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High-performance 1 GHz Arm® Cortex®-M85 core, 250 MHz Arm® Cortex®-M33 core, up to 1 MB code MRAM, and 2
MB SRAM with ECC. High-integration with Layer 3 Ethernet Switch Module, USB 2.0 Full-Speed, CANFD, SDHI, I3C,
Octal SPI, Decryption on-the-fly, and advanced analog. Integrated Renesas Security IP with cryptography accelerators, key

management support, tamper detection and power analysis resistance in concert with Arm® TrustZone for integrated Secure

element functionality.

Features

= Arm® Cortex®-M85 Core

o Armv8.1-M architecture profile
o Armv8-M Security Extension
e Maximum operating frequency: 1 GHz
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 CPUCLKO or MOCO divided by 8

e CoreSight™ ETM-M85

® Arm® Cortex®-M33 core

o Armv8-M architecture profile
o Armv8-M Security Extension
o Maximum operating frequency: 250 MHz
o Memory Protection Unit (Arm MPU)
— Protected Memory System Architecture (PMSAvS)
— 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 CPUCLK1 or MOCO divided by 8

e CoreSight™ ETM-M33

= Memory
e Up to I-MB MRAM
e 2 MB SRAM including 256 KB of CM85 TCM and 128 KB of
CM33 TCM
e Up to 8-MB Flash for SiP product

m Connectivity
o Serial Communications Interface (SCI) x 10, up to 60 Mbps
e I2C bus interface (IIC) x 3
o I3C bus interface (I3C)
o Serial Peripheral Interface (SPI) x 2, up to 166 Mbps
e Octal Serial Peripheral Interface (OSPI) x 2, up to 333 MB/s
e USB 2.0 Full-Speed Module (USBES)
e CAN with Flexible Data-rate (CANFD) x 2
e Layer 3 Ethernet Switch Module (ESWM)
— 2 x Gigabit Ethernet
o EtherCAT slave controller x 2
o SD/MMC Host Interface (SDHI) x 2
e Delta-Sigma Modulator Interface (DSMIF) x 2

m Analog
e 16-bit A/D Converter (ADC16H) x 2, up to 23 channels
® 12-bit D/A Converter (DAC12) x 2
e High-Speed Analog Comparator (ACMPHS) x 4
o Temperature Sensor (TSN)

m Timers

o General PWM Timer 32-bit (GPT32) with High Resolution x 4
— 52 ps resolution in 300 MHz

o General PWM Timer 32-bit (GPT32) x 10

e [ow Power Asynchronous General Purpose Timer (AGT) x 2

o Ultra-Low-Power Timer (ULPT) x 2

m Security and Encryption
e Renesas Security IP (RSIP-E50D)

o Arm® TrustZone®
e Privileged control
e Device lifecyle management
e Secure boot
— Immutable first stage boot loader in OTP
® Decryption on-the-fly (DOTF)

e Pin function
— Up to three tamper-resistant pins
— Secure pin multiplexing

e HUK zeroization

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)

o Data Transfer Controller (DTC) x 2

o DMA Controller (DMAC) x 16

e Power-on reset

e Programable Voltage Detection (PVD) with voltage settings
o Watchdog Timer (WDT) x 2

o Independent Watchdog Timer IWDT)

m Multiple Clock Sources

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

e 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)

e [ow-speed on-chip oscillator (LOCO) (32.768 kHz)

® Clock trim function for HOCO/MOCO/LOCO

e PLL1/PLL2

o Clock out support

m General-Purpose I/0O Ports
® 5-V tolerance, open drain, input pull-up, switchable driving ability

m Operating Voltage

o Standard product
— VCC/VCC2: 1.62t03.63 V
o SiP product
— VCC/VCC2: 1.62 t0 3.63 V/1.70 t0 2.00 V

m Operating Junction Temperature and Packages

e Tj=0°Cto+95°C
— 289-pin BGA (12 mm x 12 mm, 0.65 mm pitch)
— 224-pin BGA (11 mm x 11 mm, 0.65 mm pitch)
— 303-pin BGA (15 mm x 15 mm, 0.8 mm pitch)

e Tj=-40°C to +105 °C
— 289-pin BGA (12 mm x 12 mm, 0.65 mm pitch)
— 224-pin BGA (11 mm x 11 mm, 0.65 mm pitch)
— 303-pin BGA (15 mm x 15 mm, 0.8 mm pitch)

e Tj=-40°Cto+125°C
— 289-pin BGA (12 mm x 12 mm, 0.65 mm pitch)
— 224-pin BGA (11 mm x 11 mm, 0.65 mm pitch)
— 176-pin HLQFP (24 mm x 24 mm, 0.5 mm pitch)
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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 running up to 1 GHz and Arm®
Cortex®-M33 core running up to 250 MHz with the following features:

e Upto1 MB MRAM

e 2 MB SRAM (256 KB of CM85 TCM RAM, 128 KB CM33 TCM RAM, 1664 KB of user SRAM)
e Qctal Serial Peripheral Interface (OSPI)
e Layer 3 Ethernet Switch Module (ESWM), USBFS, SD/MMC Host Interface

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 1 GHz
Arm® Cortex®-M85 core
— Revision: (r1p1-00rel0)
— 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)
Arm® Memory Protection Unit (Arm MPU)
— Protected Memory System Architecture (PMSAvV8)
— Secure MPU (MPU_S): 8 regions
— Non-secure MPU (MPU_NS): 8 regions
SysTick timer
— Embeds two Systick timers: Secure instance (SysTick_S) and Non-secure instance
(SysTick_NS)
— Driven by CPUCLKO or MOCO divided by 8
CoreSight™ ETM-M85

Arm® Cortex®-M33 core

Maximum operating frequency: up to 250 MHz
Arm® Cortex®-M33 core
— Revision: (rOp4-00rel2)
— ARMvV8-M architecture profile
— Armv8-M Security Extension
— Armv8-DSP Extension
— Floating Point Unit (FPU) compliant with the ANSI/IEEE Std 754-2008 single-precision
floating-point operation
Arm® Memory Protection Unit (Arm MPU)
— Protected Memory System Architecture (PMSAvVS8)
— Secure MPU (MPU_S): 8 regions
— Non-secure MPU (MPU_NS): 8 regions
SysTick timer
— Embeds two Systick timers: Secure instance (SysTick_S) and Non-secure instance
(SysTick_NS)
— Driven by CPUCLK1 or MOCO divided by 8
CoreSight™ ETM-M33

Table 1.2 Memory (1 of 2)

Feature

Functional description

Code MRAM

Maximum 1 MB of code MRAM.

Flash memory

System in package (SiP) maximum 8 MB serial flash memory.

Option-setting memory

The option-setting memory determines the state of the MCU after a reset.
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Table 1.2 Memory (2 of 2)
Feature Functional description
SRAM On-chip high-speed SRAM with Error Correction Code (ECC).
OTP On-chip OTP contains First Stage Bootloader (FSBL)
General purpose 96-byte OTP
Table 1.3 System
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 the following 21 types of reset.

Programmable Voltage Detection (PVD)

The Programmable 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 five
separate voltage level detectors (PVDO, PVD1, PVD2, PVD4, PVD5). These PVDs 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 (MOCO)
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), DMA Controller (DMAC) module 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, controlling
EBCLK output, controlling SDCLK output, 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 (1 of 2)

Feature

Functional description

Data Transfer Controller (DTC)

A Data Transfer Controller (DTC) module is provided for transferring data when activated by an
interrupt request.
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Table 1.5

Direct memory access (2 of 2)

Feature

Functional description

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

CS area (ECBI): Connected to the external devices (external memory interface)
SDRAM area (ECBI): Connected to the SDRAM (external memory interface)
OSPIO0 area (OSPIOBI): Connected to the OSPIO (external device interface)
OSPI1 area (OSPI1BI): Connected to the OSPI1 (external device interface)

Table 1.7 Timers

Feature

Functional description

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with GPT32 x 14 channels. PWM waveforms
can be generated by controlling the up-counter, down-counter, or the up- and down-counter. In
addition, PWM waveforms can be generated for controlling brushless DC motors. The GPT can
also be used as a general-purpose timer.

PWM Delay Generation Circuit (PDG)

The PWM Delay Generation circuit (PDG) has 4 channels delay circuits that can connect to the
GPT. The PDG can control the rise and fall edge timing with which the PWM output for the
GPT320 through the GPT323.

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).
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Table 1.8

Communication interfaces (1 of 2)

Feature

Functional description

Serial Communications Interface (SCI)

The Serial Communications Interface (SCI) x 10 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 (IIC)

The I2C Bus interface (IIC) has 3 channels. The IIC module conforms with and provides a subset
of the NXP I2C (Inter-Integrated Circuit) bus interface functions.

I3C Bus Interface (13C)

The I3C Bus Interface (13C) has 1 channel. The I3C module conform with and provide a subset
of the NXP I2C (Inter-Integrated Circuit) bus interface functions and a subset of the MIPI I3C.

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.

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 ™ (HyperRAMT™ and HyperFlash™). OSPI supports QSPI protocol.

SD/MMC Host Interface (SDHI)

The Secure Digital (SD) Card and Multi Media Card (MMC) Host Interface provides the
functionality required to connect a variety of external memory cards to the MCU. The SDHI
supports both 1- and 4-bit buses for connecting memory cards that support SD, SDHC, and
SDXC formats. When developing host devices that are compliant with the SD Specifications,
you must comply with the SD Host/Ancillary Product License Agreement (SD HALA). The MMC
interface supports 1-bit, 4-bit, and 8-bit MMC buses that provide eMMC 4.51 (JEDEC Standard
JESD 84-B451) device access. This interface also provides backward compatibility and supports
high-speed SDR transfer modes.

Layer 3 Ethernet Switch Module
(ESWM)

The Layer 3 Ethernet Switch Module (ESWM) consists of two channels of Gigabit Ethernet
controller, an Ethernet switch with high level routing capability, and multi-protocol interface
support. The Gigabit Ethernet controller conforms to the definition of the Ethernet MAC (Media
Access Control) layer in the IEEE 802.3 standard. This can transmit and receive Ethernet
(IEEE 802.3) frames by connecting with an external physical-layer LSI chip (PHY-LSI) which
complies with the standard. The Ethernet switch allows autonomous frame routing within a
same network interface protocol, or between different network interfaces protocols or optimized
gateway applications.

EtherCAT Slave Controller (ESC)

The EtherCAT slave controller (ESC) uses an EtherCAT Slave Controller IP Core (ESC IP Core)
made by Beckhoff Automation GmbH, Germany. The ESC handles the EtherCAT communication
as an interface between the EtherCAT fieldbus and the slave application.
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Table 1.8

Communication interfaces (2 of 2)

Feature

Functional description

Delta-Sigma Modulator Interface
(DSMIF)

DSMIF has three channels that are connectable with external delta-sigma modulators. DSMIF
can be connected with up to three external delta-sigma modulators. Each DSMIF can filter and
convert 1-bit digital data streams that were delta-sigma modulated at a high sampling rate into
16-bit digital data at a lower sampling rate.

Table 1.9 Analog

Feature

Functional description

16-bit A/D Converter (ADC16H)

A 16-bit A/D Converter is provided. Up to 23 analog input channels are selectable. Temperature
sensor output, and internal reference voltage and VBATT 1/6 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 ADC16H for conversion and can be further used by
the end application. The sensor outputs an abnormal temperature detection signal to the reset
control circuit and can be used to prevent the malfunction due to abnormal temperature.

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 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.

Table 1.11 Security

Feature

Functional description

Security function

ARMv8-M TrustZone security
Privileged control

Device lifecycle management
Authentication Level (AL)

Key injection

Secure pin multiplexing

HUK zeroization

VBATT backup registers zeroization
Secure boot

Secure factory programming

Renesas Secure IP (RSIP-E50D)

Symmetric cryptography: AES and ChaCha20-Poly1305
Asymmetric cryptography: RSA and ECC

Message digest computation: HASH, HMAC

128-bit true random number generation circuit

256-bit Hardware Unique Key (HUK)

128-bit unique 1D

OEM boot loader version

Key data for the decryption on-the-fly (DOTF)

SPA/DPA Protections

Decryption on-the-fly (DOTF)

Decryption on-the-fly (DOTF) decrypts the encrypted content stored in the external memory in
real-time.
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1.2

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

features.

Block Diagram

Memory Bus Arm® Cortex®-M85 Arm® Cortex®-M33 System
1 MB code Clocks
| M cor | External | DSP | | FPU | | DSP | | FPU | | POR/PVD |
CSC MOSC/SOSC
IECTR Y| |ECT e
Reset
SDRAM (H/M/L) OCO
8 MB Flash
| oweu || weu |
| Mode control | PLL1/PLL2 |
MPU
| NVIC | | NVIC |
| Power control | CAC |
DMA | System timer | | System timer |
| ICU x 2 | Battery backup
DTC x 2 | Test and DBG | | Test and DBG |
interface interface Register write
DMAC x 16 protection
Timers Communication interfaces
| GPT32 x 14 | | SCl x 10 | | IIC x3 | | 13C |
PDG x 4
| OSPI x 2 | | SDHI x 2 | | ESWM |
AGT x 2
| SPI x 2 | | CANFD x 2 | | ESC |
ULPT x 2
WDT x 2/IWDT
Event link Security Data processing Analog
ELC RSIP-E50D CRC | ADC16H x 2 | | DAC2 x 2 |
| DOTF % 2 | | DOC | | ACMPHS x 4 | | 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 1.12 shows a
list of products.
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R7

B #BA 0

—L Production identification code

0: Chip version A
1: Chip version B

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

AB: LFBGA 224 pins
AC: LFBGA 289 pins
AJ: LFBGA 303 pins
HC: HLQFP 176 pins

Quality Grade

C: Standard Product

S: SiP Product

Operating junction temperature

L: 0°C to 95°C

D: -40°C to 105°C

E: -40°C to 125°C

Code MRAM and Flash size

D: 512 KB (MRAM)

F: 1 MB (MRAM)

R: 5 MB (MRAM 1 MB + Flash 4 MB)
S: 9 MB (MRAM 1 MB + Flash 8 MB)

Feature set

A: Single Core (CM85 only), EtherCAT slave controller is not available
C: Single Core (CM85 only), EtherCAT slave controller is available

J: Dual Core, EtherCAT slave controller is not available

L: Dual Core, EtherCAT slave controller is available

Group number
Application
Performance
RA family

K: MRAM (Standard Product)
J: MRAM and Flash (SiP Product)

Renesas microcontroller

Figure 1.2

Part numbering scheme
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Table 1.12 Product list

Product Operating junction

Product part number | group CPU | EtherCAT | Package code |Code MRAM | SRAM | Flash | temperature
R7KA8T2ADDCAB B single | — PLBG0224JA-A | 512 KB 2MB |— -40to 105 °C
R7KA8T2ADECAB C PLBG0224JA-A -40to0 125 °C
R7KA8T2ADECHC PLQP0176KK-A

R7KA8T2AFLCAB A PLBG0224JA-A |1 MB 0to95°C
R7KA8T2AFLCAC PLBG0289JA-A

R7KA8T2AFDCAB B PLBG0224JA-A -40to 105 °C
R7KA8T2AFDCAC PLBG0289JA-A

R7KA8T2AFECAB C PLBG0224JA-A -40to 125 °C
R7KA8T2AFECAC PLBG0289JA-A

R7KA8T2AFECHC PLQP0176KK-A

R7KA8T2CDDCAB v PLBG0224JA-A | 512 KB -40to 105 °C
R7KA8T2CDECAB PLBG0224JA-A -40to 125 °C
R7KA8T2CDECHC PLQP0176KK-A

R7KA8T2CFLCAB A PLBG0224JA-A |1 MB 0to95°C
R7KA8T2CFLCAC PLBG0289JA-A

R7KA8T2CFDCAB B PLBG0224JA-A -40to 105 °C
R7KA8T2CFDCAC PLBG0289JA-A

R7KA8T2CFECAB C PLBG0224JA-A -40to0 125 °C
R7KA8T2CFECAC PLBG0289JA-A

R7KA8T2CFECHC PLQP0176KK-A

R7KA8T2JFLCAB A dual |— PLBG0224JA-A |1 MB 0to95°C
R7KA8T2JFLCAC PLBG0289JA-A

R7KA8T2JFDCAB B PLBG0224JA-A -40to 105 °C
R7KA8T2JFDCAC PLBG0289JA-A

R7KA8T2JFECAB C PLBG0224JA-A -40to 125 °C
R7KA8T2JFECAC PLBG0289JA-A

R7KA8T2JFECHC PLQP0176KK-A

R7KA8T2LFLCAB A v PLBG0224JA-A 0to95°C
R7KA8T2LFLCAC PLBG0289JA-A

R7KA8T2LFDCAB B PLBG0224JA-A -40to 105 °C
R7KA8T2LFDCAC PLBG0289JA-A

R7KA8T2LFECAB C PLBG0224JA-A -40to 125 °C
R7KA8T2LFECAC PLBG0289JA-A

R7KA8T2LFECHC PLQP0176KK-A

R7JA8T2JRLSAJ A dual |— PLBGO0303GA-A | 1 MB 4MB |0to95°C
R7JA8T2JSLSAJ 8 MB
R7JA8T2JRDSAJ B 4 MB |-40to 105 °C
R7JA8T2JSDSAJ 8 MB
R7JA8T2LRLSAJ A v 4MB |0to95°C
R7JA8T2LSLSAJ 8 MB
R7JA8T2LRDSAJ B 4 MB |-40to 105 °C
R7JA8T2LSDSAJ 8 MB
RO1DS0436EJ0130 Rev.1.30 RENESAS Page 9 of 286
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RA8T2 Datasheet

1. Overview

14 Function Comparison
Table 1.13 Function Comparison (1 of 2)
R7KA |[R7KA |R7KA [R7KA |R7KA |R7KA |R7KA |R7KA |R7KA |R7KA |R7KA |R7KA |R7JA |R7JA
8T2Ax | 8T2Cx | 8T2Jx |8T2Lx | 8T2Ax | 8T2Cx | 8T2Jx |8T2Lx | 8T2Ax | 8T2Cx | 8T2Jx | 8T2Lx | 8T2Jx |8T2Lx
Parts number xCAC | xCAC |xCAC |xCAC |xCAB [xCAB |xCAB [xCAB |xCHC |xCHC |xCHC |[xCHC |xSAJ |[xSAJ
Pin count 289 224 176 303
Package BGA HLQFP BGA
1/0O Port 215 | 156 137 202
Code MRAM 1 MB, 512 KB 1MB
CPUO TCM 256 KB
CPU1 TCM No 128 KB | No 128 KB No 128 KB
CPUO I/D 32 KB
Caches
CPU1 C/S No 32 KB No 32 KB No 32 KB
Caches
SRAM 1792 KB 1664 KB 1792 KB 1664 KB 1792 KB 1664 KB
Flash No 8 MB, 4 MB
DMA DTC 1 2 1 2 1 2
DMAC |8 16 8 16 8 16
BUS Externa | 32-bit bus 16-bit bus
| bus
SDRA | 32-bit bus 16-bit bus
M
System | CPUO | 1 GHz (max.) 600 MHz (max.) 1 GHz (max.)
clock
CPU1 |[No 250 MHz No 250 MHz No 200 MHz 250 MHz
clock (max.) (max.) (max.) (max.)
CPUs [MOSC, SOSC, HOCO, MOCO, PLL1P
clock
source
s
CAC Yes
wDT |1 2 | 1 2 1 2
IWDT | Yes
Backup (128 B
register
comm [scl |10 | 9 10
unicati
on [e 3
13C Yes
SPI 2
CANFD | 2
USBFS | Yes
OSPI 2 1 272
SDHI/ |2
MMC
ESWM | MII, RMIl, GMII, RGMII Mll, RMII, RGMII Mil, RMII Mil, RMII,
GMIl, RGMII
ESC No |Yes | No |Yes No |Yes | No |Yes No |Yes | No |Yes No Yes
DSMIF |2
RO1DS0436EJ0130 Rev.1.30 RENESAS Page 10 of 286
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RA8T2 Datasheet 1. Overview

Table 1.13 Function Comparison (2 of 2)

R7KA |R7KA |R7KA [R7KA |R7KA |R7KA |R7KA |R7KA |R7KA |R7KA |R7KA |R7KA |[R7JA |R7JA
8T2Ax | 8T2Cx | 8T2Jx |8T2Lx | 8T2Ax | 8T2Cx | 8T2Jx |8T2Lx | 8T2Ax | 8T2Cx | 8T2Jx |8T2Lx | 8T2Jx |8T2Lx
Parts number XCAC |xCAC |xCAC |xCAC [xCAB |xCAB |xCAB |xCAB |xCHC |[xCHC |xCHC |xCHC |xSAJ |xSAJ

Timers | GPT32 |14
*1

PDG 4
AGT |2
ULPT™ |2
RTC Yes
Analog | ADC16 | Unit 0: 15, Unit 1: 15 Unit0: 7, Unit 1: 5 Unit 0: 15, Unit
H 1:15
DAC12 |2
ACMP |4
HS
TSN Yes

Data CRC Yes
proces

sing DOC Yes

Event |ELC Yes

control

Security RSIP-E50D, Decryption on-the-fly, Secure Debug, OTP, TrustZone, and Lifecycle management

Note:  The product name differs depending on the supported memory size. See section 1.3. Part Numbering.
Note:  The maximum frequency varies by product group.

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

Note 2. OSPI1 is connected to the serial Flash in the SiP product.

RO1DS0436EJ0130 Rev.1.30 RENESAS Page 11 of 286
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RA8T2 Datasheet

1. Overview

1.5 Pin Functions
Table 1.14 Pin functions (1 of 8)
Function Signal 110 Description
Power supply VCC_01to VCC_10, |Input |Power supply pin. Connect it to the system power supply. Connect this pin to the
VCC2_11to VCC2_15 same numbered VSS_01 to VSS_15 by a 0.1-yF capacitor. The capacitor should
be placed close to the pin.
In the SiP product, connect VCC2_11 to VCC2_15 to the 1.8V system power
supply.
VCC2_16 to Input | Dedicated power supply pin for the SiP product. Connect it to the 1.8V system
VCC2_19 power supply. Connect this pin to the same numbered VSS_16 to VSS_19 by a
0.1-yF capacitor. The capacitor should be placed close to the pin.
VCC_DCDC Input | Switching regulator power supply pin.
VLO 110 Switching regulator pin.
VCLO to VCL11 Input | Connect this pin to the same numbered VSSO to VSS11 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_01to VSS_15, Input | Ground pin. Connect it to the system power supply (0 V).
VSSO0 to VSS11,
VSS_DCDC
VSS_16 to VSS_19, Input | Dedicated ground pin for the SiP product. Connect it to the system power supply (0
VSS V).
Vpp Input | Power supply pin for serial Flash programming operation. See the ISSI serial Flash
IS25WX064 datasheet for the details. If not used, the Vpp pin can be floated. Note
that the deep power down current varies depending on the power supply status of
the Vpp pin.
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 Qutput
EXCIN Input | External sub-clock input
CLKOUT Output | Clock output pin
Operating mode MD Input | Pin for setting the operating mode. The signal level on this pin must not be
control changed during operation mode transition on release from the reset state.
System control RES Input | Reset signal input pin. The MCU enters the reset state when this signal goes low.
PUP Input | Connect to VCC2 through a resistor.
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 Qutput
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

R01DS0436EJ0130 Rev.1.30
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RA8T2 Datasheet

1. Overview

Table 1.14 Pin functions (2 of 8)
Function Signal 110 Description
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
External bus EBCLK Output | Outputs the external bus clock for external devices
interface RD Output | Strobe signal indicating that reading from the external bus interface space is in
progress, active-low
WR Output | Strobe signal indicating that writing to the external bus interface space is in
progress, in 1-write strobe mode, active-low
WRn Output | Strobe signals indicating that either group of data bus pins (D07 to D00, D15 to
D08, D23 to D16 or D31 to D24) is valid in writing to the external bus interface
space, in byte strobe mode, active-low
BCn Output | Strobe signals indicating that either group of data bus pins (D07 to D00, D15 to
D08, D23 to D16 or D31 to D24) is valid in access to the external bus interface
space, in 1-write strobe mode, active-low
ALE Output | Address latch signal when address/data multiplexed bus is selected
WAIT Input | Input pin for wait request signals in access to the external space, active-low
CSn Output | Select signals for CS areas, active-low
AO00 to A23 Qutput | Address bus
D00 to D31 110 Data bus
A00/D00 to A15/D15 | I/O Address/data multiplexed bus
SDRAM interface SDCLK Output | Outputs the SDRAM-dedicated clock
CKE Output | SDRAM clock enable signal
SDCS Output | SDRAM chip select signal, active low
RAS Output | SDRAM low address strobe signal, active low
CAS Output | SDRAM column address strobe signal, active low
WE Output | SDRAM write enable signal, active low
DQMn Output | SDRAM 1/O data mask enable signal for DQO7 to DQ00, DQ15 to DQ08, DQ23 to
DQ16 or DQ31 to DQ24
A00 to A16 Qutput | Address bus
DQOO0 to DQ31 110 Data bus
R01DS0436EJ0130 Rev.1.30 RENESAS Page 13 of 286
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RA8T2 Datasheet

1. Overview

Table 1.14 Pin functions (3 of 8)
Function Signal 110 Description
GPT GTETRGA, Input | External trigger input pins
GTETRGB,
GTETRGC,
GTETRGD
GTIOChA, GTIOCnB |I/O Input capture, output compare, or PWM output pins
GTADSMO, Output | A/D conversion start request monitoring output pins
GTADSM!1
GTCPPON Output | Toggle output synchronized with PWM period
GTIU Input | Hall sensor input pin U
GTIV Input | Hall sensor input pin V
GTIW Input | Hall sensor input pin W
GTOUUP Output | 3-phase PWM output for BLDC motor control (positive U phase)
GTOULO Output | 3-phase PWM output for BLDC motor control (negative U phase)
GTOVUP Output | 3-phase PWM output for BLDC motor control (positive V phase)
GTOVLO Output | 3-phase PWM output for BLDC motor control (negative V phase)
GTOWUP Output | 3-phase PWM output for BLDC motor control (positive W phase)
GTOWLO Output | 3-phase PWM output for BLDC motor control (negative W phase)
AGT AGTEEnNn Input | External event input enable signals
AGTIOn 1/0 External event input and pulse output pins
AGTOn Output | Pulse output pins
AGTOAnN Output | Output compare match A output pins
AGTOBN Output | Output compare match B output pins
ULPT ULPTEEN Input | External count control input
ULPTEVIn Input | External event input
ULPTEEN-DS Input | External count control input that can also be used in Deep Software Standby mode
1
ULPTEVIn-DS Input | External event input that can also be used in Deep Software Standby mode 1
ULPTOn Output | Pulse output
ULPTOAN Output | Output compare match A output
ULPTOBN Qutput | Output compare match B output
ULPTON-DS Output | Pulse output that can also be used in Deep Software Standby mode 1
ULPTOAN-DS Output | Output compare match A output that can also be used in Deep Software Standby
mode 1
ULPTOBN-DS Output | Output compare match B output that can also be used in Deep Software Standby
mode 1
RTC RTCOUT Qutput | Output pin for 1-Hz or 64-Hz clock
RTCICn Input | Time capture event input pins

R01DS0436EJ0130 Rev.1.30
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RA8T2 Datasheet

1. Overview

Table 1.14 Pin functions (4 of 8)
Function Signal 110 Description
SClI SCKn I/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 lfe} 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 1IC 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 /0 Input/output pins for data
13C 1I3C_SCLO 1/0 Input/output pins for the clock
13C_SDAO 1/0 Input/output pins for data
SPI RSPCKA, RSPCKB I/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 110 Input or output pin for slave selection
SSLA1 to SSLAS3, Output | Output pins for slave selection
SSLB1 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 I/10 D+ pin of the USB on-chip transceiver. Connect this pin to the D+ pin of the USB
bus.
USB_DM /10 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. Connect the
USB_OVRCURB 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 Standby
USB_OVRCURB-DS mode 1. 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

R01DS0436EJ0130 Rev.1.30
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RA8T2 Datasheet 1. Overview

Table 1.14 Pin functions (5 of 8)

Function Signal 110 Description

OSPI OM_n_SCLK Output | Clock output (OCTACLK divided by 2)
OM_n_SCLKN Output | Inverted clock output (OCTACLK divided by 2)
OM_n_CSn Output | Chip select signal for an OctaFlash device, active-low
OM_n_DQS lfe} Read data strobe/write data mask signal
OM_n_SIOn 1/0 Data input/output
OM_n_RESET Output | Reset signal for both slave devices, active-low
OM_n_ECSINT1 Input | Error Correction Status and Interrupt for slave1
OM_n_RSTO1 Input | Slave reset status for slave1
OM_n_WP1 Qutput | Write Protect for slave1, active-low

SDHI/MMC SDnCLK Output | SD clock output pins
SDnCMD 1/0 Command output pin and response input signal pins
SDnDATO to 1/0 SD and MMC data bus pins
SDnDAT7
SDnCD Input | SD card detection pins
SDnWP Input | SD write-protect signals

R01DS0436EJ0130 Rev.1.30 RENESAS Page 16 of 286
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RA8T2 Datasheet

1. Overview

Table 1.14 Pin functions (6 of 8)

Function Signal 110 Description

ESWM ETn_GTX_CLK Output | 1000 Mb/s transmit clock
ETn_TX_CLK Input | 100 Mb/s,10 Mb/s transmit clock
ETn_RX_CLK Input | Receive clock
ETn_TX_EN Output | Transmit enable
ETn_TXDO to Output | Transmit data
ETn_TXD7
ETn_TX_ER Output | Transmit coding error
ETn_RX_DV Input | Receive data valid
ETn_RXDO to Input | Receive data
ETn_RXD7
ETn_RX_ER Input | Receive error
ETn_MDC Output | Management data clock
ETn_MDIO 1/0 Management data input/output
RGMIIn_TXC QOutput | Transmit clock
RGMIIn_RXC Input | Receive clock
RGMIIn_TX_CTL Output | Transmit control
RGMIIn_TXDO to Output | Transmit data
RGMIIn_TXD3
RGMIIn_RX_CTL Input | Receive control
RGMIIn_RXDO0 to Input | Receive data
RGMIIn_RXD3
RMIIn_REF50CK Input | Synchronous clock reference
RMIIn_TX_EN Output | Transmit enable
RMIIn_TXDO to Output | Transmit data
RMIIn_TXD1
RMIIn_CRS_DV Input | Carrier sense/Receive data valid
RMIIn_RXDO0 to Input | Receive data
RMIIn_RXD1
RMIIn_RX_ER Input | Receive error
ETn_LINKSTA Input | PHY Link Status
ETn_INT Input | PHY interrupt
ETn_WOL Output | Wake-on-LAN. This signal indicates that a Magic Packet was received.
GPTP_CAPTUREN Input | Media clock capture input
GPTP_MATCHnN Output | Media clock recovery output
GPTP_PPSn Output | PPS signal
GPTP_PTPOUTO to Output | PTP Pulse generator signal
GPTP_PTPOUT3
ET_TAS_STAO to Output | TAS status monitor
ET_TAS_STA3
ETHPHYCLK Output | Clock output for PHY (Shared with ESC)
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RA8T2 Datasheet

1. Overview

Table 1.14 Pin functions (7 of 8)
Function Signal 110 Description
ESC CATn_LINKSTA Input | Link status inputs from the PHY-LSI
CATn_RX_CLK Input | Receive clocks
CATn_RX_DV Input | Receive data valid
CATn_ERXDO to Input | Receive data
CATn_ERXD3
CATn_RX_ER Input | Receive error
CATn_TX_CLK Input | Transmit clocks
CATn_TX_EN Output | Transmit enable
CATn_ETXDO to Output | Transmit data
CATn_ETXD3
CATO_MDC Output | Management data clock
CATO_MDIO 110 Management data 1/0
ETHPHYCLK Output | Clock output for PHY (Shared with ESWM)
CATRESETOUT Output | PHY reset signal
CATLEDRUN Output | RUN LED (green) output
CATIRQ Output | IRQ output
CATLEDSTER Output | Output for RUN LED part of STATE LED (bicolor) (turned off while ERR)
CATLEDERR Output | ERR LED (red) output
CATLINKACTO, Output | Link/Activity LED outputs
CATLINKACT1
CATSYNCO, Output | SYNC signal outputs
CATSYNCH1
CATLATCHO, input | LATCH signal inputs
CATLATCH1
CATI2CCLK Output | EEPROM 12C clock output
CATI2CDATA 110 EEPROM I2C data
DSMIF DSMnCLKO to 1/0 Clock input/output pin
DSMnCLK2
DSMnDATO to Input | Data input pin
DSMnDAT2
Analog power AVCCO Input | Analog voltage supply pin. This is used as the analog power supply for the
supply respective modules.
AVSS0 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 ADC16H (unit 1) and D/A Converter.
Connect this pin to AVCCO when not using the ADC16H (unit 1) and D/A Converter.
VREFL Input | Analog reference ground pin for the ADC16H and D/A Converter. Connect this pin
to AVSSO0 when not using the ADC16H (unit 1) and D/A Converter.
VREFHO Input | Analog reference voltage supply pin for the ADC16H (unit 0). Connect this pin to
AVCCO when not using the ADC16H (unit 0).
VREFLO Input | Analog reference ground pin for the ADC16H. Connect this pin to AVSS0 when not

using the ADC16H (unit 0).
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RA8T2 Datasheet

1. Overview

Table 1.14 Pin functions (8 of 8)
Function Signal 110 Description
ADC16H ANXXX Input | Input pins for the analog signals to be processed by the A/D converter.
ADTRGm Input | Input pins for the external trigger signals that start the A/D conversion, active-low.
ADSTm Output | AD conversion start
ADmMFLAGH1 Output | AD conversion end
ADSYNC Output | Synchronization signal between units
DAC12 DAn Output | Output pins 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
I/0 ports Pmn /10 General-purpose input/output pins (m: port number, n: pin number)
P200 Input | General-purpose input pin
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RA8T2 Datasheet 1. Overview

1.6 Pin Assignments

The following figures show the pin assignments from the top view.

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17

vss_b|vce_bplveec b

Al P609 | P113 | P115 | P112 | P302 | P915 [ VLO | VLO coc | coe | coe

P309 | P906 | P905 | P907 | P904 | P207 |A

vss_D|vce_plvee b

B| P813 | PA12 | P114 | PA11 | P300 | P303 | VLO | VLO coc | coe | coe

P311 | P908 | P909 | P206 | PDO1 | PDO2 |B

P210/T[ 00/
C| PAOS | P613 | PA13 | P301 | P200 | MS/S |7 P110 | P308 | P305 | P307 | P911 | P312 | PDO4 | PDO3 | PDO5 | PDOG (C
WDIO
P211/T
D| PAO4 | P611 | Pe10 | PA14 | RES | ckis | P109 | P108 | P903 | P304 | P306 | P912 | PBO4 | PBO7 | PBO5 | PBO3 | PBO1 [D
WCLK
E| PA15 | P615 | P14 | P612 | P914 PI\ZII(I):;/ PZDOS’T P111 | P02 | P310 | P910 | P913 | PBO2 | PBO6 | PDO7 | PBOO | P706 |E
F| PAO2 | PA10 | PAO8 | PA09 | PC14 vcg_o VS:—O vss3 | veLs VS?—O VC?—O P700 | P702 | P406 | P701 | P707 | P705 |F
G| PA0O | PAO3 | PAO5 | PAO7 | PC12 VCS—O vsg_o vss4 | veLa vsg_o VCg—O P405 | P704 | P703 | PB14 | PB12 | PB11 |G
H| P504 | P503 | P505 | PAO1 | PC11 VC§—1 VS(?J vss? | voLs | vsss VC‘?—O st—o P403 VC;:—O PBO9 | PB10 | PB13 [H
J| P506 | P507 | P508 | P509 | PC13 VC1(1:2— VS1S—1 VCL7 | vCLe | vsse | veL2 | vss2 | P4o4 | PBOS VS:—O VS§—0 VS§—° J
VSS_1 vce_o|vec_o|pP213/x|P212/E
K| PC15 | P608 | P510 | PDOO | PCO7 | *°)~'| VSS9 | VCLY | VCL8 | VSSB | VCL1 | VSS1T | P410 | 7 5 e | xtac K
vce2_|vss_1|vss_1 vee_o|p21aix| P215X
L| Pco3 | Pco2 | Pco4 | PCO9 | PCO5 —[Y=5- -'|vss10]|vecL1o| veLo | vsso | P414 | P4o2 - CIN/EX|L
12 4 5 1 | cour
CIN
M| PCoo | P607 | PCO1 | PCO8 | PC10 | P104 vc1c£:12_ VC1(;2— P810 |vsSs11|vcL11| P412 | P710 | P411 | P408 [VBATT VS1S—° M

N| P605 | P604 | P606 | PCO6 | P107 | P106 | P105 | P811 | PO13 | PO11 | P807 | P708 | P712 | P714 | P711 | P713 | P401 |N

P| P603 | P602 | PG00 | P601 | P102 | P801 | P803 | P812 | PO12 | PO10 | PO09 | P805 | P512 | P413 | P515 | P709 | P400 (P

R vc1(;2_ P315 | P00 | P103 [ P101 | P802 | P804 | P501 [Avcco[Aavsso| Poos | P03 | P513 | P514 | P415 | P409 | P407 [R
T| P205 | P203 | P313 | P901 | P809 | P800 | P502 | PO14 [VREFL VREFL P004 | P007 | POO1 | P806 | P715 P;;f/DU VSSSB—U T
M
Ul P204 | P202 | P314 VS§—1 P808 | P100 | P500 | PO15 VRHEF VEE)F P008 | P006 | P00O | P002 | P511 zgi‘gg VCS%—U u
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Figure 1.3 Pin assignment for BGA 289-pin
R01DS0436EJ0130 Rev.1.30 RENESAS Page 20 of 286

Feb 27, 2026



RA8T2 Datasheet

1. Overview

1 2 3 4 5 6 7 8 9 10 M 12 13 14 15
vss_p|vee plvee b
Al NC | Patt | Pita | P12 | P30 | vio | vio [VERDYEEPIYEED) paoo | pat2 | Poos | Peos | P20s (A
vss_p|vee plvee b
B| P610 | P12 | P115 | P113 | P02 | vio | wio [V2S2|VEEPIVERD) patt | Pato | peos | Poo7 | Poos [B
P210/T|P211/T
cl pe12 | Pe11 | Pa13 | P09 | P301 | RES | Msis | ckis | P304 | P3os | P30s | P307 | PBO3 | PBOO | PBO1 |C
WDIO | WCLK
b| pe15 | Pe13 | Pe14 | PA14 | P200 Pzg?” P'\ZA(S/ Pzé)g” Poo2 | P30s | PBO2 | PBO4 | P705 | P707 | P70 |D
el pa15 | Paos | P813 | PA0Y vc;;_o VS:’—O VSS5 | veLs VS?—O VC?—O P05 | P702 | P04 | Pa0s | P7O1 |E
F| PA0s | PA10 | PAOS | PAO7 VCS—O VS;’—O vsse | veLs | vola | vssa | 7oo | pros | pB14 | PB12 | PB11 |F
G| Pa04 | PA02 | PAO1T | PAO3 vcg_1 VSSJ vss7 | vewr | ves | vsss | paos VCSC—O PBO9 | PB10 | PB13 |G
H| Paco | Pso4 | P503 | Ps0s | PC14 VS§—1 vsss | veis | velz | vss2 | paos | PBos VS:—O VS?—O VSE—O H
veez. vee o|vee o|p213/x|p212/E
J| Psos | psio | Pso7 | psos | P12 |VC02-{ vsso | vets | veut [ vsst | paoz [VCF v Ut ¥
P215/X
K| pc15 | Peos | PDoo | Psog |VCC2-|VSS-1|yssio|veLto| vero | vsso | Pato | paor [VCC-O|P214X] oinex|k
14 | a4 1~ | cout
CIN
VSS_0
L| Pc13 | Peoa | Pe03 | P107 | P106 | P104 | P105 [vSstt |vCLtt| Paoo | Pat4 | Paos | Pats |veaTT| VS5-I
M| pc11 | Peo2 | Peoo | Peo1 | P102 | P80t | Psos | Poos | Poo7 | P7os | Pat1 | P710 | P709 | P711 | P40t M
NVC122— P315 VS§—1 P103 | P101 | P802 | P804 |Avcco|avsso| Poos | Poot | P712 | P71 | P713 | Paco |N
P815/U
p| P205 | P203 | P313 VC1032— P809 | P800 | PO15 |VREFL VREF" Poos | Po02 | Po03 | P512 | sB D VSSSB—U p
M
VSS_1 VREF | VREF pg14/u|vee U
R| P204 | P202 | Pata |Y5)-" peos | P10o | pota | VLT | VIREF | pooe | pooa | Pooo | psir [CTEIVCETIR
1 2 3 4 5 6 7 8 9 10 1 12 13 1 15
Figure 1.4 Pin assignment for BGA 224-pin
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RA8T2 Datasheet 1. Overview
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
p20g/ | P21V vss_p|vee plvee p
Al vss | P14 | Peos | P113 | P301 s/ | vio | vio _ _ Dl p3ge | poos | Poos | Poo7 | P207 | vss [A
I coc | coc | coc
SWDIO
p20g/ | 2211/ vss_p|vce_plvee b
8| Pe13 | pa12 | P115 | Patt | P112 Tck/ | vo | vio _ _ Dl p311 | poos | Peos | Poos | Poot | PDO2 |B
TDO coc | coc | coe
SWCLK
c| paos | P13 | Pa13 | P30 | P30z | P200 | REs | P110 | Po03 | Paos | P3os | P3o7 | Pet1 | P2os | PD04 | PoO3 | PDOS | PDOS |
b| Paosa | P11 | Pe10 | Pat4 | P303 | Po1s | P08 | P111 | P109 | P3t0 | P304 | P30s | Po12 | PBo4 | PBO7 | PBOS | PBO3 | PBOT |D
E| Pa1s | Pe1s | Peta | Pot2 | Pots | P20V P02 | P312 | Po10 | P93 | PBO2 | PBO6 | PDO7 | PBOO | P706 |E
F| Pac2 | Pato | Pacs | Pace | Pc14 VOC_ | VS| vsss | veLs | VoS- | VSC-| proo | proz | pacs | P70t | Pr07 | 7S |F
| Paco | Pac3 | Paos | Pao7 | Pci2 VOS | VoS- | vssa | veLa | VSS- | VEC- | paos | proa | P70 | PB14 | PB12 | PBI1|G
H| Psos4 | P53 | Psos | Paot | Pcit VCC_ | VSS_| yse7 | veus | vsss | VEC- | VSS- VCC_1 pgog | PB10 | PB13 |H
10 | 10 04 | o4 05
J| psos | pso7 | psos | psos | Pci3 VCC2_| V8S_ | o7 | vewe | vsss | vere | vss2 peos | VSS- | VSS_ | VSS_ |,
1| 1 05 | 03 | o2
vss_ vee_ | vee | P13 | P21z
K| Pcts | Peos | Psto | PDoo | vss | vss | VSS-| vsso | veLs | veis | vsss | voLt | vssi oo | Voo | P et
veez | vss veez, | vss_ | vss vee. | patar | P219
L| pc1o | vss | pup | VSS_ | VS — [vssto|veLto| vero | vsso | Paos | paos - XCIN/ | L
16 | 16 12 | 14 | 15 01~ |xcout
EXCIN
M| pcog | vss | vss |VCC2-| VSS_ veez | vecz vsstt |veLtt Pata | Pao2 | pato |vearT | VSS- M
17| 17 14 | 15 o1
N| Pcos | vss | vss |VOZA| VY9S- P105 P810 p710 | P41t | Pacs | Pat2 | Paot |N
p| vss | vss | vss vcgz_ v?g_ P104 | P107 | 106 | Pe11 | Po13 | Po11 | Peo7 | Pros | P712 | P14 | P71 | P713 | P4c0 |P
R| Peo2 | vss | vss | peoo | peot | P102 | Peot | Psos | Ps12 | Po12 | Poto | Pooe | Peos | Ps12 | Pa13 | ps1s | Prog | Pao7 |R
T vep | vss | P315 | Pooo | P103 | P10t | P8o2 | Pso4 | Pso1 |Aveco|avsso| Poos | P003 | Ps13 | Psi4 [ Pats | Paos [VOoU|T
vee? VREFL P85 |yss U
USSP P205 | P203 | P313 | Poot | Psog | Psoo | Pso2 | Pot4 [vReRL|VREFL| Poos | Poo7 | Po0t | P80 | P71s [use b|VSerY (U
M
vss VREFH P84/
V| vss | P20a | P202 | P3ta | V55~ | Peos | P100 | Psoo | Pots |VReRH|YREFHI poos | Poos | Pooo | ooz | Pst1 |UsBD| vss |V
p
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
Figure 1.5 Pin assignment for BGA 303-pin
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RA8T2 Datasheet

1. Overview

o~
-~ o [
s5dazsozessessdrersngsygssgyooegsggeroyeroy
e e P I NI R
OO0O0O0O0O0O0O0O0O0O0O0O00O0O0O0O0O0O0O0O0O0O0O0O0O00O0O0O0O0000000000000
o 3AJNLEITIIR22ECLIde8835883385888588388588
\{otov 2% ¥ m (k< AR 88 [d PA11
P107 134 871 P609
P106 135 86[] P115
P105 136 851 P114
P104 137 841 P113
P103 138 83[1 P112
P102 139 82[7] P300
P101 140 81 P301
veez_ 144 80 [ P302
P100 142 791 vCC_08
P800 143 78 P200
P801 144 773 P201/MD
P802 145 76 ] RES
P803 146 751 VCL3
VCC2_15J147 741 P208/TDI
P804 148 73[1 P209/TDO
P808 149 72[3 P210/TMS/SWDIO
P809 150 713 P211/TCK/ISWCLK
veL1o O1st 70[1 VSS_DCDC
P015 152 69[] VSS_DCDC
P014 153 e8] VLO
VREFL 154 67 VLO
VREFH 155 661 VLO
AVCCO 156 65] VLO
AVSSO0 157 64[] VCC_DCDC
VREFLO 158 63[] vCC_DCDC
VREFHO 159 62[] VCC_DCDC
P009 160 611 VCC_DCDC
P008 161 60 ] P304
P007 162 59[] VCL2
P006 163 s8] P305
P005 164 571 P306
P004 165 s6[] VCC_07
P003 166 55 P307
P002 167 541 P308
P001 168 531 P310
P000 169 52 P311
P512 170 51 P312
veLt g 501 P905
P511 172 491 P906
VSS_UsB 173 48] P07
P815/USB_DM [Ji7e O 470 Paos
P814/USB_DP 175 461 P909
Vec_usB Oi7e CrNPTLer®OorNNIReNRR ST NN IRes B9 or oy 5H P206
N Tbonr0 2T f2ILCER22RIARILERERBBSIBIBEERRZITILT
OOO00000000000000000000000000000000000000 00T
THDODDTODDONO T NNT FZHEFO 1 ITNDONDO - ANNETD OO NDTONMNMON®D T =
R R YTTITTI7T5C00 L oo oo p NN FFNRENERR 888880
goodadadadadaddgx3>xxgasananadadoanaaanagacanas
> > 2% 2 S > >
og oy
28
&

Note:
connected to the ground (0V).

VSS_01to VSS_15 and VSSO0 to VSS11 are assigned to Exposed PAD on the QFP package bottom. The PAD must be

Figure 1.6 Pin assignment for 176-pin
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RA8T2 Datasheet 1. Overview
1.7 Pin Lists
Table 1.15 Pin list for the Standard product (1 of 8)
SCI/IIC/1I3C/SPI/ICANFD/USBFS/
Power, System, Clock, 1o ExBus/ OSPI/SDHI/MMC/ESWM(GMII, ADC16H/DAC12/
BGA289 | BGA224 | HLQFP176 Debug, CAC ports SDRAM Ex.Interrupt | RGMII, Mil, RMII)/EtherCAT/DSMIF | GPT/AGT/ULPT/RTC ACMPHS
A1 Cc4 87 — P609 D7/DQ7 IRQ29 TXDO_C/SDA0_C/MOSI0_C/ GTIU/GTIOC5B/ULPTOA1- AD1FLAG1
MISOA_B/CTX1 DS
A2 B4 84 — P113 D4/DQ4 IRQ28 RXDO_A/SCLO_A/MISO0_A/ GTETRGB/GTIOC2A/ ADST1
SSLA1_B/SDODAT5_B ULPTOAO0-DS
A3 B3 86 — P115 D6/DQ6 IRQ31-DS CTSO0_A/MOSIA_B/SDODAT7_B GTETRGD/GTIOC5A ADOFLAG1
A4 Ad 83 — P112 D3/DQ3 IRQ27 TXDO_A/SDAO_A/MOSIO_A/ GTETRGA/GTIOC3B/ ADSTO
SSLA2_B/SDODAT4_B ULPTOBO-DS
A5 B5 80 — P302 D0/DQO IRQ5 RXD6_B/SCL6_B/MISO6_B/ GTOUUP/GTIOC4A/ —
SDODAT1_B ULPTOO0-DS
A6 — — — P915 — IRQ8 CTS6_B GTIOC5A —
A7 A6 68 VLO — — — — — —
A8 A7 66 VLO — — — — — —
A9 A8 70 VSS_DCDC — — — — — —
A10 A9 64 VCC_DCDC — — — — — —
A11 A10 62 VCC_DCDC — — — — — —
A12 A1 — — P309 — IRQ25-DS CTS9_B/ET1_GTX_CLK/ GTCPPO8 VCOUT
RGMIIM_TXC
A13 B13 49 — P906 — IRQ9 CTS6_A/USB_ID/ET1_RXDO0/ GTIOC13B/ULPTO1 ADOFLAG1
RGMII1_RXDO0/RMII1_RXDO0/
CAT1_ERXDO
A14 A14 50 — P905 — IRQ8 RXD3_B/SCL3_B/MISO3_B/ GTCPPO13 AD1FLAG1
ET1_RX_CLK/RGMII1_RXC/
RMII1_REF50CK/CAT1_RX_CLK
A15 B14 48 — P907 — IRQ10 SCK6_A/DE6/USB_EXICEN/ GTIOC13A/ULPTEE1 ADSYNC
ET1_RXD1/RGMII1_RXD1/
RMII1_RXD1/CAT1_ERXD1
A16 — — — P904 — IRQ2 ET1_RXD4 GTIOC11B —
A17 — — — P207 — IRQ25 ET1_RXD5 GTCPPO3 —
B1 E3 104 — P813 SDCS IRQ15 SCK7_A/DE7 GTETRGA/GTIOC7B —
B2 B2 89 — PA12 D9/DQ9 IRQ11 RXD9_C/SCL9_C/MISO9_C GTIW/GTIOC6B —
B3 A3 85 — P114 D5/DQ5 IRQ30-DS CTS_RTS0_A/SS0_A/DEO/ GTETRGC/GTIOC2B ADSYNC
SSLAO_B/SDODAT6_B
B4 A2 88 — PA11 D8/DQ8 IRQ10 SCK9_C/DE9 GTIVIGTIOC6A —
BS A5 82 — P300 D2/DQ2 IRQ4 SCKO_A/DEO/SSLA3_B/ GTIOC3A/ULPTEVIO-DS —
SDODAT3_B
B6 — — — P303 — IRQ29-DS SCK6_B/DE6 GTIOC7B —
B7 B6 67 VLO — — — — — —
B8 B7 65 VLO — — — — — —
B9 B8 69 VSS_DCDC — — — — — —
B10 B9 63 VCC_DCDC — — — — — —
B11 B10 61 VCC_DCDC — — — — — —
B12 B11 52 — P311 — IRQ23-DS SCK3_B/DE3/CRX0/ET1_TX_CLK/ | GTADSM1/GTCPPO6/ —
CAT1_TX_CLK AGTOB1
B13 A13 47 — P908 — IRQ11 TXD6_A/SDA6_A/MOSI6_A/CRX1/ GTIOC12B/ULPTEVI1 ADST1
USB_OVRCURB/ET1_RXD2/
RGMII1_RXD2/CAT1_ERXD2
B14 B15 46 — P909 — IRQ21-DS RXD6_A/SCL6_A/MISO6_A/CTX1/ GTIOC12A/ULPTOA1 ADSTO
USB_OVRCURA/ET1_RXD3/
RGMII1_RXD3/CAT1_ERXD3
B15 A15 45 CLKOUT P206 CSs7 IRQ0-DS USB_VBUSEN/SDODAT7_C/ GTIU/GTCPPOO/ULPTOB1 —
ET1_RX_DV/RGMII1_RX_CTL/
RMII1_CRS_DV/CAT1_RX_DV
B16 — — — PDO1 — IRQ22 SCK8_C/DE8/SDODAT2_C/ GTCPPO2 —
ET1_RXD6
B17 — — — PD02 — IRQ21 TXD8_C/SDA8_C/MOSI8_C/ GTCPPO1 —
SDODAT1_C/ET1_RXD7
C1 F1 106 — PA06 CS1/CKE | IRQ17 CTS2_C/SDODAT1_A GTETRGC/GTIOC7B —
Cc2 D2 95 — P613 D15/ IRQ19 CTS0_C GTETRGA/GTIOC9B/ —
DQ15 AGTO1
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RA8T2 Datasheet 1. Overview
Table 1.15 Pin list for the Standard product (2 of 8)
SCI/IIC/I3C/SPI/ICANFD/USBFS/
Power, System, Clock, 1o ExBus/ OSPI/SDHI/MMC/ESWM(GMII, ADC16H/DAC12/
BGA289 | BGA224 | HLQFP176 Debug, CAC ports SDRAM Ex.Interrupt | RGMII, Mil, RMII)/EtherCAT/DSMIF | GPT/AGT/ULPT/RTC ACMPHS
C3 C3 90 — PA13 D10/ IRQ12 CTS_RTS9_C/SS9_C/DE9 GTOVUP/GTIOC10A —
DQ10
C4 C5 81 — P301 D1/DQ1 IRQ6 TXD6_B/SDA6_B/MOSI6_B/ GTOULO/GTIOC4B/ —
SDODAT2_B AGTIO0/ULPTEEO-DS
C5 D5 78 — P200 — NMI — — —
C6 Cc7 72 TMS/SWDIO P210 — IRQ24 CTS_RTS9_B/SS9_B/DE9 GTOULO/GTIOCO0B —
Cc7 D6 74 TDI P208 — IRQ3 RXD9_B/SCL9_B/MISO9_B/CRX1 GTOVLO/GTIOC1B VCOUT
Cc8 — — — P110 — IRQ20 SDODAT4_C GTIOC9B —
c9 D10 54 TCLK P308 — IRQ26-DS CTS3_B/SDOCLK_B/ET1_TX_ER/ GTIU/GTCPPOY/ULPTOB1 —
ETHPHYCLK
Cc10 c1 58 TDATA2 P305 — IRQ8 SDOWP/ET1_TXD2/RGMII1_TXD2/ | GTOVUP/GTCPPO12/ —
CAT1_ETXD2 ULPTEE1
c11 Cc12 55 TDATAO P307 — IRQ27-DS CTS_RTS6_A/SS6_A/DE6/ GTIV/IGTCPPO10/ULPTOA1 | —
SDOCMD_B/ET1_TXDO/
RGMIIM_TXDO/RMII1_TXDO0/
CAT1_ETXDO
Cc12 — — — P911 — IRQ6 ET1_TXD5 GTIOC3B —
C13 A12 51 — P312 — IRQ22-DS CTS_RTS3_B/SS3_B/DE3/CTX0/ GTADSMO/GTCPPO5/ —
ET1_RX_ER/RMII1_RX_ER/ AGTOA1
CAT1_RX_ER
C14 — — — PD04 — IRQ20 CTS_RTS8_C/SS8_C/DES8/ GTIOC3A —
SDOCMD_C/ET0_RXD5
C15 — — — PD03 — IRQ21 RXD8_C/SCL8_C/MISO8_C/ GTIOC3B —
SDODATO_C/ETO_RXD4
C16 — — — PD05 — IRQ19 CTS8_C/SDOCLK_C/ETO_RXD6 GTIOC2B —
c17 — — — PD06 — IRQ18 SDOWP/ETO_RXD7 GTIOC2A —
D1 G1 108 — PA04 A1/DQM3 | IRQ19 SCK2_C/DE2/SDODAT3_A GTIU/GTIOC4B ADSTO
D2 Cc2 93 CACREF/CLKOUT P611 D13/ IRQ17 SCKO_C/DEO/MOSIA_B GTOULO/GTIOC4B —
DQ13
D3 B1 92 — P610 D12/ IRQ16 RXDO0_C/SCL0O_C/MISOO0_C/ GTOUUP/GTIOC4A/ —
DQ12 RSPCKA_B/CRX1 ULPTOB1-DS
D4 D4 91 — PA14 D11/ IRQ13 TXD9_C/SDA9_C/MOSI9_C GTOVLO/GTIOC10B —
DQ11
D5 C6 76 RES — — — — — —
D6 Cc8 71 TCK/SWCLK P211 — IRQ23 SCK9_B/DE9 GTOUUP/GTIOCOA —
D7 — — — P109 — IRQ23 SDODAT5_C GTIOC10A —
D8 — — — P108 — IRQ24 SDODAT6_C GTIOC10B —
D9 — — — P903 — IRQ1 — GTIOC11A —
D10 C9 60 TDATA3 P304 — IRQ9 SDODATO0_B/ET1_TXD3/ GTOVLO/GTIOC7A/ —
RGMIIM_TXD3/CAT1_ETXD3 ULPTO1
D11 Cc10 57 TDATA1 P306 — IRQ28-DS SDOCD/ET1_TXD1/RGMIIM_TXD1/ | GTIW/GTCPPO11/ —
RMIIM_TXD1/CAT1_ETXD1 ULPTEVIM
D12 — — — P912 — IRQ5 ET1_TXD6 GTIOC3A —
D13 D12 42 — PB04 — IRQ9 SCK5_C/DES/ETO_TXD3/ GTCPPO3 ADOFLAG1
RGMIIO_TXD3/CATO_ETXD3
D14 — — — PBO7 — IRQ1 ETO_TXD5 GTIOC9B —
D15 — — — PB05 — IRQ15 CTS5_C/ETO_TXD7 GTCPPO4 —
D16 C13 41 — PBO03 — IRQ13 TXD5_C/SDA5_C/MOSI5_C/ GTCPPO1 ADSYNC
ETO_TXD2/RGMIIO_TXD2/
CATO_ETXD2
D17 C15 43 — PBO1 ALE IRQ12 CTS_RTS1_B/SS1_B/DE1/ GTCPPO2 AD1FLAG1
ETO_TX_CLK/CATO_TX_CLK
E1 E1 103 — PA15 EBCLK/ IRQ14 CTS9_C GTIOC7A —
SDCLK
E2 D1 97 — P615 WR2/BC IRQ7 TXD7_A/SDA7_A/MOSI7_A GTETRGC/GTCPPO10 —
2/DQM2
E3 D3 96 — P614 WR/WRO | IRQ20 RXD7_A/SCL7_A/MISO7_A GTETRGB/GTCPPOY/ —
/DQMO AGTOO0
E4 C1 94 — P612 D14/ IRQ18 CTS_RTS0_C/SS0_C/DE0/ GTIOC9A —
DQ14 SSLAO_B
E5 — — — P914 — IRQ9 CTS_RTS6_B/SS6_B/DE6 GTIOC5B —
E6 D7 77 MD P201 — IRQ4 — — —
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RA8T2 Datasheet 1. Overview
Table 1.15 Pin list for the Standard product (3 of 8)
SCI/IIC/I3C/SPI/ICANFD/USBFS/
Power, System, Clock, 1o ExBus/ OSPI/SDHI/MMC/ESWM(GMII, ADC16H/DAC12/
BGA289 | BGA224 | HLQFP176 Debug, CAC ports SDRAM Ex.Interrupt | RGMII, Mil, RMII)/EtherCAT/DSMIF | GPT/AGT/ULPT/RTC ACMPHS
E7 D8 73 TDO/SWO/CLKOUT P209 — IRQ25 TXD9_B/SDA9_B/MOSI9_B/CTX1 GTOVUP/GTIOC1A —
E8 — — — P11 — IRQ19 SDODAT3_C GTIOC9A —
E9 D9 — — P902 ALE IRQO ETHPHYCLK GTCPPO13 —
E10 B12 53 — P310 — IRQ24-DS TXD3_B/SDA3_B/MOSI3_B/ GTCPPO7/AGTEE1 —
ET1_TX_EN/RGMII1_TX_CTL/
RMII1_TX_EN/CAT1_TX_EN
E11 — — — P910 — IRQ7 ET1_TXD4 GTCPPO12 —
E12 — — CLKOUT P913 — IRQ3 ET1_TXD7 GTCPPO11 —
E13 D11 40 — PB02 — IRQ11 RXD5_C/SCL5_C/MISO5_C/ GTCPPOO ADST1
ETO_TXD1/RGMIIO_TXD1/
RMIIO_TXD1/CATO_ETXD1
E14 — — — PB06 — IRQO CTS_RTS5_C/SS5_C/DE5/ GTIOC9A —
ETO_TXD6
E15 — — — PD0O7 — IRQ17 SDOCD/ETO_TXD4 GTCPPOO —
E16 c14 39 — PB00 — IRQ10 SCK1_B/DE1/ETO_TXDO0/ GTCPPO4 ADSTO
RGMII0O_TXDO/RMII0_TXDO/
CATO_ETXDO/DSM1CLK2
E17 D15 — — P706 — IRQ7 RXD1_B/SCL1_B/MISO1_B/ GTCPPO2/AGTIO0 —
ETO_GTX_CLK/RGMIIO_TXC/
ETHPHYCLK/DSM1CLKO
F1 G2 110 — PA02 A3 IRQ31 RXD2_C/SCL2_C/MISO2_C/ GTIW/GTCPPO9 ADSYNC
SDODAT5_A
F2 F2 102 — PA10 CS2/RAS | IRQ4 SCK5_B/DE5S GTCPPO13 —
F3 E2 100 — PA08 CSO0/WE IRQ6 RXD5_B/SCL5_B/MISO5_B GTETRGD/GTCPPO11 —
F4 E4 101 — PA09 CS3/CAS | IRQ5 TXD5_B/SDA5_B/MOSI5_B GTCPPO12 —
F5 H5 125 — PC14 D16/ IRQO TXD6_C/SDA6_C/MOSI6_C/ GTADSM1/GTCPPO9 —
DQ16 ETO_WOL/DSM1DAT1
F6 E5 79 VCC_08 — — — — — —
F7 E6 — VSS_08 — — — — — —
F8 G10 — VSS3 — — — — — —
F9 G9 75 VCL3 — — — — — —
F10 E9 — VSS_07 — — — — — —
F11 E10 56 VCC_07 — — — — — —
F12 F11 31 — P700 — IRQ16-DS RXD2_B/SCL2_B/MISO2_B/ GTIOC5A —
MISOA_C/SD1WP/ETO_RXD2/
RGMIIO_RXD2/CATO_ERXD2/
DSMOCLKO
F13 E12 33 — P702 — IRQ18-DS CTS2_B/RSPCKA_C/SD1DAT5_B/ GTIOC6A/ULPTOO —
ETO0_RXDO/RGMIIO_RXDO/
RMII0_RXDO/CATO_ERXDO/
DSMOCLK2
F14 E14 30 — P406 — IRQ31 TXD2_B/SDA2_B/MOSI2_B/ GTIOC1B —
SSLA3_C/SD1CD/ET0O_RXD3/
RGMIIO_RXD3/CATO_ERXD3/
DSMODAT2
F15 E15 32 — P701 — IRQ17-DS CTS_RTS2_B/SS2_B/DE2/ GTIOC5B/ULPTO1 —
MOSIA_C/SD1DAT4_B/ETO_RXD1/
RGMII0_RXD1/RMII0O_RXD1/
CATO_ERXD1/DSMOCLK1
F16 D14 37 — P707 — IRQ8 TXD1_B/SDA1_B/MOSI1_B/ GTCPPO3 —
ETO_TX_ER/ETHPHYCLK/
DSM1CLK1
F17 D13 36 — P705 — IRQ19 CTS1_B/SSLA2_C/CRX0/ GTADSM1/GTCPPO1/ —
ETO_TX_EN/RGMIIO_TX_CTL/ AGTIOO0
RMIIO_TX_EN/CATO_TX_EN/
DSM1DAT2
G1 H1 112 — PA0O A5 IRQ22 CTS_RTS5_B/SS5_B/DE5/ GTOVLO/GTCPPO7 AD1FLAG1
SDODAT7_A
G2 G4 109 — PAO3 A2 IRQ20 TXD2_C/SDA2_C/MOSI2_C/ GTIV/IGTCPPO10 ADST1
SDODAT4_A
G3 F3 107 — PAO5 A0/BCO/ IRQ18 CTS_RTS2_C/SS2_C/DE2/ GTETRGD/GTIOC4A —
DQM1 SDODAT2_A
G4 F4 105 — PAO7 RD IRQ16 CTS7_A/SDODATO_A GTETRGB/GTIOC7A VCOUT
G5 J5 127 — PC12 D18/ IRQ2 SCK6_C/DE6/ETO_MDIO/ GTCPPO11 —
DQ18 CATO_MDIO/DSM1CLKO
G6 F5 98 VCC_09 — — — — — —
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RA8T2 Datasheet 1. Overview
Table 1.15 Pin list for the Standard product (4 of 8)
SCI/IIC/I3C/SPI/ICANFD/USBFS/
Power, System, Clock, 1o ExBus/ OSPI/SDHI/MMC/ESWM(GMII, ADC16H/DAC12/

