LENESAS

Datasheet

RAGE2 Group
Renesas Microcontrollers

R01DS0410EJ0110
Rev.1.10
Feb 28, 2023

The RABE2 Group delivers up to 200 MHz of CPU performance using an Arm® Cortex®-M33 core with a code flash memory
ranging from 128 KB to 256 KB, 4 KB of data flash memory, and 40 KB of SRAM. The RA6E2 Group offers a wide set of
peripherals, including USB Full Speed, CANFD, Quad SPI, I13C, and ADC.

Features

® Arm® Cortex®-M33 Core

o Armv8-M architecture with the main extension

o Maximum operating frequency: 200 MHz

o Arm 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 LOCO or system clock
e CoreSight™ ETM-M33

m Memory
e Up to 256-KB code flash memory

e 4-KB data flash memory (100,000 program/erase (P/E) cycles)

e 40-KB SRAM

m Connectivity

e Serial Communications Interface (SCI) x 2

— Asynchronous interfaces

— 8-bit clock synchronous interface

— Smart card interface

— Simple IIC

— Simple SPI

— Manchester coding
o [3C bus interface (I3C)
o Serial Peripheral Interface (SPI) x 2
o Quad Serial Peripheral Interface (QSPI)
e USB 2.0 Full-Speed Module (USBFS)
o CAN with Flexible Data-rate (CANFD)
e Serial Sound Interface Enhanced (SSIE)
e Consumer Electronics Control (CEC)

m Analog

e 12-bit A/D Converter (ADC12)
e 12-bit D/A Converter (DAC12) x 2
e Temperature Sensor (TSN)

m Timers

e General PWM Timer 16-bit Enhanced (GPT16E) x 6
e [ow Power Asynchronous General Purpose Timer (AGT) x 2

m Security

o Arm® TrustZone®
— Up to three regions for the code flash
— Up to two regions for the data flash
— Up to three regions for the SRAM
— Individual secure or non-secure security attribution for each
peripheral
® 128-bit unique ID
e True Random Number Generator (TRNG)
e Pin function
— Secure pin multiplexing

m System and Power Management

e Low power modes

e RealTime Clock (RTC) with calendar

e Event Link Controller (ELC)

e Data Transfer Controller (DTC)

e DMA Controller (DMAC) x 8

e Power-on reset

e [ow Voltage Detection (LVD) with voltage settings
e Watchdog Timer (WDT)

e Independent Watchdog Timer (IWDT)

m Multiple Clock Sources

e Main clock oscillator (MOSC) (8 to 24 MHz)

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

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

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

o [WDT-dedicated on-chip oscillator (15 kHz)

e Clock trim function for HOCO/MOCO/LOCO
e PLL
e Clock out support

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

m Operating Voltage
e VCC:2.7t03.6 V

m Operating Temperature and Packages

e Ta=-40°C to +105°C
— 64-pin LQFP (10 mm x 10 mm, 0.5 mm pitch)
— 48-pin QFN (7 mm X 7 mm, 0.5 mm pitch)
— 32-pin QFN (5 mm x 5 mm, 0.5 mm pitch)
e Ta=-40°C to +85°C
— 64-pin BGA (5 mm x 5 mm, 0.5 mm pitch)
— 36-pin BGA (4 mm x 4 mm, 0.5 mm pitch)
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1. Overview

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

The MCU in this series incorporates a high-performance Arm Cortex®-M33 core running up to 200 MHz with the following

features:

e Up to 256 KB code flash memory

e 40 KB SRAM

e (Quad Serial Peripheral Interface (QSPI)

e USBFS

e Analog peripherals

e Security and safety features
1.1 Function Outline

Table 1.1 Arm core

Feature

Functional description

Arm Cortex-M33 core

e Maximum operating frequency: up to 200 MHz
Arm Cortex-M33 core:
— Armv8-M architecture with security extension
— Revision: rOp4-00rel0
e Arm Memory Protection Unit (Arm MPU)
— Protected Memory System Architecture (PMSAVS8)
— Secure MPU (MPU_S): 8 regions
— Non-secure MPU (MPU_NS): 8 regions
e SysTick timer
— Embeds two Systick timers: Secure and Non-secure instance
— Driven by SysTick timer clock (SYSTICCLK) or system clock (ICLK)
e CoreSight™ ETM-M33
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e 40 KB SRAM

@1 E1TMIEO(QSPI)
e USBFS

Q= HIMG
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Table 1.1 =

Feature

Thaefik

FERE-M331ZD

o RATIEMZE: HIX200MHz
e Arm Cortex-M33 core:

- BEZREV EBOAmMve-MZEH

— Revision: rOp4-00rel0
o ArmAEFRIFE TT(ArmMPU)

- BRRIPAGFRAZEE(PMSAVS)

- ZE£MPUMPU_S): 81 Xig

— Non-secure MPU (MPU_NS): 8 regions
e SysTick timer

- BARTRRENE: T2MIERLREH)

—  HE3SysTickE BT 23 BY$(SYSICCLK) T RGBT R (ICLK) IR Th
e CoreSight™ ETM-M33

Table 1.2 Memory

Table 1.2 Memory

Feature

Functional description

Code flash memory

Maximum 256 KB of code flash memory.

Data flash memory

4 KB of data flash memory.

Option-setting memory

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

SRAM

On-chip high-speed SRAM with either parity bit or Error Correction Code (ECC).

Standby SRAM

On-chip SRAM that can retain data in Deep Software Standby mode.
See section x, Standby SRAM.

Table 1.3 System (1 of 2)

Feature

Functional description

Operating modes

Two operating modes:
e Single-chip mode
e SCI/USB/SWD boot mode

Resets

The MCU provides 14 resets.

Low Voltage Detection (LVD)

The Low Voltage Detection (LVD) module monitors the voltage level input to the VCC pin. The
detection level can be selected by register settings. The LVD module consists of three separate
voltage level detectors (LVDO, LVD1, LVD2). LVDO, LVD1, and LVD2 measure the voltage level
input to the VCC pin. LVD registers allow your application to configure detection of VCC changes

Feature IhREHIR
REFATF RA256KBHIEIIATE,
HIRAE AKBBYERIRIATF-
Option-setting memory RIIE B 7 fESRAE S I EMCURIRKRE.
SRAM BBEHFBRIAIHA 8 (ECC)M F AR IESRAM,
Standby SRAM AERERAE IR TREHIELNF _LSRAM.
BEE N EXT & ASRAM.
Table 1.3  H#%(1/2)
Feature IhaEHEIR
1BRIERN FATIRIERN: @
e SCIUSBSWD/EENETL
Resets MCURR 1 4R E 1L,

REH2M(LVD)

at various voltage thresholds.
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Table 1.3 System (2 of 2)
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Table 1.3 £4:(2/2)

Feature

Functional description

Feature

Thaekaik

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)
IWDT-dedicated on-chip oscillator

PLL

Clock out support

Clocks

F B iR % 28 (MOSC)

Sub-clock oscillator (SOSC)

High-speed on-chip oscillator (HOCO)
Middle-speed on-chip oscillator (MOCO)
Low-speed on-chip oscillator (LOCO)
IWDT-dedicated on-chip oscillator

PLL

B et 2 45

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.

BY SRR S M E B (CAC
)

B s MR AE RN 8 FB ER (Cac) TR M 8 B RV BY $9 (T 8 £ BT §h) P E MBS R A THE RN 2
B £ G2 BARES ) 9B R, HARIBMCPHESEA T CERYNETMENESEN M~ LM
B BB AR EARFSEERR, FEPETHER.

Interrupt Controller Unit (ICU)

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

Low power modes

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

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).

FR B 55 88 88 7T (ICU) ARSI 38 B T (ICU) TR L B 5 S HIZEIRER S
FRETIEHIZZ (NVIC). DMAIEHIZR (DMAQ M EUBZ AT HIZF(DTOER, ICURITHIA o] B ik R i
RINFERT AILGEE 2R A R RRINEE, SIEIREN SIS, FEIEER, FIEBRERERINREHIR
R AR BRI ERER,
FEHRERP BESERIPEAFRIPFEETERFAERGBIRMEES. BEFRIPNTEREARIPEES(

PRCR)IZER.

Memory Protection Unit (MPU)

The MCU has one Memory Protection Unit (MPU).

REFFRIFEITIMPU)

MCUB — N EfEZ RIFE T (IMPU)o

Table 1.4 Event link

Table 1.4  SEThiELE

Feature

Functional description

Feature

ThRER R

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.

EHHERITHER(ELC)

EERERSRELOEREZMIINERREMNEFBERENRES, BElERITROER,
SRR Z B R B, MARCPUTH.

Table 1.5 Direct memory access

Table 1.5 EiEREFIHN

Feature

Functional description

Feature

TR

Data Transfer Controller (DTC)

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

IR MIEH 2 (DTC)

RETHIRCRITHIZFROTORIR, BAFERPEEREUEN FikiE,

DMA Controller (DMAC)

The MCU includes an 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.

DMA Controller (DMAC)

BMCUBIE— 8@l B fF iR 10) 125288 (DMAC), BILITEFRZCPUFIIE R T EHEIE.
Y= EDMARIXIEREY, DMACKFETEFIEIRMIE B EEF X EIfFIE B B9sthit,

Table 1.6 External bus interface

Table 1.6 ShNER R IED

Feature

Functional description

Feature

Thaekaik

External buses

e QSPI area (EQBIU): Connected to the QSPI (external device interface)

SMEREE £

e QSPIX (EQBIU) : HEHEEFIQSPI (HMERIR&EEN)

Table 1.7 Timers (1 of 2)

Table 1.7  tAY28(1892)

Feature

Functional description

Feature

Threfaik

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 16-bit timer with GPT16E x 6 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.

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 32-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.

EAPWMIEBY28(GPT)

BAPWMERT 2R (GPT)E ABGPT16Ex6IBER 161 E R 88, PWMIKAZBJ LUEE = E i #88.
Tit#hagsr it ke kAL, T LUERA FIERIZRIER EMHBPWMEI . GPTHA
U B1EEAER 2.

i D% /3 FAGPT(POEG)

i O 581 L 2 BE (POEG) ThAE RIS @ FBPWM B BY 88 (GPT) il H 5 | B B T H A RS

RI#ERDER
FBERSER(AGT)
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Feature

Functional description
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Table 1.7 1By 28 (2892)

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.

Feature

Thaekaik

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.

SREYBY$R(RTC)

KESESE (rtc) AMMIHEIET, HRETBERIN #HHE, BFREESRLE, N T
BAHEIRI, RTCAEBM2000F2I12099F/100FE R, HEAEEDFANHA, XF
HEE, RIGHEWHERBERMFANRTE, —#HETERXTATAN (BFH) BHLSMNY
B,

Independent Watchdog Timer (IWDT)

The Independent Watchdog Timer (IWDT) consists of a 14-bit down counter that must be
serviced periodically to prevent counter underflow. The IWDT provides functionality to reset the
MCU or to generate a non-maskable interrupt or an underflow interrupt. Because the timer
operates with an independent, dedicated clock source, it is particularly useful in returning the
MCU to a known state as a fail-safe mechanism when the system runs out of control. The IWDT
can be triggered automatically by a reset, underflow, refresh error, or a refresh of the count value
in the registers.

I VAERYEE(WDT)

A BHENSB(WDT)R—M40R Tit#E, ARTAETHSETENEEMCU, BARGEX
EETERIFIWDT, thsh, WDTRIAFF=ERrIF kP ok T i k.

I AR EREEIWDT)

Table 1.8 Communication interfaces

M ETAENSE IWDT) BH—MAMTFEIHRSRAR, KRR, LT HETE, |
WDTHRME IMCUSK E R B] ik R BT TP EeIIhEE. MmFENSERRINET BNHIRIE
17, EltERSGKEN, SE5ERTRHMCUREEEMNNSIEL 2GRS, IWDTAILIESE
fii. T, RIFREIRSRIE S FSEPRITRERDRA.

Feature

Functional description

Table 1.8 BEEO

Serial Communications Interface (SCI)

The Serial Communications Interface (SCI) x 2 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

e Manchester interface
The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and
transmission protocol. SCIn (n = 0, 9) has FIFO buffers to enable continuous and full-duplex
communication, and the data transfer speed can be configured independently using an on-chip
baud rate generator.

Feature

Theesk

I3C bus interface (13C)

The I3C bus interface (I3C) has one channel. The I3C module conforms with and provides a
subset of the NXP 12C (Inter-Integrated Circuit) bus interface functions and a subset of the MIPI
13C.

BITEEREOG)

BTREEOCQBEEERS MBS HTEDD: @
SHED (UARTRIS S BEEOEARS(ACA))

st HE PO

Simple IIC (master-only)

&1 &2 AYSPI

BRerEO

SHEHEQ

BRERENONAIsolEC7816-3BFESHERININATE, SCIn(n=0 9)ABFIFO& HEs, AR
ESMeNTEE, HETUERR DRBERERIMURELECHRE,

[=]

Serial Peripheral Interface (SPI)

The Serial Peripheral Interface (SPI) has 2 channels. The SPI provides high-speed full-duplex
synchronous serial communications with multiple processors and peripheral devices.

[BCRLEOI30)

BCREEOMBOF—NMBE, BORRFEHIRMBEHRC (EERE) SE&EOMENT
EMmipil3CHIF 5,

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 and 32 receive buffers.

EBITIMRHEO(SPY)

BITIMRIEO(SPDE 2 MEE, SPHRMtS Z M ERMIEIRENZTERENIE D HITEE.

USB 2.0 Full-Speed module (USBFS)

The USB 2.0 Full-Speed module (USBFS) can operate as a device controller. The module
supports full-speed 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 5 pipes.
Pipe 0 and pipe 4 to pipe 7 can be assigned any endpoint number based on the peripheral
devices used for communication or based on your system.

ROBRIEHIX 5 4L
Data-Rate Module (CANFD)

BEREHIBRE (CANFD) #RIRAICANT] LGB LR A9 CANMIAD
CANFDAEZRRFSISO11898- 1457 A,
ZARIR T FF AN K IBE PESFN 32 MEWEE s,

Quad Serial Peripheral Interface (QSPI)

The Quad Serial Peripheral Interface (QSPI) is a memory controller for connecting a serial ROM
(nonvolatile memory such as a serial flash memory, serial EEPROM, or serial FeRAM) that has
an SPIl-compatible interface.

USB2.OSRIEIR (USBFS)

USB2.OREEIR(USBFS) T AFIREITHIR, ZIRRZFHERRT2EAMT20PE X2 REH
o ZIRRABNIBUSBI AR, ZHRIEABITEREIE20HEXMAMBEEHLEE, USBRERT
TR ENE PEMES, RERSIMEE,

EBOMEBARE B 7 URIEATRENIINEREIREBENRADEEMNHRES,

Serial Sound Interface Enhanced (SSIE)

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

o &R1TMEEEO(QSPI)

MERITIMEIZO(QSP) B —MEiEERITHIZ, AT EEABSPIRBEOMBITROM FEZKMTE
fiB2s, GNBITNTE. BITEEPROMILEBTTFeRAM) o

Consumer Electronics Control module
(CEC)

The CEC transmission/reception module can generate and receive CEC signals complied with
the High-Definition Multimedia Interface (HDMI) Version 1.4b. The module can also automatically
detect communication states.

BRITA SR OIRR(SSIE) BITA F R OER(SSIE) MR M S M F SINRE RO, BT EIRTEAERRSEEETDME MR, SS
[ESZFimAS0MHZRY S AR AR, AI1EJ MG FIGIEURER . RS U R BRIR1F, WENBME A, SSIETERSBMRERPEE32
RFIFOZ A2, H XFrhETFIDMAIE RN B ERIE I R %o

THEE B FITHARIR (cec)
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Table 1.9 Analog

Feature

Functional description

Feature

Thaekaik

12-bit A/D Converter (ADC12)

A 12-bit successive approximation A/D converter (ADC12) is provided. Up to 12 analog input
channels are selectable. Temperature sensor output and internal reference voltage are
selectable for conversion.

12-bit A/D Converter (ADC12)

T — M 2B EMLADIRIRER(ADCT2), REFEF12MEMBNEE, FTEFRER
R NANSE BEHITRIR.

12-bit D/A Converter (DAC12)

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

12-bit D/A Converter (DAC12)

M1 27 DAFRIREZ(DACT 2)0

Temperature Sensor (TSN)

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

BEERER(TSN)

FEREFRSBTNAHEABEETRE, MERSFNAIEET. FRBHALSETREME
tbpveeE, ERESHEBEZENXRBELLE. HHBERMGEADCI 2HITEIR, FJHE
N A —F &,

Table 1.10 Data processing

Table 1.10 R

Feature

Functional description

Feature

Theesik

calculator

Cyclic Redundancy Check (CRC)

The Cyclic Redundancy Check (CRC) 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.

B TR (CROITEES

IR TUARIRI(CRO) LA CRCES UL M EIE RHISEIR, CRCITRARBVULINF AT AR LSBT
FMSBILFTE S, o, FRMEMCRCEM ST,

Data Operation Circuit (DOC)

The Data Operation Circuit (DOC) compares, adds, and subtracts 16-bit data. When a selected
condition applies, 16-bit data is compared and an interrupt can be generated.

¥IEEE B (DOC)

HIEEEBR (DO 16U IE#HITILIR. IEAMRAZEE. HFMERFESAN, BILiR16fi%k
EHER P,

Table 1.11 1/0 ports

Feature

Functional description

Programmable 1/O ports

e |/O ports for the 64-pin LQFP
1/O pins: 45
— Input pins: 5
— Pull-up resistors: 46
— N-ch open-drain outputs: 45
5-V tolerance: 11
. I/O ports for the 48-pin QFN
— 1/O pins: 29
— Input pins: 5
— Pull-up resistors: 30
— N-ch open-drain outputs: 29
— 5-V tolerance: 6
e |/O ports for the 32-pin QFN
— /O pins: 16
— Input pins: 5
— Pull-up resistors: 17
— N-ch open-drain outputs: 16
— 5-V tolerance: 4
e |/O ports for the 64-pin BGA
1/O pins: 45
— Input pins: 5
— Pull-up resistors: 46
— N-ch open-drain outputs: 45
5-V tolerance: 11
. I/O ports for the 36-pin BGA
1/O pins: 20
— Input pins: 4
— Pull-up resistors: 21
— N-ch open-drain outputs: 20
— 5-V tolerance: 5

Table 1.11 1/0 ports
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Feature INReEA

A 4RAZIONH o FAT645IHILQFPHIIOERO
— /O pins: 45
— Input pins: 5

— Pull-up resistors: 46
— N-ch open-drain outputs: 45
5-V tolerance: 11
° ﬁﬁ?ASQIHﬁﬂQFNEUIOi%D
— /O pins: 29
— Input pins: 5
— Pull-up resistors: 30
— N-ch open-drain outputs: 29
5-V tolerance: 6
° ﬁﬁ:J:?,zﬁlﬁﬁﬂQFNE’JIOi%EI
— /O pins: 16
— Input pins: 5
— Pull-up resistors: 17
— N-ch open-drain outputs: 16
5-V tolerance: 4
° ﬁﬁ:J:64§IH£ﬂBGAE’JIOﬁ%EI
— /O pins: 45
— Input pins: 5
— Pull-up resistors: 46
— N-ch open-drain outputs: 45
5-V tolerance: 11
° 36§|HiDBGAE’JIOj#’ﬁD
— /O pins: 20
— Input pins: 4
— Pull-up resistors: 21
— N-ch open-drain outputs: 20
— 5-V tolerance: 5
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1. Overview

1.2 Block Diagram

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

features.

RAGE2 Datasheet

1. Overview

1.2 EE

E1.1 27 TMCUBEREER AN L R Mig& BRI F5&.

IWDT

IH

Event link
ELC

Security
TRNG

Data processing

Note:  Not available on all parts

Memory Bus Arm Cortex-M33 System
256 KB code flash | MPU | | DSP | | FPU | | POR/LVD | Clocks
4 KB data flash MOSC/SOSC
o [ Moscrsose |
(H/M/L) OCO
40 KB SRAM
| MPU
1 KB Standby | Mode control | PLL |
SRAM
| NVIC
| Power control | CAC |
DMA | System timer _ .
Lo ] e
DTC p
| DBG interface
DMAC x 8
Timers Communication interfaces Analog
| SClI x 2 | | QsPI | | ADC12 | | TSN
GPT16E x 6
DAC12 x 2
e ][ o= ]
AGT x 2
SPI x 2 | CANFD |
RTC
DT | SSIE | | USBFS |

Memory

Bus Arm Cortex-M33

System

256KBfUEIIAE

AKBEUIREINTE

40 KB SRAM

Jll

1 KB Standby
SRAM

| MPU |

| DSP | | FPU |

| POR/LVD

| Clocks

DMA

DTC

DMAC x 8

| IDAU |

| MPU |

| NVIC |

MOSC/SOSC

| et

R

| s

| [ o

| RAERR |

ICU

[%@ﬁ%ﬁ#]

| DBG interface |

Timers

BERN

GPT16E x 6

AGT x 2

RTC

DT

IWDT

IH

SClI x 2 | | QSPI |

o [ e |

SPIx 2

| CANFD |

SSIE | | USBFS |

Analog

| ADC12 | | TSN

DAC12 x 2

TEENIELS
ELC

Security

TRNG

CRURPSEE

Note:  HIFFRBEZHEHE

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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Figure 1.1 EE

1.3 ZHES

R01DS0410EJ0110 Rev.1.10

Feb 28, 2023

LENESAS



RAGE2 Datasheet

1. Overview

R7

| >

#AA 0
j B

RAGE2 Datasheet 1. Overview
-1 T 17T 71T ~"T T 71771771771 ~T——— Production identification code
Terminal material (Pb-free)
A: Sn (Tin) only
C: Others
Packing
A: Tray
B: Tray (Full carton)
Package type
FM: LQFP 64 pins
NE: QFN 48 pins
NH: QFN 32 pins
BB: BGA 36 pins
BC: BGA 32 pins
Quality Grade
Operating temperature
2:-40°C to 85°C
3:-40°C to 105°C
Code flash memory size
9: 128 KB
B: 256 KB
Feature set
Group name
Series name
RA family
Flash memory
Renesas microcontroller
Note:  Check the order screen for each product on the Renesas website for valid symbols after the #.
Figure 1.2 Part numbering scheme
Table 1.12 Product list
Data Operating
Product part number Package code Code flash flash SRAM temperature
R7FA6E2BB3CFM PLQP0064KB-C 256 KB 4 KB 40 KB -40 to +105°C
R7FA6E2BB3CNE PWQNO0048KC-A
R7FA6E2BB3CNH PWQNOO032KE-A
R7FA6E2BB2CBB PLBG0064KB-A -40 to +85°C
R7FA6E2BB2CBC PLBGO0036KA-A
R7FABE2B93CFM PLQP0064KB-C 128 KB 4 KB 40 KB -40 to +105°C
R7FABE2B93CNE PWQNO0048KC-A
R7FABE2B93CNH PWQNOO032KE-A
R7FA6E2B92CBB PLBGO0064KB-A -40 to +85°C
R7FA6E2B92CBC PLBGO036KA-A
R01DS0410EJ0110 Rev.1.10 RENESAS Page 7 of 92
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Figure 1.2 SHRESHE

Note: 7EWRFEMIL LEESMTRNITRRERE, LRBHENERRS,

EFIRBIES
mFME (BER)
A: Sn (Tin) only
C: Others

BEA

D RE

B: Tray (Full carton)
(2ESE 3t

FM: LQFP 64 pins
NE: QFN4835|
NH: QFN325|A
BB: BGA3635|ff
BC: BGA325|f]

mmERFER
TERE2:-40°CES5°
C3:-40°CE105°C

1BIA%EK/N9:128KBB:2
56KB

Iheesk

=g

E =R v

Wiz

Renesas microcontroller

Table 1.12 FRER
iR BIERE
ERBHES eI BB A SRAM
R7FAG6E2BB3CFM PLQP0064KB-C 256 KB 4 KB 40 KB -40 to +105°C
R7FAGE2BB3CNE PWQNO0048KC-A
R7FAG6E2BB3CNH PWQNOO032KE-A
R7FAGE2BB2CBB PLBG0064KB-A -40 to +85°C
R7FAGE2BB2CBC PLBGO036KA-A
R7FABE2B93CFM PLQP0064KB-C 128 KB 4 KB 40 KB -40 to +105°C
R7FAGE2B93CNE PWQNO0048KC-A
R7FAGE2B93CNH PWQNOO0O32KE-A
R7FAGE2B92CBB PLBGO0064KB-A -40 to +85°C
R7FABE2B92CBC PLBGO0036KA-A
RO1DS0410EJ0110 Rev.1.10 RENESAS $751(925)
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1. Overview

1.4 IhEELLER

RAGE2 Datasheet 1. Overview
14 Function Comparison
Table 1.13 Function Comparison
R7FAG6E2BB3CFM/
R7FA6E2BB2CBB
R7FA6E2B93CFM/ | R7TFA6E2BB3CNE | R7TFA6E2BB2CBC | R7TFA6E2BB3CNH
Part numbers R7FA6E2B92CBB | R7TFA6E2B93CNE | R7TFA6E2B92CBC | R7TFA6E2B93CNH
Pin count 64 48 36 32
Package LQFP/BGA QFN BGA QFN
Code flash memory 256 KB, 128 KB
Data flash memory 4 KB
SRAM 40 KB
Parity 32 KB
ECC 8 KB
Standby SRAM 1KB
DMA DTC Yes
DMAC 8
System CPU clock 200 MHz (max.)
CPU clock sources MOSC, SOSC, HOCO, MOCO, LOCO, PLL
CAC Yes
WDT/IWDT Yes
Communication SCI 2
I3C 1
SPI 2
CANFD 1
USBFS Yes No
QSPI Yes
SSIE Yes
CEC Yes
Timers GPT16E™ 5 4
AGT" 2
RTC™ Yes
Analog ADC12 12 8 4 5
DAC12
TSN Yes
Data processing CRC Yes
DOC Yes
Event control ELC Yes
Security TrustZone
I/O ports 1/0 pins 45 29 20 16
Input pins 5 5 4 5
Pull-up resistors 46 30 21 17
N-ch open-drain 45 29 20 16
outputs
5-V tolerance 11 6 5 4
Note 1. Available pins depend on the pin count, see section 1.7. Pin Lists for details.
R01DS0410EJ0110 Rev.1.10 RENESAS Page 8 of 92
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Table 113 IHEELEER
R7FA6E2BB3CFM/
R7FA6E2BB2CBB
R7FA6E2B93CFM/ |R7FA6E2BB3CNE |R7FA6E2BB2CBC | R7FA6E2BB3CNH
ZHES R7FA6E2B92CBB | R7FA6E2B93CNE | R7TFA6E2B92CBC | R7TFA6E2B93CNH
¥R 64 48 36 32
Package LQFP/BGA QFN BGA QFN
REBIREF 256 KB, 128 KB
BIRIAEF 4 KB
SRAM 40 KB
Parity 32 KB
ECC 8 KB
Standby SRAM 1 KB
DMA DTC Yes
DMAC 8
System CPUBY % 200 MHz (max.)
CPUBT#HIR MOSC, SOSC, HOCO, MOCO, LOCO, PLL
CAC Yes
WDT/IWDT Yes
Communication SClI 2
13C 1
SPI 2
CANFD 1
USBFS Yes No
QSPI Yes
SSIE Yes
CEC Yes
Timers GPT16E™ 5 4
AGT™ 2
RTC™ Yes
Analog ADC12 12 8 4 5
DAC12
TSN Yes
i ez (S CRC Yes
DOC Yes
EHEH ELC Yes
Security TrustZone
1/0O ports 1/0 pins 45 29 20 16
LoD 5 5 4 5
Pull-up resistors 46 30 21 17
N-ch open-drain 45 29 20 16
outputs
5-V tolerance 1" 6 5 4
A1. FIASIMEURT IR, BESRE1.7T, FREEMPINYIR.
R0O1DS0410EJ0110 Rev.1.10 RENESAS 55851(92M)
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1.5 Pin Functions

RAGE2 Datasheet

1. Overview

1.5 SIRThEE

Table 1.14 Pin functions (1 of 3)
Function Signal 110 Description
Power supply VCC Input Power supply pin. Connect it to the system power supply. Connect
this pin to VSS by a 0.1-yF capacitor. The capacitor should be
placed close to the pin.

VCL 110 Connect this pin to the VSS pin by the smoothing capacitor used to
stabilize the internal power supply. Place the capacitor close to the
pin.

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

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

EXTAL Input

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

XCOUT Output

CLKOUT Output Clock output pin

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

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

CAC CACREF Input Measurement reference clock input pin

On-chip emulator SWDIO 1/0 Serial wire debug data input/output pin

SWCLK Input Serial wire clock pin

Interrupt NMI Input Non-maskable interrupt request pin

IRQnN Input Maskable interrupt request pins

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

GPT GTETRGA, GTETRGB, Input External trigger input pins

GTETRGC, GTETRGD

GTIOCnA, GTIOCnB 110 Input capture, output compare, or PWM output pins

GTADSMO0, GTADSM1 Output A/D conversion start request monitoring output pins

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 AGTEENn Input External event input enable signals

AGTIOn 1/0 External event input and pulse output pins

AGTOn Output Pulse output pins

AGTOAN Output Output compare match A output pins

AGTOBnN Output Output compare match B output pins

R01DS0410EJ0110 Rev.1.10 RENESANAS Page 9 of 92
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Table 1.14  SIHIZHAE(1/3)
Function Signal 110 Description
= akEadva vce Input BIRSIH, BEERIRKRR, BI—P0.1uBREUILSIHERE
FVSS, BABNERSIMKE,
VCL 110 BEATRENBERNTBEAFBUS I FNERERIVSSIH, 1§
BARFEESIMH,
VSS Input e, BHERIRSRER (0V) .
Clock XTAL Output RINIEIREFAVS I, JMEBEERE S RIETEXTALS I BTN,
EXTAL Input
XCIN Input FERIMIRHEEMMANRL S, FEXCOUTHIXCINZ [BlE#E—1
XCOUT Output BRI
CLKOUT Output B ghign L 5 | B
RERTITH MD Input BFEBETFERANSIM, Z5IH ENESBEEMNEMRERER
ERN TR FIRAAE R EH T,
R RES Input SMESHASIM, HIESTRRBERMCUHANE RS,
CAC CACREF Input MESEBTHRNG R
On-chip emulator SWDIO 110 SBITLRIARSIBR NG LS
SWCLK Input BRITLBI RSB
Interrupt NMI Input ol Rk ETiE K5 R
IRQN Input B] R AR BTiE SR 5 | B
IRQN-DS Input AT RIEPETIERS M, WeIATFR
REFIRR
GPT GTETRGA, GTETRGB, | Input SNERAR K SN B
GTETRGC, GTETRGD
GTIOCnA, GTIOCnB 1/0 RNBIR. S LB SPWMER L 5 |
GTADSMO, GTADSM1 Output AR B ENIE R IR R 5| R
GTIU Input ERERERBEWNGIHU
GTIV Input ERERBEWNGIHV
GTIW Input ERERESEBHNSIHW
GTOUUP Output FTFBLDCEHIEHIIN=APWMiaE (IEUE)
GTOULO Output FTFBLDCEBHIZTHIFIEPWME L (AUE)
GTOVUP Output FAFBLDCENIZHIFI3EPWMERE (TEVAR)
GTOVLO Output FAFBLDCEBHIFHIFIBPWME L (fAVAE)
GTOWUP Output FTFBLDCEMFHBI=BPWMEEEH (EWHR)
GTOWLO Output FFBLDCEHIEHIBIIFAPWME L (FW4E)
AGT AGTEEN Input SMNEREHIMNEREE S
AGTIOn 110 SMNEBEE 14 S N A R o L 5 1B
AGTOn Output BXosRia 5 | B
AGTOAR Output R AR TR R 5 | R
AGTOBnN Output i Eb R I Feb et 5 | B
R0O1DS0410EJ0110 Rev.1.10 RENESAS 55901(9217)
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RAGE2 Datasheet

1. Overview

Table 1.14 Pin functions (2 of 3)
Function Signal 110 Description
RTC RTCOUT Output Output pin for 1-Hz or 64-Hz clock
RTCICn Input Time capture event input pins
SCI SCKn 1/0 Input/output pins for the clock (clock synchronous mode)

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

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

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

CTSn Input Input for the start of transmission.

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

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

SCKn 110 Input/output pins for the clock (simple SPI mode)

MISOn 1/0 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

13C 1I3C_SCL 1/0 Input/output pins for the I3C clock

13C_SDA 1/0 Input/output pins for the I3C data

SCLO 1/0 Input/output pins for the 12C clock

SDAO 1/0 Input/output pins for the 12C data

SPI RSPCKA, RSPCKB 1/0 Clock input/output pin

MOSIA, MOSIB 1/0 Input or output pins for data output from the master

MISOA, MISOB 1/0 Input or output pins for data output from the slave

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

SSLA1 to SSLA3, SSLB1 | Output Output pins for slave selection

to SSLB3

CANFD CRXO0 Input Receive data

CTX0 Output Transmit data

USBFS VCC_USB Input Power supply pin

VSS_USB Input Ground pin

USB_DP 110 D+ pin of the USB on-chip transceiver. Connect this pin to the D+
pin of the USB bus.

USB_DM 1/0 D- pin of the USB on-chip transceiver. Connect this pin to the D- pin
of the USB bus.

