpose 1/O Ports
® 5-V tolerance, open drain, input pull-up, switchable driving ability

m Operating Voltage

e VCC:1.68t03.6 V
e VCC2:1.65t03.6 V

m Operating Junction Temperature and Packages
e Tj=-40°C to +105°C
— 100-pin LQFP (14 mm % 14 mm, 0.5 mm pitch)
— 144-pin LQFP (20 mm % 20 mm, 0.5 mm pitch)
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RAB8E1 Datasheet

1. Overview

1. Overview

The MCU integrates multiple series of software-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®-M85 core with Helium™running up to 360 MHz

with the following features:

e | MB code flash memory

e 544 KB SRAM (32 KB of TCM RAM, 512 KB of user SRAM)
e Octal Serial Peripheral Interface (OSPI)
e Ethernet MAC Controller (ETHERC), USBFS

e Analog peripherals

e Security and safety features

1.1 Function Outline

Table 1.1 Arm core

Feature

Functional description

Arm® Cortex®-M85 core

Maximum operating frequency: up to 360 MHz
Arm® Cortex®-M85 core
— Revision: (rOp2-00rel0)
— ARMvV8.1-M architecture profile
— Armv8-M Security Extension
— Floating Point Unit (FPU) compliant with the ANSI/IEEE Std 754-2008
Scalar half, single, and double-precision floating-point operation
— M-profile Vector Extension (MVE)
Integer, half-precision, and single-precision floating-point MVE (MVE-F)
— Helium™ technology is M-profile Vector Extension (MVE)
Arm® Memory Protection Unit (Arm MPU)
— Protected Memory System Architecture (PMSAV8)
— Secure MPU (MPU_S): 8 regions
— Non-secure MPU (MPU_NS): 8 regions

e SysTick timer

— Embeds two Systick timers: Secure instance (SysTick_S) and Non-secure instance

(SysTick_NS)

— Driven by CPUCLK or MOCO divided by 8

e CoreSight™ ETM-M85

Table 1.2 Memory

Feature

Functional description

Code flash memory

1 MB of code flash memory.

Data flash memory

12 KB of data flash memory.

Option-setting memory

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

SRAM

On-chip high-speed SRAM with parity bit.

Standby SRAM

On-chip SRAM that can retain data in Deep Software Standby mode 1.

Table 1.3 System (1 of 2)

Feature

Functional description

Operating modes

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

Resets

This MCU provides 13 types of reset.
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Table 1.3 System (2 of 2)

Feature

Functional description

Programable Voltage Detection (PVD)

The Programable Voltage Detection (PVD) module monitors the voltage level input to the VCC
pin. The detection level can be selected by register settings. The PVD module consists of three
separate voltage level detectors (PVDO, PVD1, PVD2). PVDO, PVD1, and PVD2 measure the
voltage level input to the VCC pin. PVD registers allow your application to configure detection of
VCC changes at various voltage thresholds.

Clocks

Main clock oscillator (MOSC)

Sub-clock oscillator (SOSC)

High-speed on-chip oscillator (HOCO)
Middle-speed on-chip oscillator (MOCQO)
Low-speed on-chip oscillator (LOCO)
PLL1/PLL2

Clock out support

Clock Frequency Accuracy
Measurement Circuit (CAC)

The Clock Frequency Accuracy Measurement Circuit (CAC) counts pulses of the clock to

be measured (measurement target clock) within the time generated by the clock selected

as the measurement reference (measurement reference clock), and determines the accuracy
depending on whether the number of pulses is within the allowable range. When measurement
is complete or the number of pulses within the time generated by the measurement reference
clock is not within the allowable range, an interrupt request is generated.

Interrupt Controller Unit (ICU)

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

Low power modes

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

Battery backup function

A battery backup function is provided for partial powering by a battery. The battery-powered
area includes the RTC, SOSC, backup register, tamper detection and VBATT_R voltage drop
detection and switch between VCC and VBATT.

Register write protection

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

Memory Protection Unit (MPU)

All bus masters have Memory Protection Units (MPUs).

Table 1.4 Event link

Feature

Functional description

Event Link Controller (ELC)

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

Table 1.5

Direct memory access

Feature

Functional description

Data Transfer Controller (DTC)

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

DMA Controller (DMAC)

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

Table 1.6

External bus interface

Feature

Functional description

External buses

e OSPI area (EOBI): Connected to the OSPI (external device interface)

Table 1.7 Timers (1 of 2)

Feature

Functional description

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with GPT32 x 6 channels and a 16-bit timer with
GPT16 x 4 channels. PWM waveforms can be generated by controlling the up-counter, down-
counter, or the up- and down-counter. The GPT can also be used as a general-purpose timer.
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Table 1.7 Timers (2 of 2)

Feature

Functional description

Port Output Enable for GPT (POEG)

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

Low Power Asynchronous General
Purpose Timer (AGT)

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

Ultra-Low-Power Timer (ULPT)

The Ultra-Low-Power Timer (ULPT) is a 32-bit timer which can be used for outputting pulses or
counting external events. This 32-bit timer consists of reload registers and a down-counter. The
reload registers and the down-counter are allocated to the same address and can be accessed
through the ULPTCNT register.

Realtime Clock (RTC)

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

Watchdog Timer (WDT)

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

Independent Watchdog Timer (IWDT)

The Independent Watchdog Timer (IWDT) has a 14-bit down-counter, which resets the MCU

by a reset output when the down-counter underflows. Alternatively, generation of an interrupt
request when the counter underflows can be selected. This enables detection of a program
runaway taking the refresh interval into account. The IWDT has two start modes: auto start
mode, in which counting automatically starts after release from the reset state, and register start
mode, in which counting is started by refreshing (writing to a specific register).

Table 1.8

Communication interfaces (1 of 2)

Feature

Functional description

Serial Communications Interface (SCI)

The Serial Communications Interface (SCI) x 6 channels have asynchronous and synchronous
serial interfaces:

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

e Simple LIN interface
The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and
transmission protocol. All channels have FIFO buffers to enable continuous and full-duplex
communication, and the data transfer speed can be configured independently using an on-chip
baud rate generator.
The maximum rate supported on this MCU. Refer to the electrical characteristics for the actual
rate.

I2C Bus interface (lIC)

The 12C Bus interface (IIC) has 2 channels. The 1IC module conforms with and provides a subset
of the NXP I12C (Inter-Integrated Circuit) bus interface functions.

Serial Peripheral Interface (SPI)

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

The maximum rate supported on this MCU. Refer to the electrical characteristics for the actual
rate.

Control Area Network with Flexible
Data-Rate Module (CANFD)

The CAN with Flexible Data-Rate (CANFD) module can handle classical CAN frames and
CANFD frames complied with ISO 11898-1 standard.
The module supports 4 transmit buffers per channel and 16 receive buffers per channel.

USB 2.0 Full-Speed module (USBFS)

The USB 2.0 Full-Speed module (USBFS) can operate as a host controller or device controller.
The module supports full-speed and low-speed (host controller only) transfer as defined in
Universal Serial Bus Specification 2.0. The module has an internal USB transceiver and supports
all of the transfer types defined in Universal Serial Bus Specification 2.0. The USB has buffer
memory for data transfer, providing a maximum of 10 pipes. Pipes 1 to 9 can be assigned any
endpoint number based on the peripheral devices used for communication or based on your
system.
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Table 1.8

Communication interfaces (2 of 2)

Feature

Functional description

Octal Serial Peripheral Interface (OSPI)

The Octal Serial Peripheral Interface (OSPI) is a memory controller that supports EXpanded
Serial Peripheral Interface (xSPI) (JEDEC Standard JESD251, JESD251-1 and JESD252) . The
OSPI supports 1-bit, 2-bit, 4-bit and 8-bit protocols.

JESD251 specifies two interface profiles where profile 1.0 is Octal SPI and profile 2.0 is
HyperBus™ (HyperRAM™ and HyperFlash™ ).

OSPI supports QSPI protocol.

Serial Sound Interface Enhanced (SSIE)

The Serial Sound Interface Enhanced (SSIE) peripheral provides functionality to interface with
digital audio devices for transmitting 12S/Monaural/TDM audio data over a serial bus. The SSIE
supports an audio clock frequency of up to 50 MHz, and can be operated as a slave or master
receiver, transmitter, or transceiver to suit various applications. The SSIE includes 32-stage FIFO
buffers in the receiver and transmitter, and supports interrupts and DMA-driven data reception
and transmission.

Ethernet Controller (ETHERC)

One-channel Ethernet Controller (ETHERC) compliant with the Ethernet/IEEE802.3 Media
Access Control (MAC) layer protocol. An ETHERC channel provides one channel of the MAC
layer interface, connecting the MCU to the physical layer LSI (PHY-LSI) that allows transmission
and reception of frames compliant with the Ethernet and IEEE802.3 standards. The ETHERC is
connected to the Ethernet DMA Controller (EDMAC) so data can be transferred without using the
CPU.

Table 1.9 Analog

Feature

Functional description

12-bit A/D Converter (ADC12)

A 12-bit successive approximation A/D Converter is provided. Up to 13 analog input channels
are selectable. Temperature sensor output, and internal reference voltage and VBATT 1/3
voltage monitor are selectable for conversion.

12-bit D/A Converter (DAC12)

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

Temperature Sensor (TSN)

The on-chip Temperature Sensor (TSN) determines and monitors the die temperature for
reliable operation of the device. The sensor outputs a voltage directly proportional to the die
temperature, and the relationship between the die temperature and the output voltage is fairly
linear. The output voltage is provided to the ADC12 for conversion and can be further used by
the end application.

High-Speed Analog Comparator
(ACMPHS)

The High-Speed Analog Comparator (ACMPHS) can be used to compare an analog input
voltage with a reference voltage and to provide a digital output based on the result of conversion.
Both the analog input voltage and the reference voltage can be provided to the ACMPHS from
internal sources (D/A converter output or internal reference voltage) and an external source.
Such flexibility is useful in applications that require go/no-go comparisons to be performed
between analog signals without necessarily requiring A/D conversion.

Table 1.10 Human machine inte

rfaces

Feature

Functional description

Capture Engine Unit (CEU)

The Capture Engine Unit (CEU) is a capture module that fetches image data externally input and
transfers it to the memory.

Table 1.11 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-generation 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.

Data Operation Circuit (DOC)

The Data Operation Circuit (DOC) compares, adds, and subtracts 32-bits data. When a selected
condition applies, 32-bit data is compared and an interrupt can be generated.
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Table 1.12 Security

Feature

Functional description

Security function

ARMvV8-M TrustZone security
Privileged control

Device lifecycle management
Authentication Level (AL)

Key injection

Secure pin multiplexing

VBATT backup registers zeroization
Secure boot

Secure factory programming

Renesas Secure IP (RSIP-E51A)

128-bit true random number generation circuit
256-bit Hardware Unique Key (HUK)
128-bit unique ID
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1.2

Block Diagram

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

features.
Memory Bus Arm® Cortex®-M85 System
| 1 MB code flash | | MPU | | DSP | | FPU | | POR/PVD | Clocks
12 KB data flash Mosc/sosc
| IDAU | \—‘
(H/MIL) OCO
544 KB SRAM
| MPU |
1 KB Standby | Mode control | PLL1/PLL2 |
SRAM
| NVIC |
| Power control | CAC |
DMA | System timer |
| ICU | Battery backup
| Test and DBG interface |
Register write
DMAC % 8 protection
Timers Communication interfaces Human machine interfaces
GPT32x6 | SCIx6 || IIC x 2 | CEU
GPT16 x 4
AGT x 2 OSPI CANFD x 2
ULPT x 2 | SPIx 2 | | USBFS |
RTC
| SSIE x 2 | | ETHERC |
WDT/IWDT
Event link Security Data processing Analog
ELC RSIP-E51A CRC | ADC12 x 2 | | DAC12 |
DOC | ACMPHS x 2 | | TSN |
Note:  Not available on all part numbers.
Figure 1.1 Block diagram
1.3 Part Numbering

Figure 1.2 shows the product part number information, including memory capacity and package type. Table 1.13 shows a

list of products.
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R7

Production identification code

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

Packing

A: Tray (Bulk)

B: Tray (Full carton)
U: Tray (Full tray)
H: Tape & Reel

Package type
FB: LQFP 144 pins
FP: LQFP 100 pins

Quality Grade

Operating junction temperature
D:-40°C to 105°C

Code flash memory size
F:1MB

Feature set
Group number

Application
Performance

RA family

Flash memory

Renesas microcontroller

Figure 1.2 Part numbering scheme
Table 1.13 Product list
Data Operating junction
Product part number Package code Code flash flash SRAM temperature
R7FA8SE1AFDCFB PLQP0144KA-B 1 MB 12 KB 544 KB -40 to +105°C
R7FA8BE1AFDCFP PLQP0100KP-A
R01DS0455EJ0100 Rev.1.00 RENESAS Page 8 of 134
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14 Function Comparison

Table 1.14 Function Comparison
Parts number R7FASE1AFDCFB R7FASE1AFDCFP
Pin count 144 100
Package LQFP
1/O Port 106 70
Code flash memory 1 MB
Data flash memory 12 KB
TCM 32 KB
I/D Caches 32 KB
SRAM Parity 512 KB
Standby SRAM 1KB
DMA DTC Yes
DMAC 8
System CPU clock 360 MHz (max.)
CPU clock sources MOSC, SOSC, HOCO, MOCO, PLL1P
CAC Yes
WDT/IWDT Yes
Backup register 128 B
Communication SCI 6
Ic 2
SPI 2
CANFD 2
USBFS Yes
OSPI Yes
SSIE 2 1
ETHERC Yes
Timers GPT32"1 6
GPT16™ 4
AGT™ 2
ULPT" 2
RTC Yes
Analog ADC12 Unit 0: 8 Unit 0: 6
Unit1: 5 Unit1: 5
DAC12 1
ACMPHS 2
TSN Yes
HMI CEU Yes No
Data processing CRC Yes
DOC Yes
Event control ELC Yes

Security

RSIP-E51A, Secure Debug, TrustZone, and Lifecycle management

Note 1. Available pins depend on the Pin count. For details, see section 1.7. Pin Lists.
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1.5 Pin Functions

Table 1.15 Pin functions (1 of 5)

Function Signal 110 Description

Power supply VCC, VCC2 Input Power supply pin. Connect it to the system power supply. Connect
this pin to VSS by a 0.1-uyF capacitor. The capacitor should be
placed close to the pin.

VCC_DCDC Input Switching regulator power supply pin.

VLO 110 Switching regulator pin.

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

VBATT Input Battery Backup power pin

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

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

EXTAL Input

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

XCOUT Output

EXCIN Input External sub-clock input

CLKOUT Output Clock output pin

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

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

CAC CACREF Input Measurement reference clock input pin

On-chip emulator TMS Input On-chip emulator or boundary scan pins

TDI Input

TCK Input

TDO Output

TCLK Output Output clock for synchronization with the trace data

TDATAO to TDATA3 Output Trace data output

SWO Output Serial wire trace output pin

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

SWCLK Input Serial wire clock pin

Interrupt NMI Input Non-maskable interrupt request pin

IRQN Input Maskable interrupt request pins

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

GPT GTETRGA, GTETRGB, Input External trigger input pins

GTETRGC, GTETRGD

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

GTADSMO, GTADSM1 Output A/D conversion start request monitoring output pins
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Table 1.15 Pin functions (2 of 5)
Function Signal 110 Description
AGT AGTEEN Input External event input enable signals

AGTIOn 1/0 External event input and pulse output pins

AGTOn Output Pulse output pins

AGTOAN Output Output compare match A output pins

AGTOBnN Output Output compare match B output pins

ULPT ULPTEEN Input External count control input

ULPTEVIn Input External event input

ULPTOn Output Pulse output

ULPTOAN Output Output compare match A output

ULPTOBN Output Output compare match B output

ULPTEEN-DS Input External count control input that can also be used in Deep Software
Standby mode1

ULPTEVIn-DS Input External event input that can also be used in Deep Software
Standby mode1

ULPTON-DS Output Pulse output that can also be used in Deep Software Standby
mode1

ULPTOAN-DS Output Output compare match A output that can also be used in Deep
Software Standby mode1

ULPTOBN-DS Output Output compare match B output that can also be used in Deep
Software Standby mode1

RTC RTCOUT Output Output pin for 1-Hz or 64-Hz clock
RTCICn Input Time capture event input pins
SClI SCKn 1/0 Input/output pins for the clock (clock synchronous mode)

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

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

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

CTSn Input Input for the start of transmission.

DEn Output Driver enable signal for RS-485

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

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

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

MISOn 110 Input/output pins for slave transmission of data (simple SPI mode)

MOSIn 1/0 Input/output pins for master transmission of data (simple SPI mode)

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

lIc SCLn 1/0 Input/output pins for the clock
SDANn 1/0 Input/output pins for data
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Table 1.15 Pin functions (3 of 5)
Function Signal 110 Description
SPI RSPCKA, RSPCKB 1/0 Clock input/output pin
MOSIA, MOSIB 1/0 Input or output pins for data output from the master
MISOA, MISOB 1/0 Input or output pins for data output from the slave
SSLAO, SSLBO 1/0 Input or output pin for slave selection
SSLA1 to SSLA3, SSLB1 | Output Output pins for slave selection
to SSLB3
CANFD CRXn Input Receive data
CTXn Output Transmit data
USBFS VCC_USB Input Power supply pin
VSS_USB Input Ground pin
USB_DP 1/0 D+ pin of the USB on-chip transceiver. Connect this pin to the D+
pin of the USB bus.
USB_DM 1/0 D- pin of the USB on-chip transceiver. Connect this pin to the D- pin
of the USB bus.
USB_VBUS Input USB cable connection monitor pin. Connect this pin to VBUS of the
USB bus. The VBUS pin status (connected or disconnected) can be
detected when the USB module is operating as a function controller.
USB_EXICEN Output Low-power control signal for external power supply (OTG) chip
USB_VBUSEN Output VBUS (5 V) supply enable signal for external power supply chip
USB_OVRCURA, Input Connect the external overcurrent detection signals to these pins.
USB_OVRCURB Connect the VBUS comparator signals to these pins when the OTG
power supply chip is connected.
USB_OVRCURA-DS, Input Overcurrent pins for USBFS that can also be used in Deep Software
USB_OVRCURB-DS Standby mode1.
Connect the external overcurrent detection signals to these pins.
Connect the VBUS comparator signals to these pins when the OTG
power supply chip is connected.
USB_ID Input Connect the MicroAB connector ID input signal to this pin during
operation in OTG mode
OSPI OM_SCLK Output Clock output (OCTACLK divided by 2)
OM_SCLKN Output Inverted clock output (OCTACLK divided by 2)
OM_CSn Output Chip select signal for an OctaFlash device, active-low
OM_DQsS 110 Read data strobe/write data mask signal
OM_SIOn 1/0 Data input/output
OM_RESET Output Reset signal for both slave devices, active-low
OM_ECSINT1 Input Error Correction Status and Interrupt for slave1
OM_RSTO1 Input Slave reset status for slave1
OM_WP1 Output Write Protect for slave1, active-low
SSIE SSIBCKO, SSIBCK1 110 SSIE serial bit clock pins
SSILRCKO/SSIFS0, 1/0 LR clock/frame synchronization pins
SSILRCK1/SSIFS1
SSITXDO Output Serial data output pin
SSIRXDO Input Serial data input pin
SSIDATA1 1/0 Serial data input/output pins
AUDIO_CLK Input External clock pin for audio (input oversampling clock)
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RA8E1 Datasheet

1. Overview

Table 1.15 Pin functions (4 of 5)
Function Signal 110 Description
ETHERC REF50CKO Input 50-MHz reference clock. This pin inputs reference signal for
transmission/reception timing in RMII mode.
RMII0O_CRS_DV Input Indicates carrier detection signals and valid receive data on
RMII0_RXD1 and RMII0_RXDO in RMIl mode
RMIIO_TXDn Output 2-bit transmit data in RMIl mode
RMII0_RXDn Input 2-bit receive data in RMII mode
RMIIO_TXD_EN Output Output pin for data transmit enable signal in RMII mode
RMIIO_RX_ER Input Indicates an error occurred during reception of data in RMII mode
ETO_CRS Input Carrier detection/data reception enable signal
ETO_RX_DV Input Indicates valid receive data on ETO_ERXD3 to ETO_ERXDO
ETO_EXOUT Output General-purpose external output pin
ETO_LINKSTA Input Input link status from the PHY-LSI
ETO_ETXDn Output 4 bits of MIl transmit data
ETO_ERXDn Input 4 bits of Ml receive data
ETO_TX_EN Output Transmit enable signal. Functions as signal indicating that transmit
data is ready on ETO_ETXD3 to ETO_ETXDO.
ETO_TX_ER Output Transmit error pin. Functions as signal notifying the PHY_LSI of an
error during transmission.
ETO_RX_ER Output Receive error pin. Functions as signal to recognize an error during
reception.
ETO_TX_CLK Input Transmit clock pin. This pin inputs reference signal for output timing
from ETO_TX_EN, ETO_ETXD3 to ETO_ETXDO, and ETO_TX_ER.
ETO_RX_CLK Input Receive clock pin. This pin inputs reference signal for input timing to
ETO_RX_DV, ETO_ERXD3 to ETO_ERXDO, and ETO_RX_ER.
ETO_COL Input Input collision detection signal
ETO_WOL Output Receive Magic packets
ETO_MDC Output Output reference clock signal for information transfer through
ETO_MDIO
ETO_MDIO 1/0 Input or output bidirectional signal for exchange of management
data with PHY-LSI
Analog power supply AVCCO Input Analog voltage supply pin. This is used as the analog power supply
for the respective modules.
AVSSO Input Analog ground pin. This is used as the analog ground for the
respective modules. Supply this pin with the same voltage as the
VSS pin.
VREFH Input Analog reference voltage supply pin for the ADC12 (unit 1) and D/A
Converter. Connect this pin to AVCCO when not using the ADC12
(unit 1) and D/A Converter.
VREFL Input Analog reference ground pin for the ADC12 and D/A Converter.
Connect this pin to AVSS0 when not using the ADC12 (unit 1) and
D/A Converter.
VREFHO Input Analog reference voltage supply pin for the ADC12 (unit 0). Connect
this pin to AVCCO when not using the ADC12 (unit 0).
VREFLO Input Analog reference ground pin for the ADC12. Connect this pin to
AVSSO0 when not using the ADC12 (unit 0).
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RA8E1 Datasheet

1. Overview

Table 1.15 Pin functions (5 of 5)
Function Signal 110 Description
ADC12 ANmMn Input Input pins for the analog signals to be processed by the A/D
converter.
(m: ADC unit number, n: pin number)
ADTRGm Input Input pins for the external trigger signals that start the A/D
conversion, active-low.
DAC12 DAO Output Output pin for the analog signals processed by the D/A converter.
ACMPHS VCOUT Output Comparator output pin
IVREFNn Input Reference voltage input pins for comparator
IVCMPn Input Analog voltage input pins for comparator
1/O ports Pmn 1/0 General-purpose input/output pins
(m: port number, n: pin number)
P200 Input General-purpose input pin
CEU VIO_D7 to VIO_DO Input CEU data bus pins
VIO_CLK Input CEU clock pin
VIO_VD Input CEU vertical sync pin
VIO_HD Input CEU horizontal sync pin
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RAB8E1 Datasheet 1. Overview

1.6 Pin Assignments

The following figures show the pin assignments from the top view.
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Figure 1.3 Pin assignment for LQFP 144-pin
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Figure 1.4

Pin assignment for LQFP 100-pin
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RAB8E1 Datasheet 1. Overview
1.7 Pin Lists
Table 1.16 Pin list (1 of 4)
< (=3
< =]
| &
% 3 Power, System, Clock, ADC12/DAC12/
] ' Debug, CAC /0 ports | Ex. Interrupt | SCI/IIC/SPI/CANFD/USBFS/OSPI/SSIE/EHTERC(MII,RMII) GPT/AGT/ULPT/RTC ACMPHS CEU
1 1 - P400 IRQO TXD1_A/MOSI1_A/SDA1_A/AUDIO_CLK/ETO_WOL/ AGTIO1 ADTRG1 VIO_DO
ETO_WOL
2 2 - P401 IRQ5-DS RXD1_A/MISO1_A/SCL1_A/CTX0/ETO_MDC/ETO_MDC GTETRGA - VIO_D1
3 3 CACREF P402 IRQ4-DS SCK1_A/DE1/CRX0/AUDIO_CLK/ETO_MDIO/ETO_MDIO RTCICO - -
4 4 - P403 IRQ14-DS CTS_RTS4_A/SS4_A/DE1/SSIBCKO_A/ETO_LINKSTA/ GTIOC3A/RTCIC1 - -
ETO_LINKSTA
5 5 - P404 IRQ15-DS CTS1_A/SSILRCKO/SSIFSO_A/ETO_EXOUT/ETO_EXOUT GTIOC3B/RTCIC2 - VIO_D3
6 6 - P405 - SCK2_B/DE2/SSITXDO_A/ETO_TX_EN/RMIIO_TXD_EN_B | GTIOC1A/AGTIO1 - VIO_D2
7 7 EXCIN P406 - TXD2_B/MOSI2_B/SDA2_B/SSLA3_C/SSIRXDO_A/ GTIOC1B - VIO_D3
ETO_RX_ER/RMII0_TXD1_B
8 - - P700 - RXD2_B/MISO2_B/SCL2_B/MISOA_C/SSIDATA1_B/ GTIOC5A - VIO_D4
ETO_ETXD1/RMII0O_TXD0_B
9 - - P701 - CTS_RTS2_B/SS2_B/DE2/MOSIA_C/SSILRCK1/SSIFS1_B/ | GTIOC5B/ULPTO1 - VIO_D5
ETO_ETXDO/REF50CK0_B
10 - - P702 - CTS2_B/RSPCKA_C/SSIBCK1_B/ETO_ERXD1/ ULPTOO - VIO_D6
RMIIO_RXDO_B
" - - P703 - SSLAO_C/ETO_ERXDO/RMIIO_RXD1_B AGTO1 VCOUT VIO_D7
12 - - P704 - SSLA1_C/CTX0/ETO_RX_CLK/RMIIO_RX_ER_B GTADSMO/AGTO0 - -
13 - - P705 - CTS1_B/SSLA2_C/CRX0/ET0_CRS/RMII0_CRS_DV_B GTADSM1/AGTIO0 - -
14 8 VBATT - - - - - -
15 9 VCL - - - - - -
16 10 XCIN - - - - - -
17 1 Xcout - - - - - -
18 12 VSS - - - - - -
19 13 XTAL P213 IRQ2 TXD1_C/MOSI1_C/SDA1_C GTETRGC/GTIOCO0A/ ADTRG1 -
ULPTEEO
20 14 EXTAL P212 IRQ3 RXD1_C/MISO1_C/SCL1_C GTETRGD/GTIOCOB/ - -
AGTEE1
21 15 VvCC - - - - - -
22 - - P713 - - GTIOC2A/AGTOAO - -
23 - - P712 - - GTIOC2B/AGTOBO - -
24 - - P711 - - AGTEEO - -
25 - - P710 - CTS4_B - - VIO_VD
26 - - P709 IRQ10 CTS_RTS4_B/SS4_B/DE4 - - VIO_HD
27 16 CACREF P708 IRQ11 SCK4_B/DE4/SSLB3_B/AUDIO_CLK - - VIO_CLK
28 17 - P415 IRQ8 TXD4_B/MOSI4_B/SDA4_B/SSLB2_B/CTX1 GTADSMO/GTIOCOA - -
29 18 - P414 IRQ9 RXD4_B/MISO4_B/SCL4_B/SSLB1_B/CRX1 GTADSM1/GTIOCOB - -
30 19 - P413 - SSLBO_B ULPTEE1 - -
31 20 - P412 - CTS3_A/RSPCKB_B/USB_EXICEN AGTEE1 - -
32 21 - P411 IRQ4 CTS_RTS3_A/SS3_A/DE3/MOSIB_B/USB_ID AGTOA1 - -
33 22 - P410 IRQ5 SCK3_A/DE3/SCLO_A/MISOB_B/USB_OVRCURB-DS AGTOB1 - -
34 23 - P409 IRQ6 TXD3_A/MOSI3_A/SDA3_A/SDAO0_A/USB_OVRCURA-DS ULPTOAO - -
35 24 - P408 IRQ7 CTS4_A/RXD3_A/MISO3_A/SCL3_A/SCLO_B/ GTIOC10A/ULPTOBO - -
USB_VBUSEN
36 25 - P407 - CTS_RTS4_A/SS4_A/DE4/SDA0_B/SSLA3_A/USB_VBUS GTIOC10B/AGTIOO0/ ADTRGO -
RTCOUT
37 26 VSS_USB - - - - - -
38 27 - P815 - CTX0/UsSB_DM - - -
39 28 - P814 - CRX0/USB_DP - - -
40 |29 |vcc_usB - - - - - -
41 30 - P206 IRQ0-DS RXD4_A/MISO4_A/SCL4_A/SDA1_B/SSLA2_A/ - - -
USB_VBUSEN/SSIDATA1_A
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RAB8E1 Datasheet