BGA289 | BGA224 | HLQFP176 Debug, CAC ports SDRAM Ex.Interrupt | RGMII, Mil, RMII)/EtherCAT/DSMIF | GPT/AGT/ULPT/RTC ACMPHS

G7 F6 — VSS_09 — — — — — —

G8 F10 — VSS4 — — — — — —

G9 F9 — VCL4 — — — — — —

G10 — — VSS_06 — — — — — —

G11 — — VCC_06 — — — — — —

G12 E11 29 — P405 — IRQ30 SCK2_B/DE2/SD1DAT3_B/ GTIOC1A/AGTIO1 —
ETO_RX_DV/RGMIIO_RX_CTL/
RMII0_CRS_DV/CATO_RX_DV/
DSMODAT1

G13 E13 35 — P704 — IRQ26 SSLA1_C/CTX0/SD1DAT7_B/ GTADSMO/GTCPPO0/ —
ETO_RX_ER/RMIIO_RX_ER/ AGTO0
CATO_RX_ER/DSM1DAT1

G14 F12 34 — P703 — IRQ19-DS SSLAO_C/SD1DAT6_B/ GTIOC6B/AGTO1 VCOUT
ETO_RX_CLK/RGMIIO_RXC/
RMII0_REF50CK/CATO_RX_CLK/
DSM1DATO

G15 F13 28 — PB14 — IRQ10 CATSYNCO — —

G16 F14 26 — PB12 — IRQ6 CATLINKACTO — —

G17 F15 25 — PB11 — IRQ5 CATLEDERR — —

H1 H2 114 — P504 A7 IRQ7 SDOWP GTOULO/GTCPPO1 —

H2 H3 113 —_ P503 A6 IRQ6 SDOCD GTOUUP/GTCPPO6 —_

H3 H4 115 — P505 A8 IRQ8 SDOCLK_A GTOWUP/GTCPPO2 —

H4 G3 1M1 — PAO1 A4 IRQ21 CTS5_B/SDODAT6_A GTOVUP/GTCPPO8 ADOFLAG1

H5 M1 128 — PC11 D19/ IRQ3 CTS_RTS6_C/SS6_C/DE6/ GTCPPO12 —

DQ19 ETO_MDC/CATO_MDC/DSM1CLK1

H6 G5 118 VCC_10 — — — — — —

H7 G6 — VSS_10 — — — — — —

H8 G7 — VSSs7 — — — — — —

H9 E8 — VCL5 — — — — — —

H10 E7 — VSS5 — — — — — —

H11 — — VCC_04 — — — — — —

H12 — — VSS_04 — — — — — —

H13 H11 13 — P403 — IRQ14-DS CTS_RTS1_A/SS1_A/DE1/ GTIOC3A/RTCIC1 ADOFLAG1
SD1DAT1_B/ET1_WOL/
CATI2CCLK

H14 G12 — VCC_05 — — — — — —

H15 G13 23 — PB09 — IRQ13 CATIRQ — —

H16 G14 24 — PB10 — IRQ4 CATLEDSTER — —

H17 G15 27 — PB13 — IRQ7 CATLINKACT1 — —

J1 J1 116 — P506 A9 IRQ9 SDOCMD_A GTOWLO/GTCPPO3 —

J2 J3 17 —_ P507 A10 IRQ10 CTS_RTS7_A/SS7_A/DE7/ GTADSMO/GTIOCOA —_
ET_TAS_STAO

J3 Ja 119 — P508 A1l IRQ1 CTS5_A/ET_TAS_STA1 GTADSM1/GTIOCO0B —

J4 K4 120 — P509 A12 IRQ2 CTS_RTS5_A/SS5_A/DE5/ GTIOC1A/ULPTEVIM —
ET_TAS_STA2

J5 L1 126 — PC13 D17/ IRQ1 RXD6_C/SCL6_C/MISO6_C/ GTCPPO10 —

DQ17 ETO_INT/DSM1DAT2

J6 — — VCcCc2_11 — — — — — —

J7 — — VSS_11 — — — — — —

J8 G8 — VCL7 — — — — — —

J9 F8 — VCL6 — — — — — —

J10 F7 — VSS6 — — — — — —

J1 H9 59 VCL2 — — — — — —

J12 H10 — VSS2 — — — — — —

J13 G11 14 — P404 — IRQ15-DS CTS1_A/SD1DAT2_B/ETO_WOL/ GTIOC3B/RTCIC2 AD1FLAG1
CATI2CDATA/DSMODATO

J14 H12 22 — PBO08 — IRQ12 CATLEDRUN — —

J15 H13 — VSS_05 — — — — — —
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RA8T2 Datasheet 1. Overview
Table 1.15 Pin list for the Standard product (5 of 8)
SCI/IIC/I3C/SPI/CANFD/USBFS/
Power, System, Clock, 1o ExBus/ OSPI/SDHI/MMC/ESWM(GMII, ADC16H/DAC12/
BGA289 | BGA224 | HLQFP176 Debug, CAC ports SDRAM Ex.Interrupt | RGMII, Mil, RMII)/EtherCAT/DSMIF | GPT/AGT/ULPT/RTC ACMPHS
J16 H14 — VSS_03 — — — — — —
J17 H15 — VSS_02 — — — — — —
K1 K1 124 —_ PC15 A16 IRQ30 CTS6_C/CRX1 GTADSMO —_
K2 K2 122 CACREF P608 A14 IRQ22 TXD5_A/SDA5_A/MOSI5_A GTOWUP/GTCPPO4 —
K3 J2 121 — P510 A13 IRQ3 RXD5_A/SCL5_A/MISO5_A/ GTIOC1B/ULPTEVIO —
ET_TAS_STA3
K4 K3 123 —_ PD00 A15 IRQ23 SCK5_A/DES/CTX1 GTOWLO/GTCPPO5 —
K5 — — — PCO7 D23/ IRQ21 OM_1_RESET/DSMODATO GTCPPOO —
DQ23
K6 R4 — VSS_12 — — — — — —
K7 J7 — VSS9 — — — — — —
K8 J8 129 VCL9 — — — — — —
K9 H8 99 VCL8 — — — — — —
K10 H7 —_ VSS8 e — — e — e
K11 Jo 44 VCL1 — — — — — —
K12 J10 — VSS1 — — — — — —
K13 K11 6 — P410 A19 IRQ5 SCK3_A/DE3/SCLO_A""/ GTOVLO/GTIOC9B/ ADSTO
USB_OVRCURB-DS/ AGTOB1
GPTP_MATCHO/CATI2CCLK
K14 J12 38 VCC_03 — — — — — —
K15 J13 21 VCC_02 — — — — — —
K16 J14 19 XTAL P213 — IRQ2 TXD1_C/SDA1_C/MOSI1_C GTETRGC/GTIOCOA/ ADTRG1
ULPTEEO
K17 J15 20 EXTAL P212 — IRQ3 RXD1_C/SCL1_C/MISO1_C GTETRGD/GTIOCO0B/ —
AGTEE1
L1 —_ —_ —_ PC03 D27/ IRQ25 TXD7_C/SDA7_C/MOSI7_C/ GTCPPO4 —_
DQ27 OM_1_SIO4/DSMOCLK1
L2 — — — PC02 D28/ IRQ26 SCK7_C/DE7/OM_1_SI03/ GTCPPO5 —
DQ28 DSMOCLK2
L3 — — — PC04 D26/ IRQ24 RXD7_C/SCL7_C/MISO7_C/ GTCPPO3 —
DQ26 OM_1_SI02/DSMOCLKO
L4 —_ —_ —_ PC09 D21/ IRQ5 OM_1_RSTO1 —_ —
DQ21
L5 - —_ - PCO05 D25/ IRQ23 OM_1_CS1/DSMODAT2 GTCPPO2 —
DQ25
L6 N1 130 VCC2_12 — — — — — —
L7 K6 — VSS_14 — — — — — —
L8 H6 — VSS_15 — — - — — —
L9 K7 — VSS10 — — — — — —
L10 K8 151 VCL10 — — — — — —
L1 K9 18 VCLO — — — — — —
L12 K10 — VSSo — — — — — —
L13 L1 5 —_ P414 A23 IRQ9 RXD4_B/SCL4_B/MISO4_B/ GTIOCO0B —_
SSLBO_B/CRX1/ET1_MDIO/
CATLATCH1
L14 J11 12 CACREF P402 — IRQ4-DS SCK1_A/DE1/CRX0/SD1DATO_B/ RTCICO —
ETO_LINKSTA/CATO_LINKSTA
L15 K13 1 VCC_01 e — — e — e
L16 K14 17 XCouT P214 —_ IRQ21 - —_ —
L17 K15 16 XCIN/EXCIN P215 — IRQ20 — — —
M1 — — — PC00 D30/ IRQ28 CTS_RTS7_C/SS7_C/DE7/ GTCPPO7 —
DQ30 OM_1_SI05
M2 — — — P607 D31/ IRQ23 OM_1_DQS — —
DQ31
M3 — — — PCO1 D29/ IRQ27 CTS7_C/OM_1_SIO0 GTCPPO6 —
DQ29
M4 — — — PC08 D22/ IRQ29 OM_1_CS0/DSM1DATO GTCPPO8 —
DQ22
M5 — — — PC10 D20/ IRQ4 OM_1_WP1/DSM1CLK2 GTCPPO13 —
DQ20
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RA8T2 Datasheet 1. Overview
Table 1.15 Pin list for the Standard product (6 of 8)
SCI/IIC/I3C/SPI/CANFD/USBFS/
Power, System, Clock, 1o ExBus/ OSPI/SDHI/MMC/ESWM(GMII, ADC16H/DAC12/
BGA289 | BGA224 | HLQFP176 Debug, CAC ports SDRAM Ex.Interrupt | RGMII, Mil, RMII)/EtherCAT/DSMIF | GPT/AGT/ULPT/RTC ACMPHS
M6 L6 137 — P104 — IRQ1 CTS9_A/SSLB1_A/OM_0_CS1/ GTETRGB/GTIOC1B ADOFLAG1
GPTP_MATCHO/CATLATCHO/
DSMODAT1
M7 K5 141 VCC2_14 — — — — — —
M8 J6 147 VCC2_15 —_ —_ —_ —_ —_ —_
M9 — — — P810 — IRQ21 SCK7_B/DE7/SD1DAT2_A GTIOC10A/ULPTOAO —
M10 L8 — VSS11 — — — — — —
M11 L9 171 VCL11 — — — — — —
M12 — — — P412 A21 IRQ20-DS CTS3_A/USB_EXICEN/ GTOULO/GTCPPO8/ —
GPTP_PTPOUTO AGTEE1
M13 M12 — — P710 Cs5 IRQ17 CTS4_B/SSLB3_B/ETO_LINKSTA/ GTIOC11B —
CATO_LINKSTA
M14 M11 — CACREF P411 A20 IRQ4 CTS_RTS3_A/SS3_A/DE3/USB_ID/ | GTOVUP/GTIOC9A/ —
GPTP_PTPOUT1 AGTOA1
M15 L12 8 —_ P408 A17 IRQ7 RXD3_A/SCL3_A/MISO3_A/ GTOWLO/GTIOC10A/ ADSYNC
SCLO_B""/USB_VBUSEN/ ULPTOBO
GPTP_PTPOUT2/CATRESETOUT
M16 L14 15 VBATT — — — — — —
M17 L15 — VSS_01 — — — — — —
N1 —_ —_ —_ P605 —_ IRQ25 CTS0_B/OM_1_SIO1 GTIOC8A —
N2 L2 — — P604 — IRQ26 CTS_RTS0_B/SS0_B/DEO/ GTIOC8B —
OM_1_SI07
N3 — — — P606 WR3/BC | IRQ24 OM_1_SI06 — —
3
N4 — — — PC06 D24/ IRQ22 OM_1_ECSINT1/DSMODAT1 GTCPPO1 —
DQ24
N5 L4 134 — P107 — IRQ31 CTS4_A/OM_0_CSO/ET1_INT GTOWUP/GTIOC8A/ ADSTO
AGTOAOQ
N6 L5 135 —_ P106 —_ IRQ16 CTS8_B/SSLB3_A/OM_0_RESET/ | GTOWLO/GTIOC8B/ ADST1
ET1_LINKSTA/CAT1_LINKSTA AGTOBO/ULPTEE1-DS
N7 L7 136 —_ P105 —_ IRQO CTS_RTS8_B/SS8_B/DES8/ GTIOC1A/ULPTO1-DS ADSYNC
SSLB2_A/OM_0_ECSINT1/
GPTP_CAPTUREO/CATSYNC1/
DSMODATO
N8 — — — P811 — IRQ22 CTS7_B/USB_ID/SD1DAT3_A GTIOC10B/ULPTOBO —
N9 — — — P013 — IRQ14 — — ANO13
N10 —_ —_ —_ PO11 —_ IRQ16 —_ —_ ANO11
N11 —_ —_ —_ P807 —_ IRQ11 - GTIOC13A —
N12 M10 3 CACREF P708 WR1/BC IRQ11 SCK4_B/DE4/SDA2_A’1/MOSIB_B/ GTCPPO6 —
1 ETO_MDC/CATO_MDC
N13 N12 — — P712 — IRQ2 CTS1_C/SSLB1_B/ GTIOC2B/AGTOBO —
GPTP_CAPTURE1/CATLATCH1
N14 N13 — — P714 — IRQ13 TXD4_C/SDA4_C/MOSI4_C/ GTIOC12B —
GPTP_PPS1/CATSYNC1
N15 M14 —_ —_ P711 —_ IRQ3 CTS_RTS1_C/SS1_C/DE1/ GTIOC11A/AGTEEO —_
SSLB2_B/GPTP_PPS0/
CATRESETOUT
N16 N14 — — P713 — IRQ14 CTS4_C/GPTP_MATCH1/ GTIOC2A/AGTOAO —
CATLATCHO
N17 M15 1" —_ P401 —_ IRQ5-DS RXD1_A/SCL1_A/MISO1_A/ GTETRGA/GTIOC6B —_
13C_SDA0/CTX0/SD1CMD_B
P1 L3 — — P603 — IRQ27 TXDO0_B/SDAO_B/MOSIO_B/ GTIOC7A/ULPTOO —
OM_1_SCLK
P2 M2 — — P602 — IRQ28 RXDO0_B/SCLO_B/MISO0_B/ GTIOC7B/ULPTEEO —
OM_1_SCLKN
P3 M3 132 CACREF P600 —_ IRQ30 OM_0_RSTO1/ET1_WOL GTIOC6B/ULPTEVI1-DS —
P4 M4 131 — P601 — IRQ29 SCKO0_B/DE0/OM_0_WP1 GTIOC6A/ULPTEVIO/ —
RTCOUT
P5 M5 139 — P102 — IRQ17 TXD9_A/SDA9_A/MOSI9_A/ GTOWLO/GTIOC2B/AGTOO0 | ADTRGO
RSPCKB_A/CRX0/OM_0_S104/
DSMOCLKO
P6 M6 144 — P801 — IRQ12 TXD2_A/SDA2_A/MOSI2_A/ GTIV/IGTIOC11B/AGTOBO —
OM_0_DQS/GPTP_PPS1/
CATRESETOUT/DSM1DAT1
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RA8T2 Datasheet 1. Overview
Table 1.15 Pin list for the Standard product (7 of 8)
SCI/IIC/I3C/SPI/CANFD/USBFS/
Power, System, Clock, 1o ExBus/ OSPI/SDHI/MMC/ESWM(GMII, ADC16H/DAC12/
BGA289 | BGA224 | HLQFP176 Debug, CAC ports SDRAM Ex.Interrupt | RGMII, Mil, RMII)/EtherCAT/DSMIF | GPT/AGT/ULPT/RTC ACMPHS
P7 M7 146 — P803 — IRQ19 SCK2_A/DE2/0OM_0_SIO1/ GTETRGC/GTIOC12B —
DSM1CLKO
P8 — — — P812 — IRQ23 CTS_RTS7_B/SS7_B/DE7/ GTIOC11A AN022
USB_EXICEN/SD1DAT4_A
P9 —_ —_ —_ P012 —_ IRQ15 - —_ ANO012
P10 — — — P010 — IRQ14 — — ANO10
P11 M8 160 — P009 — IRQ13-DS — — ANO0Y/IVREF1
P12 — — — P805 — IRQ30 TXD8_A/SDA8_A/MOSI8_A/ — ANO17/IVCMPO
ET1_MDIO
P13 P13 170 — P512 — IRQ14 CTS8_A/SCL1_A"/CTX1/ET1_INT | GTIOCOA —
P14 —_ —_ —_ P413 A22 IRQ18 ET_TAS_STA3 GTOUUP/GTCPPO7/ —
ULPTEE1
P15 — — — P515 — IRQ12 CTS_RTS4_C/SS4_C/DE4/ GTIOC13A —
SCL2_B"'/ET_TAS_STAO
P16 M13 2 —_ P709 Cs4 IRQ10 CTS_RTS4_B/SS4_B/DE4/ GTCPPO5 —_
SCL2_A""/MISOB_B/ETO_MDIO/
CATO_MDIO
P17 N15 10 —_ P400 —_ IRQO TXD1_A/SDA1_A/MOSI1_A/ GTIOC6A/AGTIO1 ADTRG1
I3C_SCL0/SD1CLK_B
R1 P4 133 VCC2_13 — — — — — —
R2 N2 — — P315 — IRQ29 SCK3_C/DE3/SSLA3_A — —
R3 — — — P900 — IRQ30 CTS3_C GTADSMO —
R4 N4 138 —_ P103 —_ IRQ16 CTS_RTS9_A/SS9_A/DEY/ GTOWUP/GTIOC2A AD1FLAG1
SSLBO_A/CTX0/OM_0_SI02/
GPTP_PPSO/CATLATCH1/
DSMODAT2
R5 N5 140 — P101 — IRQ1 RXD9_A/SCL9_A/MISO9_A/ GTETRGB/GTIOC8A/ —
MOSIB_A/OM_0_SIO3/ AGTEEO
GPTP_CAPTURE1/CATI2CCLK/
DSMOCLK1
R6 N6 145 — P802 — IRQ18 RXD2_A/SCL2_A/MISO2_A/ GTIW/GTIOC12A —
OM_0_SIO6/DSM1DAT2
R7 N7 148 — P804 — IRQ14 CTS_RTS2_A/SS2_A/DE2/ GTETRGD/GTIOC13A —
OM_0_SIO7/DSM1CLK1
R8 —_ —_ —_ P501 —_ IRQ25 TXD8_B/SDA8_B/MOSI8_B/ GTIOC12A ANO020
USB_OVRCURA/SD1DAT6_A
R9 N8 156 AvCCO — — — — — —
R10 N9 157 AVSS0 e — — e — e
R11 N10 164 —_ P005 —_ IRQ10-DS - —_ AN005/IVCMP3
R12 P12 166 — P003 — IRQ29 — — ANO003/IVCMP3
R13 — — — P513 — IRQ31 SCK8_A/DES/ETO_INT GTIOC13B ANO016/IVCMPO
R14 — — — P514 — IRQ13 SCK4_C/DE4/SDA2_B*"/ GTIOC13B —
ET_TAS_STA1
R15 L13 4 —_ P415 WAIT IRQ8 TXD4_B/SDA4_B/MOSI4_B/ GTIOCOA —_
RSPCKB_B/CTX1/ET1_MDC/
CATLATCHO
R16 L10 7 —_ P409 A18 IRQ6 TXD3_A/SDA3_A/MOSI3_A/ GTOWUP/ULPTOAO ADST1
SDAO_A"1/USB_OVRCURA-DS/
GPTP_CAPTUREO/CATI2CDATA
R17 K12 9 — P407 CS6 IRQ22 SCK1_C/DE1/SDAO_B“1/ GTIOC10B/AGTIO0/ ADTRGO
USB_VBUS/GPTP_PTPOUT3/ RTCOUT
CATSYNC1
T P1 — CLKOUT P205 — IRQ1-DS TXD4_A/SDA4_A/MOSI4_A/ GTIV/IGTIOC4A/AGTO1 —
SCL1_B"/SSLA1_A/
USB_OVRCURA/SD1CD
T2 P2 — — P203 — IRQ2-DS RXD4_A/SCL4_A/MISO4_A/ GTIOC5A/ULPTOA1 —
RSPCKA_A/CTX0/USB_VBUSEN/
SD1CLK_A
T3 P3 — — P313 — IRQ27 TXD3_C/SDA3_C/MOSI3_C/ — —
MISOA_A/USB_ID/SD1DATO_A
T4 — — — P901 — IRQ31 CTS_RTS3_C/SS3_C/DE3 GTADSM1/AGTIO1 —
T5 P5 150 — P809 — IRQ20 TXD7_B/SDA7_B/MOSI7_B/ — —
OM_0_SCLKN
T6 P6 143 — P800 — IRQ11 CTS2_A/OM_0_SIO5/DSM1DATO GTIU/GTIOC11A/AGTOAOD —
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RA8T2 Datasheet 1. Overview
Table 1.15 Pin list for the Standard product (8 of 8)
SCI/IIC/I3C/SPIICANFD/USBFS/
Power, System, Clock, 1o ExBus/ OSPI/SDHI/MMC/ESWM(GMII, ADC16H/DAC12/
BGA289 | BGA224 | HLQFP176 | Debug, CAC ports | SDRAM | Ex.Interrupt | RGMII, Mil, RMII)/EtherCAT/DSMIF | GPT/AGT/ULPT/RTC ACMPHS
T7 — — — P502 — IRQ26 SCK8_B/DE8/USB_OVRCURB/ GTIOC12B ANO19
SD1DAT7_A
T8 R7 153 — PO14 — IRQ27 — — ANO14/DAO/
IVCMPO
T9 P8 154 VREFL —_ —_ —_ —_ —_ —_
T10 P9 158 VREFLO — — — — — —
™ R11 165 — P004 — IRQ9-DS — — ANOO4/IVCMP2
T12 M9 162 — P007 — IRQ28 — — ANOO7/IVCMP3
T13 N11 168 — P001 — IRQ7-DS — — AN001/IVCMP3
T14 — — — P806 — IRQO RXD8_A/SCL8_A/MISO8_A/ — ANO18
ET1_MDC
T15 — — — P715 — IRQ12 RXD4_C/SCL4_C/MISO4_C/ GTIOC12A —
ET_TAS_STA2
T16 P14 174 — P815 — IRQ15 CTX0/USB_DM GTIOC8A —
T17 P15 173 VSS_USB — — — — — —
u1 R1 — CACREF P204 — IRQ26 SCK4_A/DE4/SDA1_B'1/SSLA0_A/ | GTIW/GTIOC4B/AGTIO1 —
USB_OVRCURB/SD1WP
u2 R2 — — P202 — IRQ3-DS CTS_RTS4_A/SS4_A/DE4/ GTIOC5B/ULPTOB1 —
MOSIA_A/CRX0/USB_EXICEN/
SD1CMD_A
u3 R3 — — P314 — IRQ28 RXD3_C/SCL3_C/MISO3_C/ — ADTRGO
SSLA2_A/SD1DAT1_A
U4 N3 — VSS_13 — — — — — —
us R5 149 — P808 — IRQ15 RXD7_B/SCL7_B/MISO7_B/ GTIOC13B —
OM_0_SCLK/DSM1CLK2
us R6 142 — P100 — IRQ2 SCK9_A/DE9/MISOB_A/ GTETRGA/GTIOC8B/ —
OM_0_SIO0/GPTP_MATCH1/ AGTIOO0
CATI2CDATA/DSMOCLK2
u7 — — CACREF P500 — IRQ24 RXD8_B/SCL8_B/MISO8_B/ GTIOC11B ANO21
USB_VBUSEN/SD1DAT5_A
us P7 152 —_ P015 —_ IRQ13 — —_ ANO15/DA1/
IVCMPO
U9 R8 155 VREFH — — — — — —
u10 R9 159 VREFHO — — — — — —
un R10 161 —_ P008 —_ IRQ12-DS —_ —_ ANO0O08/IVREFO
u12 P10 163 — P006 — IRQ11-DS | — — ANOO6/IVCMP2
u13 R12 169 — P000 — IRQ6-DS — — ANOOO/IVCMP2
u14 P11 167 — P002 — IRQ8-DS — — AN002/IVCMP2
u1s R13 172 — P511 — IRQ15 CTS_RTS8_A/SS8_A/DES8/ GTIOCO0B —
SDA1_A""/CRX1/ET1_LINKSTA/
CAT1_LINKSTA
u1e R14 175 — P814 — IRQ16 CRX0/USB_DP GTIOC8B —
u17 R15 176 VCC_USsB — — — — — —
Note:  Several pin names have the added suffix of _A, _B, and _C. These suffixes have special conditions for electrical characteristics.
Note 1. There are two types for IIC function, one is a simple IIC by SCI and another is a dedicated IIC. This terminal is for a dedicated IIC.
Table 1.16 Pin list for the SiP product (1 of 8)
SCI/IIC/I3C/SPI/CANFD/USBFS/OSPI/ ADC16H/
Power, System, Clock, Debug, ExBus/ SDHI/MMC/ESWM(GMII, RGMII, Mil, RMII)/ DAC12/
BGA303 | CAC I/0 ports | SDRAM Ex.nterrupt | EtherCAT/DSMIF GPT/AGT/ULPT/RTC ACMPHS
A1 vss — — — — — —
A2 — P114 D5/DQ5 IRQ30-DS CTS_RTS0_A/SS0_A/DE0/SSLAO_B/ GTETRGC/GTIOC2B ADSYNC
SDODAT6_B
A3 — P609 D7/DQ7 IRQ29 TXDO_C/SDAO_C/MOSIO_C/MISOA_B/CTX1 | GTIU/GTIOCSB/ULPTOA1-DS AD1FLAG1
A4 — P113 D4/DQ4 IRQ28 RXDO_A/SCLO_A/MISOO0_A/SSLA1_B/ GTETRGB/GTIOC2A/ULPTOAO-DS | ADST1
SDODAT5_B
A5 — P301 D1/DQ1 IRQ6 TXD6_B/SDA6_B/MOSI6_B/SDODAT2_B GTOULO/GTIOC4B/AGTIO0! —
ULPTEEO-DS
AB TDI P208 —_ IRQ3 RXD9_B/SCL9_B/MISO9_B/CRX1 GTOVLO/GTIOC1B VCouT
A7 TMS/SWDIO P210 — IRQ24 CTS_RTS9_B/SS9_B/DE9 GTOULO/GTIOCOB —
A8 VLO — — — — — —
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RA8T2 Datasheet 1. Overview

Table 1.16 Pin list for the SiP product (2 of 8)

SCI/IIC/I3C/SPI/CANFD/USBFS/OSPI/ ADC16H/
Power, System, Clock, Debug, ExBus/ SDHI/MMC/ESWM(GMII, RGMII, MIl, RMII)/ DAC12/

BGA303 CAC 1/0 ports SDRAM Ex.Interrupt | EtherCAT/DSMIF GPT/AGT/ULPT/RTC ACMPHS

A9 VLO — — — — — —

A10 VSS_DCDC — — — — — —

A1 VCC_DCDC - — — — — —

A12 VCC_DCDC — — — — — —

A13 — P309 — IRQ25-DS CTS9_B/ET1_GTX_CLK/RGMII1_TXC GTCPPO8 VCOouT

A14 — P906 — IRQ9 CTS6_A/USB_ID/ET1_RXDO/RGMII1_RXDO/ | GTIOC13B/ULPTO1 ADOFLAG1
RMII1_RXDO/CAT1_ERXDO

A15 — P905 — IRQ8 RXD3_B/SCL3_B/MISO3_B/ET1_RX_CLK/ GTCPPO13 AD1FLAG1
RGMIIM_RXC/RMII1_REF50CK/
CAT1_RX_CLK

A16 — P907 — IRQ10 SCK6_A/DE6/USB_EXICEN/ET1_RXD1/ GTIOC13A/ULPTEE1 ADSYNC
RGMII1_RXD1/RMII1_RXD1/CAT1_ERXD1

A17 — P207 — IRQ25 ET1_RXD5 GTCPPO3 —

A18 VSsS — — — — — —

B1 — P813 SDCS IRQ15 SCK7_A/DE7 GTETRGA/GTIOC7B —

B2 — PA12 D9/DQY IRQ11 RXD9_C/SCL9_C/MISO9_C GTIW/GTIOC6B —

B3 —_ P115 D6/DQ6 IRQ31-DS CTS0_A/MOSIA_B/SDODAT7_B GTETRGD/GTIOC5A ADOFLAG1

B4 — PA11 D8/DQ8 IRQ10 SCK9_C/DE9 GTIVIGTIOC6A —

B5 — P112 D3/DQ3 IRQ27 TXDO_A/SDAO_A/MOSIO_A/SSLA2_B/ GTETRGA/GTIOC3B/ULPTOB0-DS | ADSTO
SDODAT4_B

B6 TDO/SWO/CLKOUT P209 —_ IRQ25 TXD9_B/SDA9_B/MOSI9_B/CTX1 GTOVUP/GTIOC1A —

B7 TCK/ISWCLK P211 — IRQ23 SCK9_B/DE9 GTOUUP/GTIOCOA —

B8 VLO — — — — — _

B9 VLO — — — — — —

B10 VSS_DCDC — — - — — -

B11 VCC_DCDC — — — — — —

B12 VCC_DCDC — — — — — —

B13 — P311 — IRQ23-DS SCK3_B/DE3/CRX0/ET1_TX_CLK/ GTADSM1/GTCPPO6/AGTOB1 —
CAT1_TX_CLK

B14 — P908 — IRQ11 TXD6_A/SDA6_A/MOSI6_A/CRX1/ GTIOC12B/ULPTEVI1 ADST1
USB_OVRCURB/ET1_RXD2/RGMII1_RXD2/
CAT1_ERXD2

B15 — P909 — IRQ21-DS RXD6_A/SCL6_A/MISO6_A/CTX1/ GTIOC12A/ULPTOA1 ADSTO
USB_OVRCURA/ET1_RXD3/RGMII1_RXD3/
CAT1_ERXD3

B16 — P904 — IRQ2 ET1_RXD4 GTIOC11B —

B17 —_ PDO1 —_ IRQ22 SCK8_C/DE8/SDODAT2_C/ET1_RXD6 GTCPPO2 —

B18 —_ PD02 —_ IRQ21 TXD8_C/SDA8_C/MOSI8_C/SDODAT1_C/ GTCPPO1 —
ET1_RXD7

c1 — PAO6 CS1/CKE IRQ17 CTS2_C/SDODAT1_A GTETRGC/GTIOC7B —_

Cc2 — P613 D15/DQ15 IRQ19 CTs0_C GTETRGA/GTIOC9B/AGTO1 -

C3 — PA13 D10/DQ10 IRQ12 CTS_RTS9_C/SS9_C/DE9 GTOVUP/GTIOC10A —

C4 — P300 D2/DQ2 IRQ4 SCKO_A/DE0/SSLA3_B/SDODAT3_B GTIOC3A/ULPTEVIO-DS —

C5 — P302 D0/DQ0O IRQ5 RXD6_B/SCL6_B/MISO6_B/SDODAT1_B GTOUUP/GTIOC4A/ULPTOO0-DS —

Cé — P200 —_ NMI —_ —_ —_

c7 RES —_ —_ —_ —_ —_ —_

Cc8 — P110 — IRQ20 SDODAT4_C GTIOC9B —

Cc9 — P903 — IRQ1 — GTIOC11A —

c10 TCLK P308 — IRQ26-DS CTS3_B/SDOCLK_B/ET1_TX_ER/ GTIU/GTCPPO9/ULPTOB1 —
ETHPHYCLK

c1 TDATA2 P305 — IRQ8 SDOWP/ET1_TXD2/RGMII1_TXD2/ GTOVUP/GTCPPO12/ULPTEE1 —
CAT1_ETXD2

C12 TDATAO P307 — IRQ27-DS CTS_RTS6_A/SS6_A/DE6/SDOCMD_B/ GTIV/IGTCPPO10/ULPTOA1 —
ET1_TXDO/RGMII1_TXDO/RMII1_TXD0/
CAT1_ETXDO

C13 — P11 — IRQ6 ET1_TXD5 GTIOC3B —

C14 CLKOUT P206 cs7 IRQO-DS USB_VBUSEN/SDODAT7_C/ET1_RX_DV/ GTIU/GTCPPOO/ULPTOB1 —
RGMII1_RX_CTL/RMII1_CRS_DV/
CAT1_RX_DV
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RAB8T2 Datasheet 1. Overview
Table 1.16 Pin list for the SiP product (3 of 8)
SCI/IIC/1I3C/SPI/CANFD/USBFS/OSPI/ ADC16H/
Power, System, Clock, Debug, ExBus/ SDHI/MMC/ESWM(GMII, RGMII, MIl, RMII)/ DAC12/
BGA303 CAC 1/0 ports SDRAM Ex.Interrupt | EtherCAT/DSMIF GPT/AGT/ULPT/RTC ACMPHS
C15 — PD04 — IRQ20 CTS_RTS8_C/SS8_C/DE8/SDOCMD_C/ GTIOC3A —
ETO_RXD5
C16 — PD03 — IRQ21 RXD8_C/SCL8_C/MISO8_C/SDODATO_C/ GTIOC3B —
ETO_RXD4
c17 — PD05 — IRQ19 CTS8_C/SDOCLK_C/ETO_RXD6 GTIOC2B —
Cc18 — PDO06 — IRQ18 SDOWP/ETO_RXD7 GTIOC2A —
D1 — PA04 A1 IRQ19 SCK2_C/DE2/SDODAT3_A GTIU/GTIOC4B ADSTO
D2 CACREF/CLKOUT P611 D13/DQ13 IRQ17 SCKO_C/DEO/MOSIA_B GTOULO/GTIOC4B —
D3 — P610 D12/DQ12 IRQ16 RXDO_C/SCLO_C/MISO0_C/RSPCKA_B/ GTOUUP/GTIOC4A/ULPTOB1-DS —
CRX1
D4 — PA14 D11/DQ11 IRQ13 TXD9_C/SDA9_C/MOSI9_C GTOVLO/GTIOC10B —
D5 — P303 — IRQ29-DS SCK6_B/DE6 GTIOC7B —
D6 — P915 — IRQ8 CTS6_B GTIOC5A —
D7 — P108 — IRQ24 SDODAT6_C GTIOC10B —
D8 — P111 — IRQ19 SDODAT3_C GTIOC9A —
D9 — P109 — IRQ23 SDODAT5_C GTIOC10A —
D10 — P310 — IRQ24-DS TXD3_B/SDA3_B/MOSI3_B/ET1_TX_EN/ GTCPPO7/AGTEE1 —
RGMIIM_TX_CTL/RMII1_TX_EN/
CAT1_TX_EN
D11 TDATA3 P304 — IRQ9 SDODATO_B/ET1_TXD3/RGMII1_TXD3/ GTOVLO/GTIOC7A/ULPTO1 —
CAT1_ETXD3
D12 TDATA1 P306 — IRQ28-DS SDOCD/ET1_TXD1/RGMII1_TXD1/ GTIW/GTCPPO11/ULPTEVI1 —
RMII1_TXD1/CAT1_ETXD1
D13 — P912 — IRQ5 ET1_TXD6 GTIOC3A —
D14 — PB04 — IRQ9 SCK5_C/DE5/ETO_TXD3/RGMIIO_TXD3/ GTCPPO3 ADOFLAG1
CATO_ETXD3
D15 — PBO7 — IRQ1 ETO_TXD5 GTIOC9B —
D16 — PB05 — IRQ15 CTS5_C/ETO_TXD7 GTCPPO4 —
D17 — PBO3 — IRQ13 TXD5_C/SDA5_C/MOSI5_C/ET0_TXD2/ GTCPPO1 ADSYNC
RGMII0_TXD2/CATO_ETXD2
D18 — PBO1 ALE IRQ12 CTS_RTS1_B/SS1_B/DE1/ETO_TX_CLK/ GTCPPO2 AD1FLAG1
CATO_TX_CLK
E1 — PA15 EBCLK/ IRQ14 CTS9_C GTIOC7A —
SDCLK
E2 — P615 — IRQ7 TXD7_A/SDA7_A/MOSI7_A GTETRGC/GTCPPO10 —
E3 — P614 WR/WRO0/ IRQ20 RXD7_A/SCL7_A/MISO7_A GTETRGB/GTCPPO9/AGTO0 —
DQMO
E4 — P612 D14/DQ14 IRQ18 CTS_RTS0_C/SS0_C/DE0/SSLA0_B GTIOC9A —
E5 — P914 — IRQ9 CTS_RTS6_B/SS6_B/DE6 GTIOC5B —
E6 MD P201 — IRQ4 — — —
E10 — P902 ALE IRQO ETHPHYCLK GTCPPO13 —
E11 — P312 — IRQ22-DS CTS_RTS3_B/SS3_B/DE3/CTX0/ GTADSMO0/GTCPPO5/AGTOA1 —
ET1_RX_ER/RMII1_RX_ER/CAT1_RX_ER
E12 — P910 — IRQ7 ET1_TXD4 GTCPPO12 —
E13 CLKOUT P913 — IRQ3 ET1_TXD7 GTCPPO11 —
E14 — PB02 — IRQ11 RXD5_C/SCL5_C/MISO5_C/ETO_TXD1/ GTCPPOO ADST1
RGMII0_TXD1/RMIIO_TXD1/CATO_ETXD1
E15 — PB06 — IRQO CTS_RTS5_C/SS5_C/DE5/ET0O_TXD6 GTIOC9A —
E16 — PDO7 — IRQ17 SDOCD/ETO_TXD4 GTCPPOO —
E17 — PBO0 — IRQ10 SCK1_B/DE1/ETO_TXDO/RGMIIO_TXDO/ GTCPPO4 ADSTO
RMII0_TXDO/CATO_ETXD0O/DSM1CLK2
E18 — P706 — IRQ7 RXD1_B/SCL1_B/MISO1_B/ETO_GTX_CLK/ | GTCPPO2/AGTIO0 —
RGMII0_TXC/ETHPHYCLK/DSM1CLKO
F1 — PA02 A3 IRQ31 RXD2_C/SCL2_C/MISO2_C/SDODAT5_A GTIW/GTCPPO9 ADSYNC
F2 — PA10 CS2/RAS IRQ4 SCK5_B/DES GTCPPO13 —
F3 — PA08 CSO/WE IRQ6 RXD5_B/SCL5_B/MISO5_B GTETRGD/GTCPPO11 —
F4 — PAQO9 CS3/CAS IRQ5 TXD5_B/SDA5_B/MOSI5_B GTCPPO12 —
F5 — PC14 — IRQO TXD6_C/SDA6_C/MOSI6_C/ETO_WOL/ GTADSM1/GTCPPO9 —
DSM1DAT1
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RAB8T2 Datasheet

1. Overview

Table 1.16 Pin list for the SiP product (4 of 8)
SCI/IIC/I3C/SPI/CANFD/USBFS/OSPI/ ADC16H/
Power, System, Clock, Debug, ExBus/ SDHI/MMC/ESWM(GMII, RGMII, MIl, RMII)/ DAC12/

BGA303 CAC O ports | SDRAM Ex.Interrupt | EtherCAT/DSMIF GPT/AGT/ULPT/RTC ACMPHS

F7 VCC_08 — — — — — —

F8 VSS_08 - - - - — -

F9 VSS3 - - - - - -

F10 VCL3 — — — — — —

F11 VSS_07 — — — — — —

F12 vce_07 — — — — — —

F13 — P700 — IRQ16-DS | RXD2_B/SCL2_B/MISO2_B/MISOA_C/ GTIOC5A —
SD1WP/ETO_RXD2/RGMII0_RXD2/
CATO_ERXD2/DSMOCLKO

F14 - P702 - IRQ18-DS | CTS2_B/RSPCKA_C/SD1DAT5_B/ GTIOC6A/ULPTOO -
ETO_RXDO/RGMII0_RXDO/RMII0_RXDO/
CATO_ERXDO/DSMOCLK2

F15 — P406 — IRQ31 TXD2_B/SDA2_B/MOSI2_B/SSLA3_C/ GTIOC1B —
SD1CD/ETO_RXD3/RGMII0_RXD3/
CATO_ERXD3/DSMODAT2

F16 — P701 — IRQ17-DS | CTS_RTS2_B/SS2_B/DE2/MOSIA_C/ GTIOC5B/ULPTO1 —
SD1DAT4_B/ETO_RXD1/RGMII0_RXD1/
RMII0_RXD1/CATO_ERXD1/DSMOCLK1

F17 — P707 — IRQ8 TXD1_B/SDA1_B/MOSI1_B/ETO_TX_ER/ GTCPPO3 —
ETHPHYCLK/DSM1CLK1

F18 — P705 — IRQ19 CTS1_B/SSLA2_C/CRXO/ETO_TX_EN/ GTADSM1/GTCPPO1/AGTIO0 —
RGMII0_TX_CTL/RMIIO_TX_EN/
CATO_TX_EN/DSM1DAT2

G1 — PA0O A5 IRQ22 CTS_RTS5_B/SS5_B/DE5/SDODAT7_A GTOVLO/GTCPPO7 AD1FLAG1

G2 — PA03 A2 IRQ20 TXD2_C/SDA2_C/MOSI2_C/SDODAT4_A GTIV/GTCPPO10 ADST1

G3 - PAO5 AO/BCO/ IRQ18 CTS_RTS2_C/SS2_C/DE2/SDODAT2_A GTETRGD/GTIOC4A -

DQM1

G4 — PA07 RD IRQ16 CTS7_A/SDODATO_A GTETRGB/GTIOC7A VCouT

G5 - PC12 - IRQ2 SCK6_C/DE6/ETO_MDIO/CATO_MDIO/ GTCPPO11 —
DSM1CLKO

G7 VCC_09 — — — — — —

G8 VSS_09 - - - - — -

G9 VSS4 - - - - - -

G10 VCL4 — — — — — _

GM VSS_06 — — — — — —

G12 VCC_06 — — — — — —

G13 - P405 — IRQ30 SCK2_B/DE2/SD1DAT3_B/ET0_RX_DV/ GTIOC1A/AGTION —
RGMIIO_RX_CTL/RMIIO_CRS_DV/
CATO_RX_DV/DSMODAT1

G14 - P704 - IRQ26 SSLA1_C/CTX0/SD1DAT7_B/ETO_RX_ER/ | GTADSMO/GTCPPOO/AGTOO -
RMII0_RX_ER/CATO_RX_ER/DSM1DAT1

G15 — P703 — IRQ19-DS | SSLAO_C/SD1DAT6_B/ETO_RX_CLK/ GTIOC6B/AGTO1 vcouT
RGMII0_RXC/RMIIO_REF50CK/
CATO_RX_CLK/DSM1DATO

G16 — PB14 — IRQ10 CATSYNCO — —

G17 — PB12 — IRQ6 CATLINKACTO — —

G18 — PB11 — IRQ5 CATLEDERR — —

H1 — P504 A7 IRQ7 SDOWP GTOULO/GTCPPO1 —

H2 — P503 A6 IRQ6 SDOCD GTOUUP/GTCPPO6 -

H3 - P505 A8 IRQ8 SDOCLK_A GTOWUP/GTCPPO2 -

H4 — PAO1 A4 IRQ21 CTS5_B/SDODAT6_A GTOVUP/GTCPPO8 ADOFLAG1

H5 — PC11 — IRQ3 CTS_RTS6_C/SS6_C/DEG/ETO_MDC/ GTCPPO12 —
CATO_MDC/DSM1CLK1

H7 VCC_10 - - - - - -

H8 VSS_10 — — — — — —

H9 VsS7 — — — — — —

H10 VCL5 — — — — — —

H11 VSS5 - - - - — -

H12 VCC_04 - - - - - -

H13 VSS_04 — — — — — —
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RAB8T2 Datasheet

1. Overview

Table 1.16

Pin list for the SiP product (5 of 8)

SCI/IIC/I3C/SPI/CANFD/USBFS/OSPI/ ADC16H/
Power, System, Clock, Debug, ExBus/ SDHI/MMC/ESWM(GMII, RGMII, MIl, RMII)/ DAC12/

BGA303 CAC 1/0 ports SDRAM Ex.Interrupt | EtherCAT/DSMIF GPT/AGT/ULPT/RTC ACMPHS

H15 VCC_05 — — — — _ _

H16 — PB09 — IRQ13 CATIRQ — —

H17 — PB10 — IRQ4 CATLEDSTER — -

H18 — PB13 — IRQ7 CATLINKACT1 — —

J1 — P506 A9 IRQ9 SDOCMD_A GTOWLO/GTCPPO3 —

J2 — P507 A10 IRQ10 CTS_RTS7_A/SS7_A/DE7/ET_TAS_STAO GTADSMO/GTIOCOA —

J3 — P508 A1l IRQ1 CTS5_A/ET_TAS_STA1 GTADSM1/GTIOC0B —

J4 — P509 A12 IRQ2 CTS_RTS5_A/SS5_A/DES/ET_TAS_STA2 GTIOC1A/ULPTEVIM -

J5 — PC13 — IRQ1 RXD6_C/SCL6_C/MISO6_C/ETO_INT/ GTCPPO10 —
DSM1DAT2

J7 VvCce2_ 11 — — — — — —

J8 VSS_11 — — — — — —

J9 VCL7 — — — — — —

J10 VCL6 — — — — — —

J11 VSS6 — — — — — —

J12 VCL2 — — - — — -

J13 VSS2 — — — — — —

J15 — PB08 — IRQ12 CATLEDRUN — —

J16 VSS_05 — — — — — _

J17 VSS_03 — — — — — —

J18 VSS_02 — — - — — -

K1 —_ PC15 A16 IRQ30 CTS6_C/CRX1 GTADSMO —

K2 CACREF P608 A14 IRQ22 TXD5_A/SDA5_A/MOSI5_A GTOWUP/GTCPPO4 —

K3 — P510 A13 IRQ3 RXD5_A/SCL5_A/MISO5_A/ET_TAS_STA3 GTIOC1B/ULPTEVIO —

K4 - PD00 A15 IRQ23 SCK5_A/DE5/CTX1 GTOWLO/GTCPPO5 —

K5 Vss - - - - - -

K6 VSsS — — — — — —

K7 VSS_12 — — — — — _

K8 VSS9 — — — — — _

K9 VCL9 - - - - —_ -

K10 VCL8 — — - — — -

K11 VSS8 — — — — — —

K12 VCL1 — — — — — —

K13 VSS1 — — — — — —

K15 VCC_03 — — — — — —

K16 VCC_02 — — - — — -

K17 XTAL P213 — IRQ2 TXD1_C/SDA1_C/MOSI1_C GTETRGC/GTIOCOA/ULPTEEO ADTRG1

K18 EXTAL P212 — IRQ3 RXD1_C/SCL1_C/MISO1_C GTETRGD/GTIOCOB/AGTEE1 —

L1 — PC10 — IRQ4 DSM1CLK2 GTCPPO13 —

L2 Vss — — — — — —

L3 PUP — — — — — —

L4 VCC2_16 — — — — — —

L5 VSS_16 _ _ _ _ _ _

L7 VCC2_12 — — — — — —

L8 VSS_14 — — — — — —

L9 VSS_15 — — — — — —

L10 VSS10 — — — — — —

L11 VCL10 — — — — — —

L12 VCLO — — — — — —

L13 VSS0 - — — — — —

L14 —_ P403 —_ IRQ14-DS CTS_RTS1_A/SS1_A/DE1/SD1DAT1_B/ GTIOC3A/RTCIC1 ADOFLAG1
ET1_WOL/CATI2CCLK
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RA8T2 Datasheet 1. Overview
Table 1.16 Pin list for the SiP product (6 of 8)
SCI/IIC/I3C/SPI/CANFD/USBFS/OSPI/ ADC16H/
Power, System, Clock, Debug, ExBus/ SDHI/MMC/ESWM(GMII, RGMII, MIl, RMII)/ DAC12/
BGA303 CAC 1/0 ports SDRAM Ex.Interrupt | EtherCAT/DSMIF GPT/AGT/ULPT/RTC ACMPHS
L15 — P404 — IRQ15-DS CTS1_A/SD1DAT2_B/ETO_WOL/ GTIOC3B/RTCIC2 AD1FLAG1
CATI2CDATA/DSMODATO
L16 VCC_01 — — — — — —
L17 XCcouT P214 — IRQ21 — — —
L18 XCIN/EXCIN P215 — IRQ20 — — —
M1 — PC09 — IRQ5 — — —
M2 Vss — — — — — —
M3 VSS — — — — — —
M4 VCC2_17 — — — — — —
M5 VSS_17 — — — — — —
M8 vce2_14 — — — — _ _
M9 VCC2_15 — — — — — —
M11 VSS11 — — — — — —
M12 VCL11 — — — — — —
M14 — P414 A23 IRQ9 RXD4_B/SCL4_B/MISO4_B/SSLBO_B/CRX1/ | GTIOCOB —
ET1_MDIO/CATLATCH1
M15 CACREF P402 — IRQ4-DS SCK1_A/DE1/CRX0/SD1DAT0_B/ RTCICO —
ETO_LINKSTA/CATO_LINKSTA
M16 — P410 A19 IRQ5 SCK3_A/DE3/SCLO_A"1/USB_OVRCURB- GTOVLO/GTIOC9B/AGTOB1 ADSTO
DS/GPTP_MATCHO/CATI2CCLK
M17 VBATT — — — — — —
M18 VSS_01 — — — — — —
N1 —_ PC08 —_ IRQ29 DSM1DATO GTCPPO8 —
N2 VSsS — — - — — -
N3 Vss — — — — — —
N4 VCC2_18 — — — — — —
N5 VSS_18 — — — — — —
N7 —_ P105 —_ IRQO CTS_RTS8_B/SS8_B/DE8/SSLB2_A/ GTIOC1A/ULPTO1-DS ADSYNC
OM_0_ECSINT1/DSMODATO
N10 — P810 — IRQ21 SCK7_B/DE7/SD1DAT2_A GTIOC10A/ULPTOAOQ —
N14 — P710 Cs5 IRQ17 CTS4_B/SSLB3_B/ETO_LINKSTA/ GTIOC11B —
CATO_LINKSTA
N15 CACREF P411 A20 IRQ4 CTS_RTS3_A/SS3_A/DE3/USB_ID/ GTOVUP/GTIOC9A/AGTOA1 —
GPTP_PTPOUT1
N16 — P408 A17 IRQ7 RXD3_A/SCL3_AMISO3_A/SCLO_B"!/ GTOWLO/GTIOC10A/ULPTOBO ADSYNC
USB_VBUSEN/GPTP_PTPOUT2/
CATRESETOUT
N17 — P412 A21 IRQ20-DS CTS3_A/USB_EXICEN/GPTP_PTPOUTO GTOULO/GTCPPOS/AGTEE1 -
N18 —_ P401 —_ IRQ5-DS RXD1_A/SCL1_A/MISO1_A/I3C_SDAO/ GTETRGA/GTIOC6B —
CTX0/SD1CMD_B
P1 Vss — — — — — —
P2 Vss — — — _ _ _
P3 Vss — — — — — —
P4 VCC2_19 — — — — — —
P5 VSS_19 — — — _ _ _
P6 — P104 — IRQ1 CTS9_A/SSLB1_A/OM_0_CS1/DSMODAT1 | GTETRGB/GTIOC1B ADOFLAG1
P7 —_ P107 —_ IRQ31 CTS4_A/OM_0_CS0 GTOWUP/GTIOC8A/AGTOAQ ADSTO
P8 — P106 — IRQ16 CTS8_B/SSLB3_A/OM_O_RESET GTOWLO/GTIOC8B/AGTOBO/ ADST1
ULPTEE1-DS
P9 — P811 — IRQ22 CTS7_B/USB_ID/SD1DAT3_A GTIOC10B/ULPTOBO -
P10 — PO13 — IRQ14 — — ANO013
P11 — PO11 — IRQ16 — — ANO11
P12 — P807 — IRQ11 — GTIOC13A —
P13 CACREF P708 WR1/BC1 IRQ11 SCK4_B/DE4/SDA2_A'1/MOSIB_B/ GTCPPO6 —
ETO_MDC/CAT0_MDC
P14 —_ P712 —_ IRQ2 CTS1_C/SSLB1_B/GPTP_CAPTURE1/ GTIOC2B/AGTOBO —
CATLATCH1
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RA8T2 Datasheet 1. Overview
Table 1.16 Pin list for the SiP product (7 of 8)
SCI/IIC/I3C/SPI/CANFD/USBFS/OSPI/ ADC16H/
Power, System, Clock, Debug, ExBus/ SDHI/MMC/ESWM(GMII, RGMII, MIl, RMII)/ DAC12/
BGA303 CAC 1/0 ports SDRAM Ex.Interrupt | EtherCAT/DSMIF GPT/AGT/ULPT/RTC ACMPHS
P15 — P714 — IRQ13 TXD4_C/SDA4_C/IMOSI4_CIGPTP_PPS1/ GTIOC12B —
CATSYNC1
P16 — P711 — IRQ3 CTS_RTS1_C/SS1_C/DE1/SSLB2_B/ GTIOC11A/AGTEEQ —
GPTP_PPS0/CATRESETOUT
P17 — P713 — IRQ14 CTS4_C/GPTP_MATCH1/CATLATCHO GTIOC2A/AGTOAO —
P18 — P400 — IRQO TXD1_A/SDA1_A/MOSI1_A/I3C_SCLO/ GTIOCBA/AGTION ADTRG1
SD1CLK_B
R1 — P602 — IRQ28 RXDO0_B/SCLO_B/MISO0_B GTIOC7B/ULPTEEO —
R2 VSSs — — — — — —
R3 VSs — — — — — —
R4 CACREF P600 — IRQ30 OM_0_RSTO1 GTIOC6B/ULPTEVI1-DS —
R5 — P601 — IRQ29 SCKO_B/DEO/OM_0_WP1 GTIOCBA/ULPTEVIO/RTCOUT —
R6 — P102 — IRQ17 TXD9_A/SDA9_A/MOSI9_A/RSPCKB_A/ GTOWLO/GTIOC2B/AGTO0 ADTRGO
CRX0/OM_0_SI04/DSMOCLKO
R7 — P801 — IRQ12 TXD2_A/SDA2_A/MOSI2_A/OM_0_DQS/ GTIV/GTIOC11B/AGTOBO —
DSM1DAT1
R8 — P803 — IRQ19 SCK2_A/DE2/0OM_0_SIO01/DSM1CLKO GTETRGC/GTIOC12B —
R9 — P812 — IRQ23 CTS_RTS7_B/SS7_B/DE7/USB_EXICEN/ GTIOC11A AN022
SD1DAT4_A
R10 — P012 — IRQ15 — — ANO12
R11 — P010 — IRQ14 — — ANO10
R12 — P009 — IRQ13-DS | — — AN009/
IVREF1
R13 — P805 — IRQ30 TXD8_A/SDA8_A/MOSI8_A/ET1_MDIO — ANO17/
IVCMPO
R14 — P512 — IRQ14 CTS8_A/SCL1_A"/CTX1/ET1_INT GTIOCOA —
R15 — P413 A22 IRQ18 ET_TAS_STA3 GTOUUP/GTCPPO7/ULPTEE1 —
R16 — P515 — IRQ12 CTS_RTS4_C/SS4_C/DE4/SCL2_B'/ GTIOC13A —
ET_TAS_STAO
R17 — P709 Cs4 IRQ10 CTS_RTS4_B/SS4_B/DE4/SCL2_A""/ GTCPPO5 —
MISOB_B/ETO_MDIO/CATO_MDIO
R18 — P407 Csé IRQ22 SCK1_C/DE1/SDAO_B"1/USB_VBUS/ GTIOC10B/AGTIOO0/RTCOUT ADTRGO
GPTP_PTPOUT3/CATSYNC1
T Vpp — — — — — —
T2 VSs — — — — — —
T3 — P315 — IRQ29 SCK3_C/DE3/SSLA3_A — —
T4 — P900 — IRQ30 CTS3_C GTADSMO —
T5 — P103 — IRQ16 CTS_RTS9_A/SS9_A/DE9/SSLBO_A/CTX0/ | GTOWUP/GTIOC2A AD1FLAG1
OM_0_SI02/DSMODAT2
T6 — P101 — IRQ1 RXD9_A/SCL9_A/MISO9_A/MOSIB_A/ GTETRGB/GTIOC8A/AGTEEQ —
OM_0_SIO3/DSMOCLK1
T7 — P802 — IRQ18 RXD2_A/SCL2_A/MISO2_A/OM_0_SI06/ GTIW/GTIOC12A —
DSM1DAT2
T8 — P804 — IRQ14 CTS_RTS2_A/SS2_A/DE2/OM_0_SIO7/ GTETRGD/GTIOC13A —
DSM1CLK1
T9 — P501 — IRQ25 TXD8_B/SDA8_B/MOSI8_B/ GTIOC12A AN020
USB_OVRCURA/SD1DAT6_A
T10 AVCCO — — — — — —
T11 AVSSO — — — — — —
T12 — P005 — IRQ10-DS | — — AN005/
IVCMP3
T13 — P003 — IRQ29 — — AN003/
IVCMP3
T14 — P513 — IRQ31 SCK8_A/DES/ETO_INT GTIOC13B ANO16/
IVCMPO
T15 — P514 — IRQ13 SCK4_C/DE4/SDA2_B"'/ET_TAS_STA1 GTIOC13B —
T16 — P415 WAIT IRQ8 TXD4_B/SDA4_B/MOSI4_B/RSPCKB_B/ GTIOCOA —
CTX1/ET1_MDC/CATLATCHO
T17 — P409 A18 IRQ6 TXD3_A/SDA3_A/MOSI3_A/SDAO_A"/ GTOWUP/ULPTOAO ADST1
USB_OVRCURA-DS/GPTP_CAPTUREO/
CATI2CDATA
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RA8T2 Datasheet 1. Overview
Table 1.16 Pin list for the SiP product (8 of 8)
SCI/IIC/I3C/SPICANFD/USBFS/OSPI/ ADC16H/
Power, System, Clock, Debug, ExBus/ SDHI/MMC/ESWM(GMII, RGMII, MIl, RMII)/ DAC12/
BGA303 [ CAC 1/0 ports | SDRAM Ex.nterrupt | EtherCAT/DSMIF GPT/AGT/ULPT/RTC ACMPHS
T18 VCC_USB — — — — — —
u1 vCcCe2_13 — — — — — —
u2 CLKOUT P205 —_ IRQ1-DS TXD4_AISDA4_A/MOSI4_AISCL1_B*1I GTIVIGTIOC4A/AGTO1 —
SSLA1_A/USB_OVRCURA/SD1CD
u3 — P203 — IRQ2-DS RXD4_A/SCL4_A/MISO4_A/RSPCKA_A/ GTIOC5A/ULPTOA1 —
CTX0/USB_VBUSEN/SD1CLK_A
U4 — P313 — IRQ27 TXD3_C/SDA3_C/MOSI3_C/MISOA_A/ — —
USB_ID/SD1DATO_A
us — P01 — IRQ31 CTS_RTS3_C/SS3_C/DE3 GTADSM1/AGTIO1 —
ue — P809 — IRQ20 TXD7_B/SDA7_B/MOSI7_B/OM_0_SCLKN — —
u7 - P800 - IRQ11 CTS2_A/OM_0_SIO5/DSM1DATO GTIU/GTIOC11A/AGTOAO —
us — P502 — IRQ26 SCK8_B/DE8/USB_OVRCURB/SD1DAT7_A | GTIOC12B ANO19
U9 — PO14 — IRQ27 — — ANO14/DA0/
IVCMPO
u10 VREFL — — — — — —
ut1 VREFLO — — — — — —
u12 — P004 — IRQ9-DS — — AN004/
IVCMP2
u13 — P07 — IRQ28 — — ANOO7/
IVCMP3
u14 —_ P001 —_ IRQ7-DS —_ —_ ANO001/
IVCMP3
u15 — P806 — IRQO RXD8_A/SCL8_A/MISO8_A/ET1_MDC — ANO18
u16 — P715 —_ IRQ12 RXD4_C/SCL4_C/MISO4_C/ET_TAS_STA2 GTIOC12A —_
u17 - P815 - IRQ15 CTX0/USB_DM GTIOCB8A —
u18 VSS_USB — — — — — —
Vi vss — — — — — —
V2 CACREF P204 — IRQ26 SCK4_A/DE4/SDA1_B"1/SSLAO_A/ GTIW/GTIOC4B/AGTIO1 —
USB_OVRCURB/SD1WP
V3 —_ P202 —_ IRQ3-DS CTS_RTS4_A/SS4_A/DE4/MOSIA_A/CRX0/ GTIOC5B/ULPTOB1 —
USB_EXICEN/SD1CMD_A
V4 — P314 — IRQ28 RXD3_C/SCL3_C/MISO3_C/SSLA2_A/ — ADTRGO
SD1DAT1_A
V5 vSs_13 — — — — — —
V6 — P808 — IRQ15 RXD7_B/SCL7_B/MISO7_B/OM_0_SCLK/ GTIOC13B —
DSM1CLK2
v7 — P100 — IRQ2 SCK9_A/DE9/MISOB_A/OM_0_SIO0/ GTETRGA/GTIOC8B/AGTIO0 —
DSMOCLK2
V8 CACREF P500 —_ IRQ24 RXD8_B/SCL8_B/MISO8_B/USB_VBUSEN/ GTIOC11B AN021
SD1DAT5_A
V9 — P015 — IRQ13 — — ANO15/DA1/
IVCMPO
V10 VREFH — — — — — —
V11 VREFHO — — — — — —
V12 —_ P008 —_ IRQ12-DS — e ANO008/
IVREFO
V13 — P006 — IRQ11-DS | — — AN0OB/
IVCMP2
V14 — P000 — IRQ6-DS — — AN0OO/
IVCMP2
V15 —_ P002 —_ IRQ8-DS —_ —_ ANO002/
IVCMP2
V16 - P511 - IRQ15 CTS_RTS8_A/SS8_A/DES8/SDAT_A"/CRX1/ | GTIOCOB —
ET1_LINKSTA/CAT1_LINKSTA
V17 —_ P814 —_ IRQ16 CRX0/USB_DP GTIOC8B —
V18 vss - - - - — —
Note:  Several pin names have the added suffix of _A, _B, and _C. These suffixes have special conditions for electrical characteristics.