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

QSPI QSPCLK Output QSPI clock output pin
QSSL Output QSPI slave output pin
QIO0 to QIO03 110 Data0 to Data3
R01DS0410EJ0110 Rev.1.10 RENESAS Page 10 of 92
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Table 1.14 5|HIThEE(2/3)
Function Signal /10 Description
RTC RTCOUT Output 1Hz Bk 64HZBY $hAY %6 HH 5 | B
RTCICn Input BY {al IR E NS | B
SCI SCKn 110 REmNBES I (RS E)
RXDn Input BWHIERNEASI (RS RANHRETS )
TXDn Output FaRiENELS I (RSRANHESR)
CTSn_RTSn 110 WAL AT ERAENZEENFFE (BERANSRS R
®) , EEBFEEK.
CTSn Input BRI N
SCLn 110 NCEY PR NI 5 IR (BB ICR )
SDAn 110 NCHIEMMABH I (FRICKR)
SCKn 110 B NBE S (BERSPIRT)
MISOn /10 AT M EEESiEREANELSI (FRSPHETR)
MOSIn 110 AFEHECRNBARHSIH (BRsPiE)
SSn Input FIRBASIH (BesPiER) , MBFEEN
13C I3C_SCL 10 I3CHT ShBOR N SR H 5| B
I3C_SDA 110 [B3CHUBM NI 5 H#
SCLO 110 [2cBY $R AR N TR H 5 1 B
SDAO 110 [2c BRI NS H 5 | B
SPI RSPCKA, RSPCKB l{e] gD )
MOSIA, MOSIB 110 BN, BFMENEEEE
MISOA, MISOB 110 BN SR, FBF MM EEE
SSLAO, SSLBO 110 AT MHLEZFR NS 55
SSLA1 to SSLA3, SSLB1 | Output BT MNEZEN RS
to SSLB3
CANFD CRX0 Input U R
CTX0 Output RREIE
USBFS VCC_USB Input EBIRS B
VSS_USB Input R
USB_DP 110 USBH LU R BRRID+5IRH. Rt 5 HNEREE|USBESL&AID+5I /I,
USB_DM 10 USBE % 2HIDpin. 163 | BIEEBIUSBEALHIDpin.
USB_VBUS Input USBERZSHERE ISR 223 B, UL | BRI USBR L MVBUS, HUSB
ﬁ;ﬁfﬁﬁlbﬁﬁ?‘?%ﬂ%%iéﬁﬂj, AT EIVBUSSI RS (RSl
QSPI QSPCLK Output QSPIBY $hia i 5|
QssL Output QSPIMMHILE 5|
QIOO0 to QIO3 /10 Data0 to Data3
R0O1DS0410EJ0110 Rev.1.10 RENESAS £51001(92M)
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1. Overview

Table 1.14 Pin functions (3 of 3)
Function Signal 110 Description
SSIE SSIBCKO 1/0 SSIE serial bit clock pins
SSILRCKO/SSIFS0 110 LR clock/frame synchronization pins
SSITXDO Output Serial data output pin
SSIRXDO Input Serial data input pin
SSIDATAOQ 1/0 Serial data input/output pins
AUDIO_CLK Input External clock pin for audio (input oversampling clock)
CEC CECIO 1/0 CEC data communication
Analog power supply AVCCO Input Analog voltage supply pin. This is used as the analog power supply
for the respective modules. Supply this pin with the same voltage as
the VCC pin.
AVSSO Input Analog ground pin. This is used as the analog ground for the
respective modules. Supply this pin with the same voltage as the
VSS pin.
VREFH Input Analog reference voltage supply pin for the D/A Converter.
VREFL Input Analog reference ground pin for the D/A Converter.
VREFHO Input Analog reference voltage supply pin for the ADC12. Connect this pin
to AVCCO when not using the ADC12.
VREFLO Input Analog reference ground pin for the ADC12. Connect this pin to
AVSSO0 when not using the ADC12.
ADC12 ANOn Input Input pins for the analog signals to be processed by the A/D
converter.
(n: pin number)
ADTRGO Input Input pins for the external trigger signals that start the A/D
conversion, active-low.
DAC12 DAn Output Output pins for the analog signals processed by the D/A converter.
1/O ports Pmn 1/0 General-purpose input/output pins (m: port number, n: pin number)
P200 Input General-purpose input pin
R01DS0410EJ0110 Rev.1.10 RENESAS Page 11 of 92
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Table 1.14 5|RThEE(3/3)
Function Signal /10 Description
SSIE SSIBCKO /0 SSIEERTHIBTEh 5| f
SSILRCKO/SSIFSO 110 LREY $h i[5 25 5 | B
SSITXDO Output BITEIER LS
SSIRXDO Input RITEIEHNGIH
SSIDATAO 110 BITHIEMARLSIH
AUDIO_CLK Input BTSN BRI #h5 1R (F N RAFRT $h)
CEC CECIO 1/0 CECHIBIBIE
R AVCCO Input B EBERIRS I, XA ES MERIEIN BT AZS I FIEESY
CC5IIERINEE,
AVSSO0 Input RIS |, XPBES BERIEDIM, IZ5IHRMH5VSS
5|HIERIAY B &,
VREFH Input DA SR UIRINE E BB E RSl
VREFL Input DAR SR HIIE IS E 1t 5|,
VREFHO0 Input ADC12BRINEEBEIRS . REBADC 2B 5 | BEREEIAVC
C0o
VREFLO Input ADC12RVRINE RIS i, IS5 I HZEEE)
TERADCT 2BFHIAVSSO,
ADC12 ANON Input AD¥ i B E M BMVEIME SRS, (n:Z18)
ADTRGO Input BT BohADEMAIIMNERA R ESHMNGIH, BR-KEB
DAC12 DAn Output Daks it 3 M IRRIARINE S B Im L 5| R,
I/0 ports Pmn 110 BRBANRESIE (m: wOS, n: 5IHS)
P200 Input ERANSIH
R01DS0410EJ0110 Rev.1.10 RENESAS 551151(925)
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1.6 Pin Assignments

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

RAGE2 Datasheet

1. Overview

1.6 5l E
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P500 [ 40 32 [ P300/SWCLK
P008 [] 50 31 [ P30t
P00 [ 51 30 [ P302
P015 [] 52 20 [ P303
PO14 [ 53 28 [ P304
P013 [ 54 27 [ P200
P003 [] 55 26 [ P201/MD
VREFHIAVCCO [ 56 25 [A RES
VREFLAVSSO [ 57 2 [ P208
VREFLO [] 58 23 [ P205
VREFHO [] s 22 [ P206
P005 [] 60 21 [@ P207
P004 [ 61 20 [ VCC_USB
P02 [ 62 19 [ P814/USB_DP
Po01 [ 63 O 18 [7] P815/USB_DM
P000 [ &4 17 [ vSS_USB
- N m e m e~ 2T N2 TR
O0O0O0000000000000
O = N M = 9] O - O @ © I~
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Figure 1.3 Pin assignment for LQFP 64-pin
A B Cc D E F G H
P212/ P213/
8 P407 EXTAL XTAL XCouT XCIN vCL P400 P000 8
P815/
7 USB_DM P408 P409 vcc Vss P401 P002 P0O1 7
P814/
6 USB_DP P207 P410 P411 P403 P402 PO04 P005 6
VREFL/
5 P205 P206 P208 |VSS_USB Vss AVSSO VREFLO P003 5
P201/ VREFH/
4 P200 MD RES |VCC_USB| vcec AVCCO VREFHO PO13 4
3 P304 P303 P302 P107 P106 P103 PO15 PO14 3
P300/
2 SWCLK P301 P111 P113 P105 P102 P008 P006 2
P108/
SWDIO P109 P110 P112 P104 P101 P100 P500 1
A B Cc D E F G H

Figure 1.4

Pin assignment for BGA 64-pin

R01DS0410EJ0110 Rev.1.10
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Figure 1.4
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P500 [ 49 32 [ P300/SWCLK
P008 [ 50 31 [J P301
P006 [ 51 30 [ P302
P015 [ 52 29 [ P303
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VREFH/AVCCO [ 56 25 [ RES
VREFL/AVSSO [ 57 24 [ P208
VREFLO [58 23 [ P205
VREFHO [ 59 22 [ P206
P005 [ 60 21 [ P207
P004 [ 61 20 [ VCC_USB
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Figure 1.3 Lafp645 | IRV | B 7 B2
A B c D E F G H
P212/ P213/
8 P407 EXTAL XTAL XcouTt XCIN vcL P400 P000 8
P815/
7 USB_DM P408 P409 vcc Vss P401 P002 P001 7
P814/
6 USB_DP P207 P410 P411 P403 P402 P004 P005 6
VREFL/
5 P205 P206 P208 |VSS_USB VSsS AVSSO VREFLO P003 5
P201/ VREFH/
4 P200 MD RES I\VCC_USB| vce AVCCO VREFHO P013 4
3 P304 P303 P302 P107 P106 P103 PO15 PO14 3
2 S';\?gﬂ( P301 P111 P113 P105 P102 P008 P006 2
P108/
1 SWDIO P109 P110 P112 P104 P101 P100 P500 1
A B Cc D E F G H
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o
o
g
@«
8
***** g
P500 P300/SWCLK P500 ‘| P3oorsweLk
P015 P301 PO15 | P301
P014 P302 P014 P302
P013 P200 PO13 | P200
P003 P201/MD P003 P201/MD
VREFH/AVCCO RES VREFH/AVCCO RES
VREFL/AVSS0 P206 VREFL/AVSSO P206
VREFLO P207 VREFLO || P207
VREFHO VCC_UsB VREFHO | VCC_UsB
P002 P814/USB_DP P002 P814/USB_DP
P001 P815/USB_DM P001 | P815/USB_DM
P000 VSS_UsB P000 VSS_UsB
84832Z52..9885 8832529885
FESog¥EEoEEs fT5Rg8%EESiEa
< © w <X o W
Sa S s
[N o o
o o
Figure 1.5 Pin assignment for QFN 48-pin Figure 1.5 Qfn485|RIEY3 | B 53 BC
A B Cc D E F A B (o} D E F
6| Paor :;;:I/_ P23 | xour | xem | oo e 6| Pao7 ::;:/L P23 | xout | xon | pooo e
5 UggileM P408 P207 phzll(gl VvCL P001 5 5 Uspéils:’/M P408 P207 P’\Zd%ﬂ vCL PO01 5
4 U:g‘_“D'P P206 [vss_use| vss X\;*SESF(; VREFLO |4 4 U;E‘_‘gp P206 [vss_usB| vss X\;‘SESFA VREFLO |4
VREFH VREFH
3 P200 RES [vCC_UsB| VvcC JAVCCO VREFHO | 3 3 P200 RES |vCC_usB| vcC JAVECO VREFHO | 3
2 S'\DlzvigoLi( P301 P302 P103 P014 P003 2 2 5‘\’[3(0)?/}( P301 P302 P103 PO14 P003 2
1 SF\’/;E)?(I) P109 P110 P102 P101 P100 1 STI:IEBKIJ P109 P110 P102 P101 P100 1
A B C D E F A B c D E F
Figure 1.6 Pin assignment for BGA 36-pin Figure 1.6 Bga365|MIRYS |52 Ed
o o
o o
E S
@« @
ScNpocog s St Spooga
SEECCEsS EEs885:%
P014 P300/SWCLK P014 P300/SWCLK
P003 P301 P003 P301
VREFH/AVCCO P302 VREFH/AVCCO P302
VREFL/AVSSO P200 VREFL/AVSSO P200
VREFLO P201/MD VREFLO P201/MD
VREFHO RES VREFHO RES
P002 P206 P002 P206
P001 P207 P001 P207
EE SHzZ®Y 4,01
§SQ¢EESE SSQ2EECeR
o w & w
S g9 S 9
o~ o o
a o
Note: ~ XCIN cannot be used in QFN32. XCIN must be connected to VSS through a resistor (pull down). Note:  XCINTRBETEQFN32F{EM, XCIN ISR (FHD EZEEIVSS,
Figure 1.7 Pin assignment for QFN 32-pin Figure 1.7 Qfn325|RIEY5 | B 53 BC
Paraxt
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RAGE2 Datasheet 1. Overview
1.7 Pin Lists
Table 1.15 Pin list (1 of 2)
<
& 3 @ 2 o Power, System, SCIN3C/SPI/
= @ z o z Clock, Debug, CANFD/USBFS/
b o <] m G |[cAc 1/0 ports Ex. Interrupt QSPISSIEICEC | GPT/AGT/RTC ADC12/DAC12
1 Gs8 — — — — P400 IRQO SCLO_A AGTIO1 —
2 F7 — — — — P401 IRQ5-DS SDAO_A/CTXO GTETRGA —
3 F6 1 — — CACREF P402 IRQ4-DS CRX0/AUDIO_CLK | AGTIOO/AGTION | —
RTCICO/GTADSM1
4 E6 2 — — — P403 IRQ14-DS — GTIOC3A/AGTIOON | —
AGTIO1/RTCICA
5 F8 3 E5 2 veL - — — — —
6 E8 4 E6 3 XCIN't — — — _ _
7 D8 5 D6 — XCOUT - — — — —
8 E7 6 D4 4 vss — — — — —
9 c8 7 ceé 5 XTAL P213 IRQ2 TXDO/MOSIO/SDAO/ | GTIOCOA/ —
AUDIO_CLK GTETRGC
10 B8 8 B6 6 EXTAL P212 IRQ3 RXDO/MISO0/SCLO | GTIOCOB/ —
GTETRGD/AGTEE1
1 D7 9 D3 7 vce — — — — —
12 D6 — — — — P411 IRQ4 TXDO/MOSIO/SDAO | GTOVUP —
13 cé — — — — P410 IRQ5 RXDO/MISO0/SCLO | GTOVLO —
14 c7 10 — — — P409 IRQ6 — GTIOCIA/IGTOWUP/ | —
AGTOA1
15 B7 1 B5 - — P408 IRQ7 SCLO_B/ GTIOC1B/GTIW/ —
AUDIO_CLK AGTOB1
16 A8 12 A6 8 — P407 — SDAO_B/ GTIV/AGTIOON/ ADTRGO
SSIBCKO_A/ RTCOUT/GTADSMO
USB_VBUS
17 D5 13 c4 — VSS_UsB — — - — —
18 A7 14 A5 — USB_DM P815 — — GTIOCOA/ —
GTETRGC
19 A6 15 A4 — USB_DP P814 — - GTIOCOB/GTETRGB | —
20 D4 16 c3 — VCC_USB — — — — —
21 B6 17 cs5 9 CACREF P207 — SCKI/MOSIA_A/ GTIOC5A/GTIW/ —
QSSL/SSILRCKO_A/ | AGTIO1
SSIFS0_A
22 B5 18 B4 10 — P206 IRQO-DS CTS9/SDAO_C/ GTIOCSB/GTIU —
MISOA_A/
SSIDATAO_A/CECIO
23 A5 — — — CLKOUT P205 IRQ1-DS CTS_RTS9/SSY/ GTIOC4A/GTIV/ —
SCLO_C/SSLA3_A | AGTO1
24 c5 — — — — P208 — — GTOVLO ADTRGO
25 c4 19 B3 1 RES — — — — —
26 B4 20 D5 12 MD P201 — — — —
27 A4 21 A3 13 — P200 NMI — — —
28 A3 — — — — P304 IRQ9 — GTOWLO —
29 B3 — — — — P303 — CTS9 — —
30 c3 22 c2 14 — P302 IRQ5 CTSO/SCKY/ GTIOC4A/GTOUUP/ | —
RSPCKA_A/ RTCOUT
SSITXDO_A
31 B2 23 B2 15 — P301 IRQ6 CTS_RTS9/SSY/ GTIOC4B/GTOULO/ | —
SSLAO_A/ AGTIOO0
SSIRXDO_A
32 A2 24 A2 16 SWCLK P300 — SSLA1_B GTIOCOA/GTOUUP | —
33 Al 25 Al 17 SWDIO P108 — CTS_RTS9/SSY/ GTIOCOB/GTOULO | —
SSLAO_B
34 B1 26 B1 18 CLKOUT P109 — TXDY/MOSI9/SDAY/ | GTIOC1A/GTOVUP/ | —
MOSIA_B/CTX0/ AGTOAO
SSITXDO_B
35 c 27 c1 19 — P110 IRQ3 RXDY/MISO9/SCLY/ | GTIOC1B/GTOVLO/ | —
MISOA_B/CRX0/ AGTOBO
SSIRXDO_B

R01DS0410EJ0110 Rev.1.10
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RABE2 Datasheet 1. Overview
[l
1.7  EWEIIE
Table 1.15  3IRIFIFR(1892)
< .
Q 3 Q H & BR. R4, B SCI/I3C/SPI/
= @ z @ Z |[# AR CANFD/USBFS/
| o (<} o (<] CAC 1/0 ports Ao FRET QSPI/SSIE/CEC GPT/AGT/RTC ADC12/DAC12
1 G8 — — — — P400 IRQO SCLO_A AGTIO1 —
2 F7 —_ — —_ —_ P401 IRQ5-DS SDAO_A/CTX0 GTETRGA —
3 F6 1 — — CACREF P402 IRQ4-DS CRX0/AUDIO_CLK AGTIO0/AGTIO1/ —
RTCICO/GTADSM1
4 E6 2 — — — P403 IRQ14-DS — GTIOC3A/AGTIO0/ —
AGTIO1/RTCIC1
5 F8 3 E5 2 VCL — — — — —
6 E8 4 E6 3 XCIN™ — — — — —
7 D8 5 D6 — XCouT — — — — —
8 E7 6 D4 4 VSS — — — — —
9 c8 7 Cé 5 XTAL P213 IRQ2 TXDO/MOSIO/SDAO/ | GTIOCOA/ -
AUDIO_CLK GTETRGC
10 B8 8 B6 6 EXTAL P212 IRQ3 RXDO/MISO0/SCLO | GTIOCOB/ —
GTETRGD/AGTEE1
" D7 9 D3 7 vcC — — — — —
12 D6 — — — — P411 IRQ4 TXDO/MOSI0/SDAO0 | GTOVUP —
13 Cc6 — — — — P410 IRQ5 RXDO/MISO0/SCLO GTOVLO —
14 c7 10 — - — P409 IRQ6 - GTIOC1A/GTOWUP/ | —
AGTOA1
15 B7 11 BS — — P408 IRQ7 SCLO_B/ GTIOC1B/GTIW/ —
AUDIO_CLK AGTOB1
16 A8 12 A6 8 — P407 — SDAO_B/ GTIV/IAGTIOO0/ ADTRGO
SSIBCKO_A/ RTCOUT/GTADSMO
USB_VBUS
17 D5 13 Cc4 — VSS_USB — — — — —
18 A7 14 A5 — USB_DM P815 — — GTIOCOA/ —
GTETRGC
19 A6 15 Ad — USB_DP P814 — — GTIOCOB/GTETRGB | —
20 D4 16 C3 — VCC_USB — — — — —
21 B6 17 C5 9 CACREF P207 e SCK9/MOSIA_A/ GTIOC5A/GTIW/ —
QSSL/SSILRCKO_A/ | AGTIO1
SSIFS0_A
22 B5 18 B4 10 — P206 IRQ0-DS CTS9/SDA0_C/ GTIOCS5B/GTIU —
MISOA_A/
SSIDATAO_A/CECIO
23 A5 — — — CLKOUT P205 IRQ1-DS CTS_RTS9/SS9/ GTIOCA4A/GTIV/ —
SCLO_C/SSLA3_A | AGTO1
24 C5 —_ —_ —_ — P208 —_ —_ GTOVLO ADTRGO
25 C4 19 B3 " RES - - - - -
26 B4 20 D5 12 MD P201 — — — —
27 A4 21 A3 13 — P200 NMI — — —
28 A3 — — — — P304 IRQ9 — GTOWLO —
29 B3 — — — — P303 — CTS9 — -
30 C3 22 Cc2 14 — P302 IRQ5 CTS0/SCK9Y/ GTIOC4A/GTOUUP/ | —
RSPCKA_A/ RTCOUT
SSITXDO_A
31 B2 23 B2 15 — P301 IRQ6 CTS_RTS9/SS9/ GTIOC4B/GTOULO/ | —
SSLAO_A/ AGTIOO0
SSIRXDO_A
32 A2 24 A2 16 SWCLK P300 — SSLA1_B GTIOCOA/GTOUUP | —
33 A1 25 A1 17 SWDIO P108 e CTS_RTS9/SS9/ GTIOCOB/GTOULO —
SSLAO_B
34 B1 26 B1 18 CLKOUT P109 — TXD9/MOSI9/SDA9/ | GTIOC1A/GTOVUP/ | —
MOSIA_B/CTX0/ AGTOAOQ
SSITXDO_B
35 C1 27 C1 19 — P110 IRQ3 RXD9/MISO9/SCLY/ | GTIOC1B/GTOVLO/ | —
MISOA_B/CRX0/ AGTOBO
SSIRXDO_B
Pavand
R01DS0410EJ0110 Rev.1.10 LENESANAS 5140(92m)
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RAGE2 Datasheet 1. Overview
Table 1.15 Pin list (2 of 2)
g < © © o
& > 2 =4 & Power, System, SCIN3C/SPI/
= & z 3 Z | Clock, Debug, CANFD/USBFS/
a o <] @ G |cAc 110 ports Ex. Interrupt QSPISSIEICEC | GPT/AGT/IRTC ADC12/DAC12
36 c2 28 — — — P11 IRQ4 SCKO/RSPCKA B/ | GTIOC3A —
SSIDATAO_B
37 D1 29 — — — P112 — SSLAO_B/QSSL GTIOC3B/ —
GTETRGD/AGTO1
38 D2 — — — — P113 — — GTIOC2A —
39 E4 30 c3 20 vee — — — — —
40 E5 31 c4 21 vss — — — — —
4 D3 — — — — P107 — SSLA2_ B AGTOAO —
42 E3 — — — — P106 — SSLB3 AGTOBO —
43 E2 — — — — P105 IRQO SSLB2 GTIOC1A/GTETRGA | —
44 E1 32 —_ — —_ P104 IRQ1 SSLB1/QI02 GTIOC1B/ —
GTETRGB/AGTION
45 F3 33 D2 — — P103 — CTS_RTS0/SSO/ GTIOC2A/GTOWUP | —
SSLBO/CTX0/QIO3/
SSILRCKO_B/
SSIFS0_B
46 F2 34 D1 22 — P102 — SCKO/RSPCKB/ GTIOC2B/GTOWLO/ | ADTRGO
CRX0/QIO0/ AGTOO0
SSIBCKO_B
47 F1 35 E1 23 — P101 IRQ1 TXDO/MOSIO/SDAO/ | GTIOC5A/ —
I3C_SDA/SDAO_D/ GTETRGB/AGTEEO
MOSIB/QIO1
48 G1 36 F1 24 — P100 IRQ2 RXDO/MISO0/SCLO/ | GTIOC5B/ —
I3C_SCL/SCLO_D/ | GTETRGA/AGTIO0
MISOB/QSPCLK/
AUDIO_CLK
49 H1 37 — — CACREF P500 — QSPCLK GTIU/AGTOAO ANO16
50 G2 — — — — P08 IRQ12-DS — — AN008
51 H2 —_ —_ — — P006 IRQ11-DS — — ANO006
52 G3 38 — — — PO15 IRQ13 — — ANO13/DA1
53 H3 39 E2 25 — PO14 — — — ANO12/DA0
54 H4 40 — — — PO13 — — — ANO11
55 H5 41 F2 26 — P003 — — — AN007
56 F4 42 E3 27 VREFH/AVCCO —_ —_ — —_ —_
57 F5 43 E4 28 VREFL/AVSS0 — — — — —
58 G5 44 F4 29 VREFLO — — — — —
59 G4 45 F3 30 VREFHO — — — — —
60 H6 — — — — P005 IRQ10-DS — — AN005
61 G6 — — — — P004 IRQ9-DS — — ANO04
62 G7 46 — 31 — P002 IRQ8-DS — — AN002
63 H7 47 F5 32 — P001 IRQ7-DS — — AN0O1
64 H8 48 F6 1 — P00 IRQ6-DS — — AN00O
Note:  Several pin names have the added suffix of _A, _B, _C, and _D. The suffix can be ignored when assigning functionality.

Note 1.

XCIN cannot be used in QFN32. XCIN must be connected to VSS through a resistor (pull down).

R01DS0410EJ0110 Rev.1.10
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RAGE2 Datasheet 1. Overview
Table 1.15 Pin%£R(2892)
<t 5
= 3 =) ] & BIR. R4, B SCI/I3C/SPI/
5 s = S Z | B CANFD/USBFS/
| o (<] o <] CAC 1/0 ports Ao FRHFT QSPI/SSIE/ICEC GPT/AGT/RTC ADC12/DAC12
36 Cc2 28 — — — P111 IRQ4 SCK9/RSPCKA_B/ GTIOC3A —
SSIDATAO_B
37 D1 29 — — — P112 — SSLAO_B/QSSL GTIOC3B/ —
GTETRGD/AGTO1
38 D2 — — — — P113 — — GTIOC2A —
39 E4 30 C3 20 VCC — — — — —
40 E5 31 C4 21 VSS — — — — —
41 D3 — — — — P107 — SSLA2_B AGTOAO —
42 E3 — — — — P106 — SSLB3 AGTOBO —
43 E2 — — — — P105 IRQO SSLB2 GTIOC1A/GTETRGA | —
44 E1 32 — — — P104 IRQ1 SSLB1/Ql02 GTIOC1B/ —_
GTETRGB/AGTIO1
45 F3 33 D2 — — P103 — CTS_RTS0/SS0/ GTIOC2A/GTOWUP | —
SSLBO/CTX0/QIO3/
SSILRCKO_B/
SSIFS0_B
46 F2 34 D1 22 — P102 — SCKO/RSPCKB/ GTIOC2B/GTOWLO/ | ADTRGO
CRX0/QIO0/ AGTOO0
SSIBCKO_B
47 F1 35 E1 23 — P101 IRQ1 TXDO/MOSIO/SDAO/ | GTIOC5A/ —
I3C_SDA/SDAO_D/ GTETRGB/AGTEEO
MOSIB/QIO1
48 G1 36 F1 24 — P100 IRQ2 RXDO/MISO0/SCLO/ | GTIOC5B/ —
I3C_SCL/SCLO_D/ GTETRGA/AGTIOO0
MISOB/QSPCLK/
AUDIO_CLK
49 H1 37 — — CACREF P500 — QSPCLK GTIU/AGTOAO ANO016
50 G2 — — — — P008 IRQ12-DS — — AN008
51 H2 — — —_ —_ P006 IRQ11-DS —_ —_ AN006
52 G3 38 — — —_ PO15 IRQ13 — — ANO13/DA1
53 H3 39 E2 25 — P014 — — — AN012/DA0
54 H4 40 — — — P013 — — — ANO11
55 H5 41 F2 26 — P003 — — — ANO07
56 F4 42 E3 27 VREFH/AVCCO — — — — —
57 F5 43 E4 28 VREFL/AVSS0 — — — — —
58 G5 44 F4 29 VREFLO — — — — —
59 G4 45 F3 30 VREFHO — — — — _
60 H6 — — — — P005 IRQ10-DS — — ANO005
61 G6 — — — — P004 IRQ9-DS — — AN004
62 G7 46 — 31 — P002 IRQ8-DS — — AN002
63 H7 47 F5 32 — P001 IRQ7-DS — — ANO001
64 H8 48 F6 1 — P000 IRQ6-DS — — AN00O
Note: ZMSIHIBFAINT _a. _B. _CHI_D/E4R. D ECIBERT A] ARBRE 4%,
E1o XCINTBETEQFN32ARMEMA ., XCINKFUEL B (THD) &EEEFIVSS,
Paraxt
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RAGE2 Datasheet 2. Electrical Characteristics

2. Electrical Characteristics

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=AVCC0=VCC USB=2.7t03.6
e 2.7 <VREFHO/VREFH < AVCC0
e VSS=AVSS0=VREFLO/VREFL =VSS USB=0V
o Ty=Top

Figure 2.1 shows the timing conditions.

For example, P100 l O

Von =VCC x 0.7, VoL =VCC x 0.3
ViH=VCC x 0.7, Vi=VCC x 0.3
Load capacitance C = 30 pF

RABE2 Datasheet 2.BEFM

2. EBRE%
2 595N EIT 60 3 | R 2= 58 2 T
FRIERAWREE, FNMCURIBSHMRAEN TEETEXN:
e VCC=AVCCO0=VCC USB=2.7t03.6
e 2.7<VREFHO/VREFH < AVCCO
e VSS = AVSSO=VREFLO/VREFL=VSS USB=0V
o T,=Toy

ERI1ERT I FEEH,

ffgn, P100 I o)
;l,; C

VOH=VCCx0.7, VOL=VCC*0.3
VIH=VCCx0.7, VIL=VCCx0.3
T EBAC=30pF

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

Figure 2.1 WA ERME MG

PRIEMBES MM ENISENHEFENE RGN T RENIMNZIRIF. BERBEBRSIIMNSREEN, U
R ISR

21 SBURKTEE

Table 2.1 HITERAFEE

Parameter Symbol Value Unit
Power supply voltage VCC, VCC_USB™ -0.3t0 +4.0 \%
Input voltage (except for 5 V-tolerant ports™!) Vin -0.3to VCC +0.3 \%
Input voltage (5 V-tolerant ports™!) Vin -0.3 to + VCC + 4.0 (max. 5.8) Y
Reference power supply voltage VREFH/VREFHO -0.3toVCC +0.3 \%
Analog power supply voltage AVCC0™2 -0.3t0 +4.0 \%
Analog input voltage VaN -0.3to AVCCO + 0.3 \%
Operating temperature™ ™ *5 Topr —40 to +105 °C
Storage temperature Tstg —55 to +125 °C

Parameter Symbol Value Unit
BIREE VCC, VCC_USB™ -0.3t0 +4.0 \Y
BNERE(SVAE I ORRSIM1) Vin -0.3to VCC +0.3 v
BNERE(SVEERO) Vin —0.3to + VCC + 4.0 (max. 5.8) v
SEBRBE VREFH/VREFHO -0.3toVCC +0.3 \%
RN JREB & AVCCO0™2 -0.3to +4.0 \%
BN N E Van —0.3t0 AVCCO + 0.3 v
BIERE3x4+5 Topr —40 to +105 °C
TR Tetg -55 to +125 °C

Note 1. Ports P100, P101, P205, P206, P400, P401 and P407 to P411 are 5 V tolerant.

Note 2. Connect AVCCO and VCC_USB 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 Ta = +85°C to +105°C. Derating is the
systematic reduction of load for improved reliability.

Note 5. The upper limit of operating temperature is +85°C or +105°C, depending on the product. For details, see section x.x. Part

Numbering.
R01DS0410EJ0110 Rev.1.10 RENESAS Page 16 of 92
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A1, #®AP100. P101. P205. P206. P400. P401#IP407ZEP411BABSVAER,

A2, FAVCCOMVCC_USBE#EEIVCC,

E30 BEERE22.1T, TiTaE X

E4o BXTa=+85°CE+105°cHREIRENIER, BERRAMFEBFHEDNAE, BRORASMB O AHURESIEL. F5, TIFRE
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Numbering.

RO1DS0410EJ0110 Rev.1.10 RENESAS $1671(927)

Feb 28, 2023



RAGE2 Datasheet

2. Electrical Characteristics

Caution: Permanent damage to the MCU might result if absolute maximum ratings are exceeded.
Table 2.2 Recommended operating conditions
Parameter Symbol Value Min Typ Max Unit
Power supply voltages VCC When USB is not used 2.7 — 3.6 Vv
When USB is used 3.0 — 3.6 \Y
VSS — 0 — V
USB power supply voltages VCC_USB — VCC — Vv
VSS_USB — 0 — Vv
Analog power supply voltages AVCCO™! — VCC — \%
AVSS0 — 0 — Vv

Note 1. Connect AVCCO to VCC. When the A/D converter and the D/A converter are not in use, do not leave the AVCCO, VREFH/VREFHO,
AVSSO0, and VREFL/VREFLO pins open. Connect the AVCCO and VREFH/VREFHO pins to VCC, and the AVSS0 and VREFL/

VREFLO pins to VSS, respectively.

2.2 DC Characteristics

2.2.1 Tj/Ta Definition
Table 2.3 DC characteristics
Parameter Symbol Typ Max Unit Test conditions
Permissible junction temperature T — 125 °C High-speed mode
» Low-speed mode
105 Subosc-speed mode

Note:  Make sure that T; = T, + 6ja x total power consumption (W), where total power consumption = (VCC - Von) % Zloy + VoL * ZloL +

Iccmax x VCC.

Note 1. The upper limit of operating temperature is 85°C or 105°C, depending on the product. If the part number shows the operation
temperature to 85°C, then Tj max is 105°C, otherwise, 125°C.

RAGE2 Datasheet

Caution: WMRBILWHEATEE, FIRESXIMCUERKAMRI,

Table 2.2 EIURMEFM

Parameter Symbol Value Min Typ Max Unit

BIREE VCC FMEFAUSBEY 27 — 3.6 \%

fEFUSBRY 3.0 — 3.6 \%

VSS — 0 — \%

USBEEIREEE VCC_USB — VCC — \%
VSS_USB — 0 — \%

BN R E AVCCO™ — VCC — \Y;
AVSS0 — 0 — \%

F1o BAVCCOEZTIVCC, HADFKIRBIMDaFF RS A HEAN, REEFAVCCO, VREFHVREFHO

AVSSO, FVREFLVREFLOSIMI¥TFF. FEAVCCOFVREFHVREFHOS |BIEZERIVCC, UMKAVSSOFIVREFL

VREFLOS B 53 B EIVSSe

2.2 DC Characteristics

2.2.1 Tj/Ta Definition
Table 2.3 DC characteristics
Parameter Symbol Typ Max Unit Mt %% 4
RIFLER T — 125 °C High-speed mode
» Low-speed mode
105 Subosc-speed mode

Note:  HafRTj=Ta+6jax2IhFE (W) , EFRRZINFE= (VCCVOH) xIIOH+VOLxIIOL+

lccmax x VCC.