1. Overview

Table 1.16 Pin list (2 of 4)
3|8
% g Power, System, Clock, ADC12/DAC12/
pur| = | Debug, CAC 1/0 ports | Ex. Interrupt | SCI/IIC/SPI/CANFD/USBFS/OSPI/SSIE/EHTERC(MIL,RMII) | GPT/AGT/ULPT/RTC ACMPHS CEU
42 31 CLKOUT P205 IRQ1-DS TXD4_A/MOSI4_A/SDA4_A/SCL1_B/ISSLA1_A/ GTIOC4A/AGTO1 -
USB_OVRCURA/SSILRCK1/SSIFS1_A
43 - CACREF P204 - SCK4_A/DE4/SSLAO_A/USB_OVRCURB/SSIBCK1_A GTIOC4B/AGTIO1 -
44 - - P203 IRQ2-DS RSPCKA_A/CTX0 GTIOC5A/ULPTOA1 -
45 - - P202 IRQ3-DS MOSIA_A/CRX0 GTIOC5B/ULPTOB1 -
46 - - P313 - CTS3_C/MISOA_A - -
47 - VSs - - - - -
48 - vcec - - - - -
49 32 VCL - - - - -
50 33 TCK/SWCLK P211 - SCK9_B/DE9 GTIOCOA -
51 34 TMS/SWDIO P210 - CTS_RTS9_B/SS9_B/DE9 GTIOC0B -
52 35 TDO/SWO/CLKOUT P209 - TXD9_B/MOSI9_B/SDA9_B/CTX1 GTIOC1A -
53 36 TDI P208 IRQ3 RXD9_B/MISO9_B/SCL9_B/CRX1 GTIOC1B -
54 37 RES - - - - -
55 38 MD P201 - - - -
56 39 - P200 NMI - - -
57 - - P905 IRQ8 CTS3_B - -
58 - - P312 - CTS_RTS3_B/SS3_B/DE3/CTX0/ETO_TX_CLK GTADSMO/AGTOA1 -
59 - - P311 - SCK3_B/DE3/CRX0/ETO_TX_ER GTADSM1/AGTOB1 -
60 - - P310 - TXD3_B/MOSI3_B/SDA3_B/ET0_ETXD2 AGTEE1 -
61 - - P309 - RXD3_B/MISO3_B/SCL3_B/ET0_ETXD3 - -
62 40 TCLK P308 - CTS9_B/ETO_MDC/ETO_MDC ULPTOB1 -
63 41 TDATAO P307 - ETO_MDIO/ETO_MDIO ULPTOA1 -
64 42 TDATA1 P306 - ETO_TX_EN/RMIIO_TXD_EN_A ULPTEVI1 -
65 43 TDATA2 P305 IRQ8 ETO_RX_ER/RMIIO_TXD1_A ULPTEE1 -
66 44 TDATA3 P304 IRQ9 ETO_ETXD1/RMIIO_TXDO_A ULPTO1 -
67 45 VSs - - - - -
68 46 vcec - - - - -
69 47 - P303 - ETO_ETXDO/REF50CKO_A - -
70 48 - P302 IRQ5 ETO_ERXD1/RMII0_RXDO_A GTIOC4A/ULPTOO0-DS -
7 49 - P301 IRQ6 ETO_ERXDO/RMIIO_RXD1_A GTIOC4B/AGTIO0/ -
ULPTEEO-DS
72 50 - P300 IRQ4 SCKO_A/DEO/SSLA3_B/ET0_RX_CLK/RMIIO_RX_ER_A GTIOC3A/ULPTEVI0-DS -
73 51 - P112 - TXDO_A/MOSI0_A/SDA0_A/SSLA2_B/SSIBCKO_B/ GTIOC3B/ULPTOBO-DS -
ETO_CRS/RMII0_CRS_DV_A
74 52 - P113 - RXDO_A/MISO0_A/SCLO_A/SSLA1_B/SSILRCKO/ GTIOC2A/ULPTOA0-DS -
SSIFS0_B/ETO_EXOUT/ETO_EXOUT
75 53 - P114 - CTS0_RTS0_A/SS0_A/DE0/SSLAO_B/SSIRXDO_B/ GTIOC2B -
ETO_LINKSTA/ETO_LINKSTA
76 54 - P115 - CTS0_A/MOSIA_B/SSITXD0_B/ETO_WOL/ETO_WOL GTIOC5A -
77 55 - P609 - TXDO_C/MOSI0_C/SDAO_C/MISOA_B/CTX1/ETO_RX_DV GTIOCS5B/ULPTOA1-DS -
78 - vcc - - - - -
79 - VSS - - - - -
80 56 - P610 - RXDO_C/MISO0_C/SCLO_C/RSPCKA_B/CRX1/ETO_COL GTIOC4A/ULPTOB1-DS -
81 - CLKOUT/CACREF P611 - SCKO_C/DEO/MOSIA_B/ET0_ERXD2 GTIOC4B -
82 - - P612 - CTS_RTS0_C/SS0_C/DE0/SSLAO_B/ETO_ERXD3 - -
83 - - P613 - CTS0_C GTETRGA/AGTO1 -
84 - - P614 - - GTETRGB/AGTO0 -
85 57 VSS - - - - -
86 58 vcec - - - - -
87 59 VCL - - - - -
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RAB8E1 Datasheet 1. Overview
Table 1.16 Pin list (3 of 4)

|8

% g Power, System, Clock, ADC12/DAC12/

a par Debug, CAC 1/0 ports | Ex. Interrupt | SCI/IIC/SPI/CANFD/USBFS/OSPI/SSIE/EHTERC(MII,RMII) GPT/AGT/ULPT/RTC ACMPHS CEU
88 60 VCC_DCDC - - - - - -
89 61 VCC_DCDC - - - - - -
90 62 VLO - - - - - -
91 63 VLO - - - - - -
92 64 VSS_DCDC - - - - - -
93 - - P605 - CTS0_B - - -
9 |- - P604 - CTS_RTSO0_B/SS0_B/DEO - - -
95 - - P603 - TXD0_B/MOSI0_B/SDA0_B ULPTOO - -
96 - - P602 - RXDO0_B/MISO0_B/SCLO_B ULPTEEO - -
97 - - P601 - SCKO0_B/DE0/OM_WP1 ULPTEVIO/RTCOUT - -
98 65 CACREF P600 - OM_RSTO1 ULPTEVI1-DS - -
99 66 - P107 - OM_CS0 AGTOA0 - -
100 67 - P106 - SSLB3_A/OM_RESET AGTOBO/ULPTEE1-DS - -
101 68 - P105 IRQO SSLB2_A/OM_ECSINT1 GTIOC1A/ULPTO1-DS - -
102 | 69 - P104 IRQ1 CTS9_A/SSLB1_A/OM_CS1 GTETRGB/GTIOC1B - -
103 | 70 - P103 - CTS9_RTS9_A/SS9_A/DE9/SSLBO_A/CTX0/OM_SIO2 GTIOC2A - -
104 | 71 - P102 - TXD9_A/MOSI9_A/SDA9_A/RSPCKB_A/CRX0/OM_SIO4 GTIOC2B/AGTO0 ADTRGO -
105 |72 - P101 IRQ1 RXD9_A/MISO9_A/SCL9_A/MOSIB_A/OM_SIO3 GTETRGB/AGTEEQ - -
106 | 73 VCC2 - - - - - -
107 | 74 VSS - - - - - -
108 | 75 - P100 IRQ2 SCK9_A/DE9/MISOB_A/OM_SIO0 GTETRGA/AGTIOO0 - -
109 | 76 - P800 IRQ11 CTS2_A/OM_SIO5 GTIOC11A/AGTOAO - -
110 77 - P801 IRQ12 TXD2_A/MOSI2_A/SDA2_A/OM_DQS GTIOC11B/AGTOBO - -
1M1 78 - P802 - RXD2_A/MISO2_A/SCL2_A/OM_SIO6 GTIOC12A - -
112 79 - P803 - SCK2_A/DE2/0OM_SIO1 GTETRGC/GTIOC12B - -
113 80 - P804 IRQ14 CTS_RTS2_A/SS2_A/DE2/OM_SIO7 GTETRGD/GTIOC13A - -
114 81 - P808 IRQ15 OM_SCLK GTIOC13B - -
115 82 - P809 - OM_SCLKN - - -
116 83 VCL - - - - - -
17 - VCC - - - - - -
18 |- VSsS - - - - - -
119 84 - PO15 IRQ13 - - AN105 -
120 85 - P014 - - - ANO007/DAO -
121 86 VREFL - - - - - -
122 | 87 VREFH - - - - - -
123 | 88 AvCCO - - - - - -
124 | 89 AVSS0 - - - - - -
125 | 90 VREFLO - - - - - -
126 |91 | VREFHO - - - - - -
127 |- - PO10 IRQ14 - - ANO005/IVCMPO -
128 | - - P009 IRQ13-DS - - AN006 -
129 92 - P008 IRQ12-DS - - ANO008 -
130 | 93 - P007 - - - AN004 -
131 94 - P006 IRQ11-DS - - ANO002/IVCMP3 -
132 | 95 - P005 IRQ10-DS - - ANO001 -
133 | 96 - P004 IRQ9-DS - - ANO000/IVCMP2 -
134 97 - P003 - - - AN104/IVREF1 -
135 | 98 - P002 IRQ8-DS - - AN102/IVCMP3 -
136 | 99 - P001 IRQ7-DS - - AN101/IVREFO -
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RAB8E1 Datasheet 1. Overview

Table 1.16 Pin list (4 of 4)

3 |8

- -

o o

5 3 Power, System, Clock, ADC12/DAC12/

pur| = | Debug, CAC 1/0 ports | Ex. Interrupt | SCI/IIC/SPI/CANFD/USBFS/OSPI/SSIE/EHTERC(MIL,RMII) | GPT/AGT/ULPT/RTC ACMPHS CEU
137 | 100 P000 IRQ6-DS - - AN100/IVCMP2 -
138 |- VSS - - - - - -
139 |- vCcC - - - - - -
140 | - - P806 IRQO - - - -
141 | - - P805 - - - - -
142 | - - P513 - - - IVCMPO VIO_FLD
143 | - - P512 IRQ14 SCL1_A/CTX1 GTIOCOA - -
144 | - - P511 IRQ15 SDA1_A/CRX1 GTIOCO0B - -

Note:  Several pin names have the added suffix of _A, _B, and _C. These suffixes have special conditions for electrical characteristics.
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RAB8E1 Datasheet 2. Electrical Characteristics

2. Electrical Characteristics

Unless otherwise specified, minimum and maximum values are guaranteed by either design simulation, characterization
results or test in production.

Supported peripheral functions and pins differ from one product name to another.
Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:
e VCC=VCC DCDC=VCC USB=VBATT=1.68t03.6 V
e VCC2=1.65t03.6V
e AVCC0=1.65t03.6V
e VREFH0=2.7V to AVCCO
e VREFH = 1.65V to AVCCO
e VSS=VSS DCDC = AVSS0=VREFLO /VREFL =VSS USB=0V
e VCC voltage is lower than 2.7 V : LVOCR.LVOOE = 1, otherwise LVOCR.LVOOE = 0
o VCC2 voltage is lower than 2.7 V : LVOCR.LVOI1E = 1, otherwise LVOCR.LVOI1E = 0
o Tj=Tgp
When not specified otherwise, typical values are measured at room temperature of 25 °C and VCC = VCC_DCDC =
VCC_USB = VBATT = AVCCO0 = VREFHO = VREFH = 3.3V.

Figure 2.1 shows the timing conditions.

For example, P100 I O
T°

Von = VCC/VCC2 x 0.7, VoL = VCC/VCC2 x 0.3
Vin =VCC/VCC2 x 0.7, ViL. = VCC/VCC2 x 0.3
Load capacitance C = 30 pF

Figure 2.1 Input or output timing measurement conditions

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

2.1 Absolute Maximum Ratings

Table 2.1 Absolute maximum ratings (1 of 2)

Parameter Symbol Value Unit

Power supply voltage VCC, VCC2, VCC_DCDC, -0.3t0 +4.0 \%
VCC_USB™

External power supply voltage VCL -0.3to +1.6

VBATT power supply voltage VBATT -0.3t0 +4.0
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2. Electrical Characteristics

Table 2.1 Absolute maximum ratings (2 of 2)
Parameter Symbol Value Unit
Input voltage (except for 5 V-tolerant ports) Vin -0.3toVCC +0.3 \%
or-0.3to VCC2+0.3
Input voltage (5 V-tolerant ports”™) Vin —-0.3to + VCC + 4.0 (max. 5.8) \Y
Reference power supply voltage VREFH/VREFHO -0.3to AVCCO + 0.3 \Y
Analog power supply voltage AVCCO -0.3t0 +4.0 V
Analog input voltage VaN -0.3to AVCCO + 0.3 V
Operating junction temperature™ Topj —40 to +105 °C
Storage temperature Tstg —55to +125 °C
Note 1. Ports P205, P206, P402 to P404, P406 to P415, P511, P512, P709 to P715 and PBO1 are 5 V tolerant.
Note 2. Connect VCC_DCDC and VCC_USB to VCC.
Note 3. See section 2.2.1. Tj/Ta Definition.
Caution: Permanent damage to the MCU might result if absolute maximum ratings are exceeded.
Table 2.2 Recommended operating conditions
Parameter Symbol Min Typ Max Unit
Power supply voltages VCC, VCC_DCDC | Other than the following 1.68 — 3.60 \Y
When ETHERCI/IIC Fast- 2.70 — 3.60 \
mode+ is used
When USB is used 3.00 — 3.60 \
VCC2 1.65 — 3.60 \Y
VCL When external VDD is used™ | 1.20 — 1.25 Y
When DCDC is used (High- — 1.21 — \Y
speed mode)
When DCDC is used (Low- — 1.18 — \Y
speed mode or Software
Standby mode)
VSS, VSS_DCDC — 0 — \Y
USB power supply voltages VCC_USB — VCC — \%
VSS_USB — 0 — \
VBATT power supply voltage VBATT 1.62 — 3.60 Vv
Analog power supply voltages AVCCO™1 When ADC is not used 1.65 — 3.60 \
When ADC is used 2.70 — 3.60 \
AVSS0 — 0 — \
Note 1. When the A/D converter, the D/A converter and the High-Speed Analog Comparator are not in use, do not leave the AVCCO,
VREFH/VREFHO, AVSS0, and VREFL/VREFLO pins open. Connect the AVCCO0 and VREFH/VREFHO pins to VCC, and the AVSS0
and VREFL/VREFLO pins to VSS, respectively.
Note 2. VCL voltage must never be higher than VCC voltage.
2.2 DC Characteristics
2.21 Tj/Ta Definition
Table 2.3 DC characteristics
Parameter Symbol Typ Max Unit Test conditions
Permissible operating junction T — 105 °C High-speed mode
temperature Low-speed mode
Note:  Make sure that T = T, + 6j, x total power consumption (W), where total power consumption = (VCC - Vop) * Zlony + VoL * ZloL +

(Iccmax + ICC_DCDCmax) x VCC.
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Note:  Minimum Ambient Temperature(Ta) is -40°C

222  1/0Vy VL

Table 2.4 110 Vi, VL except for Schmitt trigger input pins

VCC/VCC2/
Parameter AvVCCO Symbol Min Typ Max Unit
Peripheral | EXTAL (external clock 1.68 V or above |V VCC x 0.8 — — \
function input), WAIT, SPI™!
pins (except RSPCK) Vie - - VCC x 0.2
SPI"2 (except 1.65V orabove |V VCC2 % 0.8 — —
RSPCKB_A
A) ViL — o VCC2 x 0.2
OSPI (except 2.70 V or above |V VCC2 x 0.8 — —
OM_RSTO1 and
OM_ECSINT1) ViL — - VCC2x 0.2
1.65V or above |V VCC2 x 0.7 — VCC2 +0.3
ViL VSS-0.3 — VCC2x 0.3
TMS, TDI, TCK, SWDIO, |1.68V or above |V VCC x 0.7 — —
SWCLK
V||_ — — VCC x 0.3
ETHERC 2.70 V or above |V 2.3 — —
ViL — — VCC x 0.2
IIC (SMBus) 2.70 V or above |V|y 21 — VCC + 3.6 (max 5.8)
Vi — — 0.8
RTCICO, RTCIC1, 1.68 V or above |V)y 0.9 — 3.9
RTCIC2, EXCIN when
VCC power supply is ViL — — 0.3
selected
RTCICO, RTCIC1, RTCIC2, EXCIN when ViH 0.9 — 3.9
VBATT power supply is selected
ViL — — 0.3

Note 1. SPIO_A, SPIO_B, SPIO_C and SPI1_B

Note 2. SPI1_A

Note 3. RES and peripheral function pins associated with P205, P206, P402 to P404, P406 to P415, P511, P512, P709 to P713 (total 22
pins).

Note 4. All input pins except for the peripheral function pins already described in the table. There is an item for each power supply voltage
for each port. Refer to the |0 chapter for the power supply of the port.

Note 5. P205, P206, P402 to P404, P406 to P415, P511, P512, P709 to P713 (total 22 pins).

Note 6. All input pins except for the ports already described in the table. There is an item for each power supply voltage for each port. Refer
to the 10 chapter for the power supply of the port.

Note 7. When VCC is less than 1.68 V, the input voltage of 5 V-tolerant ports should be less than 3.6 V, otherwise breakdown may occur
because 5 V-tolerant ports are electrically controlled so as not to violate the break down voltage.
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Table 2.5 1/0 V|, VL of Schmitt trigger input pins
VCc/vCcec2/
Parameter AvVCCO Symbol Min Typ Max Unit
Peripheral function | IIC (exceptfor |1.68 V or ViH VCC x 0.7 — VCC + 3.6 (max 5.8) \%
pins SMBus) above
ViL — — VCC x 0.3
AVt VCC x 0.05 — —
5 V-tolerant 1.68 V or Vi VCC x 0.8 — VCC + 3.6 (max 5.8)
ports™37 above
Vi — — VCC x 0.2
AVt VCC x 0.05 — —
Other VCC 1.68 V or Vin VCC x 0.8 — —
input pins™ above
Vi — — VCC x 0.2
AVt VCC x 0.05 — —
Other VCC2 1.65V or Vi VCC2x0.8 — —
input pins™4 above
Pt pins Vi _ —  |vccexo2
AVt VCC2 x 0.05 — —
Other AVCCO [1.65V or ViH AVCCO x 0.8 — —
input pins™ above
NPLE pINS Vi _ —  lavccoxo2
AVt AVCCO x 0.05 — —
Ports 5 V-tolerant 1.68 V or ViH VCC x 0.8 — VCC + 3.6 (max 5.8) \Y
port™s™7 above
ViL — — VCC x 0.2
Other VCC 1.68 V or ViH VCC x 0.8 — —
input pins™® above
ViL — — VCC x 0.2
Other VCC2 1.65V or ViH VCC2 x 0.8 — —
input pins™® above
NpLEpInS Vi _ —  |vccaxo2
Other AVCCO 1.65Vor ViH AVCCO x 0.8 — —
input pins™® above
Mput p! Vi — —  |avccoxo2

Note 1. SPIO_A, SPI0_B, SPI0_C and SPI1_B

Note 2. SPI1_A

Note 3. RES and peripheral function pins associated with P205, P206, P402 to P404, P406 to P415, P511, P512, P709 to P713 (total 22

pins).

Note 4. All input pins except for the peripheral function pins already described in the table. There is an item for each power supply voltage
for each port. Refer to the |0 chapter for the power supply of the port.

Note 5. P205, P206, P402 to P404, P406 to P415, P511, P512, P709 to P713 (total 22 pins).
Note 6. All input pins except for the ports already described in the table. There is an item for each power supply voltage for each port. Refer

to the 10 chapter for the power supply of the port.
Note 7. When VCC is less than 1.68 V, the input voltage of 5 V-tolerant ports should be less than 3.6 V, otherwise breakdown may occur

because 5 V-tolerant ports are electrically controlled so as not to violate the break down voltage.
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223  1/Olon, loL

Table 26 10 Igp, loL (1 0f 2)

vcc/
vccea/
Parameter AvVCCO Symbol | Min | Typ | Max | Unit
Permissible output current Ports PO0O to P010, P0O14, P015, P201 | — — loH — |— |[-2.0| mA
(average value per pin)
|o|_ — — 2.0 mA
Ports P205, P206, P402 to P404, P406 | Low drive”! — loH — |— |-2.0|mA
to P415, P511, P512, P709 to P713
(total 22 pins) loL — |— |20 |mA
Middle drive™ | — loH — |— |-4.0|mA
loL — |— |40 |mA
High drive™® | — loH — |— |-20 |mA
loL — |— ]20.0|mA
Ports P100 to P103, P304 to P308, Low drive”‘ — IOH — — -2.0 [ mA
P800 to P804, P808 to P809 (total 16
pins) IOL _ _ 2.0 mA
Middle drive | — lon — |— |-40|mA
IOL — — 4.0 mA
High drive™® |— loH — |— |-16 |[mA
loL — |— 16.0 | mA
High-speed |— loH — |— |-20 [mA
high drive™
loL — |— |20.0 mA
Other output pins™® Low drive™ |— loH — |— |-2.0|mA
loL — |— |20 |mA
Middle drive™ | — loH — |— |-4.0|mA
loL — |— |40 |mA
High drive™ | — loH — |— |-16 |mA
loL — |— [16.0|mA
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Table 2.6 /10 lon, loL (2 of 2)
vCcC/
vCcc2/
Parameter AvVCCO Symbol | Min | Typ | Max | Unit
Permissible output current (max | Ports PO00 to P010, P014, PO15, P201 |— — loH — |— |[-4.0|mA
value per pin)
loL — |— 4.0 [mA
Ports P205, P206, P402 to P404, P406 Low drive”‘ — loH — — -4.0 [ mA
to P415, P511, P512, P709 to P713
(total 22 pins) lou — |— |40 |mA
Middle drive™ | — loH — |— |-8.0|mA
|o|_ — — 8.0 mA
High drive® | — lon — |— |40 |mA
loL — |— [40.0 | mA
Ports P100 to P103, P304 to P308, Low drive” — IOH — — -4.0 | mA
P800 to P804, P808 to P809 (total 16
pins) loL — |— |40 [mA
Middle drive™ | — loH — |— [-8.0|mA
loL — |— |8.0 [mA
High drive® | — lon — |— |32 |mA
loL — | — 32.0| mA
High-speed — loH — |— |[-40 |[mA
high drive™
gh drive loL — |— [400[mA
Other output pins™® Low drive™ |— loH — |— |-4.0|mA
loL — |— [4.0 [mA
Middle drive™ | — loH — |— [-80|mA
IOL — — 8.0 mA
High drive™ | — loH — |— |-32|mA
loL — |— [32.0|mA
Permissible output current (max | Maximum of all output pins VCC I/0 168Vor |ZloH(max)|— |[— |[-80 |mA
value of total of all pins) above
VCC2 /0 1.65Vor — |— |-80
above
AVCCO I/O 1.65Vor — |— |-33
above
VCC and 1.65Vor Z|o|_ (max) | — — 80 mA
VCC2 1/0 above
AVCCO I/O 1.65Vor — |— |33
above

Note 1.

ability except for 400 and P401 is retained in Deep Software Standby mode.

Note 2.

ability except for 400 and P401 is retained in Deep Software Standby mode.

Note 3.

ability except for 400 and P401 is retained in Deep Software Standby mode.

Note 4.

driving ability is retained in Deep Software Standby mode.
Note 5. Except for P200, which is an input port.