Note 1. There are two types for IIC function, one is a simple IIC by SCI and another is a dedicated IIC. This terminal is for a dedicated IIC.
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RA8T2 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=VBATIT=1.62t03.63V
e VCC2=1.62to03.63V for Standard Product
e VCC2=1.70to 2.00 V for SiP Product
e AVCC0=1.62t03.63V
e VCC_USB=30t03.6V
e VREFHO/VREFH = 1.62 V to AVCCO0
e VSS=VSS DCDC = AVSS0=VREFLO/VREFL =VSS USB=0V
o VCC voltage is lower than 2.7 V : LVOCR.LVOOE = 1, otherwise LVOCR.LVOOE = 0
e VCC2 voltage is lower than 2.7 V : LVOCR.LVO1E = 1, otherwise LVOCR.LVO1E =0

o T.=T..
J7 topj
When not specified otherwise, typical values are measured at room temperature of 25 °C and VCC = VCC_DCDC =
VCC _USB = VBATT = AVCCO = VREFHO = VREFH = 3.3V

Figure 2.1 shows the timing conditions.

For example, P100 l O
3 °

Von = VCC/VCC2 x 0.7, VoL = VCC/VCC2 x 0.3
Vi = VCC/VCC2 x 0.7, Vi = 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, VCC_DCDC*Z -0.3t0 +4.0 \Y
VCC2 Standard Product -0.3to +4.0 \%
SiP Product -0.3to +2.5 \%
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Table 2.1 Absolute maximum ratings (2 of 2)

Parameter Symbol Value Unit
External power supply voltage " VCL -0.3to +1.2 Y,
VBATT power supply voltage VBATT -0.3to +4.0 \%
Input voltage (except for 5 V-tolerant ports *) Vin -0.3to VCC + 0.3, \Y;

-0.3to VCC2 + 0.3,
-0.3to VCC_USB +0.3
or-0.3to VBATT_R + 0.3

Input voltage (5 V-tolerant ports “") Vin -0.3to + VCC + 4.0 (max. 5.8) |V
or —0.3 to + VCC2 + 4.0 (max.
5.8)
Reference power supply voltage VREFH/VREFHO -0.3to AVCCO + 0.3 \%
USBFS power supply voltage VCC_USB -0.3to +4.0 \%
Analog power supply voltage AVCCO -0.3 to +4.0 \%
Analog input voltage Van -0.3 to AVCCO + 0.3 \%
Operating junction temperature "3 "4 5 Topj 0to 95 °C

or -40 to +105
or-40 to +125

Storage temperature Tstg -55to +125 °C

Note 1. Ports P204, P205, P303, P407 to P413, P511, P512, P514, P515 and P708 to P715 are 5 V tolerant.

Note 2. Connect VCC_DCDC to VCC.

Note 3. See section 2.2.1. Tj/Ta Definition.

Note 4. Contact a Renesas Electronics sales office for information on derating operation when Tj = +95 °C to +125 °C. Derating is the
systematic reduction of load for improved reliability.

Note 5. The lower and upper limit of operating junction temperature depend on the product.

Note 6. External VDD mode does not support in HLQFP package.

Caution: Permanent damage to the MCU might result if absolute maximum ratings are exceeded.
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2. Electrical Characteristics

Table 2.2 Recommended operating conditions
Parameter Symbol Min Typ Max Unit
Power supply voltages VCC, Other than the following 1.62 — 3.63 \Y
VCC_DCDC -
When ESC is used 2.70 — 3.60 \Y
When ESWM is used 2.30 — 3.63 \
When SDRAM is used 3.00 — 3.63 \%
VCC2 Standard | Other than the following 1.62 — 3.63 \Y
Product - :
When 32bit SDRAM is 3.00 — 3.63 \
used
SiP Product 1.70 — 2.00 \Y
VCL When voltage range 1 0.92 — 0.99
external
VDD is voltage range 2 0.87 — 0.99
used23
When VSCR_1 — 0.95 —
DCDC is
used VSCR_2 — 0.925 —
(High-
speed
mode)
When SVSCR_1 — 0.95 — \
DCDC is
used SVSCR_2 — 0.925 — \Y,
(Software | gysSCR 3 — 0825 |— Y
Standby
mode) SVSCR_4 — 0.765 — \
SVSCR_5 — 0.715 — \
VSS, VSS_DCDC — 0 — \Y
USB power supply voltages VCC_USB When USB is not used 1.62 — 3.63 \%
When USB is used 3.00 — 3.60 \
VSS_USB — 0 — \Y,
VBATT power supply voltage VBATT 1.62 — 3.63 V
Analog power supply voltages AVCCO™1 Other than the following 1.62 — 3.63 Y
When Channel dedicated |2.70 — 3.63 \%
sample-and-hold circuit is
used
AVSS0 — 0 — \Y
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 AVCCO 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.
Note 3. External VDD mode does not support in HLQFP package.
2.2 DC Characteristics
2.2.1 Tj/Ta Definition
Table 2.3 DC characteristics
Parameter Symbol Typ Max Unit Test conditions
Permissible operating junction T — 125" °C High-speed mode

temperature

Note:

(lccmax + ICC_DCDCmax) x VCC.

Note:
Note 1.

Minimum Ambient Temperature (Ta) is -40°C or 0°C, depending on the product.
The upper limit of operating junction temperature is 95°C, 105°C or 125°C, depending on the product.

Make sure that T = T, + 6j5 x total power consumption (W), where total power consumption = (VCC - Vop) % Zloy + VoL * ZlgL +
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222  1/0OV, Vi
Table 2.4 /0 Vi, VL except for Schmitt trigger input pins (1 of 2)
VCC/VCC2/
AvCCO0/
Parameter VCC_USB Symbol Min Typ Max Unit
Peripheral function | EXTAL 1.62Vor Vi VCC x 0.8 — — Vv
pin (external clock | above
input), WAIT, ViL — — VCC x 0.2
SPI"! (except
RSPCK)
SPI"2 (except 1.62Vor V4 VCC2x 0.8 — —
RSPCK) above
Vi — — VCC2 x 0.2
OSPI (except 2.70 Vor Vin VCC2 x 0.8 — —
OM_0_RSTO1, | above
OM_0_ECSINT Vi — — VCC2 x 0.2
1,
OM_1_RSTO1 1.62t02.00V |Viy4 VCC2 x 0.7 — VCC2+0.3
and Vi VSS - 0.3 — VCC2 x 0.3
OM_1_ECSINT
1)
sSD™ 2.70Vor ViH VCC x 0.625 — VCC +0.3
above
Vi VSS -0.3 — VCC x 0.25
1.70t01.95V |V 1.27 — 2
ViL VSS -0.3 — 0.58
SD™ 2.70Vor Viy VCC2 x 0.625 — VCC2+0.3
above
Vi VSS -0.3 — VCC2 x 0.25
1.70t01.95V |V|y4 1.27 — 2
ViL VSS-0.3 — 0.58
MMC™ 2.70Vor Viy VCC x 0.625 — VCC +0.3
above
Vi VSS -0.3 — VCC x 0.25
1.70t01.95V |V|y VCC x 0.65 — VCC +0.3
Vi VSS-0.3 — VCC x 0.35
MMC™® 2.70Vor V4 VCC2 x 0.625 — VCC2+0.3
above
Vi VSS -0.3 — VCC2 x 0.25
1.70t01.95V |Viy VCC2 x 0.65 — VCC2+0.3
Vi VSS -0.3 — VCC2 x 0.35
D00 to D19, 1.62Vor Vi4 VCC x 0.7 — —
TMS, TDI, above
SWDIO ViL — — VCC x 0.3
D20 to D31 1.62Vor Viy VCC2 x 0.7 — —
above
Vi — — VCC2x0.3
DQO0 to DQ19 |3.00 V or ViH VCC x 0.7 — —
above
ViL — — VCC x 0.3
DQ20 to DQ31 |3.00V or \m VCC2 x 0.7 — —
above
ViL — — VCC2x0.3
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2. Electrical Characteristics

Table 2.4 /0 V|4, VL except for Schmitt trigger input pins (2 of 2)
VCC/VCC2/
AvCCO0/
Parameter VCC_USB Symbol Min Typ Max Unit
Peripheral function | ESWM™, 230V1t03.60 |V VCC x 0.7 — — \Y
in 13 Vv
P ESC Vi — —  |vecxo3
Viy VCC2 x 0.7 — —
ViL — — VCC2 x 0.3
ESWM (MII)"10, [2.70 V10 3.60 | V|4 2.3 — —
ESWM v Y VCC x 0.2
(RM||)*11, IL - - .
ESC'4
ESWM 3.00t03.60V |V 2 — —
(GMIN)™0,
ESWM Vi — — 0.8
(RGMII)"12 23010270V |V 1.7 — —
VL — — 0.7
IIC (SMBus)7 | 2.70 Vor ViH 2.1 — VCC + 3.6 (max 5.8)
above
Vi — — 0.8
IIC (SMBus)® [2.70 V or ViH 2.1 — VCC2 + 3.6 (max 5.8)
above
VL — — 0.8
13C (SMBus) 2.70 Vor Vi 2.1 — VCC +0.3
above
Vi — — 0.8
RTCICO, 1.62 Vor ViH 0.9 — 3.9
RTCICA1, above
RTCIC2, when ViL — — 0.3
VCC power
supply is
selected
RTCICO, RTCIC1, RTCIC2 when | V|y 0.9 — 3.9
VBATT power supply is selected
VL — — 0.3
EXCIN when 1.62 Vor Vi 0.9 — VCC
VCC power above
supply is ViL — — 0.3
selected
EXCIN when VBATT power ViH 0.9 — VBATT
supply is selected
AT — — 0.3
Note 1. SPI0O_B, SPIO_C and SPI1_B
Note 2. SPIO_A, SPI1_A
Note 3. SD_A ch0, SD_B ch0, SD_C ch0 and SD_B ch1
Note 4. SD_A ch1
Note 5. MMC_A ch0, MMC_B ch0, MM_C ch0 and MMC_B ch1
Note 6. MMC_A ch1
Note 7. 1ICO_A, ICO_B, lIC1_A, lIC2_A and lIC2_B
Note 8. 1IC1_B
Note 9. GPTP_CAPTURERN, ETn_LINKSTA, ETn_MDIO and ETn_INT (n=0, 1)
Note 10. ETn_RX_CLK, ETn_RX_DV, ETn_RXD7 to ETn_RXDO0, ETn_RX_ER and ETn_TX_CLK (n =0, 1)
Note 11. RMIIn_REF50CK, RMIIn_CRS_DV, RMIIn_RXD1 to RMIIn_RXDO0 and RMIIn_RX_ER (n =0, 1)
Note 12. RGMIIn_RXC, RGMIIn_RX_CTL and RGMIIn_RXD3 to RGMIIn_RXDO0 (n =0, 1)
Note 13. CATn_LINKSTA, CATO_MDIO, CATI2CDATA and CATLATCHn (n =0, 1)
Note 14. CATn_RX_CLK, CATn_RX_DV, CATn_ERXD3 to CATn_ERXDO0, CATn_RX_ER and CATn_TX_CLK (n=0, 1)
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Table 2.5 1/0 V|, VL of Schmitt trigger input pins (1 of 2)
VCC/VCC2/
AvCCO0/
Parameter VCC_USB Symbol Min Typ Max Unit
Peripheral function | IIC (exceptfor |1.62V or ViH VCC x 0.7 — VCC + 3.6 (max 5.8) Vv
in SMBus)”7 above
P us) Vi — —  |vccxo03
AVt VCC x 0.05 — —
IIC (except for |1.62V or Vi VCC2 x 0.7 — VCC2 + 3.6 (max 5.8)
SMBus)® above
VL — — VCC2 x 0.3
AVt VCC2 x 0.05 — —
13C (except for | 1.65V or Vin VCC x 0.7 — VCC +0.3
SMBus) above
VL — — VCC x 0.3
AVt VCC x 0.1 — —
5 V-tolerant 1.62 Vor Vi VCC x 0.8 — VCC + 3.6 (max 5.8)
rts* 16 above
ports Vi _ —  |veexo2
AVt VCC x 0.05 — —
5 V-tolerant 1.62Vor ViH VCC2x 0.8 — VCC2 + 3.6 (max 5.8)
rts2'6 above
pores Vi — —  |vccaxo2
AVt VCC2 x 0.05 — —
Other VCC 1.62Vor ViH VCC x 0.8 — —
input pins”™3 above
input pins Vi — — VCG x 0.2
AVt VCC x 0.05 — —
Other VCC2 1.62Vor V4 VCC2x 0.8 — —
i ins™3 above
input pins Vi — — VCC2 % 0.2
AVt VCC2 x 0.05 — —
Other AVCCO [1.62V or V4 AVCCO x 0.8 — —
input pins™3 above
Pt pl Vi — —  lavccoxo.2
AVt AVCCO x 0.05 — —
Other 1.62Vor ViH VCC_USB % 0.8 — —
VCC_USB above
input pins™3 Vi — — VCC_USB x 0.2
AVt VCC_USB x 0.05 — —
Other 1.62Vor Vin VCC x 0.8 — VCC
VBATT_R input | above
pins when VCC ViL - - VCC x 0.2
power Sﬁg’p'y s AVT VCC % 0.05 — —
selected
RO1DS0436EJ0130 Rev.1.30 RENESAS Page 44 of 286

Feb 27, 2026



RA8T2 Datasheet 2. Electrical Characteristics

Table 2.5 1/0 V|, VL of Schmitt trigger input pins (2 of 2)

VCC/VCC2/
AvCCO0/
Parameter VCC_USB Symbol Min Typ Max Unit
Ports 5 V-tolerant 1.62Vor \ym VCC x 0.8 — VCC + 3.6 (max 5.8) Vv
port 46 above
VIL — — VCC x 0.2
5 V-tolerant 1.62 Vor Vi VCC2 x 0.8 — VCC2 + 3.6 (max 5.8)
port™2'6 above
ViL — — VCC2 x 0.2
Other VCC 1.62Vor ViH VCC x 0.8 — —
input pins™® above
nput p! Vi — —  |vcexo2
Other VCC2 1.62Vor Viy VCC2x 0.8 — —
input pins™S above
Vi — — VCC2 x 0.2
Other AVCCO |1.62V or ViH AVCCO % 0.8 — —
input pins”™ above
NpUt pIns Vi — —  lavccoxo.2
Other 1.62Vor \m VCC_USB x 0.8 — —
VCC_USB above
input pins™® Vi — — VCC_USB x 0.2
Other 1.62Vor Vin VCC x 0.8 — VCC
VBATT_R input | above
pins when VCC ViL - - VCC x 0.2
power supply is
selected™

Note 1. RES and peripheral function pins associated with P303, P407 to P413, P511, P512, P514, P515, P708 to P715 (total 21 pins).

Note 2. P204 and P205 (total 2 pins)

Note 3. 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 4. P303, P407 to P413, P511, P512, P514, P515, P708 to P715 (total 20 pins).

Note 5. 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 6. When VCC or VCC2 is less than 1.62 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 1O lom, loL
Table 2.6 1/0 oy, loL (1 of 5)
VCC/VCC2/
AvVCCO0/
Parameter VCC_USB Symbol Min |Typ |Max | Unit
Permissible output Ports P0O0O to — — loy — — -2.0 [mA
current (average value P015, P201
per pin) loL — |— |20 |mA
Ports P204, P205, |Low drive™ — loH — — -2.0 |mA
P303, P407 to
P413, P511, P512, loL — — 20 |mA
P514, P515, P708
, , . e _ _ — —
to P715, PA15 Middle drive IOH 4.0 mA
(total 23 pins) loL _ . 40 mA
High drive" — loH — |—= -16 |[mA
loL — — 20.0 | mA
High-speed high drive |— loH — |— [-20 |mA
loL — — 20.0 | mA
Other output pins™ | Low drive™! — lon - |- -2.0 [mA
|o|_ — _— 2.0 mA
Middle drive? — loH — |— |-40 |mA
loL — — 4.0 mA
High drive"3 — lon — |— [-16 |mA
loL — — 16.0 | mA
High-speed high drive™ |— loH — |— [-20 |mA
loL — — 20.0 | mA
Permissible output Ports P0O0O to — — loH — — -4.0 |mA
current (max value per P015, P201
pin) loL — — 4.0 mA
Ports P204, P205, | Low drive™ — lon — — -4.0 [mA
P303, P407 to
P413, P511, P512, loL — |= (40 |[mA
P514, P515, P708
, ) } T _ — — _
to P715, PA15 Middle drive IOH 8.0 |mA
(total 23 pins) loL _ _ 8.0 mA
High drive" — lon — — -32 |mA
loL — — 40.0 |mA
High-speed high drive |— lon - |- -40 |[mA
loL — — 40.0 |mA
Other output pins™ | Low drive™! — lon - |- -4.0 [mA
loL — |— 1[40 |mA
Middle drive"? — loH — — -8.0 [mA
loL — — 8.0 |mA
High drive” — lonH — |— [-32 |mA
loL — — 32.0 [mA
High-speed high drive™ | — loH — — -40 |mA
IOL — _— 40.0 mA
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Table 2.6

/0 lon, loL (2 of 5)

Parameter

vCCIVCC2/
AVCCO/
VCC_USB

Symbol

Min

Typ

Max

Unit

Permissible output
current (maxvalue of
total of all pins)

Maximum of all
output pins

VCC
110

Ports P411 to
P415, P511 to
P515, P708 to
P715, P805 to
P807 (total 21

pins)

1.62 V or above

Ports P212,
P213, P400 to
P410, PB08 to
PB14 (total 20
pins)

1.62 V or above

Ports P700 to
P707, PB0O to
PB04 (total 13

pins)

1.62 V or above

Ports PB05 to
PB07, PD06,

PDO7 (total 5

pins)

1.62 V or above

Ports P207,
PDO1 to PD05
(total 6 pins)

1.62 V or above

Ports P904,
P910 to P913
(total 5 pins)

1.62 V or above

Ports P206,
P304 to P312,
P902, P03,
P905 to P909
(total 17 pins)

1.62 V or above

Ports P108 to
P115, P201,
P208 to P211,
P300 to P303,
P609, P914,
P915, PA11
(total 21 pins)

1.62 V or above

Ports P610 to
P615, P813,

PA04 to PA10,
PA12 to PA15
(total 18 pins)

1.62 V or above

Ports P503 to
P510, P608,
PAO0O to PAO3,
PC11 to PC15,
PDOO (total 19

pins)

1.62 V or above

ZloH (max)

mA
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RA8T2 Datasheet

2. Electrical Characteristics

Table 2.6 /0 lon, loL (3 of 5)
VCC/VCC2/
AvVCCO0/
Parameter VCC_USB Symbol Min |Typ |Max | Unit
Permissible output Maximum of all VCC2 |Ports PCOO0 to 1.62 V or above | ZlIoH (max) — — -40 |mA
current (maxvalue of output pins 1/0 PC10 (total 11
total of all pins) pins)
Ports P204, 1.62 V or above — — -40
P205, P600 to
P607 (total 10
pins)
Ports P202, 1.62 V or above — — -40
P203, P313 to
P315, P900,
P901 (total 7
pins)
Ports P100 to 1.62 V or above — — -40
P107, P800,
P801 (total 10
pins)
Ports P500 to 1.62 V or above — — -40
P502, P802 to
P804, P808 to
P812 (total 11
pins)
AVCCO I/O 1.62 V or above — — -33
VCC_USB I/0 1.62 V or above — — -33
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2. Electrical Characteristics

Table 2.6

/0 lon, loL (4 of 5)

Parameter

vCCIVCC2/
AVCCO/
VCC_USB

Symbol

Min

Typ

Max

Unit

Permissible output
current (maxvalue of
total of all pins)

Maximum of all
output pins

VCC
and
VCC2
1/0

Ports P411 to
P415, P511 to
P515, P708 to
P715, P805 to
P807 (total 21

pins)

1.62 V or above

Ports P212,
P213, P400 to
P410, PB08 to
PB14 (total 20
pins)

1.62 V or above

Ports P700 to
P707, PB0OO to
PB04 (total 13

pins)

1.62 V or above

Ports PB05 to
PB07, PD06,

PDO7 (total 5

pins)

1.62 V or above

Ports P207,
PDO1 to PD05
(total 6 pins)

1.62 V or above

Ports P904,
P910 to P913
(total 5 pins)

1.62 V or above

Ports P206,
P304 to P312,
P902, P903,
P905 to P909
(total 17 pins)

1.62 V or above

Ports P108 to
P115, P201,
P208 to P211,
P300 to P303,
P609, P914,
P915, PA11
(total 21 pins)

1.62 V or above

Ports P610 to
P615, P813,

PAO4 to PA10,
PA12 to PA15
(total 18 pins)

1.62 V or above

Ports P503 to
P510, P608,
PAO0O to PAO3,
PC11 to PC15,
PDOO (total 19

pins)

1.62 V or above

Ports PC00 to
PC10 (total 11
pins)

1.62 V or above

Ports P204,
P205, P600 to
P607 (total 10
pins)

1.62 V or above

ZloL (max)

40

40

40

40

40

40

40

40

40

40

40

40

mA
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RA8T2 Datasheet 2. Electrical Characteristics

Table 2.6 /O Ion, lov (5 of 5)

VCC/VCC2/
AvVCCO0/
Parameter VCC_USB Symbol Min |Typ |Max | Unit
Permissible output Maximum of all VCC Ports P202, 1.62 V or above | ZloL (max) — — 40 mA
current (maxvalue of output pins and P203, P313 to
total of all pins) VCC2 |P315, P00,
/0 P901 (total 7
pins)
Ports P100 to 1.62 V or above — — 40
P107, P800,
P801 (total 10
pins)
Ports P500 to 1.62 V or above — — 40
P502, P802 to
P804, P808 to
P812 (total 11
pins)
AVCCO I/0 1.62 V or above — — 33
VCC_USB I/O 1.62 V or above — — 33

Note 1. This is the value when low driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability except for P400 and P401 is retained in Deep Software Standby mode.

Note 2. This is the value when middle driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability except for P400 and P401 is retained in Deep Software Standby mode.

Note 3. This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability except for P400 and P401 is retained in Deep Software Standby mode.

Note 4. This is the value when high-speed high driving ability is selected in the Port Drive Capability in the PmnPFS register. The selected
driving ability is retained in Deep Software Standby mode.

Note 5. Except for P200, P214 and P215, which is an input port.

Caution: To protect the reliability of the MCU, the output current values should not exceed the values in this table.
The average output current indicates the average value of current measured during 100 ps.
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2. Electrical Characteristics

224 I/0 Vou, VoL, and Other Characteristics
Table 2.7 /0 Vou, VoL, and other characteristics (1 of 3)
vcce/
vccea/
AvCCO/
VCC_US
Parameter B Symbol Min Typ | Max Unit Test conditions
Output Inc 270Vor |[VoL — — |04 Vv loL = 3.0 mA
voltage above
VoL — — 0.6 loL = 6.0 mA
162Vto |VoL — — |VvCCx0.2 loL =2.0 mA
1.95V
VoL — — |04 loL =3.0mA
Vo|_ —_ —_ 0.6*4 IOL =6.0 mA
VoL — — |VCC2x0.2 loL = 2.0 mA
nc* 2.70Vor |VoL — — |04 loL = 15.0 mA (ICFER.FMPE = 1)
above
VoL — 04 |— loL =20.0 mA (ICFER.FMPE = 1)
162Vto |VoL — — |04 loL = 15.0 mA (ICFER.FMPE = 1)
195V
VoL — 04 |— loL = 20.0 mA (ICFER.FMPE = 1)
I3C 2.70Vor |VoL — — |04 loL = 3.0 mA (PRTS.PRTMD =1,
above BFCTL.FMPE = 0, BFCTL.HSME = 0)
VoL — — |06 loL = 6.0 mA (PRTS.PRTMD =1,
BFCTL.FMPE =0, BFCTL.HSME = 0)
VoL — — |04 loL = 15.0 mA (PRTS.PRTMD =1,
BFCTL.FMPE = 1, BFCTL.HSME = 0)
VoL — 04 |— loL =20.0 mA (PRTS.PRTMD =1,
BFCTL.FMPE = 1, BFCTL.HSME = 0)
3.00Vor |VoL — — |04 loL = 3.0 mA (PRTS.PRTMD =1,
above BFCTL.FMPE =0, BFCTL.HSME = 1)
Vou VCC-027 |— |— lon = 3.0 mA (PRTS.PRTMD =0,
BFCTL.FMPE = 0, BFCTL.HSME = 0)
VoL — — |0.27 loL = 3.0 mA (PRTS.PRTMD =0,
BFCTL.FMPE = 0, BFCTL.HSME = 0)
165Vto |VoL — — |VvCCx0.2 loL = 2.0 mA (PRTS.PRTMD =1,
1.95V BFCTL.FMPE = 0, BFCTL.HSME = 0)
VoL — — |04 loL = 3.0 mA (PRTS.PRTMD =1,
BFCTL.FMPE =0, BFCTL.HSME = 0)
VoL — — |06 loL = 6.0 mA (PRTS.PRTMD =1,
BFCTL.FMPE = 0, BFCTL.HSME = 0)
VoL — — |VvCCx0.2 loL =2.0 mA (PRTS.PRTMD =1,
BFCTL.FMPE = 1, BFCTL.HSME = 0)
VoL — — |04 loL = 15.0 mA (PRTS.PRTMD =1,
BFCTL.FMPE = 1, BFCTL.HSME = 0)
VoL — 04 |— loL = 20.0 mA (PRTS.PRTMD =1,
BFCTL.FMPE = 1, BFCTL.HSME = 0)
VoL — — |VvCCx0.2 loL = 3.0 mA (PRTS.PRTMD =1,
BFCTL.FMPE = 0, BFCTL.HSME = 1)
VoH VCC-027 |— |— lon = 3.0 mA (PRTS.PRTMD =0,
BFCTL.FMPE = 0, BFCTL.HSME = 0)
VoL — — 027 loL = 3.0 mA (PRTS.PRTMD =0,
BFCTL.FMPE =0, BFCTL.HSME = 0)
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2. Electrical Characteristics

Table 2.7 /0 Vou, VoL, and other characteristics (2 of 3)
VvCcC/
VvCcc2/
AvCCO0/
VCC_US
Parameter B Symbol Min Typ | Max Unit Test conditions
Output ESWM, 270Vto |Vou VCC - 0.5 — |— \Y loy = -1.0 mA
voltage ESC 3.60V
VoL — — |04 loL=1.0mA
VoH VCC2-05 — — lon = -1.0 mA
230Vto |Von 2 — |— lop=-1.0mA
270V
VoL — — |04 loL =1.0 mA
SD 270Vor |Vonu VCCx0.75 |— |— log =-2.0 mA
above
VoL — — VCC x 0.125 loL=3.0mA
VoH VCC2x0.75 |— |— loy = —2.0 mA
VoL — — |VvCC2x loL =3.0mA
0.125
1.70 to VoH 1.4 — |[— lop=-2.0mA
1.95V
VoL — — 1045 loL=2.0mA
MMC 2.70Vor |Vou VCCx075 |— |— lon =-0.1mA (VCC =27 V)
above
VoL — — |VCC x0.125 loL =0.1 mA (VCC =2.7V)
Vou VCC2x0.75 |— |— loy =-0.1mA (VCC2 =2.7 V)
VoL — — |VvCC2x loL=0.1mA (VCC2=2.7V)
0.125
1.70 to Vou VCC-045 |— |— loq =-2.0 mA
195V
Vo|_ — — 0.45 IOL =2.0mA
VoH VCC2-045 |— — lop=-2.0mA
Ports — VoH VCC-1.0 — |— loy =-16 mA (VCC = 3.3 V)
P204,
P205, VoL — — |1 loL =20 mA (VCC =3.3V)
P303,
P407 to Vou vcc2-10 |— |— lon =-16 mA (VCC2=3.3V)
Pa13, v — — |1 loL =20 mA (VCC2=33V
P511 oL oL ( )
P512,
P514,
P515,
P708 to
P715,
PA15
(total of 23
pins)2
Other 1.62Vor |Voy VCC - 0.5 - |— \Y loy = -1.0 mA
output above
pins VoL — — |05 loL=1.0 mA
VoH VCC2-05 |— |[— loqy =-1.0 mA
VoL — — 0.5 loL=1.0mA
VoH AVCCO0-05 |— |— loy = -1.0 mA
VoL — — |05 loL=1.0mA
VOH VCC_USB - |— — IOH =-1.0mA
0.5
VoL — — |05 loL=1.0mA
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2. Electrical Characteristics

Table 2.7 /0 Vou, VoL, and other characteristics (3 of 3)
VCC/
VCC2/
AvVCCO0/
VCC_US
Parameter B Symbol Min Typ | Max Unit Test conditions
Input leakage | RES 1.62Vor ||linl — — |5 MA Vihn=0V
current above Vi =55V
Port P200, | 1.62 V or — — |1 Vihr=0V
P214, above Vip = VCC
P215
Three-state |5 V- 1.62Vor |]lrs — — |5 WA Vihn=0V
leakage tolerant above Vin=55V
current (off ports
state)
Other 1.62V or — — 1 Vih=0V
ports above Vin = VCC, VCC2, AVCCO0, VCC_USB
(except for
port P200,
P214,
P215)
Input pull-up | Ports PO [2.70Vor |, -300 — |-10 pA VCC, VCC2, AVCCO, VCC_USB =2.7
MOS current |to PD above to 3.63V
Vihr=0V
1.62Vor -300 — |-5 VCC, VCC2, AVCCO, VCC_USB =
above 1.621t03.63V
Vin=0V
Pull-up 13C™3 3.00 to les 3 — 12 mA VCC=3.0t03.63V
current 3.63V Vin =0.3 x VCC t0 0.7 x VCC
serving as
the SCL 1.65to VCC=1.65t01.95V
current 195V Vin =0.3 x VCC to 0.7 x VCC
source
Input Ports — Cin — — 16 pF Vbias =0V
capacitance | P014, Vamp =20 mV
P015 f=1MHz
Ta =25°C
Ports — — — 12
P814/
USB_DP,
P815/
USB_DM
Ports — — — 10
P400,
P401,
P409,
P410,
P511,
P512,
P708,
P709
Other — — — |8
input pins

Note 1. SCLO_A, SDAO_A, SCL1_A, SDA1_A, SCL2_A, SDA2_A (total 6 pins).
Note 2. This is the value when high speed high driving ability is selected in the Port Drive Capability bit in the PmnPFS register.
The selected driving ability is retained in Deep Software Standby mode.

Note 3. 13C_SCLO (1 pin). This is the value when IIC high speed mode is selected.

Note 4. This is the value when high speed high driving ability is selected in the Port Drive Capability bit in the PmnPFS register for the

following pins: SDAO_B, SCLO_B, SDA1_B, SCL1_B, SDA2_B, SCL2_B.

2.2.5

Operating and Standby Current

Current value of SiP Flash memory is not included in this section, refer to the datasheet of IS25WX064.
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VCC
VCC2
VCC_DCDC, | DCDC
(ON)
VBATT
VLO y
VCL Internal logic
and memory
o AVCCO
O VREFHO
oO——— VREFH
IccussLs
IccussFs
(A
O @ VCC _USB
Figure 2.2 Consumption current measurement diagram (DCDC mode)
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Table 2.8 Current of high-speed mode, maximum condition (MVE and peripheral operation) (DCDC
mode)
Max
Parameter Symbol Typ 95°C [105°C |125°C | Unit Test conditions
Supply |— Icc 3.85 6.27 6.69 8.01 mA —
current
»1+2¢6 |CPUC |VCC_DCD ||cc pepe ™ | 176 340 — — mA VCC_DCDC =33V
LKO= |C=225V - MRICLK = 250 MHz, MRPCLK = 125 MHz,
1 GHz Ipp 2 452 873 — — ICLK = 250 MHz, BCLK = 125 MHz, PCLKA
CPUC =125 MHz, PCLKB = 62.5 MHz, PCLKC =
LK1 = 125 MHz, PCLKD = 250 MHz, PCLKE = 250
250 MHz
MHz
vsCcR |YCC_DCD |licc pepc ™ | 343 664 — — VCC_DCDC =18V
1 —|C<25V - Clock settings are the same as above
Iob 452 873 — —
CPUC |VCC_DCD |lcc pepe ™ | 148 — 356 — mA VCC_DCDC =33V
LKO= |C=z25V - MRICLK = 200 MHz, MRPCLK = 100 MHz,
800 Ipp 380 — 915 — ICLK =200 MHz, BCLK = 100 MHz, PCLKA
MHz =100 MHz, PCLKB = 50 MHz, PCLKC =
CPUC 100 MHz, PCLKD = 200 MHz, PCLKE = 200
LK1 = MHz
200 .
MHz VCC_DCD |Icc pepc ™ | 289 — 696 — VCC_DCDC =18V
VSCR C<25V ~ Clock settings are the same as above
1 - Ibb 380 — 915 —
CPUC |VCC_DCD |lcc pepe ™ | 129 — — 390 mA VCC_DCDC =33V
LKO= |C=225V - MRICLK = 200 MHz, MRPCLK = 100 MHz,
600 Ipp 2 330 — — 1000 "3 ICLK = 200 MHz, BCLK = 100 MHz, PCLKA
MHz =100 MHz, PCLKB = 50 MHz, PCLKC =
CPUC 100 MHz, PCLKD = 200 MHz, PCLKE = 200
LK1 = MHz
200
MHz VCC_DCD |Icc pepe ™ | 251 — — 760 VCC_DCDC =18V
VSCR |€ <25V — Clock settings are the same as above
i Io 330 |— |—  |1000°
CPUC |VCC_DCD |lcc pepe ™ | 115 282 309 366 mA VCC_DCDC =33V
LKO= |C=225V - MRICLK = 150 MHz, MRPCLK = 75 MHz,
600 Ipp 2 301 738 810 959 ICLK = 150 MHz, BCLK = 75 MHz, PCLKA
MHz =75 MHz, PCLKB = 37.5 MHz, PCLKC =
CPUC 75 MHz, PCLKD = 150 MHz, PCLKE = 150
LK1 = MHz
|1\/I5|—(|)z VCC_DCD |Icc pepe ™ | 224 550 604 715 VCC_DCDC =18V
VSCR C<25V - Clock settings are the same as above
2 - Iob 301 738 810 959
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 (CPUCLKO and ICLK) as follows. The ICLK items in the formula include CPU1 current.
Ipp Typ. = 0.25 x fCPUCLKO + 0.77 x fICLK + 21 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 95°C) = 0.22 x fCPUCLKO + 0.80 x fICLK + 477 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 105°C) = 0.22 x fCPUCLKO + 0.80 x fICLK + 553 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 125°C) = 0.22 x fCPUCLKO + 0.80 x fICLK + 709 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 95°C) = 0.22 x fCPUCLKO + 0.93 x fICLK + 464 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 105°C) = 0.22 x fCPUCLKO + 0.93 x fICLK + 537 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 125°C) = 0.22 x fCPUCLKO + 0.93 x fICLK + 691 (unit : mA, f{CPUCLKO and fICLK are MHz)
Note 4. Typical DCDC efficiency and the voltage of the test conditions are applied.

Note 5.
Note 6.

Do not let actual consumption current during operation exceed the current value described here.
The power consumption is calculated as Power = VCC x I¢c + VCC_DCDC * l¢¢_pcpe-
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Table 2.9

mode)

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

Parameter

Symbol

Typ

Max

95 °C

105 °C

125°C

Unit

Test conditions

Supply
current
*1 *2*5

Icc

3.85

6.27

6.69

8.01

mA

CPUCL
KO =1
GHz
CPUCL
K1=
250
MHz
VCL =
voltage
range 1

Iop 3

452

873

mA

MRICLK = 250 MHz, MRPCLK = 125 MHz, ICLK
=250 MHz, BCLK = 125 MHz, PCLKA = 125
MHz, PCLKB = 62.5 MHz, PCLKC = 125MHz,
PCLKD = 250 MHz, PCLKE = 250 MHz

CPUCL
KO =
800
MHz
CPUCL
K1 =
200
MHz
VCL =
voltage
range 1

lop "3

380

915

mA

MRICLK = 200 MHz, MRPCLK = 100 MHz, ICLK
=200 MHz, BCLK = 100 MHz, PCLKA =100
MHz, PCLKB = 50 MHz, PCLKC = 100 MHz,
PCLKD =200 MHz, PCLKE = 200 MHz

CPUCL
KO =
600
MHz
CPUCL
K1=
200
MHz
VCL =
voltage
range 1

lop 3

330

1000

mA

MRICLK = 200 MHz, MRPCLK = 100 MHz, ICLK
=200 MHz, BCLK = 100 MHz, PCLKA = 100
MHz, PCLKB = 50 MHz, PCLKC = 100 MHz,
PCLKD =200 MHz, PCLKE = 200 MHz

CPUCL
KO =
600
MHz
CPUCL
K1=
150
MHz
VCL =
voltage
range 2

lop 3

301

738

810

959

mA

MRICLK = 150 MHz, MRPCLK = 75 MHz, ICLK
=150 MHz, BCLK = 75 MHz, PCLKA = 75 MHz,
PCLKB = 37.5 MHz, PCLKC = 75 MHz, PCLKD =
150 MHz, PCLKE = 150 MHz

Note 1.
Note 2.

Note 3.

Note 4.
Note 5.

Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Measured with clocks supplied to the peripheral functions and peripherals being operated. This does not include the BGO

operation.

Ipp depends on f (CPUCLKO and ICLK) as follows. The ICLK items in the formula include CPU1 current.

Ipp Typ. = 0.25 x fCPUCLKO + 0.77 x fICLK + 21 (unit : mA, fCPUCLKO and fICLK are MHz)

Ipp Max.(VCL = voltage range 1, 95°C) = 0.22 x fCPUCLKO + 0.80 x fICLK + 477 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 105°C) = 0.22 x fCPUCLKO + 0.80 x fICLK + 553 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 125°C) = 0.22 x fCPUCLKO + 0.80 x fICLK + 709 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 95°C) = 0.22 x fCPUCLKO + 0.93 x fICLK + 464 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 105°C) = 0.22 x fCPUCLKO + 0.93 x fICLK + 537 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 125°C) = 0.22 x fCPUCLKO + 0.93 x fICLK + 691 (unit : mA, fCPUCLKO and fICLK are MHz)

Do not let actual consumption current during operation exceed the current value described here.
The power consumption is calculated as Power = VCC x | + VCL x Ipp.
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Table 2.10 Current of high-speed mode, maximum condition (MVE and peripheral operation), CPUO active, CPU1
Deep Sleep (DCDC mode)
Max
Parameter Symbol Typ 95°C [105°C |125°C | Unit Test conditions
Supply |— Icc 3.85 6.27 6.69 8.01 mA —
current
#2225 |CPUC |VCC_DCD ||cc pepe ™4 | 168 329 — — mA VCC_DCDC =33V
LKO= |C=25V - MRICLK = 250 MHz, MRPCLK = 125 MHz,
1 GHz Ipp 2 430 844 — — ICLK = 250 MHz, BCLK = 125 MHz, PCLKA
CPUC =125 MHz, PCLKB = 62.5 MHz, PCLKC =
LK1 = 125 MHz, PCLKD = 250 MHz, PCLKE = 250
250 MHz
MHz CPU1 = Deep Sleep
VSCR_
1 VCC_DCD |Icc pepe ™ | 327 642 — — VCC_DCDC =18V
C<25V - Clock settings are the same as above
Ibp 430 844 — —
CPUC |VCC_DCD |lcc pepe ™ | 141 — 347 — mA VCC_DCDC =33V
LKO= |C=z=25V — MRICLK = 200 MHz, MRPCLK = 100 MHz,
800 Ipp 2 362 — 891 — ICLK =200 MHz, BCLK = 100 MHz, PCLKA
MHz = 100MHz, PCLKB = 50 MHz, PCLKC =
CPUC 100 MHz, PCLKD = 200 MHz, PCLKE = 200
LK1 = MHz
200 CPU1 = Deep Sleep
\’\;I:éR VCC_DCD | Igc pepe 4 | 275 — 678 — VCC_DCDC =18V
1 —|C<25V Clock settings are the same as above
Ibb 362 — 891 —
CPUC |VCC_DCD |lcc pepe ™ | 122 — — 380 mA VCC_DCDC =33V
LKO= |C=25V — MRICLK =200 MHz, MRPCLK = 100 MHz,
600 Ipp 2 312 — — 976 ICLK = 200 MHz, BCLK = 100 MHz, PCLKA
MHz =100 MHz, PCLKB = 50 MHz, PCLKC =
CPUC 100 MHz, PCLKD = 200 MHz, PCLKE = 200
LK1 = MHz
200 CPU1 = Deep Sleep
\'\;I:CZ:R VCC_DCD lcc_pcoc *4 | 237 — — 742 VCC_DCDC =18V
1 —|C<25V Clock settings are the same as above
Ibp 312 — — 976
CPUC |VCC_DCD |lcc pepe ™4 | 110 274 301 359 mA VCC_DCDC =33V
LKO= |C=z=25V - MRICLK = 150 MHz, MRPCLK = 75 MHz,
600 Ipp 2 289 718 788 940 ICLK = 150 MHz, BCLK = 75 MHz, PCLKA
MHz =75 MHz, PCLKB = 37.5 MHz, PCLKC =
CPUC 75 MHz, PCLKD = 150 MHz, PCLKE = 150
LK1 = MHz
150 CPU1 = Deep Sleep
{\/A:éR VCC_DCD | lec pepe 4 1216 536 588 701 VCC_DCDC =18V
2 —|C<25V Clock settings are the same as above
Ibb 289 718 788 940
Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.

Note 2.

Note 3.

Note 4.
Note 5.

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

operation.

Ipp depends on f (CPUCLKO and ICLK) as follows.
Ipp Typ. = 0.25 x fCPUCLKO + 0.71 x fICLK + 21 (unit : mA, f{CPUCLKO and fICLK are MHz)

Ipp Max.(VSCR_1, 95°C) = 0.22 x fCPUCLKO + 0.70 x fICLK + 474 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 105°C) = 0.22 x fCPUCLKO + 0.70 x fICLK + 549 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 125°C) = 0.22 x fCPUCLKO + 0.70 x fICLK + 704 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 95°C) = 0.22 x fCPUCLKO + 0.83 x fICLK + 461 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 105°C) = 0.22 x fCPUCLKO + 0.83 x fICLK + 533 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 125°C) = 0.22 x fCPUCLKO + 0.83 x fICLK + 686 (unit : mA, f{CPUCLKO and fICLK are MHz)
Typical DCDC efficiency and the voltage of the test conditions are applied.
The power consumption is calculated as Power = VCC x ¢ + VCC_DCDC * l¢¢_pcpe-
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RA8T2 Datasheet

2. Electrical Characteristics

Table 2.11 Current of high-speed mode, maximum condition (MVE and peripheral operation), CPUO active, CPU1
Deep Sleep (External VDD mode)
Max

Parameter Symbol Typ 95 °C 105°C |125°C | Unit Test conditions

Supply |— lcc 3.85 6.27 6.69 8.01 mA —

current

**%4 CPUCL ||pp ™3 430 844 — — mA MRICLK = 250 MHz, MRPCLK = 125 MHz, ICLK
KO =1 =250 MHz, BCLK = 125 MHz, PCLKA = 125
GHz MHz, PCLKB = 62.5 MHz, PCLKC = 125 MHz,
CPUCL PCLKD = 250 MHz, PCLKE = 250 MHz
K1 = CPU1 = Deep Sleep
250
MHz
VCL =
voltage
range 1
CPUCL ||pp ™ 362 — 891 — mA MRICLK = 200 MHz, MRPCLK = 100 MHz, ICLK
KO = =200 MHz, BCLK = 100 MHz, PCLKA =100
800 MHz, PCLKB = 50 MHz, PCLKC = 100 MHz,
MHz PCLKD = 200 MHz, PCLKE = 200 MHz
CPUCL CPU1 = Deep Sleep
K1 =
200
MHz
VCL =
voltage
range 1
CPUCL ||pp ™ 312 — — 976 mA MRICLK = 200 MHz, MRPCLK = 100 MHz, ICLK
KO = =200 MHz, BCLK = 100 MHz, PCLKA =100
600 MHz, PCLKB = 50 MHz, PCLKC = 100 MHz,
MHz PCLKD = 200 MHz, PCLKE = 200 MHz
CPUCL CPU1 = Deep Sleep
K1 =
200
MHz
VCL =
voltage
range 1
CPUCL ||pp ™3 289 718 788 940 mA MRICLK = 150 MHz, MRPCLK = 75 MHz, ICLK
KO = =150 MHz, BCLK = 75 MHz, PCLKA = 75 MHz,
600 PCLKB = 37.5 MHz, PCLKC = 75 MHz, PCLKD =
MHz 150 MHz, PCLKE = 150 MHz
CPUCL CPU1 = Deep Sleep
K1=
150
MHz
VCL =
voltage
range 2

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

Note 2.

Note 3.

Note 4.

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

operation.

Ipp depends on f (CPUCLKO and ICLK) as follows.
Ipp Typ. = 0.25 x fCPUCLKO + 0.71 x fICLK + 21 (unit : mA, fCPUCLKO and fICLK are MHz)

Ipp Max.(VCL = voltage range 1, 95°C) = 0.22 x fCPUCLKO + 0.70 x fICLK + 474 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 105°C) = 0.22 x fCPUCLKO + 0.70 x fICLK + 549 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 125°C) = 0.22 x fCPUCLKO + 0.70 x fICLK + 704 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 95°C) = 0.22 x fCPUCLKO + 0.83 x fICLK + 461 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 105°C) = 0.22 x fCPUCLKO + 0.83 x fICLK + 533 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 125°C) = 0.22 x fCPUCLKO + 0.83 x fICLK + 686 (unit : mA, fCPUCLKO and fICLK are MHz)
The power consumption is calculated as Power = VCC x I + VCL x Ipp.
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RA8T2 Datasheet 2. Electrical Characteristics

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

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions

Supply | CPUCLKO = 1 lcc_pcpc™® | 136 322 - — mA VCC_DCDC =3.3V5
current | GHz —
12 CPUCLK1 =250 |Ipp™ 350 827 — —
MHz

VSCR_1

CPUCLKO =800 |lcc pepe? | 113 — 340 —
MHz -

CPUCLK1 =200 |Ipp™ 290 — 874 —
MHz
VSCR _1

CPUCLKO =600 ||sc pepc® |94 — — 356
MHz -
CPUCLK1 =200 |Ipp™ 241 — — 915
MHz

VSCR_1

CPUCLKO =600 ||cc pcpc™® |86 264 305 336
MHz -
CPUCLK1 =150 |Ipp™ 226 692 798 879
MHz

VSCR_2

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 (CPUCLKO and ICLK) as follows. The ICLK items in the formula include CPU1 current.
Ipp Typ. = 0.24 x fCPUCLKO + 0.37 x fICLK + 21 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 95°C) = 0.27 x fCPUCLKO + 0.20 x fICLK + 477 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 105°C) = 0.27 x fCPUCLKO + 0.20 x fICLK + 553 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 125°C) = 0.27 x fCPUCLKO + 0.20 x fICLK + 709 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 95°C) = 0.27 x fCPUCLKO + 0.18 x fICLK + 464 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 105°C) = 0.27 x fCPUCLKO + 0.18 x fICLK + 537 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 125°C) = 0.27 x fCPUCLKO + 0.18 x fICLK + 691 (unit : mA, f{CPUCLKO and fICLK are MHz)

Note 4. Typical DCDC efficiency and the voltage of the test conditions are applied.

Note 5. Same frequency condition is applied as in the maximum condition.
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RA8T2 Datasheet 2. Electrical Characteristics

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

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions

Supply | CPUCLKO =1 Ipp™ 350 827 — — mA 4
current | GHz

172 CPUCLK1 =250
MHz

VCL = voltage
range 1

CPUCLKO =800 ||pp™ 290 — 874 —
MHz

CPUCLK1 =200
MHz

VCL = voltage
range 1

CPUCLKO =600 ||pp"™ 241 — — 915
MHz

CPUCLK1 =200
MHz

VCL = voltage
range 1

CPUCLKO =600 ||pp™ 226 692 798 879
MHz

CPUCLK1 =150
MHz

VCL = voltage
range 2

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 (CPUCLKO and ICLK) as follows. The ICLK items in the formula include CPU1 current.
Ipp Typ. = 0.24 x fCPUCLKO + 0.37 x fICLK + 21 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 95°C) = 0.27 x fCPUCLKO + 0.20 x fICLK + 477 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 105°C) = 0.27 x fCPUCLKO + 0.20 x fICLK + 553 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 125°C) = 0.27 x fCPUCLKO + 0.20 x fICLK + 709 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 95°C) = 0.27 x fCPUCLKO + 0.18 x fICLK + 464 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 105°C) = 0.27 x fCPUCLKO + 0.18 x fICLK + 537 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 125°C) = 0.27 x fCPUCLKO + 0.18 x fICLK + 691 (unit : mA, f{CPUCLKO and fICLK are MHz)

Note 4. Same frequency condition is applied as in the maximum condition.
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RA8T2 Datasheet 2. Electrical Characteristics

Table 2.14 Current of high-speed mode, maximum data processing (MVE operation), CPUO active, CPU1 Deep
Sleep, peripheral clock ON (DCDC mode)

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions

Supply | CPUCLKO =1 |CC_DCDC*4 131 313 — — mA VCC_DCDC =33V
current | GHz CPU1 = Deep Sleep
*1*2 CPUCLK1 =250 |Ipp™ 335 804 — — *5

MHz
VSCR_1

CPUCLKO =800 |lsc pepc | 109 — 332 —
MHz -
CPUCLK1 =200 |Ipp™ 279 — 853 —
MHz

VSCR_1

CPUCLKO =600 |Icc pepc® |89 — — 342
MHz —
CPUCLK1 =200 |Ipp™ 229 — — 879
MHz

VSCR_1

CPUCLKO =600 ||cc pepc® |83 258 298 328
MHz -
CPUCLK1 =150 |Ipp™ 216 676 780 858
MHz

VSCR_2

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 (CPUCLKO and ICLK) as follows.
Ipp Typ. = 0.25 x fCPUCLKO + 0.30 x fICLK + 21 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 95°C) = 0.27 x fCPUCLKO + 0.05 x fICLK + 474 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 105°C) = 0.27 x fCPUCLKO + 0.05 x fICLK + 549 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 125°C) = 0.27 x fCPUCLKO + 0.05 x fICLK + 704 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 95°C) = 0.27 x fCPUCLKO + 0.07 x fICLK + 461 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 105°C) = 0.27 x fCPUCLKO + 0.07 x fICLK + 533 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 125°C) = 0.27 x fCPUCLKO + 0.07 x fICLK + 686 (unit : mA, f{CPUCLKO and fICLK are MHz)

Note 4. Typical DCDC efficiency and the voltage of the test conditions are applied.

Note 5. Same frequency condition is applied as in the maximum condition.
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RA8T2 Datasheet 2. Electrical Characteristics

Table 2.15 Current of high-speed mode, maximum data processing (MVE operation), CPUO active, CPU1 Deep
Sleep, peripheral clock ON (External VDD mode)

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions
Supply | CPUCLKO =1 Ipp™® 335 804 — — mA CPU1 = Deep Sleep
current | GHz 4
12 CPUCLK1 =250

MHz

VCL = voltage

range 1

CPUCLKO =800 ||pp™ 279 — 853 —

MHz

CPUCLK1 =200

MHz

VCL = voltage

range 1

CPUCLKO =600 ||pp"™ 229 — — 879

MHz

CPUCLK1 =200

MHz

VCL = voltage

range 1

CPUCLKO =600 ||pp™ 216 676 780 858

MHz

CPUCLK1 =150

MHz

VCL = voltage

range 2

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 (CPUCLKO and ICLK) as follows.
Ipp Typ. = 0.25 x fCPUCLKO + 0.30 x fICLK + 21 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 95°C) = 0.27 x fCPUCLKO + 0.05 x fICLK + 474 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 105°C) = 0.27 x fCPUCLKO + 0.05 x fICLK + 549 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 125°C) = 0.27 x fCPUCLKO + 0.05 x fICLK + 704 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 95°C) = 0.27 x fCPUCLKO + 0.07 x fICLK + 461 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 105°C) = 0.27 x fCPUCLKO + 0.07 x fICLK + 533 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 125°C) = 0.27 x fCPUCLKO + 0.07 x fICLK + 686 (unit : mA, fCPUCLKO and fICLK are MHz)

Note 4. Same frequency condition is applied as in the maximum condition.
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RA8T2 Datasheet

2. Electrical Characteristics

Table 2.16 Current of high-speed mode, maximum data processing, CPUO Deep Sleep, CPU1 active, peripheral
clock ON (DCDC mode)
Max
Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions
Supply | CPUCLKO =1 lcc pcpc? |44 175 — — mA VCC_DCDC =33V
current | GHz - CPUO = Deep Sleep
12 CPUCLK1 =250 |lpp 112 450 — — *3
MHz
VSCR_1
CPUCLKO =800 |lcc pepc™ |38 — 190 —
MHz -
CPUCLK1 =200 |lbp 99 — 488 —
MHz
VSCR_1
CPUCLKO =600 |Icc pepc® |38 — — 224
MHz ~
CPUCLK1 =200 |Ibp 96 — — 545
MHz
VSCR_1
CPUCLKO =600 ||cc pepc™ |31 155 179 208
MHz —
CPUCLK1 =150 |lpp 82 406 470 545
MHz
VSCR_2
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. Same frequency condition is applied as in the maximum condition.
Note 4. Typical DCDC efficiency and the voltage of the test conditions are applied.
Table 2.17 Current of high-speed mode, maximum data processing, CPUO Deep Sleep, CPU1 active, peripheral
clock ON (External VDD mode)
Max
Parameter Symbol Typ 95 °C 105°C [125°C | Unit Test conditions
Supply | CPUCLKO =1 Ibp 112 450 — — mA CPUO = Deep Sleep
current | GHz 3
172 CPUCLK1 =250
MHz
VCL = voltage
range 1
CPUCLKO =800 |Ipp 99 — 488 —
MHz
CPUCLK1 =200
MHz
VCL = voltage
range 1
CPUCLKO =600 |Ipp 96 — — 545
MHz
CPUCLK1 =200
MHz
VCL = voltage
range 1
CPUCLKO =600 |Ipp 82 406 470 545
MHz
CPUCLK1 =150
MHz
VCL = voltage
range 2
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. Same frequency condition is applied as in the maximum condition.
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RA8T2 Datasheet 2. Electrical Characteristics

Table 2.18 Current of high-speed mode, maximum data processing (MVE operation), peripheral clock OFF (DCDC
mode)

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions

Supply | CPUCLKO =1 lcc pepc? | 121 317 — — mA VCC_DCDC =3.3V"™
current | GHz —
*1*2 CPUCLK1 =250 |Ipp™ 310 814 — —
MHz

VSCR_1

CPUCLKO =800 |lsc pepc? |99 — 325 —
MHz -
CPUCLK1 =200 |Ipp™ 255 — 833 —
MHz

VSCR_1

CPUCLKO =600 |Isc pepc® |80 — — 358
MHz -
CPUCLK1 =200 |Ipp™ 207 — — 919
MHz

VSCR_1

CPUCLKO =600 ||cc pepc™® |75 258 292 340
MHz -
CPUCLK1 =150 |Ipp™ 197 675 764 889
MHz

VSCR_2

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 (CPUCLKO and ICLK) as follows. The ICLK items in the formula include CPU1 current.