Ao TERER ERAB5°CE105°C, BAEBATF™ M. MRBHHFSETIIERENS5C, MTjmaxA105°C, BMAN125°C,

222 1/0V, VL
Table 2.4 /10 Viy, ViL (1 of 2)

Parameter Symbol | Min Typ | Max Unit

Input voltage Peripheral EXTAL (external clock input), SPI ViH VCC x 0.8 — |— \%

(except for function pin (except RSPCK)

Schmitt trigger Vi - — |VCCx0.2

input pins) I3C (SMBus) Vin 2.1 — |vec+3s

(max 5.8)
Vi — — 108
R01DS0410EJ0110 Rev.1.10 RENESANAS Page 17 of 92
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22.2 IOVIH VIL
Table 2.4  IOVIH VIL(1£92)
Parameter Symbol | Min Typ | Max Unit
WANEBE (& | JMETHEES] EXTAL (SMEBBIEREEN) , SPI (R ViH VCC x 0.8 — |— \Y,
TR RSRE | M SPCKE&SM)
NSIRIERIM) Vi — — |VCCx0.2

I3C (SMBus) ViH 2.1 — |vcc+36

(max 5.8)
ViL — — |08

R0O1DS0410EJ0110 Rev.1.10 RENESAS 5B17(925)
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Table 2.4 110 Vi, ViL (2 of 2)
Parameter Symbol | Min Typ | Max Unit
Schmitt trigger | Peripheral 13C (except for SMBus) ViH VCC x 0.7 — |VCC+3.6 \%
input voltage function pin (max 5.8)
Vi — — |VCCx0.3
AVt VCC x 0.05 — |—
5 V-tolerant ports™ *5 ViH VCC x 0.8 — |vCC+36
(max 5.8)
Vi — — |VCCx0.2
AVt VCC x 0.05 — |—
Other input pins*2 Vig VCC x 0.8 — |—=
Vi — — |VCCx0.2
AVt VCC x 0.05 — | —
Ports 5 V-tolerant ports" "3 Viy VCC x 0.8 — |VCC+3.6 \
(max 5.8)
Vi — — |VCCx0.2
Other input pins™ Viy VCC x 0.8 — | =
Vi — — |VCCx0.2

Table 2.4 IOVIH VIL(2892)
Parameter Symbol | Min Typ | Max Unit
MEESAR A | SMETHEES] I3C (except for SMBus) ViH VCC x 0.7 — |VCC +3.6 \%
ANBE Bt (max 5.8)
ViL — — |VCC=x0.3
AVt VCC % 0.05 — |—
5 V-tolerant ports™ 5 ViH VCC x 0.8 — |VvCC+36
(max 5.8)
ViL — — |VCCx0.2
AVt VCC x 0.05 — | —
E G2 Viy VCC x 0.8 — |—
ViL — — |VCC=x0.2
AVt VCC x 0.05 — | —
Ports 5 V-tolerant ports”3 "5 Vi VCC x 0.8 — |VCC+3.6 \
(max 5.8)
ViL — — |VCC=x0.2
E A5G| f+4 Viy VCC x 0.8 — |-
ViL — — |VCCx0.2

Note 1. RES and peripheral function pins associated with P100, P101, P205, P206, P400, P401, P407 to P411 (total 12 pins).
Note 2. All input pins except for the peripheral function pins already described in the table.

Note 3. P100, P101, P205, P206, P400, P401, P407 to P411 (total 11pins).
Note 4. All input pins except for the ports already described in the table.

Note 5. When VCC is less than 2.7 V, the input voltage of 5 V-tolerant ports should be less than 3.6 V, otherwise breakdown may occur

because 5 V-tolerant ports are electrically controlled so as not to violate the break down voltage.

R01DS0410EJ0110 Rev.1.10
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1, 5P100. P101. P205. P206. P400. P401. P407%IP41148XEXRIRESFISMNEITHRES IR (FL12051/D) o

A2 BRERPEHIRAVSNETIEES I ISR B RN SR,

73, P100P101 P205 P206 P400 P401 P407EP411(H11pins).

A4 BRERBPERRIHOSMIFTERANSIE,

E5. HVCONF27vEY, s vEIHRANRBANRER/NF36v, BT

BRAERETE, AASNVEROR

BRER, UeEkEFBE
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223 1O lom, loL
Table 2.5 /0 lon, loL (1 of 2)
Parameter Symbol | Min | Typ | Max | Unit
Rermissible output current (average value per | I3C pins IIC Standard mode™ | loL — |— 3.0 [mA
P IIC Fast mode™ loL — |— |6.0 |mA
IIC Fast mode plus™ | loL — |— |20 |mA
IIC High speed loL — |— |3.0 |mA
mode"™
Ports P004 to P006, P008, P013 | — loH — |— |-20[mA
to P015, P201 o T 120 [oa
Ports P205, P206, P407 to P411 | Low drive™! loH — |— |-20|{mA
(total 7 pins) o I N Py P
Middle drive2 loH — |— |-4.0[mA
loL — |— |4.0 [mA
High drive™ loH — |— |-20 |mA
loL — |— |20 |[mA
Other output pins™ Low drive” loH — |— |-20|mA
loL — |— |20 [mA
Middle drive2 loH — |— [4.0|mA
loL — |— |4.0 [mA
High drive™ lon — |— |16 |mA
loL — |— |16 |[mA
Permissible output current (max value per I3C pins IIC Standard mode™ | loL — |— 3.0 |mA
P [IC Fast mode™ loL — |— |6.0 |mA
IIC Fast mode plus™ | loL — |— |20 |mA
IIC High speed loL — |— |3.0 |mA
mode™
Ports P004 to P006, P008, P0O13 | — loH — |— |-4.0|mA
to P015, P201
loL — |— |40 |mA
Ports P205, P206, P407 to P411 | Low drive™ loH — |— |-4.0|mA
(total 7 pins) o 1= 20 mm
Middle drive™2 loH — |— [-8.0|mA
loL — |— |8.0 [mA
High drive™ loH — |— |-40 |mA
loL — |— |40 |mA
Other output pins™® Low drive” loH — |— |-4.0|mA
loL — |— |4.0 [mA
Middle drive™ loH — |— [-8.0|mA
loL — |— |80 |mA
High drive™ loH — |— |-32 |mA
loL — |— |32 |mA
R01DS0410EJ0110 Rev.1.10 RENESAS Page 19 of 92
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223 HE, W, KW
Table 2.5 IOIOH IOL(10f2)
Parameter Symbol %/J\ITypf'iljtﬁfﬁ
AFREHBR (B15IHNTHE) I3C pins NCHR R 4 loL — |— [30 |mA
ICHRRIER 4 loL — |— |6.0 |mA
NCHRITIE T <4 loL — |— |20 |mA
ICERBE 4 loL — |— [3.0 |mA
i PO04ZEPO06. PO08. PO13 | — loH — |— [-20|mA
ZP015. P201 o S P Py Py
i%P205, P206, P407EIP411 | {KIXEh*1 loH — |— |-2.0|mA
(F74°513) o N B P
HEg2 loH — |— |4.0|mA
loL — |— |40 |mA
SIREHEE3 lon — |— [-20 |mA
loL — |— |20 |mA
E it 51«5 IR RN+ 1 loH — |— [-2.0|mA
loL — |— |20 |mA
=a)o %) IoH — |— |-4.0|mA
loL — |— |40 |mA
BIREN2e+3 loH — |— |[-16 |mA
loL — |— [16 |mA
AFEEER (E35HRAE) I3C pins ICHR BB T4 loL — |— [3.0 |mA
NCHRRE T 4 loL — |— [6.0 |mA
NCHRIE S -4 loL — |— |20 |mA
ICEEE T 4 loL — |— [3.0 |mA
#PO04ZEP006. PO08. PO13 |— loH — |— |[4.0|mA
ZP015. P201 ™ 1= {20 [oa
I®EAP205, P206, P407EIP411 | {RIKEh«1 loH — |— |-4.0|mA
(FH71513) o R B P P
HEg2 loH — |— [-8.0|mA
loL — |— |80 |mA
LI loH — |— |40 |mA
loL — |— |40 |mA
HAth#aitH 51«5 IR EH*1 loH — |— |4.0|mA
loL — |— |40 |mA
&2 loH — |— |-8.0|mA
loL — |— [8.0 |mA
SIREHES«3 lon — |— |32 |mA
loL — |— [32 |mA
R01DS0410EJ0110 Rev.1.10 RENESAS 551901(92M)
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Table 2.5  1/0 lop, loL (2 of 2) Table 2.5  IOIOH IOL(2#32)

Parameter Symbol | Min | Typ | Max | Unit Parameter Symbol %/J\ﬁ'ypf'iljtﬁfﬁ
Permissible output current (maxvalue of total | Maximum of all output pins ZloH (max) | — |— [-80 [ mA ArmEER (TESIHMERNRAE FrERHs I RAE ZloH (max) | — |— |-80 |mA
of all pins) SloL mag |— |— |80 |mA ZloL (max) |— |— |80 |mA

A1, XZEPMnPFSE 1783 Wik AR Ehae DU IEFEIRREE NN E, EFENSEENRETRAERGEFIRE T, F2, XEEPMNPFS
ability is retained in Deep Software Standby mode. Bz lVin ORI RE A AL IEEFE B IRENRE ST BT RV B, EENBERENRETRERGFINER T, F3. XEBEPMnPFSE 728 80i% O IKEh

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 BENMUPEEBRMEENNNE, EENERENREERERGENERX T, F4. SCLO_D, SDAO_D (H21M5IH) . XBIEFICK BT
ability is retained in Deep Software Standby mode. &,

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

Note 4. SCLO_D, SDAOQ_D (total 2 pins). This is the value when IIC function is selected.

Note 5. Except for PO00 to P003, P200, which is an input port.

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

75, BRTPOO0OZEIP0O03, P200, XR— TN,

Caution: A TRIFMCUBIRISeME, fitBRERTEBIERFHE.
T H FR R AR R FE 100psER ) 8 BV BB R P Y (B

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.

2.2.4  1/0 Von, VoL, and Other Characteristics 224  IOVOH. VOLFH%
Table 2.6  1/0 Vgoy, VoL, and other characteristics (1 of 2) Table 2.6  IOVOH VOL FIE 4514 (1892)
Parameter Symbol | Min Typ Max Unit Test conditions Parameter Symbol | Min Typ Max Unit plpneSts
Output voltage 13¢c™ VoL — — 0.4 \% lo =3.0mA WmEBE 13C™1 VoL — — 0.4 \% I0L=3.0mA
VoL — — 0.6 loL =6.0 mA VoL — — 0.6 I0L=6.0mA
13C72 Vou VCC-027 |— — loy = 3.0 mA (PRTS.PRTMD = 0) 13C°2 Vou VCC-027 |— — IOH=3.0mA(PRTS.PRTMD=0)
VoL — — 0.4 loL = 15.0 mA (PRTS.PRTMD = 1, VoL — — 0.4 IOL=150mA(PRTS.PRTMD=1
BFCTL.FMPE = 1) BFCTL.FMPE = 1)
VoL — 0.4 — loL =20.0 mA (PRTS.PRTMD =1, VoL — 0.4 — I0L=20.0mA(PRTS.PRTMD=1
BFCTL.FMPE = 1) BFCTL.FMPE = 1)
VoL — — 0.4 loL = 3.0 mA (PRTS.PRTMD = 1, VoL — — 0.4 I0L=3.0mA(PRTS.PRTMD=1
BFCTL.HSME = 1) BFCTL.HSME = 1)
VoL — — 0.27 loL = 3.0 mA (PRTS.PRTMD = 0) VoL — — 0.27 IOL=3.0mA(PRTS.PRTMD=0)
Ports P205, P206, | Voy VCC-1.0 — — loy = =20 mA BMP205, P206 | Von VCC-1.0 — — IOH=-20mA
P407 to P411(total VCC =33V , P407EIP411 ( VCC=3.3V
7 pins)™ H7NSIRD) 3
VoL — — 1.0 loL = 20 mA VoL — — 1.0 I0L=20mAV
VCC =33V CC=3.3V
Other output pins | Vou VCC - 0.5 — — lon = —1.0 mA H bl 3| B Vou VCC-05 — — IOH=-1.0mA
VoL — — 05 loL = 1.0 mA VoL — — 05 I0L=1.0mA
Input leakage current | RES [linl — — 5.0 PA Vihn=0V WMANREBR RES linl — — 5.0 pA Vin=0V
Vin=55V Vin=55V
Port PO0O to — — 1.0 Vin= 0V #%O0PO00ZEP — — 1.0 Vin=0V
P003, P200 Vi, = VCC 003, P200 Vi, = VCC
Three-state leakage 5 V-tolerant ports | [ITg| — — 5.0 pA Vin=0V =XRER (KU 5tvEmH (P1 IIrsil — — 5.0 PA Vihn=0V
current (off state) (except for port Vin =55V RE) 00. P101iwHAPRR Vin=55V
P100, P101) h)
5 V-tolerant ports — — 10.0 Vihn=0V 5 V-tolerant ports — — 10.0 Vihn=0V
(P100, P101) V, =55V (P100, P101) Vi, =55V
Other ports — — 1.0 Vi =0V O (PO — — 1.0 Vi =0V
(except for port Vi, = VCC 0ZEP003ixM Vip = VCC
P000 to P003, FRIM
P200) P200)
Input pull-up MOS Ports PO to P5, P8 | I, -300 — -10 A VCC=27t036V AN LERIMOSHE ﬁl\:lPO@JPS, P8 Ip -300 — -10 WA VCC=27t03.6V
current (except for ports Vin=0V i (3% EAPO00EIPOO Vin=0V
PO0O to P003) 3845h)
R01DS0410EJ0110 Rev.1.10 .ZENESAS Page 20 of 92 R01DS0410EJ0110 Rev.1.10 IIENESAS %52051(9210)
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Table 2.6 IOVOH VOL M E 4514 (2892)
Parameter Symbol | Min Typ Max Unit M5 14
ERIBRERSCLET | 13c™ lcs 3 — 12 mA VCC=3.0t03.6V
P Vin=0.3xVCCE0.7xVCC
MABR Ports P003, P014, | Ci, —_ — 16 pF Vbias =0V
P015,P814, P815 Vamp=20mVf
~ =1MHzTa=25°
Hethim A 5| H# — — 8 C

71, SCLO_A, SCLO_B,
Note 2. 13C_SCL/SCLO_|

SCLO_C, SDAO_A, SDAO_BFISDAO_C (2615 -
D, I3C_SDA/SDAOQ_D (total 2 pins).

A3 XREPMNPFSHF AR O IKEHAE (I LR S IKEHREN BT, RIS RENREERERAHFTIRI T, F4. 3C_SCLSCL

Table 2.6 1/0 Vou, VoL, and other characteristics (2 of 2)
Parameter Symbol | Min Typ Max Unit Test conditions
Pull-up current serving | 13C™ Ics 3 — 12 mA VCC=3.0t036V
as the SCL current Vin=0.3 x VCC to 0.7 x VCC
source
Input capacitance Ports P003, P014, | Ci, — — 16 pF Vbias =0V
P015,P814, P815 Vamp =20 mV
- - f=1MHz
Other input pins — — 8 Ta = 25°C
Note 1. SCLO_A, SCLO_B, SCLO_C, SDAO_A, SDAO_B, and SDAOQ_C (total 6 pins).
Note 2. 13C_SCL/SCLO_D, I13C_SDA/SDAQ_D (total 2 pins).
Note 3. This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.
Note 4. 13C_SCL/SCLO_D (1 pin). This is the value when IIC high speed mode is selected.
225 Operating and Standby Current
Table 2.7 Operating and standby current (1 of 2)
Parameter Symbol Min | Typ | Max | Unit | Test conditions
Supply High-speed Maximum’2 lec™ — |— |65 |mA |ICLK=200MHz
(';urrent*1 mode . PCLKA =100
CoreMark®"5 "6 — |16 |— MHz
Normal mode | All peripheral clocks enabled, — |18.6|— PCLKB i 50 MHz
hile (1) cod ting f PCLKC =50 MHz
wi |e*‘$ ) code executing from PCLKD = 100
flash MHz
All peripheral clocks disabled, — |147|— FCLK = 50 MHz
while (1) code executing from
flash™ "6
Sleep mode™ "6 — |75 |43
Increase Data flash P/E — |6 —
during BGO
operation Code flash P/E — |8 —
Low-speed mode™® ™ —_ |18 |— ICLK = 1 MHz
Subosc-speed mode™® "10 — |16 |— ICLK = 32.768
kHz
Software Standby mode SNZCR.RXDREQEN = 1 — |— |35 —
SNZCR.RXDREQEN =0 — (14 |— —
Deep Power supplied to Standby SRAM and USB — |16 |96 |[pA |—
Software resume detecting unit
Standby .
mode Power not Power-on reset circuit low power — M 25.6 —
supplied to function disabled
SRAM or USB .
resume Powgr-on reset circuit low power — |42 (204 —
detecting unit function enabled
Increase when | When the low-speed on-chip — |45 |— —
the RTC and oscillator (LOCO) is in use
AGT are -
operating When a crygta_l oscillator for low — |10 |— —
clock loads is in use
When a crystal oscillator for — |14 |— —
standard clock loads is in use
Inrush current on returning from deep Inrush current’” IRUSH — 160 |— mA | —
software standby mode
Energy of inrush ErusH — |10 |— [puC |—
current™”
R01DS0410EJ0110 Rev.1.10 RENESAS Page 21 of 92
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0_D(13|H), X RETAIE,
2.25 TYERFHER
Table 2.7 TERMSFNERTR(/2)
Parameter Symbol | Min | Typ BABTIREY
FRREE High-speed | Maximum2 lec™® — |— |65 |mA [ICLK =200 MHz
bl mode PCLKA =100
CoreMark®"5 "6 — |16 |— MHz
EREt | ASNENSEE, m (1) — [186]— P 0 Me
LB Mflash+=4H1T POLKD = 100
MHz
FREIMERI A, T (1) — |147]|— FCLK = 50 MHz
B3 Mflash«5+6 11T
BERRIET(+5+6 — |7.5 |43
BGOZ{THA IR N 1ZPE — |6 |—
GBI T
REDINEPE — 15 |—
Low-speed mode™ " — |18 [— ICLK = 1 MHz
Subosc-speed mode”™ “10 — |16 |— ICLK = 32.768
kHz
RERFIER SNZCR.RXDREQEN =1 — |— 35 —
SNZCR.RXDREQEN =0 — |14 |— —
Deep HEASRAMFIUSBIR S 10 &8 ot e — [16 |96 MA | —
REERE
it RESRAMAU | LB R AR Z [n |6 |—
SBiIRE 10l &
TLiE — POy
RSB RRIhFEINAE(ERE — |42 |204 —
RIcHIAGTIEST | YIRERA LIRHEs (LOCO) — |45 |— —
B3 A0 EER
YATREN A HN AR TS — 1.0 |— —
fEfEmAe
YATFERB R ENREIR — (14 |— —
SR fEER
MREREFHIER L BRIEE Inrush current*7 IRUSH — 160 | — mA | —
JZx
" EREEE7 Erush | — |10 |— |uCc |—
R01DS0410EJ0110 Rev.1.10 RENESAS %21051(921)
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Table 2.7 Operating and standby current (2 of 2)
Parameter Symbol Min | Typ | Max | Unit | Test conditions
Analog During 12-bit A/D conversion Alcc, — 108 |12 |mA |—
ower suppl
Eurrent PPy Temperature sensor AlREFH — 101 102 |[mA |—
During D/A conversion (per unit) Without AMP output — 0.2 |06 |[mA |—
With AMP output — 107 [15 |mA |—
Waiting for A/D, D/A conversion (all units) — (05 (1.0 |mA |—
ADC12, DAC12 in standby modes (all units)® — |04 |6 |pA |—
Reference During 12-bit A/D conversion (unit 0) AlREFHO — |70 [120 |pA |—
power supply " - . .
current Waiting for 12-bit A/D conversion (unit 0) — [0.07]|05 |pA |—
(VREFHO) | ADC12 in standby modes (unit 0) — |007|05 |pA |—
uUSB Full speed uUSB lccusers |— [4.0 [10.0 mA |VCC_USB
operating
current
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.

lcc Max. = 0.14 x f + 37 (max. operation in high-speed mode)
lcc Typ. = 0.06 x f + 2.75 (normal operation in high-speed mode, all peripheral clocks disabled)
lcc Typ. =0.1x f + 1.71 (low-speed mode)
lcc Max. = 0.03 x f + 37 (sleep mode)

Note 4.
Note 5.
Note 6.
Note 7.
Note 8.

This does not include the BGO operation.
Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (3.125 MHz).
Reference value
When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (12-Bit A/D Converter 0 Module Stop bit) is in the

module-stop state.

Note 9.

FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (15.6 kHz).

Measured with clocks supplied to the peripheral functions. This does not include the BGO operation.
Icc depends on f (ICLK) as follows.

Note 10. PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (512 Hz). FCLK is the same frequency as that of ICLK.

Table 2.7  T{ERFEHER (2/2)
Parameter Symbol | Min | Typ BABTIR R
RINERIJREE | 721 2(ADFEHRHEAIE] Alce, — 108 |12 |[mA |—
Zx
" BEfRE Alrern [ To1 {02 [mA [—
fEDa¥% % HAle] (B 1) BERASEE L — (0.2 |06 |mA |—
A SR — 107 |15 |mA |—
£%5—1D, Dafeit (PRE2Ai) — |05 |10 |mA |—
Adc12, dac12fEFHURKT (FRBET) *8 — |04 |6 PA | —
SEBRE | E12(IADFEIR (110) AlREFHO — |70 |120 |pA |—
7 (VREFHO) p - —
Z4512(IADER (8770) — 10.07|05 |pA |—
FHHEX THIADCI 2(857T0) — |007|05 |pA |—
USBTE SIRFH USB lccusers |— |4.0 [10.0| mA |[VCC_USB
=R
1. BIRERERMEHLSIHEMEFAE BN LRIMOSSTEX AR,
A2, ARMAIIENRENRHINE, XTEIEBGORE,
3. ICCEURTFFICLK)IA T,
BCCRA=014xf+37 (RK. mRER TEIE)
HEIiXTypo =0.06xf+2.75(BRERX TEBILIE, FIEIMENHER)
lcc Typ. =0.1x f + 1.71 (low-speed mode)
lcc Max. = 0.03 x f + 37 (sleep mode)
4, XA EIEBGORIE,
A5, EXMRET, HHESHIIEIRENHEEL, XAEIEBGORE,.
7E6, FCLK. PCLKA. PCLKB. PCLKCFIPCLKD#i&E FBxLA64(3.125MHz)o
7. BEME
A8 HMCUL FHRAFNAE X HMSTPCRDEY.MSTPD16(121i AD¥4 1% 230FE R 1Z LE 1) &b FIEIRZ IR, 79, FCLK. PCLKA. PCLK

B. PCLKCHIPCLKD#1& & /9PRLA64(15.6kHz)o

710, PCLKA. PCLKB. PCLKCFIPCLKDI®E JBRIA64(512Hz). FCLKSICLKBYSRZERAER],

Table 2.8 Coremark and normal mode current
Parameter Symbol Typ Unit Test conditions
Supply Current*‘l Coremark*z Icc 80 WA/MHz ICLK = 200 MHz
PCLKA =
Normal mode All peripheral 74 PCLKB =
clocks disabled, PCLKC =
cache on, while PCLKD =
(1) code FCLK =
executing from 3.125 MHz
flash™2
All peripheral 66
clocks disabled,
cache off, while
(1) code
executing from
flash™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.

R01DS0410EJ0110 Rev.1.10
Feb 28, 2023
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Table 2.8  CoremarkflIEEEBR
Parameter Symbol Typ Unit M S
5 B 71 Coremark™2 lcc 80 UA/MHz ICLK = 200 MHz
: \ PCLKA =
EEEELN FREIME BT FhEE 74 PCLKB =
A, &&=, PCLKC =
m (1) KEBMF PCLKD =
lash=2#01T ECLK =
3.125 MHz
FRE YME B FhaR 66
B, &FxA,
(1) KEBMF
lash=2 31T
F1. BIRERERERLSIHEBBMAAERAN _ LRIMOSSTE X AR
F2o EXMRET, HEESHIIEIRENHNEL, XFEIEBGOR .
R01DS0410EJ0110 Rev.1.10 RENESAS £82201(921)
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Figure 2.2 Temperature dependency in Software Standby mode (reference data)
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Figure 2.3 Temperature dependency in Deep Software Standby mode, power supplied to standby SRAM
and USB resume detecting unit (reference data)
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Temperature dependency in Deep Software Standby mode, power not supplied to SRAM or

Figure 2.4
USB resume detecting unit, power-on reset circuit low power function disabled (reference

data)
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Figure 2.5 Temperature dependency in Deep Software Standby mode, power not supplied to SRAM or

USB resume detecting unit, power-on reset circuit low power function enabled (reference data)
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2.2.6 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.9 Rise and fall gradient characteristics

Parameter Symbol Min Typ |[Max |Unit Izitditions
VCC rising gradient | Voltage monitor O reset disabled at startup SrvCC 0.0084 | — 20 ms/V | —
Voltage monitor O reset enabled at startup 0.0084 |— — —
SCI/USB boot mode™ 0.0084 [— |20 —
VCC falling gradient SfvCC 0.0084 | — — ms/V | —

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

Table 2.10 Rising and falling gradient and ripple frequency characteristics

The ripple voltage must meet the allowable ripple frequency frycc) within the range between the VCC upper limit (3.6 V) and lower limit (2.7
V). When the VCC change exceeds VCC +£10%, the allowable voltage change rising and falling gradient dt/dVCC must be met.

Parameter Symbol Min Typ Max Unit Test conditions
Allowable ripple fr (vee) — — 10 kHz Figure 2.6
frequency Vr(vce) s VCC x 0.2
— — 1 MHz Figure 2.6
V, (vee) € VCC x 0.08
— — 10 MHz Figure 2.6
Ve (vee) = VCC x 0.06
Allowable voltage dt/dvCC 1.0 — — ms/V When VCC change
change rising and exceeds VCC +10%

falling gradient

> <«— 1/ frvce)

VCC m Vrvee)

RAGE2 Datasheet

226  VCCEAMTEBEMSURIAE
Table2.9  EFAITHABEEE

Figure 2.6 Ripple waveform

227 Thermal Characteristics
Maximum value of junction temperature (Tj) must not exceed the value of “section 2.2.1. Tj/Ta Definition”.
Tj is calculated by either of the following equations.
e Tj=Ta+ 6ja x Total power consumption
o 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)

RO1DS0410EJ0110 Rev.1.10 RENESAS Page 25 of 92
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Parameter Symbol Min Typ |Max |Unit
VCCEABE BB EEER0E (i SrvCcC 0.0084 | — 20 ms/V | —
IERIENIE) LR St = Tek =kna 0.0084 | — — —
SCIUSBRBohtE T+ 1 0.0084 |— 20 —
VCCTRIEBRE SfvCC 0.0084 | — — ms/V | —
A1, E5IRRHAT, TILOFS1RIEMNFR, BEKLMBOMNEUEKER, LVDASTL,
Table 210  EAF TREBEMSURMERM
SUK BEMMTEVCCLEPR(3.6V)F T IR(2.7V) Z B HISEE N # & 1t B SUR S fr(VCC
V) HVCCEMWBIIVCCE10%8Y, HPUHRIVCCHIAIFBET K EFAM FREEE
Parameter Symbol Min Typ Max Unit Mt % 4
AAFLUR IR fr (vee) — — 10 kHz Figure 2.6
V¢ (vee) = VCC x 0.2
— — 1 MHz Figure 2.6
V¢ (vee) £ VCC x 0.08
— — 10 MHz Figure 2.6
V¢ (vee) <VCC x 0.06
AFBETHE dt/dvCC 1.0 — — ms/V LVCCT LI vCC
FHITRERE +10%
> <— 1/ frvee)
VCC m Vrvce)
Figure 2.6 SUR IR
227 RSN
&R (1) WRAKEAREBE"E221THHE, TTaEX".
TIHRUTE—ARERITE,
@Tj=Ta+0jax BIh#E
@Tj=Tt+ A Jtx 2Ih#E
~Tj-45R(°C)
~Ta:df R E (°C)
-TeITRER R OIhER E (°C)
-Bja:"45 "B 157 "B FPR (CCw)
-t E " TRER A AR RYFAFE (°Cw)
O S Ih#E=RBEx (R B M+ S EBIR)
R01DS0410EJ0110 Rev.1.10 RENESAS 282501(921)
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e [ eakage current of IO =X (Ior, X Vor) /Voltage + X (|loy| X |[VCC — Voyl) /Voltage

e Dynamic current of IO =X 10 (C;, + Cjoaq) * 10 switching frequency x Voltage

— Ciu: Input capacitance

— Cjpad: Output capacitance

Regarding 6ja and Wjt, refer to Table 2.11.

Table 2.11 Thermal Resistance
Parameter Package Symbol Value™ Unit | Test conditions
Thermal Resistance 32-pin QFN (PWQNO032KE-A) Bja 36.8 °C/W | JESD 51-2 and 51-7
3 compliant
48-pin QFN (PWQNO0048KC-A) 29.7
64-pin LQFP (PLQP0064KB-C) 41.3
36-pin BGA (PLBG0036KA-A) 53.7
64-pin BGA (PLBG0064KB-A) 51.6
32-pin QFN (PWQNO0032KE-A) Yit 0.36 °C/W | JESD 51-2 and 51-7
. compliant
48-pin QFN (PWQNO0048KC-A) 0.27
64-pin LQFP (PLQP0064KB-C) 1.39
36-pin BGA (PLBGO036KA-A) 1.70
64-pin BGA (PLBG0064KB-A) 1.70

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, refer to the JEDEC standards.

2.2.71 Calculation guide of Iccmax

Table 2.12 shows the power consumption of each unit.

Table 2.12 Power consumption of each unit (1 of 2)
Dynamic current/ MCU Frequency Current Current™!
Leakage current Domain Category Item [MHz] [uA/MHZ] [mA]
Leakage current Analog LDO and Leak™ Ta=75°C™ — — 25.10
Ta=85°C" — — 30.64
Ta=95°C" — — 35.90
Ta =105 °C™ — — 41.60
R0O1DS0410EJ0110 Rev.1.10 RENESAS Page 26 of 92
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@I08YREBM=2(I0LxVOL) BB [E£+3(IOHxVCC-VOH) B &
@O EHS B R=S10(cin+c A &) x IOFF KINZE < B £
—-Cin: BMANER
-Ch#E: WEEBR
X F0jafivjt, EhLE211,
Table 2.11 FARE
Parameter Package Symbol Value™ Unit | A& H
PR 32-pin QFN (PWQNO032KE-A) fja 36.8 °CIW | H&IESD51-2F151
48-pin QFN (PWQNO048KC-A) 29.7 7
64-pin LQFP (PLQP0064KB-C) 413
36-pin BGA (PLBGO036KA-A) 53.7
64-pin BGA (PLBG0064KB-A) 51.6
32-pin QFN (PWQNO032KE-A) Wit 0.36 °C/W | FF&JESD51-2F151
48-pin QFN (PWQN0048KC-A) 0.27 -
64-pin LQFP (PLQP0064KB-C) 1.39
36-pin BGA (PLBGO036KA-A) 1.70
64-pin BGA (PLBG0064KB-A) 1.70
1, XEBFRERIBIRENSEE, ABEEATIRNEHFIRT. BXIFMAESR, BESRIEDECHTE,
2.2.71 ICCmaxMIitEism
R21N2ERTETRITHINRE,
Table 212 S ETHEBE(1/2)
S FR MR EB R McU Frequency Current Current™!
Domain Category Item [MHZz] [uA/MHZz] [mA]
RER Analog LDOFO Mt R*2 Ta=75°C™3 — — 25.10
Ta=85°C™ — — 30.64
Ta=95°C™ — — 35.90
Ta=105°C™ — — 41.60
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Table 2.12 Power consumption of each unit (2 of 2)
Dynamic current/ MCU Frequency Current Current™!
Leakage current Domain Category Item [MHZz] [uA/MHZ] [mA]
Dynamic current CPU Operation with Coremark 200 56.885 11.38
Flash and SRAM
Peripheral Unit Timer GPT16 (6ch)'4 100 8.480 0.85
POEG (4 Groups)™ | 50 1.171 0.06
AGT (2ch)™ 50 3.967 0.20
RTC 50 2.711 0.27
WDT 50 0.635 0.03
IWDT 50 0.261 0.01
Communication USBFS 50 4.969 0.25
interfaces SCI (2 ch)™ 100 5.607 0.56
13C 100 8.483 0.85
CANFD 50 2.680 0.27
CEC 100 0.213 0.01
SPI (2ch)™ 100 5.739 0.57
QSPI 100 2.379 0.24
SSIE 50 2.831 0.14
Analog ADC12 100 2.229 0.22
DAC12 (2ch)™ 100 0.602 0.06
TSN 50 0.277 0.01
Event link ELC 50 0.562 0.06
Security TRNG 100 0.013 1.27
Data processing CRC 100 0.363 0.04
DOC 100 0.133 0.01
System CAC 50 0.777 0.04
DMA DMAC 200 4.450 0.89
DTC 200 4.382 0.88

Note 1. The values are guaranteed by design.

Note 2. LDO and Leak are internal voltage regulator’s current and MCU'’s leakage current.
It is selected according to the temperature of Ta.

Note 3. A(Tj-Ta) = 20 °C is considered to measure the current.