Caution:

This is the value when low driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
This is the value when middle driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving

This is the value when high-speed high driving ability is selected in the Port Drive Capability in the PmnPFS register. The selected

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.
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224 I/0 Vou, VoL, and Other Characteristics
Table 2.7 1/0 Vou, VoL, and other characteristics (1 of 2)
VCC/VCC2/
Parameter AvVCCO Symbol | Min Typ Max Unit Test conditions
Output [ IIC 2.70 Vorabove |VgoL — — 0.4 \% loL =3.0 mA
voltage
VoL — — 0.6 loL = 6.0 mA
1.68 V or above |VgoL — — VCC x loL =3.0 mA
0.2
VoL — — 0.6 loL = 6.0 mA
lcH 2.70 Vorabove |VoL — — 0.4 loL = 15.0 mA (ICFER.FMPE = 1)
VoL — 0.4 — loL =20.0 mA (ICFER.FMPE = 1)
ETHERC 2.70 V or above | Von VCC- |— — lon=-1.0 mA
0.5
VoL — — 0.4 loL=1.0 mA
Ports P205, P206, | — VOH VCC - — — IOH =-20 mA
P402 to P404, 1.0 VCC =33V
P406 to P415,
P511, P512, P709 | — VoL - — 1 loL =20 mA
to P713 (total 22 VCC =33V
pins)2
Other output pins | 1.68 V or above Vou VCC- |— — loy =-1.0 mA
0.5
VoL — — 0.5 lo. =1.0mA
1.65V or above VoH VCC2 - |— — loy =-1.0 mA
0.5
VoL — — 0.5 lo. =1.0 mA
Vou AVCCO |— — loy=-1.0 mA
-05
VoL — — 0.5 lo. =1.0mA
Input RES 1.68 V or above [lin] — — 5.0 MA Vihn=0V
leakage Vih=55V
current
Port P200 1.68 V or above — — 1.0 Vinr=0V
Vin =VCC
Three- |5 V-tolerant ports | 1.68 V or above |Isil — — 5.0 A Vih=0V
state Vihn=5.5V
leakage
current | Other ports 1.68 V or above — — 1.0 Vih=0V
(off (except for port Vip = VCC
state) | P200)
1.65 V or above — — 1.0 Vihnr=0V
Vin = VCC2, AVCCO
Input Ports PO to P9 2.70 V or above Ip -300 — -10 MA VCC, VCC2, AVCC0=2.7t03.6V
pull-up Vihn=0V
MOS
current 1.68 V or above -300 — -5 HA VCC=1.68t03.6V
Vihn=0V
1.65 V or above -300 — -5 MA VCC2, AVCC0=1.65t03.6 V
Vin=0V
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Table 2.7 /0 Vou, VoL, and other characteristics (2 of 2)
VCcC/vCcC2/

Parameter AVCCO Symbol | Min Typ Max Unit Test conditions
Input Ports P014, P0O15 | — Cin — — 16 pF Vbias =0V
capacit Vamp =20 mV
ance Ports P814/ — — — 12 f=1 MHz

USB_DP, P815/ Ta = 25°C

USB_DM

Ports P400, P401, | — — — 10

P409, P410,

P511, P512

Other input pins — — — 8

Note 1. SCLO_A, SDAO_A, SCL1_A, SDA1_A (total 4 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.

225 Operating and Standby Current
VCC
VCC_DCDC
VBATT
VCL
AVCCO
VREFHO
VREFH
IccusbLs
lccusers
VCC_USB
Figure 2.2 Consumption current measurement diagram
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Table 2.8 Current of high-speed mode, maximum condition (MVE and peripheral operation) (DCDC

mode)
Parameter Symbol Typ Max Unit Test conditions
Supply |— lcc 2.8 7.05 mA
current
*1*2 CPUCLK = 360 VCC_DCDC |Ioc pepe™® | 122 243 mA VCC_DCDC =33V
MHz z25V — CPUCLK = 360 MHz, ICLK = 120 MHz,
Ipp™® 287 501 PCLKA =120 MHz, PCLKB = 60 MHz,
PCLKC = 60 MHz, PCLKD = 120 MHz,
PCLKE =120 MHz, FCLK = 60 MHz
VCC_DCDC |Icc pepe™® | 224 320 VCC_DCDC =18V
<25V —
Iob 287 400
CPUCLK = 240 VCC_DCDC |lcc pepe® |95 210 mA VCC_DCDC =3.3V
MHz z25V — CPUCLK = 240 MHz, ICLK = 240 MHz,
Ipp ™3 224 432 PCLKA = 120 MHz, PCLKB = 60 MHz,
PCLKC = 60 MHz, PCLKD = 120 MHz,
PCLKE =120 MHz, FCLK = 60 MHz
VCC_DCDC |icc pepe™® | 175 320 VCC_DCDC =18V
<25V —
Ipp 224 400"

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.

Note 2. Measured with clocks supplied to the peripheral functions and peripherals being operated. This does not include the BGO
operation.

Note 3. Ipp depends on f (CPUCLK and ICLK) as follows.
Ipp Max. = 0.68 x f CPUCLK + 0.41 x fICLK + 175 (unit : mA, fCPUCLK and fICLK are MHz)

Note 4. Do not actual consumption current during operation exceed the current value described here in VCC_DCDC < 2.5V.

Note 5. Typical DCDC efficiency is applied.

Table 2.9 Current of high-speed mode, maximum condition (MVE and peripheral operation) (External VDD

mode)
Paramet
er CPUCLK Frequency | Symbol | Typ Max Unit Test conditions
Supply — lcc 2.8 7.05 mA
current’! -
5 CPUCLK =360 MHz | |pp™ 287 501 mA CPUCLK = 360 MHz, ICLK = 120 MHz,

PCLKA =120 MHz, PCLKB = 60 MHz,
PCLKC = 60 MHz, PCLKD = 120 MHz,
PCLKE =120 MHz, FCLK = 60 MHz

oD 3 224 432 mA CPUCLK = 240 MHz, ICLK = 240 MHz,
PCLKA =120 MHz, PCLKB = 60 MHz,
PCLKC = 60 MHz, PCLKD = 120 MHz,
PCLKE =120 MHz, FCLK = 60 MHz

CPUCLK = 240 MHz

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.

Note 2. Measured with clocks supplied to the peripheral functions and peripherals being operated. This does not include the BGO
operation.

Note 3. Ipp depends on f (CPUCLK and ICLK) as follows.
Ipp Max. = 0.68 x f CPUCLK + 0.41 x fICLK + 175 (unit : mA, fCPUCLK and fICLK are MHz)

Table 2.10 Current of high-speed mode, maximum data processing (MVE operation), peripheral clock ON (DCDC

mode)
Test
Parameter Symbol Typ Max Unit conditions
Supply CPUCLK = 360 MHz lcc pepe 4 119 228 mA VCC_DCDC =
current™"2 — 33V
Ipp ™3 279 469 “5
CPUCLK = 240 MHz lcc pepe 92 194
Ipp ™3 215 399

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Measured with clocks supplied to the peripheral functions and peripherals being operated. This does not include the BGO
operation.
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Note 3. Ipp depends on f (CPUCLK and ICLK) as follows.

Ipp Max. = 0.67 x f CPUCLK + 0.29 x fICLK + 175 (unit : mA, fCPUCLK and fICLK are MHz)
Note 4. Typical DCDC efficiency is applied.
Note 5. Same frequency condition is applied as in the maximum condition.

Table 2.11 Current of high-speed mode, maximum data processing (MVE operation), peripheral clock ON
(External VDD mode)

Test
Parameter Symbol Typ Max Unit conditions
Supply CPUCLK = 360 MHz Iop™ 279 469 mA 4

current 12
CPUCLK =240 MHz IDD*S 215 399

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.

Note 2. Measured with clocks supplied to the peripheral functions and peripherals being operated. This does not include the BGO
operation.

Note 3. Ipp depends on f (CPUCLK and ICLK) as follows.
Ipp Max. = 0.67 x f CPUCLK + 0.29 x fICLK + 175 (unit : mA, fCPUCLK and fICLK are MHz)

Note 4. Same frequency condition is applied as in the maximum condition.

Table 2.12 Current of high-speed mode, maximum data processing (MVE operation), peripheral clock OFF (DCDC

mode)
Test
Parameter Symbol Typ Max Unit conditions
Supply CPUCLK = 360 MHz lcc peoc? 1M 216 mA VCC_DCDC =
current™1"2 — 33V
Ipp ™2 261 445 5
CPUCLK =240 MHz lcc peoc? 83 181
Ipp ™2 194 373

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 3. Ipp depends on f (CPUCLK and ICLK) as follows.
Ipp Max. = 0.68 x f CPUCLK + 0.17 x fICLK + 175 (unit : mA, fCPUCLK and fICLK are MHz)
Note 4. Typical DCDC efficiency is applied.
Note 5. Same frequency condition is applied as in the maximum condition.

Table 2.13 Current of high-speed mode, maximum data processing (MVE operation), peripheral clock OFF
(External VDD mode)

Test
Parameter Symbol Typ Max Unit conditions

Supply CPUCLK = 360 MHz IDD*S 261 445 mA *4
current™"2

CPUCLK = 240 MHz Ipp ™2 194 373

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 3. Ipp depends on f (CPUCLK and ICLK) as follows.

Ipp Max. = 0.68 x f CPUCLK + 0.17 x fICLK + 175 (unit : mA, fCPUCLK and fICLK are MHz)
Note 4. Same frequency condition is applied as in the maximum condition.

Table 2.14 Current of high-speed mode, CPU Sleep mode (DCDC mode and External VDD mode)

Test
Parameter Symbol Typ Max Unit conditions

Supply current'1"3*4 CPUCLK = 240 MHz Ipp 2 29 216 mA —

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Ipp depends on f (CPUCLK and ICLK) as follows.
Ipp Typ. =0.063 x f CPUCLK + 0.13 x fICLK + 17.6 (unit : mA, f{CPUCLK and fICLK are MHz)
Ipp Max. = 0.063 x f CPUCLK + 0.13 x fICLK + 175 (unit : mA, fCPUCLK and fICLK are MHz)
Note 3. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 4. ICLK, FCLK, PCLKA, PCLKB, PCLKC, PCLKD and PCLKE are set to divided by 64.
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Table 2.15 Current of high-speed mode, CPU Deep Sleep mode (DCDC mode and External VDD mode)

Test
Parameter Symbol Typ Max Unit conditions
Supply Current*1*3*4 CPUCLK = 240 MHz IDD*Z 12 85 mA —
Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Ipp depends on f (ICLK) as follows.
Ipp Typ. = 0.13 x fICLK + 5 (unit : mA, fCPUCLK and fICLK are MHz)
Ipp Max. = 0.13 x fICLK + 69 (unit : mA, f{CPUCLK and fICLK are MHz)
Note 3. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 4. ICLK, FCLK, PCLKA, PCLKB, PCLKC, PCLKD and PCLKE are set to divided by 64.
Table 2.16 Increase during BGO operation (DCDC mode and External VDD mode)
Test
Parameter Symbol Typ Max Unit conditions
Supply current™ Data flash P/E Icc 6 — mA _
Code flash P/E 8 —
Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Table 2.17 Current of Low-speed mode (DCDC mode)
Parameter Symbol Typ Max Unit Test conditions
Supp|y Current*1*2*3 IDD 14.5 — mA CPUCLK = ICLK = 1MHz
Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 3. FCLK, PCLKA, PCLKB, PCLKC, PCLKD and PCLKE are set to divided by 64 (15.6 kHz).
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Table 2.18 Standby current (DCDC mode)

Parameter Symbol Typ Max Unit | Test conditions

Supply Software Standby mode"2 Icc 0.02 0.94 mA | —
current’

Data of SRAM and TCM is retained lcc pcpc |0.88 28.29 VCC_DCDC =33V

B PDRAMSCRO0.RKEEPN = 1
(n=0to6)
PDRAMSCR1.RKEEPO = 1

Data of SRAM and TCM is not retained lcc pcpc | 0.83 26.64 VCC_DCDC =33V

- PDRAMSCRO.RKEEPN = 0
(n=0to6)
PDRAMSCR1.RKEEPO = 0

Deep Software Standby mode 1 lcc 5.21 148 VA | —

lcc_pcoc | 0.57 5.50 _

Increase when | Data of Standby SRAM is lcc 0.12 2.60 —

the function is retained

activated
PVDO, PVD1,PVD2 or Battery See Table 2.20 —
power supply switch
When the LOCO is in use 3.10 — —
Crystal oscillator and RTC See Table 2.21 —
IWDT and ULPT(all units) are 0.07 — —
operating

Deep Software Standby mode 2 lcc 1.68 43.99 —

ICCﬁDCDC 0.57 5.50 —_—

Increase when | PVDO, PVD1,PVD2 or Battery |Icc See Table 2.20 —
the function is power supply switch
activated 3

Crystal oscillator and RTC See Table 2.21 —
Deep Software Standby mode 3 lcc 0.99 42.90 —

lcc_pcoc | 0.57 5.50 _

Increase when | Crystal oscillator and RTC See Table 2.21 —
the function is
activated
RTC When a crystal oscillator with low power mode 3 | lygar 0.52 — VBATT=1.8 V, VCC=0 V
operatin |isin use — —
g while 1.05 — VBATT=3.3V, VCC=0V
VCCis | \when a crystal oscillator with low power mode 2 056 |— VBATT=1.8 V, VCC=0 V
off (with s in use
the 1.10 — VBATT=3.3V, VCC=0V
gzgfl% When a crystal oscillator with low power mode 1 062 |— VBATT=1.8 V, VCC=0V
. is in use
function, 1.17 — VBATT=3.3V, VCC=0V
only the
RTC When a crystal oscillator with standard mode is 0.93 — VBATT=1.8V, VCC=0V
operate) | I use 150 |— VBATT=3.3 V, VCC=0 V
When EXCIN is in use 0.37 — VBATT=1.8V, VCC=0 V
0.86 — VBATT=3.3V, VCC=0V
Increase when | Common circuit when using 0.04 — VBATT=1.8 V, VCC=0 V
the function is RTCICn (n = 0~2) input or — —
activated EXCIN 0.04 — VBATT=3.3V, VCC=0V
RTCICn (n = 0~2) input is in 0.02 — VBATT=1.8V, VCC=0 V
use per channel
0.02 — VBATT=3.3V, VCC=0V

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. When an external clock is used, EXTAL pin is pull-up or pull-down. In case clock is toggled, software standby mode current
consumption is increased by 130pA at 48MHz under typical conditions.
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Table 2.19 Coremark and normal mode current (DCDC and External power supply mode)

Parameter Symbol | Typ Max Unit Test conditions
Supply current'1"2 | Coremark Cache off, executing Ibp 165 — HMA/MHz CPUCLK = 360 MHz

from flash ICLK = 120 MHz

- - PCLKA =30 MHz

Normal mode | All peripheral disabled, 137 — PCLKB = 30 MHz

Cache off, while (1) PCLKC = 30 MHz

code executing from PCLKD = 30 MHz

flash PCLKE = 30 MHz
FCLK = 30 MHz

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.

Table 2.20 Increase when the PVDO, PVD1, PVD2 or Battery power supply switch is enabled in Deep Software
Standby mode 1 and 2.

Test
conditio
Parameter Symbol Typ Max Unit ns
Supply current Common circuit when enabling PVDn (n = 0 to 2) or Battery lcc 4.51 — WA —
power supply switch in Deep Software Standby mode 1
Common circuit when enabling PVDn (n = 0 to 2) or Battery 4.97 — —
power supply switch in Deep Software Standby mode 2
PVDO enabled with OFS1(_SEC).PVDLPSEL = 1 2.16 — —
PVD1 enabled 2.16 — —
PVD2 enabled 2.16 — —
Battery power supply switch enabled with following 2.16 — —
conditions."
e Battery power supply switch enable
(VBTBPCR1.BPWSWSTP = 0), voltage monitor
0 reset enable (OFS1(_SEC).PVDAS = 0) and
low power consumption function of PVDO disable
(OFS1(_SEC).PVDLPSEL = 1).
e Battery power supply switch enable
(VBTBPCR1.BPWSWSTP=0) and voltage monitor O
reset disable (OFS1(_SEC).PVDAS = 1).
Note 1. Consumption current is not increased in other condition.
Table 2.21 Increase when the sub-clock oscillator and RTC are enabled in Deep Software Standby mode 1, 2 and
3.
Parameter Symbol Typ Max Unit Test conditions
Supply current When a crystal oscillatoris | Low Power mode 3 | Icc 0.22 — HA —
in use
nu Low Power mode 2 0.27 — —
Low Power mode 1 0.34 — —
Standard mode 0.67 — —
RTC is operating 0.33 — —
Table 2.22 Inrush current
Test
Parameter Symbol Typ Max Unit conditions
Supply Inrush Inrush DPSBYCR.DCSSMODE | IrysH — 630 mA —
current current on current of =0
returning VCC_DCD
from deep | C*1 ?PSBYCR.DCSSMODE — 1020 —
software =1
standby
mode
Note 1. Reference value
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Table 2.23 Operating current (Analog)
Parameter Symbol |Typ |Max |[Unit |Test conditions
Supply | Oscillator Main clock oscillator Icc 048 |— mA MOMCR.MODRV0[2:0]
current =000b
1
0.58 |— mA MOMCR.MODRV0[2:0]
=011b
090 |— mA MOMCR.MODRV0[2:0]
=101b
Analog power During 12-bit A/D conversion Alcc 0.8 1.1 mA —
supply current - - N -
During 12-bit A/D conversion with S/H amp 23 3.3 mA —
ACMPHS(1unit) 100 [150 |pA —
Temperature sensor 0.1 0.2 mA —
During D/A conversion | Without AMP output 0.1 0.2 mA —
With AMP output 0.8 1.6 mA —
Waiting for A/D, D/A conversion (all units) 0.9 1.6 mA —
ADC12, DAC12 in standby modes (all units)2 2 8 pA —
Reference power | During 12-bit A/D conversion (unit 0) AlRepHo | 70 120 WA —
supply current " - 3 :
(VREFHO) Waiting for 12-bit A/D conversion (unit 0) 0.07 (05 MA —
ADC12 in standby modes (unit 0) 0.07 |05 MA —
Reference power | During 12-bit A/D conversion (unit 1) AlREFH 70 120 MA —
supply current - ; )
(VREFH) During D/A conversion | Without AMP output 0.1 0.4 mA —
With AMP output 0.1 0.4 mA —
Waiting for 12-bit A/D (unit 1), D/A (all units) 0.07 |0.8 pA —
conversion
ADC12 in standby modes (unit 1) 0.07 [0.8 HA —
USB operating Low speed USBFS lccuseLs | 3.5 6.5 uA VCC_USB
current
Full speed USBFS lccusers |4.00 |[10.00 | mA VCC_USB

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. 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.
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----- Average value of the tested upper - limit samples during product evaluation.

Figure 2.3 Temperature dependency in Software Standby mode (Icc) (reference data)
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----- Average value of the tested upper - limit samples during product evaluation
Figure 2.4 Temperature dependency in Software Standby mode (Icc_pcpc) (reference data)
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Average value of the tested middle samples during product evaluation.
----- Average value of the tested upper - limit samples during product evaluation.
Figure 2.5 Temperature dependency in Deep Software Standby mode 1 (reference data)
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Average value of the tested middle samples during product evaluation.
----- Average value of the tested upper - limit samples during product evaluation.
Figure 2.6 Temperature dependency in Deep Software Standby mode 2 (reference data)
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Figure 2.7 Temperature dependency in Deep Software Standby mode 3 (reference data)
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Figure 2.8 Software Standby current per SRAM state (reference data)
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The more practical Icc pcpc value can be obtained with the following formula.
Icc pepe = Ipp * (VCL + VCC) = efficiency

Where: VCL and VCC are the voltage of VCL pin and VCC pin respectively, and efficiency is shown in the following
figures.

100
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Efficiency [%]
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0.01 0.1 1

Load current[A]

VCC_DCDC=3.3V == == =VCC_DCDC=1.8V

Figure 2.9 Typical DCDC efficiency (%) vs load current (A) in High-speed mode , Tj = 25°C
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Figure 2.10  Typical DCDC efficiency (%) vs load current (A) in High-speed mode , Tj = 105°C
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Figure 2.11 Typical DCDC efficiency (%) vs load current (A) in Low-speed mode and Software Standby
mode, Tj = 25°C
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Figure 2.12  Typical DCDC efficiency (%) vs load current (A) in Low-speed mode and Software Standby
mode, Tj = 105°C

Note:  DCDC efficiency is obtained based on the VCC_DCDC current.
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2.2.6 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.24 VCC rise and fall gradient characteristics at power on/off
Test
Parameter Symbol Min Max | Unit conditions
VCC rising gradient at power on"! SrvCC 0.0084 20 |mslV |—
VCC falling gradient | VBATT function is disabled”! SfVCC1 0.0084 — ms/V —
at power off
VBATT function is enabled SfVCC2 1.0000 — —

Note 1. In case the VCC voltage crosses VpoRrj1-

Table 2.25

VCC ripple frequency and gradient characteristics during operation

The ripple voltage must meet the allowable ripple frequency frycc) within the range between the VCC upper limit (3.6 V) and lower limit (1.68
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) — — 10.0 kHz Figure 2.13
V¢ (vee) = VCC x 0.2
— — 1.0 MHz Figure 2.13
V, (vee) VCC x 0.08
— — 10.0 MHz Figure 2.13
Ve (vee) = VCC x 0.06
Allowable voltage change dt/avcce™t 1.0 — — ms/V When VCC change exceeds
rising and falling gradient VCC +10%

Note 1. In case the VCC voltage does not cross VpoRr1-

<«— 1/ frvee)

VCC m Vrvee)

Figure 2.13  Ripple waveform
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Figure 2.14  VCC rising and falling waveform

227 Thermal Characteristics
Maximum value of junction temperature (Tj) must not exceed the value of section 2.2.1. Tj/Ta Definition.
Tj is calculated by either of the following equations.

e Tj=Ta+ 6ja x Total power consumption

Tj = Tt + ¥jt x Total power consumption
— Tj : Junction Temperature (°C)
— Ta: Ambient Temperature (°C)
— Tt : Top Center Case Temperature (°C)
— 0ja: Thermal Resistance of “Junction”-to-“Ambient” (°C/W)
— WYjt: Thermal Resistance of “Junction”-to-“Top Center Case” (°C/W)
e Total power consumption = Voltage x (Leakage current + Dynamic current)
e [eakage current of IO =X (Igg, * Vor) /Voltage + X ([Iog| X |[VCC — Voyl) /Voltage
e Dynamic current of IO =X 10 (Cj, + Cjoaq) % 10 switching frequency x Voltage
— Ciu: Input capacitance

— Cjoad: Output capacitance

Regarding 6ja and Yjt, see Table 2.26.

Table 2.26 Thermal Resistance

Parameter Package Symbol Value™ Unit | Test conditions

Thermal Resistance 100-pin LQFP (PLQPO100KP-A) Bja 32.9 °C/W | JESD 51-2 and 51-7
. compliant
144-pin LQFP (PLQP0144KA-B) 31.7

100-pin LQFP (PLQPO0100KP-A) Wit 0.42 °C/W |JESD 51-2 and 51-7
- compliant
144-pin LQFP (PLQP0144KA-B) 0.40

Note 1. The values are reference values when the 4-layer board is used. Thermal resistance depends on the number of layers or size of the
board. For details, see the JEDEC standards.
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2271 Calculation guide of maximum current
Table 2.27 Power consumption of each unit (1 of 2)
Dynamic
current/
Leakage Frequency |Current |Current™
current MCU Domain | Category Item Symbol [MHZz] [uA/MHZz] |[mA] Condition
Leakage Analog Regulator and | Tj = 95°C lcc — — 0.54 —
t “1
curren Leak Tj=105°C — — 0.64
Tj =95°C ICC_DCDC — — 62 VCC_DCDC =
— 3.3V, High
Tj=105°C - - 75 speed mode
Tj=95°C — — 112 VCC_DCDC =
T 10m0 1.8V, High
Tj=105°C — — 134 speed mode
Tj=95°C Ibp — — 146 —
Tj=105°C — — 175
Dynamic CPU Operation with | CoreMark Ibp 360 307 111 CPUCLK =
current Cache 360MHz
Peripheral Timer RTC 60 1.299 0.078 —
Unit
" GPT16 (4ch)2 120 11.325 1.359
GPT32 (6¢ch)™2 120 15.209 1.825
POEG (4 Groups)*2 60 1.363 0.082
AGT (2ch)™ 60 2.233 0.134
ULPT (2ch)2 60 0.350 0.021
WDT 60 0.775 0.047
IWDT 60 0.100 0.006
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Table 2.27 Power consumption of each unit (2 of 2)
Dynamic
current/
Leakage Frequency |Current |Current™
current MCU Domain | Category Item Symbol [MHz] [uA/IMHZz] |[mA] Condition
Dynamic Peripheral Communicatio | ETHERC Ibp 120 8.149 0.978 —
current Unit n interfaces
USBFS 60 8.713 0.523
SCI (6ch)™2 120 22.717 2.726
IIC (2ch)™2 60 2.867 0.172
CANFD (2ch)? 120 9.050 1.086
SPI (2¢ch)2 120 7.950 0.954
OSPI 60 40.796 2.448
SSIE (2¢ch)2 60 6.818 0.409
Analog ADC (2Units)"? 120 3.961 0.475 —
DAC12 120 0.540 0.647
TSN 60 0.092 0.005
ACMPHS (2ch)2 60 0.083 0.005
Human CEU 120 24.143 2.897 —
machine
interfaces
Event link ELC 60 1.670 0.100 —
Security RSIP-E51A 120 311.301 374 —
Data CRC 120 4.372 0.525 —
processing
DOC 120 0.427 0.051
System CAC 60 0.738 0.044 —
DMA DMAC (per 1ch) 240 9.012 2.163 —
DTC 240 11.175 2.682
FSBL operation 240 — 93.4 —
120 — 72.9 —

Note 1. Regulator and Leak are Internal voltage regulator’s current and MCU’s leakage current.
It is selected according to the temperature of Tj.
Note 2. To determine the current consumption per channel or unit, divide Current [mA] by the number of channels, groups or units.

Table 2.28 Outline of operation for each unit (1 of 2)
Peripheral Outline of operation
RTC RTC is operating with LOCO.
GPT Operating modes is set to saw-wave PWM mode.
POEG Only clear module stop bit.
AGT AGT is operating with PCLKB.
ULPT ULPT is operating with LOCO.
WDT WDT is operating with PCLKB.
IWDT IWDT is operating with IWDTCLK.
ETHERC Operation modes is set to full-duplex mode.
ETHERC is operating using Reduced Media Independent Interface (RMIl).
USBFS Transfer types is set to bulk transfer. USBFS is operating using Full-speed transfer (12 Mbps).
SCI SCl is transmitting data in clock synchronous mode.
IIc Communication format is set to 12C-bus format. IIC is transmitting data in master mode.
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Table 2.28 Outline of operation for each unit (2 of 2)

Peripheral Outline of operation
CANFD CANFD is transmitting and receiving data in self-test mode 1.
SPI SPI mode is set to SPI operation (4-wire method).

SPI master/slave mode is set to master mode.
SPl is transmitting 32-bit width data.

OSPI OSPI is issuing memory write command to HyperRAM.

SSIE Communication mode is set to Master. System word length is set to 32 bits.
Data word length is set to 20 bits. SSIE is transmitting data using 12S format.

ADC Resolution is set to 12-bit accuracy. Data registers is set to A/D-converted value addition mode.
ADC12 is converting the analog input in continuous scan mode.

DAC12 DAC12 is outputting the conversion result while updating the value of data register.

TSN TSN is operating.

ACMPHS ACMPHS is operating.

CEU CEU is capturing data and transferring to the SRAM.

ELC Only clear module stop bit.

RSIP-E51A RSIP is doing self-test operation.

CAC is measuring the clock frequency accuracy.

CRC CRC is generating CRC code using 32-bit CRC32-C polynomial.
DOC DOC is operating in data comparison mode.
CAC Measurement target clocks is set to PCLKB. Measurement reference clocks is set to PCLKB.

DMAC is transferring data from SRAM to SRAM.

DMAC Bit length of transfer data is set to 32 bits. Transfer mode is set to block transfer mode.

DTC is transferring data from SRAM to SRAM.

DTC Bit length of transfer data is set to 32 bits. Transfer mode is set to block transfer mode.