Ipp Typ. = 0.24 x fCPUCLKO + 0.20 x fICLK + 21 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 95°C) = 0.27 x fCPUCLKO + 0.23 x fICLK + 477 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 105°C) = 0.27 x fCPUCLKO + 0.23 x fICLK + 553 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 125°C) = 0.27 x fCPUCLKO + 0.23 x fICLK + 709 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 95°C) = 0.27 x fCPUCLKO + 0.25 x fICLK + 464 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 105°C) = 0.27 x fCPUCLKO + 0.25 x fICLK + 537 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 125°C) = 0.27 x fCPUCLKO + 0.25 x fICLK + 691 (unit : mA, fCPUCLKO and fICLK are MHz)
Note 4. Typical DCDC efficiency and the voltage of the test conditions are applied.
Note 5. Same frequency condition is applied as in the maximum condition.
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RA8T2 Datasheet 2. Electrical Characteristics

Table 2.19 Current of high-speed mode, maximum data processing (MVE operation), peripheral clock OFF
(External VDD mode)

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions
Supply | CPUCLKO =1 Ipp™ 310 814 — — mA 4
current | GHz
12 CPUCLK1 =250

MHz

VCL = voltage

range 1

CPUCLKO =800 ||pp™ 255 — 833 —

MHz

CPUCLK1 =200

MHz

VCL = voltage

range 1

CPUCLKO =600 ||pp"™ 207 — — 919

MHz

CPUCLK1 =200

MHz

VCL = voltage

range 1

CPUCLKO =600 ||pp™ 197 675 764 889

MHz

CPUCLK1 =150

MHz

VCL = voltage

range 2

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 (CPUCLKO and ICLK) as follows. The ICLK items in the formula include CPU1 current.
Ipp Typ. = 0.24 x fCPUCLKO + 0.20 x fICLK + 21 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 95°C) = 0.27 x fCPUCLKO + 0.23 x fICLK + 477 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 105°C) = 0.27 x fCPUCLKO + 0.23 x fICLK + 553 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 125°C) = 0.27 x fCPUCLKO + 0.23 x fICLK + 709 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 95°C) = 0.27 x fCPUCLKO + 0.25 x fICLK + 464 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 105°C) = 0.27 x fCPUCLKO + 0.25 x fICLK + 537 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 125°C) = 0.27 x fCPUCLKO + 0.25 x fICLK + 691 (unit : mA, fCPUCLKO and fICLK are MHz)

Note 4. Same frequency condition is applied as in the maximum condition.
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RA8T2 Datasheet 2. Electrical Characteristics

Table 2.20 Current of high-speed mode, maximum data processing (MVE operation), CPUO active, CPU1 Deep
Sleep, peripheral clock OFF (DCDC mode)

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions

Supply | CPUCLKO = 1 |CC_DCDC*4 115 308 — — mA VCC_DCDC =33V
current | GHz CPU1 = Deep Sleep
*1*2 CPUCLK1 =250 |Ipp™ 295 792 — — *5

MHz
VSCR_1

CPUCLKO =800 |l pepe? |95 — 317 —
MHz -

CPUCLK1 =200 |Ipp™ 244 — 813 —
MHz
VSCR_1

CPUCLKO =600 ||scc pepc® |76 — — 348
MHz —
CPUCLK1 =200 |Ipp™ 194 — — 895
MHz

VSCR_1

CPUCLKO =600 ||cc pepc™® |71 251 285 331
MHz -
CPUCLK1 =150 |Ipp™ 187 658 746 868
MHz

VSCR_2

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 (CPUCLKO and ICLK) as follows.

Ipp Typ. = 0.25 x fCPUCLKO + 0.13 x fICLK + 21 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 95°C) = 0.27 x fCPUCLKO + 0.13 x fICLK + 474 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 105°C) = 0.27 x fCPUCLKO + 0.13 x fICLK + 549 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 125°C) = 0.27 x fCPUCLKO + 0.13 x fICLK + 704 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 95°C) = 0.27 x fCPUCLKO + 0.14 x fICLK + 461 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 105°C) = 0.27 x fCPUCLKO + 0.14 x fICLK + 533 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 125°C) = 0.27 x fCPUCLKO + 0.14 x fICLK + 686 (unit : mA, fCPUCLKO and fICLK are MHz)
Note 4. Typical DCDC efficiency and the voltage of the test conditions are applied.
Note 5. Same frequency condition is applied as in the maximum condition.
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RA8T2 Datasheet 2. Electrical Characteristics

Table 2.21 Current of high-speed mode, maximum data processing (MVE operation), CPUO active, CPU1 Deep
Sleep, peripheral clock OFF (External VDD mode)

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions
Supply | CPUCLKO =1 Ipp™® 295 792 — — mA CPU1 = Deep Sleep
current | GHz 4
12 CPUCLK1 =250

MHz

VCL = voltage

range 1

CPUCLKO =800 ||pp™ 244 — 813 —

MHz

CPUCLK1 =200

MHz

VCL = voltage

range 1

CPUCLK0 =600 ||pp" 194 — — 895

MHz

CPUCLK1 =200

MHz

VCL = voltage

range 1

CPUCLKO =600 ||pp™ 187 658 746 868

MHz

CPUCLK1 =150

MHz

VCL = voltage

range 2

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 (CPUCLKO and ICLK) as follows.

Ipp Typ. = 0.25 x fCPUCLKO + 0.13 x fICLK + 21 (unit : mA, fCPUCLKO and fICLK are MHz)

Ipp Max.(VCL = voltage range 1, 95°C) = 0.27 x fCPUCLKO + 0.13 x fICLK + 474 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 105°C) = 0.27 x fCPUCLKO + 0.13 x fICLK + 549 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 125°C) = 0.27 x fCPUCLKO + 0.13 x fICLK + 704 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 95°C) = 0.27 x fCPUCLKO + 0.14 x fICLK + 461 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 105°C) = 0.27 x fCPUCLKO + 0.14 x fICLK + 533 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 125°C) = 0.27 x fCPUCLKO + 0.14 x fICLK + 686 (unit : mA, fCPUCLKO and fICLK are MHz)

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

Table 2.22 Current of high-speed mode, maximum data processing, CPUO Deep Sleep, CPU1 active, peripheral
clock OFF (DCDC mode)
Max
Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions
Supply | CPUCLKO =1 lcc pcoc? |28 157 — — mA VCC_DCDC =3.3V
current | GHz - CPUO = Deep Sleep
"1*2 CPUCLK1 =250 |lpp 72 404 — — *3
MHz
VSCR_1
CPUCLKO =800 |Icc pepc® |25 — 174 —
MHz —
CPUCLK1 =200 |lbp 64 — 447 —
MHz
VSCR_1
CPUCLKO =600 ||c¢ DCDC*4 24 — — 208
MHz ~
CPUCLK1 =200 |Ilbp 61 — — 533
MHz
VSCR_1
CPUCLKO =600 ||ce popc® |20 142 166 195
MHz —
CPUCLK1 =150 |Ipp 53 372 435 511
MHz
VSCR_2
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. Same frequency condition is applied as in the maximum condition.
Note 4. Typical DCDC efficiency and the voltage of the test conditions are applied.
Table 2.23 Current of high-speed mode, maximum data processing, CPUO Deep Sleep, CPU1 active, peripheral
clock OFF (External VDD mode)
Max
Parameter Symbol Typ 95 °C 105°C [125°C | Unit Test conditions
Supply | CPUCLKO = 1 lob 72 404 — — mA CPUO = Deep Sleep
current | GHz 3
172 CPUCLK1 =250
MHz
VCL = voltage
range 1
CPUCLKO =800 |Ipp 64 — 447 —
MHz
CPUCLK1 =200
MHz
VCL = voltage
range 1
CPUCLKO =600 |Ipp 61 — — 533
MHz
CPUCLK1 =200
MHz
VCL = voltage
range 1
CPUCLKO =600 |Ipp 53 372 435 511

MHz

CPUCLK1 =150
MHz

VCL = voltage
range 2

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. Same frequency condition is applied as in the maximum condition.
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Table 2.24 Current of high-speed mode, CPU Sleep mode (DCDC mode)

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions

Supply | CPUCLKO =1 lcc pepe® |22 200 — — mA VCC_DCDC =33V
current | GHz -
*1*3*4 | CPUCLK1 =250 |Ipp™ 56 513 — —
MHz

VSCR_1

CPUCLKO =800 |l pepe™® |20 — 228 —
MHz -
CPUCLK1 =200 |Ipp™ 50 — 586 —
MHz

VSCR_1

CPUCLKO =600 |Isc pepc™® |18 — — 279
MHz —
CPUCLK1 =200 |Ipp™ 46 — — 716
MHz

VSCR_1

CPUCLKO =600 ||cc pepc™® | 16 185 219 264
MHz -
CPUCLK1 =150 |Ipp™ 42 484 573 690
MHz

VSCR_2

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. = 0.02 x fCPUCLKO + 0.06 x fICLK + 57 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 95°C) = 0.02 x fCPUCLKO + 0.01 x fICLK + 477 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 105°C) = 0.02 x fCPUCLKO + 0.01 x fICLK + 553 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 125°C) = 0.02 x fCPUCLKO + 0.01 x fICLK + 709 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 95°C) = 0.02 x fCPUCLKO + 0.01 x fICLK + 464 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 105°C) = 0.02 x fCPUCLKO + 0.01 x fICLK + 537 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 125°C) = 0.02 x f{CPUCLKO + 0.01 x fICLK + 691 (unit : mA, fCPUCLKO 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. MRICLK, MRPCLK, ICLK, PCLKA, PCLKB, PCLKC, PCLKD, PCLKE and BCLK are set to divided by 64.

Note 5. Typical DCDC efficiency and the voltage of the test conditions are applied.
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Table 2.25 Current of high-speed mode, CPU Sleep mode (External VDD mode)

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions

Supply | CPUCLKO =1 Ipp 2 56 513 — — mA —
current | GHz

1734 CPUCLK1 =250
MHz

VCL = voltage
range 1

CPUCLKO =800 ||pp™ 50 — 586 —
MHz

CPUCLK1 =200
MHz

VCL = voltage
range 1

CPUCLKO =600 ||pp™ 46 — — 716
MHz

CPUCLK1 =200
MHz

VCL = voltage
range 1

CPUCLKO =600 ||pp™2 42 484 573 690
MHz

CPUCLK1 =150
MHz

VCL = voltage
range 2

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. =0.02 x fCPUCLKO + 0.06 x fICLK + 57 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 95°C) = 0.02 x fCPUCLKO + 0.01 x fICLK + 477 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 105°C) = 0.02 x fCPUCLKO + 0.01 x fICLK + 553 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 125°C) = 0.02 x f{CPUCLKO + 0.01 x fICLK + 709 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 95°C) = 0.02 x f{CPUCLKO + 0.01 x fICLK + 464 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 105°C) = 0.02 x fCPUCLKO + 0.01 x fICLK + 537 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 125°C) = 0.02 x f{CPUCLKO + 0.01 x fICLK + 691 (unit : mA, fCPUCLKO 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. MRICLK, MRPCLK, ICLK, PCLKA, PCLKB, PCLKC, PCLKD, PCLKE and BCLK are set to divided by 64.

Table 2.26 Current of high-speed mode, CPUO Sleep, CPU1 Deep Sleep (DCDC mode)

Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions
Supply | CPUCLKO =1 lcc pepe® |21 197 — — mA VCC_DCDC =33V
current | GHz — CPU1 = Deep Sleep
%34 CPUCLK1 =250 |Ipp™ 54 505 — —

MHz

VSCR_1

CPUCLKO =800 |Icc pepc™® |19 — 229 —

MHz -

CPUCLK1 =200 |Ipp™ 48 — 576 —

MHz

VSCR_1

CPUCLKO =600 |lcc pepc™® |17 — — 274

MHz -

CPUCLK1 =200 |Ipp™ 44 — — 703

MHz

VSCR_1

CPUCLKO =600 ||cc pepe™® | 15 182 216 259

MHz —

CPUCLK1 =150 |Ipp™ 40 477 565 678

MHz

VSCR_2
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2. Electrical Characteristics

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

Note 2.

Note 3. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.

Ipp depends on f (ICLK) as follows.

Ipp Typ. = 0.02 x fCPUCLKO + 0.05 x fICLK + 55 (unit : mA, f{CPUCLKO and fICLK are MHz)

Ipp Max.(VSCR_1, 95°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 474 (unit : mA, f{CPUCLKO and fICLK are MHz)

Ipp Max.(VSCR_1, 105°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 549 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_1, 125°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 704 (unit : mA, f{CPUCLKO and fICLK are MHz)

Ipp Max.(VSCR_2, 95°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 461 (unit : mA, f{CPUCLKO and fICLK are MHz)

Ipp Max.(VSCR_2, 105°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 533 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VSCR_2, 125°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 686 (unit : mA, f{CPUCLKO and fICLK are MHz)

Note 4. MRICLK, MRPCLK, ICLK, PCLKA, PCLKB, PCLKC, PCLKD, PCLKE and BCLK are set to divided by 64.

Note 5. Typical DCDC efficiency and the voltage of the test conditions are applied.

Table 2.27

Current of high-speed mode, CPUO Sleep, CPU1 Deep Sleep (External VDD mode)

Parameter

Symbol

Typ

Max

95 °C

105 °C

125 °C

Unit

Test conditions

Supply
current
“1*3+4

CPUCLKO =1
GHz

CPUCLK1 =250
MHz

VCL = voltage
range 1

lop™2

54

505

CPUCLKO = 800
MHz

CPUCLK1 =200
MHz

VCL = voltage
range 1

lop™?

48

576

CPUCLKO =600
MHz

CPUCLK1 =200
MHz

VCL = voltage
range 1

*2

44

703

CPUCLKO =600
MHz

CPUCLK1 =150
MHz

VCL = voltage
range 2

Iop 2

40

477

565

678

mA

CPU1 = Deep Sleep

Note 1.
Note 2.

Note 3.
Note 4.

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

Ipp depends on f (ICLK) as follows.

Ipp Typ. = 0.02 x f{CPUCLKO + 0.05 x fICLK + 55 (unit : mA, f{CPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 95°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 474 (unit : mA, fCPUCLKO and fICLK are MHz)

Ipp Max.(VCL = voltage range 1, 105°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 549 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 1, 125°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 704 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 95°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 461 (unit : mA, f{CPUCLKO and fICLK are MHz)

Ipp Max.(VCL = voltage range 2, 105°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 533 (unit : mA, fCPUCLKO and fICLK are MHz)
Ipp Max.(VCL = voltage range 2, 125°C) = 0.004 x fCPUCLKO + 0.01 x fICLK + 686 (unit : mA, f{CPUCLKO and fICLK are MHz)

Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.

MRICLK, MRPCLK, ICLK, PCLKA, PCLKB, PCLKC, PCLKD, PCLKE and BCLK are set to divided by 64.
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2. Electrical Characteristics

Table 2.28 Current of high-speed mode, CPUO Deep Sleep, CPU1 Sleep (DCDC mode)
Max

Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions
Supply | CPUCLKO =1 lcc peoc? |12 141 — — mA VCC_DCDC =33V
current | GHz - CPUO = Deep Sleep
*1*2'3 | CPUCLK1 =250 |Ipp 32 363 — —

MHz

VSCR_1

CPUCLKO =800 |lcc pepc™ |12 — 161 —

MHz -

CPUCLK1 =200 |lbp 30 — 414 —

MHz

VSCR_1

CPUCLKO =600 |Icc pepc? | 11 — — 196

MHz ~

CPUCLK1 =200 |lpp 29 — — 504

MHz

VSCR_1

CPUCLKO =600 ||cc pepc™® |10 132 157 184

MHz —

CPUCLK1 =150 |lpp 26 347 411 481

MHz

VSCR_2
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. MRICLK, MRPCLK, ICLK, PCLKA, PCLKB, PCLKC, PCLKD, PCLKE and BCLK are set to divided by 64.
Note 4. Typical DCDC efficiency and the voltage of the test conditions are applied.
Table 2.29 Current of high-speed mode, CPUO Deep Sleep, CPU1 Sleep (External VDD mode)

Max

Parameter Symbol Typ 95 °C 105°C [125°C | Unit Test conditions
Supply | CPUCLKO =1 Ibb 32 363 — — mA CPUO = Deep Sleep
current | GHz
1273 CPUCLK1 =250

MHz

VCL = voltage

range 1

CPUCLKO =800 |Ipp 30 — 414 —

MHz

CPUCLK1 =200

MHz

VCL = voltage

range 1

CPUCLKO =600 |Ipp 29 — — 504

MHz

CPUCLK1 =200

MHz

VCL = voltage

range 1

CPUCLKO =600 |Ipp 26 347 411 481

MHz

CPUCLK1 = 150
MHz

VCL = voltage
range 2

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. MRICLK, MRPCLK, ICLK, PCLKA, PCLKB, PCLKC, PCLKD, PCLKE and BCLK are set to divided by 64.
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Table 2.30 Current of high-speed mode, CPU Deep Sleep mode (DCDC mode)
Max
Parameter Symbol Typ 95°C |105°C |125°C |Unit Test conditions
Supply | CPUCLKO =1 lcc pcoc? |13 138 — — mA VCC_DCDC =33V
current | GHz -
*1*23 | CPUCLK1 =250 |Ilpp 32 355 — —
MHz
VSCR_1
CPUCLKO =800 |lcc pepc™ |12 — 158 —
MHz —
CPUCLK1 =200 |lpp 30 — 405 —
MHz
VSCR_1
CPUCLKO =600 |Icc pepc? | 11 — — 192
MHz ~
CPUCLK1 =200 |!bp 29 — — 492
MHz
VSCR_1
CPUCLKO =600 |Icc pepc? | 11 130 154 182
MHz —
CPUCLK1 =150 |lpp 28 340 402 476
MHz
VSCR_2
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. MRICLK, MRPCLK, ICLK, PCLKA, PCLKB, PCLKC, PCLKD, PCLKE and BCLK are set to divided by 64.
Note 4. Typical DCDC efficiency and the voltage of the test conditions are applied.
Table 2.31 Current of high-speed mode, CPU Deep Sleep mode (External VDD mode)
Max
Parameter Symbol Typ 95 °C 105°C [125°C | Unit Test conditions
Supply | CPUCLKO =1 Ibb 32 355 — — mA —
current | GHz
1273 CPUCLK1 =250
MHz
VCL = voltage
range 1
CPUCLKO =800 |Ipp 30 — 405 —
MHz
CPUCLK1 =200
MHz
VCL = voltage
range 1
CPUCLKO =600 |Ipp 29 — — 492
MHz
CPUCLK1 =200
MHz
VCL = voltage
range 1
CPUCLKO =600 |Ipp 28 340 402 476

MHz

CPUCLK1 = 150
MHz

VCL = voltage
range 2

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. MRICLK, MRPCLK, ICLK, PCLKA, PCLKB, PCLKC, PCLKD, PCLKE and BCLK are set to divided by 64.
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2. Electrical Characteristics

Table 2.32 Current increase during BGO operation (Programing of MRAM OTP) (DCDC mode and External VDD
mode)
Max
Parameter Symbol | Typ 95 °C 105 °C 125 °C Unit Test conditions
Supply current™! normal speed write lcc — — — 20 mA VCC = 1.62V
mode
Ibb — — — 0.50
high speed write lcc — — — 25 VCC =2 2.5V
mode 0
oD — — — 05
high speed write lcc — — — 80 VCC = 3.0V
mode 1
Iob — — — 0.5

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

Table 2.33 Standby current (DCDC mode) (1 of 4)
Max
95°C |105 |125 |Uni
Parameter Symbol | Typ °C °C t Test conditions
Supply Software Icc 0.1 |1.11 (112 |1.14 [mA |—
current’? | Standby 0
mode
SS2LP_ | SVSCR |Data of SRAM |lcc pcpc [2.6 |54.24 |62.23 | 78.41 VCC_DCDC =3.3V
0 _1 and TCM is B 7 PDRAMSCRO.RKEEPN =
retained 1(n=0to012)
PDRAMSCR1.RKEEPN =
1(n=0,1)
Data of SRAM | Icc pcpc |24 |52.53|59.86 | 74.47 VCC_DCDC =3.3V
and TCM is not - 4 PDRAMSCRO0.RKEEPN =
retained 0(n=0to12)
PDRAMSCR1.RKEEPN =
0(n=0,1)
SVSCR | Data of SRAM |lcc pcpc 2.5 |51.58 |59.19 | 74.81 VCC_DCDC =3.3V
2 and TCM is B 2 PDRAMSCRO.RKEEPN =
retained 1(n=0to012)
PDRAMSCR1.RKEEPN =
1(n=0,1)
Data of SRAM | lcc pepc | 2.3 |50.03 [ 57.09 | 71.10 VCC_DCDC=3.3V
and TCM is not B 3 PDRAMSCRO.RKEEPN =
retained 0(n=0to12)
PDRAMSCR1.RKEEPN =
0(n=0,1)
SVSCR | Data of SRAM |lcc pcpe | 1.6 |37.85|43.60 | 56.69 VCC_DCDC =3.3V
23 and TCM is - 8 PDRAMSCRO0.RKEEPN =
retained 1(n=0t012)
PDRAMSCR1.RKEEPN =
1(n=0,1)
Data of SRAM  |lcc pcpc | 1.6 |36.87 | 42.22 | 54.07 VCC_DCDC =3.3V
and TCM is not B PDRAMSCRO.RKEEPN =
retained 0(n=0to 12)
PDRAMSCR1.RKEEPN =
0(n=0,1)
SVSCR |Data of SRAM |lcc pcpc |14 |32.4138.22|49.79 VCC_DCDC =33V
_4 and TCM is B PDRAMSCRO.RKEEPN =
retained 1(n=0to012)
PDRAMSCR1.RKEEPnN =
1(n=0,1)
Data of SRAM |lcc pcpc | 1.4 |31.61|37.07 | 47.62 VCC_DCDC =3.3V
and TCM is not - 2 PDRAMSCRO0.RKEEPN =
retained 0(n=0to12)
PDRAMSCR1.RKEEPN =
0(n=0,1)
SVSCR |Data of SRAM |lcc pepe | 1.2 |29.69 | 34.28 | 44.67 VCC_DCDC =3.3V
5 and TCM is B 8 PDRAMSCRO0.RKEEPN =
retained 1(n=0to012)
PDRAMSCR1.RKEEPN =
1(n=0,1)
Data of SRAM | lcc pepc | 1.2 |29.03 | 33.32 | 42.82 VCC_DCDC =3.3V
and TCM is not B 4 PDRAMSCRO.RKEEPN =
retained 0(n=0to12)
PDRAMSCR1.RKEEPN =
0(n=0,1)
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2. Electrical Characteristics

Table 2.33 Standby current (DCDC mode) (2 of 4)
Max
95°C |105 |125 |Uni
Parameter Symbol | Typ °C °C t Test conditions
Supply Software 882LP_ | SVSCR |Data of SRAM |lcc pcpe | 2.1 |43.32[49.71 |62.83 |[mA |VCC_DCDC =33V
current”! | Standby 1 2 and TCM is 2 PDRAMSCRO.RKEEPN =
mode retained 1(n=0t012)
PDRAMSCR1.RKEEPN =
1(n=0,1)
Data of SRAM | Icc pcpoc | 1.9 |42.01|47.94 | 59.71 VCC_DCDC=3.3V
and TCM is not PDRAMSCRO.RKEEPN =
retained 0(n=0to12)
PDRAMSCR1.RKEEPN =
0(n=0,1)
SVSCR | Data of SRAM |lIcc pcpc | 1.4 |31.70 | 36.52 | 47.48 VCC_DCDC =3.3V
_3 and TCM is PDRAMSCRO0.RKEEPN =
retained 1(n=0to012)
PDRAMSCR1.RKEEPN =
1(n=0,1)
Data of SRAM | Icc pcpc | 1.3 |30.88 | 35.36 | 45.29 VCC_DCDC =3.3V
and TCM is not 4 PDRAMSCRO0.RKEEPN =
retained 0(n=0to12)
PDRAMSCR1.RKEEPN =
0(n=0,1)
SVSCR | Data of SRAM |lcc pecpc | 1.2 |26.41|31.14 | 40.57 VCC_DCDC =3.3V
_4 and TCM is 2 PDRAMSCRO.RKEEPN =
retained 1(n=0to012)
PDRAMSCR1.RKEEPN =
1(n=0,1)
Data of SRAM | Icc pcpc | 1.1 |25.76 | 30.20 | 38.80 VCC_DCDC =3.3V
and TCM is not 8 PDRAMSCRO0.RKEEPN =
retained 0(n=0to12)
PDRAMSCR1.RKEEPN =
0(n=0,1)
SVSCR | Data of SRAM | lIcc pcpc | 1.0 [24.15|27.89 | 36.35 VCC_DCDC =3.3V
5 and TCM is PDRAMSCRO0.RKEEPN =
retained 1(n=0to012)
PDRAMSCR1.RKEEPN =
1(n=0,1)
Data of SRAM | lcc pcpc | 1.0 [23.62|27.11 | 34.84 VCC_DCDC =33V
and TCM is not PDRAMSCRO.RKEEPN =
retained 0(n=0to12)
PDRAMSCR1.RKEEPN =
0(n=0,1)
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2. Electrical Characteristics

Table 2.33 Standby current (DCDC mode) (3 of 4)
Max
95°C |105 (125 |[Uni
Parameter Symbol | Typ °C °C t Test conditions
Supply Deep Icc 10. |207 [297 498 |pA |—
Current"1 Software 04
Standby
mode 1
lcc_ pcoc [0.1 [0.85 |1.24 |2.45 —
6
Increase when PVDn(n=0to |lcc See Table 2.36 —
the function is 2,4,5)o0r
activated Battery power
supply switch
When the 24 |— — — —
LOCO is in use 6
Crystal See Table 2.37 —
oscillator and
RTC
IWDT and 15 |— — — —
ULPT (all units)
are operating
Supply Deep lcc 3.0 |98 122 175 |[pA |[—
Current*1 Software 4
Standby
mode 2
lcc_ pcoc [0.1 [0.85 |1.24 |2.45 —
6
Increase when PVDn(n=0to |lIcc See Table 2.36 —
the function is 2,4,5)o0r
activated Battery power
supply switch
Crystal See Table 2.37 —
oscillator and
RTC
Deep lcc 2.7 |97 121 173 —
Software 8
Standby
mode 3
lcc_ pcoc [0.1 [0.85 |1.24 |2.45 —
6
Increase when Crystal lcc See Table 2.37 —
the function is oscillator and
activated RTC
R01DS0436EJ0130 Rev.1.30 RENESAS Page 77 of 286

Feb 27, 2026



RA8T2 Datasheet

2. Electrical Characteristics

Table 2.33 Standby current (DCDC mode) (4 of 4)
Max
95°C |105 |125 |Uni
Parameter Symbol | Typ °C °C t Test conditions
Supply RTC When a crystal oscillator with low lvBAT 05 |— — — MA |VBATT=18V,VCC=0V
current”™? | operating power mode 3 is in use 3
while VCC — —
is off (with 08 |— — — VBATT=33V,VCC=0V
the battery 2
backup When a crystal oscillator with low 06 |— |— |— VBATT =1.8V,VCC =0V
function, power mode 2 is in use 3
only the
RTC 09 |— — — VBATT =3.3V,VCC=0V
operate) 4
When a crystal oscillator with low 0.7 |— — — VBATT=18V,VCC=0V
power mode 1 is in use 3
10 |— — — VBATT =3.3V,VCC=0V
3
When a crystal oscillator with 09 |— — — VBATT=18V,VCC=0V
standard mode is in use 9
12 |— — — VBATT=33V,VCC=0V
When EXCIN is in use 03 |— — — VBATT =1.8V,VCC=0V
0
05 |— — — VBATT =3.3V,VCC=0V
2
Increase when RTCIChn (n=0 00 |— — — VBATT=18V,VCC=0V
the function is to 2) input is in 1
activated use per channel
0.0 |— — — VBATT=33V,VCC=0V

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
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Table 2.34 Coremark and normal mode current, CPUO active, CPU1 Deep Sleep. (DCDC mode and External VDD
mode) (1 of 2)
Max
95 |105 125
Parameter Symbol | Typ °C |[°C °C Unit | Test conditions
Supply CPUCLKO = | Coremark Cache on Ibp 151 — |— — WA/ | CPU1 = Deep Sleep
current 12 | 1 GHz MH | ESWM power domain off
VSCR_1 Cache off, 143 - = |— z | CPUCLK1 = 250 MHz,
VCL = executing from MRICLK = 250 MHz,
voltage ITCM MRPCLK = 15.6 MHz,
range 1 Cache off, 92 o _ _ ICLK = 250 MHz, PCLKA
executing from = 15.6 MHz, PCLKB =
SRAM 15.6 MHz, PCLKC = 15.6
MHz, PCLKD = 15.6 MHz,
Cache off, 104 — |— — PCLKE = 15.6 MHz, BCLK
executing from =15.6 MHz
MRAM
Normal All peripheral 118 — |— —
mode disabled, Cache
on, while (1) code
All peripheral 121 — |— —
disabled, Cache
off, while (1) code
executing from
MRAM
CPUCLKO = | Coremark Cache on 157 — |— — WA/ | CPU1 = Deep Sleep
800 MHz MH | ESWM power domain off
VSCR_1 Cache off, 149 — |=— |= |z |CPUCLK1 =200 MHz,
VCL = executing from MRICLK = 200 MHz,
voltage ITCM MRPCLK = 12.5 MHz,
range 1 Cache off, 98 | — _ ICLK = 200 MHz, PCLKA
executing from =12.5 MHz, PCLKB =
SRAM 12.5 MHz, PCLKC = 12.5
MHz, PCLKD = 12.5 MHz,
Cache off, 111 — |— — PCLKE = 12.5 MHz, BCLK
executing from =12.5 MHz
MRAM
Normal All peripheral 124 — |— —
mode disabled, Cache
on, while (1) code
All peripheral 127 — |— —
disabled, Cache
off, while (1) code
executing from
MRAM
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Table 2.34 Coremark and normal mode current, CPUO active, CPU1 Deep Sleep. (DCDC mode and External VDD
mode) (2 of 2)
Max
95 |105 125
Parameter Symbol | Typ °C |[°C °C Unit | Test conditions
Supply CPUCLKO = | Coremark Cache on Ibp 172 — |— — WA/ | CPU1 = Deep Sleep
current™1"2 | 600 MHz MH | ESWM power domain off
CPUCLK1 = Cache off, 164 — |— |— |z |CPUCLK1=200MHz
200 MHz executing from MRICLK = 200 MHz,
VSCR _1 ITCM MRPCLK = 25 MHz, ICLK
VCL = Cache off, 118 I I = 200 MHz, PCLKA = 25
voltage executing from MHz, PCLKB = 25 MHz,
range 1 SRAM PCLKC = 25 MHz, PCLKD
=25 MHz, PCLKE = 25
Cache off, 133 — |— —_ MHz, BCLK = 25 MHz
executing from
MRAM
Normal All peripheral 139 — |—= —
mode disabled, Cache
on, while (1) code
All peripheral 142 — |— —
disabled, Cache
off, while (1) code
executing from
MRAM
CPUCLKO = | Coremark Cache on 164 — |— — WA/ | CPU1 = Deep Sleep
600 MHz MH | ESWM power domain off
VSCR 2 Cache off, 156 — |=— |= |z |CPUCLK1 =150 MHz,
VCL = executing from MRICLK = 150 MHz,
voltage ITCM MRPCLK = 9.4 MHz, ICLK
range 2 Cache Off, 106 _ _ _ =150 MHZ, PCLKA =
executing from 9.4 MHz, PCLKB = 9.4
SRAM MHz, PCLKC = 9.4 MHz,
PCLKD = 9.4 MHz, PCLKE
Cache off, 119 —_ | — =9.4 MHz, BCLK =94
executing from MHz
MRAM
Normal All peripheral 131 — |— —
mode disabled, Cache
on, while (1) code
All peripheral 135 — |—= —

disabled, Cache
off, while (1) code
executing from
MRAM

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.
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Table 2.35 Coremark and normal mode current, CPUO Deep Sleep, CPU1 active. (DCDC mode and External VDD
mode) (1 of 2)
Max
95°C | 105 125 Uni
Parameter Symbol | Typ °C °C t Test conditions
Supply CPUCLK1 = | Coremark Cache on Ibp 215 | — — — WA/ | CPUO = Deep Sleep
current™? | 250 MHz MH | ESWM power domain off
2 VSCR_1 Cache off, 197 |— |=— |=— |z |CPUCLKO =1 GHz, MRICLK
VCL = executing from = 250 MHz, MRPCLK =
voltage ITCM 15.6 MHz, ICLK = 250 MHz,
range 1 Cache off, 194 | — _ _ PCLKA = 15.6 MHz, PCLKB
executing from = 15.6 MHz, PCLKC = 15.6
SRAM MHz, PCLKD = 15.6 MHz,
PCLKE = 15.6 MHz, BCLK =
Cache off, 268 |— — — 15.6 MHz
executing from
MRAM
Normal All peripheral 201 |— — —
mode disabled, Cache
on, while (1) code
All peripheral 264 | — — —
disabled, Cache
off, while (1) code
executing from
MRAM
CPUCLK1 = | Coremark Cache on 236 | — — — WA/ | CPUO = Deep Sleep
200 MHz MH | ESWM power domain off
VSCR_1 Cache off, 218 |— |— |— |z | CPUCLKO = 800 MHz,
VCL = executing from MRICLK = 200 MHz, MRPCLK
voltage ITCM = 12.5 MHz, ICLK = 200 MHz,
range 1 Cache Off, 215 | — _ _ PCLKA =12.5 MHZ, PCLKB
executing from = 12.5 MHz, PCLKC = 12.5
SRAM MHz, PCLKD = 12.5 MHz,
PCLKE = 12.5 MHz, BCLK =
Cache off, 299 | — — — 12.5 MHz
executing from
MRAM
Normal All peripheral 222 | — — —
mode disabled, Cache
on, while (1) code
All peripheral 297 |— — —
disabled, Cache
off, while (1) code
executing from
MRAM
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Table 2.35 Coremark and normal mode current, CPUO Deep Sleep, CPU1 active. (DCDC mode and External VDD
mode) (2 of 2)
Max
95°C | 105 125 Uni
Parameter Symbol | Typ °C °C t Test conditions
Supply CPUCLK1 = | Coremark Cache on Ibp 226 | — — — WA/ | CPUO = Deep Sleep
current™? | 200 MHz MH | ESWM power domain off
2 VSCR_1 Cache off, 208 |— |— |— |z |CPUCLKO =600 MHz,
VCL = executing from MRICLK = 200 MHz, MRPCLK
voltage ITCM = 25 MHz, ICLK = 200 MHz,
range 1 Cache off, 205 | — _ _ PCLKA =25 MHz, PCLKB =
executing from 25 MHz, PCLKC = 25 MHz,
SRAM PCLKD = 25 MHz, PCLKE =
25 MHz, BCLK = 25MHz
Cache off, 289 |— — —
executing from
MRAM
Normal All peripheral 213 |— — —
mode disabled, Cache
on, while (1) code
All peripheral 287 | — — —
disabled, Cache
off, while (1) code
executing from
MRAM
CPUCLK1 = | Coremark Cache on 265 | — — — WA/ | CPUO = Deep Sleep
150 MHz MH | ESWM power domain off
VSCR 2 Cache off, 247 |— |— |=— |z |CPUCLKO =600 MHz,
VCL = executing from MRICLK = 150 MHz, MRPCLK
voltage ITCM = 9.4 MHz, ICLK = 150 MHz,
range 2 Cache Off, 244 | — _ _ PCLKA =94 MHZ, PCLKB =
executing from 9.4 MHz, PCLKC = 9.4 MHz,
SRAM PCLKD = 9.4 MHz, PCLKE =
9.4 MHz, BCLK = 9.4 MHz
Cache off, 326 | — — —
executing from
MRAM
Normal All peripheral 252 | — — —
mode disabled, Cache
on, while (1) code
All peripheral 324 | — — —

disabled, Cache
off, while (1) code
executing from
MRAM

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.
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Table 2.36

Increase when the PVD1, PVD2, PVD4, PVD5 or Battery power supply switch is enabled in Deep
Software Standby mode 1 and 2.

Parameter

Symbol

Typ

Max

95°C

105 °C

125°C

Unit

Test
conditions

Supply current

Common circuit when enabling PVDn
(n=1, 2, 4, 5) or disabling low power
consumption function of PVDO for the
battery power supply switch control
(OFS1(_SEC).PVDLPSEL=1) in Deep
Software Standby mode 1

Common circuit when enabling PVDn
(n=1, 2, 4, 5) or disabling low power
consumption function of PVDO for the
battery power supply switch control
(OFS1(_SEC).PVDLPSEL=1) in Deep
Software Standby mode 2

PVD1 enabled

PVD2 enabled

PVD4 enabled

PVD5 enabled

Battery power supply switch enabled
with following conditions.™!

e Battery power supply switch enable
(VBTBPCR1.BPWSWSTP=0), and
low power consumption function
of PVDO select at Deep
Software Standby mode disable
(OFS1(_SEC).PVDLPSEL=1).

4.00

MA

4.00

2.00

2.00

2.00

2.00

2.00

Note 1. Consumption current is not increased in other condition.

Table 2.37 Increase when the sub-clock oscillator and RTC are enabled in Deep Software Standby mode 1, 2 and
3.
Max
95°C [105 125 Test
Parameter Symbol | Typ °C °C Unit | conditions
Supply current | When a crystal oscillator is in Low Power mode |Icc 0.31 — — — uA —
use 3
Low Power mode 0.43 — — — —
2
Low Power mode 0.52 — — — —
1
Standard mode 0.78 — — — —
RTC is operating 030 |[— — — —
Table 2.38 Inrush current
Max
Test
Parameter Symbol | Typ 95°C [105°C | 125 °C | Unit conditions
Supply | Inrush current Inrush current of IRUSH — 1330 1330 1330 mA —
current | on Cold Start vcec_bcbc™
Inrush current DPSBYCR.DC — 1270 1270 1270 —
on returning SSMODE=1
from deep
software DPSBYCIE.DC — 1170 1170 1170 —
standby mode SSMODE=2
DPSBYCR.DC — 1160 1160 1160 —
SSMODE=3
Note 1. Reference value
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Table 2.39 Operating current (Analog)
Max
95 105 |125
Parameter Symbol |Typ |°C °C °C Unit | Test conditions
Supply Oscillator Main clock oscillator lcc 0.65 |— — — mA | MOMCR.MODRV0
current”! [2:0] = 000b
0.76 |— — — mA | MOMCR.MODRVO
[2:0] =011b
0.88 |— — — mA | MOMCR.MODRVO
[2:0] =101b
Analog power During 16-bit A/D SAR Alcc 24 3.2 3.2 3.2 mA |—
supply current conversion mode,
Oversampl
ing mode
and Hybrid
mode
During 16-bit A/D SAR mode 3.9 5.1 5.1 5.1 mA |—
conversion with S/H | and Hybrid
amp mode
ACMPHS(1unit) 99 192 (192 (192 |pA —
Temperature sensor 0.1 0.2 0.2 0.2 mA | —
During D/A conversion (per unit) 1.2 1.6 1.6 1.6 mA |—
Waiting for A/D, D/A conversion 3.4 41 4.1 4.1 mA —
(all units)
ADC16H, DAC12 in standby 1 16.0 (224 |42 HA —
modes (all units)2
Reference power During 16-bit A/D SAR mode | AlrRgrHo | 70 120 |120 (120 |pA —
supply current conversion (unit 0)
(VREFHO) Qversampl 200 (310 |310 (310 |pA
ing mode
and Hybrid
mode
Waiting for 12-bit A/D conversion 14.00 | 14.00 | 14.00 | 14.00 | pA —
(unit 0)
ADC16H in standby modes (unit 0.01 |0.12 |01 0.2 HA —
0)
Reference power During 16-bit A/D SAR mode | AlRery 70 120 |120 [120 |pA —
supply current conversion (unit 1)
(VREFH) Qversampl 200 (310 |310 (310 |pA —
ing mode
and Hybrid
mode
During D/A conversion (per unit) 29 41.0 [41.0 [41.0 |pA —
Waiting for 16-bit A/D (unit 1), 14 14 14 14 HA —
D/A (all units) conversion
ADC16H in standby modes (unit 0.1 0.1 0.2 0.3 MA —
1)
USB operating Low speed USBFS lccuseLs | 2.9 4.0 4.0 4.0 mA |[VCC_USB
current
Full speed USBFS lccusers | 4.0 |47 |47 |47 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.MSTPD21 (16-Bit A/D Converter Module Stop bit) is in the
module-stop state.
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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 2.3 Temperature dependency in Software Standby mode (ICC_DCDC, SS2LP_0, SVSCR_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 2.4 Temperature dependency in Software Standby mode (ICC_DCDC, SS2LP_0, SVSCR_5)
(reference data)
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Temperature dependency in Software Standby mode (ICC_DCDC, SS2LP_1, SVSCR_2)
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Figure 2.5
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Figure 2.6 Temperature dependency in Software Standby mode (ICC_DCDC, SS2LP_1, SVSCR_5)
(reference data)

1000.000

100.000

ICC [uA]

10.000

1.000
-50 -25 0 25 50 75 100 125 150

Tj[°C]

Average value of the tested middle samples during product evaluation.
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Figure 2.7 Temperature dependency in Deep Software Standby mode 1 (reference data)
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Temperature dependency in Deep Software Standby mode 2 (reference data)

Figure 2.8
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Figure 2.9 Temperature dependency in Deep Software Standby mode 3 (reference data)
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Name of PDRAM register bit set to 1

B Average value of the tested middle samples during product evaluation.

Figure 2.10 Software Standby current per SRAM state (ICC_DCDC, SS2LP_0, SVSCR_1) (reference data)
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Figure 2.11 Software Standby current per SRAM state (ICC_DCDC, SS2LP_0, SVSCR_2) (reference data)
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Figure 2.12 Software Standby current per SRAM state (ICC_DCDC, SS2LP_0, SVSCR_3) (reference data)
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Figure 2.13 Software Standby current per SRAM state (ICC_DCDC, SS2LP_0, SVSCR_4) (reference data)
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Figure 2.14 Software Standby current per SRAM state (ICC_DCDC, SS2LP_0, SVSCR_5) (reference data)
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Figure 2.15 Software Standby current per SRAM state (ICC_DCDC, SS2LP_1, SVSCR_2) (reference data)
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Figure 2.16 Software Standby current per SRAM state (ICC_DCDC, SS2LP_1, SVSCR_3) (reference data)
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Figure 2.17 Software Standby current per SRAM state (ICC_DCDC, SS2LP_1, SVSCR_4) (reference data)
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Figure 2.18 Software Standby current per SRAM state (ICC_DCDC, SS2LP_1, SVSCR_5) (reference data)
The more practical Icc_pcpc value can be obtained with the following formula.
Icc pepe = (Ipp x VCL) / (VCC_DCDC x efficiency)

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

0.1 1
Load current [A]

--&--VCC_DCDC = 3.3V, SVSCR_5 --4--VCC_DCDC = 3.3V, VSCR_1
—m—VCC_DCDC = 1.8V, SVSCR_5 —e—VCC_DCDC = 1.8V, VSCR_1

Figure 2.19 Typical DCDC efficiency (%) vs load current (A) in High-speed mode and Software Standby
mode (SSCR1.SS2LP = SS2LP_1), Tj=25°C
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Efficiency [%]

0 0.1
1
Load current [A]

—-4--VCC_DCDC = 3.3V, SVSCR_5 --¢--VCC_DCDC = 3.3V, VSCR_1

a— VCC_DCDC = 1.8V, SVSCR_5 —e—VCC_DCDC = 1.8V, VSCR_1

Figure 2.20 Typical DCDC efficiency (%) vs load current (A) in High-speed mode and Software Standby
mode (SSCR1.SS2LP = SS2LP_0), Tj=125°C
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Figure 2.21 Typical DCDC efficiency (%) vs load current (A) in Software Standby mode (SSCR1.SS2LP =
SS2LP_1), Tj=25°C
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Figure 2.22 Typical DCDC efficiency (%) vs load current (A) in Software Standby mode (SSCR1.SS2LP =
SS2LP_1), Tj=125°C
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2.2.6 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.40 VCC rise and fall gradient characteristics at power on/off

Test
Parameter Symbol Min Typ |[Max |Unit conditions
VCC rising gradient at power on"! SrvCC 0.0084 |— |20 |ms/V |—
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 VpoRr1

Table 2.41 VCC ripple frequency and gradient characteristics during operation

The ripple voltage must meet the allowable ripple frequency fycc) within the range between the VCC upper limit (3.63 V) and lower limit
(1.62 V). When the VCC change exceeds VCC £10%, the allowable voltage change rising and falling gradient dt/dVCC must be met.

Parameter Symbol Min Typ Max Unit Test conditions
Allowable ripple frequency fr (vee) — — 10 kHz Figure 2.23
VI'(VCC) <VCC x0.2
— — 1 MHz Figure 2.23
Vr(VCC) <VCC x 0.08
— — 10 MHz Figure 2.23
Vr(VCC) <VCC x 0.06
Allowable voltage change dt/avcc™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 ypoRr1-

<«— 1/ frvee)

VCC m Vrvee)

Figure 2.23 Ripple waveform
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A . .
power on i power off period
O e pomEtonpened pig- VBATenablecase) >

{(VBAT disable case)

VPOR1 ............... . .............................................................................................. . ............... f .....

Figure 2.24 VCC rising and falling waveform
227 Power Supply Rise Gradient
Table 2.42 VCC_USB rise gradient characteristics at power on
Parameter Symbol Min Typ Max Unit Test conditions
VCC_USB rising gradient at power |SrVCC_U |[8.4 — — us/V —
on SB
2238 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
e Tj=Tt+ Wjt 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)
— Wjt: 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 (Igr, X Vor) /Voltage + £ (|[gy| X |[VCC — Vogl) /Voltage
e Dynamic current of IO = X IO (Cj, + Cjgaq) * 10 switching frequency x Voltage
— Ciu: Input capacitance
— Cjpad: Output capacitance
Regarding 6ja and Wjt, see Table 2.43.
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Table 2.43 Thermal Resistance
Parameter Package Symbol Value™ Unit | Test conditions
Thermal Resistance 176-pin HLQFP (PLQP0176K?-A) Bja 15 °C/W | JESD 51-2 and 51-7
compliant
224-pin BGA (PLBG0224J?-A) 21 JESD 51-2 and 51-9
- compliant
289-pin BGA (PLBG0289J?7-A) 20
303-pin BGA (PLBG0303G?-A) 17
176-pin HLQFP (PLQP0176K?-A) Yit 0.3 °C/W | JESD 51-2 and 51-7
compliant
224-pin BGA (PLBG0224J?-A) 0.3 JESD 51-2 and 51-9
. compliant
289-pin BGA (PLBG0289J7-A) 0.3
303-pin BGA (PLBG0303G?-A) 0.5

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.

2.2.81 Calculation Guide of Maximum Current
Table 2.44 Power consumption of each unit (DCDC mode) (1 of 3)
Dynamic
current/
Leakage Frequency | Current Current
current MCU Domain | Category Item Symbol [MHz] [MA/MHz] |[mA] Condition
Leakage Analog Regulator and | Tj =95°C lcc — — 2.51 —
t 1
curren Leak Tj = 105°C _ — 2.91
Tj=115°C — — 3.45
Tj=125°C — — 4.15
Tj =95°C ICC_DCDC — — 186 VCC_DCDC =
: 3.3V,
Tj = 105°C — - 216 VSCR_1
Tj=115°C — — 243 PDCTRESWM
.PDDE =0
Tj=125°C — — 277
Tj=95°C — — 363 VCC_DCDC =
: 1.8V,
Tj=105°C — — 421 VSCR_1
Tj=115°C — — 474 PDCTRESWM
.PDDE =0
Tj=125°C — — 540
Tj=95°C Ipp — — 477 VSCR_1
: PDCTRESWM
Tj =105°C —_ —_ 553 PDDE =0
Tj=115°C — — 622
Tj=125°C — — 709
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Table 2.44 Power consumption of each unit (DCDC mode) (2 of 3)

Dynamic
current/
Leakage Frequency | Current Current
current MCU Domain | Category Item Symbol [MHz] [MUA/MHZ] |[mA] Condition
Dynamic CPUO Operation with | CoreMark Ibp 1000 145 144 CPUCLKO =
current Cache 1000 MHz
VSCR_1
CPU1 Operation with | CoreMark 250 166 41 CPUCLK1 =
Cache 250 MHz
VSCR_1
Peripheral Timer RTC 62.5 1.229 0.077 VSCR_1
Unit GPT32 (14ch)™2 125 65.123 8.140
POEG (4 Groups)™2 62.5 1.539 0.096
PDG (4ch)™2 125 47.465 5.933
AGT (2ch)™ 62.5 1.518 0.095
ULPT (2ch)2 62.5 2.373 0.148
WDTO 62.5 0.437 0.027
WDT1 62.5 0.446 0.028
IWDT 62.5 0.014 0.001
Dynamic Peripheral Communicatio | ESWM Ibp 125 294.026 36.753 VSCR_1
current Unit n interfaces EsC 125 14.095 1762
USBFS 62.5 7.495 0.468
SCI (10ch)2 125 32.336 4.042
IIC (3ch)™2 62.5 3.722 0.233
I3C 125 9.883 1.235
CANFD (2ch)? 125 6.025 0.753
SPI (2ch)2 125 11.36 1.420
OSPI (2¢ch)™2 62.5 100.8 6.300
SDHI (2¢ch)™2 62.5 9.858 0.616
DSMIF (2ch)"2 125 31.614 3.952
Analog ADC16H (2 units)*? 125 66.267 8.283 VSCR_1
DAC12 (2ch)™2 62.5 0.325 0.020
TSN 62.5 0.115 0.007
ACMPHS (4ch)™2 62.5 0.173 0.011
Event link ELC 62.5 5.075 0.317 VSCR_1
Security RSIP-E50D 125 302.444 | 37.806 VSCR_1
DOTF (2ch)™ 62.5 131.817 [8.239
Data CRC 125 1.455 0.182
processing DOC 125 0.241 0.030 VSCR_1
System CAC 62.5 0.946 0.059
DMA DMACO (per 1ch) 250 7.278 1.819 VSCR_1
DMACH1 (per 1ch) 250 6.858 1.715 VSCR_1
DTCO 250 9.077 2.269
DTC1 250 8.716 2179
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Table 2.44 Power consumption of each unit (DCDC mode) (3 of 3)

Dynamic
current/
Leakage Frequency | Current Current
current MCU Domain | Category Item Symbol [MHz] [MUA/MHZ] |[mA] Condition
Dynamic FSBL operation Ibp 250 — 81.1 FSBLCLK][2:0]
current =111
200 — 67.0 FSBLCLK][2:0]
=110
150 — 51.7 FSBLCLK][2:0]
=101
133 — 47.2 FSBLCLK][2:0]
=100

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 2.45 Power consumption of each unit (External VDD mode) (1 of 3)

Dynamic
current/
Leakage Categ Frequency | Current Current
current MCU Domain |ory Item Symbol [MHz] [MA/MHZz] | [mA] Condition
Leakage Analog Regul | T;=95°C lcc — — 2.51 —
Current ator
and Tj=105°C — — 2.91
1
Leak ™ I 1, = 115°C - — 3.45
Tj=125°C — — 4.15
Tj =95°C Ibp — — 477 VCL = voltage
- 0 range 1,
Tj=105°C - — 553 PDCTRESWM.
Tj=115°C — — 622 PDDE =0
Tj=125°C — — 709
Dynamic CPUO Operat | CoreMark Ibp 1000 145 144 CPUCLKO =
Current ion 1000 MHz,
with VCL = voltage
Cache range 1
CPU1 Operat | CoreMark 250 166 41 CPUCLK1 =
ion 250 MHz, VCL
with = voltage range
Cache 1
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Table 2.45 Power consumption of each unit (External VDD mode) (2 of 3)
Dynamic
current/
Leakage Categ Frequency | Current Current
current MCU Domain |ory Item Symbol [MHz] [MA/MHZ] | [mA] Condition
Dynamic Peripheral Unit | Timer | RTC Ibp 62.5 1.229 0.077 VCL = voltage
Current - range 1
GPT32 (14ch)™2 125 65.123 8.140
POEG (4 Groups)*2 62.5 1.539 0.096
PDG (4ch)™2 125 47.465 5.933
AGT (2¢ch)™2 62.5 1.518 0.095
ULPT (2ch)? 62.5 2.373 0.148
WDTO 62.5 0.437 0.027
WDT1 62.5 0.446 0.028
IWDT 62.5 0.014 0.001
Comm | ESWM Ibp 125 294.026 36.753 VCL = voltage
unicati range 1
on ESC 125 14.095 1.762
interfa | ysBFs 62.5 7.495 0.468
ces
SCI (10ch)2 125 32.336 4.042
IIC (3ch)2 62.5 3.722 0.233
13C 125 9.883 1.235
CANFD (2ch)™2 125 6.025 0.753
SPI (2¢ch)*2 125 11.36 1.420
OSPI (2ch) "2 62.5 100.8 6.300
SDHI (2¢ch)"2 62.5 9.858 0.616
DSMIF (2ch) "2 125 31.614 3.952
Dynamic Peripheral Unit | Analog | ADC16H (2 units)™2 Ibp 125 66.267 8.283 VCL = voltage
Current range 1
DAC12 (2ch)™? 62.5 0.325 0.020
TSN 62.5 0.115 0.007
ACMPHS (4ch)™ 62.5 0.173 0.011
Event |ELC Iop 62.5 5.075 0.317 VCL = voltage
link range 1
Securit | RSIP-E50D Ibp 125 302.444 37.806 VCL = voltage
y N range 1
DOTF (2ch)™ 62.5 131.817 8.239
Data |CRC Ibp 125 1.455 0.182 VCL = voltage
proces range 1
sing DOC 125 0.241 0.030
Syste | CAC Ibp 62.5 0.946 0.059 VCL = voltage
m range 1
DMA | DMACO (per 1ch) Ibp 250 7.278 1.819 VCL = voltage
range 1
DMACH1 (per 1ch) 250 6.858 1.715 9
DTCO 250 9.077 2.269
DTCA1 250 8.716 2.179
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Table 2.45 Power consumption of each unit (External VDD mode) (3 of 3)

Dynamic
current/
Leakage Categ Frequency | Current Current
current MCU Domain |ory Item Symbol [MHz] [MA/MHZ] | [mA] Condition
Dynamic FSBL operation Ibp 250 — 79.9 FSBLCLK][2:0]
Current =111
200 — 66.1 FSBLCLK][2:0]
=110
150 — 51.0 FSBLCLK][2:0]
=101
133 — 46.6 FSBLCLKJ2:0]
=100

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 2.46 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. GPT is operating with PCLKD
POEG Only clear module stop bit.

PDG PDG is applying delay of 1/128 times GTCLK period.

AGT AGT is operating with PCLKB.

ULPT ULPT is operating with LOCO.

WDT WDT is operating with PCLKB.

IWDT IWDT is operating with IWDTCLK.

ESWM Communication mode is set to 1 Gbps, MAC Loop back.

gPTP timer is enabled.
ESWM is operating continuous transmission and reception on two ports simultaneously.

ESC ESC is operating to access USERRAM from EtherCAT network.

USBFS Transfer types are set to bulk transfer. USBFS is operating using Full-speed transfer (12 Mbps).

SCI SCl is transmitting data in clock synchronous mode.

lIc Communication format is set to 12C-bus format. 1IC is transmitting data in master mode.

13C Communication format is set to I3C SDR format. I13C is transmitting data in master mode (12.5MHz).
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.
SPI is transmitting 32-bit width data.

OSPI OSPI is issuing memory write command to HyperRAM.

SDHI Transfer bus mode is set to 8-bit wide bus mode. SDHI is issuing CMD24 (single-block write).
DSMIF DSMIF is capturing current data of 3 channels by capture trigger A.

ADC16H Resolution is set to 16-bit accuracy.

Conversion Data Operation Control B Register is set to 16 times average mode.
ADC is converting the analog input in continuous scan mode.
ADC is operating with ADCCLK.

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

TSN TSN is operating.

ACMPHS ACMPHS is operating.

ELC Only clear module stop bit.
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Table 2.46 Outline of operation for each unit (2 of 2)

Peripheral Outline of operation

RSIP-E50D RSIP is doing self-test operation.

DOTF DOTF is doing decryption with AES.

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.

CAC is measuring the clock frequency accuracy.