Note 4. To determine the current consumption per channel or unit, divide Current [mA] by the number of channels, groups or units.

Table 2.13 shows the outline of operation for each unit.

Table 2.13 Outline of operation for each unit (1 of 2)

Peripheral Outline of operation

GPT Operating modes is set to saw-wave PWM mode.
GPT is operating with PCLKD.

POEG Only clear module stop bit.

AGT AGT is operating with PCLKB.

RTC RTC is operating with LOCO.

WDT WDT is operating with PCLKB.

IWDT IWDT is operating with IWDTCLK.

R01DS0410EJ0110 Rev.1.10
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Table 212 S RITAIFEBE(2/2)
ThS BB M R BRI MCU Frequency Current Current™!
Domain Category Item [MHz] [uA/MHZ] [mA]
SRR CPU ®B1E5 Coremark 200 56.885 11.38
IATZFFISRAM
SNENRE Timer GPT16 (6¢ch)™ 100 8.480 0.85
POEG (4 Groups)™ | 50 1.171 0.06
AGT (2ch)* 50 3.967 0.20
RTC 50 271 0.27
WDT 50 0.635 0.03
IWDT 50 0.261 0.01
BiEEO USBFS 50 4.969 0.25
SCI (2 ch)™ 100 5.607 0.56
13C 100 8.483 0.85
CANFD 50 2.680 0.27
CEC 100 0.213 0.01
SPI (2ch)™ 100 5.739 0.57
QSPI 100 2.379 0.24
SSIE 50 2.831 0.14
Analog ADC12 100 2.229 0.22
DAC12 (2ch)™ 100 0.602 0.06
TSN 50 0.277 0.01
TETELS ELC 50 0.562 0.06
Security TRNG 100 0.013 1.27
BRI CRC 100 0.363 0.04
DOC 100 0.133 0.01
System CAC 50 0.777 0.04
DMA DMAC 200 4.450 0.89
DTC 200 4.382 0.88
A1, XEBERAIFITHRIEN,
72, LDOFLeak:Z2M BBF3E 2R A RBMAMCURYH IR EE AT,
IRIETaR R ERIER,
A3, A(Tj-Ta)=20°ciHIA N B ME BN
Fbo BEWMESMBEBIBMUNEIERE, BRERMAIBRLUEE. HASiBUNEE,
R2L1BEBRT BT RTANR R,
Table 2.13 & MRAMIBEIERN(1/2)
Peripheral BIERN
GPT BRIFENIRENERPWMIRT
GPTIEFEfEFPCLKD#R(E.
POEG QB BRERZ AL
AGT AGTIETEfEFPCLKBIRIE,
RTC RTCIEFEfEABLOCO# T (Fo
WDT WDTIETEfEAPCLKBH{F,
IWDT IWDTIETEEFRIWDTCLKIRE,
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Table 213 B MBUIEEAN(2/2)

Peripheral BIEAN

USBFS FRRIGEAMEEH,
USBFSIETEFERS®REE (12Mbps) 1B1T.

scCl SCILABY i EF i R AZ T 5

13C EEERIZENIBC-bustE o
[BCIEE RN T EREIR.

CANFD CANFDIETE BAIE 1 R & IXF IR,

SPI SPIET(IR B ASPHRIE(445 75 3K).

SPIEMIRRIRENERH,
SPIETEfE 48 BV EUE,

QSPI QSPIETER i RIEBEIQuUadIOHE <

SSIE BIERNIZE HIMastero
AHEFKIRE N3
HIRFKIEE 72011,
SSIEIEE AR SE R E kiR,

CEC CECIRERY$MI& B J9CECCLK,
CECIEFE RIS FIRWR SLIRF IR

ADC12 DREIGE N1 21IKEE.
RS FHRIRE NDRRAIMEZET.
ADC127EES AR T FH IR E N,

DAC12 DACI2IEFE itk R, AN EMMIETFRNE,
TSN TSNIETEIETTo
ELC RETERRIERE (L,
TRNG TRNGIETEHRITRE B,
CRC CRCEfFEA32ICRC32-c BT 4 AL CRCHS,
DOC DOCTEHIBFME R TIE1To
CAC ME B AR 1% B J9PCLKB,
MESERHILE HIPCLKB, CACIEFEMETH
DMAC FEREBIBRNM IR E 19321,

FERAIRENREEE,
DMACIETE R EHE MSRAMOTE 4 EISRAMO,

DTC R HIENUKIRE 321,
FREBEIRE NIREIXIET,
DTCIETE R #UE MSRAMOTE 3 EISRAMO,

Table 2.13 Outline of operation for each unit (2 of 2)
Peripheral Outline of operation
USBFS Transfer types is set to bulk transfer.
USBFS is operating using Full-speed transfer (12 Mbps).
SCI SCl is transmitting data in clock synchronous mode.
13C Communication format is set to 1I3C-bus format.
I3C is transmitting data in master mode.
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 8-bit width data.
QSPI QSPIl is issuing Fast Read Quad /O Instruction.
SSIE Communication mode is set to Master.
System word length is set to 32 bits.
Data word length is set to 20 bits.
SSIE is transmitting data using 12S format.
CEC CEC operation clock is set to CECCLK.
CEC is transmitting and receiving header block and data block.
ADC12 Resolution is set to 12-bit accuracy.
Data registers is set to A/D-converted value addition mode.
ADC12 is converting the analog input in continuous scan mode.
DAC12 DAC12 is outputting the conversion result while updating the value of data register.
TSN TSN is operating.
ELC Only clear module stop bit.
TRNG TRNG is executing built-in self test.
CRC CRC is generating CRC code using 32-bit CRC32-C polynomial.
DOC DOC is operating in data addition 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.
22.7.2 Example of T; calculation
Assumption :

e Package 64-pin LQFP : 6ja=41.3 °C/W

e Ta=100°C

e Jccmax =40 mA

e VCC=3.5V (VCC=AVCCO=VCC_USB)
o log=1mA, Vog=VCC-0.5YV, 8 Outputs
e Io. =20 mA, Vor, = 1.0V, 6 Outputs

o Io. =1mA, VoL =0.5V, 8 Outputs

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

® Cjyad = 30 pF, 8 pins, Output frequency = 10 MHz

R01DS0410EJ0110 Rev.1.10
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22.7.2 Tjiit &R Al

Assumption :
e Package 64-pin LQFP : ja=41.3 °C/W
e Ta=100°C
@ICCmax=40mA
e VCC=3.5V (VCC=AVCCO=VCC USB)
@IOH=1mA VOH=VCC-0.5V 8E&HItH
@I0L=20mA VOL=1.0V 6%
@I0L=1mA VOL=0.5V 8E&HitH
@Cin=8pF, 85IM, HWANME=10MHz
@CHZ=30pF, 85If, HHIAE=10MHz
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Leakage currentof IO =2 (VoL % IgL) / Voltage + X ((VCC - Vou) % loy) / Voltage

=(20mAXx1V)x6/35V+(1mAx05V)x8/35V+((VCC - (VCC-0.5V))x 1mA)x8/3.5V

=34.29 mA +1.14 mA + 1.14 mA
=36.6 mA

Dynamic current of IO =X 10 (Cj, + Cjpaq) * 10 switching frequency x Voltage
=((8 pF x 8) x 10 MHz + (30 pF x 8) x 10 MHz) x 3.5V
=10.6 mA

Total power consumption = Voltage x (Leakage current + Dynamic current)
= (40 mA x 3.5V) + (36.6 mA + 10.6 mA) x 3.5V
=305 mW (0.305 W)

Tj = Ta+ Bja x Total power consumption
=100 °C +41.3 °C/W x 0.305 W
=112.6 °C

2.3 AC Characteristics

2.31 Frequency

RAGE2 Datasheet

IORYIR BB M=2(VOLXIOL) BB E+X((VCCVOH) xIOH) &

=(20mAx1V)x6/35V+(1mAx05V)x8/35V+((VCC - (VCC-0.5V))x 1 mA)x8/3.5V

=34.29 mA +1.14 mA + 1.14 mA

=36.6 mA

ORI B EB IR =3S10(cin+cfA &) < IOFF REAE < B &
= ((8 pF x 8) x 10 MHz + (30 pF x 8) x 10 MHz) x 3.5V
=10.6 mA

BiEBRE =B Ex(REBM+ISBR)

= (40 mA x 3.5 V) + (36.6 mA + 10.6 mA) x 3.5V
=305 mW (0.305 W)

Tj =Ta+BjaxSIThiE
=100 °C +41.3 °C/W x 0.305 W
=112.6 °C

23 REHE

2.3.1 Frequency

Feb 28, 2023

Table 2.14 Operation frequency value in high-speed mode
Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK) f — — 200 MHz
Peripheral module clock (PCLKA) — — 100
Peripheral module clock (PCLKB) — — 50
Peripheral module clock (PCLKC) — — 50
Peripheral module clock (PCLKD) — — 100
Flash interface clock (FCLK) - — 50
Note 1. FCLK must run at a frequency of at least 4 MHz when programming or erasing the flash memory.
Note 2. When the ADC12 is used, the PCLKC frequency must be at least 1 MHz.
Table 2.15 Operation frequency value in low-speed mode
Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK) f — — 1 MHz
Peripheral module clock (PCLKA) — — 1
Peripheral module clock (PCLKB) — — 1
Peripheral module clock (PCLKC) 2 —"2 — 1
Peripheral module clock (PCLKD) — — 1
Flash interface clock (FCLK)"! — — 1
Note 1. Programming or erasing the flash memory is disabled in low-speed mode.
Note 2. When the ADC12 is used, the PCLKC frequency must be set to at least 1 MHz.
R01DS0410EJ0110 Rev.1.10 RENESAS Page 29 of 92

Table 214  ERERA THIRENRE
Parameter Symbol | Min Typ Max Unit
BRI RGBT H(ICLK) f — — 200 MHz
SMGIEIRETEH(PCLKA) — — 100
SMSARRBT $H(PCLKB) — — 50
SMSIEIRESFH(PCLKC) " — 50
SMGIEIR AT $H(PCLKD) — — 100
A7 OB $h (FCLK) 1 — 50
F1o FCLKIERIZSIZIRINZ R A ZE D AMHz VIR ERIETT,
2, EFAADCI2BY, PCLKCHRZEANE A1 MHzZ,
Table 2.15  ERRA TR TIFMEKE
Parameter Symbol | Min Typ Max Unit
(TR RGBT R (ICLK) f — — 1 MHz
MR ARIRBSFH (PCLKA) — — 1
SMSIE IR (PCLKB) — — 1
SMSIEIR BT (PCLKC)*2 2 — 1
SMSIEIRET R (PCLKD) — — 1
Flash# B8 (FCLK)*1 — — 1
Ao REFBERAFETMERRL TRER.
*2, EAADCI2EY, PCLKCHRERMFIRENELD 1MHZ,
R0O1DS0410EJ0110 Rev.1.10 52901492
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Table 2.16 Operation frequency value in Subosc-speed mode
Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK) f 294 — 36.1 kHz
Peripheral module clock (PCLKA) — — 36.1
Peripheral module clock (PCLKB) — — 36.1
Peripheral module clock (PCLKC) "2 — — 36.1
Peripheral module clock (PCLKD) — — 36.1
Flash interface clock (FCLK)"! 294 — 36.1

Note 1.
Note 2. The ADC12 cannot be used.

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

2.3.2 Clock Timing
Table 2.17 Clock timing except for sub-clock oscillator
Parameter Symbol Min Typ Max Unit | Test conditions
EXTAL external clock input cycle time tEXcye 41.66 — — ns Figure 2.7
EXTAL external clock input high pulse width tExH 15.83 — — ns
EXTAL external clock input low pulse width texL 15.83 — — ns
EXTAL external clock rise time texr — — 5.0 ns
EXTAL external clock fall time texs — — 5.0 ns
Main clock oscillator frequency fMAIN 8 — 24 MHz | —
Main clock oscillation stabilization wait time (crystal)! | tuainoscwT | — — —" ms | Figure 2.8
LOCO clock oscillation frequency fLoco 29.4912| 32.768 | 36.0448 | kHz | —
LOCO clock oscillation stabilization wait time tLocowT — — 60.4 us Figure 2.9
ILOCO clock oscillation frequency fiLoco 13.5 15 16.5 kHz | —
MOCO clock oscillation frequency Fmoco 6.8 8 9.2 MHz | —
MOCO clock oscillation stabilization wait time tmocowT — — 15.0 us | —
HOCO clock oscillator oscillation Without FLL | fyoco1s 15.78 16 16.22 MHz | -20 < Ta < 105°C
frequency fuoco1s 17.75 |18 18.25
fuocoz20 19.72 |20 20.28
fioco16 15.71 16 16.29 -40 < Ta<-20°C
fuoco1s 17.68 18 18.32
fuoco20 19.64 |20 20.36
With FLL fuoco1e 15.960 |16 16.040 -40<Ta<105°C
focors 17955 |18 18.045 is_gé)-::)?;:k frequency accuracy is
fuoco20 19.950 |20 20.050
HOCO clock oscillation stabilization wait time*2 thocowr | — — 64.7 s | —
HOCO period jitter — — 85 — ps |—
FLL stabilization wait time teLLwT — — 1.8 ms |—
PLL clock frequency fpLL 120 — 240 MHz | —
PLL clock oscillation stabilization wait time tPLLWT — — 174.9 us Figure 2.10
PLL period jitter feLL — — +100 |— ps |—
PLL long term jitter — — +300 |— ps | Term: 1us, 10us
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Table 2.16 EREX T TIEMRE
Parameter Symbol | Min Typ Max Unit
BIERE AR BR(ICLK) f 29.4 — 36.1 kHz
MRS (PCLKA) — — 36.1
SMEARIRBY S (PCLKB) — — 36.1
IMEIEIRET$P (PCLKC)*2 — — 36.1
IMZARRET$R(PCLKD) — — 36.1
Flash# B3 8 (FCLK)*1 294 — 36.1
A1, EREER TEAXNFRRETER.
A2, FEEERAADCI2,
2.3.2 B £ 2E B
Table 2.17 FRTER IR 7 23 PR IRV BT £ E BY
Parameter Symbol Min Typ Max Unit | M54
EXTALSMEBET $h 8 N\ HARY 18] texeyc 4166 |— — ns |Figure 2.7
SMERBY ShiRI N S RO L S tExH 15.83 |— — ns
SMERBT $hia N AR RO BE texL 1583 |— — ns
SMEREY $h_EFH Y (8] texr — — 5.0 ns
EXTALSMEBEY § T BB ] texr — — 5.0 ns
F A PIRH IR fvMAIN 8 — 24 MHz | —
FEBRH IR E SR A (S IR)«1 tMAINOSCWT | — — " ms | Figure 2.8
LOCORS$ifEs5 5T floco 29.4912 | 32.768 | 36.0448 | kHz | —
LOCOBY #5748 B 55 A7 (&) tLocowT — — 60.4 us | Figure 2.9
ILOCOBY $hif F 3R fiLoco 135 |15 165  |kHz |—
MOCORY i H 3R = Fmoco 6.8 8 9.2 MHz | —
MOCORY 41457 43 & 15 Y 18] tmocowt | — — 15.0 ps | —
HOCOBY 01 7 32 4R % 5 Without FLL | fuocots | 15.78 |16 16.22 | MHz |-20 < Ta < 105°C
fuocots | 17.75 |18 18.25
fuocozo | 19.72 |20 20.28
fuocots | 15.71 |16 16.29 —40 < Ta<-20°C
fuocots | 17.68 |18 18.32
fuocozo | 19.64 |20 20.36
With FLL fHoco16 15.960 |16 16.040 -40=Tas105°CFRYfH4N G E
fuocots | 17.955 |18 18.045 77:50ppme
fuocozo | 19.950 |20 20.050
HOCOBY #fk5% 2 E F 15T iE)+2 thocowtr | — — 64.7 ps | —
HOCOEHA% zh — — +85 — ps |—
FLLAR E A8 trLLWT — — 1.8 ms |—
PLLEYSh8fi=R fpLL 120 — 240 MHz | —
PLLEY 1R S% 18 & S 1F0T1E] tpLLwT — — 174.9 |ps |Figure 2.10
PLLE A%t 5h fpLL — — £100 |— ps |—
PLLI HA% 5h — — 300 |— ps | Term: 1us, 10us
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RAGE2 Datasheet 2. Electrical Characteristics

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
itis 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 2.18 Clock timing for the sub-clock oscillator

RABE2 Datasheet 2.BEFM

Ao FIREINMRHEN, BIRHSEHEFHTRSITE, HEERFIRENRZRENE. BMOSCWTCREFFHRENFTFHAT
BIERE, EMOSCCRAEIZES. MOSTPAIFIAE A HIRIE, IREXOSCSFo MOSCSFAREMIANT, AEFIAMHER XN IR SR, F2
o XEMEMREEMEIhocoRSHIME (FHOCO) EEURIETIFTEAIAT A,

Table 218  FRIHIRSH BRI HER

Parameter Symbol Min | Typ Max | Unit | Test conditions
Sub-clock frequency fsus — | 32.768 — |kHz |—
Sub-clock oscillation stabilization wait time tsuBoscwT — |— " s Figure 2.11

Parameter Symbol Min | Typ Max | Unit | K54
Sub-clock frequency fsus — |32.768 — |kHz |—
FEBhRSHAS B S RFRT(E] tsuBoscwT — — 1 |s Figure 2.11

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.

Ao EREFHMIRHREN, BIRHREISHHTRZ MG, HSEREAEFIIRHIRENE, ESOSCCRAENIZERF, SOSTPUFIETF
By EpiR(E, REEFHMMRZRENERE T RBHRERS FFIERFIMRSSE. BNERMETARENE,

EXTAL external clock input | vccx0.5

txr txr

Figure 2.7 EXTAL external clock input timing

tchc

txH txe

[ vcc x 0.5

EXTALSMEBESFhERIN

Figure 2.7 SMER B $hiE N\ T B

MOSCCR.MOSTP \

£
”

Main clock oscillator output W—\-‘,

tmaINOsCWT

»!
Main clock N
£
7

Figure 2.8 Main clock oscillation start timing

LOCOCR.LCSTP \

On-chip oscillator output WM

tLocowt

LOCO clock

MOSCCR.MOSTP \

£
R

TE SRR m

tmaINOSCWT

Todsh N

Figure 2.8 F R EIRH AT A

LOCOCR.LCSTP \

tLocowt

LOCOBY #h

Figure 2.9 LOCO clock oscillation start timing
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PLLCR.PLLSTP )

PLL circuit output

OSCSF.PLLSF

PLL clock

PLLCR.PLLSTP \

PLLEBERfAIHH

OSCSF.PLLSF

PLL clock

Figure 210  PLL clock oscillation start timing
SOSCCR.SOSTP \
> %
Sub-clock oscillator output W—\-&[\—/—W
tsusoscwt
< >
Sub-clock ]l_\_/_
£ %5
Figure 2.11 Sub-clock oscillation start timing
233 Reset Timing
Table 2.19 Reset timing
Parameter Symbol | Min | Typ | Max | Unit | Test conditions
RES pulse width Power-on trReswp 0.7 |— |— ms | Figure 2.12
Deep Software Standby mode trReswp |06 |— |— ms | Figure 2.13
Software Standby mode, Subosc-speed trResws (0.3 |— |— ms
mode
All other trResw 200 |— |— us
Wait time after RES cancellation trReswt |— |37.3|41.2 |us |Figure 2.12
Wait time after internal reset cancellation tResw2 |— [324 [397.7 |us |—
(IWDT reset, WDT reset, software reset, SRAM parity error reset, SRAM ECC error
reset, bus master MPU error reset, TrustZone error reset, Cache parity error reset)

R01DS0410EJ0110 Rev.1.10
Feb 28, 2023
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Figure 2.10  PLLESEMRZFF A 1TET
SOSCCR.SOSTP \
2] I)I)
tsusoscwt
< >
Sub-clock ]F\_/_
Figure 2.11  FBIEpRZFAITAY
233 EfIEh
Table 2.19 EUER
Parameter f@%Minlep I Max | S5olitg
RESHK A ERE Power-on treswp | 0.7 |— |— ms | Figure 2.12
REREFNER trReswp |06 |[— |— ms | Figure 2.13
REFIIERR, SREX trResws |03 |[— |— ms
FRB EAt tRESW 200 |— — us
RESEUH /SRy 45 A 3] treswT |— |37.3]41.2 |ps |Figure 2.12
RIS MEGHEMNEFE B IWDTENL, WDTENL, WEEN, SRAMZE BRI treswe | — [324 |397.7 |us |—
IREfI, SRAMECCHRIRE I, BEEMPURBIREL, TrustZonefRiRE L, KEH
BRIHEIRE L)

R01DS0410EJ0110 Rev.1.10
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vee i VCCmin 7 vee i VCCrmin Y
RES 7[ 7 RES ¥ 7
D > 5 , D ” C
Internal reset signal resne NEEMIES (R Rese
(low is valid) ,,,, « SREGEY ( 3
trRESWT tRESWT
Figure 2.12  RES pin input timing under the condition that VCC exceeds Vpgg voltage threshold Figure 2.12 7EVCCEBIIVPORE[EFHEM S FRESS I N F
trReswp, tresws, tREsw treswp, trREsws, tRESW
——— Z—SS—

RES o RES
7 C

Internal reset signal NEEMES (R

(low is valid) \ BEFR) \

(.
R2J 2y

tRESWT trRESWT
Figure 2.13  Reset input timing Figure 2.13 S{UANENR
2.3.4  Wakeup Timing 2.3.4  MEEERYIE]
Table 2.20  Timing of recovery from low power modes (1 of 2) Table 2.20 MEIEEXMENNE (1/2)
Parameter Symbol |Min|Typ |Max |Unit | Test conditions Parameter Symbol |Min|Typ |Max B R
Recovery time from | Crystal resonator System clock source is | tggymc™ 13| — |21 |24 |ms |Figure 2.14 TR By i8] RINEIRSFERIEN | RENHRAENE | tsgyme 3| — |21 |24 |ms |Figure 2.14
Software Standby connected to main clock | main clock oscillator2 The division ratio of all ERFVIETA HiRH2s ) FrE R HESRI DI
mode™! oscillator oscillators is 1. - Ao
System clock source is tsgypc 13 |— (22 |26 |ms RENHRE tsgypc 13 |— [22 |26 |ms
PLL with main clock W ERBRHERAIP
oscillator LL*3
External clock input to System clock source is | tggyex 13 | — |45 | 125 |ups SMERBY Fhim N B Y RGBT IR ER IR tsgyex 13 |— [45 |125 |us
main clock oscillator main clock oscillator™4 HiRH 28 Shassd
System clock source is tsgype 13 |— [ 170 |255 |ps RANRE tsgype 13 |— [170 |255 |us
PLL with main clock B EhRSS 2R AP
oscillator™ LL*5
System clock source is sub-clock oscillator™® “11 tsgysc 3 |— |07 |0.8 |ms RE RN F B #hR5% 88+6%11 tsgysc 3 |— |07 |08 |ms
System clock source is LOCO™7 ™M tSBYLO*13 — 107 0.9 ms RGBT HIRALOCO*7+11 tSBYLO*13 — 107 0.9 ms
System clock source is HOCO clock oscillator® tsgyHo 13 |— |55 | 130 |ps RGBT #IRAIHOCOBY #hifk 57 28+8 tsgyHo 13 |— |55 | 130 |ps
System clock source is PLL with HOCO™ tsgypy 13 |— | 175 |265 |ps ALY #RIREPLLSHOCO#9 tsgypn 13 |— | 175 |265 |ps
System clock source is MOCO clock oscillator™° tsgymo 13| — |35 |65 |ps A YEBT #IRAIMOCORT #h1iR 728+10 tsgymo 13 |— |35 |65 |ps
Recovery time from | DPSBYCR.DEEPCUT[1] = 0 and tosey | — |0.38 |0.54 |ms |Figure 2.15 R Bdia) DPSBYCR.DEEPCUT[1] = 0 and tosey  |— |0.38 [0.54 |ms |Figure2.15
Deep Software DPSWCR.WTSTS[5:0] = 0x0E SRR DPSWCR.WTSTS[5:0] = 0x0E
Standby mode =R
DPSBYCR.DEEPCUT[1] = 1 and tosey | — |0.55 [0.73 |ms DPSBYCR.DEEPCUT[1] = 1 and tosey  |— |0.55 |0.73 |ms
DPSWCR.WTSTSI[5:0] = 0x19 DPSWCR.WTSTS[5:0] = 0x19
Wait time after cancellation of Deep Software Standby mode toseywr |56 |— |57 |[teyc EUHRERGHNER ENEFIE toseywt |56 |— |57 |ty
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Table 2.20

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

RAGE2 Datasheet

Parameter

Symbol | Min | Typ

Max | Unit | Test conditions

Recovery time from
Software Standby

mode to Snooze
mode

MOCO (8 MHz)

High-speed mode when system clock source is tsnz — |35"2|70™"2|us |Figure 2.16
HOCO (20 MHz)
High-speed mode when system clock source is tsnz — (1172|142 us

Table 220  MIRIVFEEIMERIRSE (2/2)

Parameter Symbol |Min |Typ |Max TR
ik 2 Y 8] SEERN, RARMPER tsnz — |35"2|70"2|ps | Figure 2.16
RAEFAUR T HOCO (20 MHz)

TRR BRI, RANHER oz |— | 1112|1472 ps

MOCO (8 MHz)

Note 1. The recovery time is determined by the system clock source. When multiple oscillators are active, the recovery time can be
determined with the following equation:
Total recovery time = recovery time for an oscillator as the system clock source + the longest tSBYOSCWT in the active oscillators -

tSBYOSCWT for the system clock + 2 LOCO cycles (when LOCO is operating) + Subosc is oscillating and MSTPCO = 0 (CAC

module stop))

Note 2. When the frequency of the crystal is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the
greatest value of the internal clock division setting is 1.

Note 3. When the frequency of PLL is 200 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the greatest
value of the internal clock division setting is 4.

Note 4. When the frequency of the external clock is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and
the greatest value of the internal clock division setting is 1.

Note 5. When the frequency of PLL is 200 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and the greatest
value of the internal clock division setting is 4.

Note 6. The Sub-clock oscillator frequency is 32.768 KHz and the greatest value of the internal clock division setting is 1.

Note 7. The LOCO frequency is 32.768 kHz and the greatest value of the internal clock division setting is 1.

Note 8. The HOCO frequency is 20 MHz and the greatest value of the internal clock division setting is 1.

Note 9. The PLL frequency is 200 MHz and the greatest value of the internal clock division setting is 4.

Note 10. The MOCO frequency is 8 MHz and the greatest value of the internal clock division setting is 1.

Note 11. In Subosc-speed mode, the sub-clock oscillator or LOCO continues oscillating in Software Standby mode.

Note 12. When the SNZCR.RXDREQEN bit is set to 0, the following time is added as the power supply recovery time: 16 us (typical), 48 ys

(maximum).

Note 13. The recovery time can be calculated with the equation of tSBYOSCWT + tSBYSEQ. And they can be determined with the following
value and equation. For n, the greatest value is selected from among the internal clock division settings.

Wakeup time | TYP MAX Unit
tSBYOSCWT tSBYSEQ tSBYOSCWT tSBYSEQ

tSBYMC (MSTS[7:0]*32 + 3) / 35+ 18/ fICLK + 4n / fMAIN (MSTS[7:0]*32 + 14/ 62 + 18/ fICLK + 4n / fMAIN us
0.262 0.236

tSBYPC (MSTS[7:0]*32 + 34)/ |35+ 18/fICLK + 4n/fPLL (MSTS[7:0]*32 +45)/ |62+ 18/fICLK + 4n/fPLL us
0.262 0.236

tSBYEX 10 35+ 18/ fICLK + 4n / fEXMAIN | 62 62 + 18/ fICLK + 4n / fEXMAIN | us

tSBYPE 135 35+ 18/fICLK + 4n / fPLL 192 62 + 18/ fICLK + 4n / fPLL us

tSBYSC 0 35+ 18/fICLK + 4n / fSUB 0 62 + 18/ fICLK + 4n / fSUB us

tSBYLO 0 35+ 18/fICLK+4n/fLOCO |0 62 + 18 /fICLK + 4n/fLOCO | pus

tSBYHO 20 35+ 18/fICLK + 4n / fHOCO |67 62 + 18 /fICLK + 4n/fHOCO | pus

tSBYPH 140 35+ 18/fICLK + 4n / fPLL 202 62 + 18/ fICLK + 4n / fPLL us

tSBYMO 0 35+ 18 /fICLK + 4n/fMOCO |0 62 + 18 /fICLK + 4n / fMOCO | us
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F1o. MENBRAANMRERATE, HEMEHRATENREN, MENBTUATENARXFHE: SMENE=FARFARTENIRES
BBV E BT B+ R AR SRV B TR IR 2 P AR K AYtSBYOSCWT+2MNLOCOEHE (HLOCOT1ERY) +SubosciRiz, MSTPCO=0 (CACIEIR{ZIE) 3*
2, YRIRAIAER A 24MHz(E RS 28 FHIEHI F 788 (MOSCWTCR)I& B F10x05) ENZRBS $h D SRIR BRI R AE N 16, 3, LHPLLAYIAER
F9200MHz(F B #hiR5% 88 F T I F 723 (MOSCWTCR)IZ B A0x05) E NI D MG B R AE N4, F4. ZHIMNEBAT FhAYSRZEE 9 24MHz(
F IR H S EF I HIF E 23 (MOSCWTCR)I& B /90x00) BN ERBY #h 2 SR BRI R AE N 189, F5. HPLLAYSAZE H200MHz(E BT PR H25E
FEFIZFFES(MOSCWTCR)IZ B /10x00) BN ERAT R D STIE B R AE N4, +6, FIIHIRSRIMEN32.768khz, WA DIMILENR

KEH,

7. LOCOSME7932.768kHz, WEPEIHISIREMNRAEN,
A8, HOCOSRE N20MHz, REBBIHDIMIRBRIRAEN 1. E9. PLLIIERN200MHz, RERES 5T
BENSZAENL E10. MOCOSMENBMHz, NER N IMIRENRAEN.

11, EoEERAT, FRPIRZRALOCOTERGFIINER THEIR S,
E120 BFAISNZCR, RXDREQENAIIRE MO, LA T al AN RIRERtE: 16us (BEE) , 48us (BRAME) - F13, VrRERTEIRILIAL
SBYOSCWT+tSBYSEQM ARt E., HEENaIUA TEMEMAERRE. WFn, MABREHIIIILEHEREKRE.

MAEREEITYP MAX Unit
tSBYOSCWT tSBYSEQ tSBYOSCWT tSBYSEQ

{SBYMC (MSTS[7:01'32 +3)/ |35+ 18/fICLK +4n/fMAIN | (MSTS[7:0"32 + 14/ |62 + 18 /fICLK + 4n /fMAIN | s
0.262 0.236

{SBYPC (MSTS[7:01"32 + 34)/ |35+ 18/fICLK +4n/fPLL | (MSTS[7:0"32+45)/ |62 +18/fICLK +4n/fPLL  |us
0.262 0.236

{SBYEX 10 35 + 18 / fICLK + 4n / fEXMAIN | 62 62 + 18 / fICLK + 4n / fEXMAIN | s

{SBYPE 135 35+ 18 /fICLK +4n /fPLL | 192 62+ 18/fICLK +4n/fPLL | ps

{SBYSC 0 35+ 18/fICLK +4n/fSUB |0 62 +18/fICLK + 4n /fSUB | ps

{SBYLO 0 35+ 18 /fICLK + 4n/fLOCO |0 62 + 18/ fICLK + 4n / fLOCO | s

{SBYHO 20 35 + 18 / fICLK + 4n / fHOCO |67 62 + 18/ fICLK + 4n / fHOCO | s

{SBYPH 140 35+ 18 /fICLK + 4n /fPLL | 202 62 +18/fICLK +4n/fPLL | ps

{SBYMO |0 35+ 18 /fICLK + 4n / fMOCO | 0 62 + 18/ fICLK + 4n / fMOCO | s
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Figure 2.14

Software Standby mode cancellation timing
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Figure 2.15

Deep Software Standby mode cancellation timing

Oscillator

ICLK (except DTC, SRAM)

ICLK (to DTC, SRAM)' PCLK

IRQ

£

”

£

5 5 5

”

£

”

L«
”

Software Standby mode

A

tsnz

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

Snooze mode

Figure 2.16  Recovery timing from Software Standby mode to Snooze mode
235 NMI and IRQ Noise Filter
Table 2.21 NMI and IRQ noise filter
Parameter Symbol Min Typ Max Unit Test conditions
NMI pulse tNMIW 200 — — ns NMI digital filter tpeyc X 2< 200 ns
width disabled
tpoye X 2”7 — — tpoyc X 2 > 200 ns
200 — — NMI digital filter tamick X 3 < 200 ns
" enabled
tamick x 3.5 2 - - tnmick X 3> 200 ns
IRQ pulse tirRaw 200 — — ns IRQ digital filter tpeyc X 2 <200 ns
width disabled
tPcyc x 2" — — tF’cyc x 2>200ns
200 — — IRQ digital filter tirack X 3 <200 ns
- enabled
tirack X 3.573 — - tirack X 3 > 200 ns
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BEER)
REBE L (1
BEFR) .
| REREHENER
) tosBy
<«— tposBywr
EERBNIEFR
Figure 2.15 FERGFNEXBUEERN
Oscillator | | ﬂ . | | | | | |
ICLK (except DTC, SRAM) | | ﬂ .
ICLK (to DTC, SRAM)"* PCLK | | ﬂ .
IRQ .
RS, G
X tsnz !
E1o HSNZCR, SNZDTCENI#ZIZRE N1, ICLK#EIRHLADTCHISRAM,
Figure 2.16  MEHRITIRN M E E B EIFTAIETC
2.3.5  NMIFMIRQMEE &K 2%
Table 2.21 NMIFIIRQIE IR 28
Parameter Symbol Min Typ Max Unit M5 1
NMIBKH INMIW 200 — — ns Nmi¥F I 28 tpeyc X 2<200ns
Rl =
tpoye x 2 — — tpoyc X 2 > 200 ns
200 — — BANMIEFIE tnmick X 3 <200 ns
A%
tNmICK X 3572 — — tnmick * 3 > 200 ns
IRQRK A tirRQw 200 — — ns IRQ¥FIR K28 tpeye X 2 <200 ns
R 2R
tPcyc x 2" — — tPcyc x 2 >200ns
200 —_ — BHEIRQEHFIE tirack X 3 200 ns
g
tirack X 3573 - — tirack X 3 > 200 ns
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Note: 200 ns minimum in Software Standby mode.