22.7.2 Example of Tj calculation
Assumption :

e Package 144-pin LQFP : 6ja=31.7 °C/W

e Ta=60°C

e Icc +lcc pepe =240 mA

e VCC=3.5V (VCC=VCC2=AVCCO=VCC _USB)

o Iog=1mA, Vog=VCC-0.5V, 12 Outputs

o Ior. =20 mA, VoL = 1.0V, 8 Outputs

o Iop =1mA, VoL =0.5V, 12 Outputs

e C;, =8 pF, 32 pins, Input frequency = 10 MHz

® Cjoad = 30 pF, 32 pins, Output frequency = 10 MHz

Static current of IO =X (VOL x IOL) / Voltage + X ((VCC - VOH) x IOH) / Voltage

=Q0mA x 1 V)x8/3.5V+(I1mA x0.5V)x12/3.5V+((VCC-(VCC-0.5V)) x I mA) x 12/3.5V

=457mA +1.71 mA + 1.71 mA

=49.1 mA

Dynamic current of IO =X IO (Cin + Cload) x 10 switching frequency x Voltage
= ((8 pF x 32) x 10 MHz + (30 pF x 32) x 10 MHz) x 3.5V

=42.6 mA

Total power consumption = Voltage X (Static current + Dynamic current)
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=240 mA x3.5V)+(49.1 mA +42.6 mA) x 3.5V
=1161 mW (1.161 W)

Tj = Ta + 0ja x Total power consumption
=60°C+31.7°C/W x 1.161W

=96.8°C

2.3 AC Characteristics

2.31 Frequency

Table 2.29 Operation frequency value in high-speed mode

Parameter Symbol Min Typ Max Unit
Operation CPU clock (CPUCLK) | DCDC, 144-pin LQFP | f — — 360 MHz
frequency and 100-pin LQFP
package, Tj < 105°C"3
External VDD, 144-pin — — 360
LQFP and 100-pin
LQFP package, Tj <
105°C
System clock (ICLK) — — 240
Peripheral module clock (PCLKA) — — 120
Peripheral module clock (PCLKB) — — 60
Peripheral module clock (PCLKC) 2 — 60
Peripheral module clock (PCLKD) — — 120
Peripheral module clock (PCLKE) — — 240
Flash interface clock (FCLK) 1 — 60
SCI clock (SCICLK) — — 120
SPI clock (SPICLK) — — 120
Octal SPI clock (OCTACLK) — — 200
CANFD core clock (CANFDCLK) — — 80
USB clock (USBCLK) — — 48

Note 1. FCLK must run at a frequency of at least 4 MHz when programming or erasing the flash memory.
Note 2. When the ADC12 is used, the PCLKC frequency must be at least 1 MHz.

Note 3. When DCDC is used with VCC_DCDC < 2.5V, Ipp current must be less than the value specified in operating current.

Please see Table 2.8.
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Table 2.30 Operation frequency value in low-speed mode
Parameter Symbol Min Typ Max Unit
Operation CPU clock (CPUCLK) f — — 1 MHz
frequency System clock (ICLK) _ — 1
Peripheral module clock (PCLKA) — — 1
Peripheral module clock (PCLKB) — — 1
Peripheral module clock (PCLKC) 2 — 1
Peripheral module clock (PCLKD) — — 1
Peripheral module clock (PCLKE) — — 1
Flash interface clock (FCLK) 1 — 1
SCI clock (SCICLK) — — 1
SPI clock (SPICLK) — — 1
Octal SPI clock (OCTACLK) — — 1
CANFD core clock (CANFDCLK) — — 1
USB clock (USBCLK) — — 1
Note 1. Programming or erasing the flash memory is disabled in low-speed mode.
Note 2. When the ADC12 is used, the PCLKC frequency must be at least 1 MHz.
2.3.2 Clock Timing
Table 2.31 Clock timing except for sub-clock oscillator (1 of 2)
Parameter Symbol Min Typ Max Unit Test conditions
EXTAL external clock input cycle time tExcyc 20.80 — — ns Figure 2.15
EXTAL external clock input high pulse width tExH 5.30 — — ns
EXTAL external clock input low pulse width texL 5.30 — — ns
EXTAL external clock rise time texr — — 3.0 ns
EXTAL external clock fall time texs — — 3.0 ns
Main clock oscillator frequency fmaIN 8 — 48 MHz —
Main clock oscillation stabilization wait time tmaINOSCW | — — — ms Figure 2.16
(crystal)™ T
LOCO clock oscillation frequency fLoco 29.4912 32.768 36.0448 kHz —
LOCO clock oscillation stabilization wait time ttocowt | — — 60.4 us Figure 2.17
MOCO clock oscillation frequency fmoco 6.8 8.0 9.2 MHz —
MOCO clock oscillation stabilization wait time tmocowT |— — 15.0 us —
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Table 2.31 Clock timing except for sub-clock oscillator (2 of 2)

Parameter Symbol Min Typ Max Unit Test conditions
HOCO clock oscillator Without FLL fuoco1e 15.78 16.00 16.22 MHz -20<Tj<105°C
oscillation frequency
fioco1s 17.75 18.00 18.25
fuoco2o 19.72 20.00 20.28
fHocos2 31.55 32.00 3245
fHoco4s 47.33 48.00 48.67
fuoco1e 15.71 16.00 16.29 -40<Tj<-20°C
fioco1s 17.68 18.00 18.32
fHocoz20 19.64 20.00 20.36
fHocos2 31.42 32.00 32.58
fuocoas 47.14 48.00 48.86
With FLL fioco1s 15.960 16.000 16.040 -40<Tj<105°C
Sub-clock frequency
fhocots | 17.955 18.000 18.045 accuracy is +50 ppm.
fuoco20 19.950 20.000 20.050
fHoco32 31.920 32.000 32.080
fHoco4s 47.880 48.000 48.120
HOCO clock oscillation stabilization wait time*2 tHocowt |— — 64.7 s —
HOCO stop width time tHocosTp |1 — — us Figure 2.20
HOCO period jitter Jitter -3 — 3 % —
FLL stabilization wait time trLLwT — — 1.8 ms —
PLL1/PLL2 VCO frequency fvco 640 — 1440.0 MHz —
PLL1/PLL2 Output frequency for output clock P tpLL 40 — 480 MHz —
PLL1/PLL2 Output frequency for output clock Q, R tpLL 7 — 480 MHz —
PLL1/PLL2 clock oscillation stabilization wait time teLLwT — — 40 us Figure 2.18
PLL1/PLL2 period jitter — — +70 — ps —
PLL1/PLL2 long term jitter — — +300 — ps Term: 1 ps, 10 ps

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 recommended
value.

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

operation.

Table 2.32 Clock timing for the sub-clock oscillator

Parameter Symbol Min | Typ Max | Unit | Test conditions
Sub-clock frequency fsus — [32.768 — |kHz |—
Sub-clock oscillation stabilization wait time tsuBoscwT — |— s Figure 2.19

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.
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.
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texcyc

texH texc
<

EXTAL external clock input [ vce x 0.5

texr texr

Figure 2.15  EXTAL external clock input timing

MOSCCR.MOSTP \
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»
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Figure 2.16  Main clock oscillation start timing

LOCOCR.LCSTP \

On-chip oscillator output WM

tLocowt

LOCO clock % \ ’ \ /

Figure 2.17 LOCO clock oscillation start timing

PLLCR.PLLSTP \

PLL2CR.PLL2STP « «
PLL1/PLL2 circuit output mmm/ \t f/ \ 7[ \ / \ /
teuwt
” »l
OSCSF.PLLSF
OSCSF.PLL2SF g g

PLL1/PLL2 clock

qQ qQ
2

Note:  PLL1/PLL2 operates only after main clock oscillation has stabilized.

Figure 2.18  PLL1/PLL2 clock oscillation start timing
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Sub-clock oscillator output

SOSCCR.SOSTP \

£

2

£
]

NSNS NSNS

tsusoscwt
< >
Sub-clock ]l_\_/_
2 55
Figure 2.19  Sub-clock oscillation start timing
HOCOCR.HCSTP / \
tHocosTP
OSCSF.HOCOSF N(
Figure 2.20 HOCO stop width time
233 Reset Timing
Table 2.33 Reset timing
Test
Parameter Symbol Min Typ Max Unit conditions
RES pulse | Power-on tRESWP 4.2 — — ms Figure 2.21
width
Deep DPSBYCR.DCSSMODE | treswb 1.30 — — ms Figure 2.22
Software =0
Standby
mode 1 ?I?SBYCR.DCSSMODE 0.71 — —
Deep DPSBYCR.DCSSMODE 2.00 — —
Software =0
Standby
mode 2 _DI?SBYCR.DCSSMODE 1.50 — —
Deep DPSBYCR.DCSSMODE 3.50 — —
Software =0
Standby
mode 3 ?F;SBYCR.DCSSMODE 2.90 — —
Software Standby mode tRESWS 0.66 — — ms
Low-speed Mode tRESWLS 0.46 — — ms
CPU Deep Sleep mode (SOSC tReswsops | 0.36 — — ms
operation)
CPU Deep Sleep mode (Other than tRESWDS 0.24 — — ms
SOSC operation)
SOSC operation tRESWSO 0.19 — — ms
Other than above tRESW 62.0 — — us
Wait time after RES cancellation tRESWT — 54.9 64.6 us Figure 2.21
Wait time after internal reset cancellation (IWDT reset, | tresw2 — 54.9 64.6 us —
WDT reset, CPU Lockup reset, Bus Error reset,
Common Memory Error reset, Software reset)
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£C LC
P ]
VCC 1 VCCmin

I

[ R2J

RES 7

Internal reset signal
(low is valid) « I%
R R

tRESWT

Figure 2.21 RES pin input timing under the condition that VCC exceeds Vpgor voltage threshold

treswp, trResws, trREswLs, tREswDs,
treswsobs, tREswso, tRESW

RES 7[_S

Internal reset signal
(Low is valid) \
L L
) )Y

tRESWT
Figure 2.22  Reset input timing
234 Wakeup Timing
Table 2.34 Timing of recovery from low power modes (1 of 2)
Fast
return Test
Parameter function Symbol Min | Typ Max Unit | conditions
Recovery time from CPU Deep Sleep mode — tpsLp 10 — 182 214 us —
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Table 2.34 Timing of recovery from low power modes (2 of 2)
Fast
return Test
Parameter function Symbol Min | Typ Max Unit | conditions
Recovery | Crystal resonator | System clock sourceis | Enabled tsgymc ® — 2.33 243 ms | Figure 2.23
time from | connected to main clock oscillator” The
Software main clock MOSCSCR.MOSCSOK division
Standby oscillator P=0 ratio of all
mode oscillators
System clock source is | Enabled — 310 385 us is 1.
main clock oscillator”
MOSCSCR.MOSCSOK
P=1
System clock source is | Enabled tsypc? — 2.47 2.59 ms
PLL1P with main clock
oscillator2
MOSCSCR.MOSCSOK
P=0
System clock source is | Enabled — 388 511 us
PLL1P with main clock
oscillator2
MOSCSCR.MOSCSOK
P=1
External clock System clock source is Enabled tSBYEX*9 — 310 385 us
input to main main clock oscillator™
clock oscillator
System clock source is | Enabled tsgype 2 — | 388 511
PLL1P with main clock
oscillator™
System clock source is sub-clock oscillator® | Enabled | tggysc™® |— [0.81 0.87 ms
System clock source is HOCO clock Enabled tseyHo ® — 310 385 us
oscillator®
System clock source is PLL1P with HOCO™? | Enabled tsgypH® | — | 398 522 s
System clock source is MOCO clock Enabled tseymo 2 — 312 387 us
oscillator8
Recovery | Deep Software Any of Standard tpsBy — 0.68 1.20 ms | Figure 2.24
time from | Standby mode 1 PVDO(OFS1(_SEC).PV
Deep DLPSEL=1), PVD1, Fast — |02 0.62 ms
Software PVD2, or Battery power
Standby supply switch is enabled
mode
All of Standard 0.73 1.30
PVDO(OFS1(_SEC).PV
PVD2, and Battery
power supply switch are
disabled
Deep Software DPSWCR.WSTS = 0x0B | Standard — 0.73 1.10 ms
Standby mode 2
Fast — 0.33 0.50 ms
DPSWCR.WSTS = 0x9A | Standard — 1.60 2.00 ms
Fast — 1.20 1.50 ms
Deep Software Standby mode 3 Standard — 2.10 3.50 ms
Fast — 1.70 2.90 ms
Wait time after cancellation of Deep Software Standby — tDsBYWT 477 | — 64.6 us
mode

Note 1. When the frequency of the crystal is 48 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the
greatest value of the internal clock division setting is 1.

Note 2. When the frequency of PLL1P is 480 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the
greatest value of the internal clock division setting is 8.
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Note 3.

Note 4.

Note 5.
Note 6.
Note 7.
Note 8.
Note 9.

When the frequency of the external clock is 48 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and
the greatest value of the internal clock division setting is 1.

When the frequency of PLL1P is 480 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and the
greatest value of the internal clock division setting is 8.

The Sub-clock oscillator frequency is 32.768 kHz and the greatest value of the internal clock division setting is 1.

The HOCO frequency is 20 MHz and the greatest value of the internal clock division setting is 1.

The PLL frequency is 480 MHz and the greatest value of the internal clock division setting is 8.

The MOCO frequency is 8 MHz and the greatest value of the internal clock division setting is 1.

The recovery time can be calculated with the equation of tcommon + Max(toscsTs, tPa1, track) + Mmax(tpge, tLpw)- And they can be
determined with the following values and equations. For n, the greatest value is selected from among the internal clock(CPUCLK,
ICLK, PCLKm, FCLK) division settings (m = A to E).

toscsTa in the table below means the time when each oscillator is active. When multiple oscillators are active, toscsTg is
determined by the longest toscstg among the active oscillators.

Note 10. The ICLK frequency is 240 MHz. This recovery time corresponds to tpg>.
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Table 2.35 Each element of recovery time

Typ Max
Oscillat | Fast
Wakeu | ion return | tcommo |toscsts tcommo |toscsts
p time |keep |function |n " tre1 |treck [tPe2 |tLPw |n Bl tre1 |tpeck |tPe2 |tLpw | Unit
tseymc | MOSC | Enabled |52.667 |tuanosc |75.5 |21+ |1449/ |10+ |82.369 |tuanosc |88.8 |25+ |1449/ |10+ |ps
disabled +4/ WT 10.5/ |fMO |2/ +4/ wT + 10.5/ [fMO |2/
fICLK fMOC |CO + |fICLK | fICLK 11/0.236 fMOC | CO+ |fICLK
O+ 10/ +2n/ O+ 10/ +2n/
2.5n/ |[fICLK | fMAI 2.5n/ |fICLK | fMAI
fMOC N fMOC N
O+ O+
MOSC | Enabled |52.667 |3/0.262 25/ 10+ [82.369 |14/0.236 2.5/ 10+ |us
fICLK CLK + fICLK | fICLK CLK + fICLK
2/ + 2n/ 2/ + 2n/
fICLK MAI fICLK MAI
N N
tsgypc | MOSC |Enabled |52.667 |24.125 10+ |82.369 |[24.05+ 10+ |us
disabled +4/ +tmaINOS 2/ +4/ tmAINOSC 2/
fICLK | opr + fICLK | fICLK |7 + fICLK
31/0.262 +2n/ 42/0.236 +2n/
" fPLL "3 fPLL
MOSC |Enabled |52.667 |24.125+ 10+ |82.369 |[24.05+ 10+ |us
enabled + 4/ 34/0.262 2/ +4/ 45/0.236 2/
fICLK 2 fICLK | fICLK *3 fICLK
+2n/ +2n/
fPLL fPLL
tseYEX | — Enabled |52.667 |3/0.262 10+ |82.369 |14/0.236 10+ |ps
+4/ 2/ + 4/ 2/
fICLK fICLK | fICLK fICLK
+2n/ + 2n/
fEXM fEXM
AIN AIN
tseypE |— Enabled |52.667 |24.125+ 10+ |82.369 |24.05 10+ |ps
+ 4/ 34/0.262 2/ + 4/ +45/0.23 2/
fICLK 2 fICLK | fICLK 63 fICLK
+2n/ + 2n/
fPLL fPLL
tseysc | — Enabled |52.667 |0 10+ |82.369 |0 10+ |ps
+ 4/ 2/ + 4/ 2/
fICLK fICLK | fICLK fICLK
+2n/ +2n/
fSOS fSOS
C C
tsayHo | — Enabled |52.667 |23.375 10+ |82.369 |70.234 10+ |ps
+4/ 2/ +4/ 2/
fICLK fICLK | fICLK fICLK
+2n/ +2n/
fHOC fHOC
O 0
tsayPH | — Enabled |52.667 |24.125+ 10+ |82.369 |24.05 10+ |ps
+4/ 14072 2/ +4/ +202"3 2/
fICLK fICLK | fICLK fICLK
+ 2n/ +2n/
fPLL fPLL
tseymo | — Enabled |52.667 |0 10+ |82.369 |0 10+ |ps
+ 4/ 2/ + 4/ 2/
fICLK fICLK | fICLK fICLK
+2n/ + 2n/
fMO fMO
CO CO

Note:  The unit of frequency is MHz.
Note 1. If more than one oscillator is operating, the largest value of the operating oscillator in this column is applied.
Note 2. "24.125" can be reduced when both PLL1LDOCR.SKEEP and PLL2LDOCR.SKEEP are 1.
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Note 3. "24.05" can be reduced when both PLL1ILDOCR.SKEEP and PLL2LDOCR.SKEEP are 1.
Oscillator ﬂ
(System clock) <
Oscillator
(Other than the system clock) g
e @ LT
IRQ < i >
Software standby mode
tsymc, tsevex, tseypc, tseyee,
tseypH, tseysc, tseyHo, tseymo
When stabilization of the system clock oscillator is slower
Oscillator ﬂ F
(System clock) g
Oscillator
(Other than the system clock) <
ICLK | | _l . | | F
IRQ .
h Software standby mode i’
tseymc, tsavex, tseypc, tseyee,
tssypH, tseysc, tseyHo, tseymo
When stabilization of an oscillator other than the system clock is slower
Figure 2.23  Software Standby mode cancellation timing
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Deep Software Standby
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”

£

”

[(4

”

”

£

”

<

Deep Software Standby mode

tossy

toseywt

Reset exception handling start

Figure 2.24  Deep Software Standby mode cancellation timing
2.3.5 NMI and IRQ Noise Filter
Table 2.36 NMI and IRQ noise filter
Parameter Symbol Min Typ Max Unit Test conditions
NMI pulse tNMIwW 200 — — ns NMI digital filter tpeyc X 2 <200 ns
width disabled
tpeyc * 2" — - tpeye X 2> 200 ns
200 — — NMI digital filter tnmick X 3 =200 ns
" enabled
tnmick x 3.572 - - tnmick % 3 > 200 ns
IRQ pulse tirQw 200 — — ns IRQ digital filter tpeyc X 2< 200 ns
width disabled
tpoyc x 2" — — tpeye X 2 > 200 ns
200 — — IRQ digital filter tirack * 3 <200 ns

tirack * 3.5

enabled

tirack * 3 > 200 ns

Note: 200 ns minimum in Software Standby mode.
Note:  If the system clock source is switched, add 4 clock cycles of the switched source.

Note 1. tpcyc indicates the PCLKB cycle.

Note 2. tywmick indicates the cycle of the NMI digital filter sampling clock.
Note 3. tirqck indicates the cycle of the IRQi digital filter sampling clock.

tNmiw

Figure 2.25

NMI interrupt input timing
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tiraw

Figure 2.26  IRQ interrupt input timing

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

Table 2.37 1/0 ports, POEG, GPT, AGT, ULPT and ADC12 trigger timing (1 of 2)

GPT Conditions:

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

If GPT pins are specified across the VCC 1/0 and VCC2 1/O, characteristics below is guaranteed only when VCC = VCC2.
AGT Conditions:

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

Parameter Symbol Min Max | Unit Test conditions
1/O ports Input data pulse width tPrRW 5.5 — ticye Figure 2.27
EXCIN input frequency tEXCIN — 36 kHz
RTCICn (n = 0 to 2) input pulse width tRTCICW 13.89 |— us Figure 2.28
POEG POEG input trigger pulse width tPoEW 3 — tpeyc Figure 2.29
GPT Input capture pulse width Single edge teTicw! 1.5 — tPDcyc Figure 2.30
(Cycle)
Dual edge 25 —
Input capture pulse width 2.70V or above teTicw’ ! 125 |— ns
(Time)
1.68V or above 250 |—
(VCC)
1.65V or above
(VCC2)
GTIOCXY output skew 2.70V or above teTIsSK — 4 ns Figure 2.31
(x=0to5,Y=AorB)
1.68V or above — 5
(VCC)
1.65V or above
(vee2)
GTIOCXY output skew 2.70V or above — 4
(x=10t013,Y =AorB)
1.68V or above — 5
(VCC)
1.65V or above
(VCC2)
GTIOCXY output skew 2.70V or above — 6
(x=0t05,10t013,Y=Aor
B) 1.68V or above — 7
(VCC)
1.65V or above
(vee2)
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Table 2.37 1/0 ports, POEG, GPT, AGT, ULPT and ADC12 trigger timing (2 of 2)

GPT Conditions:

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

If GPT pins are specified across the VCC I/O and VCC2 /O, characteristics below is guaranteed only when VCC = VCC2.
AGT Conditions:

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

Parameter Symbol Min Max | Unit Test conditions

AGT AGTIO, AGTEE input cycle 2.70V or above tacyc 2 100 — ns Figure 2.32

1.68V or above 100 —
(VCC)

1.65V or above
(VCC2)

AGTIO, AGTEE input high 2.70V or above tackwH, tackwL 40 — ns
width, low width

1.68V or above 40 —
(VCC)

1.65V or above
(VCC2)

AGTIO, AGTO, AGTOA, 2.70V or above tacyce 625 |— ns
AGTOB output cycle
1.68V or above 625 |—

(VCC)
1.65V or above
(VCC2)

ULPT ULPTEE, ULPTEVI input cycle | 2.70V or above tuLcye S 32 - us Figure 2.33

1.68V or above 32 -
(VCC)

1.65V or above
(VCC2)

ULPTEE, ULPTVI input high 2.70V or above tuLckwH, tuLckwr | 12 - us

width, low width

1.68V or above 12 -
(VCC)
1.65V or above
(VCC2)

ULPTO, ULPTOA, ULPTOB 2.70V or above tuLcyc2 64 - ys
output cycle

1.68V or above 64 -
(VCC)

1.65V or above
(vce2)

ADC12 ADC12 trigger input pulse 2.70V or above tTRGW 1.5 — tpeyc Figure 2.34
width

1.68V or above 3.0 —
(VCC)

1.65V or above
(VCC2)

Note:  ticyc: ICLK cycle, tpeyc: PCLKB cycle, tppeye: PCLKD cycle, tyLpricLk : ULPTLCLK cycle..
Note 1. For Cycle and Time, the longer time characteristics is applied.
Note 2. Constraints on input cycle:
When not switching the source clock: tpeye * 2 < tacyc should be satisfied.
When switching the source clock: tpeyc * 6 < tacyc should be satisfied.
Note 3. Constraints on input cycle:
ULPTEVI : tpgyc * 2 < tyLcyc should be satisfied.
ULPTEE: ty pTLCLK X 2 < tyLcyc should be satisfied.
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Port %
I tPRW i
Figure 2.27 /O ports input timing
RTCICn
(n=0to2)
I‘ tRTCICW ’I
Figure 2.28 RTCICn input timing
POEG input trigger >% %
< gl
troEwW
Figure 2.29  POEG input trigger timing
Input capture % }<
™= =1
teTicw
Figure 2.30  GPT input capture timing
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wo [\ )\ S S

Qutput delay
e

GPT output

teTisk

Figure 2.31 GPT output delay skew

< tacyc q
te—— tackwL te—— tackwH —>|
AGTIO, AGTEE Z X
(input) \ X
|
< tacvec2 »
AGTIO, AGTO,
AGTOA, AGTOB
(output) .
Figure 2.32  AGT input/output timing
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ULPTEE, ULPTVI
(input)

ULPTO,

ULPTOA, ULPTOB \
(output)

< tuLcye >

te— tuLckwH——>

te—— tuLckwi

e tucyczc ————>|

Figure 2.33  ULPT input/output timing

ADTRGO,
ADTRG1

trrRew

Figure 2.34  ADC12 trigger input timing

2.3.7

Table 2.38

CAC Timing

CAC timing

Parameter

Symbol

Min Typ

Max

Unit

Test conditions

CAC CACREEF input pulse

| tPchc s tcac*‘1
width

tpBeyc > teac !

tcAcrRer

4.5 X teac + 3 X tppeyc | —

ns

5 X teac + 6.5 X tppeyc | —

ns

Note:  tpgeyc: PCLKB cycle.
Note 1. tcac: CAC count clock source cycle.
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2.3.8

Table 2.39

SCI Timing

SCI timing (Asynchronous mode)

Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
If SCI pins are specified across the VCC 1/0 and VCC2 /O, characteristics below is guaranteed only when VCC = VCC2.

Parameter

VCC/VCC2

Symbol

Min

Max

Unit

Note

Input clock cycle

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tScyc

4.0

tTcyc

Figure 2.35

Input clock pulse width

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tsckw

0.4

tScyc

Input clock rise time

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tsckr

0.1

tScyc

Input clock fall time

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tscks

0.1

tScyc

Output clock cycle

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tScyc

6.0

tTcyc

Output clock pulse width

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tsckw

0.4

tSc:yc

Output clock rise time

2.70 V or
above

1.68 V or
above (VCC)
1.65Vor
above (VCC2)

tsckr

3.3

6.6

ns

Output clock fall time

2.70 V or
above

1.68Vor
above (VCC)
1.65Vor
above (VCC2)

tscks

3.3

6.6

ns

Note:  tT¢yc: TCLK cycle.
Note 1. 1 ps at the longest

Note: n=0to4,9

SCKn ]

tsckw

A
W 4

tsckr

tsckr

tScyc

A4

Figure 2.35

SCK clock input/output timing
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Table 2.40

SCI timing (Simple SPI) (1 of 2)

Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
If SCI pins are specified across the VCC 1/0 and VCC2 /O, characteristics below is guaranteed only when VCC = VCC2.