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

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

2282 Example of Tj Calculation
Assumption :

e Package 289-pin BGA : 6ja =20 °C/W

o Ta=065°C

e Icc+Icc pepe =320 mA

e VCC=3.5V (VCC=VCC2=AVCCO=VCC_USB

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

o Ior =20 mA, Vo = 1.0V, 8 Outputs

o Igp =1mA, Vo =0.5V, 12 Outputs

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

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

Static current of IO =X (VOL x IOL) / Voltage + £ ((VCC - VOH) x IOH) / Voltage
=Q20mAXx1V)x8/35V+(ImAx05V)x12/3.5V+((VCC-(VCC-0.5V))x1mA)x12/3.5V
=457 mA + 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 3.5 V

=42.6 mA

Total power consumption = Voltage X (Static current + Dynamic current)

=(320mA x3.5V)+(49.1 mA +42.6 mA) x 3.5V

= 1441 mW (1.441 W)

Tj = Ta + 6ja x Total power consumption

=65°C+20°C/W x 1.441W

=93.82°C
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2.3 AC Characteristics

2.31 Frequency

Table 2.47 Operation frequency value in high-speed mode (1 of 8)

Parameter Symbol | Min Typ Max Unit
Operation PLL1 output clock P | BGA package, 0 °C < Tj < 95 °C (Product f — — 1000 MHz
frequency (PLL1P) group A), VSCR_1 (DCDC mode), voltage

range 1 (External VDD mode)

BGA package, 40 °C < Tj<105 °C — — 800

(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C < Tj<125°C — — 600
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product — — 600
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C — — 600
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C<Tj<125°C — — 600
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj<125°C — — 600
(Product group C), VSCR_1 (DCDC mode)
HLQFP package, 40 °C<Tj<125°C — — 600
(Product group C), VSCR_2 (DCDC mode)
Other PLL output BGA package, 0 °C < Tj < 95 °C (Product — — 1200
clock (PLL1Q, group A), VSCR_1 (DCDC mode), voltage
PLL1R, PLL2P, range 1 (External VDD mode)
PLL2Q, PLL2R) -
BGA package, 40 °C < Tj< 105 °C — — 1200

(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C<Tj<125°C — — 1200
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product — — 1200
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C <Tj<105 °C — — 1200
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C<Tj<125°C — — 1200
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj<125°C — — 1200
(Product group C), VSCR_1 (DCDC mode)
HLQFP package, 40 °C < Tj<125°C — — 1200

(Product group C), VSCR_2 (DCDC mode)
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Table 2.47 Operation frequency value in high-speed mode (2 of 8)

Parameter Symbol | Min Typ Max Unit
Operation CPUO clock BGA package, 0 °C < Tj £ 95 °C (Product f — — 1000 MHz
frequency (CPUCLKO) group A), VSCR_1 (DCDC mode), voltage

range 1 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C — — 800

(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C<Tj<125°C — — 600
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product — — 600
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C — — 600
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C <Tj<125°C — — 600
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj<125°C — — 600
(Product group C), VSCR_1 (DCDC mode)
HLQFP package, 40 °C < Tj<125°C — — 600
(Product group C), VSCR_2 (DCDC mode)
CPU1 clock BGA package, 0 °C < Tj < 95 °C (Product — — 250
(CPUCLK1) group A), VSCR_1 (DCDC mode), voltage
range 1 (External VDD mode)
BGA package, —40 °C < Tj< 105 °C — — 200

(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C < Tj<125°C — — 200
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product — — 150
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, -40 °C < Tj< 105 °C — — 150
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C<Tj<125°C — — 150
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj<125°C — — 200
(Product group C), VSCR_1 (DCDC mode)
HLQFP package, 40 °C<Tj<125°C — — 150

(Product group C), VSCR_2 (DCDC mode)
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Table 2.47 Operation frequency value in high-speed mode (3 of 8)

Parameter Symbol | Min Typ Max Unit
Operation System clock (ICLK) | BGA package, 0 °C < Tj <95 °C (Product f — — 250 MHz
frequency group A), VSCR_1 (DCDC mode), voltage

range 1 (External VDD mode)

BGA package, —40 °C < Tj< 105 °C — — 200

(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C < Tj<125°C — — 200
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product — — 150
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C — — 150
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C < Tj<125°C — — 150
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj<125°C — — 200
(Product group C), VSCR_1 (DCDC mode)
HLQFP package, 40 °C < Tj<125°C — — 150

(Product group C), VSCR_2 (DCDC mode)
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Table 2.47

Operation frequency value in high-speed mode (4 of 8)

Parameter

Symbol

Min

Typ

Max

Unit

Operation
frequency

MRAM bus clock
(MRICLK)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_1 (DCDC mode), voltage
range 1 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C
(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C<Tj<125°C
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C < Tj<125°C
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj< 125 °C
(Product group C), VSCR_1 (DCDC mode)

HLQFP package, 40 °C < Tj<125°C
(Product group C), VSCR_2 (DCDC mode)

MRAM clock
(MRPCLK)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_1 (DCDC mode), voltage
range 1 (External VDD mode)

BGA package, -40 °C < Tj< 105 °C
(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C < Tj<125°C
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C <Tj< 105 °C
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C<Tj<125°C
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj<125°C
(Product group C), VSCR_1 (DCDC mode)

HLQFP package, 40 °C<Tj<125°C
(Product group C), VSCR_2 (DCDC mode)

—h

250

MHz

200

200

150

150

150

200

150

125

100

100

75

75

75

100

75
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Table 2.47

Operation frequency value in high-speed mode (5 of 8)

Parameter

Symbol

Min

Typ

Max

Unit

Operation
frequency

Peripheral module
clock (PCLKA)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_1 (DCDC mode), voltage
range 1 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C
(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C<Tj<125°C
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C < Tj<125°C
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj< 125 °C
(Product group C), VSCR_1 (DCDC mode)

HLQFP package, 40 °C < Tj<125°C
(Product group C), VSCR_2 (DCDC mode)

Peripheral module
clock (PCLKB)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_1 (DCDC mode), voltage
range 1 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C
(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C < Tj<125°C
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C <Tj< 105 °C
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C<Tj<125°C
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj<125°C
(Product group C), VSCR_1 (DCDC mode)

HLQFP package, 40 °C < Tj<125°C
(Product group C), VSCR_2 (DCDC mode)

—h

125

MHz

100

100

75

75

75

100

75

62.5

50

50

37.5

37.5

37.5

50

37.5
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Table 2.47

Operation frequency value in high-speed mode (6 of 8)

Parameter

Symbol

Min

Typ

Max

Unit

Operation
frequency

Peripheral module
clock (PCLKD)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_1 (DCDC mode), voltage
range 1 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C
(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C<Tj<125°C
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C < Tj<125°C
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj< 125 °C
(Product group C), VSCR_1 (DCDC mode)

HLQFP package, 40 °C < Tj<125°C
(Product group C), VSCR_2 (DCDC mode)

Peripheral module
clock (PCLKE)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_1 (DCDC mode), voltage
range 1 (External VDD mode)

BGA package, 40 °C < Tj< 105 °C
(Product group B), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 40 °C < Tj<125°C
(Product group C), VSCR_1 (DCDC mode),
voltage range 1 (External VDD mode)

BGA package, 0 °C < Tj < 95 °C (Product
group A), VSCR_2 (DCDC mode), voltage
range 2 (External VDD mode)

BGA package, 40 °C <Tj< 105 °C
(Product group B), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

BGA package, 40 °C<Tj<125°C
(Product group C), VSCR_2 (DCDC mode),
voltage range 2 (External VDD mode)

HLQFP package, 40 °C < Tj<125°C
(Product group C), VSCR_1 (DCDC mode)

HLQFP package, 40 °C<Tj<125°C
(Product group C), VSCR_2 (DCDC mode)

—h

250

MHz

200

200

150

150

150

200

150

250

200

200

150

150

150

200

150
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Table 2.47 Operation frequency value in high-speed mode (7 of 8)

Parameter

Symbol

Min

Typ

Max

Unit

Operation External bus clock
frequency (BCLK)

VCC =227V

BGA package, 0 °C < Tj
<95 °C (Product group
A), VSCR_1 (DCDC
mode), voltage range 1
(External VDD mode)

BGA package, —40 °C
< Tj<105 °C (Product
group B), VSCR_1
(DCDC mode), voltage
range 1 (External VDD
mode)

BGA package, —40 °C
< Tj<125 °C (Product
group C), VSCR_1
(DCDC mode), voltage
range 1 (External VDD
mode)

BGA package, 0 °C < Tj
<95 °C (Product group
A), VSCR_2 (DCDC
mode), voltage range 2
(External VDD mode)

BGA package, —40 °C
< Tj<105 °C (Product
group B), VSCR_2
(DCDC mode), voltage
range 2 (External VDD
mode)

BGA package, —40 °C
< Tj<125 °C (Product
group C), VSCR_2
(DCDC mode), voltage
range 2 (External VDD
mode)

HLQFP package, —40 °C
< Tj <125 °C (Product
group C), VSCR_1
(DCDC mode)

HLQFP package, —40 °C
< Tj <125 °C (Product
group C), VSCR_2
(DCDC mode)

VCC=1.62V

EBCLK pin output

VCC=z27V

VCC 2162V

SDCLK pin output

VCCz3.0V

—h

125

MHz

100

100

75

75

75

100

75

60

60

30

133
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Table 2.47 Operation frequency value in high-speed mode (8 of 8)
Parameter Symbol | Min Typ Max Unit
Operation SCI clock (SCICLK) f — — 120 MHz
frequency ol ok (SPICLK) — — 333
Octal SPI clock (OCTACLK) — — 333
CANFD core clock (CANFDCLK) — — 80
ADC clock (ADCCLK) 25 — 120
GPT clock (GPTCLK) " — 300
USB clock (USBCLK) — — 48
I3C clock (I3CCLK) — — 200
Asynchronous external bus clock (BCLKA) — — 133
EtherSW clock BGA package — — 250
(ESWCLK) HLQFP package — — 125
EtherSW-PHY clock (ESWPHYCLK) — — 500
EtherCAT clock (ESCCLK) — — 100
EtherCAT-PHY clock (ESCPHYCLK) — — 50
DSMIF clock (DSMIFCLK) — — 300

Note 1. When the GPTCLK is used for A/D conversion clock, the GPTCLK frequency must be at least 25 MHz.

2.3.2 Clock Timing
Table 2.48 Clock timing except for sub-clock oscillator (1 of 3)
Parameter Symbol Min Typ Max Unit Test conditions
EBCLK pin output cycle VCC =2.70 V or above | tgcyc 16.6 — — ns Figure 2.25
time VCC =1.62 V or above 33.3 — —
EBCLK pin output high VCC =2.70 V or above | tcH 3.3 — — ns
pulse width VCC = 1.62 V or above 9.6 — —
EBCLK pin output low pulse | VCC =2.70 V or above | tc| 3.3 — — ns
width VCC =1.62 V or above 9.6 — —
EBCLK pin output rise time |[VCC =2.70 V or above | tc, — — 5.0 ns
VCC =1.62 V or above — — 7.0
EBCLK pin output fall time | VCC =2.70 V or above | tcf — — 5.0 ns
VCC =1.62 V or above — — 7.0
SDCLK pin output cycle time tspeye 7.52 — — ns
SDCLK pin output high pulse width tcH 1.0 — — ns
SDCLK pin output low pulse width toL 1.0 — — ns
SDCLK pin output rise time ter — — 2.7 ns
SDCLK pin output fall time ter — — 2.7 ns
EXTAL external clock input cycle time tExcyc 20.80 — — ns Figure 2.26
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 —
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Table 2.48 Clock timing except for sub-clock oscillator (2 of 3)

Parameter Symbol Min Typ Max Unit Test conditions
Main clock oscillation stabilization wait time tmaiNoscw | — — " ms Figure 2.27
(crystal)? T

LOCO clock oscillation frequency fLoco 29.4912 32.768 36.0448 kHz —

LOCO clock oscillation stabilization wait time tLocowt |— — 26.0 us Figure 2.28
MOCO clock oscillation frequency Fmoco 7.2 8.0 8.8 MHz —

MOCO clock oscillation stabilization wait time tmocowt |— — 3.5 us —

HOCO clock oscillator Without FLL (Standard |fhoco1e 15.776 16.000 16.224 MHz -20<Tj<105°C
oscillation frequency Product)

fuocots | 17.748 18.000 18.252

fuocozo  |19.720  |20.000  |20.280

fuocosz |31.552  [32.000  |32.448

fuocoss |47.328  |48.000  |48.672

fuocots | 15.712 16.000 16.288 —40<Tj<125°C

fuocots |17.676  [18.000  |18.324

fuocozo | 19.640  |20.000  |20.360

fuocose |31.424  |32.000 |32.576

fuocoss |47.136  |48.000  |48.864

Without FLL (SiP fuoco1e 15.744 16.000 16.256 -20<Tj<105°C
Product)

fuocots | 17.712 18.000 18.288

fuocozo | 19.680  |20.000  |20.320

fuocosz |31.488  [32.000  [32.512

fuocoss |47.232  |48.000  |48.768

fuocots | 15.680  |16.000  |16.320 —40<Tj<125°C

fHoco1s 17.640 18.000 18.360

fhocozo | 19.600  |20.000  |20.400

fuocos2 |31.360  [32.000  |32.640

fHocoas 47.040 48.000 48.960

With FLL fuocots | 15.960  |16.000 | 16.040 —40<Tj<125°C
Sub-clock frequency
fhocots | 17.955 18.000 18.045 accuracy is +50 ppm.

fuocozo  |19.950  |20.000  |20.050

fuocosz |31.920  |32.000  |32.080

fuocoss |47.880  [48.000  |48.120

HOCO clock oscillation stabilization wait time™ thocowt |— — 15.0 s —
HOCO stop width time tHocosTp |1 — — us Figure 2.31
HOCO period jitter — -3 — 3 ps —
FLL stabilization wait time (Standard Product) trLLwT — — 1.92 ms —
FLL stabilization wait time (SiP Product) trLLwT — — 2.15 ms —
PLL1/PLL2 clock frequency fpLL 60 — 1200 MHz —
PLL1/PLL2 clock oscillation stabilization wait time tPLLWT — — 50 us Figure 2.29
PLL1/PLL2 period jitter — — 52 — ps —
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Table 2.48 Clock timing except for sub-clock oscillator (3 of 3)

Parameter

Symbol

Min

Typ

Max Unit

Test conditions

PLL1/PLL2 long term jitter

+300

ps

Term: 1 ps, 10 us

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 (fyuoco) reaches the range for guaranteed

operation.

Table 2.49 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 2.30

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.

EBCLK pin output, SDCLK pin output

A

thyc, tSDcyc

A 4

ten

A
A 4

<+ tcf

A

A 4

to

ter

Figure 2.25 EBCLK and SDCLK output timing

EXTAL external clock input

tEchc

texH

texc

[ vccx05

Figure 2.26 EXTAL external clock input timing
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Main clock oscillator output

MOSCCR.MOSTP l

\

M \J NS AT \S

£

tmainoscwT N
Main clock N
Figure 2.27 Main clock oscillation start timing
LOCOCR.LCSTP \
On-chip oscillator output WM
tLocowt
LOCO clock % \ / \ /
Figure 2.28 LOCO clock oscillation start timing
PLLCR.PLLSTP \
PLL2CR.PLL2STP g g
PLL1/PLL2 circuit output mmm/ \t f/ \ 7[ \ [\ /
T trwt
OSCSF.PLLSF |
OSCSF.PLL2SF g g
PLL1/PLL2 clock
% %
Note:  Only operate the PLL is operated after main clock oscillation has stabilized.
Figure 2.29 PLL1/PLL2 clock oscillation start timing
SOSCCR.SOSTP \
P I)I)
Sub-clock oscillator output mj_\—/_w
tsusoscwt
< >
Sub-clock ]l_\_/_
% %5
Figure 2.30 Sub-clock oscillation start timing
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HOCOCR.HCSTP / K
tHocosTP
OSCSF.HOCOSF \(
Figure 2.31 HOCO stop width time
233 Reset Timing
Table 2.50 Reset timing
Test
Parameter Symbol Min Typ Max Unit conditions
RES pulse | Power-on — tRESWP 2.4 — — ms Figure 2.32
width
Deep DPSBYCR.DCSSMODE | treswp 0.51 — — ms Figure 2.33
Software =01
Standby
Mode 1 ?I?gBYCR.DCSSMODE 0.67 — —
DPSBYCR.DCSSMODE 1.00 — —
=1
Deep DPSBYCR.DCSSMODE 0.51 — —
Software =01
Standby
Mode 2 ?I?(S)BYCR.DCSSMODE 0.67 — —
DPSBYCR.DCSSMODE 1.00 — —
=1
Deep DPSBYCR.DCSSMODE 0.68 — —
Software =01
Standby
Mode 3 ?I?SBYCR.DCSSMODE 0.84 — —
DPSBYCR.DCSSMODE 1.20 — —
=1
Software Standby Mode tRESWS 0.55 — — ms
CPU Deep Sleep mode (Subosc trReswsops | 0.16 — — ms
operation)
CPU Deep Sleep mode (Other than tRESWDS 0.04 — — ms
SOSC operation)
SOSC PGSCR.PGS =1 tRESWSO 0.27 — — ms
operation
PGSCR.PGS =0 0.30 — —
Other than | PGSCR.PGS =1 tRESW 0.15 — — ms
above
PGSCR.PGS =0 0.18 — —
Wait time after RES cancellation tRESWT — 78.7 79.1 us Figure 2.32
Wait time after internal reset cancellation (IWDT reset, | tresw2 — 78.7 791 us —
WDTO0/1 reset, CPU0/1 Lockup reset, Bus Error reset,
Common Memory Error reset, Software reset, Local
Memory 0/1 error reset, Temperature monitor reset)
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[{d LC
) )
VCC 1 VCCmin

RES 71

Internal reset signal
(low is valid) « I%

R 3

tRESWT

Figure 2.32 RES pin input timing under the condition that VCC exceeds Vpog voltage threshold

trReswp, trREsws, tRESW

_S(,—

RES T
Internal reset signal
(low is valid) \

tRESWT
Figure 2.33 Reset input timing
234 Wakeup Timing
Table 2.51 Timing of recovery from low power modes (1 of 3)
Fast return Test

Parameter function™® Symbol Min Typ Max Unit conditions
Recovery CPUO Deep Sleep mode — tpsLp M — 6.14 9.45 us —

time from

CPU Deep CPU1 Deep Sleep mode — — 7.71 15.66 us

Sleep mode
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Table 2.51

Timing of recovery from low power modes (2 of 3)

Parameter

Fast return
function™®

Symbol

Min

Typ

Max

Unit

Test
conditions

Recovery
time from
Software
Standby

mode”12

Crystal
resonator
connected to
main clock
oscillator

System clock
source is main
clock
oscillator"!
MOSCSCR.MO
SCSOKP =0

Enabled

System clock
source is main
clock
oscillator™!
MOSCSCR.MO
SCSOKP =1

Enabled

tsgymc °

2.09

2.14

ms

44.9

94.6

us

System clock
source is
PLL1P with
main clock
oscillator2
MOSCSCR.MO
SCSOKP =0

Enabled

System clock
source is
PLL1P with
main clock
oscillator2
MOSCSCR.MO
SCSOKP =1

Enabled

tsgypc 1°

2.21

2.27

ms

135

197

us

External clock
input to main
clock oscillator

System clock
source is main
clock
oscillator™

Enabled

tsgyex °

44.9

94.6

System clock
source is
PLL1P with
main clock
oscillator™

Enabled

tsgype °

135

197

us

System clock source is sub-clock

oscillator™

Enabled

tsgysc 1°

480

481

us

System clock source is HOCO

clock oscillator™®

Enabled

tsgyro 10

46.3

96.0

s

System clock source is PLL1P

with HOCO™?

Enabled

tsgypH °

146

208

s

System clock source is MOCO

clock oscillator®

Enabled

tseymo 1°

44.6

87.5

us

Figure 2.34
The division
ratio of all
oscillators is 1.
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Table 2.51

Timing of recovery from low power modes (3 of 3)

Parameter

Fast return
function™®

Symbol

Min

Typ

Max

Unit

Test
conditions

Recovery
time from
Deep
Software
Standby
mode

Deep Software
Standby mode
1

DPSBYCR.DC
SSMODE[1:0] =
01

tosay

DPSBYCR.DC
SSMODE[1:0] =
10

DPSBYCR.DC
SSMODE[1:0] =
11

Deep Software
Standby mode
2

DPSBYCR.DC
SSMODE[1:0] =
01

296

346

us

Figure 2.35

456

506

us

776

826

us

296

346

us

DPSBYCR.DC |— —
SSMODE[1:0] =
10

DPSBYCR.DC |— —
SSMODE[1:0] =
11

456 506 us

776 826 us

Deep Software |DPSBYCR.DC |— — 483
Standby mode | SSMODE[1:0] =

3 01

DPSBYCR.DC |— —
SSMODE[1:0] =
10

DPSBYCR.DC |— —
SSMODE[1:0] =
11

604 us

643 764 us

963 1084 us

Wait time after cancellation of Deep Software —
Standby mode

tbsBYWT 22.2 —_ 33.6 MS

Note 1.

Note 2.

Note 3.

Note 4.

Note 5.
Note 6.
Note 7.
Note 8.
Note 9.
Note 10.

Note 11.
Note 12.

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.

When the frequency of PLL1P is 1 GHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the greatest
value of the internal clock division setting is 16.

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 1 GHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and the greatest
value of the internal clock division setting is 16.

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 1 GHz and the greatest value of the internal clock division setting is 16.

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

For details, see SSCR1.SS2FR bit.

The recovery time can be calculated with the equation of tcommon + Max(toscsTts, tpa1, track) + Max(tpg2, tLpw)- And they can be
determined with the following values and equations. For n, the greatest value is selected from among the internal clock(CPUCLKO,
CPUCLKT1, NPUCLK, ICLK, MRICLK, MRPCLK, PCLKm, FCLK, BCLK and EBCLK) 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.

The ICLK frequency is 250 MHz. This recovery time corresponds to tpg».

When Ccyc is 27. See Table 2.53.
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Table 2.52 Each element of recovery time

Fast Typ Max
Oscillat | return
Wakeu | ion functio | tcommo | toscsTe tcommo | toscsts
Mode |p time |keep n n “ tre1 |tpeck |tPe2 |tpw  [n “ tpe1 |treck |tpc2 |tipw | Unit
Softwa | tsgymc | MOSC | Enabled | Ccyc?/ | tmanos |tosc |(10.5+ |18/ 2ffick | Ceyc™? | twanos |tosc | (10.5+ |18/ 2ffick | Ws
re disabled fMOCO + | cwT STB/ 2.5n)/ fMOCO +2n/ fMOCO + | cwtt STB/ 2.5n)/ fMOCO +2n/
Standb 2fficLk fmoc | fmoco | +9/ fwosc | 2fficik | 11/0.23 | fyoc | fMoco | +9/ fmosc
y o+ |*25 |fiok |+2/ 6 o+ |*25 |fiek |+2/
mode 208/ | fsrecL ficLk 208/ | fsrect ficLk
MOSC | Enabled 30262 |15 |\ ko 140023 | % | by us
enabled f 6 f
o+ ICLK ot ICLK
tsByPC MOSC Enabled tmAINOS 11.6 2/fICLK tMAINOS 51.0 2/fICLK us
disabled cWT +2n/ cwT + +2n/
+31/0.2 fpLL + 42/0.23 fpLL +
62 2oLk 6 2fficik
MOSC | Enabled 34/0.26 (14 + us
enabled 2 31)/
0.236
tsBYEX | — Enabled 3/0.262 2/ficLk 14/0.23 2/ficLk | Ms
+2n/ 6 +2n/
fmosc fmosc
+2/ +2/
ficLk ficLk
tsyPE | — Enabled 34/0.26 2/f|CLK 45/0.23 2/fICLK us
2 +2n/ 6 +2n/
fpuL + fpLL +
2/ficLk 2fficLk
tsysc | — Enabled 0 2/fICLK 0 2/fICLK us
+2n/ +2n/
fsosc fsosc
+2/ +2/
fick ficLk
tsBYHO | — Enabled 20 2/fICLK 67 2/fICLK us
+2n/ +2n/
fHoco fHoco
+2/ +2
ficLk ficLk
tsBYPH | — Enabled 140 2/ficLk 202 2/ficLk | Ms
+2n/ +2n/
fpLL + fpLL +
2fficLk 2fficLk
tseymo | — Enabled 0 2fficLk 0 2fficLk | Us
+2n/ +2n/
fmoco fmMoco
+2/ +2/
fick ficLk

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. For Ccyc, see Table 2.53.

RO1DS0436EJ0130 Rev.1.30 RENESAS Page 124 of 286
Feb 27, 2026



RA8T2 Datasheet

2. Electrical Characteristics

Table 2.53 Ccyc value
{PLL1LDOCR.LD
OSTP,
PLL2LDOCR.LD
OSTP,
PLL1LDOCR.SK |{HOCOLDOCR.L
EEP, DOSTP,
SSCR1.SS2LP SVSCR.SVSCM |PLL2LDOCR.SK |HOCOLDOCR.S
[1:0] VSCR.VSCM[2:0] | [2:0] EEP} KEEP} Ccyc Unit
00: SS2LP_0 001 : VSCR_1 001 : SVSCR_1 {1, 1, x, x} or {x, x, | {0, 0} 56 cycle
L Other than above |27 cycle
Other than above | Don't care 237 cycle
010 : SVSCR_2 Don't care Don't care 379 cycle
011: SVSCR_3 Don't care Don't care 591 cycle
100 : SVSCR_4 Don't care Don't care 696 cycle
101 : SVSCR_5 Don't care Don't care 802 cycle
010:VSCR_2 001 : SVSCR_1 Don't care Don't care 379 cycle
010 : SVSCR_2 {1, 1, x, x} or {x, x, | {0, 0} 56 cycle
.1 Other than above |27 cycle
Other than above | Don't care 237 cycle
011: SVSCR_3 Don't care Don't care 538 cycle
100 : SVSCR_4 Don't care Don't care 643 cycle
101 : SVSCR_5 Don't care Don't care 749 cycle
01: SS2LP_1 001:VSCR_1 010 : SVSCR_2 Don't care Don't care 514 cycle
011: SVSCR_3 Don't care Don't care 726 cycle
100 : SVSCR_4 Don't care Don't care 831 cycle
101 : SVSCR_5 Don't care Don't care 937 cycle
010: VSCR_2 010 : SVSCR_2 {11 ,11}, X, X} or {x, X, | Don't care 162 cycle
Other than above | Don't care 327 cycle
011: SVSCR_3 Don't care Don't care 673 cycle
100 : SVSCR_4 Don't care Don't care 778 cycle
101 : SVSCR_5 Don't care Don't care 884 cycle
Note:  x: Don't care
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Oscillator
(System clock)

Oscillator
(Other than the system clock)

ICLK

IRQ
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(System clock)

Oscillator
(Other than the system clock)
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IRQ

S 3

=TI
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Q
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[ ]

Software standby mode

When stabilization of the system clock oscillator is slower

A 4

tsevmc, tseyex, tseypc, tseype,
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===

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

Y

A
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Figure 2.34

Software Standby mode cancellation timing
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Deep Software Standby

Internal reset
(low is valid)

Oscillator | |

IRQ

£

”

£

£

—Ls—

UL

”

£

reset

(low is valid)

”

£

”

[(4

”

”

£

”

<

Deep Software Standby mode

tossy

toseywt

Reset exception handling start

Figure 2.35 Deep Software Standby mode cancellation timing
2.3.5 NMI and IRQ Noise Filter
Table 2.54 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 2.36

NMI interrupt input timing
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tiraw

Figure 2.37 IRQ interrupt input timing
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2.3.6 Bus Timing

Table 2.55 Bus timing (1 of 3)

Condition 1: When using the CS area controller (CSC).

VCC =VCC_DCDC =VBATT=1.62Vt036V,VCC2=1.62Vto3.63V

BCLK = 8 to 120 MHz, BCLKA = 8 to 120 MHz, EBCLK = 8 to 60 MHz (When VCC = VCC_USB = VBATT = 2.70 to 3.63 V)
BCLK = BCLKA = 8 to 60 MHz, EBCLK = 8 to 30 MHz (When VCC = VCC_USB = VBATT = 1.62 to 3.63 V)

Output load conditions: VOH = VCC % 0.5, VOL = VCC x 0.5, C = 30 pF

EBCLK: High drive output is selected in the port drive capability bit in the PmnPFS register.

Others: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 2: When using the SDRAM area controller (SDRAMC).

BCLK = SDCLK = 8 to 125 MHz, BCLKA = SDCLK = 8 to 133 MHz

VCC =VCC_DCDC = VBATT =3.0t0 3.63 V, VCC2 = 1.62 V to 3.63V

Output load conditions: VOH = VCC % 0.5, VOL = VCC x 0.5, C = 15 pF

SDCLK: High-speed high drive output is selected in the port drive capability bit in the PmnPFS register.
Others: High drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 3: When using the SDRAM area controller (SDRAMC) and CS area controller (CSC) simultaneously.
BCLK = SDCLK = 8 to 66 MHz, BCLKA = SDCLK = 8 to 66 MHz

VCC =VCC_DCDC = VBATT =3.0t0 3.63 V, VCC2 = 1.62 V to 3.63V

Output load conditions: VOH = VCC % 0.5, VOL = VCC x 0.5, C = 15 pF

EBCLK/SDCLK: High drive output is selected in the port drive capability bit in the PmnPFS register.

Others: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Parameter Condition VCC/VCC2 Symbol Min Max Unit Test conditions
Address delay Condition1 2.70 V or above taD 1.0 12.5 ns Figure 2.38 to Figure
1.62 V or above 1.0 12.5 ns 244
Condition3 3.0 V or above 1.0 10.8 ns
Byte control delay Condition1 2.70 V or above tBcD 1.0 12.5 ns
1.62 V or above 1.0 12.5 ns
Condition3 3.0 V or above 1.0 10.8 ns
CS delay Condition1 2.70 V or above tcsp 1.0 12.5 ns
1.62 V or above 1.0 12,5 ns
Condition3 3.0 V or above 1.0 10.8 ns
ALE delay time Condition1 2.70 V or above tALED 1.0 12.5 ns
1.62 V or above 1.0 12.5 ns
Condition3 3.0 V or above 1.0 10.8 ns
RD delay Condition1 2.70 V or above trsD 1.0 12.5 ns
1.62 V or above 1.0 12.5 ns
Condition3 3.0V or above 1.0 10.8 ns
Read data setup Condition1 2.70 V or above trRDS 12.5 — ns
time 1.62 V or above 20.5 — ns
Condition3 3.0 V or above 10.8 — ns
Read data hold time | Condition1 2.70 V or above tRDH 0 — ns
1.62 V or above 0 — ns
Condition3 3.0V or above 0 — ns
WR/WRn delay Condition1 2.70 V or above twrD 1.0 12.5 ns
1.62 V or above 1.0 12.5 ns
Condition3 3.0V or above 1.0 10.8 ns
Write data delay Condition1 2.70 V or above twpD — 12.5 ns
1.62 V or above — 12.5 ns
Condition3 3.0 V or above 1.0 10.8 ns
R01DS0436EJ0130 Rev.1.30 RENESAS Page 129 of 286

Feb 27, 2026



RA8T2 Datasheet 2. Electrical Characteristics

Table 2.55 Bus timing (2 of 3)

Condition 1: When using the CS area controller (CSC).
VCC =VCC_DCDC = VBATT=1.62Vt03.6V,VCC2=162Vt03.63V

BCLK = 8 to 120 MHz, BCLKA = 8 to 120 MHz, EBCLK = 8 to 60 MHz (When VCC = VCC_USB = VBATT = 2.70 to 3.63 V)

BCLK = BCLKA = 8 to 60 MHz, EBCLK = 8 to 30 MHz (When VCC = VCC_USB = VBATT = 1.62 to 3.63 V)
Output load conditions: VOH = VCC x 0.5, VOL = VCC x 0.5, C = 30 pF

EBCLK: High drive output is selected in the port drive capability bit in the PmnPFS register.

Others: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 2: When using the SDRAM area controller (SDRAMC).

BCLK = SDCLK = 8 to 125 MHz, BCLKA = SDCLK = 8 to 133 MHz

VCC =VCC_DCDC = VBATT =3.0t0 3.63 V, VCC2 = 1.62 V to 3.63V

Output load conditions: VOH = VCC x 0.5, VOL = VCC x 0.5, C = 15 pF

SDCLK: High-speed high drive output is selected in the port drive capability bit in the PmnPFS register.
Others: High drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 3: When using the SDRAM area controller (SDRAMC) and CS area controller (CSC) simultaneously.
BCLK = SDCLK = 8 to 66 MHz, BCLKA = SDCLK = 8 to 66 MHz

VCC =VCC_DCDC = VBATT =3.0t0 3.63 V, VCC2 = 1.62 V to 3.63V

Output load conditions: VOH = VCC x 0.5, VOL = VCC x 0.5, C = 15 pF

EBCLK/SDCLK: High drive output is selected in the port drive capability bit in the PmnPFS register.

Others: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Parameter Condition VCC/VCC2 Symbol Min Max Unit Test conditions
Write data hold time | Condition1 2.70 V or above twbH 1.0 — ns Figure 2.38 to Figure
1.62 V or above 1.0 — ns 244
Condition3 3.0 V or above 1.0 10.8 ns
WAIT setup time Condition1 2.70 V or above twTs 12.5 — ns
1.62 V or above 20.5 — ns
Condition3 3.0V or above 10.8 — ns
WAIT hold time Condition1 2.70 V or above twTH 0 — ns
1.62 V or above 0 — ns
Condition3 3.0V or above 0 — ns
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Table 2.55 Bus timing (3 of 3)

Condition 1: When using the CS area controller (CSC).
VCC =VCC_DCDC = VBATT=1.62Vt03.6V,VCC2=162Vt03.63V

BCLK = 8 to 120 MHz, BCLKA = 8 to 120 MHz, EBCLK = 8 to 60 MHz (When VCC = VCC_USB = VBATT = 2.70 to 3.63 V)

BCLK = BCLKA = 8 to 60 MHz, EBCLK = 8 to 30 MHz (When VCC = VCC_USB = VBATT = 1.62 to 3.63 V)
Output load conditions: VOH = VCC x 0.5, VOL = VCC x 0.5, C = 30 pF

EBCLK: High drive output is selected in the port drive capability bit in the PmnPFS register.

Others: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 2: When using the SDRAM area controller (SDRAMC).

BCLK = SDCLK = 8 to 125 MHz, BCLKA = SDCLK = 8 to 133 MHz

VCC =VCC_DCDC = VBATT =3.0t0 3.63 V, VCC2 = 1.62 V to 3.63V

Output load conditions: VOH = VCC x 0.5, VOL = VCC x 0.5, C = 15 pF

SDCLK: High-speed high drive output is selected in the port drive capability bit in the PmnPFS register.
Others: High drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 3: When using the SDRAM area controller (SDRAMC) and CS area controller (CSC) simultaneously.
BCLK = SDCLK = 8 to 66 MHz, BCLKA = SDCLK = 8 to 66 MHz

VCC =VCC_DCDC = VBATT =3.0t0 3.63 V, VCC2 = 1.62 V to 3.63V

Output load conditions: VOH = VCC x 0.5, VOL = VCC x 0.5, C = 15 pF

EBCLK/SDCLK: High drive output is selected in the port drive capability bit in the PmnPFS register.

Others: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Parameter Condition VCC/VCC2 Symbol Min Max Unit Test conditions
Address delay 2 Condition 2 3.0 V or above taD2 0.8 6.0 ns Figure 2.45 to Figure
(SDRAM) — 2.51
Condition 3 3.0V or above 0.8 10
CS delay 2 Condition 2 3.0V or above tcsp2 0.8 6.0 ns
(SDRAM) "
Condition 3 3.0 V or above 0.8 10
DQM delay Condition 2 3.0 V or above tbavp 0.8 6.0 ns
(SDRAM) "
Condition 3 3.0V or above 0.8 10
CKE delay (SDRAM) | Condition 2 3.0 V or above tckep 0.8 6.0 ns
Condition 3 3.0 V or above 0.8 10
Read data setup Condition 2 3.0V or above tRDS2 21 — ns
time 2 (SDRAM) —
Condition 3 3.0 V or above 6.1 —
Read data hold time | Condition 2 3.0 V or above tRDH2 1.5 — ns
2 (SDRAM) "
Condition 3 3.0V or above 1.5 —
Write data delay 2 Condition 2 3.0 V or above twpD2 — 6.0 ns
(SDRAM) "
Condition 3 3.0 V or above — 10
Write data hold time | Condition 2 3.0 V or above twpH2 0.8 — ns
2 (SDRAM) "
Condition 3 3.0V or above 0.8 —
WE delay (SDRAM) | Condition 2 3.0 V or above twep 0.8 6.0 ns
Condition 3 3.0 V or above 0.8 10
RAS delay (SDRAM) | Condition 2 3.0V or above trRASD 0.8 6.0 ns
Condition 3 3.0V or above 0.8 10
CAS delay (SDRAM) | Condition 2 3.0 V or above tcasp 0.8 6.0 ns
Condition 3 3.0V or above 0.8 10
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Byte strobe mode
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External bus timing for normal read cycle with bus clock synchronized
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CSWWAIT: 2

WRON: 1
WDON: 1*

CSON:0
Tw1

Tw2

Tend

CSWOFF: 2

WDOFF: 1*1

Tt

EBCLK _][_\ ][

Byte strobe mode

o

k| tap
A23 to AOO
1-write strobe mode
l«—»{ taD
A23 to AO1
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BC3 to BCO
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Common to both byte strobe mode
and 1-write strobe mode

CS7to CSO

l«—» tcsp
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WR3 to WRO, WR (write)

twrp
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D31 to DOO (write)
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Note 1. Always specify WDON and WDOFF as at least one EBCLK cycle.

Figure 2.41

External bus timing for normal write cycle with bus clock synchronized
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CSRWAIT:2 CSPRWAIT:2 CSPRWAIT:2 CSPRWAIT:2
RDON:1 RDON:1 RDON:1 RDON:1 CSROFF:2
CSON:0
Twi Twz Tend Towt Towz Tend Towt Towz Tend Towt Towz Tend Tot Tn2
EBCLK Jh\_}h\_}h\_}h\_}h\_}h\_}h\—/h\—]h\—]h\—]h\—]h\—]%%
Byte strobe mode
tap tao |Jto tan ||t
A23 to AOO
1-write strobe mode tap tap Itap tap | |to
A23 to A01

taco teco
BC3 to BCO

Common to both byte strobe mode
and 1-write strobe mode

toso _yteso
CS7 to CSO :1 ]L

trsD trsD trsD trsD trsp trsD trsD trsD
RD (Read) F‘Jﬁ X}\
tro: troH tros trROH tros troH tros troH
D31 to DOO (Read)

Figure 2.42 External bus timing for page read cycle with bus clock synchronized
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WRON:1
WRON:1 WRON:1
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EBCLK _ g
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A23 to A01
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CS7to CSO
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WR3 to WR0, WR (write) Yﬁ
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.% o 122 ] twon .Tf\/ < twor
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Note 1. Always specify WDON and WDOFF as at least one EBCLK cycle.

Figure 2.43 External bus timing for page write cycle with bus clock synchronized
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CSRWAIT:3
CSWWAIT:3

Tw1 Tw2 Tws (Tend) Tend T Tn2

EBCLK [\ \ (N \ \ \
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A23 to AOO X X

CS7 to CSO __\ /

RD (read) \ /

WR (write) \ /

External wait
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Figure 2.44 External bus timing for external wait control
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SDRAM command ACT RD PRA
SDCLK _7[_\_7[_\_7[_\_7[_\_7[_\_7(_\_](_\_7 .
tap2 tab2 tap2 tap2
A16 to A0O ] % ad%?:;vs % Column address & &
tapb2 tapb2 tap2 tap2
1 R
1 PRA
AP command L_
tcsp2 tcso2 tcso2 tcsp2 tcsp2 tcsp2
sbcs | ;L 7\( SL _7‘( ;l‘ ;ll
trASD trRASD trASD trASD
RAS | jﬁ Jl ;ll
tcasp tcasp
CAS
twep twep
WE jﬁ ;L
High
CKE (High)
toamp
DQMn |
tros2 | tROH2
DQ31 to DQOO
Figure 2.45 SDRAM single read timing
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Figure 2.46 SDRAM single write timing

R01DS0436EJ0130 Rev.1.30
Feb 27, 2026

RENESAS

Page 138 of 286



RA8T2 Datasheet

2. Electrical Characteristics
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Figure 2.47

SDRAM multiple read timing
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Figure 2.48 SDRAM multiple write timing
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SDRAM multiple read line stride timing
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SDRAM mode register set timing
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SDRAM command Ts (RFA) (RFS) (RFX) (RFA)
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taD2 tap2
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(e |y (
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Figure 2.51 SDRAM self-refresh timing

2.3.7 I/0 Ports, POEG, GPT, AGT, ULPT and ADC Trigger Timing

Table 2.56 1/0 ports, POEG, GPT, AGT, ULPT and ADC trigger timing (1 of 4)

GPT32 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 2.52
EXCIN input frequency tExCIN — 36 kHz
RTCICn (n = 0 to 2) input pulse width trRTCICW 13.89 |[— us Figure 2.53
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Table 2.56 1/0 ports, POEG, GPT, AGT, ULPT and ADC trigger timing (2 of 4)

GPT32 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
POEG POEG input trigger pulse width tPoEW 3 — tpeyc Figure 2.54
Output disable time Input level tPoEGDI — 2 us Figure 2.55
detection of PCLK When the digital
the GTETRGn B+ noise filter is
pin (via flag) 0.34 not in use
(POEGGN.NFEN =0
(n=Ato D))
Detection of tPOEGDE — 0.5 us Figure 2.56
the output
stopping signal
from GPT
(deadtime
error,
simultaneous
high output, or
simultaneous
low output)
Edge detection | tpogepc | — 3 us Figure 2.57
signal from a PCLK The time is that
comparator B+ when the noise
0.5 filter for ACMPHS
is not in use
(CMPCTL.CDFS
[1:0] = 00b) and
excludes the time
for detection by
ACMPHS.
Register tPOEGDS — 0.3 us Figure 2.58
setting Time for access to
the register is not
included.
Oscillation stop | tpoegpos | — 1.3 us Figure 2.59
detection
Level detection | tpoecpDc | — 0.5 us Figure 2.60
signal from a The time is that
comparator when the noise
filter for ACMPHS
is not in use
(CMPCTL.CDFS
[1:0] = 00b) and
excludes the time
for detection by
ACMPHS.
Overcurrent tPOEGDER | — 0.5 us Figure 2.61
Detection R The time is that
Window when the noise
Notification filter for ACMPHS
detection from is not in use
DSMIF (CMPCTL.CDFS
[1:0] = 00b) and
excludes the time
for detection by
ACMPHS.
R01DS0436EJ0130 Rev.1.30 RENESAS Page 144 of 286

Feb 27, 2026



RA8T2 Datasheet 2. Electrical Characteristics

Table 2.56 1/0 ports, POEG, GPT, AGT, ULPT and ADC trigger timing (3 of 4)

GPT32 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
GPT Input capture pulse width (Cycle) Single edge teTicw ! 1.5 — tPDeyc Figure 2.62
Dual edge 2.5 —
Input capture pulse width (Times) 2.70Vor teTicw'! 8.3 — ns
above
1.62Vor 100 |[—
above
GTIOCXY output skew Middle drive | 2.70 V or taTIsSK — 4 ns Figure 2.63
(x=0to3,Y=AorB) output above
1.62Vor — 6
above
High drive  [2.70 V or 3.5
output above
1.62Vor 4.5
above
GTIOCXY output skew Middle drive | 2.70 V or — 4
(x=4t013,Y=AorB) output above
1.62V or — 6
above
High drive [2.70 V or — 3.5
output above
1.62 Vor — 4.5
above
GTIOCXY output skew Middle drive | 2.70 V or — 6
(x=0t013,Y=AorB) output above
1.62Vor — 7
above
High drive  [2.70 V or — 3.5
output above
1.62Vor — 5
above
OPS output skew Middle drive | 2.70 V or teTOsKk — 5 ns Figure 2.64
GTOUUP, GTOULO, output above
GTOVUP, GTOVLO,
GTOWUP, GTOWLO 1.62 V or — |8
above
GPT (PWM GTIOCXY output skew Middle drive | 2.70 V or tHRSK — 4 ns Figure 2.65
Delay (x=0to3,Y=AorB) output above
Generation
Circuit) 1.62Vor — 6
above
High drive [2.70 V or — 3.5
output above
1.62 Vor — 5
above
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Table 2.56

GPT32 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.

1/0 ports, POEG, GPT, AGT, ULPT and ADC trigger timing (4 of 4)

Parameter Symbol Min Max Unit Test conditions
AGT AGTIO, AGTEE input cycle 2.70V or tacyc 2 100 — ns Figure 2.66
above
1.62Vor 100 —
above
AGTIO, AGTEE input high width, low 2.70Vor tACKWH> 40 — ns
width above tackwL
1.62Vor 40 —
above
AGTIO, AGTO, AGTOA, AGTOB output |2.70 V or tacyce 625 |— ns
cycle above
1.62Vor 625 |—
above
ULPT ULPTEE, ULPTEVI input cycle 2.70 Vor tuLcyc® |32 — us Figure 2.67
above
1.62 Vor 32 —
above
ULPTEE, ULPTVI input high width, low [ 2.70 V or tuLckwH, |12 — us
width above tuLckwL
1.62Vor 12 —
above
ULPTO, ULPTOA, ULPTOB output cycle | 2.70 V or tuLcycz 64 — us
above
1.62Vor 64 —
above
ADC ADC trigger input pulse width 2.70Vor tTReW 1.5 — taDcyc Figure 2.68
above
1.62Vor 3.0 —
above

Note:  ticyc: ICLK cycle, tpeyc: PCLKB cycle, tppeye: GTCLK cycle, ty prLcLk: ULPTLCLK cycle, tapeyc: ADCLK cycle.
Note 1. For Cycle and Time, the longer time characteristics are 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: tpeye % 2 < tyLcyc should be satisfied.
ULPTEE: ty pTLCLK X 2 < tyLcyc should be satisfied.

Port >% }<
" trrRw i
Figure 2.52 1/0 ports input timing
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RTCICn
(n=0to02)
”

tRTCICW

A

Figure 2.53 RTCICn input timing

POEG input trigger % }<

troEwW

Figure 2.54 POEG input trigger timing

GTETRGN input
(n=AtoD)

<

oty
L_J
<

A4

troEGW

POEGGN.PIDF flag /
(n=AtoD)

Outputs disabled

A
[—

GPT PWM output pins

troEGDI

Output Disable Time for POEG via Detection Flag in Response to the Input Level Detection of

Figure 2.55
the GTETRGnN pin
Output stopping signal r
from GPT™' ]

A\ Outputs disabled
[—

GPT PWM output pins

troEGDE

Note 1. GPT32n.GTST.DTEF (dead time error flag), GPT32n.GTST.OABLF (simultaneous low output flag), or
GPT32n.GTST.OABHF (simultaneous high output flag)

Output Disable Time for POEG in Response to Detection of the Output Stopping Signal from
GPT

Figure 2.56
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ACMPHSnN edge detection
signal (n =0 to 5) ]
tputs disabl
GPT PWM output pins jEOU puts disabled

troEGDC

Figure 2.57 Output Disable Time for POEG in Response to Edge Detection Signal from a Comparator

POEGGN.SSF bit
(n=AtoD) 7
GPT PWM output pins j[—OUtpUtS disabled
troEGDS !
Figure 2.58 Output Disable Time for POEG in Response to the Register Setting
Main clock | | ” |‘n~r
Oscillation stop detection r
signal (internal signal) ]
GPT PWM output pins j[—OUtpUtS disabled
tPoEGDOS !
Figure 2.59 Output Disable Time of POEG in Response to the Oscillation Stop Detection
ACMPHSN level detection r
signal (n =0 to 5) ]
GPT PWM output pins j[—Outputs disabled
troEGDDC .

Figure 2.60 Output Disable Time for POEG in Response to Level Detection Signal from a Comparator
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Output stopping signal r
from DSMIF ]
tputs disabl
GPT PWM output pins jEOU puts disabled

troEGDE

Figure 2.61 Output Disable Time for POEG in Response to Detection of the Output Stopping Signal from
DSMIF

Input capture % }<

teTicw

Figure 2.62 GPT input capture timing

wo [\ )\ S L

Output delay
—

GPT output

temisk

Figure 2.63 GPT output delay skew

wo [\ [\ S S LS

Output delay

GPT output

A4

teTosk

Figure 2.64 GPT output delay skew for OPS
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o [\ S\ S

Qutput delay
|
GPT output

(PWM delay
generation

circuit)

tHRsK

Figure 2.65 GPT (PDG) output delay skew

<
<

te—— tackwL

tacvc

le—— tackwH —>|

A4

AGTIO, AGTEE \ / \
(input) X
|
< tacycz »

AGTIO, AGTO,

AGTOA, AGTOB

(output)
Figure 2.66 AGT input/output timing
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ULPTEE, ULPTVI
(input)

ULPTO,

ULPTOA, ULPTOB \
(output)

<

te—— tuLckwi

tuLcye

te— tuLckwH——>

e tucyczc ————>|

Figure 2.67

ULPT input/output timing

ADTRGO,
ADTRG1

N S

trrRew

Figure 2.68

2.3.8

Table 2.57

ADC trigger input timing

CAC Timing

CAC timing

Parameter

Symbol

Min

Typ

Max

Unit

Test conditions

CAC

CACREEF input pulse
width

tPchc <tcac !

tpBeyc > teac !

tcAcrRer

4.5 X teac + 3 X tppeyc

ns

5 X teac + 6.5 X tppeyc

ns

Note:

tpecyc: PCLKB cycle.

Note 1. tcac: CAC count clock source cycle.
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239 SCI Timing

Table 2.58 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/O and VCC2 /O, characteristics below is guaranteed only when VCC = VCC2.

Parameter VCC/VCC2 Symbol Min Max Unit Note
Input clock cycle 1.62 V or above tscye 4.0 — teye Figure 2.69
Input clock pulse width 1.62 V or above tsckw 0.4 0.6 tscyc
Input clock rise time 1.62 V or above tsckr — 0.1 tseye
Input clock fall time 1.62 V or above tscks — 0.1 tseyc
Output clock cycle 1.62 V or above tseyc 6.0 — treye
Output clock pulse width 1.62 V or above tsckw 0.4 0.6 tseye
Output clock rise time 2.70 V or above tsckr — 3.3 ns
1.62 V or above — 6.6
Output clock fall time 2.70 V or above tsckf — 3.3 ns
1.62 V or above — 6.6

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

tsckw tsckr tscks
< » D
A \ A
SCKn
/) [
< tScyc >
Note: n=0to4,9

Figure 2.69 SCK clock input/output timing
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Table 2.59

SCI timing (Simple SPI) (1 of 3)

Condition 1: VCC/VCC2 = 2.70 V or above
High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

If SCI pins are specified across the VCC I/0 and VCC2 /O, characteristics below is guaranteed only when VCC = VCC2.

Condition 2: VCC/VCC2 = 1.62 V or above

Following pins have high-speed high-drive output selected in the Port Drive Capability bit in the PmnPFS register: SCK1_A, SCK1_C,
SCK3_A, SCK4_A, SCK4_B, SCK4_C and SCK6_B
Other pins have high drive output is selected in the Port Drive Capability bit in the PmnPFS register.
If SCI pins are specified across the VCC I/0 and VCC2 1/O, characteristics below is guaranteed only when VCC=VCC2.

High
Speed/
Parameter Default VCC/VCC2 Symbol Min Max Unit | Note
SCK clock cycle Master |— 2.70 V or above tspeyc 2 (TCLK = 120MHz) (65536 | treyc | Figure 2.70
output 4 (TCLK >
120MHz)
1.62 V or above 2 (TCLK < 60MHz) |65536
4 (TCLK < 120MHz)
8 (TCLK >
120MHz)
SCK clock cycle Slave — 2.70 V or above 2 —
input
npu 1.62 V or above 2 (TCLK < 100MHz) | —
4 (TCLK >
100MHz)
SCK clock high Master |— 1.62 V or above tSPCKWH 0.4 — tsPeyc
pulse width
Slave —
SCK clock low Master |— 1.62 V or above tspckwL 0.4 — tsPeyc
pulse width
Slave —
SCK clock rise and | Output | — 2.70 V or above tspckr, — 3.3 ns
fall ti
atfime 1.62 V or above tspeks — 6.6
Input — 2.70 V or above — 0.1 |tspeyc
1.62 V or above — 0.173
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Table 2.59 SCI timing (Simple SPI) (2 of 3)

Condition 1: VCC/VCC2 = 2.70 V or above

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

If SCI pins are specified across the VCC I/0 and VCC2 /O, characteristics below is guaranteed only when VCC = VCC2.

Condition 2: VCC/VCC2 = 1.62 V or above

Following pins have high-speed high-drive output selected in the Port Drive Capability bit in the PmnPFS register: SCK1_A, SCK1_C,
SCK3_A, SCK4_A, SCK4_B, SCK4_C and SCK6_B

Other pins have high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

If SCI pins are specified across the VCC I/0 and VCC2 1/O, characteristics below is guaranteed only when VCC=VCC2.

High
Speed/
Parameter Default VCC/VCC2 Symbol Min Max Unit | Note
Data input setup Master | High 2.70 V or above tsu -1.5 — ns Figure 2.71,
fime Speed™ 55V or above 15 — Figure 2.72
Default™ 2.70 V or above 2.0 —
1.62 V or above 2.0 —
Slave Default™? 2.70 V or above 2.5 —
1.62 V or above 4.5 —
Data input hold Master | High 2.70 V or above ty 7.5 — ns
fime Speed”™ 765V or above 95 —
Default™ 2.70 V or above 7.5 —
1.62 V or above 9.5 —
Slave Default™? 2.70 V or above 2.5 —
1.62 V or above 4.5 —
Data output delay | Master | High 2.70 V or above top — 3.0 ns
Speed” 765V or above — 45
Default™? 2.70 V or above — 3.5
1.62V or above — 5.5
Slave High 2.70 V or above — 12.5
Speed”™ 765V or above — 205
Default™ 2.70 V or above — 18.5
1.62 V or above — 26.5
Data output hold Master | High 2.70 V or above toH -3.0 — ns
fime Speed’” 1.62 V or above -4.5 —
Default™ 2.70 V or above -35 —
1.62 V or above -5.5 —
Slave Default™? 2.70 V or above 0.0 —
1.62 V or above 0.0 —
Data rise and fall Output | — 2.70 V or above tor, tof — 3.3 ns
fime 1.62 V or above — 6.6
Input — 2.70 V or above — 1
1.62 V or above — 1
SS input setup time — 1.62 V or above tLEAD 1.0 — tspeye | Figure 2.73,
SS input hold time — 1.62 V or above tLAG 1.0 — tspeyc Figure 2.74
SS input rise and fall time — 1.62 V or above tssir tssif | — 1 us —
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Table 2.59 SCI timing (Simple SPI) (3 of 3)

Condition 1: VCC/VCC2 = 2.70 V or above

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

If SCI pins are specified across the VCC I/0 and VCC2 /O, characteristics below is guaranteed only when VCC = VCC2.

Condition 2: VCC/VCC2 = 1.62 V or above

Following pins have high-speed high-drive output selected in the Port Drive Capability bit in the PmnPFS register: SCK1_A, SCK1_C,
SCK3_A, SCK4_A, SCK4_B, SCK4_C and SCK6_B

Other pins have high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

If SCI pins are specified across the VCC I/0 and VCC2 1/O, characteristics below is guaranteed only when VCC=VCC2.

High
Speed/
Parameter Default VCC/VCC2 Symbol Min Max Unit | Note

Slave access time — 2.70 V or above tsa — 3 x ns Figure 2.73,
treye + Figure 2.74
25

1.62 V or above — 3 x
treye +
32

Slave output release time — 2.70 V or above tREL — 3 x ns
tTcyc +
25

1.62 V or above — 3%

treye +
32

Note:  treyc: 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 and SCI5 are instance _B, SCI6, SCI7 and SCI8 are instance _C.

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

Note 3. 1 ys at the longest

Table 2.60 SCI timing (Clock synchronous mode) (1 of 2)

Condition 1: VCC/VCC2 = 2.70 V or above

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

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

Condition 2: VCC/VCC2 = 1.62 V or above

Following pins have high-speed high-drive output selected in the Port Drive Capability bit in the PmnPFS register: SCK1_A, SCK1_C,
SCK3_A, SCK4_A, SCK4_B, SCK4_C and SCK6_B

Other pins have high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

If SCI pins are specified across the VCC 1/O and VCC2 /O, characteristics below is guaranteed only when VCC=VCC2.

High
Speed/
Parameter Default VCC/VCC2 Symbol Min Max Unit | Note
SCK clock cycle Master |— 2.70 V or above tscye 2 (TCLK £ 120MHz) | — teye
output 4 (TCLK >
120MHz)
1.62 V or above 2 (TCLK £ 60MHz) |[—
4 (TCLK < 120MHz)
8 (TCLK >
120MHz)
SCK clock cycle Slave — 2.70 V or above 2 —
input
npu 1.62 V or above 2 (TCLK < 100MHz) | —
4 (TCLK >
100MHz)
SCK clock high Master |— 1.62 V or above tsckwH 0.4 0.6 tscyc
pulse width
Slave 1.62 V or above
SCK clock low Master |— 1.62 V or above tsckwL 0.4 0.6 tscyc
pulse width
Slave 1.62 V or above
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Table 2.60 SCI timing (Clock synchronous mode) (2 of 2)

Condition 1: VCC/VCC2 = 2.70 V or above

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 /O, characteristics below is guaranteed only when VCC = VCC2.

Condition 2: VCC/VCC2 = 1.62 V or above

Following pins have high-speed high-drive output selected in the Port Drive Capability bit in the PmnPFS register: SCK1_A, SCK1_C,
SCK3_A, SCK4_A, SCK4_B, SCK4_C and SCK6_B

Other pins have high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

If SCI pins are specified across the VCC I/0 and VCC2 1/O, characteristics below is guaranteed only when VCC=VCC2.

High
Speed/
Parameter Default VCC/VCC2 Symbol Min Max Unit | Note
SCK clock rise and | OQutput | — 2.70 V or above tsckr tsckf | — 3.3 ns
fall time 1.62 V or above — 6.6
Input — 1.62 V or above — 0.1 |tscye
Data input setup Master | High 2.70 V or above tsu 2.6 — ns
fime Speed”™ 1765V or above 26 —
Default™ 2.70 V or above 2.8 —
1.62 V or above 2.8 —
Slave Default™? 2.70 V or above 3.3 —
1.62 V or above 53 —
Data input hold Master | High 2.70 V or above ty 7.5 — ns
fime Speed™ 765\ or above 95 —
Default™? 2.70 V or above 7.5 —
1.62 V or above 9.5 —
Slave Default™ 2.70 V or above 3.0 —
1.62 V or above 5.0 —
Data output delay | Master | High 2.70 V or above top — 5 ns
Speed™ 65V or above — 5
Default™ 2.70 V or above — 7.3
1.62 V or above — 7.3
Slave High 2.70 V or above — 12.5
Speed”™ 7765\ or above — 205
Default™? 2.70 V or above — 18.5
1.62 V or above — 26.5
pata rise and fall Output | — 2.70 V or above tor, tof — 3.3 ns
time 1,62V or above — 6.6
Input — 1.62 V or above — 1 us

Note:  treye: TCLK cycle.

Note 1. Must use pins that have a letter appended to their name, for instance _A, _B, _C, to indicate group membership. SCIO0, SCI1, SCI2,
SCI3 and SCI9 are instance _A, SCI4 and SCI5 are instance _B, SCI6, SCI7 and SCI8 are instance _C.

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

Note 3. 1 ps at the longest
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SCKn
master select
output

SCKn

Note: n=0to4,9

slave select input

tspckr

tspckwL

ts Pcyc

tspeke

tspckr

tspckwL

tspeke

I€

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

P

Figure 2.70 SCI simple SPI mode clock timing
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Figure 2.71 SCI simple SPI mode timing for master when CPHA =0
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SCKn N /

CPOL = 1 ¥ X /
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Figure 2.72 SCI simple SPI mode timing for master when CPHA =1
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Figure 2.73 SCI simple SPI mode timing for slave when CPHA =0
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-
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)
tsu tH tor, tor
input
Note: n=0to4,9
Figure 2.74 SCI simple SPI mode timing for slave when CPHA =1
Table 2.61 SCI timing (Simple IIC mode)
Conditions:
Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
VCC/VCC2 : 1.62 V or above
If SCI pins are specified across the VCC 1/0 and VCC2 /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 treyc 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

| |
| ! |
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S\ i
|
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b b
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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 2.75 SCI simple lIC mode timing
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2.3.10

Table 2.62
Conditions:

SPI Timing

SPI timing (1 of 5)

1. High-speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:
RSPCLKA_B, RSPCLKB_B.

For other pins, 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”.

High Speed/
Parameter Default VCC/VCC2 Symbol | Min Max Unit | Note
RSPCK clock | Master High Speed’! |3.00 V or above | tspcyc 2 4096 treye | Figure 2.76
cycle

High Speed™ |2.70 V or above 2 (TCLK < 166.6MHz) 4096
4 (TCLK > 166.6 MHz)

High Speed™ | 1.62 V or above 2 (TCLK < 83.3MHz) 4096
4 (TCLK < 166.6 MHz)
8 (TCLK > 166.6 MHz)

Default™ 3.00 V or above 2 (TCLK < 166.6 MHz) 4096
4 (TCLK > 166.6 MHz)

Default™ 2.70 V or above 2 (TCLK < 120MHz) 4096
4 (TCLK < 240 MHz)
8 (TCLK > 240 MHz)

Default™ 1.62 V or above 2 (TCLK < 60 MHz) 4096
4 (TCLK < 120 MHz)
8 (TCLK < 240 MHz)
16 (TCLK > 240 MHz)

Slave High Speed™! | 3.00 V or above 2 (TCLK < 266 MHz) —

4 (TCLK > 266 MHz)

High Speed™ |2.70 V or above 2 (TCLK < 166.6 MHz) —
4 (TCLK > 166.6 MHz)

High Speed™ | 1.62V or above 2 (TCLK < 83.3MHz) —
4 (TCLK < 166.6 MHz)
8 (TCLK > 166.6 MHz)

Default™ 3.00 V or above 2 (TCLK < 166.6 MHz) —
4 (TCLK > 166.6 MHz)

Default™ 2.70 V or above 2 (TCLK = 120 MHz) —
4 (TCLK < 240 MHz)
8 (TCLK > 240 MHz)

Default™ 1.62 V or above 2 (TCLK < 60 MHz) —
4 (TCLK < 120 MHz)
8 (TCLK =< 240 MHz)
16 (TCLK > 240 MHz)
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Table 2.62 SPI timing (2 of 5)
Conditions:

1. High-speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:
RSPCLKA_B, RSPCLKB_B.
For other pins, 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”.

High Speed/
Parameter Default VCC/VCC2 Symbol | Min Max Unit | Note
RSPCK clock | Master |— 3.00 V or above |tspckwH | (tspcyc — tspckr—tspeke) /2 — | — ns Figure 2.76
high pulse 1
width
— 2.70 V or above (tspeyc — tspekr — tspekf) / 2 — | —
2
— 1.62 V or above (tspeyc — tspekr — tspekf) / 2= | —
3
Slave — 1.62 V or above 0.4 — tspeyc
RSPCK clock | Master — 3.00 V or above |tspckwL | (tspeyc — tspckr —tspeks) /2 — | — ns
low pulse 1
width
— 2.70 V or above (tspeyc — tspckr — tspeks) / 2 — | —
2
— 1.62 V or above (tspeyc — tspckr — tspckf) / 2 — | —
3
Slave — 1.62 V or above 0.4 — tspeyc
RSPCK clock | Output High Speed™! |3.00 V or above |tspckr, — 0.80 ns
rise and fall tspcks
time High Speed™! |2.70 V or above — 1.40
High Speed™ | 1.62V or above — 2.50
Default™ 3.00 V or above — 1.66
Default™ 2.70 V or above — 3.30
Default™ 1.62 V or above — 6.60
Input — 3.00 V or above — 0.173 us
— 2.70 V or above — 0.173
— 1.62 V or above — 0.173
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Table 2.62 SPI timing (3 of 5)
Conditions:

1. High-speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:
RSPCLKA_B, RSPCLKB_B.
For other pins, 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”.

High Speed/
Parameter Default VCC/VCC2 Symbol | Min Max Unit | Note
Data input Master |— 3.00 V or above |tsy -2.5 — ns Figure 2.77,
setup time Figure 2.78
— 2.70 V or above 0.0 —
— 1.62 V or above 0.0 —
Slave High Speed™ | 3.00 V or above 1.5 —
High Speed™ |2.70 V or above 1.5 —
High Speed™ | 1.62 V or above 1.5 _
Default™ 3.00 V or above 25 —
Default™ 2.70 V or above 25 _
Default™ 1.62 V or above 2.5 —
Data input Master |— 3.00 V or above |ty 7.5 — ns
hold time
— 2.70 V or above 7.5 —
— 1.62 V or above 9.5 —
Slave High Speed™ | 3.00 V or above 1.5 —
High Speed™! |2.70 V or above 1.5 —
High Speed™! | 1.62 V or above 1.5 —
Default™ 3.00 V or above 2.5 —
Default™2 2.70 V or above 2.5 —
Default™ 1.62 V or above 55 _
SSL setup Master |— 3.00 V or above |t gap 1 % tgpgyc = 10 8 X tgpcyc | NS Figure 2.77,
time +10 Figure 2.78
— 2.70 V or above 1 % tspeyc — 10 8 x tspeyc
+10
— 1.62 V or above 1 % tspeyc = 10 8 x tspeyc
+10
Slave — 3.00 V or above 5.0 — treyc
— 2.70 V or above 5.0 —
— 1.62 V or above 5.0 —
SSL hold Master |— 3.00 Vor above |t ac 1 % tgpeyc = 10 8 X tgpcyc | NS
time +10
— 2.70 V or above 1 % tspeyc — 10 8 X tspeyc
+10
— 1.62 V or above 1 % tspeyc— 10 8 x tspeyc
+10
Slave — 3.00 V or above 5.0 — treyc
— 2.70 V or above 5.0 —
— 1.62 V or above 5.0 —
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Table 2.62 SPI timing (4 of 5)
Conditions:

1. High-speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:
RSPCLKA_B, RSPCLKB_B.
For other pins, 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”.