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

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

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

RABE2 Datasheet 2.BEFM

Note: HHFRFHIE T RIK200ns0

Note:  WIRBIHIRLIR, MARMUIRIFEIANESEE R,

1o tPcycERRPCLKBAEHA,

E2, tNMICKRRNMIZK F ISR 28 KA 9, 7E3. tIRQCKRRIRQI
HF IR R R R A AR,

tNmIw

Figure 2.17  NMl interrupt input timing

tNmiw

Figure 2.17  NmifEri N\ EBY

tiraw

tiraw

Figure 2.18  IRQ interrupt input timing

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

Table 2.22 1/0 ports, POEG, GPT, AGT, and ADC12 trigger timing

Figure 2.18  IRQH#THINE BT

2.3.6 0% . POEG. GPT. AGTHIADC12ft % & By

Table 2.22 [0&% . POEG. GPT. AGTFIADC12fit% & B

GPT16E Conditions:
= IR shi T PmMNPFS 2 1728 1% I IR Bh AE /7 i HRIEE,

GPT16E Conditions:
High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
AGT Conditions:
Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol Min Max | Unit Test conditions
I/0 ports Input data pulse width tPrRW 1.5 — tpeyc Figure 2.19
POEG POEG input trigger pulse width tpoEW 3 — tpeyc Figure 2.20
GPT Input capture pulse width Single edge taTicw 1.5 — tPDcyc Figure 2.21
Dual edge 2.5 —
GTIOCXY output skew Middle drive buffer | tgmigk”™ — 4 ns Figure 2.22
(x=0to3,Y=AorB) - :
High drive buffer — 4
GTIOCXY output skew Middle drive buffer — 4
(x=4,5,Y=AorB) - -
High drive buffer — 4
GTIOCXY output skew Middle drive buffer — 6
(x=0to5,Y=AorB) B .
High drive buffer — 6
OPS output skew taTosk — 5 ns Figure 2.23
GTOUUP, GTOULO, GTOVUP,
GTOVLO, GTOWUP, GTOWLO
AGT AGTIO, AGTEE input cycle tacyc 2 100 — ns Figure 2.24
AGTIO, AGTEE input high width, low width tackwH, tackwL 40 — ns
AGTIO, AGTO, AGTOA, AGTOB output cycle tacyc2 62.5 |— ns
ADC12 ADC12 trigger input pulse width tTRGW 1.5 — tpeye Figure 2.25

AGT Conditions:
Hp & IR Bh4E tH TEPmnPFS 37 77 88 BY ik ] JR BhAE 71 5 4%
Parameter Symbol Min |Max |Unit plpeSts
I/O ports WANBURBOH R E tPRW 15 — treye Figure 2.19
POEG POEGHI N fi & Bk 4 35 troEw 3 — troye Figure 2.20
GPT RN E BN teTicw 15 |— tpocye | Figure 2.21
WEn% 25 |—
GTIOCxYHIH RR (x= FRIB) IR h4E A% toTisk ! — 4 ns Figure 2.22
0%l3, Y=AZB) = IR E s — 4
GTIOCXY i Rt (x=4 FialIRTheE hes — 4
SY=AZLE) B — 4
GTIOCxYiH AR (x= FiEl IR ENLE I as — 6
0%l5, Y=A%E) B — e
OPSHi i fRH! taTosk — 5 ns Figure 2.23
GTOUUP, GTOULO, GTOVUP,
GTOVLO, GTOWUP, GTOWLO
AGT AGTIO, AGTEEMINEHA tacyc2 100 |— ns Figure 2.24
AGTIO, AGTEEMINERE, KEE tackwH, tAckwL 40 — ns
AGTIO AGTO AGTOA AGTOBHIH B A tacyco 625 |— ns
ADC12 ADC12fR & NBK AT E tTRGW 15 — treye Figure 2.25

Note:  tpcyc: PCLKB cycle, tppgyc: PCLKD cycle.
Note 1. This skew applies when the same driver I/O is used. If the 1/0 of the middle and high drivers is mixed, operation is not guaranteed.
Note 2. Constraints on input cycle:

When not switching the source clock: tpeye * 2 < tacyc should be satisfied.

RO1DS0410EJ0110 Rev.1.10 RENESAS Page 37 of 92
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When switching the source clock: tpeye X 6 < tacyc should be satisfied.
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PR ERBY : tPcycx6  TACYCRZIH Eo

Figure 2.19  1Oim %N\ E R

Port

A

tPRW

Port }<
I tPrRW i
Figure 2.19 1/0 ports input timing
POEG input trigger >% jF<
1< >
troew
Figure 2.20 POEG input trigger timing
Input capture % }<
™ =1
teTicw

POEGHINfill % 28

Figure 2.20  POEGHI A\ fii & & B

<k
J%

troEw

Figure 2.21 GPT input capture timing

PCLKD /—L

L

Qutput delay
e

\

o

GPT output

A

temisk

BNIEIR

Figure 2.21  GPTHINIEIRERT

teTicw

Figure 2.22  GPT output delay skew
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GPT output
teTisk
Figure 2.22  GPTHIH LR R
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wo [\ [\ S S LS

Output delay

GPT output

\ 4

teTosk
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oo [

Wi AR
e

S S

GPT output

teTosk

Figure 2.23  GPT output delay skew for OPS
< tacvc
le—— tackwL fe—— tackwH —»
AGTIO, AGTEE Z X
(input)
< tacvc2
AGTIO, AGTO,
AGTOA, AGTOB
(output)
Figure 2.24  AGT input/output timing
ADTRGO #r Z
" trrew
Figure 2.25 ADC12 trigger input timing
2.3.7 CAC Timing
Table 2.23 CAC timing
Parameter Symbol | Min Typ Max Unit Test conditions
CAC CACREF input pulse tpgeyc < teac | tcacRerF | 4.5 X tcac + 3 X tpgeyc | — — ns —
width
tpBeyc > teac | 5 X tac + 6.5 X tppeyc | — — ns
R01DS0410EJ0110 Rev.1.10 RENESAS Page 39 of 92
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Figure 2.23  OPSHIGPTHILHIERRA}
< tacvc >
te—— tackwL f—— tACKWH —>
AGTIO, AGTEE Z X
(input) X
tacvc2 >
AGTIO, AGTO,
AGTOA, AGTOB
(output) | |
Figure 2.24  AGT input/output timing
ADTRGO
1
" trrew i
Figure 2.25 ADC12fll & i NERY
2.3.7  CACHEtE
Table 2.23  CACHYg]
Parameter Symbol |Min Typ Max Unit Mt % 4
CAC CACREFHI Nk tPchC < tcacﬂ tcACREF | 4.5 X tegc + 3 % tPchc — — ns —
B
tpBeyc > teac ! 5 X toac + 6.5 X tppeye | — — ns
R01DS0410EJ0110 Rev.1.10 .ZENESAS F390mH92M;
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Note:  tpgeyc: PCLKB cycle.
Note 1. t.4c: CAC count clock source cycle.

2.3.8 SCI Timing

Table 2.24 SCI timing (1)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

RAGE2 Datasheet

7. tPBcyc: PCLKBT&EF. 7E1. tcacicacit

Parameter Symbol | Min | Max | Unit | Test conditions
SCI | Input clock cycle Asynchronous tseyc 4 — | tpeyc | Figure 2.26
Clock synchronous 6 —
Input clock pulse width tsckw |04 | 0.6 |tscye
Input clock rise time tsckr — |5 ns
Input clock fall time tsckr — |5 ns
Output clock cycle Asynchronous tscye 6 — [ tPeye
Clock synchronous 4 —
Output clock pulse width tsckw |04 [ 0.6 |tscyc
Qutput clock rise time tsckr — |5 ns
Output clock fall time tsck — |5 ns
Transmit data delay Clock synchronous master mode (internal clock) | ttxp — |5 ns | Figure 2.27
Clock synchronous slave mode (external clock) |trxp — |25 |ns
Receive data setup time | Clock synchronous master mode (internal clock) | trxs 15 |— |ns
Clock synchronous slave mode (external clock) |trxs 5 — |ns
Receive data hold time | Clock synchronous tRXH 5 — |ns
Note:  tpcyc: PCLKA cycle.
tsckw tsckr tscks
< > f«—
SCKn / \ l \
Y -
< tscye >
Note: n=0,9
Figure 2.26  SCK clock input/output timing
R01DS0410EJ0110 Rev.1.10 RENESAS Page 40 of 92
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2.3.8 SCIItTBY
Table 2.24 SCIitBY(1)
S TEPmMnPFSE 7728 iR O AR BNRE 1 i iR S M s o . . .
Parameter (533U =F N Mt 5% 14
SCIEI B B R Asynchronous tscyc 4 | — |tpgyc|Figure 2.26
B g E) 6 |—
BNBSSHBXOREEE tsckw |04 | 0.6 |tseyc
BT § LAY i) tsckr |— |5 |ns
NBY #h R PR B8] tsckf — |5 ns
40 e B R B HR Asynchronous tsoyc 6 |— |[tpeyc
B $E) 2 4 |—
BB EBKORTEE tsckw |04 | 0.6 |tscyc
$8 B $h_EFH B ] tsckr  |— |5 |ps
6t B $h R AT 1E) tsckf — |5 ns
EIERIEER MRS ERL (RERRYHH) tTXD — |5 |ns |Figure2.27
RS MR (SMERRT ) trxp — |25 |ns
BSiERINENHES TERX (W) tRXS 15 |— |ns
B ghE S MR (SMERAT $H) tRxs 5 |— |ns
BEUWEURRIFE A B §E) tRXH 5 |— |ns
Note:  tpcyc: PCLKA cycle.
tsckw tsckr tscf

SCKn —/

|
< tScyc >
Note: n=0,9
Figure 2.26  SCKESHII NI ETF
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SCKn m SCKn /—\_/—L
trxp trxp
. X
trxs | trRxH trxs | tRxH
v | Nk A wor | Nk A
Note: n=0,9 Note: n=0,9
Figure 2.27  SCl input/output timing in clock synchronous mode Figure 2.27 BHREPREN FHSCHINRBLNF
Table 2.25 SCI timing (2) Table 2.25 SCIitBY(2)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register. M FEPmMNPFSE 1725 AY % O IR BHRE 1 A3 F = IR Bh i o
Parameter Symbol Min | Max Unit Test conditions Parameter Symbol Min | Max Unit M 514
Simple SPI SCK clock cycle output (master) tspeyc 4 65536 treye Figure 2.28 {18 I SPI SCKEY /A ERtI H (F) tspeyc 4 65536 treyc Figure 2.28
SCK clock cycle input (slave) 6 65536 SCKBTFH/E BAEAN (M) 6 65536
SCK clock high pulse width tsPCKWH 0.4 0.6 tSPcyc SCKES Shim Bk Z tsPckwH 0.4 0.6 tSPcyc
SCK clock low pulse width tspckwL 0.4 0.6 tspeyc SCKBYFRERK A ZEE tspckwL 0.4 0.6 tspeyc
SCK clock rise and fall time tspckr tspcokf | — 5 ns SCKBY$h £ F+H1 T pEETIE] tspckr tspckf | — 5 ns
Data input setup time master tsu 15 — ns Figure 2.29 to Figure BIBMNIL B8 master tsu 15 — ns E229FE2.32
2.32
slave 5 — ns slave 5 — ns
Data input hold time ty 5 — ns BIRWMNRIFETE ty 5 — ns
SS input setup time tLEAD 1 — tspeyc SSHINIZ BR8] tLEAD 1 e tspeyc
SS input hold time tLac 1 — tspeyc SSHINfRFFAT[E] tLAG 1 — tspeyc
Data output delay master top — 5 ns IR R master top — 5 ns
slave — 25 ns slave — 25 ns
Data output hold time ton -5 — ns IR L RIFETIE toH -5 — ns
Data rise and fall time tor, tof — 5 ns BB EFAI TR 8] tor, tof — 5 ns
SS input rise and fall time tssLr tssLf — 5 ns SSIAN _EFAFN T A8 tssLr tssLf — 5 ns
Slave access time tsa — 3xtpgyc+25 |ns Figure 2.32 MB35 15] B[] tsa — 3 xtpgyc+25 |ns Figure 2.32
Slave output release time tREL — 3 xtpeyc+25 |ns ATV 58 R BT 18] tREL — 3 xtpeyc+25 |ns
Note:  tpcyc: PCLKA cycle. Note:  tpcyc: PCLKA cycle.
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V
SCKn o
master select
output

VIH
SCKn

slave select input

tsPCKWH tspckr tspekr
tspckwL
tSPcyc
< >|
tSPCKWH tspPckr tspPckf

tsPckwL

Vorn=0.7 x VCC, Vo= 0.3 x VCC, ViH= 0.7 x VCC, ViL=0.3 x VCC

Note: n=0,9

Figure 2.28  SCI simple SPI mode clock timing
SCKn ZZ 5\—/_L' \ ﬁ
CKPOL =0 7 /
output
oxee —xg ‘\_L' (—\_/
CKPOL = 1 / \
output ] 9—/

tsu tH
MISOn
ter, tlzf ey toH —y top
XY p'S {’{’ r
MOSin X wmsBout 2< DATA >§ LSB OUT >< IDLE ><MSB ouT
output P A . “ |
Note: n=0,9
Figure 2.29  SCI simple SPI mode timing for master when CKPH =1
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tsPckwH tspckf
. Vi
SCKnE 23 o
Fiad
tspckwL
< >
tsPckwH tsPckf
VIH
SCKn MR i
A
tsPckwL
< q

Note: n=0,9

Figure 2.28

SCIfE] 8 SPIHE TV BT £ E Y

VOH=0.7xVCC, VOL=0.3xVCC, VIH=0.7xVCC, VIL=0.3xVCC

CKPOL =0 7
output

SCKn \
CKPOL = 1 \
output

tsu

SCKn Z

tH

MISOn
input { MSBIN }

S 2N N4

MSB IN
| i

t?rv tEf l—y toH —y top

1= LC

pE's N 2 s
MOSin X MsBouT DATA LSB OUT MSB OUT
output A - “ L

R

Note: n=0,9

Figure 2.29

Lckph=18¢, FITHIERAISCIE B2 SPIR I E BT
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SCKn

CKPOL =1 7
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SCKn
CKPOL =1
output

SCKn

CKPOL =0

output

MISOn
input

MOSIn
output

Note:

Figure 2.30

—S DATA

T\
SV

LSB IN

MSB OUT

R
DATA >< LSB OUT

NV
72 IDLE

><MSB ouT

n=0,9

Lckph=08Y, FI=HI2RAISCIfE R SPIETURE BY

output \—/
SCKn
CKPOL = 0 ) 4 \ J—\_/ \
output \— N
tsu tH
MISOn
toH top tor, tof
2 1T
MOSin MSB OUT % DATA >< Lseout X IDLE ><MSB out
output . Imv
Note: n=0,9
Figure 2.30  SCI simple SPI mode timing for master when CKPH =0
B tro -
SSn o E
input o 7Z \
tLeAD ” tLac
N/ /
input h 7 i
SCKn — \
CKPOL =1 N /_\_‘ /] \
input —
tsa toH too tREL
<> >
MISOn 4‘—% MSB OUT J§< DATA >§L LSB OUT AZL MSB IN MSB OUT
output b « - -
tsu tH tE)r, tor
MOSIn % \ /
input 4@% DATA >—< LSBIN ) { MSBIN
Note: n=0,9
Figure 2.31 SCI simple SPI mode timing for slave when CKPH = 1
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SCKn
CKPOL =0
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SCKn
CKPOL =1
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MISOn
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MOSIn
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Note:

Figure 2.31

—

I

n=0,9
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/]

toH
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tsu th
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tro to
SSn \ r B SSn \ _ R
input ( « -Z \ input K « 'Z \
tLEAD ” tLaG tLEAD ” tLac
< > < >
SCKi 3 ¢ / SCKi 3 ¢ /
CKPOL = 1 A S§ / CRPOL = 1 # &< /
input input
SCKn \ ) SCKn \ 0
CKPOL =0 /] \ \ CKPOL =0 /] \ \
input \—7 ! input \—7 s
tsa toH too tREL tsa toH too tREL
1 1
MISO LSB OUT ” N MISO! LSB OUT s
Output” (Last data) MSB OUT >§r . DATA 7& LSB OUT MSB OUT Output” (Last data) MSB OUT >§( . DATA I LSB OUT MSB OUT
k24 : : k24 (_
tsu tH tor, tof tsu tH tor, tof
input input
Note: n=0,9 Note: n=0,9
Figure 2.32  SCI simple SPI mode timing for slave when CKPH = 0 Figure 2.32  Zckph=08%, MHLEYSCIE R SPIETE T
Table 2.26 SCI timing (3) Table 2.26 SCIITET(3)
Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register. A HRIBIRBH IR FEPmnPFS & 77 28 BV % O AR sheE 77 i ik #%,
Parameter Symbol Min Max Unit | Test conditions Parameter Symbol Min Max Unit | M54
Simple IIC SDA input rise time tsr — 1000 ns Figure 2.33 Simple IIC SDAM N _EFHETE] tsr — 1000 ns Figure 2.33
(Standard mode) - - (Standard mode) " N
SDA input fall time tsf — 300 ns SDAIN T PEETE] tst — 300 ns
SDA input spike pulse removal time tsp 0 4 % ticoye ns SDAMINRIERKOF 2 FRBTE] tsp 0 4 X ticeye ns
Data input setup time tspas 250 — ns HIRWMANIZERE tspas 250 — ns
Data input hold time tsDAH 0 — ns B GTEEIDNES SN tspaH 0 — ns
SCL, SDA capacitive load Cp! — 400 pF SCL, SDA capacitive load Cp! — 400 pF
Simple 1IC SDA input rise time tsr — 300 ns Figure 2.33 Simple 1IC SDAMN _EFHBTE] tsr — 300 ns Figure 2.33
(Fast mode) (Fast mode) " N
SDA input fall time tsf — 300 ns SDAAN T BEETE] tst — 300 ns
SDA input spike pulse removal time tsp 0 4 % ticoye ns SDAMINRIERKOF 2 FRBTE] tsp 0 4 X ticeye ns
Data input setup time tspas 100 — ns BIBRNIL B8 tspas 100 — ns
Data input hold time tspAH 0 — ns BIRWMARIFETE tspAH 0 — ns
SCL, SDA capacitive load Cp! — 400 pF SCL, SDA capacitive load Cp! — 400 pF
Note:  tjceye: IIC internal reference clock (IICe) cycle. D tlCeyc: ICREFEEBIE (ICo) AR, E1. Cb
Note 1. Cy, indicates the total capacity of the bus line. RTARLEBNEEE,
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______ L o P o L L P
i o\ i 5< A\ o/
SDAnN | ! | ! SDANn | ! | |
I8 L I | oy A I | = L I | . oy A I |
- | a /|
o o - o
! i —>| «—tsp ! i | i —>| —tsp ! i
! | ! | ! | ! |
T | L | T | L | |
SCLn / ﬂ V | % SsCtn / ﬂ V \f
- gt i R Ipe1 i - gt i R Ipe1 i
Lo Lo Lo Lo
<~ tspaH tsoas [~ tspaH tspas
Test conditions: Test conditions:
ViH=VCC x 0.7, Vi=VCC x 0.3 VIH=VCCx0.7, VIL=VCCx0.3
VoL =06V, lo. = 6 mA VOL=06V, I0L=6mA
Note: n=0,9 E: n=0, 9%F1, S. PHISIRIRLLT &M
Note 1. S, P, and Sr indicate the following conditions:
S: Start condition S: BEhE&HP:
P: Stop condition EIE%& M
Sr: Restart condition SrEMBNEM
Figure 2.33  SCI simple IIC mode timing Figure 2.33  SCIfESRICIE L ERY
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- -
2.3.9 SPI Timing 2.3.9 SPIZE BY
Table 2.27  SPI timing Table 2.27  SPIERY
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register. M TEPmMNPFSE 17 28 AV % I IR BhRE 1 i E = IR eh i o
Parameter Symbol Min Max Unit | Test conditions Parameter Symbol Min Max Unit | A& &
SPI  |RSPCK clock cycle | Master tspeye 2 4096 tpeyc | Figure 2.34 SPI | RSPCKBY$H/EHA Master tspoyc 2 4096 tpeye | Figure 2.34
Slave 4 4096 Slave 4 4096
RSPCK clock high Master tSPCKWH (tspeyc — tspckr — tspekf) / | — ns RSPCKEY &= Bk o Master tsPckwH (tspeyc — tspckr — tspeks) / | — ns
pulse width 2-3 TE 2-3
Slave 0.4 0.6 tspeyc Slave 0.4 0.6 tsPeyc
RSPCK clock low Master tspckwL (tspeyc — tspckr — tspeks) / | — ns RSPCKBY $H{FE Rk Master tspckwL (tspeyc — tspekr — tspeks) / | — ns
pulse width 2_-3 HEEE 2-3
Slave 0.4 0.6 tspeyc Slave 0.4 0.6 tspeyc
RSPCK clock rise and | Master tspckr tspekr | — 5 ns RSPCKBY ¥ EFAFIT | Master tspckr tspekf | — 5 ns
fall time P B E]
Slave — 1 us Slave — 1 us
Data input setup time | Master tsu 4 — ns Figure 2.35 to Figure HIBWMANIZENIE Master tsu 4 — ns E2.35FE2.40
2.40
Slave 5 — Slave 5 —
Data input hold time | Master thFE 0 — ns IR RIFETE * (PCLKA thE 0 — ns
(PCLKA FRALLERIG
division ratio BH12)
set to 1/2)
Master ty tpeye — F (PCLKARR |ty tpeye —
(PCLKA AR E R
division ratio 2B9M891E)
set to a value
other than
1/2)
Slave ty 20 — Slave ty 20 —
SSL setup time Master tLEAD N X tgpeyc - 101 N xtspeyc + | Ns SSLIZERTIaE] Master tLEAD N x tgpeyc - 10" N xtgpeye + | NS
100" 100"
Slave 4 X tpeye — ns Slave 4 X tpeyc — ns
SSL hold time Master tLaG N X tgpgy - 1072 N x tgpeyc + | NS SSLER B B8] Master tLaG N x tgpgy - 1072 N x tgpgyc+ | Ns
1002 1002
Slave 4 X tpeye — ns Slave 4 X tpeyc — ns
Data output delay Master top1 — 6.3 ns BIBRLER Master top1 — 6.3 ns
top2 6.3 top2 6.3
Slave top — 20 Slave top — 20
Data output hold time | Master ton 0 — ns IR RIFETIE Master ton 0 — ns
Slave 0 — Slave 0 —
Successive Master ttp tspeyc + 2 X tpeyc 8 X tgpgyc +2 | ns ESERER Master ttp tspeyc + 2 X tpeyc 8 X tgpgyc +2 | ns
transmission delay % tpeye * tpcyc
Slave 4 % tpeyc Slave 4 % tpeyc
MOSI and MISO rise | Output tor, tof — 5 ns MOSIFIMISOEFHFI | Output tpr, tof — 5 ns
and fall time TREBTIE]
Input — 1 us Input — 1 us
SSL rise and fall time | Output tssLr tssLf — 5 ns SSL_EFHFN T B8] Output tssir tssiLf — 5 ns
Input — 1 us Input — 1 us
Slave access time tsa — 25 ns Figure 2.39 and ik el B i8] tsa — 25 ns E2.39%1
Figure 2.40 " N Figure 2.40
Slave output release time tREL — 25 A48 R BT i) tREL — 25
Note:  tpcyc: PCLKA cycle. Note:  tpcyc: PCLKA cycle.
R01DS0410EJ0110 Rev.1.10 IZENESAS Page 46 of 92 R01DS0410EJ0110 Rev.1.10 .zENESAS %4601(921)

Feb 28, 2023 Feb 28, 2023



RAGE2 Datasheet

2. Electrical Characteristics RABE2 Datasheet 2.BEFM

Note:

Note 1.

Note 2. N is set to an integer from 1 to 8 by the SSLND register.

Must use pins that have a letter appended to their name, for instance _A, _B, to indicate group membership. For the SPI interface,
the AC portion of the electrical characteristics is measured for each group.
N is set to an integer from 1 to 8 by the SPCKD register.

AR BIAERETERMEEMM T FE5IM, BI_A. B, LUSTAMRRS M. WFSPHEO, HWSMENEBFERNACED, E1
o NHISPCKDHF 7RI E N M1 FISHIES, 712, NHSSLNDEFFERIRE M1 FISHIEE R,

tSPCKWH tspckr tspckr tsPCKWH tspckr tspckr
RSPCKn RspcknFE1Ei%
master select Fa
output
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Note: n=AorB
Figure 2.40  SPI timing for slave when CPHA =1
2.3.10 QSPI Timing
Table 2.28 QSPI timing

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

Parameter Symbol Min Max Unit Test conditions
QSPI QSPCK clock cycle tascyc 2 48 tpeyc Figure 2.41
QSPCK clock high pulse | toswH tascyc x 0.4 — ns
width
QSPCK clock low pulse | toswL tascyc * 0.4 — ns
width
Data input setup time tsu 10 — ns Figure 2.42
Data input hold time tiH 0 — ns
QSSL setup time tLEAD (N +0.5) x tqscyc - 51 (N +0.5) x tggeyc + ns
100"
QSSL hold time tLac (N +0.5) % tqscyc - 572 (N +0.5) x tgscyc + ns
1002
Data output delay top — 4 ns
Data output hold time ton -3.3 — ns
Successive transmission | ttp 1 16 tascyc
delay
Note:  tpcyc: PCLKA cycle.
Note 1. Nissetto 0 or 1in SFMSLD.
Note 2. Nissetto 0 or 1in SFMSHD.
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2.3.10 QSPI Timing
Table 2.28 QSPI timing
%M. TEPmMNPFSEH 1728 0Yi% IR BN BE D iR S IRThia Ko
Parameter Symbol Min Max Unit Mt 2% 14
QSPI QSPCKET$H/E 4B taseyc 2 48 tpeye Figure 2.41
QSPCKBY$h= Rk R TE tQswH tascyc * 0.4 — ns
QSPCKEYFFEERK HFE taswL tascyc * 0.4 — ns
HIBWMANIZENE tsy 10 — ns Figure 2.42
E ¢ EEIDNES SN tH 0 — ns
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100"
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ESARER ttp 1 16 taseyc
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2.3.11

Table 2.29

I3C Timing

IIC timing(1)-1

2.3.11 I3C Timing

Table 2.29  IIC timing(1)-1

1. Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDA0_A, 1.5 RiERENHE HEPMNPFSE 7288 AYiR O IR chBE DAL IEF LU RSB : SDAO_A. SCLO_A. SDAO_B. SCLO_B. SDAO_C. SCLO
SCLO_A, SDAO_B, SCLO_B, SDA0_C, SCLO_C. G

2. The following pins do not require setting: SDAO_D, SCLO_D. 2LUTFSIMAEEIRE: SDAO_D, SCLO_Ds

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 JMEREEBFEEMMT F8 (Bl _A"sK"_B") HSIHRIERARRS M. NFICED, HNESMENERFENACED.
AC portion of the electrical characteristics is measured for each group.

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

IIC (Standard mode, | SCL input cycle time tscL 10(18) x ti3ceyc + 1300 — ns IIC (Standard mode, | SCL¥iA B HABT[E] tscL 10(18) x ti3ceyc + 1300 — ns

SMBuS) SMBus) —

BFCTL.FMPE =0 SCL input high pulse width tscLH 5(9) x tisceye + 300 — ns BFCTL.FMPE =0 SCLmABROR R E tscLH 5(9) x tizceye + 300 — ns
SCL input low pulse width tscLL 5(9) * tizceyc + 300 — ns SCLAINERRK R EEE tscLL 5(9) * tizceyc + 300 — ns
SCL, SDA rise time tsr — 1000 ns SCL, SDA_EFtBEYE] tsr — 1000 ns
SCL, SDA fall time - — 300 ns SCL SDAFKZERTa] tss — 300 ns
SCL, SDA input spike pulse removal tsp 0 1(4) X tisceye ns SCL, SDAINRUERK A FRETIE] tsp 0 1(4) % tisceye ns
time
SDA input bus free time when wakeup | tgur 5(9) X tiaceyc + 300 — ns R HREETHAEET SDARI N RELEINETIE] | tgyur 5(9) * tizceyc + 300 — ns
function is disabled
SDA input bus free time when wakeup | tgur 5(9) X tizceyc + 4 X toyc + 300 | — ns BAMEETNEER SDAR N ST HETE | tgur 5(9) X ti3ceyc + 4 X treye + 300 | — ns
function is enabled
START condition input hold time when | tstan tiaceye + 300 — ns B RN & 22 A DR B I R B 4A) \ GR3 B tSTAH tiaceye + 300 — ns
wakeup function is disabled ia]
START condition input hold time when tsTAH 1(5) % tizceye + treye + 300 — ns BEN SIS A R ER ) AR B ) \ (R AT tsTAH 1(5) % tizceye * treye + 300 — ns
wakeup function is enabled 18]
Repeated START condition input setup | tsTas 1000 — ns BEEBRHFHRANIZENE tsTAs 1000 — ns
time
STOP condition input setup time tsTos 1000 — ns Z LEZHNIEERTE tsTos 1000 — ns
Data input setup time tspas tisceyc + 50 — ns HIRWMANIZENIE tspas tizceyc + 50 — ns
Data input hold time tSDAH 0 — ns IR RIFEE tSDAH 0 — ns
SCL, SDA capacitive load Cp1! — 400 pF SCL, SDA capacitive load Cp! — 400 pF

Note:  tiaceyc: 13C internal reference clock (I3Co) cycle, treyc: IBCCLK cycle. Note:  tI3CcycI3CHERSEZERH(I3CH)ERR, tTcycI3CCLKERR,

Note:  Values in parentheses apply when INCTL.DNFS[3:0] is set to 0x3 while the digital filter is enabled with INCTL.DNFE set to 1. Note:  HINCTLEY, ESHEEH. DNFS[3:01IRENOX3, MEFIEKEEHRINCTLEM. DNFEIZRE N1,