High
Speed/
Parameter Default |VCC/VCC2 Symbol Min Max Unit Note
SCK clock | Master — 2.70 V or above tsPeyc 2.0 65536 treye Figure 2.36
cycle
o{jtput 1.68 V or above (VCC) 4.0 65536
1.65 V or above (VCC2)
SCK clock | Slave — 2.70 V or above 2.0 65536
cycle
inyput 1.68 V or above (VCC) 4.0 65536
1.65 V or above (VCC2)
SCK clock | Master — 1.68 V or above (VCC) |tspckwH 0.4 — tspeyc
high pulse 1.65 V or above (VCC2)
width Slave | —
SCK clock | Master — 1.68 V or above (VCC) |tspckwL 0.4 — tspeyc
low pulse 1.65 V or above (VCC2)
width Slave —
SCK clock | Output — 2.70 V or above tspckr, — 3.3 ns
rise and SPCKf
fall time 1.68 V or above (VCC) — 6.6
1.65 V or above (VCC2)
Input — 2.70 V or above — 0.173 tspeyc
1.68 V or above (VCC) — 0.173
1.65 V or above (VCC2)
Data input | Master High 2.70 V or above tsu 14.9 - (AST[2:.0] |— ns Figure 2.37,
setup time Speed™ settings) Figure 2.38
1.68 V or above (VCC) 23.1 - (AST[2:.0] |—
1.65 V or above (VCC2) settings)
Default? |2.70 V or above 16.2 - (AST[2:.0] |—
settings)
1.68 V or above (VCC) 23.8- (AST[2:0] |—
1.65 V or above (VCC2) settings)
Slave Default? |2.70 V or above 2.5 —
1.68 V or above (VCC) 4.5 —
1.65 V or above (VCC2)
Data input | Master High 2.70 V or above tH -3.2 + (AST[2:0] |— ns Figure 2.37,
hold time Speed™ settings) Figure 2.38
1.68 V or above (VCC) -3.2 + (AST[2:0] |—
1.65 V or above (VCC2) settings)
Default? |2.70 V or above -3.2 + (AST[2:0] |—
settings)
1.68 V or above (VCC) -3.2 + (AST[2:0] |—
1.65 V or above (VCC2) settings)
Slave Default? |2.70 V or above 25 —
1.68 V or above (VCC) 4.5 —
1.65 V or above (VCC2)
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Table 2.40

SCI timing (Simple SPI) (2 of 2)

Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
If SCI pins are specified across the VCC 1/0 and VCC2 /O, characteristics below is guaranteed only when VCC = VCC2.

High
Speed/
Parameter Default |VCC/VCC2 Symbol Min Max Unit Note
Data Master High 2.70 V or above top — 3.0 ns Figure 2.37,
output 1 Figure 2.38
dolay Speed ™ 14 68 or above (VCC) — 45 9
1.65 V or above (VCC2)
Default? |2.70 V or above — 3.5
1.68 V or above (VCC) — 5.5
1.65 V or above (VCC2)
Slave High 2.70 V or above — 15.0
“1
Speed " 4 68V or above (VCC) — 23.0
1.65 V or above (VCC2)
Default? |2.70 V or above — 21.0
1.68 V or above (VCC) — 29.0
1.65 V or above (VCC2)
Data Master High 2.70 V or above ton -3.0 — ns Figure 2.37,
output Speed” Figure 2.38
hold time P 1.68 V or above (VCC) 4.5 —
1.65 V or above (VCC2)
Default? |2.70 V or above -35 —
1.68 V or above (VCC) -5.5 —
1.65 V or above (VCC2)
Slave Default? |2.70 V or above 0.0 —
1.68 V or above (VCC) 0.0 —
1.65 V or above (VCC2)
Datarise | Output — 2.70 V or above tor, tof — 3.3 ns
and fall
time 1.68 V or above (VCC) — 6.6
1.65 V or above (VCC2)
Input — 2.70 V or above — 1.0 us
1.68 V or above (VCC) — 1.0
1.65 V or above (VCC2)
SS input setup time — 1.68 V or above (VCC) |t gaD 1.0 — tspeyc Figure 2.39,
1.65 V or above (VCC2) Figure 2.40
SS input hold time — 1.68 V or above (VCC) |t ac 1.0 — tspeyc
1.65 V or above (VCC2)
SSinput rise and fall | — 1.68 V or above (VCC) |tgsir tssif | — 1.0 us —
time 1.65 V or above (VCC2)
Slave access time — 2.70 V or above tsa — 3 % treye + ns Figure 2.39,
25 Figure 2.40
1.68 V or above (VCC) — 3 % treye +
1.65 V or above (VCC2) 32
Slave output release | — 2.70 V or above tREL — 3 X troyc + ns
time 25
1.68 V or above (VCC) — 3 % treye +
1.65 V or above (VCC2) 32

Note:  tyeye: TCLK cycle.
Note 1. Must use pins that have a letter appended to their name, for instance _A, _B, _C, to indicate group membership. SCIO, SCI1, SCI2,

SCI3 and SCI9 are instance _A, SCH4 is instance _B.

Note 2. All pins of group membership can be used.
Note 3. 1 ps at the longest
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Table 2.41

SCI timing (Clock synchronous mode) (1 of 3)

Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
If SCI pins are specified across the VCC I/O and VCC2 |I/O, characteristics below is guaranteed only when VCC = VCC2.

Parameter

High
Speed/
Default

VCC/VCC2

Symbol

Min

Max

Unit

Note

SCK clock cycle
output

Master

2.70 V or
above

1.68 V or
above (VCC)
1.65Vor
above (VCC2)

SCK clock cycle input

Slave

2.70 V or
above

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tScyc

2.0

4.0

2.0

4.0

tTcyc

SCK clock high pulse
width

Master

Slave

2.70 V or
above

1.68 Vor
above (VCC)
1.65Vor
above (VCC2)

tsckwH

0.4

tScyc

SCK clock low pulse
width

Master

Slave

2.70 V or
above

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tsckwL

0.4

tScyc

SCK clock rise and
fall time

Qutput

2.70 V or
above

1.68 V or
above (VCC)
1.65V or
above (VCC2)

Input

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tsckr sckf

3.3

6.6

ns

0.173

tScyc

Data input setup time

Master

High
Speed”!

2.70 Vor
above

1.68 V or
above (VCC)
1.65V or
above (VCC2)

Default™?

2.70 V or
above

1.68 V or
above (VCC)
1.65V or
above (VCC2)

Slave

Default™?

2.70 V or
above

1.68 V or
above (VCC)
1.65V or
above (VCC2)

tsu

15.1 - (AST[2:0]
settings)

23.2 - (AST[2:0]
settings)

16.5 - (AST[2:0]
settings)

24.2 - (AST[2:0]
settings)

3.3

5.3

ns
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Table 2.41

SCI timing (Clock synchronous mode) (2 of 3)

Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
If SCI pins are specified across the VCC I/O and VCC2 |I/O, characteristics below is guaranteed only when VCC = VCC2.

Parameter

High
Speed/
Default

VCC/VCC2

Symbol

Min

Max

Unit

Note

Data input hold time

Master

High
Speed"!

2.70 V or
above

1.68 V or
above (VCC)
1.65Vor
above (VCC2)

Default™

2.70 V or
above

1.68 V or
above (VCC)
1.65V or
above (VCC2)

Slave

Default?

2.70 V or
above

1.68 Vor
above (VCC)
1.65Vor
above (VCC2)

ty

-3.3 + (AST[2:0]
settings)

-3.3 + (AST[2:0]
settings)

-3.2 + (AST[2:0]
settings)

-3.2 + (AST[2:0]
settings)

3.0

5.0

ns

Data output delay

Master

High
Speed”!

2.70 V or
above

1.68 V or
above (VCC)
1.65V or
above (VCC2)

Default™?

2.70 V or
above

1.68 V or
above (VCC)
1.65V or
above (VCC2)

Slave

High
Speed"!

2.70 V or
above

1.68 Vor
above (VCC)
1.65Vor
above (VCC2)

Default™2

2.70 V or
above

1.68 V or
above (VCC)
1.65Vor
above (VCC2)

tob

5.0

5.0

7.3

7.3

15.0

23.0

21.0

29.0

ns
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Table 2.41 SCI timing (Clock synchronous mode) (3 of 3)

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

If SCI pins are specified across the VCC I/O and VCC2 |I/O, characteristics below is guaranteed only when VCC = VCC2.
High
Speed/
Parameter Default |VCC/VCC2 Symbol Min Max Unit Note

Data output hold time | Master | High 2.70 Vor ton -5.0 — ns
Speed’! | above

1.68 V or -5.0 —
above (VCC)
1.65V or
above (VCC2)

De]‘ault*2 2.70 V or -7.3 —_
above

1.68 Vor -7.3 —
above (VCC)
1.65V or
above (VCC2)

Slave High 2.70 V or 0 —
Speed™! | above

1.68 V or 0 —
above (VCC)
1.65Vor
above (VCC2)

Default? |2.70 V or 0 —
above

1.68 V or 0 —
above (VCC)
1.65V or
above (VCC2)

Data rise and fall time | Output |— 2.70Vor tpr, tof — 3.3 ns
above

— 1.68 V or — 6.6
above (VCC)
1.65V or
above (VCC2)

Input — 1.68 V or — 1.0 us
above (VCC)
1.65Vor
above (VCC2)

Note:  tyeye: TCLK cycle.

Note 1. Must use pins that have a letter appended to their name, for instance _A, _B, _C, to indicate group membership. SCIO, SCI1, SCI2,
SCI3 and SCI9 are instance _A, SCI4 is instance _B.

Note 2. All pins of group membership can be used.

Note 3. 1 us at the longest
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tsPckwH

tspckr tspeke

slave select input

tspckwL

Von
SCKn
master select
output
tspckwL
tSPcyc o
I~ d
tsPckwH tspekr tspcks
ViH
SCKn

I€

1

Vorn=0.7 x VCC or 0.7 x VCC2, Vo= 0.3 x VCC or 0.3 x VCC2,
ViH =0.7xVCC or 0.7 x VCC2, Vi =0.3 x VCC or 0.3 x VCC2

Note: n=0to4,9
Figure 2.36  SCI simple SPI mode clock timing
S VA SV 2
CPOL =0
output
SCKn —-\ /—\_‘ Z—\—/ \
CPOL =1 \
output | 5_/
tsu tH
MISOn
ter, trjf l—y toH —y top
MOSIn R e X 5 r
output _Zr MSB OUT 72< DAT/{A{ >§ LSB OUT >< IDLE ><MSB ouTt
b
Note: n=0to4,9
Figure 2.37  SCI simple SPI mode timing for master when CPHA =0
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SCKn N /

CPOL = 1 ¥ X /

output —

SCkn T\ Z{—\ m
CPOL=0 \ i

output s

|

m:)i?” MSBIN p—1+—{ DATA LSBIN MSB IN

N
toH ton tor, tof
A6 1T
MOSIn B
output MSB OUT . DATA >< LSB OUT 7Z_ IDLE ><MSB ouT
R2J

Figure 2.38  SCI simple SPI mode timing for master when CPHA =1

tro

SSn \
input L “ 7Z \

)y

A
Y

S
1

tLeAD tLac

<
<

SCKn o E

CPOL =0 7Z \_ﬁ \ /
input —

SCKn T\

CPOL =1 N _/—\_$ /1 \
input —

tsa toH too trReL
«—> >
p 55 I NV
MISOn MSB OUT DATA LSB OUT z MSB IN MSB OUT
output g ‘ - ¥
R3] - »
tsu tH tor, tor

MOSin 4 mseiN D DATA >—< LsBIN ) { msBIN
input « / \
2

Note: n=0to4,9

Figure 2.39  SCI simple SPI mode timing for slave when CPHA =0
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tro
SSn \ y A
input N « _Z \
tLeAD i tLac
< »>
SCKi 3 / /
CPOrII =1 F S< /
input
SCKn \ T
CPOL=0 /] \ \
input \—7 R
tsa toH too trReEL
-
MISOn LSB OUT 3 N
output (Last data) MSB OUT >§r B DATA 7& LSB OUT MSB OUT
)
tsu tH tor, tor
input
Note: n=0to4,9
Figure 2.40  SCI simple SPI mode timing for slave when CPHA =1
Table 2.42 SCI timing (Simple IIC mode)
Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
VCC: 1.68V or above, VCC2: 1.65V or above
If SCI pins are specified across the VCC 1/0 and VCC2 1/O, characteristics below is guaranteed only when VCC = VCC2.
Parameter Symbol Min Max Unit | Note
Simple IIC SCL, SDA input rise time tsr — 1000 ns
(Standard mode)
SCL, SDA input fall time tst — 300 ns
SCL, SDA input spike pulse removal tsp 0 4 X teyc ns
time
Data input setup time tspas 250 — ns
Data input hold time tspAH 0 — ns
SCL, SDA capacitive load Cp1 — 400 pF
Simple IIC (Fast | SCL, SDA input rise time tsr — 300 ns
mode)
SCL, SDA input fall time tsf — 300 ns
SCL, SDA input spike pulse removal tsp 0 4 % treye ns
time
Data input setup time tspas 100 — ns
Data input hold time tsDAH 0 — ns
SCL, SDA capacitive load Cp — 400 pF
Note:  tyeye: TCLK cycle.
Note 1. Cy indicates the total capacity of the bus line.
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SDAn

| |
| ! |
T ! |
S\ i
|
o\ N i
b b
| ! | !
| ! | !
L L
! } le— tsp ! }
! | ! |
T | /4 | |
SCLn / i i V i i
! | ! |
g | Pt |
Lo Lo
< tspaH
Test conditions:
ViH=VCC x 0.7 or VCC2 x 0.7
Vi =VCC x 0.3 0or VCC2 x 0.3
VoL=0.6V, loL =6 mA
Note: n=0t04,9
Note 1. S, P, and Sr indicate the following conditions:
S: Start condition
P: Stop condition
Sr: Restart condition
Figure 2.41 SCI simple lIC mode timing
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2.3.9 SPI Timing

Table 2.43
Conditions:

SPI timing (1 of 4)

1. High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

2. Use pins that have a letter appended to their names, for instance “_A” or “_B” to indicate group membership.

3. Load capacitance C = 15pF is applied to the VCC/VCC2 condition "3.00 V or above".

1.65 V or above (VCC2)

Parameter VCC/VCC2 Symbol Min Max Unit Note
RSPCK clock | Master 3.00 V or above tsPeyc 2.0 4096 treye Figure 2.42
cycle
y 2.70V or above 2.0 4096
1.68 V or above (VCC) 4.0 4096
1.65 V or above (VCC2)
Slave 3.00 V or above 2.0 —
2.70 V or above 2.0 —
1.68 V or above (VCC) 4.0 —
1.65 V or above (VCC2)
RSPCK clock | Master 1.68 V or above (VCC) |tspckwH (tspeyc — tspekr — — ns
high pulse 1.65 V or above (VCC2) tspeki) / 2 -3
width
Slave 1.68 V or above (VCC) 0.4 — tspeyc
1.65 V or above (VCC2)
RSPCK clock | Master 1.68 V or above (VCC) |tspckwL (tspeyc — tspckr — — ns
low pulse width 1.65 V or above (VCC2) tspeki) / 2 -3
Slave 1.68 V or above (VCC) 0.4 — tspeyc
1.65 V or above (VCC2)
RSPCK clock | Output 3.00 V or above tspckr tspekf | — 1.66 ns
rise and fall
time 2.70 V or above — 3.30
1.68 V or above (VCC) — 6.60
1.65 V or above (VCC2)
Input 3.00 V or above — 0.1 tspeyc
2.70 V or above — 0.1
1.68 V or above (VCC) — 0.1
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Table 2.43
Conditions:

SPI timing (2 of 4)

1. High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

2. Use pins that have a letter appended to their names, for instance “_A” or “_B” to indicate group membership.

3. Load capacitance C = 15pF is applied to the VCC/VCC2 condition "3.00 V or above".

Parameter VCC/VCC2 Symbol Min Max Unit Note
Data input Master 3.00 V or above tsu -2.5 — ns Figure 2.43,
setup time Figure 2.44
2.70 V or above 0.0 —
1.68 V or above (VCC) 0.0 —
1.65 V or above (VCC2)
Slave 3.00 V or above 2.5 —
2.70 V or above 25 —
1.68 V or above (VCC) 25 —
1.65 V or above (VCC2)
Data input hold | Master 3.00 V or above tH 7.5 — ns
time
2.70 V or above 7.5 —
1.68 V or above (VCC) 9.5 —
1.65 V or above (VCC2)
Slave 3.00 V or above 2.5 —
2.70 V or above 25 —
1.68 V or above (VCC) 55 —
1.65 V or above (VCC2)
SSL setup time | Master 3.00 V or above tLEAD 1 % tspeyc - 10 8 X tgpeyc | NS
+10
2.70 V or above 1 % tgpgyc - 10 8 x tspeyc
+10
1.68 V or above (VCC) 1 % tgpgyc - 10 8 x tspeyc
1.65 V or above (VCC2) +10
Slave 3.00 V or above 4.0 — treye
2.70 V or above 4.0 —
1.68 V or above (VCC) 4.0 —
1.65 V or above (VCC2)
SSL hold time | Master 3.00 V or above tLaG 1 % tspeyc - 10 8 X tgpeyc | NS
+10
2.70 V or above 1 % tgpgyc - 10 8 x tspeyc
+10
1.68 V or above (VCC) 1 % tgpgyc - 10 8 x tspeyc
1.65 V or above (VCC2) +10
Slave 3.00 V or above 4.0 — treye
2.70 V or above 4.0 —
1.68 V or above (VCC) 4.0 —
1.65 V or above (VCC2)
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Table 2.43
Conditions:

SPI timing (3 of 4)

1. High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

2. Use pins that have a letter appended to their names, for instance “_A” or “_B” to indicate group membership.
3. Load capacitance C = 15pF is applied to the VCC/VCC2 condition "3.00 V or above".

Parameter VCC/VCC2 Symbol Min Max Unit Note
TI SSP SS Slave 3.00 V or above triss 25 — ns Figure 2.48
input setup
time 2.70 V or above 2.5 —
1.68 V or above (VCC) 25 —
1.65 V or above (VCC2)
TI SSP SS Slave 3.00 V or above tTIsH 25 — ns
input hold time
2.70 V or above 2.5 —
1.68 V or above (VCC) 5.5 —
1.65 V or above (VCC2)
TI SSP next- Slave 3.00 V or above tTiIND 2 % treyc + SLNDL x — ns
access time tTCyc
2.70 V or above 2 % tyeyc + SLNDL x —
tTcyc
1.68 V or above (VCC) 2 % tyeyc + SLNDL x —
1.65 V or above (VCC2) treye
TI SSP master | Master 3.00 V or above trissop — 4.0 ns Figure 2.45
SS output
delay 2.70 V or above — 8.0
1.68 V or above (VCC) — 8.0
1.65 V or above (VCC2)
Data output Master 3.00 V or above tob1 — 2.0 ns Figure 2.43,
delay time Figure 2.44
2.70 V or above — 3.0
1.68 V or above (VCC) — 6.0
1.65 V or above (VCC2)
3.00 V or above top2 — 25
2.70 V or above — 2.5
1.68 V or above (VCC) — 45
1.65 V or above (VCC2)
Slave 3.00 V or above top — 12.5
2.70 V or above — 16.0
1.68 V or above (VCC) — 24.0
1.65 V or above (VCC2)
Data output Master 3.00 V or above ton -2.5 — ns Figure 2.43,
hold time Figure 2.44
2.70 V or above -2.5 —
1.68 V or above (VCC) -4.5 —
1.65 V or above (VCC2)
Slave 3.00 V or above 0.0 —
2.70 V or above 0.0 —
1.68 V or above (VCC) 0.0 —
1.65 V or above (VCC2)
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Table 2.43
Conditions:

SPI timing (4 of 4)

1. High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

2. Use pins that have a letter appended to their names, for instance “_A” or “_B” to indicate group membership.

3. Load capacitance C = 15pF is applied to the VCC/VCC2 condition "3.00 V or above".

Parameter VCC/VCC2 Symbol Min Max Unit Note
Successive Master 3.00 V or above tp tspeye 2 X treye 8 X tgpeyc | NS Figure 2.43,
transmission +2x treye Figure 2.44
delay time
2.70 V or above tspeye 2 % treye 8 x tgpcyce
+2x tTt:yc
1.68 V or above (VCC) tspeyc + 2 % treye 8 x tspeyc
1.65 V or above (VCC2) +2 X tyeye
Slave 3.00 V or above treye — ns
2.70 V or above treye —
1.68 V or above (VCC) treye —
1.65 V or above (VCC2)
MOSI and Output 3.00 V or above tor tof — 1.66 ns Figure 2.43,
MISO rise and Figure 2.44
fall time 2.70 V or above — 3.30
1.68 V or above (VCC) — 6.60
1.65 V or above (VCC2)
Input 3.00 V or above — 1.0 us
2.70 V or above — 1.0
1.68 V or above (VCC) — 1.0
1.65 V or above (VCC2)
SSL rise and Output 3.00- V or above tssir tssif — 1.66 ns Figure 2.43,
fall time Figure 2.44
2.70 V or above — 3.30
1.68 V or above (VCC) — 6.60
1.65 V or above (VCC2)
Input 3.00 V or above — 1.0 us
2.70 V or above — 1.0
1.68 V or above (VCC) — 1.0
1.65 V or above (VCC2)
Slave access | Slave 3.00 V or above tsa — 20.0 ns Figure 2.46,
time Figure 2.47
2.70 V or above — 20.0
1.68 V or above (VCC) — 25.0
1.65 V or above (VCC2)
Slave output Slave 3.00 V or above tREL — 20.0 ns
release time
2.70 V or above — 20.0
1.68 V or above (VCC) — 25.0
1.65 V or above (VCC2)
Note 1. 1 ps at the longest
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Note:
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Figure 2.42
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Figure 2.43

SPI timing for Motorola SPI master when CPHA =0
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SPI
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Figure 2.44  SPI timing for Motorola SPI master when CPHA =1
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Figure 2.45  SPI timing for TI SSP master
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Figure 2.46  SPI timing for Motorola SPI slave when CPHA =0
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Figure 2.47  SPI timing for Motorola SPI slave when CPHA =1
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SPI timing for Tl SSP slave when transmit with delay between frames
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SPI timing for Tl SSP slave when transmit with no delay between frames
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2.3.10 OSPI Timing

Table 244  OSPI timing (1 of 2)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_SCLK,
OM_SCLKN, OM_SI07-0, OM_DQsS.

High drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_CS0, OM_CS1.
Load capacitance C = 20 pF

ltem Symbol VCC/vVCC2 Min Max Unit Note
Cycle time SDR without tpPERIOD 2.70 V or above 20 — ns Figure 2.50
OM_DQS
1.65Vt02.00V (20 —
SDR with tPERIOD 2.70 V or above 10 — ns
OM_DQS/DDR

1.65Vto2.00V (10 —

Clock output slew rate tsRek 2.70 V or above 0.56 — V/ns

1.65Vt0o2.00V |0.56 —

Clock Duty cycle-distortion tckocp 2.70 V or above 0 0.5 ns
1.65Vto2.00V |0 0.5
Clock Minimum Pulse width tckmpPw 2.70 V or above 4.5 — ns

1.65Vt02.00V |45 —

Differential clock crossing volate Vox(AC) 2.70 Vorabove (0.4 x 0.6 x \Y
VCC2 VCC2
1.65Vt02.00V |04 x 0.6 x
VCC2 VCC2
DS Duty cycle distortion tpspbcp 2.70 V or above 0 0.4 ns
165Vto2.00V |0 0.4
DS Minimum Pulse width tbsmpPw 2.70 V or above 4.1 — ns

1.65Vt02.00V (4.1 —

Data input/output slew rate tsr 2.70 V or above 1.03 — ns
1.65Vt02.00V |[0.56 —
Data input setup | SDR without tsu 2.70 V or above 8.0 — ns Figure 2.51
time (to OM_DQsS
OM_SCLK/ 1.65Vt0o2.00V [12.5 —
OM_SCLKN)
Data input hold ty 2.70 V or above 0.5 — ns
time (to
OM_SCLKN)
Data output valid tov™2 2.70 V or above |— 4.0 ns
time
165Vto2.00V |[— 4.0
Data output hold ton 2.70 V or above -2.0 — ns
time
1.65Vt0o2.00V |[-2.0 —
Data output buffer tBOFF 2.70 Vorabove |-2.0 — ns
off time
1.65Vto2.00V |-2.0 —
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Table 2.44 OSPI timing (2 of 2)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_SCLK,
OM_SCLKN, OM_SIO7-0, OM_DQS.

High drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_CS0, OM_CS1.
Load capacitance C = 20 pF

Item Symbol VCC/VCC2 Min Max Unit Note
Data input setup | SDR with tsu 2.70 V or above -0.9 — ns Figure 2.52,
time (to OM_DQS/DDR Figure 2.53
Data input hold ty 2.70 V or above 3.2 — ns
time (to
Data output valid toy™2 2.70 V or above |— tperiOD/4 + | NS
time 0.9
1.65Vt02.00V — tperiOD/4 +
0.9
Data output hold tHo 2.70 V or above 1.1 — ns
time
1.65Vto2.00V [1.1 —
Data output buffer tBOFF 2.70 V or above 1.1 — ns
off time
1.65Vto2.00V [1.1 —
Clock Low to CS Low tckLcsL 2.70 Vorabove |8 — ns Figure 2.51,
Figure 2.52,
165Vto2.00V |8 — Figure 2.53
CS Low to Clock High tesLekH 2 2.70 V or above 8 — ns
1.65Vto2.00V |8 —
Cock Low to CS High tckLCSH 2.70 V or above 8 — ns
165Vto2.00V |8 —
CS High to Clock High tcSHCKH 2.70 Vorabove |8 — ns
1.65Vto2.00V |8 —
DS Low output to CS High tbsLcsH 2.70 V or above 0.8 x — ns Figure 2.54
tpERIOD
1.65Vt02.00V [0.8 % —
tpERIOD
CS High to DS Tri-State tcsHDST 2.70Vorabove |— tPERIOD ns
1.65V to 2.00V — tPERIOD
CS Low to DS Low input™’ tcsLbsL 2.70V orabove |0 18.5 ns
1.65Vto2.00V |0 125
DS Tri-State to CS Low tpsTcsL 2.70Vorabove |0 — ns
1.65Vto2.00V |0 —

Note 1. This restriction does not need to be met when using the JESD251 Profile 1.0 memory with an external pull-down attached to the
OM_DQS pin.