High Speed/
Parameter Default VCC/VCC2 Symbol | Min Max Unit | Note
TI SSP SS Slave — 3.00 V or above |triss 2.5 — ns Figure 2.82
input setup
time — 2.70 V or above 25 —
— 1.62 V or above 2.5 —
TI SSP SS Slave — 3.00 V or above |t1isH 2.5 — ns
input hold
time — 2.70 V or above 2.5 _
— 1.62 V or above 5.5 —
TI SSP next- | Slave — 3.00 V or above |trinD 2 % tygyc + SLNDL X tyeye — ns
access time
— 2.70 V or above 2 % toyc + SLNDL * treye —
— 1.62 V or above 2 % toye + SLNDL * treye —
TI SSP Master |— 3.00 Vorabove |trissop |— 4.0 ns Figure 2.79
master SS
output delay — 2.70 V or above — 8.0
— 1.62 V or above — 8.0
Data output | Master | — 3.00 V or above | top1 — 2.0 ns Figure 2.77,
delay time Figure 2.78
— 2.70 V or above — 3.0
— 1.62 V or above — 6.0
High Speed™! |3.00 V or above |top — 15
High Speed™! |2.70 V or above — 25
High Speed™ | 1.62V or above — 45
Default™ 3.00 V or above — 25
Default™ 2.70 V or above — 25
Default™ 1.62 V or above — 45
Slave — 3.00 V or above |top — 10.0
— 2.70 V or above — 13.5
— 1.62 V or above — 21.5
Data output Master High Speed™! |3.00 V or above |toy -1.5 — ns
hold time
High Speed™ |2.70 V or above -2.5 —
High Speed™ | 1.62 V or above -45 _
Default™ 3.00 V or above -2.5 —
Default™ 2.70 V or above -2.5 —
Default™ 1.62 V or above -45 _
Slave — 3.00 V or above 0.0 —
— 2.70 V or above 0.0 —
— 1.62 V or above 0.0 —
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Table 2.62 SPI timing (5 of 5)
Conditions:

1. High-speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:
RSPCLKA_B, RSPCLKB_B.
For other pins, 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”.

High Speed/
Parameter Default VCC/VCC2 Symbol | Min Max Unit | Note
Successive Master |— 3.00 Vorabove |trp tspeyc + 2 % treyc 8 X tgpeyc | Ns Figure 2.77,
transmission +2 % tyeye Figure 2.78
delay time
— 2.70 V or above tspeyc + 2 % treye 8 X tgpeyc
+2x tTcyc
— 1.62 V or above tspeyc + 2 * treye 8 x tspeyc
+2x tTcyc
Slave — 3.00 V or above treyc — ns
— 2.70 V or above treye —
— 1.62 V or above treye —
MOSI and Output — 3.00 V or above |tp, tpf — 1.66 ns
MISO rise
and fall time —_ 2.70 V or above —_ 3.30
— 1.62V or above — 6.60
Input — 3.00 V or above — 1.0 us
— 2.70 V or above — 1.0
— 1.62 V or above — 1.0
SSL rise and | Output — 3.00- V or above |tssir, — 1.66 ns
fall time tssLf
— 2.70 V or above — 3.30
— 1.62 V or above — 6.60
Input — 3.00 V or above — 1.0 us
— 2.70 V or above — 1.0
— 1.62 V or above — 1.0
Slave access | Slave — 3.00 V or above |tga — 20.0 ns Figure 2.80,
time Figure 2.81
— 2.70 V or above — 20.0
— 1.62 V or above — 25.0
Slave output | Slave — 3.00 V or above |trgL — 20.0 ns
release time
— 2.70 V or above — 20.0
— 1.62 V or above — 25.0

Note:  treyct TCLK cycle.

Note 1. Must use pins that have a letter appended to their name, for instance _A, _B, to indicate group membership. SPI0 and SPI1 are
instance _B.

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

Note 3. 1 ys at the longest
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2.3.11 OSPI Timing

Table 2.63  OSPI timing (1 of 9)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_SCLK,
OM_n_SCLKN, OM_n_SIO7-0, OM_n_DQS.

Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_CS0, OM_n_CS1.
Load capacitance C = 15pF

ltem Symbol VCC/vCC2 | vDD Min Max Unit | Note

Cycle time SDR without tPERIOD 2.70Vor VSCR_1, 16.67 — ns Figure 2.84
OM_DQS above voltage
range 1

VSCR_2,
voltage
range 2

1.62Vto VSCR_1, |[20.00 —
2.00V voltage
range 1

VSCR_2,
voltage
range 2

SDR with tPERIOD 270Vor |VSCR_1, [6.00 — ns
OM_DQS/DDR above voltage
range 1

VSCR_2, |7.50 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Clock output slew rate tsRek 270Vor |VSCR_1, 0.94 — Vins | Figure 2.84
above voltage
range 1

VSCR_2, |0.75 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Clock Duty cycle-distortion tckpep 270Vor |VSCR_1, 0 0.3 ns Figure 2.84
above voltage
range 1

VSCR 2, |0 0.375
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2
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Table 2.63 OSPI timing (2 of 9)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_SCLK,
OM_n_SCLKN, OM_n_SI07-0, OM_n_DQS.

Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_CS0, OM_n_CS1.
Load capacitance C = 15pF

Item Symbol VCC/VCC2 | VDD Min Max Unit | Note

Clock Minimum Pulse width tckmpPw 2.70 Vor VSCR _1, 2.7 — ns Figure 2.84
above voltage
range 1

VSCR_2, |[3.375 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Differential clock crossing voltage Vox(AC) 270Vor |VSCR_1, 0.2 x VCC2 0.6 x VCC2 \Y Figure 2.84
above voltage
range 1

VSCR_2,
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

DS Duty cycle distortion tpspebp 270Vor |VSCR_1, 0 0.24 ns Figure 2.84
above voltage
range 1

VSCR_ 2, |0 0.3
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

DS Minimum Pulse width tbsmpw 2.70Vor VSCR_1, 2.46 — ns Figure 2.84
above voltage
range 1

VSCR_2, |3.075 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2
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Table 2.63 OSPI timing (3 of 9)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_SCLK,
OM_n_SCLKN, OM_n_SI07-0, OM_n_DQS.

Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_CS0, OM_n_CS1.
Load capacitance C = 15pF

Item Symbol VCC/VCC2 | VDD Min Max Unit | Note

Data input/output slew rate tsr 2.70 Vor VSCR _1, 1.72 — ns Figure 2.84
above voltage
range 1

VSCR_2, 1.37 —
voltage
range 2

1.62Vto VSCR_1, [0.75 —
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Data input setup | SDR without tsu 270Vor |VSCR_1, 8.17 — ns Figure 2.85
time (to OM_DQsS above voltage
OM_SCLK/ range 1
OM_SCLKN)

VSCR_2,

voltage
range 2

1.62Vto VSCR_1, 13.0 —
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Data input hold ty 2.70 Vor VSCR_1, 0.5 — ns
time (to above voltage
OM_SCLK/ range 1
OM_SCLKN)

VSCR_2,
voltage
range 2

1.62Vto VSCR_1, |0.5 —
2.00V voltage
range 1

VSCR_2,
voltage
range 2
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Table 2.63 OSPI timing (4 of 9)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_SCLK,
OM_n_SCLKN, OM_n_SI07-0, OM_n_DQS.

Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_CS0, OM_n_CS1.
Load capacitance C = 15pF

Item Symbol VCC/VCC2 | VDD Min Max Unit | Note

Data output valid | SDR without toy 2 2.70 Vor VSCR _1, — 5.4 ns Figure 2.85
time OM_DQsS above voltage
range 1

VSCR_2,
voltage
range 2

1.62Vto VSCR_1, |— 6.9
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Data output hold toH 2.70 Vor VSCR_1, -5.4 — ns
time above voltage
range 1

VSCR_2,
voltage
range 2

1.62Vto VSCR_1, -6.9 —
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Data output tBOFF 2.70 Vor VSCR_1, -5.4 — ns
buffer off time above voltage
range 1

VSCR_2,
voltage
range 2

1.62Vto VSCR_1, -6.9 —
2.00V voltage
range 1

VSCR_2,
voltage
range 2
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Table 2.63 OSPI timing (5 of 9)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_SCLK,
OM_n_SCLKN, OM_n_SI07-0, OM_n_DQS.

Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_CS0, OM_n_CS1.
Load capacitance C = 15pF

Item Symbol VCC/VCC2 | VDD Min Max Unit | Note

Data input setup | SDR with tsu 270Vor |VSCR_1, -0.58 — ns Figure 2.86,
time (to OM_DQS/DDR above voltage Figure 2.87
OM_DQS) range 1

VSCR_2, -0.7 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Data input hold ty 2.70 Vor VSCR_1, 1.88 — ns
time (to above voltage
OM_DQS) range 1

VSCR_2, [2.375 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2
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Table 2.63 OSPI timing (6 of 9)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_SCLK,
OM_n_SCLKN, OM_n_SI07-0, OM_n_DQS.

Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_CS0, OM_n_CS1.
Load capacitance C = 15pF

Item Symbol VCC/VCC2 | VDD Min Max Unit | Note

Data output valid | SDR with toy 2 2.70 Vor VSCR _1, — tperion/4 + 0.5 |ns Figure 2.86,
time OM_DQS/DDR above voltage Figure 2.87
range 1

VSCR_2, — tperiop/4 + 0.6
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Data output hold toH 2.70 Vor VSCR_1, 0.7 — ns
time above voltage
range 1

VSCR_2, |[0.9 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Data output tBOFF 270Vor |VSCR_1, 0.7 — ns
buffer off time above voltage
range 1

VSCR_2, |0.9 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2
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Table 2.63 OSPI timing (7 of 9)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_SCLK,
OM_n_SCLKN, OM_n_SI07-0, OM_n_DQS.

Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_CS0, OM_n_CS1.
Load capacitance C = 15pF

Item Symbol VCC/VCC2 | VDD Min Max Unit | Note

Clock Low to CS Low tckLcsL 270Vor |VSCR_ 1, |48 — ns Figure 2.85,
above voltage Figure 2.86,
range 1 Figure 2.87

VSCR_2, 6 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

CS Low to Clock High tesiekn™® | 2.70 Vor VSCR_1, 4.8 — ns
above voltage
range 1

VSCR_2, |6 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

Clock Low to CS High tckLesH 2.70 Vor VSCR_1, 4.8 — ns
above voltage
range 1

VSCR_2, |6 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

CS High to Clock High tCSHCKH 2.70Vor VSCR_1, 4.8 — ns
above voltage
range 1

VSCR_2, |6 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2
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Table 2.63 OSPI timing (8 of 9)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_SCLK,
OM_n_SCLKN, OM_n_SI07-0, OM_n_DQS.

Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_CS0, OM_n_CS1.
Load capacitance C = 15pF

Item Symbol VCC/VCC2 | VDD Min Max Unit | Note

DS Low output to CS High tcsSHCKH 2.70 Vor VSCR _1, 0.8 x tperiOD — ns Figure 2.88
above voltage
range 1

VSCR_2, 0.8 x tperIOD —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2

CS High to DS Tri-State tcsHDST 2.70 V or VSCR_1, — tPERIOD ns
above voltage
range 1

VSCR_2, |— tPERIOD
voltage
range 2

1.62Vto VSCR_1,
2.00vV voltage
range 1

VSCR_2,
voltage
range 2

CS Low to DS Low input™ "3 tcsLpsL 270Vor |VSCR_1, |0 12.5 ns
above voltage
range 1

VSCR_2, |0 20
voltage
range 2

1.62Vto VSCR_1, |0 12,5
2.00V voltage
range 1

VSCR_2,
voltage
range 2

DS Tri-State to CS Low tpsTcsL 2.70Vor VSCR_1, 0 — ns
above voltage
range 1

VSCR_2, |0 —
voltage
range 2

1.62Vto VSCR_1,
2.00V voltage
range 1

VSCR_2,
voltage
range 2
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Table 2.63 OSPI timing (9 of 9)

Conditions:

High-speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_SCLK,
OM_n_SCLKN, OM_n_SI07-0, OM_n_DQS.

Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_n_CS0, OM_n_CS1.
Load capacitance C = 15pF

Item Symbol VCC/VCC2 | VDD Min Max Unit | Note
Clock High to DQS input™ tckHDsH 270Vor |VSCR_1, |— terioD X (1+ | ns Figure 2.86
above voltage DDRSMPEX
range 1 [3:0]) - 8.5
VSCR_2,
voltage
range 2
162Vto |VSCR 1, |— tperioD * (1 +
2.00V voltage DDRSMPEX
range 1 [3:0]) - 12.5
VSCR_2,
voltage
range 2
Note: n=0,1
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
Note 4. See the datasheet of memory and set DDRSMPEX][3:0] bits to satisfy this value.

P trerIOD tsRek tsRek
Single end to o
OM_SCLK output N
OM_DQS input A e
tckoeo
tosSDCD | plep
>« > > < > tsr
tsu tH tsu tH
e

OM_SIOn input VM 70%) /\ /

(relative to >< >< ><
OM_SCLKor v (30%)
OM_DQS) / /

tsu tH tsu tH

PEI N
<« toy tsr
) »|tov

OM_SIOn output Vo ro%) \ / —\ /\ /7
(relative to >< >< >< ><
OM_SCLK) VoL (30%)
/ N\ VA

A
A4

> tov tsRek tsRek
toH
V / 0, 0, 0, 0,
Differential OX (max) oMW \/ tormPw R 70% 70% 70% 70%
OM_SCLK output < /N
Vox (min) 30% 30% 30% 30%
tckpep - P 2l
tckoep
Figure 2.84 OSPI clock / DS timing
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OM_CS0
OM_CS1

tesLekH tekLesH

OM_SCLK

tBoFF

OM_SIOn

Data output Data input

Figure 2.85 SDR transmit/receive timing (1S-1S-1S, 1S-2S-2S, 25-2S-2S, 1S-45-4S, 4S-4S-4S)

OM_CS0
OM_CS1

testekH

(OM_SCLKN)
OM_SCLK
OM_DQS
OM_SIOn
Data output Data input
DS input DS input

Figure 2.86 DDR transmit/receive timing (4S-4D-4D, 8D-8D-8D)

OM_CS0
OM_CS1

tesiesH

(OM_SCLKN)
OM_SCLK

OM_DQS

OM_SIOn

Data output Data output
DS input DS output

Figure 2.87 DDR transmit/receive timing (HyperRAM write)
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tosLcsH tesHekH

A 4

4 —

tekiest | tekiekn
OM_CS0 &
OM_Cs1 )
OM_SCLK N Fgm
testosL N
OM_DQS ()()

/T

8

tCSHDST (4|

Figure 2.88

DS to CS signal timing
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2.3.12 [IC Timing

Table 2.64 lIC timing (1) (1 of 2)
Conditions:

1. Middle drive output is selected when VCC is 2.70 V or above, High drive output is selected when VCC is 1.62 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, SDA2_B, SCL2_B

2. The following pins do not require setting: SCLO_A, SDAO_A. SCL1_A, SDA1_A. SCL2_A, SDA2_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 Vorabove |6 (12) x tjceyc + 1300 | — ns Figure 2.89
(Standard mode,
ICFER.FMPE =0 | sCL input high pulse tscL 2.70Vorabove |3 (6) X tyceye + 300 | — ns
width
1.62t01.95V
SCL input low pulse tscLL 2.70 Vorabove |3 (6) x tjccyc + 300 — ns
width
1.62t01.95V
SCL, SDA rise time tsr 2.70 V or above |— 1000 ns
1.62t01.95V
SCL, SDA fall time tsf 2.70 Vorabove |— 300 ns
1.62t01.95V
SCL, SDA input spike tsp 2.70 Vorabove |0 1(4) x ticeye | NS
pulse removal time
1.62t01.95V
SDA input bus free time | tgur 2.70 V orabove |3 (6) x tjccyc + 300 — ns
when wakeup function is
SDA input bus free time | tgyr 2.70 V orabove |3 (6) x tyceyc + 4 % — ns
when wakeup function is tpeyc + 300
enabled 1.62t01.95V cye
START condition input tsTAH 2.70 V or above | tjccyc + 300 — ns
hold time when wakeup
function is disabled 16210195V
START condition input tsTAH 270 Vorabove |1(5)*tyceye * tPeye | — ns
hold time when wakeup + 300
function is enabled 1.62t01.95V
Repeated START tsTas 2.70 V or above | 1000 — ns
condition input setup time
1.62t01.95V
STOP condition input tsTos 2.70 V or above | 1000 — ns
setup time
1.62t01.95V
Data input setup time tspas 2.70 V orabove |tjccyc + 50 — ns
1.62t01.95V
Data input hold time tspAH 2.70Vorabove |0 — ns
1.62t01.95V
SCL, SDA capacitive Cp 2.70Vorabove |— 400 pF
load
1.62t01.95V
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Table 2.64

Conditions:

1.

lIC timing (1) (2 of 2)

Middle drive output is selected when VCC is 2.70 V or above, High drive output is selected when VCC is 1.62 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, SDA2_B, SCL2_B

The following pins do not require setting: SCLO_A, SDAO_A. SCL1_A, SDA1_A. SCL2_A, SDA2_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
lIc SCL input cycle time tscL 2.70 V orabove |6 (12) % tccyc + 600 | — ns Figure 2.89
(Fast mode)
ICFER.FMPE = 0 162101.95V
SCL input high pulse tscLH 2.70 Vorabove |3 (6) x tjccyc + 300 — ns
width
1.62t01.95V
SCL input low pulse tscLL 2.70 V orabove |3 (6) x tjccyc + 300 — ns
width
1.62t01.95V
SCL, SDA rise time tsr 2.70 Vor above |20 300 ns
1.62t01.95V
SCL, SDA fall time tst 2.70 V or above |20 x (external pullup |300 ns
1
16210195V voltage/5.5 V)
SCL, SDA input spike tsp 2.70 Vorabove |0 1(4) % tyceyc | NS
pulse removal time
1.62t01.95V
SDA input bus free time | tgyr 2.70 V orabove |3 (6) x tjccyc + 300 — ns
when wakeup function is
disabled 1.62t01.95V
SDA input bus free time | tgyur 2.70 Vorabove |3 (6) x tjceyc + 4 % — ns
when wakeup function is tpeyc + 300
enabled 162t01.95V 4
START condition input tsTAH 2.70 V orabove | tjccyc + 300 — ns
hold time when wakeup
function is disabled 1.62t01.95V
START condition input tsTAH 2.70 Vorabove |1 (5) % ticeyc * tPeye | — ns
hold time when wakeup + 300
function is enabled 162101.95V
Repeated START tsTas 2.70 V or above |300 — ns
condition input setup time
1.62t01.95V
STOP condition input tsTos 2.70 V or above | 300 — ns
setup time
1.62t01.95V
Data input setup time tspas 2.70 V orabove |tjccyc *+ 50 — ns
1.62t01.95V
Data input hold time tspAH 2.70 Vorabove |0 — ns
1.62t01.95V
SCL, SDA capacitive Cp 2.70Vorabove |— 400 pF
load
1.62t01.95V
Note:  tjceyc: [IC internal reference clock (IICo) cycle, tpeyc: PCLKB cycle.

Note:
Note:

Note 1.

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

Only supported for SCLO_A, SDAO_A, SCL1_A, SDA1_A, SCL2_A, and SDA2_A.

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.
Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the IIC
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Table 2.65 lIC timing (2)
Setting of the SCLO_A, SDAO_A, SCL1_A, SDA1_A. SCL2_A, SDA2_A pins are not required with the port drive capability bit in the PmnPFS
register.
Test
Parameter Symbol VCC Min Max Unit | conditions
Ic SCL input cycle time tscL 2.70Vor 6 (12) x tjceyc + — ns Figure 2.89
(Fast-mode+) above 240
ICFER.FMPE =1
1.62 to 1.95V
SCL input high pulse tscLH 2.70Vor 3 (6) * tyceye + 120 | — ns
width above
1.62 to 1.95V
SCL input low pulse width |tscp 2.70Vor 3 (6) % tyceyc + 120 | — ns
above
1.62 to 1.95V
SCL, SDA rise time tsr 2.70 Vor — 120 ns
above
1.62 to 1.95V
SCL, SDA fall time tst 2.70 Vor 20 x (external 120 ns
above pullup voltage/
5.5V)
1.62 to 1.95V
SCL, SDA input spike tsp 2.70 V or 0 1(4) * ticeye | Ns
pulse removal time above
1.62 to 1.95V
SDA input bus free time tBUF 2.70Vor 3 (6) * tyceye + 120 | — ns
when wakeup function is above
disabled
1.62 to 1.95V
SDA input bus free time | tgyr 2.70 V or 3(6) x tyceyc + 4 | — ns
when wakeup function is above tpeyc + 120
enabled
1.62 to 1.95V
Start condition input tsTAH 2.70 Vor ticeye + 120 — ns
hold time when wakeup above
function is disabled
1.62 to 1.95V
START condition input tsTAH 2.70Vor 1(5) % ticeye + — ns
hold time when wakeup above tpeyc + 120
function is enabled
1.62 to 1.95V
Restart condition input tsTas 2.70 Vor 120 — ns
setup time above
1.62 to 1.95V
Stop condition input setup | tstos 2.70 Vor 120 — ns
time above
1.62 to 1.95V
Data input setup time tspas 2.70 V or tiiceye + 30 — ns
above
1.62 to 1.95V
Data input hold time tspaH 2.70 Vor 0 — ns
above
1.62 to 1.95V
SCL, SDA capacitive load | c,," 2.70Vor — 550 pF
above
1.62 to 1.95V
Note:  tjceyc: IIC internal reference clock (IICe) cycle, tPcyc: PCLKB cycle.
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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 1. Cb indicates the total capacity of the bus line.

SDAn

SCLn

Note 1.

ViH N
Vi 7*

tsur

A
A4

| tscLH

< tspaH

S, P, and Srindicate the following conditions:
S: Start condition

P: Stop condition

Sr: Restart condition

Sr*!

— tsp

tspas

|

€

tstos

Figure 2.89  |2C bus interface input/output timing
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2.3.13 I3C Timing
Table 2.66 lIC timing (1)-1
Setting of the I3C_SCLO, I3C_SDAO pins are not required with the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol vccC Min Max Unit
IIC (Standard SCL input cycle time tscL 2.70 V or above, 10 (18) x ti3ccyc + 1300 — ns
mode, SMBus) 1.65t01.95V
BFCTL.FMPE =0 - -
SCL input high pulse tscLH 2.70 V or above, 5(9) x tizceyc + 300 — ns
width 1.65t01.95V
SCL input low pulse width |tscpL 2.70 V or above, 5 (9) x tizceyc *+ 300 — ns
1.65t01.95V
SCL, SDA rise time tsr 2.70 V or above, — 1000 ns
1.65t01.95V
SCL, SDA fall time tsf 2.70 V or above, — 300 ns
1.65t0 1.95V
SCL, SDA input spike tsp 2.70 V or above, 0 1 (4) * tizceye ns
pulse removal time 1.65t01.95V
SDA input bus free time tsuF 2.70 V or above, 5(9) * tizceyc + 300 — ns
when wakeup function is 1.65t01.95V
disabled
SDA input bus free time tBUF 2.70 V or above, 5(9) * tizceyc + 4 X treyc + | — ns
when wakeup function is 1.65t01.95V 300
enabled
START condition input tsTAH 2.70 V or above, tiaceyc + 300 — ns
hold time when wakeup 1.65t01.95V
function is disabled
START condition input tsTAH 2.70 V or above, 1(5) % tizceye * treye + 300 | — ns
hold time when wakeup 1.65t01.95V
function is enabled
Repeated START tsTas 2.70 V or above, 1000 — ns
condition input setup time 1.65t01.95V
STOP condition input tsTos 2.70 V or above, 1000 — ns
setup time 1.65t01.95V
Data input setup time tspas 2.70 V or above, tizceyc + 50 — ns
1.65t01.95V
Data input hold time tspaH 2.70 V or above, 0 — ns
1.65t01.95V
SCL, SDA capacitive load | C," 2.70 V or above, — 400 pF
1.65t0 1.95V

Note:
Note:

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

tiaceyc: 13C internal reference clock (13C@) cycle, treyc: TCLK cycle.
Values in parentheses apply when INCTL.DNFS[3:0] is set to 0011b while the digital filter is enabled with INCTL.DNFE set to 1.

R01DS0436EJ0130 Rev.1.30

Feb 27, 2026

RENESAS

Page 185 of 286



RA8T2 Datasheet

2. Electrical Characteristics

Table 2.67 lIC timing (1)-2
Setting of the I3C_SCLO, I3C_SDAO pins are not required with the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol VvCC Min Max Unit
lIc SCL input cycle time tscL 2.70 V or above, 10 (18) * ti3ceyc + 600 — ns
(Fast-mode) 1.65t01.95V
SCL input high pulse tscLH 2.70 V or above, 5(9) x tizceyc *+ 300 — ns
width 1.65t01.95V
SCL input low pulse width | tscLL 2.70 V or above, 5(9) * tizceyc + 300 — ns
1.65t0 1.95V
SCL, SDA rise time tsr 2.70 V or above, 20 300 ns
1.65t01.95V
SCL, SDA fall time tst 2.70 V or above, 20 x (external pull-up 300 ns
1.65t01.95V voltage/3.6 V)
SCL, SDA input spike tsp 2.70 V or above, 0 1 (4) * tizceye ns
pulse removal time 1.65t01.95V
SDA input bus free time tBUF 2.70 V or above, 5(9) * tizceyc + 300 — ns
when wakeup function is 1.65t01.95V
disabled
SDA input bus free time 2.70 V or above, 5(9) ® tizceyc + 4 X treyc + | — ns
when wakeup function is 1.65t01.95V 300
enabled
START condition input tsTAH 2.70 V or above, tizceye + 300 — ns
hold time when wakeup 1.65t01.95V
function is disabled
START condition input 2.70 V or above, 1(5) * tizceye * treye + 300 | — ns
hold time when wakeup 1.65t01.95V
function is enabled
Repeated START tsTas 2.70 V or above, 300 — ns
condition input setup time 1.65t01.95V
STOP condition input tstos 2.70 V or above, 300 — ns
setup time 1.65t01.95V
Data input setup time tspas 2.70 V or above, tiaceyc + 50 — ns
1.65t01.95V
Data input hold time tspaH 2.70 V or above, 0 — ns
1.65t01.95V
SCL, SDA capacitive load | C,"1 2.70 V or above, — 400 pF
1.65t01.95V

Note:
Note:

Note 1. Cy, indicates the total capacity of the bus line.

tizceyc: 13C internal reference clock (13Co) cycle, treyc: TCLK cycle.
Values in parentheses apply when INCTL.DNFS[3:0] is set to 0011b while the digital filter is enabled with INCTL.DNFE set to 1.
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Table 2.68 lIC timing (1)-3
Setting of the I3C_SCLO, I3C_SDAO pins are not required with the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol VvCC Min Max Unit
lIc SCL input cycle time tscL 2.70 V or above, 10 (18) * ti3ceyc + 240 — ns
(Fast-mode +) 1.65t01.95V
BFCTL.FMPE =1 - -
SCL input high pulse tscLH 2.70 V or above, 5(9) % tizceye + 120 — ns
width 1.65t01.95V
SCL input low pulse width | tscLL 2.70 V or above, 5(9) * tizceye + 120 — ns
1.65t0 1.95V
SCL, SDA rise time tsr 2.70 V or above, — 120 ns
1.65t01.95V
SCL, SDA fall time tst 2.70 V or above, 20 x (external pull-up 120 ns
1.65t01.95V voltage/3.3V)
SCL, SDA input spike tsp 2.70 V or above, 0 1 (4) * tizceye ns
pulse removal time 1.65t01.95V
SDA input bus free time tBUF 2.70 V or above, 5(9) * tizceye + 120 — ns
when wakeup function is 1.65t01.95V
disabled
SDA input bus free time 5(9) * tizceyc + 4 X treye + ns
when wakeup function is 120
enabled
START condition input tsTaH 2.70 V or above, tizceye + 120 — ns
hold time when wakeup 1.65t01.95V
function is disabled
START condition input 1(5) * tizceye * teyc + 120 ns
hold time when wakeup
function is enabled
Restart condition input tsTas 2.70 V or above, 120 — ns
setup time 1.65t01.95V
Stop condition input setup | tsTos 2.70 V or above, 120 — ns
time 1.65t01.95V
Data input setup time tspas 2.70 V or above, tiaceyc + 30 — ns
1.65t01.95V
Data input hold time tspaH 2.70 V or above, 0 — ns
1.65t01.95V
SCL, SDA capacitive load | C,"1 2.70 V or above, — 550 pF
1.65t01.95V

Note:
Note:

Note 1. Cy, indicates the total capacity of the bus line.

tizceyc: 13C internal reference clock (13Co) cycle, treyc: TCLK cycle.
Values in parentheses apply when INCTL.DNFS[3:0] is set to 0011b while the digital filter is enabled with INCTL.DNFE set to 1.
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ViH A
I13C_SDAO
e 1 A
tsur
< > tscLH
—>| [— tsTAH  [¢—> —>| [« tsTas —> tsp tstos
I13C_SCLO / \
p*! S*1 T Sr+! T p*
tst —> tspas
<« tspaH

Test conditions:

ViH=VCC x 0.7, Vi. =VCC % 0.3

VoL =0.6 V, lo. =6 mA (BFCTL.FMPE = 0)
VoL =0.4V, lo. =15 mA (BFCTL.FMPE = 1)

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

Figure 2.90  |2C bus interface input/output timing
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Table 2.69 lIC timing (2)
Setting of the I3C_SCLO, I3C_SDAO pins are not required with the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol VCC Min Max Unit
I[e SCL input cycle time tscL 3.00 V orabove |46 (48) x tizceyc — ns
(Hs-mode)
BFCTL.HS 1.65t01.95V 46 (48) * tiaceye —
ME=1 " I'SCLinputhigh |Cb =400 pF tseLH 3.00 Vorabove |29 (30) x tiaceye _ ns
pulse width
1.65t01.95V 29 (30) * tizceye —
Cb =100 pF 3.00 Vorabove |13 (14) * tizceye —
1.65t01.95V 13 (14) * tizceye —
SCL input low Cb =400 pF tscLL 3.00 V or above 69 (70) x tizceye — ns
pulse widin 1.65t01.95V 69 (70) x tizceyc —
Cb =100 pF 3.00 Vorabove |33 (34) * tizceyc —
1.65t01.95V 33 (34) x tizceye —
SCL rise time Cb =400 pF tsrcL 3.00 Vorabove |— 80 ns
1.65t01.95V — 80
Cb =100 pF 3.00 Vorabove |— 40
1.65t01.95V — 40
SDA rise time Cb =400 pF tsrdA 3.00 Vorabove |— 160 ns
1.65t01.95V — 160
Cb =100 pF 3.00Vorabove |— 80
1.65t01.95V — 80
SCL fall time Cb =400 pF tsfcL 3.00 Vorabove |— 80 ns
1.65t01.95V — 80
Cb =100 pF 3.00 Vorabove |— 40
1.65t01.95V — 40
SDA fall time Cb =400 pF tspa 3.00 Vorabove |— 160 ns
1.65t01.95V — 160
Cb =100 pF 3.00 Vorabove |— 80
1.65t01.95V — 80
SCL, SDA input spike pulse removal | tgp 3.00 V or above 0 1(1) % tizceye ns
fime 1.65t01.95V 0 1(1) * tizceye
Repeated START condition input tsTas 3.00 V or above 40 — ns
setup time 165101.95V |40 —
STOP condition input setup time tsTos 3.00 V or above 40 — ns
1.65t01.95V 40 —
Data input setup time tspas 3.00 V or above 10 — ns
1.65t01.95V 10 —
Data input hold Cb =400 pF tspAH 3.00 V or above 0 150 ns
time 1650195V |0 150
Cb =100 pF 3.00 V or above 0 70
1.65t01.95V 0 70
SCL, SDA capacitive load Cp! 3.00 Vorabove |— 400 pF
1.65t01.95V — 400
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Note:  tj3ceyc: 13C internal reference clock (I3Ce) cycle.
Note:  Values in parentheses apply when INCTL.DNFS[3:0] is set to 0011b while the digital filter is enabled with INCTL.DNFE set to 1.
Note 1. Cy, indicates the total capacity of the bus line.

} Sr } } S P }

tsa }_} 4_“ tsoa } }

RIEE i3
PN I { ) \ _ A\ LN 1 g7xvee
13C_SDAO C N A A LA L awvee

CN '\ P AN i N

| ] jad | ]

i } tspAH —p] tstos } }

tstas } ‘J 1 }

: } l«— tspas } }

L —

| 1 . | ;
13C_SCLO | ! J/ / \ T I 07xvee
I — | \ | U A W | R B

iiiiii —>| [« tsicL o

tsrcL —»| |le—
tscLH tscLL tscLL tscLh
J = MCS current source pull-up
f = Rp resistor pull-up
Figure 291  |2C bus interface input/output timing (Hs-mode)
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Table 2.70 I3C timing (Open Drain Timing Parameters)
Setting of the I3C_SCLO, I3C_SDAO pins are not required with the Port Drive Capability bit in the PmnPFS register.
Test
Parameter Symbol VCC Min Max Unit | conditions
13C SCL Clock [t ow op' 12 |3.00 V or above 200 — ns Figure 2.94
Open Drain | Low Period B
Timing 1.65t0 1.95V 200 —
Parameters toic_op_L 3.00 V or above tLow_obmin + DA_0oDmin — ns Figure 2.94
1.65t01.95V tLow_obmin * tDA_ODmin —
SCL Clock |ty gy ™ 3.00 V or above — 41 ns Figure 2.92
High Period
1.65t01.95V — 41
toic_H 3.00 V or above — tHiIGH * tcF ns Figure 2.92
1.65t01.95V — tHicH * tcF
SDA Signal | tpa op 3.00 V or above tcr 12 ns Figure 2.94
Fall Time
1.65t01.95V tcr 12
SDA Data tsu op' ! 3.00 V or above 12 — ns Figure 2.93
Setup Time -
Open Drain 1.65t01.95V 18 —
Mode
Clock After | toag™ @ 3.00 V or above 38.4 nano For ENASO: 1 seco | Figure 2.94
START (S) - nds
Condition For ENAS1: 100 V]
For ENAS2: 2 milli
For ENAS3: 50 milli
1.65t01.95V 38.4 nano For ENASO: 1 u
For ENAS1: 100 u
For ENAS2: 2 milli
For ENAS3: 50 milli
Clock Before | tcgp 3.00 V or above tcasmin / 2 — seco | Figure 2.95
STOP (P) nds
Condition 1.65t01.95V tcasmin / 2 —
Current tMMOverIap 3.00 V or above tDIGfODiLmin — ns Figure 2.101
Master to
Secondary 1.65t0 1.95V tbiG_ob_Lmin —
Master
Overlap time
during
handoff
Bus tavaL’ 3.00 V or above 1 — us —
Available
Condition 165t01.95V 1 —
Bus Idle tioLE 3.00 V or above 1 — ms —
Condition
1.65t01.95V 1 —
Time tMMLock 3.00 V or above tAVALmin — us Figure 2.101
Internal
Where New 1.65t01.95V tAVALmin -
Master Not
Driving SDA
Low
Note 1. This is approximately equal to t owmin * tos_obmin * trbA_obtyp * tsu_odmin-
Note 2. The Master may use a shorter Low period if it knows that this is safe, i.e., that SDA is already above VIH
Note 3. Based on tgpkg, rise and fall times, and interconnect
Note 4. This maximum High period may be exceeded when the signals can be safely seen by Legacy 12C Devices, and/or in consideration

of the interconnect (e.g., a short Bus).
As a product specification, if this Max value cannot be guaranteed, change this Max value and specify that it cannot be used in the

Mixed Bus.
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Note 5. On a Legacy Bus where I2C Devices need to see Start
Note 6. Slaves that do not support the optional ENTASx CCCs shall use the tcas Max value shown for ENTAS3

Note 7. On a Mixed Bus with Fm Legacy 12C Devices, taya is 300 ns shorter than the Fm Bus Free Condition time (tgyF)

Table 2.71 I13C timing (Push-Pull Timing Parameters for SDR and HDR-DDR Modes)
Setting of the I3C_SCLO, I3C_SDAO pins are not required with the Port Drive Capability bit in the PmnPFS register.
Test
condition
Parameter Symbol vcc Min Max Unit | s
I3C Push- | SCL Clock Frequency fSCL*1 3.00 V or above |0.01 12.5 MHz | —
Pull
Timing 1.65t01.95V 0.01 125
Parameter | 5c| Clock Low Period tLow 3.00 Vorabove |27 — ns | Figure
s for SDR 2.92
and HDR- 1.65t01.95V 32 —
DDR 2% 13.00V b 35 Fi
Modes toig_L . or above — ns 2lg;re
165t01.95V |40 — '
SCL Clock High Period for tHicH_mixe | 3.00 V or above |24 — ns Figure
Mixed Bus D 2.92
1.65t01.95V 27 —
tDIGiHiMIX 3.00 V or above 32 45 ns Figure
53 2.92
ED 1.65t0 1.95V 35 45
SCL Clock High Period tHiGH 3.00 V or above |24 — ns | Figure
2.92
1.65t01.95V 27 —
tpig H'2 3.00 V or above |32 — ns |Figure
B 2.92
1.65t0 1.95V 35 —
Clock in to Data Out for Slave |tsco 3.00 Vor above |— 12 ns | Figure
2.97
1.65t0 1.95V — 12
SCL Clock Rise Time tcr 3.00 Vor above |— 150 x 1/ ns Figure
fscL (capped at 2.92
60)
1.65t0 1.95V — 150 x 1/
fscL (capped at
60)
SCL Clock Fall Time tcr 3.00 Vor above |— 150 x 1/ ns | Figure
fscL (capped at 2.92
60)
1.65t01.95V — 150 x 1/
fscL (capped at
60)
SDA Signal Data | Master typ pp 4™ |3.00 Vorabove [tcr+3andtcr+3 — — | Figure
Hold in Push-Pull B 2.96
Mode 1.65t01.95V tcr+3andtcp + 3 —
Slave tHp PP*5 3.00 Vorabove |0 — — Figure
B 2.96
1.65t01.95V 0 —
SDA Signal Data Setup in tsu_pp 3.00 V or above |12 N/A ns Figure
Push-Pull Mode 2.98
1.65t01.95V 18 N/A
Clock After Repeated START | tcasr 3.00 V or above |tcasmin N/A ns Figure
(Sr) 2.100
1.65t01.95V tcASmin N/A
Clock Before Repeated tcesr 3.00 V or above |tcasmin/ 2 N/A ns | Figure
START (Sr) 2.100
1.65t01.95V tcasmin / 2 N/A
Capacitive Load per Bus Line | Cy, 3.00 Vorabove |— 50 pF |—
(SDA/SCL)
1.65t01.95V — 50
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Note 1. fscL =1/ (tbic_L * tbic_H)
Note 2. tpig_L and tpig_n are the clock Low and High periods as seen at the receiver end of the I3C Bus using V) and V.
Note 3. When communicating with an I3C Device on a mixed Bus, the tpig_H_mixep period must be constrained in order to make sure that
I2C Devices do not interpret 13C signaling as valid 12C signaling.
Note 4. As both edges are used, the hold time needs to be satisfied for the respective edges; i.e., tcg + 3 for falling edge clocks, and tcr + 3
for rising edge clocks.
Note 5. In SDR Mode the Hold time parameter is referred to as typ_spr, and in DDR Mode it is referred to as typ_ppr-
Table 2.72 I13C timing (Push-Pull Timing Parameters for HDR-TSP and HDR-TSL Modes)
Setting of the I3C_SCLO, I3C_SDAO pins are not required with the Port Drive Capability bit in the PmnPFS register.
Test
Parameter Symbol vccC Min Max Unit conditions
I3C Push-Pull | Edge-to-Edge | tgpge™ ™2 3.00 V or above toig_H — ns Figure 2.102
Timing Period
Parameters for 1.65t01.95V toic_H —
HDR-TSPand 'y owed tskew 3.00 V or above — 11 ns
HDR-TSL .
Difference
Modes Between 1.65t01.95V — 11
Signals for
‘Simultaneous’
Change
Stable teve 3.00 V or above 12 — ns
Condition
Between 1.65t01.95V 12 —
Symbols
Time Between | tsymsoL 3.00 V or above tEDGE Min — ns
Successive
Symbols 1.65t01.95V tEDGE Min —
Symbol Clock | tcLock 3.00 V or above 1/ fscL (Max) — —

1.65t01.95V

1/ fscL (Max)

Note 1. Edges occur at the rate of 1 / (tepgg * 2)
Note 2. In a Mixed Bus, HDR-TSL shall respect the maximum tpig_H_mixep shown in Figure 2.95.

tHIGH

ter

tLOW

0.7xVCC
0.3xVCC
tCR tDIG_H tDIG_L
Figure 2.92 tpig_n and tpig_L
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SDR Transfer
1~
A NN W [ | > 0.7xVCC
SDA | \\ ! A6 \\,: A5 \\,: \\,: A0 \\ RnW  ACK // p7 | D6 DO \\ ACK , 0.3%VCC
0 7 7 7 .
| |
— M\ A\ A . 0.7%VCC
seL 1\ Jer| Jea\ [\ Jer\ Jes\ Jes\ Jer| Jeza\ |\ Jes| Jes| T oTvee
U VY A VY VY VO Y L VY A VY Y L VY A VY A VY L W :
— . SCL clocks are showm identical for OD
= Open-Drain Pull-Up closs Transition from and PP even though they differ
gpe:-;)r?lm to substantially
= High Speed Active Push-Pull ush-Fu
Drive
l » 0.7xVCC
SDA RnW K \ ACK D7 X D6
! » 0.3xVCC
/ | | \
Rt \ l » 0.7xVCC
MST_SDA s \ X
’ » 0.3xVCC
L | | \
7 \\ \/ » 0.7xVCC
SLV_SDA . . . + 0.3%VCC
- I A N A DO
\ \ / \ / » 0.7xVCC
scL cs co \ c1 / c2
» 0.3xVCC
Open-Drain \
Timing Drai or Push- Push- Push-
parameters used . Open-Drain * Pull Pull Pull
tSCO 1 tSU_OD tSCO 1 tSU_PP
= Active Drive by Master or Slave
__________ = Open-Drain Pull-Up class by
Master
f— —_— = High-Z by Slave
Note:  Open-Drain: Master releases SDA after a suitable delay from SCL edges
Push-Pull: Master drives SDA after a suitable delay from SCL edges
Note 1. tgco is depicted for informative purposes only
Figure 2.93 I3C Data Transfer — ACK by Slave
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TIDA—OD tos oo | tsuop

0.7 x VCC
I3C_SDAO

0.3 xVCC

f:DA_SD

0.7 xVCC
I3C_SCLO

0.3 xVCC

tcas tcr ) tLow_op tcr )

Figure 2.94 I3C START condition Timing

\ / 0.7 xVCC

1I3C_SDAO \
0.3 x VCC

\

\ 0.7 xVCC

I3C_SCLO \
0.3 x VCC

\

A

tcr tcep

Figure 2.95 I3C STOP condition Timing
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\ 0.7 xVCC
I3C_SDAO
/ 0.3 xVCC
tio PP | tsu PP
0.7 xVCC
I3C_SCLO
0.3 xVCC
tcr tcr
Figure 2.96 I3C Master Out Timing
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0.7 x
VCC
1I3C_SDAO
0.3 x
VCC
tsco tsu pp
0.7 x
VCC
I3C_SCLO
0.3 x
VCC
Cter Cter
Figure 2.97 I13C Slave Out Timing
\ / 0.7 xVCC
I3C_SDAO
/ \ 0.3 xVCC
/ \ 0.7 xVCC
I3C_SCLO
0.3 xVCC
tsu_pp - tHD_sbr
Figure 2.98 Master SDR Timing
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\ / 0.7 xVCC
I3C_SDAO
/ \ 0.3 xVCC
0.7 xVCC
I3C_SCLO
0.3 xVCC
-~ tsu_pp - EHD_DDE ‘tSU_PP‘ EHD_DDR

Figure 2.99 Master DDR Timing
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Repeated
START(Sr) STOP(P)
YN YN
Wi Wi Wi Wi 7 \ ) 0.7 x VCC
SDA [ o7 ] bs [ b1 ] \T / 0.3 % Voo
A\ A\ JAY JAY ] \ / .
/— [ e /— / 0.7 x VCC
scL et ) A J N Jes\ Jeel 0.3 % VOO
_ 7 7 7 7 7 .
N
= High Speed Active Push-Pull
Drive
Repeated
START(Sr) STOP(P)
/ /_/’ 0.7 x VCC
SDA /’
/ 0.3 xVCC
____"'___"_, ________ b | - __/_r' _____
/ /:" 0.7 x VCC
MST- ! ’
SDA II / 0.3 xVCC
x
I / )
—_—— - e
T r, -7~
/ ; —7 0.7 x VCC
SLV-SDA \ 14
- 0.3 xVCC
/ L U ..
/ 0.7 x VCC
SCL C9 /
f \ f 0.3 xVCC
tsco | |“—— tsco
* B ™ teasr Teasr
| — | —
= Active Drive by Master or Slave — - =High-Z by Master
_____ = Open-Drain class Pull-Up by — ..~ =High-Z by Slave
master 9 Y
Note:  Srimmediately followed by P is illegal for 12C devices, however many devices are not adversely affected by it. The
condition is not illegal for I3C devices.

Figure 2.100 T-Bit When Master Ends Read with Repeated START and STOP
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R Tl P B T D e T TR
SDA . - . - A6 R . - A5 0.7 xVCC
e 7’
y X 0.3xVCC
/T =T """17 "~ P it Wi T
NM_SDA 7/ e R e 0.7xvee
d d
y y X 0.3xVCC
PR - - e ———— o —————
Lo v 7 0.7 x VCC

CM_SDA iV 0.3xVCC

~ e A
A I /[ N\ /

NV SCL 7 \ 7 0.7 x VCC
| / 0.3 xVCC
_ =/ \—/ \—/

T T T T A - =
7 \ 7 0.7 x VCC

CM_SCL

\ 4 \ 4 0.3xVCC
_/ N 7 N 7
/ \ / 0.7 x VCC

SCL / \ / c2 0.3 x VGG

Timing tmMiock
parameters n
used Open- OD or Open- OD or
tsu_sto tsco toas Drain PP Drain PP
Note : ——— = Active Drive by Master

Master releases or drives SDA after a

suitable delay from SCL edges ~~ ~ """ = Open-Drain class Pull-Up by master

— — - = High-Z by Master

Figure 2.101 Master to Master Bus Handoff
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\ \ \
PIN1
/ / / 0.3xVCC
tEDGE_MAX tEDGE_MIN
ltSKEW ltMASK
\ \ \/
PIN2 ! | |
l l\ l\ 0.3xVCC
tcLock
\/\/ \/\/ \/\/ I
PIN1 & PIN2 | | |
JAVA JAVA JAVA e
MASK teve max MASK | tevemin MASK
S — > > > >
\ 0.7xVCC
MAX EYE MIN EYE
PIN1 & PIN2 / ( Opening ’ Opening 0.3%VCC
Design Conditions Simplifying Assumptions
1. The The differences of load magnitude and drive 1. tskew is the same for both edges
strength between the SDA and SCL lines result in 2. Base CLOCK (e.g. 12.5MHz) is asymmetrical
different slopes, as shown 3. Falling edges are equal rising edges
2. MASK period = MAX tskew + MAX rise/fall time 4. The MASK is shown as starting, from the last
between 0.3 x Vop and 0.7 x Vo, respectively, possible moment, whereas in reality it could be
decreased by the time crossing the hysteresis shifted left (towards the start point) delayed by
window. the hysteresis window
Figure 2.102 Ternary Protocol Timing
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2.3.14 SD/MMC Host Interface Timing

Table 2.73 SD/MMC Host Interface signal timing

Conditions:

High-speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:
SDOCLK_A, SDOCLK_B, SDOCLK_C, SD1CLK_A, SD1CLK_B

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

Clock duty ratio is 50%.

Parameter Symbol VCC/VCC2 Min Max Unit Test conditions
SDCLK clock cycle tspcyc 2.70 V or above 20 — ns Figure 2.103
1.70 t01.95 V"1 20 —
1.70t01.95V 40 —
SDCLK clock high pulse |tspwH 2.70 V or above 6.5 — ns
width N
1.70 t01.95 V"1 6.5 —
1.70 to1.95V 13.0 —
SDCLK clock low pulse | tspwi 2.70 V or above 6.5 — ns
width N
1.70 t01.95 V"1 6.5 —
1.70 to1.95V 13.0 —
SDCLK clock rise time tSpLH 2.70 V or above — 3 ns
1.70 t01.95 V"1 — 4
1.70t01.95V — 8
SDCLK clock fall time tspHL 2.70 V or above — 3 ns
1.70 t01.95 V"1 — 4
1.70 t0o1.95V — 8
SDCMD/SDDAT output | tspopLy 2.70 V or above -7.0 4.0 ns
data delay N
1.70 t01.95 V"1 -7.0 7.0
1.70 to1.95V -15.0 15.0
SDCMD/SDDAT input tspis 2.70 V or above 4.5 — ns
data setup -
1.70 to1.95 V" 4.5 —
1.70t01.95V 20.0 —
SDCMD/SDDAT input tspiH 2.70 V or above 15 — ns
data hold
1.70 t01.95V 1.5 —

Note:  Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the SD/MMC
Host interface, the AC portion of the electrical characteristics is measured for each group.

Note:  If SD1DAT4_A to SD1DAT7_A are used, characteristics above is guaranteed only when VCC = VCC2.

Note 1. Only supported for ChO group B ("SD0*_B") and Ch1 group A ("SD1*_A")
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SDnCLK
(output)

SDnCMD/SDnDATm
(output)

SDnCMD/SDnDATm
(input)

n=0,1,m=0to7

VA

TspHL
*™ TspobLY(max)

Tspecye

TspwL

TspowH

TsbLH

>

___/

TspobLY(min)

Tsois i

TsoH

Figure 2.103

2.3.15

Table 2.74

SD/MMC Host Interface signal timing

CANFD Timing

CANFD interface timing

Conditions: Low drive output is selected when VCC is 2.70V or above. Middle drive output is selected when VCC is 1.62V or above.

Parameter Symbol VCC/vVCC2 Min Max Unit Test conditions
Internal delay thode 2.70Vorabove |— 50 ns Figure 2.104
i
ime 1.62Vorabove |— 50
Transmission rate 2.70Vorabove |— 8 Mbps
1.62 V or above — 8
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
(tinput)
Figure 2.104 CANFD interface condition
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2.3.16 PDG Timing

Table 2.75 PDG Timing

Parameter Min Typ Max Unit Test conditions

Operation frequency |80 — 300 MHz —

Resolution — 48.8 — ps GTDLYCR.FRANGE
[1:0] = 00 and
GPTCLK =160 MHz

— 52.1 — ps GTDLYCR.FRANGE

[1:0]1 =01 and
GPTCLK =300 MHz

DNL" — +2.0 — LSB —

Note 1. This value normalizes the differences between lines in 1-LSB resolution.

2.3.17 ESWM Timing

Table 2.76 ESWM timing (RMII)

Conditions:

1. Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: ETn_MDC, ETn_MDIO.
2. The drive capacity selection and voltage range for pins other than ETn_MDC, ETn_MDIO.

e RMIl use: High drive select, VCC = 2.7 to 3.6

Parameter Symbol |VCC Min Max Unit Iif\tditions
ESWM (RMII) | RMIIn_REF50CK cycle time Tck 2.70V or 20 — ns Figure 2.106
RMIIn_REF50CK frequency, typical 50 MHz — above — 50+ 100 |[MHz
ppm
RMIIn_REF50CK duty — 35 65 %
RMIIn_REF50CK rise/fall time Tckr/ckf 0.5 3.5 ns
RMIIn_xxxx"! output delay Tco 2.5 12 ns
RMIIn_xxxx2 setup time Tsu 3 — ns
RMIIn_xxxx"2 hold time Thd 1 — ns
RMIIn_xxxx"! "2 rise/fall time Tr/Tf 0.5 4 ns
Note 1. RMIIn_TX_EN, RMIIn_TXD1, RMIIn_TXDO.
Note 2. RMIIn_CRS_DV, RMIIn_RXD1, RMIIn_RXDO0, RMIIn_RX_ER.
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RMIIn_REF50CK

90%
50%

10%

70%
RMI_xxxx"  50%

30%

Tek

signal level

Note 1. RMIIn_TX_EN, RMIIn_TXD1, RMIIn_TXDO0, RMIIn_CRS_DV, RMIIn_RXD1, RMIIn_RXD0, RMIIn_RX_ER
Figure 2.106 RMIin_REF50CK and RMII signal timing
Table 2.77 ESWM timing (MII)
Conditions:

1. Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:

2. The drive capacity selection and voltage range for pins other than ETn_MDC, ETn_MDIO.

o MIl use only: Middle drive select, VCC = 2.7 to 3.6
e GMIl and MIl use: RGMII 2.50 V drive select, VCC = 2.3 t0 2.7
e GMIl and MIl use: RGMII 3.30 V drive select, VCC = 3.0 to 3.6

ETn_MDC, ETn_MDIO.

Test
Parameter Symbol VvCC Min Max Unit conditions
ESWM (MIl) | ETn_TX_CLK cycle time treye 2.30Vor 40 — ns —
above
ETn_TX_EN output delay tTENG 1 20 ns Figure 2.107
ETn_ETXDO to ETn_ETXD3 | tumtpd 1 20 ns
output delay
ETn_RX_CLK cycle time tTReyc 40 — ns —
ETn_RX_DV setup time tRDVs 10 — ns Figure 2.108
ETn_RX_DV hold time tRDVH 10 — ns
ETn_ERXDO to ETn_ERXD3 | tyrps 10 — ns
setup time
ETn_ERXDO to ETn_ERXD3 | tmrDh 10 — ns
hold time
ETn_RX_ER setup time tRERs 10 — ns
ETn_RX_ER hold time tRESHh 10 — ns
ETn_TX_CLK YL Sﬁ
trend
ETn_TX_EN SS SS \
tmTDd
ll_> /L
ETn_ETXDO to >< Preamble SFD >< DATA “ >< CRC X
ETn_ETXD3 J )
Figure 2.107 MIl transmission timing in normal operation
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ETn_RX_CLK

ETn_RX_DV ;‘

trovs
>

U

gigigipipipipipiipipigipipgh

UL

trRDVh

—»

_F

/L

p—

tmROR
—

t
MRDs =P [~

»

<

ETn_ERXDO to X Preamble  YSFD DDD( DATA \ CRC ><
ETn_ERXD3 1} 1
ETn_RX_ER (( ((
I I
Figure 2.108 MIl reception timing in normal operation
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Table 2.78
Conditions:

ESWM timing (GMII)

1. Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: ETn_MDC, ETn_MDIO.
2. The drive capacity selection and voltage range for pins other than ETn_MDC, ETn_MDIO.

o GMIl use at 2.5 V: RGMII 2.50V drive select, VCC = 2.3 to 2.7
o GMIl use at 3.3 V: RGMII 3.30V drive select, VCC = 3.0 to 3.6

Parameter

Symbol vce

Min

Max

Unit

Test
conditions

ESWM (GMII)

ETn_GTX_CLK Frequency

2.30 Vto 3.60
\

trrEQ

125 - 100 ppm

125 + 100
ppm

MHz

ETn_GTX_CLK Period

tPERIOD

7.5

8.5

ns

ETn_RX_CLK Period

tPERIOD

7.5

ns

ETn_GTX_CLK, ETn_RX_CLK
Time High

tHicH

2.5

ns

ETn_GTX_CLK, ETn_RX_CLK
Time Low

tLow

2.5

ns

ETn_GTX_CLK, ETn_RX_CLK
Rise Time

ns

ETn_GTX_CLK, ETn_RX_CLK
Fall Time

ns

Magnitude of ETn_GTX_CLK,
ETn_RX_CLK Slew Rate

(rising)"!

0.6

V/ns

Magnitude of ETn_GTX_CLK,
ETn_RX_CLK Slew Rate

(falling)™!

0.6

V/ns

ETn_TXD, ETn_TX_EN,
ETn_TX_ER Setup to
1ETn_GTX_CLK and
ETn_RXD, ETn_RX_DV,
ETn_RX_ER Setup to 1
ETn_RX_CLK

tseTup

2.5

ns

ETn_TXD, ETn_TX_EN,
ETn_TX_ER Hold from

1+ ETn_GTX_CLK and
ETn_RXD, ETn_RX_DV,
ETn_RX_ER Hold from
ETn_RX_CLK

tHoLD

0.5

ns

ETn_TXD, ETn_TX_EN,
ETn_TX_ER Setup to

1 ETn_GTX_CLK and
ETn_RXD, ETn_RX_DV,
ETn_RX_ER Setup to 1
ETn_RX_CLK

tseTur(RCVR)

ns

TXD, TX_EN, TX_ER,
ETn_TX_ER Hold from 1
GTX_CLK and RXD, RX_DV,
RX_ER Hold from 1 RX_CLK

tHoLp(RCVR)

ns

Figure 2.109
Figure 2.110

Note 1. Clock Skew rate is the instantaneous rate of change of the clock potential with respect to time (dV/dt), not an average value
over the entire rise or fall time interval. Conformance with this specification guarantees that the clock signals will rise and fall
monotonically through the switching region.

R01DS0436EJ0130 Rev.1.30

Feb 27, 2026

RENESAS

Page 207 of 286




RA8T2 Datasheet

2. Electrical Characteristics

ETn_GTX_CLK or

ETn_RX_CLK

O\

ETn_TXD[7:0], ETn_TX_EN, ETn_TX_ER or
ETn_RXDI[7:0], ETn_RX_DV, ETn_RX_ER

Al

tHicH

tlow

trerIOD

tseTur—

- ¥ thow

Figure 2.109 GMII timing
Transmission Line Inout M "
. npu easuremen
GMII Driver 1.00ns delay P s
33 ohms 50 ohms +15% / P
\/\/\ /) h X
—— b5pF
777
Figure 2.110 GMII output timing measurement conditions
Table 2.79 ESWM timing (RGMII)
Conditions:

1. Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:

2. The drive capacity selection and voltage range for pins other than ETn_MDC, ETn_MDIO.

o RGMIl use at 2.5 V: RGMII 2.50V drive select, VCC =2.3t0 2.7
o RGMIl use at 3.3 V: RGMII 3.30V drive select, VCC = 3.0 to 3.6

ETn_MDC, ETn_MDIO.

Test
Parameter Symbol vcc Min Max Unit conditions
ESWM Data to Clock output Skew TskewT 2.30Vto -500 500 ps Figure 2.111
(RGM”) (at Transmitter)*1 3.60V Figure 2.112
Figure 2.113

Data to Clock input Skew (at | TskewR 1 2.6 ns

Receiver)'!

Data to Clock output Setup TsetupT 1.2 — ns

(at Transmitter-integrated

delay)

Clock to Data output Hold (at | ThoigT 1.2 — ns

Transmitter—integrated delay)

Data to Clock input Setup (at | Tsetupr 1 — ns

Receiver—integrated delay)

Data to Clock input Hold (at | Tholdr 1 — ns

Receiver—integrated delay)

Clock Cycle Duration™? Teye 7.2 8.8 ns

Duty Cycle for Gigabit™ Duty_G 45 55 %

Duty Cycle for 10/100T"3 Duty T 40 60 %

Rise / Fall Time (20-80%) T/ T¢ — 0.75 ns
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Note 1. This implies that PC board design will require clocks to be routed such that an additional trace delay of greater than 1.5ns and less
than 2.0ns will be added to the associated clock signal.

Note 2.
Note 3.

For 10Mbps and 100Mbps, Tcyc will scale to 400ns+-40ns and 40ns+-4ns respectively.
Duty cycle may be stretched/shrunk during speed changes or while transitioning to a received packet's clock domain as long as

minimum duty cycle is not violated and stretching occurs for no more than three Tcyc of the lowest speed transitioned between.