Note:  Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the IIC AR WIOEREESMEEMINFESIH, Flm" A" "_B", LUETARRSH. WFICEO, He M ENSBRFERACE

interface, the AC portion of the electrical characteristics is measured for each group. o 1o CORTARLGENERE,
Note 1. Cy, indicates the total capacity of the bus line.
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Table 2.30 lIC timing(1)-2 Table 2.30 lIC timing(1)-2
1. Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDA0_A, 1.% M FRiEIRENEEEPMNPFSE 1783 AV R O IR ThRE I AL E LA T 5IM): SDAO_A. SCLO_A. SDAO_B. SCLO_B. SDAO_C. SCLO
SCLO_A, SDAO_B, SCLO_B, SDAO_C, SCLO_C. G
2. The following pins do not require setting: SDAO_D, SCLO_D. 2LUATSIMAEZEEIGE: SDAO_D, SCLO_D,
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 JMFRATEEEMEEMMTFE (BIN"_A"R"_B") HSIMRIERARRZH. NFICEO, S8 M ANEBFENACE D,
AC portion of the electrical characteristics is measured for each group.
Parameter Symbol | Min Max Unit Parameter Symbol | Min Max Unit
Inc SCL input cycle time tscL 10(18) * tizceyc + 600 — ns Inc SCL¥IN & BRBY 8] tscL 10(18) % ti3ceyc + 600 — ns
(Fast-mode) (Fast-mode) .
SCL input high pulse width tsCLH 5(9) x tizceyc + 300 — ns SCLRMA SR E tsSCLH 5(9) X ti3ceyc + 300 — ns
SCL input low pulse width tscLL 5(9) X tiaceyc + 300 — ns SCLEN{RBK B E tscLL 5(9) X tiaceye + 300 — ns
SCL, SDA rise time tsr 20 x (external pullup 300 ns SCL, SDA_EF+BY[d] tsr 20 x (external pullup 300 ns
voltage/5.5 V)1 voltage/5.5 V)™
SCL, SDA fall time tss 20 x (external pullup 300 ns SCL SDATAZ=EYIE] tsf 20 x (external pullup 300 ns
voltage/5.5 V)1 voltage/5.5 V)™
SCL, SDA input spike pulse removal tsp 0 1(4) * tizcoye ns SCL, SDAIANSRIERK A BRET(E] tsp 0 1(4) * tizceye ns
time
SDA input bus free time when wakeup | tgur 5(9) X ti3ceyc + 300 — ns B RHMREETHEERISDA AN ST HETE | tgur 5(9) X ti3ceyc + 300 — ns
function is disabled
SDA input bus free time when wakeup | tgur 5(9) % tizceyc + 4 X treye + 300 | — ns BRAMEETHEEEISDAMI N RETIHETE | tgur 5(9) X tizgceyc + 4 X trgyc + 300 | — ns
function is enabled
START condition input hold time when | tstan tiaceye + 300 — ns BN 522 AR IR B I R B Ba) \ GRS BY tsTAH tiaceye + 300 — ns
wakeup function is disabled &l
START condition input hold time when | tstan 1(5) X tiaceye + treye + 300 — ns BN E S A MR EE Th AR BY I \ (R BT tsTAH 1(5) % tiaceye + treye + 300 — ns
wakeup function is enabled i8]
Repeated START condition input setup | tstas 300 — ns BEE Boh& MmN E T8 tsTas 300 — ns
time
STOP condition input setup time tsTos 300 — ns fFLER NGB8 tsTos 300 — ns
Data input setup time tspas tisceyc + 50 — ns BIBRNIG BR8] tspas tizceyc + 50 — ns
Data input hold time tspAH 0 — ns BB R E] tspAH 0 — ns
SCL, SDA capacitive load Cp2 — 400 pF SCL, SDA capacitive load Cp2 — 400 pF
Note:  ti3ceyc: 13C internal reference clock (I3Co) cycle, treyc: IBCCLK cycle. Note:  tI3CcycI3CHRERSERH(I3CH)EHR, tTcycI3CCLK/E R,
Note:  Values in parentheses apply when INCTL.DNFS[3:0] is set to 0x3 while the digital filter is enabled with INCTL.DNFE set to 1. Note:  HINCTLEY, ESHEEH. DNFS[3:01IRENOX3, MEFIRKEERINCTLEMR. DNFEZE N1,
Note:  Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the 1IC AR MNEREEZFEENMFENSIHE, flw" A" " B", LUIETREARRS %, XNFICEO, HXEMENEBFEACE
interface, the AC portion of the electrical characteristics is measured for each group. 5o 1o XZFFSDAO_D. SCLO_Do
Note 1. Only supported for SDAO_D, SCLO_D.
Note 2. Cp, indicates the total capacity of the bus line. A2, CORTARGENBERE,
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Table 2.31

lIC timing(1)-3
Setting of the SDAO_D, SCLO_D pins is not required with the Port Drive Capability bit in the PmnPFS register.
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Table 2.31

lIC timing(1)-3

PmnPFSZ 7728 PRYIR R shae N UAFEIRESDAO_D. SCLO_D3 I,

Parameter Symbol Min Max Unit Parameter Symbol Min Max Unit
Inc SCL input cycle time tscL 10(18) * tizceyc *+ 240 — ns Ic SCLEIN & #RBY 8] tscL 10(18) x tjaceyc + 240 — ns
(Fast-mode+) (Fast-mode+) .
BFCTL.FMPE = 1 SCL input high pulse width tscLH 5(9) * tizceyc + 120 — ns BFECTL.FMPE =1 SCLMA SRR E tscLH 5(9) * tizceyc + 120 — ns
SCL input low pulse width tscLL 5(9) X tiaceye *+ 120 — ns SCLMN{EBK B E tscLL 5(9) % tiaceye *+ 120 — ns
SCL, SDA rise time tsr — 120 ns SCL, SDA_EFHETE] tsr — 120 ns
SCL, SDA fall time tsf 20 x (external pullup voltage/5.5 | 120 ns SCL SDATAZERT 8] tsf 20 x (external pullup voltage/5.5 | 120 ns
V) V)
SCL, SDA input spike pulse removal | tgp 0 1(4) % tiaceye ns SCL, SDAXSINRUERPK A2 FRETIE] tsp 0 1(4) X tisceye ns
time
SDA input bus free time when teUF 5(9) X tiaceye *+ 120 — ns P AMGEEETHRERTSDARIN B 4% tBUF 5(9) X tizceye + 120 — ns
wakeup function is disabled = REYiE]
SDA input bus free time when tBUF 5(9) x tizceyc + 4 * trgye + 120 — ns B AMEEETHRER SDATIN S 4% tBUF 5(9) * tizceyc + 4 * trgyc + 120 — ns
wakeup function is enabled =BT E]
START condition input hold time tsTAH tiaceye + 120 — ns B2 AR IR R R tsTAH tisceye + 120 — ns
when wakeup function is disabled F5E 8]
START condition input hold time tsTAH 1(5) x tisceye + treye * 120 — ns Brh& 4B BIREETHEERN RN R tsTAH 1(5) x tisceyc * treye * 120 — ns
when wakeup function is enabled FBYE]
Restart condition input setup time tsTas 120 — ns EMBoh&E MmN E 8 tsTAs 120 — ns
Stop condition input setup time tsTos 120 — ns FIE MmN ERTE tsTos 120 — ns
Data input setup time tspas tisceyc + 30 — ns BIBRNIL B A tspas tisceye + 30 — ns
Data input hold time tspAH 0 — ns 5 E S PNES SN tSDAH 0 — ns
SCL, SDA capacitive load Cp1 — 550 pF SCL, SDA capacitive load Cp 1 — 550 pF
Note:  ti3ceyc: 13C internal reference clock (I3Co) cycle, treyc: IBCCLK cycle. Note:  tI3CcycI3CHERSZEBIFP(I3CH) EHA, tTcycI3CCLKARR,
Note:  Values in parentheses apply when INCTL.DNFS[3:0] is set to 0x3 while the digital filter is enabled with INCTL.DNFE set to 1. Note:  HINCTLAY, ESHMEEA. DNFS[3:0I&EN0X3, MEF KK ERINCTLEMR. DNFEZE A1,
Note 1. Cp indicates the total capacity of the bus line. 1o CORTARLGEN DTS,
ViH A ViH \
SDANn SDANn
Vi T Y WA Vi T N WA
tsur taurF
|« »>| tscLH < > tscLH
—> «— tsTAH [—> —> | tsTAs —> —tsp —> i tsTos —> [«— tsTAH > —>| [« tsTAs —>»| l«—tsp —> € tsTos
I . I
SCLn \ V SCLn \ \/
p*1 T Sr*1 T P*1 p*1 8*1 T Sr*1 T P*1
tspas tst —> tsoas
< tspaH [«— tspaH
Note 1. S, P, and Sr indicate the following conditions: E1o Sv PRISIRIAT &4
S: Start condition S: BEhE&EP:
P: Stop condition ZIE%&M
Sr: Restart condition SrEMBEMN
Figure 2.43  |12C bus interface input/output timing Figure 243 DRcELEOHBANHLINF
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Table 2.32

lIC timing(2)

Conditions: VCC = 3.00 to 3.60 V
Setting of the SDAO_D, SCLO_D pins is not required with the Port Drive Capability bit in the PmnPFS register.
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Table 2.32

lIC timing(2)

Conditions: VCC = 3.00 to 3.60 V
PMnPFSZ 728 FHIHm ORI EE U AR FH B IZESDAO_D. SCLO_D5|l,

Parameter Symbol | Min Max Unit
Inc SCL input cycle time tscL 55(57) x tizceye — ns
(Hs-mode)
BECTL.HSME = 1 SCL input high pulse Cb =400 pF tscLH 43(44) * tizceye — ns
width Cb =100 pF 23(24) x ti3ceyc —
SCL input low pulse Cb =400 pF tscLL 64(65) * tizccyc — ns
width Cb =100 pF 32(33) * tizceye —
SCL rise time Cb =400 pF tsroL — 80 ns
Cb =100 pF — 40
SDA rise time Cb =400 pF tsrDA — 160 ns
Cb =100 pF — 80
SCL fall time Cb =400 pF tsfoL — 80 ns
Cb =100 pF — 40
SDA fall time Cb =400 pF tspa — 160 ns
Cb =100 pF — 80
SCL, SDA input spike pulse removal time | tsp 0 1(1) % tizceye ns
Repeated START condition input setup tsTAS 40 — ns
time
STOP condition input setup time tsTos 40 — ns
Data input setup time tspas 10 — ns
Data input hold time Cb =400 pF tspaH 0 150 ns
Cb =100 pF 0 70
SCL, SDA capacitive load Cp! — 400 pF

Note:  tizceye: 13C internal reference clock (I3Co) cycle.
Note:  Values in parentheses apply when INCTL.DNFS[3:0] is set to 0x3 while the digital filter is enabled with INCTL.DNFE set to 1.
Note 1. Cy, indicates the total capacity of the bus line.

S IS P
! tsroa | I
tsa [ | |
! « | I
- - { } A\ - \ N1 h7wvee
‘ ) ] ] :
He-s \\ | /X\ ,"\\ —f 03 xvee
| £ L L doo.
] 5 ‘ ‘
i tspAH —p] tstos i i
I T I
} ‘J le— tspas } }
I I I
| | |
| — L\ [\ i i
13C_SCLO | J/ / } } 0.7 x VCC
t t 0.3 xVCC
| ra— f——

—>| [« tsicL

tsrcL —»| |le—

tscLn tscLL tscLL

J = MCS current source pull-up

f = Rp resistor pull-up

tscLH

Figure 2.44

I2C bus interface input/output timing (Hs-mode)
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Parameter Symbol | Min Max Unit
Ic SCL4I N\ HABY ] tscL 55(57) * tiaceye — hs
(Hs-mode) U
BFCTL.HSME = 1 SCLEANS A RE Cb =400 pF tscLH 43(44) % tizceye — ns
Cb =100 pF 23(24) * tizceyce -
SCLAINERRK AR Cb =400 pF tscLL 64(65) x t|3ccyc — ns
Cb = 100 pF 32(33) * tizceye —
SCLEFBYiE] Cb = 400 pF tsroL — 80 ns
Cb =100 pF — 40
SDA_LFaYa] Cb = 400 pF tsiDA — 160 ns
Cb =100 pF — 80
SCLIXZERg] Cb = 400 pF tsicL — 80 ns
Cb =100 pF — 40
SdafkZ=ada] Cb =400 pF tsfpa — 160 ns
Cb =100 pF — 80
SCL, SDASINRIUERK A ZBRETIE] tsp 0 1(1) % tizceye ns
EERMFHRNIZENE tsTas 40 — ns
FIEEHRNIZERE tsTos 40 — ns
HiEm NI ERNE tspas 10 — ns
BB RIFETE Cb =400 pF tspaH 0 150 ns
Cb =100 pF 0 70
SCL, SDA capacitive load (o — 400 pF
Note:  tI3Ccyc:I3CHEBSZE B HP(13Co) AR
Note:  HINCTLEY, ESHBIEEH. DNFS[3:01&BERO0X3, MAF IR KEEHRINCTLEMH. DNFEIZE A1,
Ao CORTARERNERE,
s : s P
tsma > | S ! !
s 1
| < ] !
3 i v A\ A\ : . L— 0.7 x VCC
13C_SDAO \ | x /\ | N |
\ 1 BN X i N 0.3 x VCC
| R | A ‘--'
i tsoAH —»|  le— tstos } i
tstas I } |
} — le— tspas } }
| | |
I | |
: - [\ [\ ; : )
13C_SCLO } / \ 1/ } T 0.7 x VCC
‘ 7 \ T T ; 0.3xVCC
L $ L
—>| [« tsicL
tsroL le—
tscLH tscLL tscLL tscLH
J =MCS R i
f = Rp resistor pull-up
Figure 2.44 DRcBLZFORANRHITF (HsER)
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RAGE2 Datasheet

2. Electrical Characteristics

Table 2.33

Conditions: VCC = 3.00 to 3.60 V

Setting of the I3C_SDA, 13C_SCL pins is not required with the Port Drive Capability bit in the PmnPFS register.

I13C timing (open drain timing parameters)

RAGE2 Datasheet

Table 2.33

BCHFE (FFRIFEES1)

Conditions: VCC = 3.00 to 3.60 V
PMnPFSZ 1728 FHIm O RENEE /I U R T B IR BEI3C_SDA. 13C_SCL5IM,

Test
Parameter Symbol | Min Max Unit conditions
13C SCL Clock Low Period tLow_op |200 — ns Figure 2.47
Open Drain 1 %2
Timing
Parameters toic_op_L | tLow_opmin * tbA_obmin | — ns Figure 2.47
SCL Clock High Period tigH S ™4 | — 41 ns Figure 2.45
toic_H — tHiGH *+ tcE ns Figure 2.45
SDA Signal Fall Time tba_op tce 12 ns Figure 2.47
SDA Data Setup Time Open tsu oot |17 — ns Figure 2.46
Drain Mode B
Clock After START (S) Condition | to55™ "¢ | 38.4 nano For ENASO: 1 y | seconds Figure 2.47
For ENAS1: 100
g
For ENAS2: 2
milli
For ENAS3: 50
milli
Clock Before STOP (P) tcep tcasmin / 2 — seconds Figure 2.48
Condition
Current Master to Secondary tMMOoverla | IDIG_OD_Lmin — ns Figure 2.53
Master Overlap time during o
handoff
Bus Available Condition tavaL” 1 — us —
Bus Idle Condition tioLE 1 — ms —
Time Internal Where New tMMLock | tAVALmin — us Figure 2.53
Master Not Driving SDA Low

Note 1. This is approximately equal to t, owmin * tos_obmin * trbA_obtyp * tsu_odmin-

Note 2.
Note 3.
Note 4.

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.
Note 5.
Note 6.
Note 7.

On a legacy bus where 12C devices need to see Start
Slaves that do not support the optional ENTASx CCCs shall use the tcas Max value shown for ENTAS3

On a mixed bus with Fm Legacy 12C Devices, taya is 300 ns shorter than the Fm Bus Free Condition time (tgyr)

The Master may use a shorter Low period if it knows that this is safe, i.e., that SDA is already above VIH
Based on tgpikg, rise and fall times, and interconnect

This maximum High period may be exceeded when the signals can be safely seen by Legacy 12C Devices, and/or in consideration

M %14
Parameter Symbol | Min Max Unit
I13C SCLEYHMELE HA tlow oo |200 — ns Figure 2.47
FRE RS 1 %2
Parameters tpic_op_L | tLow_obmin *+ tDA_obmin | — ns Figure 2.47
SCLES#h= BB thign 4 |— 41 ns Figure 2.45
toic_H — tHiGH * tcE ns Figure 2.45
SDAE S T R&ET[E] toa op  |tcF 12 ns Figure 2.47
Sda#iiEig B AT FTFF tsu on ! [17 — ns Figure 2.46
HEKAR -
BER & E tcas ® | 38.4 nano For ENASO: 1 u | seconds Figure 2.47
For ENAS1: 100
u
X FENAS2:
22
X FENAS3:50
=
{Z1EREIBT$(P) tcep tcasmin / 2 — seconds Figure 2.48
Condition
MEMLEERFE tMmoverla | tDiG_oD_Lmin —_ ns Figure 2.53
PRSP F E S A b
Bram&Ht taval? |1 — Hs —
RETHRE tipLE 1 — ms —
B[R] P &R T RS 3t 75 tMMLock tAVALmin — us Figure 2.53
FAREHSDAMK

R01DS0410EJO
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Alo XARLHZFETFLOWMIN+TDS_ODmin+trDA_ODtyp+tSU_Odmine.
A2, MRFNMEXELELH, BISDABEEVIHU £, MEH AT LUEBREHKRE R
3. BFTRIE. EAFMTREEMNEE

F4, HERM2AETULEMBESH, HEZRINEE FIUEEL) , XTRABEBRATESKETL,
RIELERAE, FERRAE, HEEETEE

B.aA =
BED.

A5, EESEEL, 20REFEEIHR
A6, FEZIFPIRENTASXCCCsHIIUR R AENTAS3 B RAItCASTRAME

E7. EREBFmMLegacyRCHBHIIRES B4 L, tAVALELFmE 4L B HBIRESBY(8](tBUF)52300ns

ERF @M, MRTEE
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RAGE2 Datasheet

2. Electrical Characteristics

Table 2.34

Conditions: VCC = 3.00 to 3.60 V
Setting of the I3C_SDA, 13C_SCL pins is not required with the Port Drive Capability bit in the PmnPFS register.

I13C timing (push-pull timing parameters for SDR mode)

RAGE2 Datasheet

Table 2.34

I3CEYF (SDRIRTLAIHEIR AT FS£K)

Conditions: VCC = 3.00 to 3.60 V
PMnPFSZ 1728 FHIm O IRENEE /I U R T B IR BEI3C_SDA. 13C_SCL5I/,

(SDA/SCL)

Test
Parameter Symbol Min Max Unit | conditions
I3C Push-Pull Timing SCL Clock Frequency fsoL ! 0.01 12.5 MHz |—
Parameters for SDR Mode
SCL Clock Low Period tLow 24 — ns Figure 2.45
toig L2 40 — ns |Figure 2.45
SCL Clock High Period for tHIGH_MIXED 24 — ns Figure 2.45
Mixed Bus
toic 1 mixep 2 | 40 45 ns Figure 2.45
*3
SCL Clock High Period tHIGH 24 — ns Figure 2.45
toig_H 2 40 — ns | Figure 2.45
Clock in to Data Out for Slave | tsco — 12 ns Figure 2.50
SCL Clock Rise Time tcr — 150 x 1 /fgcL (capped | ns Figure 2.45
at 60)
SCL Clock Fall Time tcr — 150 x 1 /fgoL (capped | ps Figure 2.45
at 60)
SDA Signal Data Master |ty pp™ tcr + 3 and — — Figure 2.49
Hold in Push-Pull - tcp+ 3
Mode
Slave |thp pp 0 — — Figure 2.49
SDA Signal Data Setup in tsu_pp 17 N/A ns Figure 2.51
Push-Pull Mode
Clock After Repeated START | tcasr tcASmin N/A ns Figure 2.52
(Sr)
Clock Before Repeated tcesr tcasmin / 2 N/A ns Figure 2.52
START (Sr)
Capacitive Load per Bus Line | Cy — 50 pF —

Note 1. fscL =1/ (tpic_L * tbic_H)
Note 2. tpg_L and tpg_p 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 I13C 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 I2C 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.
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M &5 14
Parameter Symbol Min Max Unit
13C Push-Pull Timing SCLES $hsE fsoL! 0.01 12.5 MHz |—
SDRIZXHIEHL
SCLAYHPEL/E HR tLow 24 — ns Figure 2.45
toig_ L 2 40 — ns Figure 2.45
SCLE = A HA A tHIGH_MIXED 24 —_ ns Figure 2.45
REEL :
tDIGfoMIXED*Z 40 45 ns Figure 2.45
3
SCLEY#h= A HA tHIGH 24 — ns Figure 2.45
toig_ 2 40 — ns |Figure 2.45
R DNETPIC L S 6t T tsco — 12 ns Figure 2.50
SCLEY#h_EFHBYE] tcr — 150 x 1 ffgcL (capped | ns Figure 2.45
at 60)
SCLEY Bh BT E] tcr — 150 x 1 ffgcL (capped | us Figure 2.45
at 60)
Sdafs S HIBRE Master |ty pp 4 tcr + 3 and — — Figure 2.49
R - tce + 3
Mode
Slave |typ pp 0 — — Figure 2.49
SDAESHIBIRETE tsu_pp 17 N/A ns Figure 2.51
Push-Pull Mode
EE Boh/ERIEER(Sr) tcasr tcASmin N/A ns Figure 2.52
NHESZE tcBsr tcasmin / 2 N/A ns Figure 2.52
START (Sr)
SHEBEHBEMRAESDASCL | Cy — 50 pF | —
)
Note 1. fscL =1/ (tpig_L * tbic_H)
72, tDIG_LFITDIG_HRfE A VILAVIHTE 3c B L r i I 88 1% B BIRV BT $E BB A1 = BB T A HA.
*3, FERERLELSBRCLE@EHN, KAMPRHITDIG_H_MIXEDEHR, R
ROGEASBBCIETHEBRNBRMN2IES,
F4, AFERTENIEG, ALEERESBIANFRIGEE, BITFEAREItCF+3, EFARBRIEAICR3,
R01DS0410EJ0110 Rev.1.10 IIENESAS 25701(921)
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tHIGH R tCF‘ tLOW tHIGH tCF

tLOW

0.7xVpp

0.7xVop

0.3xVpp

0.3%xVop

tCR‘ toien | foet R - tCR‘ o+

tDIG_L

Figure 245 tpig yandtpg L

Figure 245 tpig yandtpg |

SDR Transfer SDR Transfer
1= 1=
R P W WA W [ T T T | 0.7%Voo R FA VS WA W — [ T I I | 0.7xVoo
SDA | |\ | /re \/ A5 \/ \/ A0 \ Raw Ack | D7 | D6 | | po | ack 0.3%Von SDA |\ | /S ae\/ a5 \/ \/ n0 \ Raw Ack | D7 | D6 | | o | ack 0.3xVon
} U { ¥ ¥ ¥ \ l I I I | ) } U i ¥ ¥ ¥ \ [ I I I | ’
] ]
A e SN Y s Y WY Y VY WY Y s Y 2 WY o WY | 0.7xVon A e s VY e Y s Y WY Y VY WY N o Y 2 WY WY | 0.7xVon
v\ Jer\ Jea\ [\ Jor| Jcs\ Jco\ [c1\ fc2\ [ | [cs| [co| 0.3%Voo v\ Jer\ Jea\ [\ o7\ Jcs\ Jco\ [c1| Jca\ [ |\ [cs| [co| 0.3%Voo
. v/ v/ J/ J/ J/ J/ J/ J/ J/ v/ J/ |- ’ . J/ J/ v/ v/ v/ v/ v/ v/ v/ v/ v/ |- ’
- = Open-Drain Pull-Up closs Transition from SCL clocks are showm identical for OD and PP = Open-Drain Pull-Up closs MFRE ngHﬁ?’i?TODiFDPP%i%%?E%*EIEE'\J, RE
Open-Drain to even though they differ substantially B RANRE
Push-Pull Push-Pull
f = High Speed Active Push-Pull Drive f == R E B HEHIIRED
i I » 0.7xVop ) I » 0.7xVop
SDA RnW P \ ACK D7 X D6 SDA RnW P \ ACK D7 X D6
/- 0.3xVop - 0.3xVon
! \ / \ ~ \ / \
i \ I 0.7xVop "l \ I 0.7xVop
MST_SDA 2N \ X MST_SDA 2N \ X
/ » 0.3xVop / » 0.3xVop
A S I / \ A S I / \
72 \\ I » 0.7xVop 72 \\ I » 0.7xVpp
SLV_SDA . . 0.3xVos SLV_SDA . 0.3Von
_ = d P U ) W _e . d Y U | W
\ \ / \ / 0.7xVop \ \ / \ / 0.7xVoo
SCL c8 c9 \ Cc1 / Cc2 SCL Cc8 c9 \ C1 / Cc2
\ / » 0.3xVop \ / » 0.3xVop
- Open-Drain PR Open-Drain
Timing Open-Drain or Push-Pull Push-Pull Push-Pull ERNERSH Open-Drain or Push-Pull Push-Pull Push-Pull
parameters used
tsco'1 tsu,on tsco" tsu,Pp tsco" tsu,oD ‘tsco'1 tsu,PP
Note: 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 —_—

FiR: TITESCLALIE HIEREREMSDA
= Active Drive by Master or Slave

#i%: FIRWEHSDAS, MSCLIALGE HMIER —_— =ENEDHERE
Note 1: tsco is depicted for informative purposesonly ~ eeceeecceas = Open-Drain Pull-Up class by Master A AERRIEEZHR eeeeeecee= =R LRI KM
— ¢ e— = High-Z by Slave

— = -EzamE

Figure 2.46  13C data transfer — ACK by slave Figure 2.46  I3c¥UBEH MILACK
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2. Electrical Characteristics

RAGE2 Datasheet

ttpA_oD tos op : tsu op
0.7 x Vpbp
SDA
0.3 x Vop
EDA_SD
0.7 x Vop
SCL
0.3 x Vpp
tcas tcr tLow_obp tcr
Figure 2.47  I13C START condition timing
\ / 0.7 x Vbp
SDA
0.3 x Vpp
\ 0.7 x Vpbp
SCL
\ 0.3 x Vpp
tcr ) tcep i
Figure 2.48  I13C STOP condition timing
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trDA_0D tos op : tsu op
0.7 x Vbp
SDA
0.3 x Vbp
t:DA_C;D
0.7 x Vbp
SCL
0.3 x Vop
tcas tcr tLow op tcr
Figure 2.47 [3CEAMEKHERN
\ / 0.7 x Vpp
SDA
\ 0.3 x Vpop
\ 0.7 x Vbp
SCL
\ 0.3 x Vop
tCR‘ tcep i
Figure 2.48 [3CIELE&HER
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0.7 x Vpbp
SDA
/ 0.3 x Vpp
tho PP | tsu_pp
0.7 x Vpbp
SCL
0.3 x Vbp
tcr fcr
Figure 2.49 I3C master out timing
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0.7 x Vpp
SDA
/ 0.3 x Vpp
tho PP tsu PP
0.7 x Vpp
SCL
0.3 x Vpp
tcr tcr
Figure 2.49  I3CEHiHATa]
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2. Electrical Characteristics

RAGE2 Datasheet

0.7 x Vbp
SDA
0.3 x Vbp
tsco tsu PP
0.7 x Vbp
SCL
0.3 x Vbp
tcr tcr
Figure 2.50 I13C slave out timing
\ / 0.7 x Vop
SDA
/ \ 03 X VDD
/ \ 0.7 x Vbp
SCL
0.3 x Vop
J tSU_PP‘ ‘tHD_SDRL
Figure 2.51 Master SDR timing
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0.7 x Vpbp
SDA
0.3 x Vpp
tsco tsu_pp
0.7 x Vpbp
SCL
0.3 x Vpp
tcr ter
Figure 2.50  I3CMHLiHBTIE]
\ / 0.7 x Vpbp
SDA
/ \ 0.3 x Vbp
/ \ 0.7 x Vpbp
SCL
0.3 x Vpbp
~ tsupr tHD_sprR
Figure 2.51  ZESDRitAY
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Repeated
START(Sr) STOP(P)
' '
Wi Wi \J Wi / \ [ 0.7 x V,
SDA [ o7 | b | [ o1/ T / o
A A A A 7 \ 7 0.3 x Voo
/7//4\ [ 0.7 x Vop
scL fery N\ Jesl  Jleeh ] 0.3 % Voo
7 7 7 7 7 7 :
[/ N~
= High Speed Active Push-Pull
Drive
Repeated
START(Sr) STOP(P)
e ™ N
/ /_, - 0.7 x Voo
SDA /,’
/ 0.3 x Vop
____"-___"_' ________ —_———mm———=—= - __/_/ _____
': /_/ ’ 0.7 x Vop
MST-SDA I/ /,’
0.3 x Vop
1L [
— A r; 7~
/ 5 - ./ 0.7 x Vop
SLV-SDA \ l7
- 0.3 x Vop
/ |V N 1.
/ 0.7 x Vop
SCL C9 /
\ i 0.3 x Vop
tsco | |\t tsco
* ™ ™ tcBsr Teasr
— AN J
——— = Active Drive by Master or Slave — — - =High-Z by Master
————— = Open-Drain class Pull-Up by master — - - = = High-Z by Slave
Figure 2.52  T-bit when master ends read with repeated START and STOP
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Repeated
START(Sr) STOP(P)
' '
W 17 17 W 7 \ i 0.7 Voo
SDA [ b7 J bs | [ b1 ] \T / 03 x Vo
JA\ JA JA JA\ ] \ / .
/7//4\ / 0.7 x Vop
scL ferd A\ Jes\ Jleol ] 03 % Voo
__ ] 7] 7/ 7] 7] 7/ :
[/ A
f =R EThHERIIREN
Repeated
START(ST) STOP(P)
7 Y N
/ /:" 0.7 x Voo
SDA /'
/ 0.3 x Vop
_—————Tr- '_I ________ b i | - __/_r _____
,I /:" 0.7 x Vop
MST-SDA /I /’
0.3 x Vop
] [
— r;T -
/ X - ./ 0.7 x Vop
SLV-SDA \ s
- 0.3 x Vop
/ | U 4l .
/ 0.7 x Vop
SCL C9 /
0.3 x Vop
tSCO ‘_Q tsco \—/
~ ™ " tessr Tcasr
— =FMERIEREH — — - =KIINEZ
————— =FRgk LHiBRE — - =EZHNR
Figure 2.52 T, HENLERIENSEEBoHFEL
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e RS EEE e emmmmmmmm—mmmm o R —————— S L L L L P
. P .
SDA T e A6 e A5 0.7 Voo
, 4 0.3 x Voo
! A
/T =" "777 -T== eI T R _____ P i
vz = = 0.7 x Voo
NM_SDA L L
0.3 x Voo
_____ L z A\
PR L P e
/-’/ D Z N Z 0.7 x Voo
CM_SDA , 7 A2 X
= Y 0.3 x Voo
| [N\ _____

7 0.3 x Voo
7 n__ / ./
T T A T A /2
/ \ / 0.7 x Voo
7 \ 7
CM_SCL \ ; \ ; 0.3 % Voo

scL / o\ /
Timing tMMiock
paramzters tMMoverlap
use . '
tsu_sTo tsco tcas OD?;?] OD or PP OD‘:aeir:\

OD or PP

——— = Active Drive by Master
————— = Open-Drain class Pull-Up by master

— — - = High-Z by Master

et e P e i whaait e i
- / - -~ e 6 R y Pd A5 0.7 x Voo
, 4 0.3 x Voo
z A
/T =T """1"~- i N PP ittt
vz = ‘ = 0.7 x Voo
NM_SDA L L
0.3 x Voo
_____ L __ ; A
[P R | L ———_————— e ———————— — —
/-’/ o a N a 0.7 x Voo
CM_SDA . s N7 :
= Y 0.3 x Voo
1 [N\  _____

7 0.3 x Voo
7 ./ n__ /
T T AN T A /2
/ \ / 0.7 x Voo
7 \ 7
CM_SCL \ ; \ ; 0.3 % Voo

Figure 2.53  I3C timing (open drain timing parameters)

2.3.12 SSIE Timing

Table 2.35 SSIE timing (1 of 2)
(1) High drive output is selected with the Port Drive Capability bit in the PmnPFS register.

» oo«

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

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

Target specification
Parameter Symbol Min. Max. Unit Comments
SSIBCKO Cycle Master to 80 — ns Figure 2.54
Slave t) 80 — ns
High level/ low | Master tuc/tLc 0.35 — to
level
Slave 0.35 — {
Rising time/ Master trc/tec — 0.15 to/t
falling time
Slave — 0.15 to/t
R01DS0410EJ0110 Rev.1.10 RENESANAS Page 63 of 92
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SCL / ¢\ / 2
185 FR B9 TE B tMMIock
E>S
= tMMoverlap - S
tsu_sto tsco tcas Hokom ODEiPP Hoki oDZPP
— =FEERRE
————— =FRELRIHE

Figure 2.53 D3CHF (FFREFESH)

2.3.12 SSIE Timing

Table 2.35 SSIETTEY(1/2)

(1 APmMnPFSEEFS FHIROREIE N LR SR, QEREERIMEEMMF SIS, FI"_A" " B'®"_C"RETAEMN

RAEK. WFSSIEEO, SN ANERSFENACED,

BRI
Parameter Symbol Min. Max. Unit Comments
SSIBCKO Cycle Master to 80 — ns Figure 2.54
Slave f) 80 — ns
SEFMETFE | Master thc/tLc 0.35 — to
Slave 0.35 — t)
LFESET Master tre/trc — 0.15 to/t
F& B9 8]
Slave — 0.15 to/t
RO1DS0410EJ0110 Rev.1.10 RENESAS H63MH92
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Table 2.35 SSIE timing (2 of 2) Table 2.35 SSIETTBY(2/2)
(1) High drive output is selected with the Port Drive Capability bit in the PmnPFS register. (1) APmMnPFSHfF 88 R MmO IR shaE D iLkF S R ohia . Q)ERTHEHIZTEEMMF ISR, F"_A". "_B"s"_C"RRTHMK
(2) Use pins that have a letter appended to their names, for instance “_A” , “_B” or “_C” to indicate group membership. For the SSIE RRE, XWFSSIEREO, StEMENERSFEMNACES.
interface, the AC portion of the electrical characteristics is measured for each group.
Target specification BARFIAS
Parameter Symbol Min. Max. Unit Comments Parameter Symbol Min. Max. Unit Comments
SSILRCKO/ Input set up Master tsr 12 — ns Figure 2.56, SSILRCKO/ EWMNIRER Master tsr 12 — ns Figure 2.56,
SSIFSO, time Figure 2.57 SSIFSO, &l Figure 2.57
SSITXDO, Slave 12 —_— ns SSITXDO, Slave 12 —_— ns
SSIRXDO, Input hold time | Master tHr 8 — ns SSIRXDO, WNRISETE | Master tHr 8 — ns
SSIDATAQ SSIDATAO
Slave 15 — ns Slave 15 — ns
Output delay Master toTR -10 5 ns 80 HH AR B Master toTR -10 5 ns
ti i8]
me Slave 0 20 ns Figure 2.56, Slave 0 20 ns Figure 2.56,
Figure 2.57 Figure 2.57
Output delay Slave toTRW — 20 ns Figure 2.58"1 MSSILRCKO Slave toTRW — 20 ns Figure 2.58"1
time from fHHER BY
SSILRCKO/ i8]
SSIFSO0 change SSIFSO0 change
GTIOC2A, Cycle tExcyc 20 — ns Figure 2.55 GTIOC2A, Cycle tExcyc 20 — ns Figure 2.55
AUDIO_CLK AUDIO_CLK —
High level/ low level text/texH 0.4 0.6 tExcyc S BT RETF text/texH 0.4 0.6 tExcyc
Note 1. For slave-mode transmission, SSIE has a path, through which the signal input from the SSILRCKO0/SSIFSO pin is used to generate Ao WFMEREZH, SSIEE—HEEF, ®BidIZE, MSSILRCKOSSIFSOS MM ARE S B TEMEREIE, F8EmEUREEHE L EISSIT
transmit data, and the transmit data is logically output to the SSITXDO or SSIDATAO pin. XDOZLSSIDATAOS | ifl,
tHe trc trc tHe trc trc
—> —> — —> —>
_\ _\
SSIBCKO te SSIBCKO tLe
IC I N - v N
to, ti to, ti
dl . dl .
el
Figure 2.54  SSIE clock input/output timing Figure 2.54  SSIEETHEINHEFF
tEchc | tEchc
< > < g
texnH texc texn texc
< > < >
| 1 i
GTIOC2A, - - GTIOC2A, E -
AUDIO_CLK \ 1/2VCC AUDIO_CLK R 1/2VCC
(input) X — (input) - —+
texr texr texr texr
—> —> — —> — —>
Figure 2.55  Clock input timing Figure 2.55 Bl AR F
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SSIBCKO
(Input or Output)

SSILRCKO/SSIFSO (input),
SSIRXDO,
SSIDATAO (input)

SSITXDO,
SSIDATAO (output)

SSILRCKO/SSIFSO0 (output),

tsr tHrR

totr

v
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SSIBCKO
(Input or Output)

SSILRCKO/SSIFSO (input),
SSIRXDO,
SSIDATAO (input)

SSILRCKO/SSIFSO0 (output),
SSITXDO,
SSIDATAO (output)

Figure 2.56

tsr tHR

SSICRBYAYSSIEEUIE A IZFNIE W ERY, BCKP=0

-~

totr

w

SSIBCKO
(Input or Output)

)

SSILRCKO/SSIFSO (input),
SSIRXDO,
SSIDATAO (input)

SSILRCKO/SSIFSO0 (output),
SSITXDO,
SSIDATAO (output)

Figure 2.56  SSIE data transmit and receive timing when SSICR.BCKP =0

SSIBCKO \ i

(Input or Output)

SSILRCKO/SSIFSO (input),

SSIRXDO,

SSIDATAO (input)

tsr tHR

SSILRCKO/SSIFSO (output), ¢

SSITXDO,

SSIDATAO (output) X

toTR

Figure 2.57  SSIE data transmit and receive timing when SSICR.BCKP =1
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tHR

SSICRBYHYSSIE#IE & X FIZULERT . BCKP=1

:><t§ —>
tsr

totr
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SSILRCKO/SSIFSO (input)

SSITXDO,
SSIDATAO (output)

X

»

toTrRW

MSB bit output delay after SSILRCKO/SSIFSO0 change for slave
transmitter when DEL = 1, SDTA = 0 or DEL = 1, SDTA = 1, SWL[2:0] = DWL[2:0] in SSICR.