Note 2. Condition: COMCFG.OEASTEX = 1

Note 3. Condition: LIOCFGCSx.CSASTEX =1

R01DS0455EJ0100 Rev.1.00 RENESAS Page 82 of 134
Oct 23, 2024



RAB8E1 Datasheet

. Electrical Characteristics
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Figure 2.50  OSPI clock / DS timing
OM_CSO0
OM_CS1
/I /L
tosLekH tekiesH
OM_SCLK
tsu ty
tBOFF
OM_SIOn
Data output Data input
Figure 2.51 SDR transmit/receive timing (1S-1S-1S, 1S-2S-2S, 2S-2S-2S, 1S-45-4S, 4S5-4S-4S)
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Data output Data input
DS input DS input

Figure 2.52  DDR transmit/receive timing (4S-4D-4D, 8D-8D-8D)
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Figure 2.53  DDR transmit/receive timing (HyperRAM write)
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2.3.11 lIC Timing

Table 2.45  IIC timing (1) (1 of 2)

(1) Conditions: Middle drive output is selected when VCC is 2.70 V or above, High drive output is selected

when VCC is 1.68 to 1.95 V in the port drive capability bit in the PmnPFS register for the following pins: SDA0_B, SCLO_B, SDA1_B,
SCL1_B

(2) The following pins do not require setting: SCLO_A, SDAO_A. SCL1_A, SDA1_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 |VCC Min Max Unit | conditions
1[e; SCL input cycle time tscL 2.70 V orabove |6 (12) % tjceye + 1300 | — ns Figure 2.55
(Standard mode,
ICFER.FMPE =0 | 5CL input high pulse tscLn 2.70Vorabove |3 (6) X tyceye + 300 | — ns
when VCC is width
2.70 V or above, 1.681t01.95V
ICFER.FMPE =1 :
when VCC is S%It_hlnput low pulse tscLL 2.70 V orabove |3 (6) x tjccyc + 300 — ns
168t0195v |V 16810 1.95 V
SCL, SDA rise time tsr 2.70 Vorabove |— 1000 ns
1.68t01.95V
SCL, SDA fall time tst 2.70 V or above |— 300 ns
1.68t01.95V
SCL, SDA input spike tsp 2.70 Vorabove |0 1(4) x ticeye | Ns
pulse removal time
1.68t01.95V
SDA input bus free time | tgyr 2.70 V or above |3 (6) x tjccyc + 300 — ns
when wakeup function is
disabled 1.68t01.95V
SDA input bus free time | tgur 2.70 Vorabove |3 (6) x tyceyc + 4 % — ns
when wakeup function is
osbiod P 168t01.95y | tPove 300
START condition input tsTAH 2.70 V orabove | tjccyc + 300 — ns
hold time when wakeup
function is disabled 1.68t01.95V
START condition input tsTAH 2.70 Vorabove |1 (5) X tyceyc * tPeye | — ns
hold time when wakeup + 300
function is enabled 16810 1.95V
Repeated START tstas 2.70 V or above | 1000 — ns
condition input setup time
1.68t01.95V
STOP condition input tsTos 2.70 V or above | 1000 — ns
setup time
1.68t01.95V
Data input setup time tspas 2.70 Vorabove | tjccyc + 50 — ns
1.68t01.95V
Data input hold time tspaH 2.70 Vorabove |0 — ns
1.68t01.95V
SCL, SDA capacitive Cp 2.70 Vorabove |— 400 pF
load
1.68t01.95V
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Table 2.45

lIC timing (1) (2 of 2)

(1) Conditions: Middle drive output is selected when VCC is 2.70 V or above, High drive output is selected
when VCC is 1.68 to 1.95 V in the port drive capability bit in the PmnPFS register for the following pins: SDAO_B, SCLO_B, SDA1_B,

SCL1 B

(2) The following pins do not require setting: SCLO_A, SDAO_A. SCL1_A, SDA1_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 |VCC Min Max Unit | conditions
IIC SCL input cycle time tscL 2.70 V orabove |6 (12) x tjceyc + 600 | — ns Figure 2.55
(Fast mode)
ICFER.FMPE =0 16810195V
when VCC is SCL input high pulse tscL 2.70 Vorabove |3 (6) % tyceyc + 300 | — ns
2.70 V or above, | width
ICFER.FMPE =1 1.68t01.95V
when VCC is :
SCL input low pulse tscLL 2.70 V or above |3 (6) x tjccyc + 300 — ns
1.68t01.95V width Y
1.68t01.95V
SCL, SDA rise time tsr 2.70 Vor above |20 300 ns
1.68t01.95V
SCL, SDA fall time tst 2.70 V or above |20 x (external pullup | 300 ns
*1
16810 1.95V voltage/5.5 V)
SCL, SDA input spike tsp 2.70 V or above |0 1(4) x ticeye | NS
pulse removal time
1.68t01.95V
SDA input bus free time | tgyr 2.70 V orabove |3 (6) x tjccyc + 300 — ns
when wakeup function is
SDA input bus free time | tgur 2.70 V orabove |3 (6) x tyccyc + 4 — ns
when wakeup function is tpeye + 300
enabled 168t01.95V cyc
START condition input tsTAH 2.70 V or above |tjccyc + 300 — ns
hold time when wakeup
function is disabled 1.68101.95V
START condition input tsTAH 2.70 Vorabove |1 (5) % ticeye * tPeye | — ns
hold time when wakeup + 300
function is enabled 16810 1.95V
Repeated START tsTas 2.70 V or above |300 — ns
condition input setup time
1.68t01.95V
STOP condition input tstTos 2.70 V or above |300 — ns
setup time
1.68t01.95V
Data input setup time tspas 2.70 Vorabove |tjccyc *+ 50 — ns
1.68t01.95V
Data input hold time tspaH 2.70Vorabove |0 — ns
1.68t01.95V
SCL, SDA capacitive Cp 2.70Vorabove |— 400 pF
load
1.68t01.95V
Note:  tjceyc: IIC internal reference clock (IIC@) cycle, tpeyc: PCLKB cycle.
Note:  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:  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.
Note 1. Only supported for SCLO_A, SDAO_A, SCL1_A, and SDA1_A.
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Table 2.46 lIC timing (2)
Setting of the SCLO_A, SDAO_A, SCL1_A, SDA1_A pins are not required with the port drive capability bit in the PmnPFS register.
Symbo
Parameter 1 vccC Min Max Unit | Test conditions
I[e SCL input cycle time tscL 2.70 V or 6 (12) x tyceye + | — ns | Figure 2.55
(Fast-mode+) above 240
ICFER.FMPE =
1 SCL input high pulse width tscLH 2.70 Vor 3 (6) * ticeye * — ns
above 120
SCL input low pulse width tscLL 2.70 Vor 3 (6) x ticeye + — ns
above 120
SCL, SDA rise time tsr 2.70 V or — 120 ns
above
SCL, SDA fall time tsf 2.70Vor 20 x (external 120 ns
above pullup voltage/
5.5V)
SCL, SDA input spike pulse tsp 2.70 Vor 0 1(4) % ticeye ns
removal time above
SDA input bus free time when | tgyr 2.70V or 3 (6) % ticeye + — ns
wakeup function is disabled above 120
SDA input bus free time when | tgyr 2.70 Vor 3(6) x ticeyc +4 | — ns
wakeup function is enabled above X tpoyc + 120
Start condition input hold tsTAH 2.70 Vor ticeye + 120 — ns
time when wakeup function is above
disabled
START condition input hold tsTAH 2.70 Vor 1(5) * ticeye + — ns
time when wakeup function is above tpeyc + 120
enabled
Restart condition input setup | tstas 2.70 Vor 120 — ns
time above
Stop condition input setup tstos |2.70Vor 120 — ns
time above
Data input setup time tspas 2.70 V or tiiceye + 30 — ns
above
Data input hold time tspaH | 2.70 Vor 0 — ns
above
SCL, SDA capacitive load Cp 2.70Vor — 550 pF
above
Note:  tjceyc: [IC internal reference clock (IICo) cycle, tPcyc: PCLKB cycle.

Note:

Note 1. Cb indicates the total capacity of the bus line.

Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
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ViH A
SDANn

Vi 7 7Y ,A

tsur
|« > tscLH
—> «— tsTAH > —> | tsTAs —> |le—tsp —>| < tsTos
T N
SCLn \ N
p*i T Srt T p*1
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< tspaH

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

Figure 2.55  |2C bus interface input/output timing

2.3.12 SSIE Timing

Table 2.47  SSIE timing (1 of 2)

(1) High drive output is selected with the Port Drive Capability bit in the PmnPFS register.
(2) Use pins that have a letter appended to their names, for instance “_A”,“ B” or “_C” to indicate group membership. For the SSIE
interface, the AC portion of the electrical characteristics is measured for each group.

Parameter Symbol VvCC Min. Max. Unit Comments

SSIBCK Cycle Master to 2.70V or 80 — ns Figure 2.56
above

1.68V or 80 —
above

Slave t) 2.70V or 80 — ns
above

1.68V or 80 —
above

High level/ Master tuc/tLe 2.70V or 0.35 — to
low level above

1.68V or 0.35 —
above

Slave 2.70V or 0.35 — f)
above

1.68V or 0.35 —
above

Rising time/ | Master trc/tec 2.70V or — 0.15 to/t
falling time above

1.68V or — 0.15
above

Slave 2.70V or — 0.15 to/t
above

1.68V or — 0.15
above
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Table 2.47 SSIE timing (2 of 2)

(1) High drive output is selected with the Port Drive Capability bit in the PmnPFS register.
(2) Use pins that have a letter appended to their names, for instance “_A” , “_B” or “_C” to indicate group membership. For the SSIE
interface, the AC portion of the electrical characteristics is measured for each group.

Parameter Symbol VCC Min. Max. Unit Comments

SSILRCKO0/ Input setup | Master tsr 2.70V or 12 — ns Figure 2.58,
SSIFS0, time above Figure 2.59
SSITXDO,

SSIRXDO 1.68V or 20 _
above

Slave 2.70V or 12 — ns
above

1.68V or 12 —
above

Input hold Master thr 2.70V or 8 — ns
time above

1.68V or 8 —
above

Slave 2.70V or 15 — ns
above

1.68V or 15 —
above

Output delay | Master toTR 2.70V or -10 5 ns
time above

1.68V or -10 7
above

Slave 2.70V or 0 20 ns
above

1.68V or 0 25
above

Output delay | Slave tDTRW 2.70V or — 20 ns Figure 2.60
time from above

SSILRCK/

above

change

GTIOC2A, Cycle tEXcye 2.70V or 20 — ns Figure 2571
AUDIO_CLK above

1.68V or 40 —
above

High level/ low level texL/texH 2.70V or 0.4 — tExcyc
above

1.68V or 0.4 —
above

Rising time/ falling time texr/texr 2.70V or — 0.172 tExeye
above

1.68V or — 0.172
above

Note 1. For slave-mode transmission, SSIE has a path, through which the signal input from the SSILRCK/SSIFS pin is used to generate
transmit data, and the transmit data is logically output to the SSITXDO or SSIDATA1 pin.
Note 2. 1ps at the longest
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Figure 2.56  SSIE clock input/output timing
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Figure 2.57  Clock input timing
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Figure 2.58  SSIE data transmit and receive timing when SSICR.BCKP =0
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SSIDATA1 (input)

tsr tHrR

SSILRCKN/SSIFSn (output), ¢
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Figure 2.59  SSIE data transmit and receive timing when SSICR.BCKP =1
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MSB bit output delay after SSILRCKn/SSIFSn change for slave
transmitter when DEL = 1, SDTA = 0 or DEL = 1, SDTA = 1, SWL[2:0] = DWL[2:0] in SSICR.

Figure 2.60  SSIE data output delay after SSILRCKO0/SSIFS0 change
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2.3.13 ETHERC Timing

Table 2.48 ETHERC timing

Conditions: ETHERC (RMII): Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:
ETO_MDC, ETO_MDIO.

For other pins, high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

ETHERC (MIl): Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol VCC |Min Max Unit | Test conditions
ETHERC REF50CKO cycle time Tek 2.70V |20 — ns Figure 2.61 to
(RMII) or Figure 2.64

REF50CKO frequency, typical 50 MHz | — above | — 50 + 100 ppm MHz

REF50CKO duty — 35 65 %

REF50CKO riseffall time T ekr/ckf 0.5 3.5 ns

RMII_xxxx"" output delay Teo 2.5 12.0 ns

RMII_xxxx"2 setup time Tsu 3 — ns

RMII_xxxx"2 hold time Thd 1 — ns

RMII_xxxx"1, "2 rise/fall ime Td/Te 0.5 5.0 ns

ETO_WOL output delay twoLd 1 23.5 ns Figure 2.65
ETHERC (MII) | ETO_TX_CLK cycle time treye 40 — ns —

ETO_TX_EN output delay tTENG 1 20 ns Figure 2.66

ETO_ETXDO to ET_ETXD3 output tMTDd 1 20 ns

delay

ETO_CRS setup time tcrss 10 — ns

ETO_CRS hold time tcrsh 10 — ns

ETO_COL setup time tcoLs 10 — ns Figure 2.67

ETO_COL hold time tcoLn 10 — ns

ETO_RX_CLK cycle time tTReyc 40 — ns —

ETO_RX_DV setup time tRDVs 10 — ns Figure 2.68

ETO_RX_DV hold time trRDVH 10 — ns

ETO_ERXDO to ET_ERXD3 setup time | tyrps 10 — ns

ETO_ERXDO to ET_ERXD3 hold time | tyrph 10 — ns

ETO_RX_ER setup time tRERs 10 — ns Figure 2.69

ETO_RX_ER hold time trRESHh 10 — ns

ETO_WOL output delay twoLd 1 235 ns Figure 2.70

Note:  The following pins must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership.
For the ETHERC (RMII) Host interface, the AC portion of the electrical characteristics is measured for each group. REF50CKO0_A,
REF50CKO0_B, RMIIO_xxxx_A, RMII0O_xxxx_B.

Note 1. RMII_TXD_EN, RMII_TXD1, RMII_TXDO.

Note 2. RMII_CRS_DV, RMII_RXD1, RMII_RXDO0, RMII_RX_ER.
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Figure 2.61 REF50CKO0 and RMIl signal timing
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Figure 2.62  RMII transmission timing
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2.3.14 CEU Timing
Table 2.49 Capture Engine Unit Signal Timing
Parameter Symbol vccC Min Max Unit Test conditions
Vertical sync (VIO_VD) setup tvwDs 2.70 V or above 2.0 — ns Figure 2.71
time (Camera clock rising) Figure 2.72
1.68 V or above 4.5 —
Vertical sync (VIO_VD) setup tvvDs 2.70 V or above 2.5 — ns
time (Camera clock falling)
1.68 V or above 4.5 —
Vertical sync (VIO_VD) hold time | tyypH 2.70 V or above 3.5 — ns
1.68 V or above 5.5 —
Horizontal sync (VIO_HD) setup | tynps 2.70 V or above 2.0 — ns
time (Camera clock rising)
1.68 V or above 4.5 —
Horizontal sync (VIO_HD) setup | tyHps 2.70 V or above 2.5 — ns
time (Camera clock falling)
1.68 V or above 4.5 —
Horizontal sync (VIO_HD) hold tVHDH 2.70 V or above 3.5 — ns
time
! 1,68 V or above 55 —
Capture image data (VIO_D) tvDTs 2.70 V or above 2.0 — ns
setup time (Camera clock rising)
1.68 V or above 4.5 —
Capture image data (VIO_D) tvDTs 2.70 V or above 2.5 — ns
setup time (Camera clock falling)
1.68 V or above 4.5 —
Capture image data (VIO_D) tvDTH 2.70 V or above 3.5 — ns
hold time
1.68 V or above 5.5 —
Camera clock cycle tveye 2.70 V or above 1.5 — ns
1.68 V or above 23.0 —
Camera clock high level width tvHW 2.70 V or above 0.4 x tycvyc — ns
1.68 V or above 0.4 x tycyc —
Camera clock low level width tvLw 2.70 V or above 0.4 x tycyc — ns
1.68 V or above 0.4 x tycvyc —
Field identification signal tveEDS 2.70 V or above 2.0 — ns
(VIO_FLD) setup time (Camera
clock riSing) 1.68 V or above 4.5 —_—
Field identification signal tvFDs 2.70 V or above 2.5 — ns
(VIO_FLD) setup time (Camera
clock falllng) 1.68 V or above 4.5 —
Field identification signal tvEDH 2.70 V or above 3.5 — ns
(VIO_FLD) hold time
1.68 V or above 5.5 —
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2.3.15 CANFD Timing
Table 2.50 CANFD interface timing
Parameter Symbol VCC/VCC2 Min Max Unit Test conditions
Internal delay thode 2.70Vorabove |— 50 ns Figure 2.73
i
me 168V orabove |— 50
(VCC)
1.65 V or above
(vce2)
Note:  Internal delay time (tnode) = Internal transfer delay time (toutput) + Internal receive delay time (tinput)
Internal
transmission CTXn
delay time
(toutput)
: >
CANFD interface
-
< \
Internal
reception delay
time
CRXn
(tinput)
Figure 2.73  CANFD interface condition
24 USB Characteristics
241 USBFS Timing
Table 2.51 USBFS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics) (1 of 2)
Conditions: VCC = VCC_USB = 3.0 to 3.6 V, USBCLK = 48 MHz
Parameter Symbol Min Typ Max Unit Test conditions
Input Input high voltage Vi 2.0 — — \Y —
characteristics
Input low voltage ViL — — 0.8 \% —
Differential input sensitivity Vp) 0.2 — — \% | USB_DP - USB_DM |
Differential common-mode range Vem 0.8 — 2.5 \ —
Output Output high voltage VoH 2.8 — 3.6 \% loq =—-200 pA
characteristics
Output low voltage VoL 0.0 — 0.3 \% loL=2mA
Cross-over voltage VcRrs 1.3 — 2.0 \ Figure 2.74
Rise time LR 75 — 300 ns
Fall time tLr 75 — 300 ns
Rise/fall time ratio R/ LF 80 — 125 % R/ L
R01DS0455EJ0100 Rev.1.00 .QENESAS Page 98 of 134

Oct 23, 2024



RAB8E1 Datasheet

2. Electrical Characteristics

Table 2.51

Conditions: VCC = VCC_USB =3.0t0 3.6 V, USBCLK = 48 MHz

USBFS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics) (2 of 2)

Parameter Symbol Min Typ Max Unit Test conditions
Pull-up and USB_DP and USB_DM pull-down Rpd 1425 |— 24.80 | kQ —
pull-down resistance in host controller mode
characteristics
USB_DP,
USB_DM
Figure 2.74 USB_DP and USB_DM output timing in low-speed mode
Observation
USB_DP / point
C—wWA J_
T 200 pF to 36V
270 % 600 pF .
1.5 KQ
USB_DM
NN +
J_ 200 pF to
% 600 pF
Figure 2.75  Test circuit in low-speed mode
Table 2.52 USBFS full-speed characteristics (USB_DP and USB_DM pin characteristics)

Conditions: VCC = VCC_USB = 3.0 to 3.6 V, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Input Input high voltage ViH 2.0 — — \Y —

characteristics
Input low voltage ViL — — 0.8 \% —
Differential input sensitivity Vp) 0.2 — — \% | USB_DP - USB_DM |
Differential common-mode range Vem 0.8 — 2.5 \% —

Output Output high voltage VoH 2.8 — 3.6 \% lon = =200 pA

characteristics
Output low voltage VoL 0.0 — 0.3 \% loL=2mA
Cross-over voltage VcRrs 1.3 — 2.0 \ Figure 2.76
Rise time LR 4 — 20 ns
Fall time tLr 4 — 20 ns
Rise/fall time ratio tR/LF 90 — 11111 [ % trr/ tFF
Output resistance ZpRrv 28 — 44 Q USBFS: Rs = 27 Q included

Pull-up and DM pull-up resistance in device controller | Ry 0.900 |— 1.575 [kQ During idle state

pull-down mode - .

characteristics 1425 |— 3.090 |kQ Durmg transmission and

reception

USB_DP and USB_DM pull-down Rpd 1425 |— 24.80 | kQ —
resistance in host controller mode
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USB_DP,
USB_DM

Figure 2.76 USB_DP and USB_DM output timing in full-speed mode
Observation
USB_DP / point
T 50 pF
270 %
USB_DM l
% 50 pF
Figure 2.77  Test circuit in full-speed mode

25 ADC12 Characteristics

Table 2.53
Conditions: PCLKC = 1 to 60 MHz

A/D conversion characteristics for unit 0 (DCDC mode) (1 of 2)

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”™! Permissible signal 1.06 — — us e Sampling of channel-
sample-and-hold (operation at source impedance | (0.4 + dedicated sample-and-hold
circuits in use PCLKC =60 MHz) |Max. =1kQ 0.25)"2 circuits in 24 states
(ANOOO, ANOO1) e Sampling in 15 states
Offset error — +1.5 +3.5 LSB ANOO0O to AN002 =0.25V
Full-scale error — +1.5 +3.5 LSB ANO00O to AN002 = VREFHO -
0.25V
Absolute accuracy — +2.5 +10.5 |LSB LQFP package
AVCCO = 2.7 to 3.6V
VREFHO0 = 2.7V to AVCCO
— 2.5 7.5 LQFP package
AVCCO = VREFHO0 = 2.7 to 3.6V
DNL differential nonlinearity error — +1.0 2.0 LSB —
INL integral nonlinearity error — +1.5 +4.0 LSB —
Holding characteristics of sample-and — — 20 us —
hold circuits
Dynamic range 0.25 — VREF |V —
HO-
0.25
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Table 2.53 A/D conversion characteristics for unit 0 (DCDC mode) (2 of 2)
Conditions: PCLKC = 1 to 60 MHz

Parameter Min Typ Max Unit Test conditions
High-precision Conversion time™? Permissible signal 0.48 — — us Sampling in 16 states
channels, Channel- | (operation at source impedance (0.267)*2

dedicated sample- | PCLKC =60 MHz) |Max. =1 kQ
and-hold circuits

not in use (ANOOO Max. =400 Q 0.40 — — us Sampling in 11 states AVCCO =
to AN002, ANOO4 to (0.183)2 VREFH0 =3.0t0 3.6 V
ANOOB) Offset error — +1.0 2.5 LSB —

Full-scale error — +1.0 +3.5 LSB —

Absolute accuracy — +2.0 7.5 LSB LQFP package

AVCCO0 = 2.7 to 3.6V
VREFHO0 = 2.7V to AVCCO

— +2.0 6.0 LQFP package
AVCCO = VREFHO0 = 2.7 to 3.6V

DNL differential nonlinearity error — +0.5 +2.0 LSB —

INL integral nonlinearity error — +1.0 +2.5 LSB —

Note:  These specification values apply when only one A/D is operating and D/A and ACMPHS are not operating during A/D conversion.
If other A/D, D/A, or ACMPHS is operating or bus access occurs during A/D conversion, 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 is
stable.

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.

Table 2.54 A/D conversion characteristics for unit 1 (DCDC mode)
Conditions: PCLKC = 1 to 60 MHz

Parameter Min Typ | Max | Unit | Test conditions
Frequency 1 — |60 |MHz|—
Analog input capacitance — — |30 |pF |—
Quantization error — 05— |LSB |—
Resolution — — |12 |Bits |—
High-precision channels Conversion time™? Permissible signal 0.48 (0.267)2|— |— |Hs |Samplingin 16 states
(AN100 to AN102, AN104, | (operation at PCLKC = | source impedance
AN105) 60 MHz) Max. = 1 kQ
Max. =400 Q 0.40 (0.183)2|— |— |us Sampling in 11 states
AVCCO = VREFH = 3.0
to 3.6V
Offset error — +1.0|+2.5|LSB | —
Full-scale error — +1.0|+3.5(LSB |—
Absolute accuracy — +2.0|+7.5|LSB | LQFP package
AVCCO0 = 2.7 to 3.6V
VREFH = 2.7V to
AVCCO
— +2.0 | 6.0 LQFP package
AVCCO = VREFH =2.7
to 3.6V
DNL differential nonlinearity error — +0.5|+2.0 [LSB | —
INL integral nonlinearity error — +1.0|+2.5|LSB |—

Note:  These specification values apply when only one A/D is operating and D/A and ACMPHS are not operating during A/D conversion.
If other A/D, D/A, or ACMPHS is operating or bus access occurs during A/D conversion, 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.
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The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and 12-bit A/D converter input voltage are

stable.
Note 1.
conditions.

Note 2. Values in parentheses indicate the sampling time.

Table 2.55

Conditions: PCLKC = 1 to 60 MHz
AVCC0=2.7t03.6 V, VREFH0O =2.7t0 3.6 V

A/D conversion characteristics for unit 0 (External VDD mode)

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

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”™! Permissible signal 1.06 — — us e Sampling of channel-
sample-and-hold (operation at source impedance | (0.4 + dedicated sample-and-hold
circuits in use PCLKC =60 MHz) |Max. =1kQ 0.25)"2 circuits in 24 states
(ANOOO, ANOO1) e Sampling in 15 states

Offset error — +1.5 +3.5 LSB ANOO0O to AN002 =0.25V

Full-scale error — +1.5 +3.5 LSB ANO000 to AN002 = VREFHO -

0.25V

Absolute accuracy — +2.5 5.5 LSB —

DNL differential nonlinearity error — +1.0 +2.0 LSB —

INL integral nonlinearity error — +1.5 +3.0 LSB —

Holding characteristics of sample-and — — 20 us —

hold circuits

Dynamic range 0.25 — VREF |V —

HO-
0.25

High-precision Conversion time™? Permissible signal 0.48 — — us Sampling in 16 states
channels, Channel- | (operation at source impedance | (0.267)2
dedicated sample- | PCLKC =60 MHz) |Max. =1 kQ
and-hold circuits .
not in use (ANOOO Max. =400 Q 0.40 " — — us Sampling in 11 states AVCCO =
to AN002, AN0O4 to (0.183) 3.0 t°<3-6 v .
AN008) 3.0 V < VREFHO = AVCCO

Offset error — +1.0 +2.5 LSB —

Full-scale error — +1.0 +3.5 LSB —

Absolute accuracy — +2.0 +4.5 LSB —

DNL differential nonlinearity error — +0.5 +1.5 LSB —

INL integral nonlinearity error — +1.0 +2.5 LSB —

Note:

These specification values apply when only one A/D is operating and D/A and ACMPHS are not operating during A/D conversion.

If other A/D, D/A, or ACMPHS is operating or bus access occurs during A/D conversion, 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 is

stable.
Note 1.
conditions.

Note 2. Values in parentheses indicate the sampling time.

Table 2.56

Conditions: PCLKC = 1 to 60 MHz

AVCC0=2.7t03.6 V, VREFH=2.7t0 3.6 V

A/D conversion characteristics for unit 1 (External VDD mode) (1 of 2)

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

Parameter Min Typ | Max | Unit | Test conditions
Frequency 1 — |60 |MHz|—

Analog input capacitance — — |30 |pF |—
R01DS0455EJ0100 Rev.1.00 RENESAS Page 102 of 134

Oct 23, 2024




RAB8E1 Datasheet

2. Electrical Characteristics

Table 2.56

Conditions: PCLKC = 1 to 60 MHz

A/D conversion characteristics for unit 1 (External VDD mode) (2 of 2)

AVCC0=2.7t03.6 V,VREFH=27t03.6 V
Parameter Min Typ | Max | Unit | Test conditions
Quantization error — +05|— |LSB |—
Resolution — — |12 |[Bits |—
High-precision channels Conversion time"! Permissible signal 0.48 (0.267)2|— |— |us |Sampling in 16 states
(AN100 to AN102, AN104, (operation at PCLKC = | source impedance
AN105) 60 MHz) Max. = 1 kQ
Max. =400 Q 0.40 (0.183)*2 — |— |us Sampling in 11 states
AVCC0=3.0t0 3.6V
3.0 V<VREFH <
AVCCO
Offset error — +1.0|+2.5|LSB |—
Full-scale error — +1.0|+3.5|LSB |—
Absolute accuracy — +2.0|+4.5|LSB |—
DNL differential nonlinearity error — +0.5|+1.5|LSB |—
INL integral nonlinearity error — +1.0|+2.5|LSB |—

Note:

These specification values apply when only one A/D is operating and D/A and ACMPHS are not operating during A/D conversion.