RGMIIn_TXC

_/

RGMIIn_TXD[3:0]
RGMIIn_TX_CTL

N AR

RGMIIn_RXC

RGMIIn_RXD[3:0]
RGMIIn_RX_CTL

L
s

v P

«—

e
TskewT

—

—
TskewT

/S

A N X

Sk ol ke
TskewR TskewR

Figure 2.111

RGMII timing

RGMIIn_TXC

RGMIIn_TXD[3:0]
RGMIIn_TX_CTL

RGMIIn_RXC

g EanN
A i

TsetupT TholdT TsetupT TholdT

o/

RGMIIn_RXDI[3:0]
RGMIIn_RX_CTL

T

- —
A > =
TsetupR TholdR TsetupR TholdR

Figure 2.112

RGMII timing (RGMII-ID)
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Transmission Line
RGMII Driver 1.00ns delay o
33 ohms 50 ohms +15% / p

VNV —F) —

Input Measurement

—_— 5pF
777
Figure 2.113 RGMII output timing measurement conditions
Table 2.80 ESWM timing (ETn_MDIO, ETn_MDC)
Conditions:
1. Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol vCcC Min Max Unit Test
conditions
ESWM ETHn_MDC output cycle tmpc 270Vor 80 — ns Figure 2.114
(ETn_MDIO, above
ETn_MDC)
230Vor 160 — ns
above
ETHn_MDIO setup time tsmpio 2.70Vor 20 — ns
(relative to ETHn_MDC?1) above
2.30 Vor 40 — ns
above
ETHn_MDIO hold time tHvDIO 2.70V or 0 — ns
(relative to ETHn_MDC?1) above
2.30Vor 0 — ns
above
ETHn_MDIO output delay tpmpIO 270 Vor 0 20 ns
time (relative to above
ETHn_MDC1)
230Vor 0 40 ns
above
tmoc
ETHn_MDC
(output) \
| tsmpio
< > tHMDIO
—>
ETHn_MDIO
(input)
tompio tompio
ETHn_MDIO
(output)
(n=0,1)
Figure 2.114 ETn_MDIO, ETn_MDC timing
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2.3.18 ESC Timing

Table 2.81 ESC timing

Conditions:

1. Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: CATO_MDC, CAT0_MDIO.
2. High drive output is selected in the Port Drive Capability bit in the PmnPFS register for pins other than CATO_MDC, CATO_MDIO.

Parameter Symbol |VCC Min Max Unit Test conditions
ESC (M) CATn_TX_CLK cycle time teye 2.70V or above 40 — ns
CATn_TX_EN output delay time tTENG 1 25 ns Figure 2.114
CATn_ETXDO0 to CATn_ETXD3 tMTDd 1 25 ns
output delay time
CATn_RX_CLK cycle time tTReyc 40 — ns
CATn_RX_DV setup time trRDVs 10 — ns Figure 2.115
CATn_RX_DV hold time tRDVA 10 — ns
CATn_ERXDO to CATn_ERXD3 tMRDs 10 — ns
setup time
CATn_ERXDO to CATn_ERXD3 hold | tmrph 10 — ns
time
CATn_RX_ER setup time tRERSs 10 — ns Figure 2.116
CATn_RX_ER hold time tRERN 10 — ns
ESC (MDIO) CATO_MDIO setup time tsmpio 60 — ns Figure 2.117
(CATO_MDCY)
CATO_MDIO hold time (CATO_MDC?) | thmpio 0 — ns
CATO_MDIO output delay time tompIO 0 30 ns
(CATO_MDC|)

CATn_TX_CLK S s&

trena
L
CATn_TX_EN SS \
tmTDd
—»
11

Koo )

E——

CATn_ERXDO to
CATn ERXD3 X Preamble SFD X DATA

—_

J]
17

(n=0,1)

Figure 2.114 MIl Transmission Timing (Normal Operation)
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trovs trovh

)t I

CATn_RX_DV _,l \S /
tmron
>
1 it
CATn_ERXDO to
CATn_ERXDS X e CX:X:X oA ﬂ\ X cre X

JL
Ui 17

[ [

(n=0,1) ) )

Figure 2.115 MIl Reception Timing (Normal Operation)

X X

|::

CATn_ERXDO to Preamble SFD X DATA XXXX
J

1

CATn_ERXD3
tRERN

e

4 __—

T

tRERs
>l

| & SS

Figure 2.116 MIl Reception Timing (Error Occurrence)

| ——
—

CATn_RX_ER

(n=0,1)

CATO_MDC
(output)

tsmpio

<€ » tHmDIO

CATO_MDIO
(input)

tompbio tompio

CATO_MDIO
(output)

Figure 2.117 Timing of Serial Management Access
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2.3.19 DSMIF Timing

Table 2.82 DSMIF timing
Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Test
Parameter Symbol vccC Min Max Unit conditions
Clock period Master toscyc 2.70 Vor 40 200 ns Figure 2.118
above
1.62Vor 80 200
above
Slave 2.70 Vor 40 200
above
1.62 Vor 40 200
above
Clock high Master tDSCKWH 2.70 Vor 16 — ns
level pulse above
width
1.62 Vor 32 —
above
Slave 2.70 Vor 16 —
above
1.62Vor 16 —
above
Clock low level | Master tbsckwL 2.70 Vor 16 — ns
pulse width above
1.62 V or 32 —
above
Slave 2.70 Vor 16 —
above
1.62 Vor 16 —
above
Setup time Master tsu 2.70 Vor 15 — ns Figure 2.119
above Figure 2.120
1.62 V or 30 —
above
Slave 2.70 V or 10 —
above
1.62 Vor 10 —
above
Hold time Master ty 2.70 Vor 0 — ns
above
1.62Vor 0 —
above
Slave 2.70 V or 10 —
above
1.62 Vor 10 —
above
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tosckwH

DSMCLKn L tbsckwL

tbsyne

A
A4

Figure 2.118 Timing of clock input / output

DSMCLKn B
(Input or Output)

DSMDATAN B 7
(Input)

|- |-
Ll

A

tsu

Figure 2.119 Receive Timing (Synchronized with the rise of DSMCLKn)

DSMCLKn
(Input or Output) \

DSMDATAN B -X

(Input)

A

|-
Ll

tsu

\ 4

tH

Figure 2.120 Receive Timing (Synchronized with the fall of DSMCLKn)
24 USB Characteristics
2.4.1 USBFS Timing

Table 2.83 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 — — \% —

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 \% —
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Table 2.83 USBFS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics) (2 of 2)
Conditions: VCC = VCC_USB = 3.0 t0 3.6 V, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Output Output high voltage VoH 2.8 — 3.6 \Y lon = —200 pA
characteristics
Output low voltage VoL 0.0 — 0.3 \ loL=2mA
Cross-over voltage VcRs 1.3 — 2.0 \% Figure 2.121
Rise time LR 75 — 300 ns
Fall time tLe 75 — 300 ns
Rise/fall time ratio R/ tLF 80 — 125 % LR/ L
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 2.121 USB_DP and USB_DM output timing in low-speed mode

Observation
int
USB_DP / poin

—w\ J_
T 200 pF to

270 % 600 pF

USB_DM l

A4 4
J_ 200 pF to

% 600 pF

36V
1.5kQ

Figure 2.122 Test circuit in low-speed mode

Table 2.84 USBFS full-speed characteristics (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 ViH 2.0 — — \ —
characteristics
Input low voltage Vi — — 0.8 \Y —
Differential input sensitivity Vpi 0.2 — — \% | USB_DP - USB_DM |
Differential common-mode range Vem 0.8 — 2.5 \ —
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Table 2.84

USBFS full-speed characteristics (USB_DP and USB_DM pin characteristics) (2 of 2)

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

Parameter Symbol Min Typ Max Unit Test conditions
Output Output high voltage VoH 2.8 — 3.6 \Y loq = —200 pA
characteristics
Output low voltage VoL 0.0 — 0.3 \ loL=2mA
Cross-over voltage VcRrs 1.3 — 2.0 \% Figure 2.123
Rise time LR 4 — 20 ns
Fall time tLe 4 — 20 ns
Rise/fall time ratio R/ tLF 90 — 11111 | % ter/ tFE
Output resistance ZpRvY 28 — 44 Q USBFS: Rs = 27 Q included
Pull-up and DM pull-up resistance in device controller | Rpy 0.900 |— 1.575 |kQ During idle state
pull-down mode ; -
characteristics 1425 |— 3.090 |kQ Durlng_ transmission and
reception
USB_DP and USB_DM pull-down Rpd 1425 |— 2480 |kQ —
resistance in host controller mode
USB_DP, Vcrs .
USB_DM
Figure 2.123 USB_DP and USB_DM output timing in full-speed mode
Observation
int
USB_DP / pomn
T 50 pF
270 ;
USB_DM l
% 50 pF
Figure 2.124 Test circuit in full-speed mode

25 ADC Characteristics

Table 2.85 AID conversion characteristics (common) (1 of 3)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC
Parameter Min Typ | Max | Unit | Test conditions
A/D conversion clock frequency (ADCLK) 25 50 60 MHz | AVCC: 2.7 to 3.63 V
VCC:2.7t03.63V
Successive approximation time 100 — 200 |[ns VREFHO/NREFH: 2.7
V to AVCC
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Table 2.85 A/D conversion characteristics (common) (2 of 3)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min Typ | Max | Unit | Test conditions
A/D sampling | Self-calibration SAR mode 1 % tapeyc +40 | — — ns AVCC: 2.7 t0 3.63 V
time (Normal - VCC:2.7t03.63V
mode) Oversampling | 1 % tapcyc +40 | — — ns VREFHO/VREFH: 2.7
mode V to AVCC
tCmp=100i
Self-diagnosis SARmode |1 Xtapeyc+40 |[— |— |ns mp=1-0ns
Oversampling | 1 * tapeyc +40 | — — ns
mode
A/D conversion | High-speed Without (ANOOO SAR mode 1 % tapeyc +40 | — — ns
channels channel to -
dedicated ANO005) Oversampling | 40 — - ns
sample and (ANO06 | mode
hold circuits to ANO11) | (One-channel
continuous
scan mode)
Oversampling | 1 * tapeyc +40 | — — ns
mode
(Single/
Continuous
scan mode)
With channel- | (ANOOO SAR mode 1 % tapeyc *+ — — ns
dedicated to 160
sample-and- ANO005) -
hold circuits (AN0O06 | Hybrid mode |1 x tapgyc + — |— |ns
to ANO11) 160
Middle-speed channels (ANO12 SAR mode 180 — — ns
to
ANO15) Oversampling | 200 — — ns
mode
Low-speed channels (ANO16 SAR mode 400 — — ns
to
AND22) Oversampling | 400 — — ns
mode
A/D sampling | Self-calibration SAR mode 1 % tapeyc + — — ns
time 140*1
(High accuracy
mode) Hybrid mode 1 % tapeyc + — — ns
140
Self-diagnosis SAR mode 1 % tapeyc *+ — — ns
140"
Hybrid mode 1 % tapeyc *+ — — ns
140"
A/D conversion | High-speed Without (ANOOO SAR mode 1 % tapeyc *+ — — ns
channels channel to 140"
dedicated ANO005)
sample and (ANOO06 Hybrid mode 1 % tapeyc *+ — — ns
hold circuits to ANO11) 140"
With channel- | (ANOOO SAR mode 1 % tapeyc *+ — — ns
dedicated to 320
sample-and- ANO005) -
hold circuits (AN0O06 | Hybrid mode |1 x tapgyc + — |— |ns
to ANO11) 320
Middle-speed channels (ANO12 SAR mode 400 — — ns
to
ANO15) Hybrid mode 440 — — ns
Low-speed channels (ANO16 SAR mode 840 — — ns
to
AND22) Hybrid mode 840 — — ns
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Table 2.85

A/D conversion characteristics (common) (3 of 3)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min Typ | Max | Unit | Test conditions
Channel Sampling time | Self-calibration 400 — — ns AVCC: 2.7 t0 3.63 V
dedicated - VCC: 2.7t0 3.63V
sample and A/D conversion 400 — |— |" | VREFHONREFH: 2.7
hold circuits Hold mode switching time 40 — — ns Vio AVCC
Hold time — — 5 us
Operation A/D start-up time 2 — — us
stabilization
time Channel-dedicated sample-and-hold circuits start-up time 2 — — 'S
A/D shut-down time 1 — — us
Analog input Single-ended input voltage Unit 0 ANO0O00 to VREFLO — VRE |V —
voltage range ANOO05, FHO
ANO12, ANO14
ANO016 to VREFLO — VRE |V VCC = VREFHO
ANO18 FHO
VREFLO — VvCC VCC < VREFHO
ANO19 to VREFLO — VRE VCC2 = VREFHO0
ANO022 FHO
VREFLO — VCC |V VCC2 < VREFHO
2
Unit 1 ANO006 to VREFL — VRE |V —
ANO11, FH
ANO013, ANO15
ANO016 to VREFL — VRE |V VCC 2 VREFH
ANO18 FH
VREFL — VvCC VCC < VREFH
ANO19 to VREFL — VRE VCC2 = VREFH
ANO022 FH
VREFL — VCC |V VCC2 < VREFH
2
Differential input voltage™ Unit 0 ANO0O to -VREFHO — +VR |V —
ANO005 EFH
0
Unit 1 ANO006 to -VREFH — +VR |V —
ANO11 EFH

Note:
Note:
Note 1.

tapcyc: ADCLK cycle
tcmp: Successive approximation time
If tcmp is greater than 100ns, the A/D sampling time should be greater than the following equation.

1 x taDcyc + 1.6 x temp

Note 2.

Differential input voltage is (Ajnp - AINN)-
A/D Converter Unit O:

e AjNp is input voltage of Ay, and VREFLO < Ajnp < VREFHO.
e AN is input voltage of Any, and VREFLO < Ay < VREFHO.

A/D Converter Unit 1:
e Ajnp is input voltage of Ay, and VREFL < Ajnp £ VREFH.
e AN is input voltage of Ayy, and VREFL < Ay < VREFH.

(x=2i,y=2i+1,i=0, 1, 2... (any integer))
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Table 2.86 A/D conversion characteristics (common) (1 of 2)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC
Parameter Min Typ | Max | Unit | Test conditions
A/D conversion clock frequency (ADCLK) 25 50 60 MHz | AVCC: 1.62t0 2.7 V
VCC:1.62t0 2.7V
Successive approximation time 200 — 200 |ns VREFHO/VREFH:
1.62 Vto AVCC
A/D sampling | Self-calibration SAR mode 1 x tapeyc + — — ns AVCC:1.62t0 2.7V
time (Normal 420 VCC:1.62t02.7V
mode) - VREFHO/VREFH:
Oversampling | 1 xtapge+ |— |[— |[Nns |1.62VtoAVCC
mode 420 tCmp=200ns
Self-diagnosis SAR mode 1 % tapeyc + — — ns
420
Oversampling | 1 * tapeyc + — — ns
mode 420
A/ID High-speed Without (ANO0OO to SAR mode 1 % tapcyc + — — ns
conversion channels channel ANO005) 420
dedicated (ANOQO6 to -
sample and ANO11) Oversampling | 440 — — ns
hold circuits mode (One-
channel
continuous
scan mode)
Oversampling | 1 * tapeyc + — — ns
mode (Single/ | 420
Continuous
scan mode)
Middle-speed channels (ANO12 to SAR mode 560 — — ns
ANO015)
Oversampling | 560 — — ns
mode
Low-speed channels (ANO16 to SAR mode 800 — — ns
AN022)
Oversampling | 800 — — ns
mode
A/D sampling | Self-calibration SAR mode 1 % tapcyc + — — ns
time 780
(High
accuracy Hybrid mode 1x tADcyc + — — ns
mode) 780
Self-diagnosis SAR mode 1 % tapeyc *+ — — ns
780
Hybrid mode 1 % tapgyc + — — ns
780
A/D High-speed Without (ANO0OO to SAR mode 1 % tapcyc + — — ns
conversion channels channel ANO005) 780
dedicated (ANOQO6 to -
sample and ANO11) Hybrid mode | 1 % tapeyc + — |— |ns
hold circuits 780
Middle-speed channels (ANO12 to SAR mode 1200 — — ns
ANO015)
Hybrid mode 1200 — — ns
Low-speed channels (ANO16 to SAR mode 1680 — — ns
AN022) -
Hybrid mode 1680 — — ns
Operation A/D start-up time 2 — — ns AVCC: 1.62t0 2.7V
VCC:1.62t0 2.7V
A/D shut-down time 1 — — ns VREFHO/VREFH:
1.62 Vto AVCC
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Table 2.86 A/D conversion characteristics (common) (2 of 2)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min Typ | Max | Unit | Test conditions
Analog input Single-ended input voltage Unit 0 ANO0O0O to VREFLO — VRE |V —
voltage range ANOO05, FHO
ANO012,
ANO14
ANO016 to VREFLO — |VRE|V VCC 2 VREFHO
ANO18 FHO
VREFLO — |VvC |V VCC < VREFHO
C
ANO19 to VREFLO — |VRE |V VCC2 2 VREFHO
ANO022 FHO
VREFLO — |VvC |V VCC2 < VREFHO
Cc2
Unit 1 ANOO6 to VREFL — |VRE|V —
ANO11, FH
ANO13,
ANO15
ANO16 to VREFL — |VRE |V VCC 2 VREFH
ANO18 FH
VREFL — |VvC |V VCC < VREFH
C
ANO019 to VREFL — |VRE|V VCC2 = VREFH
AN022 FH
VREFL — |VvC |V VCC2 < VREFH
Cc2
Differential input voltage™! Unit 0 ANO0O to -VREFHO — +VR |V —
ANO005 EFH
0
Unit 1 ANO006 to -VREFH — +VR [V —
ANO11 EFH

Note:  tapcyc: ADCLK cycle

Note:  tcmp: Successive approximation time

Note 1. Differential input voltage is (Anp - AINN)-
A/D Converter Unit 0:

e Ajnp is input voltage of Any, and VREFLO < Ajnp < VREFHO.
e AN is input voltage of Any, and VREFLO < Ay < VREFHO.

A/D Converter Unit 1:
e Ajnp is input voltage of Ay, and VREFL < Ajnp £ VREFH.
e AN is input voltage of Ayy, and VREFL < Ay < VREFH.

(x=2i,y=2i+1,i=0, 1, 2... (any integer))
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Table 2.87

A/D conversion characteristics (SAR mode : DCDC mode) (1 of 6)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Resolution — — 12 bit —
mode
SAR | Single-ended | Normal mode | High-speed Without Conversion 0.16 |— — us e ADCLK: 50 MHz
mode | input channels channel time™ e Sampling time: 3 ADCLK
(ANOOO to dedicated e Successive approximation time:
ANO005) sample and 5 ADCLK
(ANOO6 to hold circuits e Signal source impedance: 50 Q
ANO011) or less
Offset error — +3 +6.5 |[LSB | BGA package
— +3 +7.5 |LSB | LQFP package
Full-scale — +3 6.5 |LSB | BGA package
error
— +3 +7.5 |[LSB | LQFP package
Absolute — +4 +11 LSB BGA package
accuracy
—_ +4 +14 LSB | LQFP package
DNL — +1 -1to |LSB | BGA package
differential +1.5
nonlinearity
error *3 — +1 -1to | LSB LQFP package
+2.0
INL integral — +2 +3 LSB | BGA package
nonlinearity
error — 12 15 LSB | LQFP package
High-speed With channel | Conversion 1.00 |— — us e ADCLK: 50 MHz
channels dedicated time™2 e Sampling time of channel-
(ANOOO to sample and dedicated sample-and-hold
ANO005) hold circuits circuits: 35 ADCLK
(ANOO06 to e Hold mode switching time of
ANO11) channel-dedicated sample-and-
hold circuits: 2 ADCLK
e Sampling time: 8 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +1.5 | $6.75 | LSB | BGA package
— +1.5 |£7.5 |LSB |LQFP package
Full-scale — +1.5 | +6.75 | LSB | BGA package
error
— +1.5 |[£7.5 |LSB |LQFP package
Absolute — 5 +10.5 | LSB | BGA package
accuracy
— 5 +11.5 | LSB | LQFP package
DNL — +1 -1to |LSB | BGA package
differential +1.5
nonlinearity
error *3 — +1 -1to | LSB LQFP package
+2.0
INL integral — +25 | 3.5 |LSB |BGA package
nonlinearity
error — 2.5 |55 |LSB |LQFP package
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Table 2.87

A/D conversion characteristics (SAR mode : DCDC mode) (2 of 6)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | High High-speed Without Conversion 0.26 |— — us e ADCLK: 50 MHz
mode | input accuracy channels channel time™ e Sampling time: 8 ADCLK
mode (ANOOO to dedicated e Successive approximation time:
ANO0O05) sample and 5 ADCLK
(ANOOG6 to hold circuits e Signal source impedance: 50 Q
ANO11) orless
Offset error — +1.5 |45 |LSB |BGA package
— 1.5 |£55 |LSB |LQFP package
Full-scale — +1.5 |+4.5 |LSB |BGA package
error
— 1.5 |55 |LSB |LQFP package
Absolute — 4 17 LSB | BGA package
accuracy
— +4 +10 |LSB | LQFP package
DNL — +1 -1to | LSB | BGA package
differential +1.5
nonlinearity
error "3 — 1 -1to |LSB | LQFP package
+2.0
INL integral — +2 +3 LSB | BGA package
nonlinearity
error — £2 £5 LSB | LQFP package
High-speed With channel | Conversion 1.72 | — — us e ADCLK: 50 MHz
channels dedicated time™2 e Sampling time of channel-
(ANOOO to sample and dedicated sample-and-hold
ANO0O05) hold circuits circuits: 63 ADCLK
(ANOOG6 to e Hold mode switching time of
ANO11) channel-dedicated sample-and-
hold circuits: 2 ADCLK
e Sampling time: 16 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
orless
Offset error — +1.5 | $6.75 | LSB | BGA package
— +1.5 |[£7.5 |LSB |LQFP package
Full-scale — +1.5 | $6.75 | LSB | BGA package
error
— 1.5 | 7.5 |LSB |LQFP package
Absolute — 4.5 |19 LSB | BGA package
accuracy
— +4.5 |+9.5 |LSB |LQFP package
DNL — +1 -1to | LSB | BGA package
differential +1.5
nonlinearity
error ™3 — +1 -1to [LSB | LQFP package
+2.0
INL integral — +25 |[+3.5 |LSB |BGA package
nonlinearity
error — +25 |+4.5 |LSB |LQFP package
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Table 2.87 A/D conversion characteristics (SAR mode : DCDC mode) (3 of 6)

Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | Normal mode | Middle-speed channels Conversion 0.28 |[— — us e ADCLK: 50 MHz
mode | input (ANO12 to AN015) time™ e Sampling time: 9 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +1.5 |16.5 |LSB |BGA package
— 1.5 |£6.5 |LSB |LQFP package
Full-scale — +1.5 |16.5 |LSB |BGA package
error
— 1.5 |16.5 |LSB |LQFP package
Absolute — 4 +11 LSB | BGA package
accuracy
— +4 15 |LSB | LQFP package
DNL — +1 -1to | LSB | BGA package
differential +1.5
nonlinearity
error "3 — 1 -1to |LSB | LQFP package
+2.0
INL integral — +2 +3 LSB | BGA package
nonlinearity
error — +2 +3 LSB | LQFP package
Low-speed channels (ANO16 | Conversion 0.5 — — us e ADCLK: 50 MHz
to AN022) time™ e Sampling time: 20 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
orless
Offset error — +15 [(+#65 |LSB |—
Full-scale — +15 [+#65 |LSB |—
error
Absolute — 5.5 |11 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "3
INL integral —_ +2 +4 LSB |—
nonlinearity
error
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Table 2.87 A/D conversion characteristics (SAR mode : DCDC mode) (4 of 6)

Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | High Middle-speed channels Conversion 0.5 — — us e ADCLK: 50 MHz
mode | input accuracy (ANO12 to AN015) time™ e Sampling time: 20 ADCLK
mode e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +1.5 |45 |LSB |BGA package
— +1.5 |[#4.5 |LSB |LQFP package
Full-scale — +1.5 |45 |LSB |BGA package
error
—_ +1.5 |#4.5 |LSB |LQFP package
Absolute — 4 17 LSB | BGA package
accuracy
— +4 11 LSB | LQFP package
DNL — +1 -1to | LSB | BGA package
differential +1.5
nonlinearity
error "3 — 1 -1to |LSB | LQFP package
+2.0
INL integral — +2 +3 LSB | BGA package
nonlinearity
error — +2 +4.5 | LSB | LQFP package
Low-speed channels (ANO16 | Conversion 094 |— — us e ADCLK: 50 MHz
to AN022) time™ e Sampling time: 42 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
orless
Offset error — +15 [(+#45 |LSB |—
Full-scale — +15 [(+#45 |LSB |—
error
Absolute — 55 |8 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "3
INL integral —_ +2 +4 LSB |—
nonlinearity
error
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Table 2.87 A/D conversion characteristics (SAR mode : DCDC mode) (5 of 6)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Differential Normal mode | High-speed Without Conversion 0.16 |— — us e ADCLK: 50 MHz
mode | input channels channel time™ e Sampling time: 3 ADCLK
(ANOOO to dedicated e Successive approximation time:
ANO0O05) sample and 5 ADCLK
(ANOOG6 to hold circuits e Signal source impedance: 50 Q
ANO11) orless
Offset error | — £2 35 |LSB |—
Full-scale — 2 35 |LSB |—
error
Absolute — +3 +6 LSB |—
accuracy
DNL — +0.75 | #1 LSB |—
differential
nonlinearity
error "3
INL integral — +1.5 | £2 LSB | —
nonlinearity
error
High-speed With channel | Conversion 1.00 |— — us e ADCLK: 50 MHz
channels dedicated time™2 e Sampling time of channel-
(ANOOO to sample and dedicated sample-and-hold
ANO005) hold circuits circuits: 35 ADCLK
(ANOO06 to e Hold mode switching time of
ANO011) channel-dedicated sample-and-
hold circuits: 2 ADCLK
e Sampling time: 8 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +1.5 |[#6.75 |LSB |—
Full-scale — +1.5 |#6.75 |LSB |—
error
Absolute — +3.5 [£105 |[LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 3
INL integral — 25 |#3.5 |LSB |[—
nonlinearity
error
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Table 2.87 A/D conversion characteristics (SAR mode : DCDC mode) (6 of 6)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

error

Parameter Min | Typ Max | Unit | Test conditions
SAR | Differential High High-speed Without Conversion 0.26 |— — us e ADCLK: 50 MHz
mode | input accuracy channels channel time™ e Sampling time: 8 ADCLK
mode (ANOOO to dedicated e Successive approximation time:
ANO0O05) sample and 5 ADCLK
(ANOOG6 to hold circuits e Signal source impedance: 50 Q
ANO11) orless
Offset error — +1 25 [LSB |—
Full-scale — +1 25 |LSB |—
error
Absolute —_ +2 +4 LSB | —
accuracy
DNL — +0.75 | #1 LSB |—
differential
nonlinearity
error "3
INL integral — +1.5 | £2 LSB | —
nonlinearity
error
High-speed With channel | Conversion 1.72 | — — us e ADCLK: 50 MHz
channels dedicated time™2 e Sampling time of channel-
(ANOOO to sample and dedicated sample-and-hold
ANO005) hold circuits circuits: 63 ADCLK
(ANOO06 to e Hold mode switching time of
ANO011) channel-dedicated sample-and-
hold circuits: 2 ADCLK
e Sampling time: 16 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +1.5 |[#6.75 |LSB |—
Full-scale — +1.5 |#6.75 |LSB |—
error
Absolute — +3.5 |9 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 3
INL integral — 25 |#3.5 |LSB |[—
nonlinearity

Note:  These specification values are applicable when only one ADC16H is operating, DAC12 and ACMPHS are not operating, and there

is no access to the external bus during A/D conversion.

If other ADC unit, DAC12, 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 ADC16H is used.

The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and ADC16H input voltage is stable.
Note 1. Without channel dedicated sample and hold circuits; The conversion time is the sum of the sampling time and the successive

approximation time. Each of the above state is indicated for the test conditions.

Note 2. With channel-dedicated sample-and-hold circuits; The conversion time is the sum of the sampling time of channel-dedicated
sample-and-hold circuits, the hold mode switching time, the sampling time and the successive approximation time. Each of the

above state is indicated for the test conditions.
Note 3. DNL is measured using the Histogram Method, so the lower limit value is -1.
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Table 2.88

A/D conversion characteristics (SAR mode : External VDD mode) (1
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

of 6)

Parameter Min | Typ Max | Unit | Test conditions
SAR | Resolution — — 12 bit —
mode
SAR | Single-ended | Normal mode | High-speed Without Conversion 0.16 |— — us e ADCLK: 50 MHz
mode | input channels channel time™ e Sampling time: 3 ADCLK
(ANOOO to dedicated e Successive approximation time:
ANO005) sample and 5 ADCLK
(ANOO06 to hold circuits e Signal source impedance: 50 Q
ANO011) or less
Offset error — 13 6.5 |LSB |—
Full-scale — +3 6.5 |LSB |—
error
Absolute — +4 +11 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "3
INL integral — +2 +3 LSB |—
nonlinearity
error
High-speed With channel | Conversion 1.00 |— — us e ADCLK: 50 MHz
channels dedicated time™2 e Sampling time of channel-
(ANOOO to sample and dedicated sample-and-hold
ANO005) hold circuits circuits: 35 ADCLK
(ANOO6 to e Hold mode switching time of
ANO11) channel-dedicated sample-and-
hold circuits: 2 ADCLK
e Sampling time: 8 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
orless
Offset error — +1.5 |16.75 |LSB |—
Full-scale — +1.5 |[+6.75 |LSB |—
error
Absolute — 15 +10.5 |LSB | —
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "3
INL integral — +25 |35 |LSB |—
nonlinearity
error
R01DS0436EJ0130 Rev.1.30 RENESAS Page 227 of 286

Feb 27, 2026



RA8T2 Datasheet

2. Electrical Characteristics

Table 2.88

A/D conversion characteristics (SAR mode : External VDD mode) (2 of 6)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | High High-speed Without Conversion 0.26 |— — us e ADCLK: 50 MHz
mode | input accuracy channels channel time™ e Sampling time: 8 ADCLK
mode (ANOOO to dedicated e Successive approximation time:
ANO0O05) sample and 5 ADCLK
(ANOOG6 to hold circuits e Signal source impedance: 50 Q
ANO11) orless
Offset error — +15 (45 |LSB |—
Full-scale — +1.5 |#45 |LSB |—
error
Absolute — +4 7 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "3
INL integral — +2 +3 LSB | —
nonlinearity
error
High-speed With channel | Conversion 1.72 | — — us e ADCLK: 50 MHz
channels dedicated time™2 e Sampling time of channel-
(ANOOO to sample and dedicated sample-and-hold
ANO005) hold circuits circuits: 63 ADCLK
(ANOO06 to e Hold mode switching time of
ANO011) channel-dedicated sample-and-
hold circuits: 2 ADCLK
e Sampling time: 16 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +1.5 |[+6.75 |LSB |—
Full-scale — +1.5 |#6.75 |LSB |—
error
Absolute — +4.5 |9 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 3
INL integral — 25 |#3.5 |LSB |[—
nonlinearity
error
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Table 2.88

A/D conversion characteristics (SAR mode : External VDD mode) (3 of 6)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | Normal mode | Middle-speed channels Conversion 0.28 |[— — us e ADCLK: 50 MHz
mode | input (ANO12 to AN015) time™ e Sampling time: 9 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offseterror | — 1.5 |#65 |LSB |—
Full-scale — +1.5 |65 |LSB |—
error
Absolute — +4 +11 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "3
INL integral — +2 +3 LSB | —
nonlinearity
error
Low-speed channels (ANO16 | Conversion 0.5 — — us e ADCLK: 50 MHz
to AN022) time™ e Sampling time: 20 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +15 [(#6.5 |LSB |—
Full-scale — +1.5 |#65 |LSB |—
error
Absolute — 55 |[+11 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 3
INL integral — +2 4 LSB | —
nonlinearity
error
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Table 2.88

A/D conversion characteristics (SAR mode : External VDD mode) (4 of 6)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | High Middle-speed channels Conversion 0.5 — — us e ADCLK: 50 MHz
mode | input accuracy (ANO12 to AN015) time™ e Sampling time: 20 ADCLK
mode e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +15 (45 |LSB |—
Full-scale — +1.5 |#45 |LSB |—
error
Absolute — +4 7 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "3
INL integral — +2 +3 LSB | —
nonlinearity
error
Low-speed channels (ANO16 | Conversion 094 |— — us e ADCLK: 50 MHz
to AN022) time™ e Sampling time: 42 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +15 [(+#45 |LSB |—
Full-scale — +1.5 |#45 |LSB |—
error
Absolute — 5.5 |18 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 3
INL integral — +2 4 LSB | —
nonlinearity
error
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Table 2.88

A/D conversion characteristics (SAR mode : External VDD mode) (5 of 6)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Differential Normal mode | High-speed Without Conversion 0.16 |— — us e ADCLK: 50 MHz
mode | input channels channel time™ e Sampling time: 3 ADCLK
(ANOOO to dedicated e Successive approximation time:
ANO0O05) sample and 5 ADCLK
(ANOOG6 to hold circuits e Signal source impedance: 50 Q
ANO11) orless
Offseterror | — £2 35 |LSB |—
Full-scale — 2 35 |LSB |—
error
Absolute — +3 +6 LSB |—
accuracy
DNL — +0.75 | #1 LSB |—
differential
nonlinearity
error "3
INL integral — +1.5 | £2 LSB | —
nonlinearity
error
High-speed With channel | Conversion 1.00 |— — us e ADCLK: 50 MHz
channels dedicated time™2 e Sampling time of channel-
(ANOOO to sample and dedicated sample-and-hold
ANO005) hold circuits circuits: 35 ADCLK
(ANOO06 to e Hold mode switching time of
ANO011) channel-dedicated sample-and-
hold circuits: 2 ADCLK
e Sampling time: 8 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +1.5 |[+6.75 |LSB |—
Full-scale — +1.5 |#6.75 |LSB |—
error
Absolute — +3.5 [£105 |LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 3
INL integral — 25 |#3.5 |LSB |[—
nonlinearity
error
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Table 2.88

A/D conversion characteristics (SAR mode : External VDD mode) (6 of 6)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

error

Parameter Min | Typ Max | Unit | Test conditions
SAR | Differential High High-speed Without Conversion 0.26 |— — us e ADCLK: 50 MHz
mode | input accuracy channels channel time™1 e Sampling time: 8 ADCLK
mode (ANOOO to dedicated e Successive approximation time:
ANO0O05) sample and 5 ADCLK
(ANOOG6 to hold circuits e Signal source impedance: 50 Q
ANO11) orless
Offset error — +1 25 [LSB |—
Full-scale — +1 25 |LSB |—
error
Absolute —_ +2 +4 LSB | —
accuracy
DNL — +0.75 | #1 LSB |—
differential
nonlinearity
error "3
INL integral — +1.5 | £2 LSB | —
nonlinearity
error
High-speed With channel | Conversion 1.72 | — — us e ADCLK: 50 MHz
channels dedicated time™2 e Sampling time of channel-
(ANOOO to sample and dedicated sample-and-hold
ANO005) hold circuits circuits: 63 ADCLK
(ANOO06 to e Hold mode switching time of
ANO011) channel-dedicated sample-and-
hold circuits: 2 ADCLK
e Sampling time: 16 ADCLK
e Successive approximation time:
5 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +1.5 |[+6.75 |LSB |—
Full-scale — +1.5 |#6.75 |LSB |—
error
Absolute — +3.5 |9 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 3
INL integral — 25 |#3.5 |LSB |[—
nonlinearity

Note:  These specification values are applicable when only one ADC16H is operating, DAC12 and ACMPHS are not operating, and there

is no access to the external bus during A/D conversion.

If other ADC unit, DAC12, 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 ADC16H is used.
The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and ADC16H input voltage is stable.
Note 1. Without channel dedicated sample and hold circuits; The conversion time is the sum of the sampling time and the successive
approximation time. Each of the above state is indicated for the test conditions.
Note 2. With channel-dedicated sample-and-hold circuits; The conversion time is the sum of the sampling time of channel-dedicated
sample-and-hold circuits, the hold mode switching time, the sampling time and the successive approximation time. Each of the
above state is indicated for the test conditions.

Note 3. DNL is measured using the Histogram Method, so the lower limit value is -1.
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Table 2.89

A/D conversion characteristics (SAR mode : DCDC mode) (1 of 4)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Resolution — — 12 bit —
mode
SAR | Single-ended | Normal mode | High-speed Without Conversion 064 |— — us e ADCLK: 50 MHz
mode | input channels channel time™ e Sampling time: 22 ADCLK
(ANOOO to dedicated e Successive approximation time:
ANO005) sample and 10 ADCLK
(ANOO6 to hold circuits e Signal source impedance: 50 Q
ANO011) or less
Offset error — +3 +6.5 |[LSB | BGA package
— +3 +8 LSB | LQFP package
Full-scale — +3 6.5 |LSB | BGA package
error
— +3 +8 LSB | LQFP package
Absolute — 55 |+11 LSB | BGA package
accuracy
—_ 5.5 | %15 LSB | LQFP package
DNL — +1 -1to [LSB | BGA package
differential +1.5
nonlinearity
error *2 — +1 -1to | LSB LQFP package
+2.0
INL integral — +2 +3 LSB | BGA package
nonlinearity
error — +2 +3.5 |LSB | LQFP package
SAR | Single-ended | High High-speed Without Conversion 1 — — us e ADCLK: 50 MHz
mode | input accuracy channels channel time™ e Sampling time: 40 ADCLK
mode (ANOOO to dedicated e Successive approximation time:
ANO005) sample and 10 ADCLK
(ANOO06 to hold circuits e Signal source impedance: 50 Q
ANO11) or less
Offset error — +1.5 |+45 |LSB |BGA package
— 1.5 |5 LSB | LQFP package
Full-scale — +1.5 |#45 |LSB |BGA package
error
— 1.5 |5 LSB | LQFP package
Absolute — +5.0 |8 LSB | BGA package
accuracy
— 5.0 |11 LSB | LQFP package
DNL — +1 -1to [LSB | BGA package
differential +1.5
nonlinearity
error *2 — +1 -1to | LSB LQFP package
+1.5
INL integral — +2 +3 LSB | BGA package
nonlinearity
error — 12 3.5 |LSB |LQFP package
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Table 2.89 A/D conversion characteristics (SAR mode : DCDC mode) (2 of 4)

Conditions: AVCC: 1.62t0 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | Normal mode | Middle-speed channels Conversion 0.76 |— — us e ADCLK: 50 MHz
mode | input (ANO12 to AN015) time™ e Sampling time: 28 ADCLK
e Successive approximation time:
10 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — — 6.5 |LSB | BGA package
— 1.5 |7 LSB | LQFP package
Full-scale — +1.5 |16.5 |LSB |BGA package
error
— 1.5 |7 LSB | LQFP package
Absolute — 4 +11 LSB | BGA package
accuracy
— +4 15 |LSB | LQFP package
DNL — +1 -1to | LSB | BGA package
differential +1.5
nonlinearity
error 2 — +1 -1to [LSB | LQFP package
+2.0
INL integral — +2 +3 LSB | BGA package
nonlinearity
error — +2 +4 LSB | LQFP package
Low-speed channels (ANO16 | Conversion 1 — — us e ADCLK: 50 MHz
to AN022) time™ e Sampling time: 40 ADCLK
e Successive approximation time:
10 ADCLK
e Signal source impedance: 50 Q
orless
Offset error — +15 [(+#65 |LSB |—
Full-scale — +15 [+#65 |LSB |—
error
Absolute — 5.5 |11 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "2
INL integral —_ +2 +4 LSB |—
nonlinearity
error
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Table 2.89 A/D conversion characteristics (SAR mode : DCDC mode) (3 of 4)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | High Middle-speed channels Conversion 1.4 — — us e ADCLK: 50 MHz
mode | input accuracy (ANO12 to AN015) time™ e Sampling time: 60 ADCLK
mode e Successive approximation time:
10 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +1.5 |45 |LSB |BGA package
— 1.5 |5 LSB | LQFP package
Full-scale — +1.5 |45 |LSB |BGA package
error
— 1.5 |5 LSB | LQFP package
Absolute — 4 18 LSB | BGA package
accuracy
— +4 +13 LSB | LQFP package
DNL — +1 -1to | LSB | BGA package
differential +1.5
nonlinearity
error 2 — +1 -1to [LSB | LQFP package
+2.0
INL integral — +2 +3 LSB | BGA package
nonlinearity
error — +2 +4 LSB | LQFP package
Low-speed channels (ANO16 | Conversion 1.88 | — — us e ADCLK: 50 MHz
to AN022) time™ e Sampling time: 84 ADCLK
e Successive approximation time:
10 ADCLK
e Signal source impedance: 50 Q
orless
Offset error — +15 [(+#45 |LSB |—
Full-scale — +15 [(+#45 |LSB |—
error
Absolute — 55 |8 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "2
INL integral —_ +2 +4 LSB |—
nonlinearity
error
SAR | Differential Normal mode | High-speed channels (ANOOO | Conversion 0.64 |— — us e ADCLK: 50 MHz
mode | input to ANOO05) (ANO06 to ANO11) | time™ e Sampling time: 22 ADCLK
e Successive approximation time:
10 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +2 35 [LSB |—
Full-scale — 2 3.5 |LSB |—
error
Absolute — +4.5 |6 LSB |—
accuracy
DNL — +0.75 | #1 LsB |—
differential
nonlinearity
error 2
INL integral — 1.5 | £2 LSB | —
nonlinearity
error
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Table 2.89

A/D conversion characteristics (SAR mode : DCDC mode) (4 of 4)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min Typ Max | Unit | Test conditions
SAR | Differential High High-speed Without Conversion 1 — — us e ADCLK: 50 MHz
mode | input accuracy channels channel time™ e Sampling time: 40 ADCLK
mode (ANOOO to dedicated e Successive approximation time:
ANO0O05) sample and 10 ADCLK
(ANOOG6 to hold circuits e Signal source impedance: 50 Q
ANO11) orless
Offset error — +1 25 |LSB |—
Full-scale — +1 25 |LSB |—
error
Absolute — +35 |+45 |LSB |—
accuracy
DNL — +0.75 | £1 LSB | —
differential
nonlinearity
error 2
INL integral — +1.5 | £2 LSB | —
nonlinearity
error
Note:  These specification values are applicable when only one ADC16H is operating, DAC12 and ACMPHS are not operating, and there
is no access to the external bus during A/D conversion.
If other ADC unit, DAC12, 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 ADC16H is used.
The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and ADC16H input voltage is stable.
Note 1. Without channel dedicated sample and hold circuits; The conversion time is the sum of the sampling time and the successive
approximation time. Each of the above state is indicated for the test conditions.
Note 2. DNL is measured using the Histogram Method, so the lower limit value is -1.
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Table 2.90

A/D conversion characteristics (SAR mode : External VDD mode) (1 of 4)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Resolution — — 12 bit —
mode
SAR | Single-ended | Normal mode | High-speed Without Conversion 064 |— — us e ADCLK: 50 MHz
mode | input channels channel time™ e Sampling time: 22 ADCLK
(ANOOO to dedicated e Successive approximation time:
ANO005) sample and 10 ADCLK
(ANOO06 to hold circuits e Signal source impedance: 50 Q
ANO011) or less
Offset error — 13 6.5 |LSB |—
Full-scale — +3 6.5 |LSB |—
error
Absolute — 55 |[£11 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "2
INL integral — +2 +3 LSB |—
nonlinearity
error
SAR | Single-ended | High High-speed Without Conversion 1 — — us e ADCLK: 50 MHz
mode | input accuracy channels channel time™1 e Sampling time: 40 ADCLK
mode (ANOOO to dedicated e Successive approximation time:
ANO005) sample and 10 ADCLK
(ANOO6 to hold circuits e Signal source impedance: 50 Q
ANO11) or less
Offset error — +1.5 |+45 |LSB |[—
Full-scale — +15 [(+#45 |LSB |—
error
Absolute — 5.0 |8 LsB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 2
INL integral — 2 13 LSB |—
nonlinearity
error
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Table 2.90 A/D conversion characteristics (SAR mode : External VDD mode) (2 of 4)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | Normal mode | Middle-speed channels Conversion 0.76 |— — us e ADCLK: 50 MHz
mode | input (ANO12 to AN015) time™ e Sampling time: 28 ADCLK
e Successive approximation time:
10 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +15 [+#65 |LSB |—
Full-scale — +1.5 |65 |LSB |—
error
Absolute — +4 +11 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "2
INL integral — +2 +3 LSB | —
nonlinearity
error
Low-speed channels (ANO16 | Conversion 1 — — us e ADCLK: 50 MHz
to AN022) time™ e Sampling time: 40 ADCLK
e Successive approximation time:
10 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +15 [(#6.5 |LSB |—
Full-scale — +1.5 |#65 |LSB |—
error
Absolute — 55 |[+11 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 2
INL integral — +2 4 LSB | —
nonlinearity
error
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Table 2.90

A/D conversion characteristics (SAR mode : External VDD mode) (3 of 4)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Single-ended | High Middle-speed channels Conversion 1.4 — — us e ADCLK: 50 MHz
mode | input accuracy (ANO12 to AN015) time™ e Sampling time: 60 ADCLK
mode e Successive approximation time:
10 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +15 (45 |LSB |—
Full-scale — 15 |+#45 |LSB |[—
error
Absolute — +4 +8 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error 2
INL integral — +2 +3 LSB | —
nonlinearity
error
Low-speed channels (ANO16 | Conversion 1.88 | — — us e ADCLK: 50 MHz
to AN022) time™ e Sampling time: 84 ADCLK
e Successive approximation time:
10 ADCLK
e Signal source impedance: 50 Q
or less
Offset error — +15 [(+#45 |LSB |—
Full-scale — +1.5 |+45 |LSB |[—
error
Absolute — 5.5 |18 LSB |—
accuracy
DNL — +1 -1to [LSB |—
differential +1.5
nonlinearity
error "2
INL integral — +2 4 LSB | —
nonlinearity
error
SAR | Differential Normal mode | High-speed Without Conversion 0.64 |— — us e ADCLK: 50 MHz
mode | input channels channel time™1 e Sampling time: 22 ADCLK
(ANOOO to dedicated e Successive approximation time:
ANO005) sample and 10 ADCLK
(ANOO6 to hold circuits e Signal source impedance: 50 Q
ANO11) or less
Offset error — +2 3.5 |LSB |—
Full-scale — +2 3.5 |LSB |—
error
Absolute — 45 |6 LsB |—
accuracy
DNL — +0.75 | 1 LSB |—
differential
nonlinearity
error 2
INL integral — 1.5 |£2 LSB |—
nonlinearity
error
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Table 2.90 A/D conversion characteristics (SAR mode : External VDD mode) (4 of 4)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
SAR | Differential High High-speed Without Conversion 1 — — us e ADCLK: 50 MHz
mode | input accuracy channels channel time™1 e Sampling time: 40 ADCLK
mode (ANOOO to dedicated e Successive approximation time:
ANO0O05) sample and 10 ADCLK
(ANOOG6 to hold circuits e Signal source impedance: 50 Q
ANO11) orless
Offset error — +1 25 [LSB |—
Full-scale — +1 25 |LSB |—
error
Absolute —_ +3.5 |#45 |LSB |—
accuracy
DNL — +0.75 | #1 LSB |—
differential
nonlinearity
error "2
INL integral — +1.5 | £2 LSB | —
nonlinearity
error

Note:  These specification values are applicable when only one ADC16H is operating, DAC12 and ACMPHS are not operating, and there
is no access to the external bus during A/D conversion.
If other ADC unit, DAC12, 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 ADC16H is used.
The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and ADC16H input voltage is stable.

Note 1. Without channel dedicated sample and hold circuits; The conversion time is the sum of the sampling time and the successive
approximation time. Each of the above state is indicated for the test conditions.

Note 2. DNL is measured using the Histogram Method, so the lower limit value is -1.

Table 2.91 A/D conversion characteristics (Oversampling mode and Hybrid mode) (1)

Parameter Min | Typ |Max | Unit Test conditions

Oversampling mode Resolution — |— 16 | bit —
and Hybrid mode

Oversampling period | Oversampling mode 0.16 | — — | Ms e ADCLK: 50 MHz

e Sampling time: 3 ADCLK

e Successive approximation
time: 5 ADCLK

e Without disconnection
detection assist function

e Signal source impedance: 50
Q or less

Hybrid mode™2 0.18 | — — |us e ADCLK: 50 MHz

e Sampling time: 8 ADCLK

e Successive approximation
time: 5 ADCLK

e Without disconnection
detection assist function

e Signal source impedance: 50

Qorless
Digital filter Sinc filter | Initial delay |— |22 — | /Fos —
e
characteristics Group delay | — 1 _ _
Normalized |— [0.033 |— Fin/Fos | —
Cutoff
Frequency

Note:  Fos is oversampling frequency.

When in Hybrid mode, Fos is 1/ (the sum of the oversampling periods of each analog channel assigned to the scan group).
Note 1. See Figure 2.125.
Note 2. Value per channel.
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Magnitude [dB]

N . -
© ©o o o

0.001

0.01

Wf\m

Normalized Frequency [Fin/Fos]

Figure 2.125

Table 2.92

Digital filter characteristics (Sinc filter)

Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 V to AVCC

A/D conversion characteristics (Oversampling mode and Hybrid mode) (2)

Parameter Min | Typ | Max | Unit | Test conditions
Oversampling Sinc Single-ended SNDR signal- |— |80 |— |dB e ADCLK: 50 MHz
mode and Hybrid | filter input to-noise and e Sampling time:
mode (ANOOO to distortion — High-speed channels (Oversampling
ANO005) ratio mode): 3 ADCLK
(ANOO6 to - — High-speed channels (Hybrid mode): 8
ANO11) ENOB — |13 |— |bit ADCLK
(ANO12 to effective — Middle-speed channels (Oversampling
ANO15) number of mode): 10 ADCLK
bits — Middle-speed channels (Hybrid mode):
Differential input | SNDR signal- | — |86 |— |dB 22 ADCLK
(AN0OO to to-noise and e Successive approximation time: 5 ADCLK
ANO0O5) distortion e Signal source impedance: 50 Q or less
(AN0O6 to ratio e Input frequency:
ANO11) — Oversampling mode: 5 kHz
ENOB — |14 |— |bit — Hybrid mode: 5 kHz
effective e Without channel dedicated sample and hold
number of circuits
bits
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Table 2.93

Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

A/D conversion characteristics (Oversampling mode and Hybrid mode) (3)

Parameter Min | Typ | Max | Unit | Test conditions
Oversampling Sinc Single-ended SNDR signal- |— |74 |— |[dB e ADCLK: 50 MHz
mode and Hybrid | filter input to-noise and e Sampling time:
mode (ANOOO to distortion — High-speed channels (Oversampling
ANO005) ratio mode): 22 ADCLK
(ANOO6 to - — High-speed channels (Hybrid mode): 40
ANO11) ENOB — |12 |— |bit ADCLK
(ANO12 to effective — Middle-speed channels (Oversampling
ANO15) number of mode): 28 ADCLK
bits — Middle-speed channels (Hybrid mode):
Differential input | SNDR signal- | — |80 |— |dB 60 ADCLK
(ANOOO to to-noise and e Successive approximation time: 10 ADCLK
ANO05) distortion e Signal source impedance: 50 Q or less
(ANOO6 to ratio e Input frequency:
ANO11) . — Oversampling mode: 5 kHz
ENOB — |13 |— |bit — Hybrid mode: 5 kHz
effective e Without channel dedicated sample and hold
number of circuits
bits
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Table 2.94 A/D conversion characteristics (Oversampling mode)
Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 VV to AVCC

Parameter Min | Typ Max | Unit | Test conditions
Oversampling Single-ended | High-speed Offset error 3 — [+0.5 +4 LSB ADCLK: 50 MHz
mode input channels - Sampling time: 3 ADCLK
(ANOOO to G?'” error — |1 +4 LSB Successive approximation time: 5
AN005) (AN006 | (Single/ ADCLK
to ANO11) ContlnLious Signal source impedance: 50 Q
mode) "3 or less
Gain error — 1 5 LSB Digital filter: Sinc filter
(One-channel
continuous
mode) "3
DNL differential |— |-1to -1to |LSB
nonlinearity +1.5 +2.5
error'! 2
INL integral — |[#4 18 LSB
nonlinearity
error’!
Middle-speed Offset error 3 — [%0.5 4 LSB ADCLK: 50 MHz
channels - Sampling time: 10 ADCLK
(ANO12 to Gain error "3 — |1 +4 LSB Successive approximation time: 5
ANO015) - - ADCLK
DNL differential | — | -Tto+2|-1to |LSB Signal source impedance: 50 Q
nonlinearity +4
*q 42 or less
error Digital filter: Sinc filter
INL integral — |4 +8 LSB
nonlinearity
error’!
Low-speed Offset error ™3 — [+0.5 +4 LSB ADCLK: 50 MHz
channels - Sampling time: 20 ADCLK
(ANO16 to Gain error "3 — |1 +4 LSB Successive approximation time: 5
ANO022) - - ADCLK
DNL differential | — |-1to+2|-1to |LSB Signal source impedance: 50 Q
nonlinearity +4
1 % or less
error Digital filter: Sinc filter
INL integral — |[#4 +12 LSB
nonlinearity
error’!
Differential High-speed Offset error 3 — |+0.25 |2 LSB ADCLK: 50 MHz
input channels - Sampling time: 3 ADCLK
(ANOOO to Gain error — |#0.5 *2 LSB Successive approximation time: 5
AN005) (AN006 | (Single/ ADCLK
to ANO11) Contlnl:ous Signal source impedance: 50 Q
mode) "3 or less
Gain error _ l+05 25 LSB Digital filter: Sinc filter
(One-channel
continuous
mode) "3
DNL differential |— |-1to -1to LSB
nonlinearity +1.5 +2.0
error’ 1 "2
INL integral — |13 6 LSB
nonlinearity
error’!

Note:  These specification values are applicable when only one ADC16H is operating, DAC12 and ACMPHS are not operating, and there

is no access to the external bus during A/D conversion.

If other ADC unit, DAC12, 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 ADC16H is used.

The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and ADC16H input voltage is stable.

Note 1. Test conditions: 0.2% to 99.8% of the analog input voltage range.
Note 2. DNL is measured using the Histogram Method, so the lower limit value is -1.
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Note 3. This value is based on a 12-bit resolution.

Table 2.95

A/D conversion characteristics (Oversampling mode)

Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC

Parameter Min | Typ Max | Unit | Test conditions
Oversampling Single-ended | High-speed Offset error 3 — [%0.5 +4 LSB| e ADCLK: 50 MHz
mode input channels - e Sampling time: 22 ADCLK
(ANOOO to Gain error — |1 +4 LSB| e Successive approximation time:
AN005) (AN006 | (Single/ 10 ADCLK
to ANO11) Continuous e Signal source impedance: 50 Q
mode) "3 or less
Gain error — 5 lsB| *® Digital filter: Sinc filter
(One-channel
continuous
mode) "3
DNL differential |— [-1to+2|-1to |LSB
nonlinearity +2.5
error’1 "2
INL integral — |#4 +8 LSB
nonlinearity
error’!
Middle-speed Offset error ™3 — | +0.5 +4 LSB| e ADCLK:50 MHz
channels " e Sampling time: 28 ADCLK
(ANO12 to Gain error "3 — | #1 4 LSB| e Successive approximation time:
ANO015) . . 10 ADCLK
DNL differential | — |-1to+2|-1t0 |LSB| | Signal source impedance: 50 Q
nonlinearity +4
*q or less
error ¢ Digital filter: Sinc filter
INL integral — |[#4 +8 LSB
nonlinearity
error'!
Low-speed Offset error ™3 — +0.5 +4 LSB e ADCLK: 50 MHz
channels " e Sampling time: 40 ADCLK
(ANO16 to Gain error 3 — |1 +4 LSB| e Successive approximation time:
ANO022) . . 10 ADCLK
DNL'd|ffelrent|a| — |1to+2|-1to |LSB| Signal source impedance: 50 Q
nonlinearity +4
1 2 orless
error o Digital filter: Sinc filter
INL integral — |4 +12 LSB
nonlinearity
error’!
Differential High-speed Offset error ™3 — [£0.25 |%2 LSB| e ADCLK: 50 MHz
input channels - e Sampling time: 22 ADCLK
(AN0OO to Gain error — |05 +2 LSB| e Successive approximation time:
AN005) (AN006 | (Single/ 10 ADCLK
to ANO11) COﬂtInLiOUS e Signal source impedance: 50 Q
mode) 3 or less
Gain error — l+05 25 |se| ® Digital filter: Sinc filter
(One-channel
continuous
mode) "3
DNL differential |— |[-1to+2|-1to |LSB
nonlinearity +2.5
error’1 2
INL integral — |13 +6 LSB
nonlinearity
error'!

Note:

is no access to the external bus during A/D conversion.
If other ADC unit, DAC12, 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 ADC16H is used.
The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and ADC16H input voltage is stable.

These specification values are applicable when only one ADC16H is operating, DAC12 and ACMPHS are not operating, and there
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Note 1. Test conditions: 0.2% to 99.8% of the analog input voltage range.
Note 2. DNL is measured using the Histogram Method, so the lower limit value is -1.
Note 3. This value is based on a 12-bit resolution.

Table 2.96

A/D conversion characteristics (Hybrid mode)

Conditions: AVCC: 2.7 to 3.63 V, VCC: 2.7 to 3.63 V, VREFHO/VREFH: 2.7 VV to AVCC

Parameter Min Typ Max Unit Test conditions
Hybrid Without Single- High-speed channels | Offset error ™ — +0.5 +4 LSB ADCLK: 50 MHz
mode channel ended (ANOOO to AN0O05) Sampling time: 8 ADCLK
dedicated input (ANO00G to ANO11) Gain error " — 1 15 LSB Successive approximation time: 5
sample and - - ADCLK
hold circuits DNL differential | — -1to |-1to  |LSB Signal source impedance: 50 Q or
nonlinearity +1.5 +2.5 less
error2 "3 Digital filter: Sinc filter
INL integral — +4 18 LSB
nonlinearity
error2
Middle-speed Offset error 4 — +0.5 +4 LSB ADCLK: 50 MHz
channels (ANO12 to Sampling time: 22 ADCLK
ANO015) 1 Gain error 4 — 1 5 LSB Successive approximation time: 5
. . ADCLK
DNL differential | — -1to |-1to  |LSB Signal source impedance: 50 Q or
nonlinearity +2 +4 less
error2 "3 Digital filter: Sinc filter
INL integral — +4 18 LSB
nonlinearity
error2
Low-speed channels | Offset error 4 — +0.5 +4 LSB ADCLK: 50 MHz
(ANO16 to AN022) ™! - Sampling time: 42 ADCLK
Gain error — 1 5 LSB Successive approximation time: 5
. . ADCLK
DNL differential | — -1to |-1to  |LSB Signal source impedance: 50 Q or
nonlinearity +2 +4 less
error 23 Digital filter: Sinc filter
INL integral —_ +4 12 LSB
nonlinearity
error2
Differenti | High-speed channels | Offset error 4 | — +0.25 | +2 LSB ADCLK: 50 MHz
al input (ANOOO to AN0O05) Sampling time: 8 ADCLK
(ANO00G to ANO11) Gain error — 05 |+25 |(LSB Successive approximation time: 5
. . ADCLK
DNL differential | — -1to |-1to  |LSB Signal source impedance: 50 Q or
nonlinearity +1.5 +2 less
error2 ™3 Digital filter: Sinc filter
INL integral — +3 +6 LSB
nonlinearity
error2
With channel Single- High-speed channels | Offset error — +0.5 +4 LSB ADCLK: 50 MHz
dedicated ended (ANOOO to AN0O5) Sampling time of channel-
sample and input (AN0OG to AN011) Gain error 4 — 0.5 |[+4 LSB dedicated sample-and-hold
hold circuits - - circuits: * ADCLK
DNL differential | — 1 -1to |LSB Hold mode switching time of
nonl|pe?r|ty +2 channel dedicated sample-and-
error2”3 hold circuits: * ADCLK
. Sampling time: * ADCLK
INLI!ntegrtell - 12 16 Lse Successive approximation time: *
non |[12ear| y ADCLK
error Signal source impedance: 50 Q or
less
Digital filter: Sinc filter
Differenti | High-speed channels | Offset error 4 | — +0.5 +4 LSB ADCLK: 50 MHz
al input (ANOOO to AN0O05) Sampling time of channel-
(ANO006 to ANO11) Gain error — 0.5 |4 LSB dedicated sample-and-hold
- - circuits: * ADCLK
DNL differential | — 1 -1to |LSB Hold mode switching time of
nonllpe*arlty +2 channel dedicated sample-and-
error'2 "3 hold circuits: * ADCLK
- Sampling time: * ADCLK
INL !ntegfal - 4 16 LSB Successive approximation time: *
nonhpzearlty ADCLK
error Signal source impedance: 50 Q or
less
Digital filter: Sinc filter
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Note:  These specification values are applicable when only one ADC16H is operating, DAC12 and ACMPHS are not operating, and there
is no access to the external bus during A/D conversion.
If other ADC unit, DAC12, 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 ADC16H is used.
The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and ADC16H input voltage is stable.
Note 1. Channel-dedicated sample-and-hold circuits are not available in these channels.
Note 2. Test conditions: 0.2% to 99.8% of the analog input voltage range.
Note 3. DNL is measured using the Histogram Method, so the lower limit value is -1.
Note 4. This value is based on a 12-bit resolution.
Table 2.97 A/D conversion characteristics (Hybrid mode)
Conditions: AVCC: 1.62 to 2.7 V, VCC: 1.62 to 2.7 V, VREFHO/VREFH: 1.62 V to AVCC
Parameter Min Typ Max Unit Test conditions
Hybrid Without Single- High-speed channels | Offset error 3 | — 0.5 +4 LSB ADCLK: 50 MHz
mode channel ended (ANOOO to AN0O05) Sampling time: 40 ADCLK
dedicated input (AN0OG to AN011) Gain error "3 — 1 5 LSB Successive approximation time:
sample and - - 10 ADCLK
hold circuits DNL differential | — -1to |-1to  |LSB Signal source impedance: 50 Q or
nonlinearity +2 +2.5 less
error ! "2 Digital filter: Sinc filter
INL integral — +4 18 LSB
nonlinearity
error’!
Middle-speed Offset error ™3 — +0.5 +4 LSB ADCLK: 50 MHz
channels (ANO12 to Sampling time: 60 ADCLK
ANO15) Gain error "3 — 1 +5 LSB Successive approximation time:
- : 10 ADCLK
DNL differential | — -1to |-1to  |LSB Signal source impedance: 50 Q or
nonlinearity +2 +4 less
error! "2 Digital filter: Sinc filter
INL integral — +4 18 LSB
nonlinearity
error’!
Low-speed channels | Offset error ™3 — +0.5 +4 LSB ADCLK: 50 MHz
(ANO16 to AN022) Sampling time: 84 ADCLK
Gain error™3 — 1 +5 LSB Successive approximation time:
- - 10 ADCLK
DNL differential | — “to |-1to |LSB Signal source impedance: 50 Q or
nonlinearity +2 +4 less
error ! "2 Digital filter: Sinc filter
INL integral —_ +4 12 LSB
nonlinearity
error’!
Differenti | High-speed channels | Offset error @ | — +0.25 | +2 LSB ADCLK: 50 MHz
al input (ANOOO to AN0O5) Sampling time: 40 ADCLK
(ANO00G to ANO11) Gain error "3 — 05 |+25 |(LSB Successive approximation time:
- - 10 ADCLK
DNL differential | — “to |-1to |LSB Signal source impedance: 50 Q or
nonlinearity +2 +2.5 less
error'! "2 Digital filter: Sinc filter
INL integral —_ +3 16 LSB
nonlinearity
error’!
Note:  These specification values are applicable when only one ADC16H is operating, DAC12 and ACMPHS are not operating, and there

is no access to the external bus during A/D conversion.
If other ADC unit, DAC12, 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 ADC16H is used.
The characteristics apply when AVCCO, AVSS0, VREFHO, VREFH, VREFLO, VREFL, and ADC16H input voltage is stable.