SSILRCKO/SSIFSO (input)

SSITXDO,
SSIDATAO (output)

X

»

toTrRW

SSILRCKOSSIFSOfEHIMSBAi 41 H IR FESSICRAA M DEL=1. SDTA=0Z%DEL=1. SDTA=1. SWL[

2:0]=DWL[2:018$ 9 M & 3 X

Figure 2.58  SSIE data output delay after SSILRCK0/SSIFS0 change
2.3.13 CANFD Timing
Table 2.36 CANFD interface timing
CAN-FD
Parameter Symbol Min Max Unit Test conditions
Internal delay time thode — 75 ns Figure 2.59
Transmission rate — 5 Mbps
Note:  thode = toutput * tinput
Internal
transmission CTX0
delay time
(toutput)
»( >
CANFD interface
A
B N
Internal
reception delay
time CRXO0
(tinput)
Figure 2.59  CANFD interface condition
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Figure 2.58  SsilrckOSSIFSOEX % f5 RIS SIE R4 i iEIR
2.3.13 CANFD Timing
Table 2.36  CANFD#EOERY
CAN-FD
Parameter Symbol Min Max Unit Mt 5% 4
A EPIEIR BY 8] thode — 75 ns Figure 2.59
fRaR =R — 5 Mbps
Note:  tTm=tht+tiEA
A EB 1% a0
IRBY 8] (toutp CTX0
ut)
»( >
CANFD interface
DU (
A BB IE IR BY
18] (tinput)
CRXO0
Figure 2.59  CANFD#EO% M
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24 USB Characteristics
241 USBFS Timing

Table 2.37 USBFS full-speed characteristics (USB_DP and USB_DM pin characteristics)
Conditions: VCC = AVCCO0 = VCC_USB =3.0t0 3.6 V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz

RABE2 Datasheet 2.BEFM

ks
2.4.1 USBFS Timing

Table 2.37 USBFSE#4F M (USB_DPFIUSB_DMG | Bl4F M)
Conditions: VCC = AVCCO = VCC_USB = 3.0 to 3.6 V, 2.7 < VREFHO/VREFH < AVCCO, USBCLK = 48 MHz

2.4 USBA!

Parameter Symbol Min Typ Max Unit Test conditions
Input Input high voltage Vi 2.0 — — \Y —
characteristics
Input low voltage ViL — — 0.8 \ —
Differential input sensitivity Vpi 0.2 — — \ | USB_DP - USB_DM |
Differential common-mode range Vem 0.8 — 2.5 \% —
Output Output high voltage VoH 2.8 — 3.6 \% loq = —200 pA
characteristics
Output low voltage VoL 0.0 — 0.3 \% loL=2mA
Cross-over voltage VcRrs 1.3 — 2.0 \ Figure 2.60
Rise time LR 4 — 20 ns
Fall time tLr 4 — 20 ns
Rise/fall time ratio R/ tLF 90 — 11111 | % ter/ tFE
Output resistance ZpRv 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, Vers /. .. NI 0% . 90% N
USB_DM 10% 10%
—l l— l«—
trr trF
Figure 2.60 USB_DP and USB_DM output timing in full-speed mode
Observation
USB_DP / point
T 50 pF
270 %
USB_DM l
% 50 pF
Figure 2.61 Test circuit in full-speed mode
R01DS0410EJ0110 Rev.1.10 RENESANAS Page 67 of 92
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Parameter Symbol Min Typ Max |Unit | W% 4%
BNRFME BABE Vi 2.0 — — v —
BWMANEBE ViL — — 0.8 \% —
EHWNRE Vo 02 |— — Vv | USB_DP - USB_DM |
ENHEEE Vem 0.8 — 2.5 v —
LR AL W BEE Von 28  |— 36 |V lon = =200 pA
W REE VoL 00 |— 03 |v IOL=2ER
Cross-over voltage VcRrs 1.3 — 2.0 \% Figure 2.60
L FadiE t R 4 — 20 ns
(&SN t|_|: 4 —_— 20 ns
LA TREETEILL tR/tF 90 — M1 | % trr/ trF
i Zory 28 — 44 Q USBFS: Rs = 27 Q included
LRI TR | 23488 R 0 THIDM LB pE Rou 0.900 |— 1575 |kQ TR HA A
* 1425 |—  |3000 |ka |fEiemiiziaRe
USB_DP, Vcrs | < ......................
USB_DM
Figure 2.60 £R#E FHIUSB_DPFIUSB_DM BT =
R =
USB_DP {
T 50 pF
270 %
USB_DM l
% 50 pF
Figure 2.61 2REX TAYMH BER
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2.5

Table 2.38
Conditions: PCLKC = 1 to 50 MHz

ADC12 Characteristics

A/D conversion characteristics for unit 0

RAGE2 Datasheet

2.5

Table 2.38
Conditions: PCLKC = 1 to 50 MHz

ADC12 Characteristics
AB{IOBIDF IS4

Parameter Min Typ | Max | Unit | Test conditions
Frequency 1 — |50 |MHz|—
Analog input capacitance — — |30 |pF |—
Quantization error — +0.5|— |LSB |—
Resolution — — |12 |Bits |—
High-precision high-speed Conversion time™? Permissible signal 0.52 (0.26)2|— |— |ms Sampling in 13
channels (operation at PCLKC = | source impedance Max. states
(ANOOO to AN002, AN007) 50 MHz) =1kQ

Offset error — +1.0(+25|LSB |—

Full-scale error — +1.0|+25|LSB |—

Absolute accuracy — +2.0|+45|LSB |—

DNL differential nonlinearity error — +0.5|+1.5|LSB |—

INL integral nonlinearity error — +1.0(+2.5|LSB |—
High-precision normal-speed Conversion time™? Permissible signal 0.92 (0.66)*2 — |— |us Sampling in 33
channels (Operation at PCLKC = | source impedance Max. states
(ANOO4 to ANO0G, AN008, ANO11 | 50 MHz) =1kQ
to AN013)

Offset error — +1.0|+25|LSB |—

Full-scale error — +1.0({+25|LSB |—

Absolute accuracy — +2.0(+4.5|LSB |—

DNL differential nonlinearity error — +0.5(+1.5|LSB |—

INL integral nonlinearity error — +1.0(+25|LSB |—
Normal-precision normal-speed Conversion time™? Permissible signal 0.92 (0.66)*2 — = us Sampling in 33
channels (Operation at PCLKC = | source impedance Max. states
(ANO16) 50 MHz) =1kQ

Offset error — +1.0|£55|LSB |—

Full-scale error — +1.0({£55|LSB |—

Absolute accuracy — +2.0|17.5|LSB |—

DNL differential nonlinearity error — +0.5(+4.5|LSB | —

INL integral nonlinearity error — +1.0(+55|LSB |—
Note:  These specification values apply when there is no access to the external bus during A/D conversion. If access occurs during A/D

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

Note 1.
conditions.

Note 2. Values in parentheses indicate the sampling time.

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

Parameter Min Typ BB | WtEs
Frequency 1 — |50 |MHz|—
RINRNEBE — — |30 |pF |—
EHIRE — 05— |LSB |—
Resolution — — |12 |Bits |—
BREEREEE (AN00O PR AT E]+1 AFESRENERR. =|052(0.26)2|— |— |ws |13 TINBYHEF
ZEAN002. AN007) (operation at PCLKC = | 1kQ

50 MHz)

Ri%IRE — +1.0|+2.5|LSB | —

Full-scale error — +1.0|+#25|LSB | —

X ERE — +2.0|+4.5|LSB |—

DNLIS D IELLMIRE — +0.5|+1.5|LSB | —

INLRRD JEL IR E — +1.0[(+25|LSB |—
EFEEERRERE (ANOOAEA | FEHEAYEx AFESHERARK. = [0.92(0.66)2|— |[— |us |33 MIHEYHE
NOO6. ANOO8. ANO11ZEANO013 (Operation at PCLKC = | 1kQ
) 50 MHz)

RIBIRE — +1.0|+25|LSB |—

Full-scale error — +1.0(+25|LSB | —

S ERE — +2.0(+4.5|LSB |—

DNLfg 53 JFLkitirE — +0.5|+1.5|LSB | —

INLFR R MR E — +1.0|+2.5|LSB |—
Normal-precision normal-speed IR BT (8] AVFESHERARK. = [0.92(0.66)2|— |— |us |33 DIHEIHE
channels (Operation at PCLKC = | 1kQ
(ANO16) 50 MHz)

RIBIRE — +1.0[+55|LSB |—

Full-scale error — +1.0[+55|LSB | —

It ERE — +2.0|+7.5|LSB |—

DNLiM D IELMIRE — +0.5(+4.5|LSB | —

INLRR D EE IR E — +1.0[+55|LSB | —
Note: XLEMAREEH FDIIREREITTEIARIINER DAY, NREDFEIRAEIL LR, WEDRAEHEENCEEN. EH12IADR

280, RAVFERAPORTOENEFHH,

ZEFMIEA FAVCCO. AVSSO. VREFHO. VREFLOFN12UAD%% 235 N BIERERT,

Ao FIREEEERF LRI A, AN FHETRIFRENRE, T2, ESHOERTEENE,

Table 2.39 A/D internal reference voltage characteristics
Parameter Min Typ Max Unit Test conditions
A/D internal reference voltage 1.13 1.18 1.23 Vv —
Sampling time 4.15 — — us —
R01DS0410EJ0110 Rev.1.10 RENESAS Page 68 of 92
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Table 2.39  ADREIEEBERM
Parameter Min Typ Max Unit b Sts
ADAEIE EBE 1.13 1.18 1.23 \% —
KEERTE] 4.15 — — us —
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OXFFF f====-=====---------c-ccc e m e s e e s mmm e ==y O
Full-scale error &—p
- seeylnd :
s ‘
VR !
y 1
. /7 :
¥y s i
Integral nonlinearity seenei,” !
error (INL) — '
A/D converter _/;/ !
output code |_ : .,;/ Ideal line of actual A/D
Actual A/D conversion 7 /.;/, conversion characterlsflc
characteristic ;7 !
- //_ i
.7 :
Ideal A/D conversion )// i
characteristic Sk E4—Differentia| nonlinearity error (DNL) |
//_/" i 1-LSB width for ideal A/D i
7 < | ! conversion characteristic !
| i
e 1 —>- i«— Differential nonlinearity error (DNL) !
/ E E |
> 1-LSB width for ideal A/D
conversion characteristic !
:
1
:--)--.f 1
v Absolute accuracy !
/E ]
)/ y i
0x000 /E / [ Offset error /1 : _
/ >
0 Analog input voltage / VREFHO
(full-scale)

Figure 2.62

Absolute accuracy

Illustration of ADC12 characteristic terms

Absolute accuracy is the difference between output code based on the theoretical A/D conversion characteristics, and the
actual A/D conversion result. When measuring absolute accuracy, the voltage at the midpoint of the width of the analog
input voltage (1-LSB width), which can meet the expectation of outputting an equal code based on the theoretical A/D
conversion characteristics, is used as an analog input voltage. For example, if 12-bit resolution is used and the reference
voltage VREFHO = 3.072 V, then the 1-LSB width becomes 0.75 mV, and 0 mV, 0.75 mV, and 1.5 mV are used as the
analog input voltages. If the analog input voltage is 6 mV, an absolute accuracy of +£5 LSB means that the actual A/D
conversion result is in the range of 0x003 to 0x00D, though an output code of 0x008 can be expected from the theoretical
A/D conversion characteristics.

Integral nonlinearity error (INL)

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

Differential nonlinearity error (DNL)

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

Offset error

Offset error is the difference between the transition point of the ideal first output code and the actual first output code.
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Figure 2.62  ADC124F 8935 BR
BITERE

BIEEEETIEICADR MMM S KIrADRIRER 2 BINE[E, ENELMNEEN, KB HEE
FIRICADRR R i HARF SRV ERR M N B ER TR (1-LSBEE) MR R EAFREIMEmAE
[E. flt0, NRER12UDIERHFBESZEBEVREFH0=3.072V, M1-LSBEEZH0.75mV, HFEHOmMV, 0.75m
VHI1.5mVAEEINENBE, MREIEANBERE6MVY, M E5LSBRILBITHEE R IRE SEFRAIADFE H 45 RTEOX
003ZEO0x00dSEEA, 18 MIEICADHE H4F14E B] LAFR R HH ALAS 79 0x008,

D IRLMEIRZE(INL)
MAOFLMIRER LN ENRBIRERIREATHIERAS K HABRZENEXRRE.

7 JELL IR ZE (DNL)

MR MIRE S E T IR ADREIRIFIEA1-LSB

RZIRE

=0 B
W iI=

RIBIRENERE —HEBSENRE - RBEBNRERZE,

5EfrkmthiaEE 2 B EE,
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Full-scale error

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

RAGE2 Datasheet

Full-scale error

HERIRERIERN &G LM LN &R HETE R ZERE,

2.6 DAC12 Characteristics
Table 2.40 D/A conversion characteristics
Parameter Min Typ Max Unit Test conditions
Resolution — — 12 Bits —
Without output amplifier
Absolute accuracy — — 124 LSB Resistive load 2 MQ
INL — 2.0 8.0 LSB Resistive load 2 MQ
DNL — +1.0 2.0 LSB —
Output impedance — 8.5 — kQ —
Conversion time — — 3 us Resistive load 2 MQ, Capacitive load 20 pF
Output voltage range 0 — VREFH \% —
With output amplifier
INL — 2.0 4.0 LSB —
DNL — +1.0 2.0 LSB —
Conversion time — — 4.0 us —
Resistive load 5 — — kQ —
Capacitive load — — 50 pF —
Output voltage range 0.2 — VREFH - 0.2 Vv —
2.7 TSN Characteristics
Table 2.41 TSN characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Relative accuracy — — +1.0 — °C —
Temperature slope — — 4.0 — mV/°C —
Output voltage (at 25 °C) — — 1.24 — \% —
Temperature sensor start time | tsTarT — — 30 us —
Sampling time — 415 — — us —
2.8 OSC Stop Detect Characteristics
Table 2.42 Oscillation stop detection circuit characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Detection time tar — — 1 ms Figure 2.63
R01DS0410EJ0110 Rev.1.10 RENESAS Page 70 of 92
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2.6 DAC12 Characteristics
Table 2.40  Da’¥%iff¥4
Parameter Min Typ Max Unit M5 14
Resolution — — 12 Bits —
Pt )i N
I ERE — — +24 LSB BB E2MQ
INL — 2.0 8.0 LSB BBMEAEH2MQ
DNL — 1.0 +2.0 LSB —
R PR — 8.5 — kQ —
R AT 8] — — 3 s BERAH2MQO, BRHE20pF
WmHBETEE 0 — VREFH \ —
KRR
INL — 2.0 4.0 LSB —
DNL — 1.0 +2.0 LSB —
)| — — 4.0 ps —
RBEAE 5 — — kQ —
Capacitive load — — 50 pF —
WEHBEEE 0.2 — VREFH - 0.2 \% —
2.7 TSN Characteristics
Table 2.41 TSN characteristics
Parameter Symbol Min Typ Max Unit plpaeSts
HEXHEE — — +1.0 — °C —
BERE — — 4.0 — mV/°C —
HWHEBE (25°CH) — — 1.24 — Vv —
m L k2R B Y iE) tSTART — — 30 s —
RIERTE] — 415 — — us —
2.8  OsciZLE#M4F %
Table 2.42  #RHF LM BERFY
Parameter Symbol Min Typ Max Unit M &5 14
B ja] tyr — — 1 ms Figure 2.63
R0O1DS0410EJ0110 Rev.1.10 RENESAS 557001(92M)
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Main clock _\_/—\_/—\ﬁ

OSTDSR.OSTDF

A

tdr

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

Figure 2.63

29 POR and LVD Characteristics

Oscillation stop detection timing

Table 2.43 Power-on reset circuit and voltage detection circuit characteristics (1)
Un
Parameter Symbol [Min |[Typ |[Max |it |Test conditions
Voltage detection | Power-on reset DPSBYCR.DEEPCUT][1:0] = 00b or Vpor 2.5 26 2.7 V | Figure 2.64
level (POR) 01b.
DPSBYCR.DEEPCUT[1:0] = 11b. 1.8 225 |27
Voltage detection circuit (LVDO) Veto 1 |2.84 |2.94 |3.04 Figure 2.65
Vdeto 2 |2.77 |2.87 [2.97
Vdeto 3 |2.70 |2.80 [2.90
Voltage detection circuit (LVD1) Vdet1 1 [2.89 [2.99 |3.09 Figure 2.66
Vget1 2 |2.82 292 |3.02
Vdett 3 |2.75 |2.85 [2.95
Voltage detection circuit (LVD2) Vdetz 1 [2.89 [2.99 |3.09 Figure 2.67
Vdetz 2 |2.82 292 |3.02
Vdet2 3 |2.75 |2.85 [2.95
Internal reset time | Power-on reset time tpoRr — 4.5 — ms | Figure 2.64
LVDO reset time tLvbo — 0.51 |— Figure 2.65
LVD1 reset time tLvD1 — 038 |— Figure 2.66
LVD2 reset time tLvp2 — 0.38 |— Figure 2.67
Minimum VCC down time"? tyorr  |200 | — — ps | Figure 2.64,
Figure 2.65
Response delay tdet — — 200 |ps |Figure 2.65 to
Figure 2.67
LVD operation stabilization time (after LVD is enabled) taE-a) — — 10 ys | Figure 2.66,
Hysteresis width (LVD1 and LVD2) VLvH — 70 — m Figure 2.67
\Y

Note 1. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels VpoR, Vdeto,
Vdet1, and Vyetp for POR and LVD.
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"
OSTDSR.OSTDF +
MOCO clock I\_/_\_/_
ICLK \ / \ / \ / \ / \ /
Figure 2.63 IR FFLLAQNIER
2.9  PORMLVD¥%
Table 2.43  LEEE{UBENBEMSNEBESFE()
B
Parameter Symbol [Min |Typ |Max |8 |Mif&e
BB [E4G M BB Power-on reset DPSBYCR.DEEPCUT[1:0] = 00b or VpoRr 25 |26 |27 |V |Figure2.64
(POR) 01b.
DPSBYCR.DEEPCUT[1:0] = 11b. 18 [225 |27
BB R4S M EB E& (LVDO) Vdeto 1 |2.84 |2.94 |3.04 Figure 2.65
Vdeto 2 |2.77 |2.87 |2.97
Veeto 3 |2.70 |2.80 [2.90
EBE B (LVD) Veet1 1 |2.89 |2.99 |3.09 Figure 2.66
Viet1 2 |2.82 |2.92 [3.02
Viet1 3 |2.75 |2.85 [2.95
BERM BB (LVD2) Vietz 1 |2.89 |2.99 |3.09 Figure 2.67
Vietz 2 |2.82 |2.92 |3.02
Vietz 3 |2.75 |2.85 |2.95
REBE (i1 BT 8] L EBE i8] troR — 45 |— ms | Figure 2.64
LVDOE iBY /&) tLvoo — 051 |— Figure 2.65
LVD1E B8] twop1 |— |0.38 |— Figure 2.66
LVD2E {1188 two2 |— |0.38 |— Figure 2.67
=/ WL [E]*1 tvoFF 200 |— — us | Figure 2.64,
Figure 2.65
e {7 53R tget — — 200 |ps |E265F
Figure 2.67
LVDIR{ERRERY Al (BAELVDE) tyen) |— — 10 ps | Figure 2.66,
ERE(LVDIFILYD2) Vi |— |70 |— \r;1 Figure 2.67
H1o w/WedlEHBEIRRVCCE T BERNEBFVpor. vdetOR &/ MERIAY[E]
vdet1, #MVdet279PORFILVD,
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VvCC

Internal reset signal
(active-low)

Veor

VvCC

REBEMESEHR
~1)

Veor

y

Y
A

Figure 2.64 Power-on reset timing
VCC Vdeto '\/
Internal reset signal
(active-low)
Figure 2.65 Voltage detection circuit timing (Vgeto)
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Figure 2.64 LEHE{IERN
VCC Vdeto '\/
REBEMESEX
~1E%)
Figure 2.65  EB[EA0NEB R E AT (vdetO)

R01DS0410EJ0110 Rev.1.10

Feb 28, 2023

LENESAS

F7201(921)




RAGE2 Datasheet

2. Electrical Characteristics

tvorr

VivH

VCC Vdett

LVCMPCR.LVD1E

@ TdE-A)

LVD1
Comparator output

LVD1CRO.CMPE

LVD1SR.MON

Internal reset signal
(active-low)

When LVD1CRO.RN =0

tdet

When LVD1CRO.RN =1

<

tdet

tLvo1

tLvo1

Figure 2.66  Voltage detection circuit timing (Vyet1)
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Figure 2.66  EBIEANIEBEE E AT (vdet1)
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tvorF B tvorF
vce Vierz / 5 Vi vce Viet2 / 5 Vivn
LVCMPCR.LVD2E LVCMPCR.LVD2E
4# TaE-A) 4# TaE-A)
LVD2 LvD2
Comparator output tbiRas it
LVD2CRO0.CMPE LVD2CR0.CMPE
LVD2SR.MON LVD2SR.MON
Internal reset signal AEEIES (BEX-
(active-low) 1£)
When LVD2CRO0.RN =0 When LVD2CRO0.RN =0
- o . - PP >
tdet tdet tvp2 tdet tdet tp2
When LVD2CRO.RN =1 When LVD2CRO.RN =1
) tvp2 " ) tLvp2
Figure 2.67  Voltage detection circuit timing (Vget2) Figure 2.67  EB[EHINIEBERE BT (vdet?)
2.10  Flash Memory Characteristics 210  ANFEH
2.10.1 Code Flash Memory Characteristics 2.10.1 RES R TF 5514
Table 2.44  Code flash memory characteristics (1 of 2) Table 2.44  EBAERYE (1/2)
Conditions: Program or erase: FCLK = 4 to 50 MHz %M. BFIBRR: FCLK=4E50MHz
Read: FCLK < 50 MHz Read: FCLK < 50 MHz
FCLK =4 MHz 20 MHz < FCLK < 50 MHz FCLK = 4 MHz 20 MHz < FCLK < 50 MHz o
Test b Sts
Parameter Symbol | Min Typ™® | Max | Min Typ® [Max |Unit |conditions Parameter Symbol | Min Typ™® | Max | Min Typ® |Max |Unit
Programming time 128-byte tp12g — 0.75 [13.2 |— 0.34 [6.0 ms YRFZBIIEBINPEC=10 128-byte tp12s — 0.75 [13.2 |— 0.34 6.0 ms
Npgc < 100 times 0
8-KB tax | — 49 |176 |— 22 80 |ms 8-KB trex | — 49 |176 |— 22 80 |ms
32-KB tpaok | — 194 |704 |— 88 320 |ms 32-KB tpaok | — 194 |704 |— 88 320 |ms
Programming time 128-byte tp128 — 091 [15.8 |— 0.41 7.2 ms YRIZETIEINPEC>10 128-byte tp12g — 091 (158 |— 0.41 7.2 ms
Npec > 100 times 0
8-KB trex | — 60 |212 |— 27 9% |ms 8-KB tpek | — 60 |212 |— 27 9% |ms
32-KB tpaok | — 234 |848 |— 106|384 |ms 32-KB tpaok | — 234 |848 |— 106|384 |ms
Erasure time 8-KB tea | — 78 |216 |— 43 120 |ms BIRE ] 8-KB teex | — 78 |216 |— 43 120 |ms
Npgc < 100 times NPEC=100%
32-KB teak | — 283 |8e4 |— 157|480 |ms 32-KB teaok | — 283 |8e4 |— 157|480 |ms
Erasure time 8-KB tesk — 94 260 |— 52 144 ms EBRAY(E] 8-KB tesk — 94 260 |— 52 144 ms
Npec > 100 times NPEC>100/%
32-KB teaok | — 341 [1040|— 189 (576 |ms 32-KB teaok | — 341 [1040|— 189  [576 |ms
Reprogramming/erasure cycle™ Npec  [10000"1 |— |— |10000"" |— — Times Reprogramming/erasure cycle™ Npec | 10000 |— — [10000"" |— — Times
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Table 2.44 Code flash memory characteristics (2 of 2)

Conditions: Program or erase: FCLK = 4 to 50 MHz
Read: FCLK < 50 MHz

RABE2 Datasheet 2.BEFM

Table 2.44  EEREEFE (2/2)

M. BFEIER: FCLK=4E50MHz
Read: FCLK < 50 MHz

FCLK =4 MHz 20 MHz < FCLK < 50 MHz T
est

Parameter Symbol | Min Typ™® | Max | Min Typ® |[Max |Unit |conditions
Suspend delay during programming tspp — — 264 | — — 120 us
Programming resume time tPRT — — 110 |— — 50 us
First suspend delay during erasure in suspend tsesp1 | — — 216 |— — 120 us
priority mode
Second suspend delay during erasure in suspend tsesp2 | — — 1.7 |— — 1.7 ms
priority mode
Suspend delay during erasure in erasure priority tseep — — 1.7 |— —_ 1.7 ms
mode
First erasing resume time during erasure in suspend |tresT1 | — — 1.7 |— — 1.7 ms
priority mode™
Second erasing resume time during erasure in tResT2 | — — 144 | — — 80 us
suspend priority mode
Erasing resume time during erasure in erasure tREET — — 144 | — — 80 us
priority mode
Forced stop command trD — — 32 — — 20 us
Data hold time™2 torp 1027 |— |— 1027 |— —  |Years

302" |— — |307273 — — Ta = +85°C

FCLK =4 MHz 20 MHz < FCLK < 50 MHz L
Mt £ 14

Parameter Symbol | Min Typ® | Max | Min Typ® |Max |Unit
RIZHRIE E (=R tSPD — — 264 |— — 120 us
YRIZ RS B (8] tprT — — 110 |— — 50 us
TEERMR SRR TR RN A —HE TR tsespr | — — |216 |— — 120 |us
HRMAREN TRREAIEN S T HRER tsesp2 | — — |17 |— — 17 |ms
TEIRERR I S8 T TR PR ERIE SRS IER tseep | — — |17 |— — 1.7 |ms
EERASEX THIERIA R E RIERIRER 85 |tresT1 | — — |17 |—= — 17 |ms
R SRR T T IEBRHR A 35 ZRIERR IR E tresT? | — — 144 |— — 80 s
A&l
BRI R T IR R EAIEHR BRI E BY 18] tReer | — —  |144 |— — 80 us
BEZE IS trD — — 32 — — 20 Ms
HUBRIFET B2 torP 102*3 | — — |10"2"3 — — Years

30273 |— — 30723 — — Ta = +85°C

Note 1.

Note 2.
Note 3.
Note 4.

Note 5.
Note 6.

This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to
the minimum value.

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

This result is obtained from reliability testing.

The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times (n = 10,000),
erasing can be performed n times for each block. For example, when 128-byte programming is performed 64 times for different
addresses in 8-KB blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However, programming
the same address several times as one erasure is not enabled. Overwriting is prohibited.

Time for resumption includes time for reapplying the erasing pulse (up to one full pulse) that was cut off at the time of suspension.
The reference value at VCC = 3.3V and room temperature.
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« Suspension during programming +RIZHRE)E =
FACI command X Program >< >< Suspend >< Resume FACIE < X Program >< >< Suspend >< Resume
tspp
FSTATR.FRDY FSTATR.FRDY
Programming pulse RIZHKR
« Suspension during erasure in suspend priority mode HERM SRR TR BT
FACI command X Erase >< >< Suspend >< Resume >< Suspend >< Resume FACIS % X  Erase >< >< Suspend >< Resume >< Suspend >< Resume
tsesp1 tsespz tsespz
FSTATR FRDY FSTATR FRDY
tresTt N tresT1
Erasure pulse j‘ IRRB
« Suspension during erasure in erasure priority mode SEEPR AR R TIRIRE S E S
FACI command X Erase >< >< Suspend >< Resume > FACIER % X Erase >< >< Suspend >< Resume
tseen
FSTATRFRDY [ Ready | [ NotReady | FSTATR FRDY
treeT treeT
Erasure pulse -TL BEREKR *
« Forced Stop *5R {2 1E
FACI command X Forced Stop ) FACI& % X BfELE )
tro tro
FSTATR. FRDY [ Reagy | FSTATRFRDY [ Ready |
Figure 2.68  Suspension and forced stop timing for flash memory programming and erasure Figure 2.68  NFRIZEFZFRIVE (2= L E BT
2.10.2  Data Flash Memory Characteristics 2102  #HIBEAEEM
Table 2.45  Data flash memory characteristics (1 of 2) Table 2.45  #UBAERME (1/2)
Conditions: Program or erase: FCLK = 4 to 50 MHz &M ZFIIERR: FCLK=4E50MHz
Read: FCLK < 50 MHz Read: FCLK < 50 MHz
FCLK = 4 MHz 20 MHz < FCLK = 50 MHz FCLK =4 MHz 20 MHz < FCLK < 50 MHz N
Test — plpaeSts
Parameter Symbol | Min Typ'® | Max | Min Typ® [Max |Unit | conditions Parameter Symbol | Min Typ6ERA R/ Typ® [Max |Unit
Programming time 4-byte topa4 — 0.36 |38 |— 016 |17 |ms YRIEATE] 4-byte top4 — 0.36 |38 |— 0.16 [1.7 |ms
8-byte tops | — 038 (40 |— 017 |18 8-byte topg | — 038 (40 |— 017 [1.8
16-byte top1s | — 042 (45 |— 019 |20 16-byte top1s | — 042 |45 |— 019 |2.0
Erasure time 64-byte toees | — 31 |18 |— 1.7 10 ms 1RBRAT 8] 64-byte toees | — 31 |18 |— 1.7 10 ms
128-byte tDE128 — 4.7 27 — 26 15 128-byte tbE128 — 4.7 27 — 2.6 15
256-byte tpE2ss | — 8.9 50 |— 4.9 28 256-byte tbE2se | — 8.9 50 |— 4.9 28
Blank check time 4-byte topca |— — 84 |— — 30 us TEEEE] 4-byte togca | — — 84 |— — 30 us
Reprogramming/erasure cycle” Nppec |1250002|— |— |1250002 |— — — Reprogramming/erasure cycle! Nppec |1250002|— |— |[1250002 |— — —
Suspend delay during 4-byte tospp | — — 264 | — — 120 |us RIZHRIEE (R IER 4-byte tospp | — — 264 | — — 120 |us
programming
8-byte — — 264 | — — 120 8-byte — — 264 | — — 120
16-byte — — 264 |— — 120 16-byte — —  |264 |— — 120
Programming resume time toprT | — — 110 |— — 50 us RIZ IS BT ) toprT | — — 110 |— — 50 us
First suspend delay during 64-byte tpsespt | — — 216 | — — 120 |us ERMIAREN TIERIAEINGE | 64-byte tpsespt | — — 216 | — — 120 |ps
erasure in suspend priority mode —HERER
128-byte — — 216 | — — 120 128-byte — — 216 | — — 120
256-byte — — 216 | — — 120 256-byte — — 216 |— — 120
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Table 2.45 Data flash memory characteristics (2 of 2)

Conditions: Program or erase: FCLK = 4 to 50 MHz

Read: FCLK = 50 MHz

Table 2.45  #BRNEEFE (2/2)

M BFEIER: FCLK=4E50MHz
Read: FCLK < 50 MHz

FCLK =4 MHz 20 MHz = FCLK < 50 MHz T
est

Parameter Symbol | Min Typ'® | Max | Min Typ™® |Max |Unit | conditions
Second suspend delay during 64-byte tpsesp2 | — — 300 | — — 300 |us
erasure in suspend priority mode

128-byte — — 390 | — — 390

256-byte — — 570 | — — 570
Suspend delay during erasing in | 64-byte tpseep | — — 300 | — — 300 |us
erasure priority mode

128-byte — — 390 | — — 390

256-byte — — 570 | — — 570
First erasing resume time during erasure in suspend |tpresT1 | — — 300 | — — 300 |ps
priority mode™®
Second erasing resume time during erasure in tDrREST2 | — — 126 | — — 70 us
suspend priority modeFirst erasing resume time
during erasure in suspend priority mode
Erasing resume time during erasure in erasure torReeT | — — 126 | — — 70 us
priority mode
Forced stop command teD — — 32 |— — 20 us
Data hold time"® torp 108%™ |— |— |10 — — | Year

308 |— — |30374 — — Ta = +85°C

FCLK =4 MHz 20 MHz < FCLK = 50 MHz =
__ Wikt
Parameter Symbol | Min Typ*6 AR/ Typ® |Max |Unit
EREMARER TIRRIBENE 64-byte tbsesp2 | — — 300 | — — 300 |pus
TR
128-byte — — 390 | — — 390
256-byte — — 570 |— — 570
EEBRAAER TIRREREE S 64-byte toseep | — — 300 | — — 300 |pus
iR
eR 128-byte — — |390 [— —  |390
256-byte _ — |s70|= —  |s70
FEEHRAEE TAIRRERE R IZBR IR S BY (8]+5 tbrREST1 | — — 300 |— — 300 Ms
TEHEERC AR SRR = N IRBRER BB 55 ZORIRIRIRE tpresT? | — —  |126 |— — 70 |us
BY{EITE R A SRR T T 1R PR A IB1 B9 58 R AR
LN
ERR SR T RIRIR R E R R S BY 1) toreeT | — —  |126 |— — 70 |us
B trp — — 32 |— — 20 us
AR REFATE)3 torp 108" |— |— |10 — — | Year
30" 4 — — 303 4 — — Ta = +85°C

Note 1. The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times (n = 125,000),
erasing can be performed n times for each block. For example, when 4-byte programming is performed 16 times for different
addresses in 64-byte blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However,
programming the same address several times as one erasure is not enabled. Overwriting is prohibited.