If other A/D, D/A, or ACMPHS is operating or bus access occurs during A/D conversion, 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 are

stable.
Note 1.
conditions.

Note 2. Values in parentheses indicate the sampling time.

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

Table 2.57 A/D internal reference voltage characteristics

Parameter Min Typ Max Unit Test conditions
A/D internal reference voltage 1.13 1.18 1.28 \Y —

Sampling time 4.15 — — us —

For the characteristics of VBATT 1/3 voltage monitor, see section 2.10. VBATT Characteristics.
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Figure 2.78 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 an analog input voltage. For example, if 12-bit resolution is used and the reference
voltage VREFHO = 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 0x003 to 0x00D, though an output code of 0x008 can be expected from the theoretical
A/D conversion characteristics.

Integral nonlinearity error (INL)

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

Differential nonlinearity error (DNL)

Differential nonlinearity error is the difference between 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.
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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.

2.6 DAC12 Characteristics
Table 2.58 D/A conversion characteristics
Parameter Min Typ Max Unit Test conditions
Resolution — — 12 Bits —
Without output amplifier (for pin output, AVCCO = 1.65V)
Absolute accuracy VREFH = — — +24 LSB Resistive load 2 MQ
2.7V
VREFH < — — +36
2.7V
INL VREFH 2 — 2.0 +8.0 LSB Resistive load 2 MQ
2.7V
VREFH < — 2.0 +8.0
2.7V
DNL VREFH 2 — +1.0 +2.0 LSB —
2.7V
VREFH < +1.0 +3.0
2.7V
Output impedance — 8.5 — kQ —
Conversion time VREFH = — — 3.0 us Resistive load 2 MQ, Capacitive load 20 pF
2.7V
VREFH < — — 6.0
2.7V
Output voltage range 0 — VREFH \% —
Without output amplifier (for internal output, AVCCO = 1.65V)
Absolute accuracy VREFH22.7V | — — +4.0 LSB —
VREFH < — — +6.0
2.7V
Conversion time VREFH 2 — — 3.0 us —
2.7V
VREFH < — — 6.0
2.7V
Output voltage range 0 — VREFH \ —
With output amplifier (AVCCO = 2.70V)
INL — 2.0 +4.0 LSB —
DNL — +1.0 +2.0 LSB —
Conversion time — — 3.5 us —
Resistive load 5 — — kQ —
Capacitive load — — 50 pF —
Output voltage range VREFH = 0.20 — VREFH-0.20 |V —
2.7V
VREFH < 0.22 — VREFH - 0.22 —
2.7V
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2.7 TSN Characteristics

Table 2.59 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 | tgTarT — — 30 us —

Sampling time — 415 — — us —
2.8 OSC Stop Detect Characteristics
Table 2.60 Oscillation stop detection circuit characteristics

Parameter Symbol Min Typ Max Unit Test conditions
Detection time tar — — 1 ms Figure 2.79
Main clock _\_/—\_/—\ﬁ’
A tar |
OSTDSR.OSTDF +

MOCO clock ’ \ ’ \ /
ICLK \ / \ / \ / \ / \ /

Figure 2.79  Oscillation stop detection timing
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2.9 POR and PVD Characteristics

Table 2.61 Power-on reset circuit and voltage detection circuit characteristics (1 of 2)
Parameter Symbol Min |Typ |Max Unit | Test conditions
Voltage detection | Power-on reset Tj=25°C VpoRr1 1.55 1.60 1.68 \Y Figure 2.80
e (POR) Tj=105°C 155 |1.60 |1.70
Tj=25C VpoRr2 165 |1.70 |1.79
Tj=105°C 165 |1.70 |[1.81
Voltage detection circuit (PVDO) Vdeto_o0 276 |2.85 [2.99 Figure 2.81
Veto_1 250 [258 |[2.71
Vdeto 2 208 (215 |2.27
Vdeto_3 194 |2.00 |[212
Vdeto_4 1.84 190 ([2.01
Vdeto 5 1.74 180 [1.91
Vdeto_6 1.65 |1.70 |[1.81
Vdeto_7 155 |1.60 [1.70
Voltage detection circuit (PVDn) (n =1, | Vdgetn 3 rise |3.78 |3.92 |4.10 Figure 2.82
¥ Vdetn 3 fa |3.72 |3.86 [4.04
Vdetn_4_rise |3:09 |3.20 [3.35
Vdetn 4 fan |3.03 |3.14 [3.29
Vdetn 5 rise |3.05 |3.16 |3.31
Vdetn 5 fan |2.99 |3.10 [3.25
Vdetn 6_rise |3.03 |3.14 |3.29
Vdetn_6_fal | 2.97 |[3.08 |3.23
Vdetn_7 rise | 2-81 2.91 3.05
Vdetn 7 fal | 2.75 |2.85 [2.99
Vdetn_8_rise |2-79 [2.89 |3.03
Vdetn 8 fa |2.73 |2.83 |2.97
Vdetn 9 rise |2.76 |2.86 |3.00
Vdetn 9 fan |2.70 |2.80 [2.94
Vdetn_10_rise | 2.58 |2.67 |2.80
Vdetn_10_fal |2.53 |2.62 [2.75
Vdetn_11_rise | 2.30 |2.38 [2.51
Vdetn 11 fal |2.25 |2.33 |[2.46
Voltage detection | Voltage detection circuit (PVDn) (n =1, | Vgetn 12 rise | 1.88 | 1.94 |2.05 \% Figure 2.82
e ? Vdetn_12_fan | 1.84 |1.90 [2.01
Vdetn_13 rise | 1.84 |1.90 [2.01
Vdetn 13 fan | 1.80 |1.86 |1.97
Vdetn_14_rise | 1.72 | 1.78 [1.89
Vdetn_14_fan | 1.68 |1.74 [1.85
Vdetn 15 rise | 169 [1.75 |[1.85
Vdetn_15_fan | 1.65 | 1.71 1.81
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Table 2.61 Power-on reset circuit and voltage detection circuit characteristics (2 of 2)
Parameter Symbol Min Typ Max Unit | Test conditions
Internal reset Power-on reset time tPoORr1 — — 8.2 ms Figure 2.80
time™ -
tpor2 — — 4.5 Figure 2.80
PVDO reset time tpvDo — — " Figure 2.80
PVD1 reset time tpvD1 — — " Figure 2.81
PVD2 reset time tpvD2 — — "
Minimum VCC 100mV < VD tvoFEP 500 — — us Figure 2.80
) o
down time (POR)* I'561v < vD < 100mv 900 |— |—
VD < 50mV 2000 |— —
Minimum VCC PVDO (OFS1(_SEC).PVDLPSEL =0in |tyorr 400 — — us Figure 2.81
down time (PVD)"2 | Deep Software Standby mode 1, 2)
PVDO (Other than above), PVD1, PVD2 200 — — us Figure 2.81
Response delay 100mV < VD tdetp — — 500 us Figure 2.80
time (POR)
50mV < VD < 100mV — — 900
VD < 50mV — — 2000
Response delay PVDO 50mV < VD tget — — 200 us Figure 2.81, Figure
time (PVD) (OFS1(_SEC).PV 2.82
Deep Software
Standby mode 1,
2)
PVDO (Other than | 100mV < VD — — 10
above), PVD1,
PVD operation stabilization time (after PVD is enabled) T4 (E-A) — — 20 us Figure 2.82

Note 1. The maximum value of tpypg is equal to tpsgy because the internal reset time is maximized when returning from Deep Software

Standby mode.
The maximum value of tpyp1, tpyp2 are equal to tpsTey because the internal reset time is maximized when returning from Deep

Software Standby mode.

Note 2. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels Vpor1, Vdet1,
and Ve for the POR / PVD.
[slow power-on case] tvorrR tvorrp [fast power-on case] tvorre)
Vpor2 \ Vporz \
VPoR1 Vpor1
vCC
tror2 tror2 tror2 trorz |
> > e >l N l—»l N
tror1 tdetp tror1 tdetp tror1 tror1 " tdetp trPor1 T
Internal
reset signal
(Low is valid) «
tror * tPor * tPor tPor * tror *
(*) tror is determined by the earlier point in time when the ‘tror1’  has passed
after crossing Veor1 or when the ‘tror2’  has passed after crossing Veore.
Figure 2.80 Power-on reset timing
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_ tvorr
VCC Vdeto 7'y
VD
A
Internal reset signal
(Low is valid)
a» >l »
tdet tdet trvbo
Figure 2.81  Voltage detection circuit timing (Vgeto)
tvorrF
Vdetn_rise é
VCC Vdetn_fall /] y
VD
A
PVDnCMPCR.PVDE
<—>| Td(E-A)
PVDn J
Comparator output
PVDNnCR0.CMPE
PVDmSR.MON
Internal reset signal
(Low is valid)
When PVDnCRO.RN =L
[ <rie »
tdet tdet tpvon
When PVDnCRO.RN = H
) tevon
Figure 2.82  Voltage detection circuit timing (Vgetn) (n =1, 2)
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2.10 VBATT Characteristics

Table 2.62 Battery backup function characteristics
Conditions: VCC = VCC_DCDC = VCC_USB =1.68 t0 3.6 V, VBATT = 1.62t0 3.6 V

Parameter Symbol Min Typ Max Unit Test conditions
Voltage level for switching to battery backup VDETBATT 0 2.760 2.850 2.990 \Y Figure 2.83
OFS1(_SEC).PVDAS and PVDLPSEL are
0 in Deep Software Standby mode 1, 2 VDETBATT 1 2500 |2.580 |2.710
(VDETVATT_n follows VDSEL[2:0] setting for VOETBATT 2 2080 2150 2970
PVDO) —
VDETBATT 3 1.940 2.000 2.120
VDETBATT74 1.840 1.900 2.010
VDETBATT 5 1.740 |1.800 [1.910
VDETBATT 6 1.650 1.700 1.810
Voltage level for switching to battery backup VDETBATT 0 2.710 2.800 2.940 \Y
(Other than above)
VDETBATT 1 2.450 2.530 2.660
VDETBATT 2 2.030 |2.100 2220
VDETBATT 3 1.855 1.950 2.065
VDETBATT74 1.790 1.850 1.960
VDETBATT 5 1.690 1.750 1.860
VCC drop detection stabilization wait time"2 toeTwT — — 20 s
Lower-limit VBATT voltage for power supply VBATTSW 2.0 — — \ Figure 2.83
switching caused by VCC voltage drop
VCC-off period for starting power tVOFFBATT 400 — — us
supply switching™ (OFS1(_SEC).PVDAS and
PVDLPSEL are 0 in Deep Software Standby
mode 1, 2)
VCC-off period for starting power supply 200 — —
switching™! (Other than above)
Backup domain power-down detection level VPDR (BATR) 1.45 1.50 1.60 \Y Figure 2.84
Time delay in assertion of the reset signal for tp (PDRL) — — 2000 us
the backup domain™
Time delay in negation of the reset signal for the | t, (PprH) — — 3000
backup domain
VBATT monitor operation stabilization time tMoNwT — — 4.2 us —
(after VBATTMNSELR.VBTMNSEL is changed
to 1)
VBATT voltage monitor level VMONBATT — VBATT |— \ —
/3
VBATT current increase (when IVBATTSELB — 1.50 2.35 HA —
VBATTMNSELR.VBTMNSEL is 1 compared to
the case that VBATTMNSELR.VBTMNSEL is 0)
VCC current increase (when IVBATTSELC — 330 577 HA —
VBATTMNSELR.VBTMNSEL is 1 compared to
the case that VBATTMNSELR.VBTMNSEL is 0)

Note 1. The VCC-off period for starting power supply switching indicates the period in which VCC is below the minimum value of the voltage
level for switching to battery backup (VpeTtgaTT)-
In addition, this period indicates the time tVOFFP when VCC is below the minimum value of voltage detection levels VpoRr1.

Note 2. Stable time when VBTBPCR2.VDETLVL is changed or VBTBPCR2.VDETLVL is changed from 0 to 1.

Note 3. When the VBATT_R recovers within this period, the backup domain reset signal may not be generated.
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B tvorFBATT
VCC V/DETBATT
VBaTT VBaTTSW ——
Backup power area  VCC supply VearT supply VCC supply
Figure 2.83  Battery backup function characteristics
VBATT_R 4
VPDR(BATR)
Reset signal for the
backup domain A1
(Active Low) —> N N
tp(PDRH) tp(PDRL) tp(PDRH)
Figure 2.84 Backup Domain Reset Characteristics
2.1 ACMPHS Characteristics
Table 2.63 ACMPHS
Parameter Symbol Min Typ Max Unit Test conditions
Reference voltage range VREF 0 — AVCCO \Y —
Input voltage range ACMPHSO \ 0 — AVCCO \Y —
ACMPHS1 | IVCMP1 to 0 — AVCCO —
IVCMP3
IVCMPO 0 — AVCCO VCC >= AVCCO
0 — VCC VCC < AVCCO
Output delay™ Td — 50 100 ns VI = VREF + 100mV
Internal reference Vref 1.13 1.18 1.28 Vv —
voltage
Note 1. This value is the internal propagation delay.
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2.12 Flash Memory Characteristics

2121 Code Flash Memory Characteristics

Table 2.64 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 o
es

Parameter Symbol | Min Typ™® | Max | Min Typ® |[Max |Unit |conditions
Programming time 128-byte tp12s — 0.75 |13.2 |— 0.34 6.0 ms
Npgc < 100 times

8-KB tpak — 49 176 |— 22 80 ms

32-KB tp3ok — 194 |704 |— 88 320 |ms
Programming time 128-byte tp128 — 0.91 (158 |— 0.41 7.2 ms
Npgc > 100 times

8-KB tpak — 60 212 |— 27 96 ms

32-KB tp3ok — 234 (848 |— 106 384 |ms
Erasure time 8-KB tEsK — 78 216 |— 43 120 ms
Npgc < 100 times

32-KB tE32Kk — 283 864 |— 157 480 ms
Erasure time 8-KB tEsk — 94 260 |— 52 144 ms
Npgc > 100 times

32-KB tesok — 341 1040 | — 189 576 |ms
Reprogramming/erasure cycle™ Npec 100001 |— |— [10000"" |— — Times
Suspend delay during programming tspD — — 264 | — — 120 us
Programming resume time tprT — — 110 |— — 50 us
First suspend delay during erasure in suspend tsesp1 |— — 216 |— — 120 us
priority mode
Second suspend delay during erasure in suspend tsesp2 | — — 1.7 |— — 1.7 ms
priority mode
Suspend delay during erasure in erasure priority tseep — — 1.7 |— — 1.7 ms
mode
First erasing resume time during erasure in suspend |tresT1 |— — 1.7 |— — 1.7 ms
priority mode™
Second erasing resume time during erasure in tResT2 | — — 144 | — — 80 us
suspend priority mode
Erasing resume time during erasure in erasure tREET — — 144 | — — 80 us
priority mode
Forced stop command teD — — 32 — — 20 us
Data hold time"2 torp 202" |— |— |202% |— — Years | Tj = +105°C

3023 |— — 3023 — — Tj = +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. 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 = 10,000),
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.

Note 5. Time for resumption includes time for reapplying the erasing pulse (up to one full pulse) that was cut off at the time of suspension.

Note 6. The reference value at VCC = 3.3V and room temperature.
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« Suspension during programming

FACI command X Program >< >< Suspend

>< Resume

tspo

FSTATR.FRDY Not Ready

« Suspension during erasure in suspend priority mode

FACI command :>< Erase >< >< Suspend >< Resume

tsesp1

Suspend

><

>< Resume

tsesoz

<—MS“ tresT2
« Suspension during erasure in erasure priority mode
FACI command X Erase >< >< Suspend >< Resume >
tseen
FSTATR FRDY [ Ready | [ NotReady |
treeT
« Forced Stop
FACI command X Forced Stop )
trD
FSTATR.FRDY
Figure 2.85  Suspension and forced stop timing for flash memory programming and erasure
2.12.2 Data Flash Memory Characteristics
Table 2.65 Data flash memory characteristics (1 of 2)
Conditions: Program or erase: FCLK = 4 to 60 MHz
Read: FCLK < 60 MHz
FCLK =4 MHz 20 MHz < FCLK < 60 MHz Test
condition
Parameter Symbol | Min Typ™® Max Min Typ™® Max Unit s
Programming | 4-byte tppa — 0.36 3.8 — 0.16 1.7 ms
time
8-byte tpps — 0.38 4.0 — 0.17 1.8
16-byte top1s — 0.42 4.5 — 0.19 2.0
Erasure time | 64-byte tDE64 — 3.1 18 — 1.7 10 ms
128-byte | tpeq2s — 4.7 27 — 2.6 15
256-byte | tpeass — 8.9 50 — 4.9 28
Blank check | 4-byte tpeca — — 84 — — 30 us
time
Reprogramming/erasure | Nppec 1250002 |— — 1250002 |— — —
cycle™
Suspend 4-byte tpspD — — 264 — — 120 us
delay during
programming 8-byte — — 264 — — 120
16-byte — — 264 — — 120
Programming resume time | tpprT — — 110 — — 50 us
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Table 2.65 Data flash memory characteristics (2 of 2)

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

FCLK =4 MHz 20 MHz < FCLK < 60 MHz Test
condition

Parameter Symbol | Min Typ'® Max Min Typ'® Max Unit s

First suspend | 64-byte tDSESD1 — — 216 — — 120 us

delay during

erasure in 128-byte — — 216 — — 120

suspend 256-byte — — 216 — — 120

priority mode

Second 64-byte tpsesD2 — — 300 — — 300 us

suspend

delay during 128-byte — — 390 — — 390

erasure in 256-byte — — 570 — — 570

suspend

priority mode

Suspend 64-byte tDseep — — 300 — — 300 us

delay during

erasing in 128-byte — — 390 — — 390

erasure 256-byte — — 570 — — 570

priority mode

First erasing resume time | tpresT1 — — 300 — — 300 us

during erasure in suspend

priority mode™®

Second erasing resume tDREST2 — — 126 — — 70 us

time during erasure in

suspend priority modeFirst

erasing resume time

during erasure in suspend

priority mode

Erasing resume time tDREET — — 126 — — 70 us

during erasure in erasure

priority mode

Forced stop command teD — — 32 — — 20 us

Data hold time™ torp 2073 — — 2073 — — Year Tj=

+105°C

303 | — — 30° | — — Tj=+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 = 125,000),
erasing can be performed n times for each block. For example, when 4-byte programming is performed 16 times for different
addresses in 64-byte 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.

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.

Note 5. Time for resumption includes time for reapplying the erasing pulse (up to one full pulse) that was cut off at the time of suspension.

Note 6. The reference value at VCC = 3.3 V and room temperature.

2123 Option Setting Memory (Code flash memory) Characteristics

Table 2.66 Option setting memory (Code flash memory) characteristics (1 of 2)

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

FCLK =4 MHz 20 MHz = FCLK = 60 MHz
Parameter Symbol | Min Typ* |Max Min Typ* |Max Unit Test conditions
Programming time top — 83 309 — 45 162 ms
Nopc < 200 times
Programming time top — 100 371 — 55 195 ms
Nopc > 200 times
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Table 2.66 Option setting memory (Code flash memory) characteristics (2 of 2)

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

FCLK =4 MHz 20 MHz < FCLK < 60 MHz
Parameter Symbol | Min Typ4 |Max Min Typ4 |Max Unit Test conditions
Reprogramming cycle Nopc 20000"" | — — 20000"" |— — Times
Data hold time"2 torp 20273 | — — 20273 | — — Years | Tj=+105°C
3027 | — — 30273 |— — Tj=+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. 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 reference value at VCC = 3.3 V and room temperature.

2124 Option Setting Memory (Data flash memory) Characteristics

Table 2.67 Option Setting Memory (Data flash memory) characteristics

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

FCLK =4 MHz 20 MHz = FCLK = 60 MHz

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

Command time for toceT — 68 515 — 35 255 ms

configuration set (4 / 16

Byte)

Update Cycles in Neupe 125000 |— — 125000 |— — Times

Configuration area " "

Data hold time"2 torpP 20273 | — — 20273 |— — Years | Tj=+105°C
3023 |— — 3023 |— — Tj= +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. 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 reference value at VCC = 3.3 V and room temperature.

2.12.5 Anti-rollback counter Characteristics

Table 2.68 Anti-rollback counter characteristics

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

FCLK =4 MHz 20 MHz < FCLK < 60 MHz

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

Command time for increment | tircT — 11.9 81 — 6.3 42 ms

counter and refresh counter

Command time for read treT — — 25 — — 5 us

counter

Update Cycles (total of Neupe 125000 |— — 125000 |— — Times

increment and refreshing) 1 1

Data hold time 2 torp 20727 | — — 202" | — — Years | Tj=+105°C
30273 |— — 3023 |— — Tj= +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. 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 reference value at VCC = 3.3 V and room temperature.
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213 Boundary Scan

Table 2.69 Boundary scan characteristics

Parameter vccC Symbol Min Typ Max Unit Test conditions
TCK clock cycle time 1.68 Vor |trekeye 100 — — ns Figure 2.86
above
TCK clock high pulse width 1.68 Vor |trckH 0.45 — — trCKeye
above
TCK clock low pulse width 1.68 Vor |trckL 0.45 — — trCKeye
above
TCK clock rise time 1.68Vor |tyckr — — 0.05"2 trcKeye
above
TCK clock fall time 1.68Vor |trcks — — 0.05"2 trcKeye
above
TMS setup time 1.68 Vor |trvss 20 — — ns Figure 2.87
above
TMS hold time 1.68 Vor |trvsH 20 — — ns
above
TDI setup time 1.68 Vor |trps 20 — — ns
above
TDI hold time 1.68 Vor |trpH 20 — — ns
above
TDO data delay 1.68 Vor |trpop — — 40 ns
above
Capture register setup time 1.68 Vor |tcapTs 20 — — ns Figure 2.88
above
Capture register hold time 1.68 Vor |tcapTH 20 — — ns
above
Update register delay time 1.68 Vor |typpaTED |— — 40 ns
above
Boundary scan circuit startup 1.68 Vor |Tgsstupr |trRESWP — — — Figure 2.89
time™ above

Note 1. Boundary scan does not function until the power-on reset becomes negative.
Note 2. 1 us at the longest

tre Kcyc

<
< »

trckH

TCK /

Figure 2.86 Boundary scan TCK timing
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trmss trvsH
[
TMS i
trois tromH
[
TDI i

troop
TDO ;

Figure 2.87  Boundary scan input/output timing (1)

I/ /
TCK  —————t T

tcapts | tcaptH
Capture K
register
tuPDATED

Update )Z
register

Figure 2.88  Boundary scan input/output timing (2)

VCC 1

RES

tessTup Boundary scan
(= treswp) execute

Figure 2.89  Boundary scan circuit startup timing
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214 Joint European Test Action Group (JTAG)

Table 2.70 JTAG

Parameter vccC Symbol Min Typ Max Unit Test conditions

TCK clock cycle time 2.7V or trcKeye 40.0 — — ns Figure 2.90
above
1.68 V or 40.0 — — ns
above

TCK clock high pulse width 2.7V or tTeKH 0.375 — — trCKeye
above
1.68 V or 0.375 — — treKeye
above

TCK clock low pulse width 2.7V or tTekL 0.375 — — trCKeye
above
1.68 Vor 0.375 — — trcKeye
above

TCK clock rise time 27Vor |trekr — — 0.125" trcKeye
above
1.68 V or — — 0.125"17 | trckeye
above

TCK clock fall time 27Vor |treks — — 0.125™ trcKeye
above
1.68 V or — — 0.125"" | trckeye
above

TMS setup time 2.7V or tTmss 8.0 — — ns Figure 2.91
above
1.68 V or 8.0 — — ns
above

TMS hold time 2.7V or tTMSH 8.0 — — ns
above
1.68 V or 8.0 — — ns
above

TDI setup time 2.7V or trois 8.0 — — ns
above
1.68 V or 8.0 — — ns
above

TDI hold time 27Vor |trpH 8.0 — — ns
above
1.68 V or 8.0 — — ns
above

TDO data delay time 27Vor |trpop — — 20.0 ns
above
1.68 V or — — 28.0 ns
above

Note 1. 1 us at the longest
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tTCKcyc

A
A 4

trekH

TCK treks

« treke
treke

Figure 2.90 JTAG TCK timing

trmss

trmsH
T™MS %

trois trom

TDI %
trooo
—Pp
TDO

Figure 2.91 JTAG input/output timing
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215 Serial Wire Debug (SWD)

Table 2.71 SWD

Parameter VvCC Symbol Min Typ Max Unit Test conditions

SWCLK clock cycle time 27Vor tswekeye 40.0 — — ns Figure 2.92
above
1.68 V or 40.0 — — ns
above

SWCLK clock high pulse width | 2.7 V or tswckH 0.375 — — tswekeye
above
1.68 V or 0.375 — — tswekeye
above

SWCLK clock low pulse width | 2.7 V or tswekL 0.375 — —_ tswekeye
above
1.68 Vor 0.375 — — tswekeye
above

SWCLK clock rise time 2.7Vor tswekr — — 0.125" tswckeye
above
1.68 V or — — 0.125" tswekeye
above

SWCLK clock fall time 2.7V or tsweks — — 0.125™ tswekeye
above
1.68 V or — — 0.125™ tswekeye
above

SWDIO setup time 27Vor tswbs 8.0 — — ns Figure 2.93
above
1.68 V or 8.0 — — ns
above

SWDIO hold time 2.7V or tswDH 8.0 — — ns
above
1.68 V or 8.0 — — ns
above

SWDIO data delay time 2.7Vor tswbb 2.0 — 28.0 ns
above
1.68 V or 2.0 — 32.0 ns
above

Note 1. 1 ps at the longest

: tswekeye R
tswekH
SWCLK
tswekL
Figure 2.92 SWD SWCLK timing
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SWCLK

SWDIO
(Input)

SWDIO
(Output)

SWDIO
(Output)

SWDIO
(Output)

tswos

A W

tswoH

tswop

tswop

tswop

Figure 2.93  SWD input/output timing

2.16 Embedded Trace Macro Interface (ETM)

Table 2.72 ETM (1 of 2)
Conditions: High-speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter

vccC

Symbol

Min

Typ

Max

Unit

Test conditions

TCLK clock cycle time

2.7V or
above

1.68 V or
above

tTCLKcyc

16.6

ns

Figure 2.94

16.6

ns

TCLK clock high pulse width

2.7V or
above

1.68 V or
above

treLkH

7.3

ns

6.3

ns

TCLK clock low pulse width

2.7V or
above

1.68 V or
above

trekL

7.3

ns

6.3

ns

TCLK clock rise time

2.7V or
above

1.68 V or
above

treLkr

1.0

ns

2.0

ns

TCLK clock fall time

2.7V or
above

1.68 V or
above

treLks

1.0

ns

2.0

ns
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Table 2.72 ETM (2 of 2)
Conditions: High-speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter vCcC Symbol Min Typ Max Unit Test conditions
TDATA[3:0] output valid time 2.7V or tTRDV — — trCLKkeyc/4 | NS Figure 2.95
above +1.6
1.68 V or — — trcikeyc4 | ns
above +1.6
TDATA[3:0] output hold time 27Vor tTRDH 1.5 — — ns
above
1.68 V or 15 — — ns
above
treLkeye
< >
treikH
TCLK / treike
<— trcikr
treke