Note 1.

Test conditions: 0.2% to 99.8% of the analog input voltage range.

Note 2. DNL is measured using the Histogram Method, so the lower limit value is -1.
Note 3. This value is based on a 12-bit resolution.

Table 2.98 A/D internal reference voltage characteristics (1 of 2)

Parameter Min Typ Max Unit Test conditions

A/D internal 0.77 0.8 0.84 \Y —

reference voltage
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Table 2.98 A/D internal reference voltage characteristics (2 of 2)
Parameter Min Typ Max Unit Test conditions
Sampling time 4.15 — — us —
Table 2.99 A/D conversion characteristics of D/A output
Parameter Min Typ Max Unit Test conditions
Sampling time 1 — — us —
2.6 DAC12 Characteristics
Table 2.100 D/A conversion characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Resolution — — — 12 Bits —
INL VREFH 22.7V | — — 2.0 4.0 LSB —
VREFH <27V |— — 4.0 18.0
DNL VREFH 22.7V | — — 0.5 +1.0 LSB —
VREFH <27V |— — 1.0 2.0
Conversion time VREFH 22.7V | tpconvi, — — 3.5 us —
VREFH <27y |'Dconvz [ — 6
Output destination VREFH =22.7V |tpsLpup1, |— — 3.5 us —
switching time VREEH < 2.7V tpsLPUP2 — 6
Buffer preparation time VREFH 22.7V | tpisout — — 3.5 us —
VREFH < 2.7V — — 6
Setup time tsu — — 4 ns —
Resistive load — 5 — — kQ —
Capacitive load — — — 50 pF —
Output voltage range VREFH =227V |[— 0.20 — VREFH-0.20 |V —
VREFH <27V |— 0.34 — VREFH - 0.34
2.7 TSN Characteristics
Table 2.101 TSN characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Relative accuracy — -1.0 — 1.0 °C A/D converter error is
not included.
Temperature slope — — 2.7 — mV/°C —
Output voltage (at 25 °C) — — 0.83 — \% —
Temperature sensor trsTBL — — 30 us —
stabilization time
Comparator stabilization time | trsTaL — — 30 us —
Sampling time — 4.15 — — us —
2.8 OSC Stop Detect Characteristics
Table 2.102 Oscillation stop detection circuit characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Detection time tar — — 1 ms Figure 2.126
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A

Main clock _\_/—\_/—\ﬁ*
tar

OSTDSR.OSTDF +

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

Figure 2.126 Oscillation stop detection timing

Table 2.103 Sub-clock oscillation stop detection circuit characteristics

Parameter Symbol Min Typ Max Unit Test conditions
Wait time for startup tsosdup 100 — — us Figure 2.127
Detection time tar — — 2 ms Figure 2.128

Sub-clock Oscillation Stop Detector Deactivated _, Startup Activated
- Ll

[y -l
Ll -

SOSTDCR.SOSTDE ;

Clear SOSTDSR.SOSTDF flag
“ tsosdup >
SOSTDSR.SOSTDF High or Low +
Figure 2.127 Sub-clock Oscillation Stop Detector start-up time
swaose Y
h tar
SOSTDSR.SOSTDF 7'»

MOCO clock m
ICLK ~ ’ ~ , ~ ’ ~ ’ ~ ’

Figure 2.128 Sub-clock oscillation stop detection timing
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2.9 POR and PVD Characteristics

Table 2.104 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 (POR) VPOR1 152 [1.56 |1.61 \ Figure 2.129
e VPoR2 — — 1.73
Voltage detection circuit (PVDO) Vdeto_0 276 |2.85 (294 Figure 2.130
Vdeto_1 250 [2.58 |2.66
Vdeto 2 208 [215 |2.22
Vdeto_3 1.93 |2.00 |[2.07
Vdeto_4 1.84 |1.90 [1.96
Vdeto_s 174 |1.80 |1.86
Vdeto_6 162 |1.67 |1.73
Vdeto_7 1.51 1.56 |1.61
Voltage detection circuit (PVDn) (n =1, | Vgetn 3 rise |3.78 |3.92 |4.05 Figure 2.131
4o Vdetn 3. fall |3.72 [3.86 |[3.99
Vdetn_4 rise |3:09 |3.20 [3.30
Vdetn_4_fan |3.03 |3.14 [3.24
Vdetn 5 rise |3.05 |3.16 |3.26
Vdetn 5 fan |2.99 |3.10 |3.20
Vdetn_6_rise |3:03 |3.14 [3.24
Vdetn_6_fall | 2.97 |[3.08 |3.18
Vdetn_7_rise | 2.81 2.91 3.00
Vdetn 7 fal | 2.75 |2.85 [2.94
Vdetn_8_rise |2.79 |2.89 [2.98
Vdetn 8 fal |2.73 |2.83 |[2.92
Vdetn 9 rise |2.76 |2.86 [2.95
Vdetn 9 fan |2.70 |2.80 [2.89
Vdetn 10_rise | 2.58 | 2.67 |2.75
Vdetn_10_fal |2.53 [2.62 |2.70
Vdetn_11_rise | 2.30 |2.38 |2.46
Vdetn_11_fal |2:25 |2.33 |[2.41
Vdetn 12 rise | 1.88 | 1.94 [2.00
Vdetn_12_fan | 1.84 |1.90 [1.96
Vdetn_13_rise | 1.84 |1.90 [1.96
Vdetn 13 fan | 1.80 |1.86 [1.92
Vdetn 14 rise | 1.72 | 1.78 |1.84
Vdetn_14_fan | 1.68 |1.74 [1.80
Vdetn_15_rise | 1.66 |1.72  [1.77
Vdetn_15 fan | 1.62 |1.68 [1.73
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Table 2.104 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 — — 6.7 ms Figure 2.129
time™
tpor2 — — 1.6
PVDO reset time tpvDo — — 1 Figure 2.129
PVD1 reset time tpvD1 — — " Figure 2.130
PVD2 reset time tpvp2 — - "
PVD4 reset time tpvD4 — — "
PVD5 reset time tpvDs — — 1
Minimum VCC 50mV < VD tvoFrp 900 — — us Figure 2.129
. *2
downtime (POR) VD < 50mV 2000 |— —
Minimum VCC PVDO tvorr 25 — — us Figure 2.130
. *2
downtime (PVD)* I'oy51 pvp2, PVD4, PVDS5 25 |— |—
Response delay 50mV < VD taetp — — 900 us Figure 2.129
time (POR)
VD < 50mV — — 2000
Response delay PVDO tget — — 25 us Figure 2.130,
time (PVD) Figure 2.131
PVD1, PVD2, PVD4, PVD5 — — 25
PVDn operation stabilization time (after PVD is enabled) (n = | Tq (e-a) — — 20 us Figure 2.131
1,2,4,5)

Note 1. The maximum value of tpypg, tpvp1, tPvD2, tPvD4, tPvDs are equal to tpggy because the internal reset time is maximized when

returning from Deep Software Standby mode.

Note 2. The minimum VCC downtime indicates the time when VCC is below the minimum value of voltage detection levels Vpor1, Vdetos
Vdet1 s Vdet2' Vdet4 and Vdet5 for the POR / PVD.

[fast power-on case]

tvorFp|
N

Vporz

VPor1

-
tror2

VD $

"~ trore

tror1

tdetp

[slow power-on case] tvorrp tvorrp
Vpor2 \
VPor1
vee VD % | VD ¥
trorz trorz
»> -« >
nt | tror1 tdetp tPor1 taetp tPoR1
nternal
reset signal
(Low is valid) > >
tror " tror " tror !

tror ™!

tPor1

tror ™!

Note 1. tpor is determined by the earlier point in time when the tpor4 has passed after crossing Vpor1 or when the tporo has
passed after crossing VpoRro.

Figure 2.129

Power-on reset timing
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VCC

tvorrF

Vdeto

Internal reset signal
(Low is valid)

tdet

P

Y

tdet

trvbo

Figure 2.130 Voltage detection circuit timing (Vgeto)

VCC

PVDnCMPCR.PVDE

Vdetn_fall

tvorrF

Vdetn_rise

<—>| Td(E-A)

PVDn
Comparator output

PVDNnCR0.CMPE

=

PVDmMSR.MON

Internal reset signal

(Low is valid)

When PVDnCRO.RN =L

tdet

When PVDnCRO.RN = H

e

tdet

trvon

tevon

Figure 2.131 Voltage detection circuit timing (Vgetn) (n =1, 2, 4, 5)

2.10 External VDD Timing Characteristics

Table 2.105 External VDD timing characteristics

Parameter Symbol Min Typ Max Unit Test condition

Reset hold time at power up of external VDD with | texTvrH 600.00 — — us Figure 2.132

using RES pin Figure 2.133

VDD rise time at power up of external VDD texTvDD — — 550 us

without using RES pin
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VCC

External VDD

RES

VPor1 (Max

VDD min

~

A

A4

tRESWP

tEXTVRH

—

Figure 2.132 Power-up sequence of external VDD mode with using RES pin
VCC
External VDD
Figure 2.133 Power-up sequence of external VDD mode without using RES pin
2.11 Core Voltage Monitor Reset Characteristics
Table 2.106 Core voltage monitor reset characteristics
Test
Parameter Symbol Min Typ Max Unit conditions
Voltage Core voltage monitor reset Vdet VDDH 1.05 1.10 1.15 \% Figure 2.134
detection (CVMR)
level Vet vDDL 0.55 0.58 0.61
Internal reset | Core voltage | DCDC mode |tcym — — 0.18 ms
time monitor reset
time External VDD — — 2.6
mode
Minimum VDD down /up time (CVMR) tcvMOFF 45 — — us
Response delay time (CVMR) tovMdet — — 45 us
Hysteresis width (CVMR) VevmH — 0.225 — \%
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Vdet_VDDH i t i i ¢ ti ‘:\

1 tov Il : 1

\"_'MOL’/—Q AR

Vdet_vDDL N e S b i

VDD — P i b
RES pin o : o ‘

Clear by - ! b i
OFS2.CVMRDIS} | | b | |
CVM Disable signal b b A |

(Low is enable) P P I I

Core Voltage detection tcv,'we' tehder o o E
signal (Low is valid) ; :0 | : liiw | i
i Y o | ' ;

Internal reset signal N :tCVM
(Low is valid) 4ﬂl 7

'
i
Cleared |
by user programming |

'

Cleared

'
i
]
: by user programming
1

RSTSR3.CVMRF

Figure 2.134 Timing of core voltage monitor reset

212 Temperature Monitor Reset Characteristics

Table 2.107 Temperature monitor reset characteristics

Parameter Symbol Min Typ Max Unit Test conditions
High threshold temperature Tj_detect_H 105 — 125 °C Figure 2.135

Figure 2.136
Low threshold temperature Tj_detect_L -40 — -20 °C

Note:  Temperature monitor reset is not supported in 0 to 95 °C product (product group A).

TjidetectiH

Temperature

TEMPRCR.TSNEN

TEMPRCR.CMPEN

TEMPRCR.TEMPREN ﬂ.‘

Internal reset signal
(Low is vaild.)

trsmaL

Note 1. tygTgL is the stabilization wait time of TSN.
Note 2. trgTgL is the stabilization wait time of the comparator in TSN.

Figure 2.135 Timing of temperature monitor reset (High-temperature detection)
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Temperature

Ti_detect_L

|

TEMPRCR.TSNEN

TEMPRCR.CMPEN

TEMPRCR.TEMPREN

frsTaL

1
1
! tretaL
[}
1

Internal reset signal
(Low is vaild.)

Note 1. trgTgL is the stabilization wait time of TSN.

Note 2. trsTgL is the stabilization wait time of the comparator in TSN.

Figure 2.136 Timing of temperature monitor reset (Low-temperature detection)

213 VBATT Characteristics

Table 2.108 Battery backup function characteristics (1 of 2)

Conditions: VCC = VCC_DCDC =VCC_USB =1.62 t0 3.63 V, VBATT = 1.62 t0 3.63 V

Parameter Symbol Min Typ Max Unit Test conditions
Voltage level for switching to battery backup VDETBATT 0 2.760 2.850 2.940 \% Figure 2.137
OFS1.PVDAS and PVDLPSEL are 0 in Deep
Software Standby mode 1, 2 (VDETVATT_n VDETBATT_1 2.500 2.580 |2.660
follows VDSEL[2:0] setting for PVDO) VDETBATT 2 2080 2 150 2220
VDETBATT 3 1.935 2.000 2.065
VDETBATT 4 1.840 1.900 1.960
VDETBATT 5 1.740 1.800 1.860
VDETBATT 6 1.620 1.670 1.730
Voltage level for switching to battery backup VDETBATT 0 2.710 2.800 2.890 \%
(Other than above)
VDETBATT 1 2.450 2.530 2.610
VDETBATT 2 2.030 2.100 2170
VDETBATT_3 1.885 1.950 2.015
VDETBATT 4 1.790 1.850 1.910
VDETBATT 5 1.690 1.750 1.810
VCC drop detection stabilization wait time"2 toeTWT — — 20 s —
Lower-limit VBATT voltage for power supply VBATTSW 1.8 — — \ Figure 2.137
switching caused by VCC voltage drop
VCC-off period for starting power supply tVOFFBATT 25 — — us
switching”
(OFS1.PVDAS and PVDLPSEL are 0 in Deep
Software Standby mode 1, 2)
VCC-off period for starting power supply 25 — —
switching”™
(Other than above)
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Table 2.108 Battery backup function characteristics (2 of 2)
Conditions: VCC = VCC_DCDC = VCC_USB =1.62 to 3.63 V, VBATT = 1.62 to 3.63 V

Parameter Symbol Min Typ Max Unit Test conditions
Backup domain power-down detection level VPDR (BATR) 1.43 1.47 1.52 \Y Figure 2.138
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 |— V —
/6
VBATT current increase (when I\VBATTSELB — 1.35 2.00 uA —

VBATTMNSELR.VBTTMNSEL is 1 compared to
the case that VBATTMNSELR.VBTTMNSEL is
0)

VCC current increase (when IVBATTSELC — 15 25 MA —
VBATTMNSELR.VBTTMNSEL is 1 compared to
the case that VBATTMNSELR.VBTTMNSEL 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 VBTBPCR1. BPWSWSTP is changed from 1 to 0.

Note 3. When the VBATT_R recovers within this period, the backup domain reset signal may not be generated.

tvoFFBATT

V
VCC DETBATT

VBATT VeaTTSw ——

<

Backup power area  VCC supply Veart supply VCC supply

A
Y

Figure 2.137 Battery backup function characteristics
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A
VBATT R

VPDR(BATR)

Reset signal for the

backup domain A1
(Active Low) —> —>
tp(PDRH) tp(PDRL) tp(PDRH)
Figure 2.138 Backup domain reset characteristics
2.14 ACMPHS Characteristics
Table 2.109 ACMPHS
Parameter Symbol Min Typ Max Unit Test conditions
Reference voltage range VREF 0 — AVCCO Vv —
Input voltage range ACMPHSO | IVCMP1 to | VI 0 — AVCCO \Y —
1 IVCMP3
IVCMPO 0 — AVCCO VCC = AVCCO
0 — VCC VCC < AVCCO
ACMPHS2, 3 0 — AVCCO —
Output delay*1 Td — 50 100 ns VI = VREF £ 100mV
Internal reference voltage Vref 0.77 0.8 0.84 Vv —
Note 1. This value is the internal propagation delay.
2.15 MRAM Characteristics
2.151 Code MRAM Characteristics
Table 2.110 Code MRAM Characteristics (1 of 2)
(7]
5
MRICLK = 250 MRICLK = 200 MRICLK = 150 MRICLK =133 %
s MHz MHz MHz MHz 5
o o
E Typ Typ Typ Typ = >
Parameter @ |Min *4 | Max | Min *4 | Max | Min *4 | Max | Min 4 |Max| S 2
Programming | Normal tpm | — 6.7 |83.3|— 6.74 | 83.6 | — 6.92 856 | — 709|873 |us |—
time of 32- program | ¢ *5%6 | "6 *5%6 | "6 *5%6 | "6 *5%6 | "6
byte™” "8 mode
(MRPSC.
MHSPEN
= O)
High tpm | — 47 |81.3|— 474|816 |— 492836 |— 5.09|853|us |—
speed c *5*6 | *6 *5*6 | *6 *5*6 | *6 *5*6 | *6
program
mode
(MRPSC.
MHSPEN
= 1)
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Table 2.110 Code MRAM Characteristics (2 of 2)
(7]
&
MRICLK = 250 MRICLK = 200 MRICLK = 150 MRICLK = 133 %
— | MHz MHz MHz MHz c
£ :
g Typ Typ Typ Typ = k7]
Parameter @ |Min | |Max|Min | |Max|Min |4 |Max|Min |4 |Max| S e
Reprogramming cycle*g Npc 100000 | — — 100000 | — — 100000 | — — 100000 | — — Tim | —
9 ) “ 4 s
Data hold time™ torp 10278 |— |[— [1027 |— |— [102% |— |— [10727 |— |— |Yea |Tj=
rs +125°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.

Note 5. Perform rewrite 50% of bits at Typ. condition.

Note 6. If MRPCLK < 125MHz, add the time of MRPCLK 1cycle to the Program time.

Note 7. To calculate the updating time at other frequencies, using approximate formula below listed.

If MRPCLK < 125MHz, add 1/FMRPCLK [us] to the formula. (FyricLk: frequency of MRICLK [MHz], FyrpcLk: frequency of
MRPCLK [MHz])

temc (Typ) = 137.8/FpmRricLk + 6.452 [us], tpmc (Max) = 1879/FricLk + 78.75 [us] for normal program mode.

temc (Typ) = 137.8/FpRricLk + 4.452 [ps], tpmc (Max) = 1879/FuricLk + 76.75 [us] for high speed program mode.

Note 8. Read and program operations for the code MRAM cannot be executed simultaneously. This value is for independent program
operation without arbitration between read and program.

Note 9. The reprogramming cycle is the number of programming per 32-byte code MRAM address space. Programming the same data
to the same address also increases the reprogramming cycle count by one. For a reprogramming cycle of n times (n = 100,000),
programming can be performed n times for every 32-byte code MRAM address space.

2.15.2 Option Setting Memory (configuration area) Characteristics

Table 2.111 Option Setting Memory (configuration area) characteristics

(7]
5
MRPCLK = 125 MRPCLK = 100 MRPCLK =75 MRPCLK = 66 %
— |[MHz MHz MHz MHz c
2 8
E Typ Typ Typ Typ = 5
Parameter @ |Min *4 | Max | Min *4 | Max | Min *4 | Max | Min 4 |Max| S 2
Command Normal tpcr | — 0.35(8.19 | — 035(83 |— 0.37|8.83 | — 039942 ms |—
time for program | g 6 2 9
configuration | mode
set™ "6 (MRPSC.
MHSPEN
= O)
High — 0.06|7.85|— 0.07[7.96 | — 0.08(85 |— 0.09|9.06 |ms |—
speed 65 25 82 78
program
mode
(MRPSC.
MHSPEN
= '])
Update cycle™” Ngu | 100000 |— |— |[100000|— |— |[100000|— |— |[100000|— |— |[Tim |—
- - - - es
PC
Data hold time 2 torp (1027 |— |— [1072" |— |— 102 |— |— |1027% |— |— |Yea |Tj=
rs +125°C

Note 1.

minimum value.

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

[MHZz])

This indicates the minimum value of the characteristic when update is performed within the specified range.
This result is obtained from reliability testing.
The reference value at VCC = 3.3 V and room temperature.
To calculate the updating time at other frequencies, using approximate formula below listed. (FyrpcLk: frequency of MRPCLK

This is the minimum number of times to guarantee all the characteristics after update. The guaranteed range is from 1 to the
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tpcrg (Typ) = 6.146/FpyrpcLk + 0.3133 [msec], tpcrg (Max) = 266.5/FprpcLk + 6.331 [msec] for normal program mode.
tpcrg (Typ) = 5.184/FyrpcLk + 0.02754 [msec], tpcrg (Max) = 267.5/FyrpcLk + 6.025 [msec] for high speed program mode.

Note 6. Read and program operations for the extra MRAM cannot be executed simultaneously. This value is for independent program
operation without arbitration between read and program.

Note 7. The update cycle is the number of a configuration set command that can be issued configuration area. Programming the same data
to the same address also increases the update cycle count by one.

2.15.3 Option Setting Memory (OTP area with ECC) Characteristics

Table 2.112 Option setting memory (OTP area with ECC) characteristics

MRPCLK = 125 MRPCLK = 100 MRPCLK =75 MRPCLK = 66
MHz MHz MHz MHz

Typ Typ Typ Typ
Min * Max | Min * Max | Min * Max | Min * Max

Test conditions

Symbol
Unit

Parameter

Programming | Normal torp | — 8.05 (113 |— 8.05 (113 |— 8.05 (113 |— 8.05(113 |ms |—
time of 16- speed E 2 2 2 2
byte™ "4 write
mode
(MWMCR.
MWM[1:0]
=00)

High — 4,03 (56.7 | — 4.03 (56.7 | — 4.03 (56.7 | — 4.03(56.7|ms |—
speed *2 *2 *2 *2
write
mode 0
(MWMCR.
MWM[1:0]
=01)

High — 0.22|3.14 | — 0.22|3.14 | — 0.22|3.14 | — 022|314 |ms |—
speed 92 92 92 92
write
mode 1
(MWMCR.
MWMI1:0]
=10)

Note 1. The reference value at VCC = 3.3 V and room temperature.

Note 2. Perform rewrite 50% of bits at Typ. condition.

Note 3. To calculate the updating time at other frequencies, using approximate formula below listed. (FpyrpcLk: frequency of MRPCLK
[MHz])
totpe (Typ) = 0.5065/FprpcLk + 8.123 [ms], totpe (Max) = 4.433/FyrpcLk + 114.1 [ms] for normal speed mode.
toTtpe (Typ) = 0.3389/FpmrpcLk + 4.067 [ms], toTpe (Max) = 2.428/FyrpcLk + 57.08 [ms] for high speed mode 0.
toTPE (Typ) = 0-1458/FMRPCLK +0.2312 [ms], toTPE (Max) = 0-3904/FMRPCLK + 3.166 [ms] for high speed mode 1.

Note 4. Read and program operations for the extra MRAM cannot be executed simultaneously. This value is for independent program
operation without arbitration between read and program.
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2154

Table 2.113

Option Setting Memory (OTP area without ECC) Characteristics

Option Setting Memory (OTP area without ECC) Characteristics

Parameter

Symbol

MRPCLK = 125

MHz

MRPCLK =100

MHz

MRPCLK =75

MHz

MRPCLK = 66

MHz

Min

Max

Min

Max

Min

Max

Min

Max

Unit

Test conditions

Programming
time of 16-
byte™ "4

Normal
speed
write
mode
(MWMCR.
MWMI1:0]
=00)

torp
ENE

200

200

200

200

ms

High
speed
write
mode 0
(MWMCR.
MWM[1:0]
=01)

7.07

100

7.07

100

7.07

100

7.07

100

ms

High
speed
write
mode 1
(MWMCR.
MWM[1:0]
=10)

0.45

6.28

0.45

6.28

0.45

6.28

0.45

6.28

ms

Note 1.
Note 2.
Note 3.

[MHZ])

The reference value at VCC = 3.3 V and room temperature.
Perform rewrite 50% of bits at Typ. condition.
To calculate the updating time at other frequencies, using approximate formula below listed. (FyrpcLk: frequency of MRPCLK

toTPeNE (Typ) = 0.8486/F\rpcLk + 14.25 [ms], totpene (Max) = 7.711/FyrpcLk + 201.5 [ms] for normal speed mode.
toTPENE (Typ) = 0-5479/FMRPCLK +7.133 [ms], toTPENE (Max) = 4-148/FMRPCLK +100.8 [ms] for high speed mode 0.

totrPeNE (Typ) = 0.2571/FrpcLk + 0.4627 [ms], totpene (Max) = 0.7401/FpyrpcLk + 6.333 [ms] for high speed mode 1.
Read and program operations for the extra MRAM cannot be executed simultaneously. This value is for independent program

Note 4.

operation without arbitration between read and program.

2.15.5 MACI Command Characteristics
Table 2.114 MACI command Characteristics
(7]
5
MRPCLK = 125 MRPCLK =100 MRPCLK = 75 MRPCLK = 66 g
s MHz MHz MHz MHz s
Ke] (%]
E Typ Typ Typ Typ = -
Parameter @ | Min "1 | Max | Min 1 | Max | Min 1 | Max | Min "1 [Max| S 2
Command time for forced |trg | — — [3.35|— — [3.38|— — 347 |— — 3.7 |pus |—
stop command™?
Command time for tine | — 0.25(1.61|— 0.25(1.61|— 0.25(1.61|— 025{161|ms |—
increment counter 2 c 2 2 2 2
Command time for read tRp | — — (0.15|— — (0.18|— — (024 |— — (027 |pus |—
counter2 c 6 2 3 6

Note 1. The reference value at VCC = 3.3 V and room temperature.
Note 2. To calculate the updating time at other frequencies, using approximate formula below listed. (FpyrpcLk: frequency of MRPCLK

[MHz])

trs (Max) = 38-62/FMRPCLK +3.155 [US]
tince (Typ) = 0.3348/FpyrpcLk + 0.2533 [msec], tinec (Max) = 0.8698/FyrpcLk + 1.62 [msec]
tRDC (Max) = 19-13/FMRPCLK + 0.004099 [usec]
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2.15.6 Zeroizing of W-HUK
Table 2.115 Zeroizing of W-HUK Characteristics
(7]
=
S
MRPCLK = 125 MRPCLK = 100 MRPCLK =75 MRPCLK = 66 "g
© |MHz MHz MHz MHz o
2 )
£ = @
Parameter u>>' Min Typ | Max [ Min Typ | Max | Min Typ | Max | Min Typ | Max 5 2
Acton time of Zeroing of tw | — — |793 |— — {793 |— — {793 |— — (793 |ms |—
W-HUK" H

Note 1. To calculate the updating time at other frequencies, using approximate formula below listed. (FMRPCLK: frequency of MRPCLK
[MHZ])
tzwn (Max) = 34.52/FMRPCLK + 799 [us]

215.7 MRAM Magnetic Field Immunity Characteristics
Table 2.116 MRAM Magnetic field Immunity Characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Operation Write state Gmax_wr — — 200 Gauss —
Read state Gmax_rd — — 200 Gauss —
No access state Gmax_noac — — 500 Gauss —
Storage Gmax_stg — — 500 Gauss The applied temperature is
Tstg-
2.16 Boundary Scan
Table 2.117 Boundary scan characteristics (1 of 2)
Parameter VCC Symbol Min Typ Max Unit Test conditions
TCK clock cycle time 1.62Vor |trekeye 100 — — ns Figure 2.139
above
TCK clock high pulse width 1.62Vor |trckH 0.45 — — trCKeye
above
TCK clock low pulse width 1.62Vor |trckL 0.45 — — trCKeye
above
TCK clock rise time 1.62Vor |tyckr — — 0.0572 trCKeye
above
TCK clock fall time 1.62Vor |tycks — — 0.05"2 trCKeye
above
TMS setup time 1.62Vor |trvss 20 — — ns Figure 2.140
above
TMS hold time 1.62Vor |trmsH 20 — — ns
above
TDI setup time 1.62Vor |trps 20 — — ns
above
TDI hold time 1.62Vor |trpH 20 — — ns
above
TDO data delay 1.62Vor |trpop — — 40 ns
above
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Table 2.117 Boundary scan characteristics (2 of 2)

Parameter vccC Symbol Min Typ Max Unit Test conditions
Capture register setup time 1.62Vor |tcapTs 20 — — ns Figure 2.141
above
Capture register hold time 1.62Vor |tcaptH 20 — — ns
above
Update register delay time 1.62Vor |typpaTED |— — 40 ns
above
Boundary scan circuit startup 1.62Vor |Tgsstur |trRESWP — — — Figure 2.142
time" above

Note 2. 1 ps at the longest

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

TCK /

tre Kcyc

trekH

Figure 2.139 Boundary scan TCK timing

TCK J—\

TMS

TDI

TDO

A

trmss
[

trvsH

[

trom

C
i

troop

Figure 2.140 Boundary scan input/output timing (1)

TCK

Capture
register

Update
register

tcapts

tcaPTH

S+

N/

_X

tuPDATED

X

Figure 2.141 Boundary scan input/output timing (2)
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VCC 1

RES
) tesstup - Boundary scan g
(= tReswp) execute
Figure 2.142 Boundary scan circuit startup timing
217 Joint European Test Action Group (JTAG)
Table 2.118 JTAG (1 of 2)
Parameter VCC Symbol Min Typ Max Unit Test conditions
TCK clock cycle time 2.7V or trCKeye 40.0 — — ns Figure 2.143
above
1.62 Vor 40.0 — — ns
above
TCK clock high pulse width 27Vor |trckH 0.375 — — trCKeyc
above
1.62V or 0.375 — — trcKeye
above
TCK clock low pulse width 2.7V or trekL 0.375 — — tTCKeye
above
1.62Vor 0.375 —_ — trcKeye
above
TCK clock rise time 27Vor |trekr — — 0.125" trcKeye
above
1.62Vor — — 0.125™ treKeye
above
TCK clock fall time 2.7V or treke — — 0.125™1 trcKeye
above
1.62Vor — — 0.125" | trckeye
above
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Table 2.118  JTAG (2 of 2)

Parameter vCcC Symbol Min Typ Max Unit Test conditions
TMS setup time 2.7V or tTmMss 8.0 — — ns Figure 2.144
above
1.62Vor 8.0 — — ns
above
TMS hold time 27Vor tTMsSH 8.0 — — ns
above
1.62 Vor 8.0 — — ns
above
TDI setup time 2.7V or trois 8.0 — — ns
above
1.62Vor 8.0 — — ns
above
TDI hold time 2.7V or tTDIH 8.0 — — ns
above
1.62 Vor 8.0 — — ns
above
TDO data delay time 27Vor |trpop — — 20.0 ns
above
1.62V or — — 28.0 ns
above
Note 1. 1 ps at the longest
tTCKcyc
trekH
TCK treke
€« ftreke
trexe
Figure 2.143 JTAG TCK timing
R01DS0436EJ0130 Rev.1.30 RENESAS Page 263 of 286

Feb 27, 2026



RA8T2 Datasheet 2. Electrical Characteristics

TCK K 7
truss trmsH
T™MS %
trois troiH
TDI %
troob
TDO
Figure 2.144 JTAG input/output timing
218 Serial Wire Debug (SWD)
Table 2.119 SWD (1 of 2)
Parameter VvCcC Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time 2.7Vor tswekeyc 40.0 — — ns Figure 2.145
above
1.62Vor 40.0 — — ns
above
SWCLK clock high pulse width | 2.7 V or tswckH 0.375 — — tswekeye
above
1.62V or 0.375 — — tSWCKcyc
above
SWCLK clock low pulse width | 2.7 V or tswekL 0.375 — — tswekeye
above
1.62Vor 0.375 — — tswekeye
above
SWCLK clock rise time 2.7V or tswekr — — 0.125"1 tswekeyc
above
1.62V or — — 0.125" tswekeye
above
SWCLK clock fall time 2.7Vor tsweks — — 0.125™ tswekeye
above
1.62 Vor — — 0.125™ tswekeye
above
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Table 2119  SWD (2 of 2)

Parameter vccC Symbol Min Typ Max Unit Test conditions
SWDIO setup time 2.7Vor tswps 8.0 — — ns Figure 2.146
above
1.62Vor 8.0 — — ns
above
SWDIO hold time 27Vor tswpH 8.0 — — ns
above
1.62Vor 8.0 — — ns
above
SWDIO data delay time 2.7V or tswpbD 2.0 — 28.0 ns
above
1.62Vor 2.0 — 32.0 ns
above
Note 1. 1 ps at the longest
tswekeye
< >
tswckH
SWCLK ;
tswekL
Figure 2.145 SWD SWCLK timing
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SWCLK

SWDIO
(Input)

SWDIO
(Output)

SWDIO
(Output)

SWDIO
(Output)

tswos

A W

tswoH

tswop

tswop

tswop

Figure 2.146 SWD input/output timing

2.19 Embedded Trace Macro Interface (ETM)

Table 2.120 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

1.62Vor
above

tTCLKcyc

16

ns

Figure 2.147

16

ns

TCLK clock high pulse width

2.7V or
above

1.62V or
above

treLkH

ns

ns

TCLK clock low pulse width

2.7V or
above

1.62V or
above

trekL

ns

ns

TCLK clock rise time

2.7V or
above

1.62V or
above

treLkr

1.0

ns

2.0

ns

TCLK clock fall time

2.7V or
above

1.62V or
above

treLks

1.0

ns

2.0

ns
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Table 2.120 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 — — trCLKeyc/4 | NS Figure 2.148
above +15
1.62Vor — — tTcLKeyc/4 | ns
above +1.5
TDATA[3:0] output hold time 2.7V or tTRDH 15 — — ns
above
1.62 Vor 15 — — ns
above
treLkeye
< >
treikH
TCLK / treike
<— trcikr
treke
Figure 2.147 ETM TCLK timing
TCLK // \\
< >« > < >« L g
ttrDs tTRDH ttrDs tTROH
TDATA[3:0]
Figure 2.148 ETM output timing
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Appendix 1.

Port States in Each Processing Mode

Function Pin function Reset Software Standby mode Deep Software Standby mode 1, | After Deep Software Standby
(SSTBY) 2, 3 (DSTBY1, 2, 3) mode is canceled (return to
startup mode)
OPE=0 |OPE=1 DSTBY1 DSTBY2/ | IOKEEP | |OKEEP = 1*1
DSTBY3 (=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/ISWO
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 output | Keep Hi-Z Keep
AGTOBNn
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/ ULPTOAN/ Hi-Z ULPTON/ULPTOAN/ULPTOBN Keep Hi-Z Keep
ULPTOBN output
ULPTON-DS/ ULPTOAN- | Hi-Z ULPTON/ULPTOAN-DS/ ULPTON/ULPTOAN- | Keep Hi-Z From
DS/ ULPTOBN-DS ULPTOBN-DS output DS/ ULPTOBN-DS DSTBY1: ULPTON/
output ULPTOAN-DS/
ULPTOBN-DS output
From DSTBY1, 2:
Keep
1IC SCLn/SDAN Hi-Z Keep-0"2 Keep Hi-Z Keep
13C 13C_SCL0/I3C_SDAO Hi-Z Keep-O"2 Hi-Z Hi-Z
USBFS USB_OVRCURXx Hi-Z Hi-Z"2 Keep Hi-Z Keep
USB_OVRCURx-DS/ Hi-Z Hi-Z*2 Keep™ Keep Hi-Z Keep
USB_VBUS
USB_DP/USB_DM Hi-Z Keep-0™ 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 DAn Hi-Z D/A output retained Keep Hi-Z Keep
External bus EBCLK/SDCLK Hi-Z High-level output Keep Hi-Z Keep
(CS, SDRAM
area) Dxx/DQxx Hi-Z Hi-Z Hi-Z Hi-Z
Axx/DQMx Hi-Z Hi-Z Keep-O Keep Hi-Z Keep
BCx/CSx/RD/WRx/WE Hi-Z Hi-Z High-level output Keep Hi-Z Keep
ALE Hi-Z Hi-Z Low-level output Keep Hi-Z Keep
CKE/SDCS/RAS/CAS Hi-Z Hi-Z SDSELF.SFEN =0: | Keep Hi-Z Keep
High-level output
SDSELF.SFEN = 1:
Low-level output
P400/P401 Other than function Hi-Z Keep-O*z 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 the same as during periods in Normal mode.
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Keep: Pin states are retained the 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.
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JEITA Package code RENESAS code MASS(TYP.)[g]

P-LFBGA289-12x12-0.65 PLBGO0289JA-A 0.38

By 15

INDEX AREA —

x| <
Reference | Dimension in Millimeters
- | Symbol Min. Nom. Max.
u eooooooo&)ooooooo (D] - 12.00 -
T oooooooogoooooooo _ 12.00 _
R | 00000000MGO0000000 :
P | 00000000dp0O0O0OO0OO0OO _ 10.40 _
N | 0000000000000 0000 :
M oooooooogoooooooo — 10.40 —
L | 00000000 POOOO0O000
K oooooooo%oooooooo = A - — 1.38
I—1—© 6000060400000 0—|— .
H 0000000000000 000O0 ’D A1 0.20 - -
G | 00000000 DOOOOO0OOG
F 00000000PO0O0O0000® b 0.31 0.36 0.41
E oooooooogoooooooo ) (o] — 0.65 —
D | 00000000 POOOOO0OOO0 -
c oooooooo%oooooooo [0] aaa _ _ 015
B | 00000000PO0000000 :
A oo@:ooooo?ooooooo@ cce — — 0.20
’I2345678&1011121314151617 ddd _ - 010
eee - - 0.15
His NX @b @(Peee®{CIA‘B‘ f - — 0.08
fff(M)[C| N - 289 -
BOTTOM VIEW
Figure A2.1 BGA 289-pin
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JEITA Package code RENESAS code MASS(TYP.)[g]

P-LFBGA224-11x11-0.65 PLBG0224JA-A 0.32

8}« T

INDEX AREA —| |

[ ]aaalC]
TOP VIEW
//]ccc|C]
1
[ |
[ |
I I
C -
[£[ddd[C] T <
E1
— - -— Reference Dimension in Millimeters
\
| Symbol | i | Nom. | Max.
T
R $000000PO00000 [D] — 11.00 -
P 0000000MO00000O0
N 0000000PO0O0O000O0 - 11.00 -
M 0000000HOO00000O0
L 0000000D0O00000O0 - 9.10 -
K 0000000PO0OOO00O0
J 0000000WOOOO00O0 = - 9.10 -
H—-—1-6-0-00606004 60006001 — A _ _ 1.38
G 0000000MO000000 |
F 0000000DO0O0O000® A1 0.20 — —
E 0000000 POOOO0OD
D 0000000000000 00 | b 0.31 0.36 0.41
c 0000000P0O000000
B 0000000HMO00O00O0 [0] [e] — 0.65 —
A OHOOOOPOOOOOOD
% aaa - - 0.15
i cce - - 0.20
1234567%9101112131415
ddd — - 0.10
- NX(pb@(DGGG@{C‘A‘B‘ eee - - 0.15
@fff(M) | C| fff - - 0.08
BOTTOM VIEW N - 224 -
Figure A2.2 BGA 224-pin
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JEITA Package code RENESAS code

MASS(TYP.)[g]

P-LFBGA303-15x15-0.80 PLBGO303GA-A

0.63

a

1
|

Rk

INDEX AREA —

N
X
%

=Y TOP VIEW
//lccc]C]
[(D[ddd[C] | _
<
| . . . s
T Dimension in Millimeters
v éooooooooioooooooo Rgfe“z”‘fe
I NeXeYeXoloXoYeXoXelloXeeXoXeNoXeNeoXe)! ymbo Min. Nom. Max.
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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 A3.1 shows the name, description,
and the base address of each peripheral.

Table A3.1 Peripheral base address (1 of 4)
Base address

Base address of of non-secure

secure registers registers in non-

in secure alias Name of non-secure secure alias
Description Name of secure registers |region registers 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 CPU_OCD 0x4001_1000 CPU_OCD_NS 0x5001_1000
Debug Function CPU_DBG 0x4001_B000 CPU_DBG_NS 0x5001_B000
CACHE CACHE 0x4001_C000 CACHE_NS 0x5001_C000
TCM TCM 0x4001_C800 TCM_NS 0x5001_C800
System Control SYSC 0x4001_EO000 SYSC_NS 0x5001_EO000
Inter-Processor Communication IPC 0x4002_0000 IPC_NS 0x5002_0000
Temperature Sensor Data TSD 0x02C1_EDAO TSD_NS 0x12C1_EDAO
MRAM System Register area MRAM 0x4013_C000 MRAM_NS 0x5013_C000
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
Watchdog Timer 1 WDT1 0x4020_2700 WDT1_NS 0x5020_2700
Module Stop Control A, B, C, D, E MSTP 0x4020_3000 MSTP_NS 0x5020_3000
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Table A3.1 Peripheral base address (2 of 4)
Base address

Base address of of non-secure

secure registers registers in non-

in secure alias Name of non-secure secure alias
Description Name of secure registers |region registers region
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
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
12-bit D/A Converter 0 DAC120 0x4023_3000 DAC120_NS 0x5023_3000
12-bit D/A Converter 1 DAC121 0x4023_3100 DAC121_NS 0x5023_3100
Temperature Sensor TSN 0x4023_5000 TSN_NS 0x5023_5000
High-Speed Analog Comparator 0 ACMPHSO 0x4023_6000 ACMPHSO0_NS 0x5023_6000
High-Speed Analog Comparator 1 ACMPHS1 0x4023_6100 ACMPHS1_NS 0x5023_6100
High-Speed Analog Comparator 2 ACMPHS2 0x4023_6200 ACMPHS2_NS 0x5023_6200
High-Speed Analog Comparator 3 ACMPHS3 0x4023_6300 ACMPHS3_NS 0x5023_6300
USB 2.0 FS Module USBFS 0x4025_0000 USBFS_NS 0x5025_0000
SD Host Interface 0 SDHI0 0x4025_2000 SDHIO_NS 0x5025_2000
SD Host Interface 1 SDHI1 0x4025_2400 SDHI1_NS 0x5025_2400
Inter-Integrated Circuit 0 lco 0x4025_E000 IICO_NS 0x5025_E000
Inter-Integrated Circuit 0 Wake-up licowu 0x4025_EO014 IICOWU_NS 0x5025_E014
Unit
Inter-Integrated Circuit 1 lIc1 0x4025_E100 IIC1_NS 0x5025_E100
Inter-Integrated Circuit 2 lIc2 0x4025_E200 IIC2_NS 0x5025_E200
Octal Serial Peripheral Interface 0 OSPIO_B 0x4026_8000 OSPI0O_B NS 0x5026_8000
Octal Serial Peripheral Interface 1 OSPI1_B 0x4026_8400 OSPI1_B_NS 0x5026_8400
Decryption On-The-Fly 0 DOTFO 0x4026_8800 DOTFO_NS 0x5026_8800
Decryption On-The-Fly 1 DOTF1 0x4026_8900 DOTF1_NS 0x5026_8900
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 32-bit Timer 6 GPT326 0x4032_2600 GPT326_NS 0x5032_2600
General PWM 32-bit Timer 7 GPT327 0x4032_2700 GPT327_NS 0x5032_2700
General PWM 32-bit Timer 8 GPT328 0x4032_2800 GPT328_NS 0x5032_2800
General PWM 32-bit Timer 9 GPT329 0x4032_2900 GPT329_NS 0x5032_2900
General PWM 32-bit Timer 10 GPT3210 0x4032_2A00 GPT3210_NS 0x5032_2A00
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Table A3.1 Peripheral base address (3 of 4)
Base address

Base address of of non-secure

secure registers registers in non-

in secure alias Name of non-secure secure alias
Description Name of secure registers |region registers region
General PWM 32-bit Timer 11 GPT3211 0x4032_2B00 GPT3211_NS 0x5032_2B00
General PWM 32-bit Timer 12 GPT3212 0x4032_2C00 GPT3212_NS 0x5032_2C00
General PWM 32-bit Timer 13 GPT3213 0x4032_2D00 GPT3213_NS 0x5032_2D00
Output Phase Switching Controller GPT_OPS 0x4032_3F00 GPT_OPS_NS 0x5032_3F00
General PWM Timer Clock Controller | GPT_GTCLK 0x4032_3F10 GPT_GTCLK_NS 0x5032_3F10
PWM Delay Generation Circuit PDG 0x4032_4000 PDG_NS 0x5032_4000
Delta-Sigma Modulators 0 DSMIFO 0x4032_A000 DSMIFO_NS 0x5032_A000
Delta-Sigma Modulators 1 DSMIF1 0x4032_A800 DSMIF1_NS 0x5032_A800
16-bit A/D Converter ADC_B 0x4033_8000 ADC_B_NS 0x5033_8000
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 5 SCI5_ B 0x4035_8500 SCI5_B_NS 0x5035_8500
Serial Communication Interface 6 SCl6_B 0x4035_8600 SCI6_B_NS 0x5035_8600
Serial Communication Interface 7 SCI7_B 0x4035_8700 SCI7_B_NS 0x5035_8700
Serial Communication Interface 8 SCI8_B 0x4035_8800 SCI8 B_NS 0x5035_8800
Serial Communication Interface 9 SCI9_B 0x4035_8900 SCI9_B_NS 0x5035_8900
Serial Peripheral Interface 0 SPIO_B 0x4035_C000 SPI0_B_NS 0x5035_C000
Serial Peripheral Interface 1 SPI1_B 0x4035_C100 SPI1_B NS 0x5035_C100
I13C Bus Interface 13C 0x4035_F000 I3C_NS 0x5035_F000
Error correction circuit for MBRAMO ECCMBO 0x4036_F200 ECCMBO0_NS 0x5036_F200
Error correction circuit for MBRAM1 ECCMBH1 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
EtherCAT Slave Controller ESC 0x403A_0000 ESC_NS 0x503A_0000
Initial Configuration 1 for EtherCAT ESC_INI 0x403A_4000 ESC_INI_NS 0x503A_4000
Slave Controller
Ethernet Message Forwarding Engine | MFWD 0x403C_0000 MFWD_NS 0x503C_0000
Layer 3 Ethernet Switch Module ESWM 0x403C_8000 ESWM_NS 0x503C_8000
Ethernet Common Agent COMA 0x403C_9000 COMA_NS 0x503C_9000
Ethernet Agent 0 ETHAO 0x403C_A000 ETHAO_NS 0x503C_A000
Ethernet MAC 0 RMACO 0x403C_B000 RMACO_NS 0x503C_B000
Ethernet Agent 1 ETHA1 0x403C_C000 ETHA1_NS 0x503C_C000
Ethernet MAC 1 RMAC1 0x403C_D000 RMAC1_NS 0x503C_D000
Ethernet CPU Agent GWCAO 0x403C_EO000 GWCAO_NS 0x503C_E000
Ethernet Generic PTP Timer GPTP 0x403E_0000 GPTP_NS 0x503E_0000
Port 0 Control Registers PORTO 0x4040_0000 PORTO_NS 0x5040_0000
Port 1 Control Registers PORT1 0x4040_0020 PORT1_NS 0x5040_0020
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Table A3.1 Peripheral base address (4 of 4)
Base address

Base address of of non-secure

secure registers registers in non-

in secure alias Name of non-secure secure alias
Description Name of secure registers |region registers region
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_00C0 PORT6_NS 0x5040_00CO0
Port 7 Control Registers PORT7 0x4040_00EO PORT7_NS 0x5040_00EO
Port 8 Control Registers PORT8 0x4040_0100 PORT8_NS 0x5040_0100
Port 9 Control Registers PORT9 0x4040_0120 PORT9_NS 0x5040_0120
Port A Control Registers PORTA 0x4040_0140 PORTA_NS 0x5040_0140
Port B Control Registers PORTB 0x4040_0160 PORTB_NS 0x5040_0160
Port C Control Registers PORTC 0x4040_0180 PORTC_NS 0x5040_0180
Port D Control Registers PORTD 0x4040_01A0 PORTD_NS 0x5040_01A0
Port E Control Registers PORTE 0x4040_01CO0 PORTE_NS 0x5040_01CO0
Port F Control Registers PORTF 0x4040_01EQ PORTF_NS 0x5040_01E0
Port G Control Registers PORTG 0x4040_0200 PORTG_NS 0x5040_0200
Pmn Pin Function Control Register PFS 0x4040_0800 PFS_NS 0x5040_0800

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.

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

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

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.

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

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.

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

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

external memory or bus access from other bus masters such as DTC or DMAC.
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Table A3.2

Access cycles (1 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

RMPU, 0x4000_0000 |[0x4001_BFFF |3 2 3 2 ICLK Renesas Memory

SRAM, BUS, Protection Unit,

ICU_COMMON, SRAM Control, BUS

CPSCU, Control, Common

DMACOn, DMAO, Interrupt Controller,

DTCO, ICU, CPU System Security

CPU_CTRL, Control Unit, Direct

CPU_OCD, memory access

CPU_DBG controller 0 n, DMAC
Module Activation
0, Data Transfer
Controller 0, Interrupt
Controller, CPU
Control Registers, On-
Chip Debug, Debug
Function

CACHE, TCM 0x4001_CO000 |0x4001_CFFF |5 4 5 4 ICLK CM33 Cache, CM33
Tightly Coupled
Memory

SYSC 0x4001_EO00 |0x4001_E9FF (4 3 2to4 1t03 PCLKB System Control

SYSC 0x4001_EAO00 |0x4001_EDT7F |7 6 5t07 4t06 PCLKB System Control

IPC 0x4002_0000 |0x4002_FFFF |3 2 3 2 ICLK Inter-Processor
Communication

ELC, RTC 0x4020_1000 |0x4020_21FF |4 3 2to4 1to03 PCLKB Event Link Controller,
Realtime Clock

IWDT 0x4020_2200 |0x4020_22FF |4 65 2to4 63 to 65 PCLKB Independent
Watchdog Timer

CAC, WDTn, 0x4020_2400 |0x4021_2FFF |4 3 2to4 1t03 PCLKB Clock Frequency

MSTP, PSCU, Accuracy

POEG Measurement Circuit,
Watchdog Timer n,
Module Stop Control,
Peripheral Security
Control Unit, Port
Output Enable Module
for GPT

ULPTn 0x4022_0000 |0x4022_01FF |6 65 4106 63 to 65 PCLKB Ultra-Low Power Timer
n

AGTn 0x4022_1000 |0x4022_11FF |6 3 4106 1t03 PCLKB Low Power
Asynchronous General
purpose Timer n

DAC12n, TSN 0x4023_3000 |0x4023 5FFF |4 3 2to4 1t03 PCLKB 12-bit D/A Converter
n, Temperature Sensor

ACMPHSNn 0x4023_6000 |0x4023 63FF |3 3 1t03 1t03 PCLKB High-Speed Analog
Comparator n

USBFS 0x4025_0000 |[0x4025_03FF |5 4 3to5 2to4 PCLKB USB 2.0 FS Module

USBFS 0x4025_0400 |[0x4025_04FF |4 65 2t04 63 to 65 PCLKB USB 2.0 FS Module

SDHin, lICn, 0x4025_2000 |0x4026_89FF |4 3 2to4 1t03 PCLKB SD Host Interface

OSPIn, DOTFn n, Inter-Integrated
Circuit n, Octal Serial
Peripheral Interface n,
Decryption On-The-Fly
n

CRC, DOC 0x4031_0000 |O0x4031_1FFF |4 3 2to4 1t03 PCLKA CRC Calculator, Data
Operation Circuit
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Table A3.2 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
GPT32n, 0x4032_2000 |0x4032_3FOF |9 6 7t09 4106 PCLKA General PWM 32-Bit
GPT_OPS Timer n, Output Phase
Switching Controller
GPT_GTCLK 0x4032_3F10 |0x4032_3F1F |4 3 2to4 1t03 PCLKA General PWM Timer
Clock Control
PDG 0x4032_4000 |0x4032_4FFF |3 2 1t03 Oto2 PCLKA PWM Delay
Generation Circuit
DSMIFn 0x4032_A000 |0x4032_AFFF |3 3 1t03 1t03 PCLKA Delta-Sigma
Modulators n
ADC_B 0x4033_8000 |O0x4034_7FFF |4 3 2to4 1t03 PCLKA A/D Converter
SCin, SPIn, I3C 0x4035_8000 |0x4035_FFFF |4 3 2to 4 1t03 PCLKA Serial Communication
Interface n, Serial
Peripheral Interface n,
I3C Bus Interface
ECCMBN 0x4036_F200 |0x4036_F3FF |5 4 3to5 2to 4 PCLKA Error correction circuit
for MBRAMnN
CANFDn 0x4038_0000 |O0x4038_3FFF |4 3 2to4 1t03 PCLKA CANFD Module n
ESWM 0x403C_0000 |O0x403E_FFFF | — — 7to 12 2to4 PCLKA Layer 3 Ethernet
Switch Module
ESC 0x403A_0000 |O0x403A_3FFF |66 60 66 to 67 59 to 60 PCLKA EtherCAT Slave
Controller 32bit access
ESC 0x403A_0000 |O0x403A_3FFF |52 37 51to0 52 36 to 37 PCLKA EtherCAT Slave
Controller 16bit access
ESC 0x403A_0000 |O0x403A_3FFF |41 30 40 to 41 29 to 30 PCLKA EtherCAT Slave
Controller 8bit access
ESC_INI 0x403A_4000 |O0x403A_4FFF |4 3 3to4 2t03 PCLKA Initial Configuration 1
for EtherCAT Slave
Controller
PORTNn 0x4040_0000 |0x4040_O1FF (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-E50D - - 3to5 2 1t0 6 Oto2 PCLKA Renesas Secure IP
Table A3.2 Access cycles (3 of 3)
Number of access cycles
. Address” ICLK = MRPCLK ICLK > MRPCLK"2
Peripheral base Cycle
address symbol | From To Read Write Read Write unit Related function
MRAM 0x4013_0000 |O0x4013_FFFF |4 3 2to4 1t03 MRPCLK | MRAM control

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 MRPCLK 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. Notes for Register R/W
e 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 A4.1 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
e 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 | Access is always allowed.

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 A4.2 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 | Access is always allowed.
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Appendix 5. Peripheral Variant

Table AS.1 shows the correspondence between the module name used in this manual and the peripheral variant.

Table A5.1 Module name vs peripheral variant

Module name Peripheral variant

SCI SCI_B

SPI SPI_ B

OSPI OSPI_B

ADC16H ADC_B

DAC12 DAC_B

DOC DOC_B
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Revision History

Revision History

Revision 1.00— February 14, 2025

First edition, issued

Revision 1.10 — May 16, 2025

1. Overview:
e Updated Figure 1.2 Part numbering scheme.
e Updated Table 1.15 Pin list for the Standard product.
e Updated Table 1.16 Pin list for the SiP product.

2. Electrical Characteristics:

Updated 2. Electrical Characteristics.

Updated 2.1 Absolute Maximum Ratings.
Updated 2.2.5 Operating and Standby Current.
Updated 2.3.10 SPI Timing.

Updated 2.3.11 OSPI Timing.

Updated 2.6 ADC Characteristics.

Added 2.11 External VDD timing Characteristics.

Appendix:
e Updated Figure A2.3 HLQFP 176-pin in Appendix 2.
e Updated Table A5.1 Module name vs peripheral variant in Appendix 5.

Revision 1.20 — Jul 31, 2025

1. Overview:

Updated Table 1.8 Communication interfaces
Updated Figure 1.2 Part numbering scheme
Updated Table 1.12 Product list

Updated Table 1.14 Pin functions

Updated Table 1.15 Pin list for the Standard product
Updated Table 1.16 Pin list for the SiP product

2. Electrical Characteristics:

e Updated Table 2.16 Current of high-speed mode, maximum data processing, CPUO Deep Sleep, CPU1 active, peripheral clock ON

(DCDC mode)

e Updated Table 2.18 Current of high-speed mode, maximum data processing (MVE operation), peripheral clock OFF (DCDC mode)
e Updated Table 2.19 Current of high-speed mode, maximum data processing (MVE operation), peripheral clock OFF (External VDD

mode)

e Updated Table 2.20 Current of high-speed mode, maximum data processing (MVE operation), CPUO active, CPU1 Deep Sleep,

peripheral clock OFF (DCDC mode)

e Updated Table 2.21 Current of high-speed mode, maximum data processing (MVE operation), CPUO active, CPU1 Deep Sleep,

peripheral clock OFF (External VDD mode)

e Updated Table 2.22 Current of high-speed mode, maximum data processing, CPUO Deep Sleep, CPU1 active, peripheral clock OFF

(DCDC mode)

e Updated Table 2.23 Current of high-speed mode, maximum data processing, CPUO Deep Sleep, CPU1 active, peripheral clock OFF

(External VDD mode)

Revision 1.30 — Feb 27, 2026

1. Overview:

Updated Figure 1.2 Part numbering scheme
Updated Table 1.12 Product list

Updated Table 1.13 Function Comparison

Updated Table 1.14 Pin functions

Updated Figure 1.7 Pin assignment for BGA 303-pin
Updated Table 1.15 Pin list for the Standard product
Updated Table 1.16 Pin list for the SiP product

Updated Table 2.24 Current of high-speed mode, CPU Sleep mode (DCDC mode)

Updated Table 2.26 Current of high-speed mode, CPUO Sleep, CPU1 Deep Sleep (DCDC mode)
Updated Table 2.28 Current of high-speed mode, CPUO Deep Sleep, CPU1 Sleep (DCDC mode)
Updated Table 2.30 Current of high-speed mode, CPU Deep Sleep mode (DCDC mode)
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Revision 1.30 — Feb 27, 2026

2. Electrical Characteristics:

Updated Table 2.2 Recommended operating conditions

Updated Table 2.34 Coremark and normal mode current, CPUO Deep Sleep, CPU1 active. (DCDC mode and External VDD mode)
Added Table 2.42 VCC_USB rise gradient characteristics at power on
Updated Table 2.43 Thermal Resistance

Updated Table 2.44 Power consumption of each unit (DCDC mode)

Updated Table 2.45 Power consumption of each unit (External VDD mode)
Updated Table 2.48 Clock timing except for sub-clock oscillator

Updated Table 2.50 Reset timing

Updated Table 2.51 Timing of recovery from low power modes

Updated Table 2.62 SPI timing

Updated Table 2.63 OSPI timing

Updated Figure 2.86 DDR transmit/receive timing (4S-4D-4D, 8D-8D-8D)
Updated Table 2.75 PDG Timing

Updated Table 2.101 TSN characteristics

Updated Table 2.103 Sub-clock oscillation stop detection circuit characteristics
Added Figure 2.127 Sub-clock Oscillation Stop Detector start-up time

Updated Table 2.104 Power-on reset circuit and voltage detection circuit characteristics
Updated Figure 2.129 Power-on reset timing

Updated Figure 2.130 Voltage detection circuit timing (Vdet0)

Updated Figure 2.131 Voltage detection circuit timing (Vdetn) (n =1, 2, 4, 5)
Updated 2.15 MRAM Characteristics

Updated Table 2.110 Code MRAM Characteristics

Updated 2.15.2 Option Setting Memory (Configuration area) Characteristics
Updated Table 2.114 MACI command Characteristics

Appendix:
e Added Figure A2.3 BGA 303-pin
e Updated Table A3.2 Access cycles
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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.



Notice

1.

10.

1.

12.

13.
14,

(Note1)

(Note2)

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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Corporation. All trademarks and registered trademarks are the property
of their respective owners.
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