Figure 2.94 ETM TCLK timing

TCLK

TDATA[3:O£><

Figure 2.95 ETM output timing
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Appendix 1. Port States in Each Processing Mode

Function Pin function Reset Software Standby Deep Software Standby mode | After Deep Software
mode(SSTBY) 1,2,3 (DSTBY1,2,3) Standby mode is canceled
(return to startup mode)
OPE=0 OPE=1 DSTBY1 DSTBY2/ | IOKEE ||OKEEP = 1"
DSTBY3 |P=0
Mode MD Pull-up Keep-I Keep Pull-up | Keep
JTAG/SWD | TCK/TMS/TDI/SWCLK | Pull-up TCK/TDI/TMS/SWCLK input TCK/TDI/TMS/SWCLK input TCK/TDI/TMS/SWCLK input
TDO Output TDO output TDO output TDO output
SWDIO Pull-up SWDIO inout SWDIO inout SWDIO inout
Trace TCLK/TDATAX/SWO TCLK/ TCLK/TDATAX/SWO output TCLK/TDATAX/SWO output TCLK/TDATAX/SWO output
TDATAX/SWO
output
IRQ IRQx Hi-Z Hi-Z"2 Keep Hi-Z Keep
IRQx-DS (x:Other than | Hi-Z Hi-Z"2 Keep™ Hi-Z Keep
5)
IRQ5-DS Hi-Z Hi-Z"2 Keep™ Hi-Z
AGT AGTIOn Hi-Z AGTIOn inout Keep Hi-Z Keep
AGTON/AGTOAN/ Hi-Z AGTON/AGTOAN/AGTOBN Keep Hi-Z Keep
AGTOBN output
ULPT ULPTEEN/ULPTEVIn Hi-Z ULPTEEN/ULPTEVIn input Keep Hi-Z Keep
ULPTEEN-DS/ Hi-Z ULPTEEN-DS/ULPTEVIn-DS ULPTEEN-DS/ Hi-Z Hi-Z Keep
ULPTEVIn-DS input ULPTEVIn-DS input
ULPTON/ ULPTOAnN/ Hi-Z ULPTON/ULPTOAN/ULPTOBN | Keep Hi-Z Keep
ULPTOBN output
ULPTON-DS/ Hi-Z ULPTON/ULPTOAN-DS/ ULPTON/ Keep Hi-Z From
ULPTOAN-DS/ ULPTOBN-DS output ULPTOAN-DS/ DSTBY1: ULPTON/
ULPTOBN-DS ULPTOBN-DS ULPTOAN-DS/
output ULPTOBN-DS
output
From DSTBY2,3:
Keep
1IC SCLn/SDAN Hi-Z Keep-O'z Keep Hi-Z Keep
USBFS USB_OVRCURx Hi-Z Hi-Z2 Keep Hi-Z Keep
USB_OVRCURXx-DS/ Hi-Z Hi-Z*2 Keep™ Keep Hi-Z Keep
USB_VBUS
USB_DP/USB_DM Hi-Z Keep-O™ Keep™ Keep Hi-Z Keep
RTC RTCICx Hi-Z Hi-Z"2 Keep™ Hi-Z Keep
RTCOUT Hi-Z RTCOUT output Keep Hi-Z Keep
ACMPHS VCOUT Hi-Z VCOUT output Keep Hi-Z Keep
CLKOUT CLKOUT Hi-Z CLKOUT output Keep Hi-Z Keep
DAC DAO Hi-Z D/A output retained Hi-Z Hi-Z
P400/P401 Other than function Hi-Z Keep-0™2 Hi-Z Hi-Z
IRQ5-DS
Others — Hi-Z Keep-O Keep Hi-Z Keep

Note:  Hi-Z: High-impedance
Keep-O: Output pins retain their previous values. Input pins go to high-impedance.
Keep-I: Pin states are retained same as during periods in Normal mode.
Keep: Pin states are retained same as during periods in Software Standby mode.
Note 1. Retains the I/O port state until the DPSBYCR.IOKEEP bit is cleared to 0.
Note 2. Input is enabled if the pin is specified as the Software Standby canceling source while it is used as an external interrupt pin.
Note 3. Input is enabled if the pin is specified as the Deep Software Standby canceling source.
Note 4. Input is enabled while the pin is used as an input pin.
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Appendix 2.

Package Dimensions

Information on the latest version of the package dimensions or mountings is displayed in “Packages” on the Renesas
Electronics Corporation website.

JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [g]

P-LFQFP144-20x20-0.50

PLQPO0144KA-B

1.2

Hp

*1 p

108

73
i

109

144

72

*2

37

GG L L L L G G L L ERLEE L
E

RN R L E R E L L
1 3
Index area

NOTE 3

6 \NOTE4 ]

He

J

NOTE)

1
2.
3.

DIMENSIONS “*1” AND “*2" DO NOT INCLUDE MOLD FLASH.
DIMENSION “*3" DOES NOT INCLUDE TRIM OFFSET.
PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE

Unit: mm

F LOCATED WITHIN THE HATCHED AREA.
4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
[[ [ 1\
i) Reference | Dimensions in millimeters
@ *3bp symbol | win | Nom | Max
Sly[s] D 19.9 | 20.0 | 20.1
E 19.9 | 20.0 | 20.1
Az — 1.4 —
Hp 218 | 22.0 | 22.2
He 21.8 | 220 | 22.2
9 A — — 1.7
< < =\o| o A1 0.05 — 0.15
Lmj‘: «\c J i by | 0.17 | 0.20 | 0.27
B 77 c 0.09 — 0.20
<
L 0 0° 3.5° 8°
P
L1 [e] — 0.5 —
) X — — 0.08
Detail F
y — — 0.08
Lp 0.45 0.6 | 0.75
L1 — 1.0 —
© 2016 Renesas Electronics Corporation. All rights reserved.
Figure 2.1 LQFP 144-pin
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JEITA Package code RENESAS code MASS(TYP.)[g]
P-LFQFP100-14x14-0.50 PLQP0O100KP-A 0.67
D
[-D-] o Al
—
[0nnnInnannnganananananan
=9 = =
rz 27
= AEA
= L=}
N:ﬁuuuuuuuu o X
Euh [aaa][C[A-B
2t [aaa[c[A-B]D]
INDEX MARK 4% QA,B
—H-—{ & [ddd@][c[A-B]D]
Reference | Dimension in Millimeters
it Symbol Min Nom Max
A - - 1.60
A 0.05 - 0.15
Ay 1.35 | 1.40 | 1.45
D - 16.00 -
w D, - 14.00 -
ES E — |He00 | -
a
o E, - 14.00 -
[©]
2 N - 100 -
"~ e - Joso | -
3 b 017 | 022 | 027
/ c 0.09 - 0.20
0 o 3.5 7
SECTION A—4 L 0.45 | 0.60 | 0.75
L - 1.00 -
aaa - - 0.20
bbb - - 0.20
cce . — 0.08
ddd - - 0.08

Figure 2.2 LQFP 100-pin
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Appendix 3.

I/O Registers

This appendix describes I/O register address and access cycles by function.

3.1 Peripheral Base Addresses

This section provides the base addresses for peripherals described in this manual. Table 3.1 shows the name, description,
and the base address of each peripheral.

Table 3.1

Peripheral base address (1 of 3)

Description

Name of Secure registers

Base address of
Secure registers
in Secure alias

Name of Non-secure
registers

Base address
of Non-secure
registers in Non-

region sec.ure alias
region

Renesas Memory Protection Unit RMPU 0x4000_0000 RMPU_NS 0x5000_0000
SRAM Control SRAM 0x4000_2000 SRAM_NS 0x5000_2000
BUS Control BUS 0x4000_3000 BUS_NS 0x5000_3000
Common Interrupt Controller ICU_COMMON 0x4000_6000 ICU_COMMON_NS 0x5000_6000
CPU System Security Control Unit CPSCU 0x4000_8000 CPSCU_NS 0x5000_8000
Direct memory access controller 00 DMACO00 0x4000_A000 DMACO00_NS 0x5000_A000
Direct memory access controller 01 DMACO01 0x4000_A040 DMACO01_NS 0x5000_A040
Direct memory access controller 02 DMACO02 0x4000_A080 DMACO02_NS 0x5000_A080
Direct memory access controller 03 DMACO03 0x4000_A0CO DMACO03_NS 0x5000_A0CO
Direct memory access controller 04 DMACO04 0x4000_A100 DMACO04_NS 0x5000_A100
Direct memory access controller 05 DMACO05 0x4000_A140 DMACO05_NS 0x5000_A140
Direct memory access controller 06 DMACO06 0x4000_A180 DMACO06_NS 0x5000_A180
Direct memory access controller 07 DMACO07 0x4000_A1CO DMACO07_NS 0x5000_A1CO
DMAC Module Activation 0 DMAO 0x4000_A800 DMAO_NS 0x5000_A800
Data Transfer Controller 0 DTCO 0x4000_ACO00 DTCO_NS 0x5000_ACO00
Interrupt Controller ICU 0x4000_C000 ICU_NS 0x5000_C000
CPU Control Registers CPU_CTRL 0x4000_F000 CPU_CTRL_NS 0x5000_F000
On-Chip Debug OCD_CPU 0x4001_1000 OCD_CPU_NS 0x5001_1000
DAP Function DAP_CPU 0x8001_1000

Debug Function CPU_DBG 0x4001_B000 CPU_DBG_NS 0x5001_B000
System Control SYSC 0x4001_E000 SYSC_NS 0x5001_E000
Temperature Sensor Data TSD 0x4011_B000 TSD_NS 0x5011_B000
Event Link Controller ELC 0x4020_1000 ELC_NS 0x5020_1000
Realtime Clock RTC 0x4020_2000 RTC_NS 0x5020_2000
Independent Watchdog Timer IWDT 0x4020_2200 IWDT_NS 0x5020_2200
Clock Frequency Accuracy CAC 0x4020_2400 CAC_NS 0x5020_2400
Measurement Circuit

Watchdog Timer 0 WDTO 0x4020_2600 WDTO_NS 0x5020_2600
Module Stop Control A,B,C,D,E MSTP 0x4020_3000 MSTP_NS 0x5020_3000
Peripheral Security Control Unit PSCU 0x4020_4000 PSCU_NS 0x5020_4000
Port Output Enable Module for GPT POEG 0x4021_2000 POEG_NS 0x5021_2000
Ultra-Low Power Timer 0 ULPTO 0x4022_0000 ULPTO_NS 0x5022_0000
Ultra-Low Power Timer 1 ULPT1 0x4022_0100 ULPT1_NS 0x5022_0100
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Table 3.1 Peripheral base address (2 of 3)

Description Name of Secure registers | Base address of | Name of Non-secure Base address
Secure registers | registers of Non-secure
in Secure alias registers in Non-
region secure alias

region

Low Power Asynchronous General AGTO 0x4022_1000 AGTO_NS 0x5022_1000

purpose Timer 0

Low Power Asynchronous General AGT1 0x4022_1100 AGT1_NS 0x5022_1100

purpose Timer 1

Temperature Sensor TSN 0x4023_5000 TSN_NS 0x5023_5000

High-Speed Analog Comparator 0 ACMPHSO0 0x4023_6000 ACMPHSO0_NS 0x5023_6000

High-Speed Analog Comparator 1 ACMPHS1 0x4023_6100 ACMPHS1_NS 0x5023_6100

USB 2.0 FS Module USBFS 0x4025_0000 USBFS_NS 0x5025_0000

Serial Sound Interface Enhanced SSIEO 0x4025_D000 SSIEO_NS 0x5025_D000

(SSIE) 0

Serial Sound Interface Enhanced SSIE1 0x4025_D100 SSIE1_NS 0x5025_D100

(SSIE) 1

Inter-Integrated Circuit 0 IICO 0x4025_E000 IICO_NS 0x5025_EO000

Inter-Integrated Circuit 0 Wake-up licowu 0x4025_EO014 IICOWU_NS 0x5025_E014

Unit

Inter-Integrated Circuit 1 lc1 0x4025_E100 IIC1_NS 0x5025_E100

Octal Serial Peripheral Interface 0 OSPIO_B 0x4026_8000 OSPI0O_B NS 0x5026_8000

CRC Calculator CRC 0x4031_0000 CRC_NS 0x5031_0000

Data Operation Circuit DOC_B 0x4031_1000 DOC_B_NS 0x5031_1000

General PWM 32-bit Timer 0 GPT320 0x4032_2000 GPT320_NS 0x5032_2000

General PWM 32-bit Timer 1 GPT321 0x4032_2100 GPT321_NS 0x5032_2100

General PWM 32-bit Timer 2 GPT322 0x4032_2200 GPT322_NS 0x5032_2200

General PWM 32-bit Timer 3 GPT323 0x4032_2300 GPT323_NS 0x5032_2300

General PWM 32-bit Timer 4 GPT324 0x4032_2400 GPT324_NS 0x5032_2400

General PWM 32-bit Timer 5 GPT325 0x4032_2500 GPT325_NS 0x5032_2500

General PWM 16-bit Timer 10 GPT1610 0x4032_2A00 GPT1610_NS 0x5032_2A00

General PWM 16-bit Timer 11 GPT1611 0x4032_2B00 GPT1611_NS 0x5032_2B00

General PWM 16-bit Timer 12 GPT1612 0x4032_2C00 GPT1612_NS 0x5032_2C00

General PWM 16-bit Timer 13 GPT1613 0x4032_2D00 GPT1613_NS 0x5032_2D00

12bit A/D Converter 0 ADC120 0x4033_2000 ADC120_NS 0x5033_2000

12bit A/D Converter 1 ADC121 0x4033_2200 ADC121_NS 0x5033_2200
12-bit D/A converter DAC12 0x4033_3000 DAC12_NS 0x5033_3000

Capture Engine Unit CEU 0x4034_8000 CEU_NS 0x5034_8000

DMA Controller for the Ethernet EDMACO 0x4035_4000 EDMACO_NS 0x5035_4000

Controller Channel 0

Ethernet Controller Channel 0 ETHERCO 0x4035_4100 ETHERCO_NS 0x5035_4100

Serial Communication Interface 0 SCI0_B 0x4035_8000 SCIO_B_NS 0x5035_8000

Serial Communication Interface 1 SCI1_B 0x4035_8100 SCI1_B_NS 0x5035_8100

Serial Communication Interface 2 SCI2_B 0x4035_8200 SCI2_B_NS 0x5035_8200

Serial Communication Interface 3 SCI3_B 0x4035_8300 SCI3_B_NS 0x5035_8300

Serial Communication Interface 4 SCl4_B 0x4035_8400 SCl4_B_NS 0x5035_8400

Serial Communication Interface 9 SCI9_B 0x4035_8900 SCI9_B_NS 0x5035_8900
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Table 3.1 Peripheral base address (3 of 3)

Description Name of Secure registers | Base address of | Name of Non-secure Base address
Secure registers | registers of Non-secure
in Secure alias registers in Non-
region secure alias

region

Serial Peripheral Interface 0 SPI0 0x4035_C000 SPI0_NS 0x5035_C000

Serial Peripheral Interface 1 SPI1 0x4035_C100 SPI1_NS 0x5035_C100

Error correction circuit for MBRAMO ECCMBO 0x4036_F200 ECCMBO0_NS 0x5036_F200

Error correction circuit for MBRAM1 ECCMB1 0x4036_F300 ECCMB1_NS 0x5036_F300

CANFD Module 0 CANFDO 0x4038_0000 CANFDO_NS 0x5038_0000

CANFD Module 1 CANFD1 0x4038_2000 CANFD1_NS 0x5038_2000

Port 0 Control Registers PORTO 0x4040_0000 PORTO_NS 0x5040_0000

Port 1 Control Registers PORT1 0x4040_0020 PORT1_NS 0x5040_0020

Port 2 Control Registers PORT2 0x4040_0040 PORT2_NS 0x5040_0040

Port 3 Control Registers PORT3 0x4040_0060 PORT3_NS 0x5040_0060

Port 4 Control Registers PORT4 0x4040_0080 PORT4_NS 0x5040_0080

Port 5 Control Registers PORT5 0x4040_00A0 PORT5_NS 0x5040_00A0

Port 6 Control Registers PORT6 0x4040_00CO0 PORT6_NS 0x5040_00CO0

Port 7 Control Registers PORT7 0x4040_00EOQ PORT7_NS 0x5040_00EO0

Port 8 Control Registers PORTS8 0x4040_0100 PORT8_NS 0x5040_0100

Port 9 Control Registers PORT9 0x4040_0120 PORT9_NS 0x5040_0120

Pmn Pin Function Control Register PFS 0x4040_0800 PFS_NS 0x5040_0800

Flash Cache FCACHE 0x4001_C100 FCACHE_NS 0x5001_C100

Data Flash FLAD 0x4011_C000 FLAD_NS 0x5011_C000

Flash Application Command Interface | FACI 0x4011_EQO00 FACI_NS 0x5011_EO00

Data Flash Secuirty Setting FDFS 0x2703_0000

Note:

Name = Peripheral name

Description = Peripheral functionality
Base address = Lowest reserved address or address used by the peripheral

3.2

Access Cycles

This section provides access cycle information for the I/O registers described in this manual.

e Registers are grouped by associated module.

e The number of access cycles indicates the number of cycles based on the specified reference clock.

e In the internal I/O area, reserved addresses that are not allocated to registers must not be accessed, otherwise operations
cannot be guaranteed.

e The number of I/O access cycles depends on bus cycles of the internal peripheral bus, divided clock synchronization
cycles, and wait cycles of each module. Divided clock synchronization cycles differ depending on the frequency ratio
between ICLK and PCLK.

e When the frequency of ICLK is equal to that of PCLK, the number of divided clock synchronization cycles is always

constant.

e When the frequency of ICLK is greater than that of PCLK, at least 1 PCLK cycle is added to the number of divided
clock synchronization cycles.

o The number of write access cycles indicates the number of cycles obtained by non-bufferable write access.

Note:

external memory or bus access from other bus masters such as DTC or DMAC.

This applies to the number of cycles when access from the CPU does not conflict with the instruction fetching to the
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Table 3.2

Access cycles (1 of 3)

Number of access cycles

Address™ ICLK = PCLK ICLK > PCLK2
Peripheral base Cycle
address symbol From To Read Write Read Write Unit | Related function
RMPU, SRAM, BUS, | 0x4000_0000 0x4001_CFFF 3 2 3 2 ICLK | Renesas Memory Protection Unit,
ICU_COMMON, SRAM Control, BUS Control,
CPSCU, DMACON, Common Interrupt Controller, CPU
DMAO, DTCO, ICU, System Security Control Unit, Direct
CPU_CTRL memory access controller 0 n, DMAC
Module Activation 0, Data Transfer
Controller 0, Interrupt Controller, CPU
Control Registers
CPU_OCD 0x4001_1004 0x4001_1FFF 7 2 7 2 ICLK | On-Chip Debug
CPU_DBG, FCACHE | 0x4000_B000 0x4001_CFFF 3 2 3 2 ICLK | Debug Function, Flash Cache
SYSC 0x4001_E000 0x4001_E9FF 4 3 2to4 1t03 PCLK | System Control
B
SYSC 0x4001_EA00 0x4001_ED7F 7 6 5t07 4106 PCLK | System Control
B
TSD 0x4011_B17C 0x4011_B17C 4 3 4 3 ICLK | Temperature Sensor Data
ELC, RTC 0x4020_1000 0x4020_21FF 4 3 2to4 1t03 PCLK | Event Link Controller, Realtime Clock
B
IWDT 0x4020_2200 0x4020_22FF 4 65 2to 4 63to 65 | PCLK | Independent Watchdog Timer
B
CAC, WDTO, MSTP, | 0x4020_2400 0x4021_2FFF 4 3 2to4 1t03 PCLK | Clock Frequency Accuracy
PSCU, POEG B Measurement Circuit, Watchdog
Timer 0, Module Stop Control,
Peripheral Security Control Unit, Port
Outupt Enable Module for GPT
ULPTn 0x4022_0000 0x4022_01FF 6 65 4t06 63 to 65 PCLK | Ultra-Low Power Timer n
B
AGTn 0x4022_1000 0x4022_11FF 6 3 4106 1t03 PCLK | Low Power Asynchronous General
B purpose Timer n
TSN 0x4023_5000 0x4023_5FFF 4 3 2to 4 1t03 PCLK | Temperature Sensor
B
ACMPHSN 0x4023_6000 0x4023_61FF 3 3 1t03 1t03 PCLK | High-Speed Analog Comparator n
B
USBFS 0x4025_0000 0x4025_03FF 5 4 3to5 2to4 PCLK | USB 2.0 FS Module
B
USBFS 0x4025_0400 0x4025_04FF 4 65 2to 4 63to 65 |PCLK | USB 2.0 FS Module
B
SSIEn, lICn, OSPIO 0x4025_2000 0x4026_88FF 4 3 2to4 1t03 PCLK | Serial Sound Interface Enhanced n,
B Inter-Integretad Circuit n, Octal Serial
Peripheral Interface 0
CRC, DOC 0x4031_0000 0x4031_1FFF 4 3 2to4 1t03 PCLK | CRC Calculator, Data Operation
A Circuit
GPT32n, GPT16n 0x4032_2000 0x4032_3FFF 7 4 5t07 2to 4 PCLK | General PWM 32-Bit Timer n,
A General PWM 16-Bit Timer n
ADC12n, DAC12n 0x4033_2000 0x4034_6FFF 4 3 2to 4 1t03 PCLK | 12-bit A/D Converter n, 12-bit D/A
A Converter n
CEU 0x4034_8000 0x4034_FFFF 7 5 5t07 3to5 PCLK | Capture Engine Unit
A
EDMACO 0x4035_4000 0x4035_40FF 5 4 3to5 2to 4 PCLK | DMA Controller for the Ethernet
A Controller Channel 0
ETHERCO 0x4035_4100 0x4035_43FF 14 13 12to14 | 11t0 13 | PCLK | Ethernet Controller Channel 0
A
SCin, SPIn 0x4035_8000 0x4035_FFFF 4 3 2to4 1t03 PCLK | Serial Communication Interface n,
A Serial Peripheral Interface n
ECCMBn 0x4036_F200 0x4036_F3FF 5 4 3to5 2t04 PCLK | Error correction circuit for MBRAMn
A
CANFDn 0x4038_0000 0x4038_3FFF 4 3 2to 4 1t03 PCLK | CANFD Module n
A
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Table 3.2 Access cycles (2 of 3)

Number of access cycles
Address™ ICLK = PCLK ICLK > PCLK™

Peripheral base Cycle

address symbol From To Read Write Read Write Unit | Related function

PORTN 0x4040_0000 0x4040_01FF 4 2 4 2 ICLK | Port n Control Registers

PFS 0x4040_0800 0x4040_OFFF 8 2 8 2 ICLK | Pmn Pin Function Control Register

RSIP-E51A — — 1t03 2 1t03 1to2 PCLK | Renesas Security IP

A
Table 3.2 Access cycles (3 of 3)
Number of access cycles
. Address” ICLK = FCLK ICLK > FCLK"2

Peripheral base Cycle

address symbol | From To Read Write Read Write Unit Related function

FLAD, FACI 0x4011_C040 0x4011_EFFF 4 3 4 3 FCLK | Data Flash, Flash
Application Command
Interface

Note 1. This table only shows secure address. Access cycle of the non-secure address is the same as its secure address.
Note 2. If the number of PCLK or FCLK cycles is non-integer (for example 1.5), the minimum value is without the decimal point, and the
maximum value is rounded up to the decimal point. For example, 1.5t0 2. 5is 1 to 3.
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Appendix 4. Note for Register R/W

® A secure bus master issues a "secure access" using an address marked as secure by IDAU/SAU or MSAU.
e A secure bus master issues a "non-secure access" using an address marked as non-secure by IDAU/SAU or MSAU.

e A non-secure bus master issues a "non-secure access" using an address marked as non-secure by IDAU/SAU or MSAU.

Table 4.1 Type of Register Notes(S-TYPE)
TYPE UM Description

S-TYPE-1 | Only Secure access can write to this register. Read access is always allowed.
Non-secure write access is ignored, but TrustZone access error is not generated.

S-TYPE-2 | Read access is always allowed
If the security attribution is configured as Secure,
e Secure write access is allowed.
e Non-secure write access is ignored, but TrustZone access error is not generated.

If the security attribution is configured as Non-secure,
e Secure write access is ignored, but TrustZone access error is not generated.
e Non-secure access is allowed.

S-TYPE-3 | If the security attribution is configured as Secure,
e Secure access is allowed.
o Non-secure write access is ignored and Non-secure read access is read as 0, TrustZone access error is generated

If the security attribution is configured as Non-secure,
e Secure write access is ignored and Secure read access is read as 0, TrustZone access error is generated.
e Non-secure access is allowed

S-TYPE-4 | If the security attribution is configured as Secure,

e Secure access is allowed

e Non-secure write access is ignored and Non-secure read access is read as 0, but TrustZone access error is not
generated.

If the security attribution is configured as Non-secure,
e Secure write access is ignored and Secure read access is read as 0, but TrustZone access error is not generated.
e Non-secure access is allowed.

S-TYPE-5 | No note required.

S-TYPE-6 | Secure access is allowed.
Non-secure write access is ignored, and Non-secure read access is read as 0, TrustZone access error is generated.

S-TYPE-7 | Secure write access is ignored, and Secure read access is read as 0, TrustZone access error is generated.
Non-secure access is allowed.

Note: A non-secure bus master does NOT issue any access using an address marked as secure by IDAU/SAU or MSAU.

Table 4.2 Type of Register Notes(P-TYPE)
TYPE UM Description

P-TYPE-1 | Privileged write access is allowed. Read access is always allowed.
Unprivileged write access is ignored, but TrustZone access error is not generated.

P-TYPE-2 | Privileged access is allowed.
Unprivileged write access is ignored, and Unprivileged read access is read as 0, TrustZone access error is generated.

P-TYPE-3 | If the privilege attribution is configured as Privileged,
e Privileged access is allowed.
e Unprivileged write access is ignored and Unprivileged read access is read as 0, TrustZone access error is generated.

If the privilege attribution is configured as Unprivilege,
e Privileged access and Unprivileged access are allowed.

P-TYPE-4 | If the privilege attribution is configured as Privileged,
e Privileged access is allowed.
e Unprivileged write access is ignored and Unprivileged read access is read as 0, TrustZone access error is not generated.

If the privilege attribution is configured as Unprivilege,
e Privileged access and Unprivileged access are allowed.

P-TYPE-5 | No note required.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

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

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/0O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

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

become possible.
5. Clock signals

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

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi. (Max.) and Viu (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSI is not guaranteed.
8. Differences between products

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

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infingement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and 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.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in 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.
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.
It is 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.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
WWWw.renesas.com

Trademarks
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