Note 2. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to

the minimum value.

Note 3. This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.

Note 4. This result is obtained from reliability testing.

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

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

2.10.3 Option Setting Memory Characteristics

Table 2.46 Option setting memory characteristics

Conditions: Program: FCLK = 4 to 50 MHz
Read: FCLK < 50 MHz

Ao EREBEFRAREEMRNIERRY, BEHREFEFFIINK (n=125000)8Y, RIS MRIITRIERR. FlI0, HIF64FTIIRA
BREMIHIT16R4FTRIE, AREGREMRE, EWMFEEERABERITAA— B8, £ RERNZREEERNMUZTEEN.
BitEH, 32, XERIEENFEEEMEFENS/NVAE. RIBEEEMEIR/IME, F3. XRRTERECERIITEREZFENR/N

{EO

E4o ZEREMATEENHFIREH,

A5, MENBREENN AT ENRTIMRRNY (RZ—B0R) HBTE,

A60 Vee=33VMER THEEE,

2103 EKERFEFME

Table 2.46 TR B RFE

Conditions: Program: FCLK = 4 to 50 MHz
Read: FCLK < 50 MHz

FCLK =4 MHz 20 MHz < FCLK < 50 MHz
Parameter Symbol | Min Typ™* |Max Min Typ4 |Max Unit Test conditions
Programming time top — 83 309 — 45 162 ms
Nopc < 100 times
Programming time top — 100 371 — 55 195 ms
Nopc > 100 times
Reprogramming cycle Nopc 20000"" |— — 20000°1 |— — Times
Data hold time™2 torp 102 | — — 10273 | — - Years
302" |— — 302" |— — Ta = +85°C

FCLK =4 MHz 20 MHz < FCLK = 50 MHz
Parameter Symbol | Min Typ™? | Max Min Typ™? | Max Unit Mt 514
YRIZETEINOPC=1 top — 83 309 — 45 162 ms
00%
YRIZETIBINOPC>1 top — 100 371 — 55 195 ms
00R
BRiZEHA Nopc  [20000 |— — 200001 |— — Times
BUBRIFET B2 tprP 1023 | — — 1023 | — — Years
3027 |— — 307273 — Ta = +85°C

Note 1. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to

the minimum value.

Note 2. 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.

R01DS0410EJ0110 Rev.1.10
Feb 28, 2023

RENESAS

Page 77 of 92

Ao XERIEENRREEFAEFENS/NVRE RIEBEEEM EIRIME. F2, XRREEECEARITERENFENR/IVE,

3. ZEREMNATEENRFIREN,
F4e Vec=33VAIERB THEEE,

R01DS0410EJ0110 Rev.1.10
Feb 28, 2023

RENESAS

FT7771(921)




RAGE2 Datasheet

2. Electrical Characteristics

2.1 Serial Wire Debug (SWD)

Table 2.47 SWD

RAGE2 Datasheet

2.1 BITEIAIH(SWD)

Table 2.47 SWD

Parameter Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time tswekeye 40 — — ns Figure 2.69
SWCLK clock high pulse width tsWCKH 15 — — ns
SWCLK clock low pulse width tswekL 15 — — ns
SWCLK clock rise time tswekr — — 5 ns
SWCLK clock fall time tswoks — — 5 ns
SWDIO setup time tswps 8 — — ns Figure 2.70
SWDIO hold time tswpH 8 — — ns
SWDIO data delay time tswbb 2 — 28 ns
tSWCKcyc
< >
tswekH
SWCLK ;
tswekL
Figure 2.69 SWD SWCLK timing
R01DS0410EJ0110 Rev.1.10 RENESAS Page 78 of 92
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Parameter Symbol Min Typ Max Unit plpaeSts
SWCLKET & & HARY /8] tswckeye 40 — — ns Figure 2.69
SWCLKBY B Bk 5 B tswckH 15 — — ns
SWCLKBY #ME Rk 5 tswekL 15 — — ns
SWCLKBY 8 _EFHBE] tswekr — — 5 ns
SWCLKB §# R F&BY 8] tswoks - — 5 ns
SWDIOi% & B &) tswbs 8 — — ns Figure 2.70
SWDIOfR#FAY 8] tswpH 8 — — ns
SWDIO¥HEE R B 8] tswpb 2 — 28 ns
tSWCKcyc
< >
tswekH
SWCLK ;
tswekL
Figure 2.69 SWD SWCLK timing
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SWCLK / \ ;/—\—/—\— SWCLK / \ ;/—\—/—\—
tswobs tswoH tswos tswoH
SWDIO SWDIO
(Input) (Input)
tswop tswop
SWDIO SWDIO
(Output) (Output)
tswop tswob
SWDIO SWDIO
(Output) (Output)
tswop tswob
SWDIO SWDIO
(Output) (Output)
Figure 2.70  SWD input/output timing Figure 2.70  SWD input/output timing
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MiR1. SMAERN TGRS

Appendix 1. Port States in Each Processing Mode
After Deep Software Standby
mode is canceled (return to
startup mode)
Deep Software
Function | Pin function Reset Software Standby mode Standby mode IOKEEP =0 | IOKEEP =1"1
Mode MD Pull-up Keep-O Keep Hi-Z Keep
IRQ IRQx Hi-Z Keep-0™2 Keep Hi-Z Keep
IRQx-DS Hi-Z Keep-0"2 Keep™ Hi-Z Keep
AGT AGTIOn Hi-Z Keep-0"2 Keep Hi-Z Keep
AGTIOn (n=1) Hi-Z Keep-0"2 Keep" Hi-Z Keep
SCI RXDO Hi-Z Keep-0™2 Keep Hi-Z Keep
13C I3C_SCL/I3C_SDA Hi-Z Keep-0"2 Keep Hi-Z Keep
SCLn/SDAN
USBFS USB_VBUS Hi-Z Keep-0™2 Keep™ Hi-Z Keep
USB_DP/USB_DM Hi-Z Keep-0™ Keep’3 Hi-Z Keep
RTC RTCICx Hi-Z Keep-0"2 Keep™ Hi-Z Keep
RTCOUT Hi-Z [RTCOUT selected] RTCOUT output Keep Hi-Z Keep
CLKOUT | CLKOUT Hi-Z [CLKOUT selected] CLKOUT output Keep Hi-Z Keep
DAC DAn Hi-Z [DAN output (DAOE = 1)] D/A output retained Keep Hi-Z Keep
Others — Hi-Z Keep-O Keep Hi-Z Keep

Note:  H: High-level
L: Low-level

Hi-Z: High-impedance

Keep-O: Output pins retain their previous values. Input pins go to high-impedance.

Keep: Pin states are retained during periods in Software Standby mode.
Note 1. Retains the 1/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.

R01DS0410EJ0110 Rev.1.10
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Appendix 1.  SMMAERN TFTHHORS
REFIERECEE (RER
EER)
RERIER
Function | 5IBIZhAE Reset BEFNRN R IOKEEP =0 | IOKEEP = 1"
Mode MD Pull-up Keep-O Keep Hi-Z Keep
IRQ IRQx Hi-Z Keep-0™2 Keep Hi-Z Keep
IRQx-DS Hi-Z Keep-0™2 Keep™ Hi-Z Keep
AGT AGTIOn Hi-Z Keep-0"2 Keep Hi-Z Keep
AGTIOn (n = 1) Hi-Z Keep.oﬂ2 Keep*S Hi-Z Keep
SCI RXDO Hi-Z Keep-0™2 Keep Hi-Z Keep
13C I3C_SCL/I3C_SDA Hi-Z Keep-0™2 Keep Hi-Z Keep
SCLn/SDANn
USBFS USB_VBUS Hi-Z Keep.oik2 Keep*3 Hi-Z Keep
USB_DP/USB_DM Hi-Z Keep-O0™ Keep’3 Hi-Z Keep
RTC RTCICx Hi-Z Keep_ow2 Keep*3 Hi-Z Keep
RTCOUT Hi-Z [RTCOUT selected] RTCOUT output Keep Hi-Z Keep
CLKOUT CLKOUT Hi-Z [CLKOUT selected] CLKOUT output Keep Hi-Z Keep
DAC DAn Hi-Z [FHiEE (DAOE=1)]Dafi R &8 Keep Hi-Z Keep
Others — Hi-Z Keep-O Keep Hi-Z Keep
Note:  H: High-level
L: Low-level
Hi-Z: High-impedance
Keep-O: Hti5IMREBELFINGE, WASIHHENSRET.
REF: SIMRSEREFIIERREIRSE,
A1, RBIOIHMIRE, HEIDPSBYCR, lokeepfiiEZ A0,
A2, MRZSIMBIETE NRERFVIERR, MEWBIEINERRETSIM, NEERERAN.
A3, MRFSIMIEE RN REREFNEUER, NEBRN.
F4, SIRIABTERNG I ERERI N
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Appendix 2. Package Dimensions

Appendix 2.

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

Package Dimensions

Electronics Corporation website.

RAGE2 Datasheet

fx2, BERY

Appendix 2. BER

BREMRAREERTRLENES B RERER R a"H
BBF 2B MUk

JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [g]

il 1\

JEITAEENRE RENESAS Code LARTRY D MASS (Typ) [g]
P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3
Unit: mm
Hp
*1 D
48 33
RAARAAAAAAAAAARR
49 = =32
= Ee
= =
= = wl ow
[=-= =" ] i\‘ I
= Ee
= =
64 == < =17
f HHHHHHHHHHHHH%
! EITGIR 10 NOTE 4
F ) 1. R R EERARY, 2RI 3 FEEH R

%o 3PINTLRRSIEERIBERBFAAR, ELAUFREARIEA
o AGRBLANEIRRAIEYN, RITESEMTE.

P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3
Unit: mm
Hp
*1 p
IRRRRRARRARARRAL
49 = =32
o s
== =]
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o s
== =]
o s
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== =]
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o s
== =]
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1 16 NOTE 4
Index area
NOTE 3
F NOTE)
1. DIMENSIONS “*1” AND “*2” DO NOT INCLUDE MOLD FLASH.
2. DIMENSION “*3” DOES NOT INCLUDE TRIM OFFSET.
! /1 1 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
LOCATED WITHIN THE HATCHED AREA.
N 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
LTSl | —
3 bp Reference | Dimensions in millimeters
(ox @ Symbol [ pin | Nom | Max
D 9.9 10.0 | 10.1
E 9.9 10.0 | 101
A2 — 1.4 —
Hp 11.8 | 12.0 | 12.2
He 11.8 | 12.0 | 12.2
e}
o g A — — 1.7
< < o
1 J ‘ A1 0.05 — 0.15
I 7 [ by | 0.15 | 0.20 | 0.27
< c 0.09 — 0.20
Lo 0 0° | 35° | &
L le] — 0.5 —
Detail F M - - 0.08
y — — 0.08
Lp 0.45 0.6 | 0.75
L4 — 1.0 —
© 2015 Renesas Electronics Corporation. All rights reserved.
Figure 2.1 LQFP 64-pin
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P|x @ Min | Nom | Max

D 9.9 | 10.0 | 10.1

E 9.9 | 10.0 | 10.1

A | — | 14| —

Ho | 11.8 | 12.0 | 12.2

He | 11.8 | 12.0 | 12.2

< < § o A — — 17

:}L_ J \ A 005 | — | 015

I *f i~ bp | 0.15 | 0.20 | 0.27

< ¢ |009| — |020

Lo 0 0° | 35° | &

Ls e | — | o5 | —

Detail F X - o 0.08

y — | — | o008

Lo |045| 06 | 0.75

L1 — | 10 | —

2015E BT AT MR,
Figure 2.1 LQFP 64-pin

R01DS0410EJ0110 Rev.1.10 RENESAS £8101(921)

Feb 28, 2023




RAGE2 Datasheet

Appendix 2. Package Dimensions

RAGE2 Datasheet

fx2, BERY

JEITA Package code

RENESAS code

MASS(TYP.)[g]

P-HWQFN048-7x7-0.50

PWQNO0048KC-A

0.13 ¢

(D[aealcC]

36

25

37

INDEX AREA — |
(DI2 X E/2)

48

24

13

2X
[ ]aaalC : 2
E
//|ccc|C |
N
NSV SEATING PLANE
- b(48X
48X e || M )$bbb@{c{A[B]
[eee[C] ddd®@|cC| —
Reference Dimension in Millimeters
Eo Slwolcals] | 2™ | Min. | Nom. | Max.
: \ 12 A - — 0.80
JUUUUuUUUuUUUU 11— exposep A, 0.00 0.02 0.05
[ [r@[c[A[B— 8 l s DIE PAD
5 ‘ = As 0.203 REF.
5 \ - b 020 | 025 | 030
- ‘ - D 7.00 BSC
g w E E 7.00 BSC
D2**~**7*+*7*4**** e 0.50 BSC
) c
=) ! - L 0.30 0.40 0.50
I~ ‘ - K 0.20 - -
g i E D: 5.25 5.30 5.35
| — E. 5.25 5.30 5.35
37— | 124
ANANNMNNANNN aaa 0.15
% | % bbb 0.10
L(48X) K(48X) oo 010
ddd 0.05
eee 0.08
fff 0.10
Figure 2.2 QFN 48-pin
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JEITAEZE R RENESAS code MASS(TYP.)[g]
P-HWQFNO048-7x7-0.50 PWQNO0048KC-A 0.13 g
2X
[ ]aaalC]
36 l 25
37 24
|
|
FR3IX(D2XE — ‘
2) |
48 ‘ 13
2X |
E@ c 1 12 E
E
// |ccc|C
b(48X
B Uo7 __
Reference RYUZXARAL
o Blw@lclals] | 2™ | Min. | Nom. | Max.
; \ 12 A - - 0.80
JUououuguUuuUUUU 11— ez A 0.00 0.02 0.05
[@[f@[c[A[B}— 4 J Cps B2 A 0.203 REF
D \ d ’ : :
5 \ - b 020 | 025 [ 030
) ‘ - D 7.00 BSC
g | g E 7.00 BSC
D2*5~**7*+*7*4**E* e 0.50 BSC
) ! - L 0.30 0.40 0.50
- ‘ - K 0.20 - -
g i E D: 5.25 5.30 5.35
o | s E. 5.25 5.30 5.35
|
ANNNO0NNNNANN aaa 0.15
% | 2 bbb 0.10
L(48X) K(48X) cce 0.10
ddd 0.05
eee 0.08
fif 0.10
Figure 2.2 QFN 48-pin
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fx2, BERY

JEITA Package code

RENESAS code

MASS(TYP.)[g]

ImiEREFARAE

P-HWQFN032-5x5-0.50 PWQNOO032KE-A 0.06
2X
((]aaalC]
24 ‘ 17
\
\
25 ‘ 16
\
- - D
INDEX AREA ‘
(DI2 X E/2) ‘
ox 32 | 9
(]asa|c= 5 E
E
ccc|C
Al (A3 a1 - SEATING PLANE
2x e b(32X)| . [bbb@|C[A[B]
b o $ddd@\c\ ST
E@ Reference Dimension in Millimeters
Symbol Min. Nom. Max.
2 S[m@Iclals] |
1 8
A 0.00 0.02 0.05
UUUU}UUUU As 0.203 REF.
s LuDILL 20 i e b 018 | 025 | 0.30
— | - ) . .
) - D 5.00 BSC
D) ‘ ] E 5.00 BSC
D2—F - ——————
B - e 0.50 BSC
[ ‘ (@ L 0.35 0.40 0.45
\
[ ‘ (@ K 0.20 - -
250 } e D: 3.15 3.20 3.25
ANARARAIANARNAND E. 315 | 320 | 325
2 " aaa 0.15
L(32X) L KE2X) bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
fff 0.10
Figure 2.3 QFN 32-pin
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JEITAEE R RENESAS code MASS(TYP.)[g]
P-HWQFNO032-5x5-0.50 PWQNOO32KE-A 0.06
2X
((asalc
24 ‘ 17
\
25 i 16
|
- - D
%3|BE 4 ‘
(DI2 X Ef2) ‘
2% 32 ‘ 9
[ |aaa|C == 8 ‘
Ble — E -
// |cecc|C }
NS e
2x e b(32X)| . [bbb@|C[A|[B]
B $ddd@\c\ NV
E@ Reference RIU=RREM
Symbol Min. Nom. Max.
2 SMOICIAE] | e e
1 8 A 0.00 0.02 0.05
W ) U U Uiu U U U - As 0.203 REF.
32 9
b 0.18 0.25 0.30
B | = | oz ]
5 - D 5.00 BSC
) ‘ - E 5.00 BSC
D2—= 1t T e 0.50 BSC
D) ‘ - L 0.35 0.40 0.45
D i - K 0.20 - -
25[ ) 1 (16 D» 3.15 3.20 3.25
ANANARANANANAEAD E. 315 | 320 | 3.25
x " aaa 0.15
L(32X) K(32X) bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
ff 0.10
QFN 32-pin
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JEITA Package code RENESAS code | MASS(TYP.)(d] JETAEERE RENESAS code | MASS(TYP.)[g]
P-LFBGA64-5x5-0.50 PLBGO0064KB-A 0.06 P-LFBGAB64-5x5-0.50 PLBGO0064KB-A 0.06
E E
5 < g <
INDEX AREA —\ E bl 3| RN
’ ~ _ = - - - a
4X 4X
(O ]aaalC) (O ]aaalc)
| |
| |
‘ :
(> ]ddd][C] o = (O ]add[C] <
Reference Dimension in Millimeters Reference R UEZRABAL
Symbol Min. Nom. Max. Symbol Min. Nom. Max
W ®o000000 [D] - | 800 | - | eocooo00o0 (D] - | 800 | -
s 00000000 S . .|/ 00000000 e
| 00000000 T | cooolooooO >
.| 00000009 A — .| 0000000% R —
o] OOOOlOOO® 2 v T : »|] OO0OOOl0OOO® = r T :
| . - - | . — —
¢ 00000000 [o] b 0.22 0.27 0.32 © 00000000 [o] b 0.22 0.27 0.32
s/ 00000000 == T | = s|] 00000000 == T =
A O'$OO‘OOO® aaa _ _ 0.15 A O*@'OO‘OOO@ aaa — - 0.15
cce — — 0.10 cce - — 0.10
1 l2] 3 4 s 7 8 ddd - - 0.08 1 ol2| 3 4 5 7 8 ddd — — 0.08
eee — — 0.15 eee — — 0.15
nX(pb{Bcpeee@‘C‘A‘B‘ £ — — 0.05 anpb@(peee@‘C‘A‘B‘ P - - 0.05
offf)| C| n - 64 - offf@| C| n - 64 -
Figure 2.4 BGA 64-pin Figure 2.4 BGA 64-pin
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SN E

JEITA Package code RENESAS code MASS(TYP.)[d]
P-LFBGA36-4x4-0.50 PLBGOO0O36KA-A 0.04
.
(<]
INDEX AREA ———_|
\
/F _ o]
4X
(]aaalC]
ccc
|
|
|
CF qi‘tp I X7
—add[c] o <
Reference Dimension in Millimeters
Symbol Min. Nom. Max.
[D] - 4.00 -
¢ &0 0,00 — 700 -
‘ O 00|00 O 1 2850 | =
s .
D Q O O+O O 7* — 2.50 —
A O 0,0 0% b 022 | 027 | 032
[e] - 0.50 -
aaa — - 0.15
1 2 3 4 5 6
cce — - 0.10
ddd - - 0.08
eee — - 0.15
nX(pb$ peee[C[A[B] fff - - 0.05
offf) | C] n - 36 -
Figure 2.5 BGA 36-pin
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RABE2 Datasheet M2, BERS
JEITARE AR RENESAS code MASS(TYP.)[g]
P-LFBGA36-4x4-0.50 PLBGOO036KA-A 0.04
E]
B <]
=35EE —
|
/F _ o]
4X
(> ]aaalC]
CCC
|
|
|
e \JiLL/ X F
[ ]ada ] o <
Reference R UZA DR
Symbol Min. Nom. Max.
— 4.00 —
F $© O O,00 — 4.00 —
E ONONOIIONONG®) — 250 —
s .
D Q O O+O O W — 2.50 —
c O O OO0 O 4 A _ _ 129
A O 00 0% b 022 | 027 | 032
[e] — 0.50 —
aaa — — 0.15
1 2 3 4 5 6
cce — — 0.10
ddd — — 0.08
eee — — 0.15
nX bl peeel)|C[A[B] fff - - 0.05
offf@[ C| n - 36 -
Figure 2.5 BGA 36-pin
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Appendix 3.

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

I/O Registers

3.1 Peripheral Base Addresses

This section provides the base addresses for peripherals described in this manual. Table 3.1 shows the name, description,

and the base address of each peripheral.

Table 3.1 Peripheral base address (1 of 2)

RAGE2 Datasheet

MiFR3. I0F 728

Appendix 3. I/O Registers
A RIZTN A RIO ZT 77 28 2 AN 37 1) /&) BA

31 SMEEME

AT RHAFMPEROIEIREOEARMURINV BT TEMMRBIRZM, HERFEMI,

Table 3.1  SMEEMNL(1/2)

Name Description Base address
RMPU Renesas Memory Protection Unit 0x4000_0000
TZF TrustZone Filter 0x4000_0OEO00
SRAM SRAM Control 0x4000_2000
BUS BUS Control 0x4000_3000
DMACO Direct memory access controller 0 0x4000_5000
DMACH1 Direct memory access controller 1 0x4000_5040
DMAC2 Direct memory access controller 2 0x4000_5080
DMAC3 Direct memory access controller 3 0x4000_50C0
DMAC4 Direct memory access controller 4 0x4000_5100
DMAC5 Direct memory access controller 5 0x4000_5140
DMAC6 Direct memory access controller 6 0x4000_5180
DMAC7 Direct memory access controller 7 0x4000_51CO0
DMA DMAC Module Activation 0x4000_5200
DTC Data Transfer Controller 0x4000_5400
ICU Interrupt Controller 0x4000_6000
CACHE CACHE 0x4000_7000
CPSCU CPU System Security Control Unit 0x4000_8000
DBG Debug Function 0x400_1B000
FCACHE Flash Cache 0x400_1C100
SYSC System Control 0x4001_E000
PORTO Port 0 Control Registers 0x4008_0000
PORT1 Port 1 Control Registers 0x4008_0020
PORT2 Port 2 Control Registers 0x4008_0040
PORT3 Port 3 Control Registers 0x4008_0060
PORT4 Port 4 Control Registers 0x4008_0080
PORT5 Port 5 Control Registers 0x4008_00A0
PORTS8 Port 8 Control Registers 0x4008_0100
PFS Pmn Pin Function Control Register 0x4008_0800
ELC Event Link Controller 0x4008_2000
RTC Realtime Clock 0x4008_3000
IWDT Independent Watchdog Timer 0x4008_3200
WDT Watchdog Timer 0x4008_3400
CAC Clock Frequency Accuracy Measurement Circuit 0x4008_3600
MSTP Module Stop Control A, B, C, D 0x4008_4000
POEG Port Output Enable Module for GPT 0x4008_A000

Name Description Eithit

RMPU REFESRRIP ST 0x4000_0000
TZF TrustZone Filter 0x4000_O0OEO00
SRAM SRAM Control 0x4000_2000
BUS B 0x4000_3000
DMACO BHERFIHIEEHR0 0x4000_5000
DMAC1 EEFHESRFIITHIZ 0x4000_5040
DMAC2 HEFHESRFIITHIZE2 0x4000_5080
DMAC3 BT AL R TR BT 41383 0x4000_50C0
DMAC4 EEFHEERFIITGIZSE 0x4000_5100
DMAC5 BEFMHESRFIUTHIES 0x4000_5140
DMACS6 B SREEUTSIRe 0x4000_5180
DMAC7 BEEFHEEEFRITHISR7 0x4000_51C0
DMA DMACHE SR EE 0x4000_5200
DTC HiEL AT 28 0x4000_5400
Icu i A 38 0x4000_6000
CACHE CACHE 0x4000_7000
CPSCU CPURR R 2ERIETT 0x4000_8000
DBG AR ThEE 0x400_1B000
FCACHE NFETF 0x400_1C100
SYSC REES 0x4001_E000
PORTO IHO0EHIE 728 0x4008_0000
PORT1 mO1ERIEF 728 0x4008_0020
PORT2 i 24T 4 & 7 85 0x4008_0040
PORT3 Iih 31215 7728 0x4008_0060
PORT4 im0 4T HI & 728 0x4008_0080
PORT5 i 54T H & 7 88 0x4008_00A0
PORT8 % O 8= il & 17 28 0x4008_0100
PFS Pmn3 | BIThAEIE I Z 7758 0x4008_0800
ELC BTG R 0x4008_2000
RTC MR ERE S 0x4008_3000
IWDT I B AER S 0x4008_3200
WDT EITHENS 0x4008_3400
CAC B MR A S B FR R 0x4008_3600
MSTP BRR(=EEHIAC B. G0 D 0x4008_4000
POEG FAFGPTHYIR %6 tH EREAR IR 0x4008_A000
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Table 3.1 SMEEMHE(2/2)

Name Description Bt
USBFS USB2.OFS#&E R 0x4009_0000
SSIEO BRITAEEOEE(SSIE) 0x4009_D000
CEC JHEREE FITH 0x400A_C000
CANFD CANFDIEIRIEHI 0x400B_0000
PSCU HSEREITHE T 0x400E_0000
AGTO RIh#ES &8 A E R 280 0x400E_8000
AGT1 RIhER T B ERT 231 0x400E_8100
TSN mE R 0x400F_3000
CRC CRC Calculator 0x4010_8000
DOC HIETEBRE 0x4010_9000
SCIo BITBEZEOo 0x4011_8000
SCI9 BITREEO9 0x4011_8900
SPIO BiTIMEIEOO 0x4011_A000
SPI1 BITIMEEON 0x4011_A100
I13C [3CRZEO 0x4011_F000
CANFD ECC CANFD ECC 0x4012_F000
GPT16EO BAPWMI16MIEREE0 (161G m NIHE) 0x4016_9000
GPT16E1 BWAPWM16MIERE81 (16138 5 Pix) 0x4016_9100
GPT16E2 BAPWMIT6NIERT282 (16{IE5RE D HR) 0x4016_9200
GPT16E3 WAPWMI16MIEREE3 (16fIEEBBDPIR) 0x4016_9300
GPT16E4 BAPWM16MIERTE84 (16/1L38 S 5 i) 0x4016_9400
GPT16E5 BAPWMI6MIER 25 (16fIEEREDPIXR) 0x4016_9500
GPT_OPS AR IR HI28 0x4016_9A00
ADC120 12bit A/D Converter 0 0x4017_0000
DAC12 12-bit D/A converter 0x4017_1000
FLAD iR 0x407F_C000
FACI Flashi RiEF e <O 0x407F_E000
QSPI Quad-SPI 0x6400_0000

Table 3.1 Peripheral base address (2 of 2)
Name Description Base address
USBFS USB 2.0 FS Module 0x4009_0000
SSIEO Serial Sound Interface Enhanced (SSIE) 0x4009_DO000
CEC Consumer Electronics Control 0x400A_C000
CANFD CANFD Module Control 0x400B_0000
PSCU Peripheral Security Control Unit 0x400E_0000
AGTO Low Power Asynchronous General purpose Timer 0 0x400E_8000
AGT1 Low Power Asynchronous General purpose Timer 1 0x400E_8100
TSN Temperature Sensor 0x400F_3000
CRC CRC Calculator 0x4010_8000
DOC Data Operation Circuit 0x4010_9000
SCIo Serial Communication Interface 0 0x4011_8000
SCI9 Serial Communication Interface 9 0x4011_8900
SPI0 Serial Peripheral Interface 0 0x4011_A000
SPI1 Serial Peripheral Interface 1 0x4011_A100
13C I13C Bus Interface 0x4011_F000
CANFD ECC CANFD ECC 0x4012_F000
GPT16EO General PWM 16-Bit Timer 0 (16-bit Enhanced High Resolution) 0x4016_9000
GPT16E1 General PWM 16-Bit Timer 1 (16-bit Enhanced High Resolution) 0x4016_9100
GPT16E2 General PWM 16-Bit Timer 2 (16-bit Enhanced High Resolution) 0x4016_9200
GPT16E3 General PWM 16-Bit Timer 3 (16-bit Enhanced High Resolution) 0x4016_9300
GPT16E4 General PWM 16-Bit Timer 4 (16-bit Enhanced High Resolution) 0x4016_9400
GPT16E5 General PWM 16-Bit Timer 5 (16-bit Enhanced High Resolution) 0x4016_9500
GPT_OPS Output Phase Switching Controller 0x4016_9A00
ADC120 12bit A/D Converter 0 0x4017_0000
DAC12 12-bit D/A converter 0x4017_1000
FLAD Data Flash 0x407F_C000
FACI Flash Application Command Interface 0x407F_EO000
QSPI Quad-SPI 0x6400_0000
Note:  Name = Peripheral name

3.2

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

Access Cycles

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

e Registers are grouped by associated module.

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

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

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

e When the frequency of ICLK is equal to that of PCLK, the number of divided clock synchronization cycles is always
constant.
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Note:  Name=4MER K
IR =5 NETHEE
Baseaddress=gx {4 ik 5 SM& 6 A Rk

32  inle]EHA

AN RUARFMRPRERNIOFFRAL R EEER,

OFFEHIMBRIRRDH,

@7 R F R R T E T IEE S E 0 B A B,

OEREIOXE, NEHRRDELFFHENVRBM U, BT ERIERERE,

@017 Pl A HAMEVA T RERIMK BRI S4B, WD HES ARMES MERNEFFA. X789 #hE

& FHABUR FICLKANPCLK Z [BIRY ST L,

@ SICLKEYMRFTPCLKEY, RS HRED B HRMIRE TR,
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e When the frequency of ICLK is greater than that of PCLK, at least 1 PCLK cycle is added to the number of divided
clock synchronization cycles.

e 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.

RAGE2 Datasheet

MiFR3. I0F 728

@ LICLKAYSAZR AT PCLKEY, BZE/DM11PCLKEERINEIXI 5 BIBS $h[E 2 B #AE =+,

@5 iR FEIMFR R IR P T IRR IR EI L

Table 3.2 Access cycles (1 of 3)
Number of access cycles
Address ICLK = PCLK ICLK > PCLK™
Cycle

Peripherals From To Read Write Read Write Unit Related function

RMPU, TZF, 0x4000_0000 0x4000_6FFF 4 3 4 3 ICLK Renesas Memory

SRAM, BUS, Protection Unit,

DMACNnN, DMA, TrustZone Filter,

DTC, ICU SRAM Control, BUS
Control, Direct
memory access
controller n, DMAC
Module Activation,
DTC Control Register,
Interrupt Controller

CACHE 0x4000_7000 0x4000_7FFF 3 5 3 5 ICLK CACHE

CPSCU, DBG, 0x4000_8000 0x4001_CFFF 4 3 4 3 ICLK CPU System Security

FCACHE Control Unit, Debug
Function, Flash Cache

SYsC 0x4001_E000 0x4001_E3FF 5 4 5 4 ICLK System Control

SYSC 0x4001_E400 0x4001_E5FF 9 8 5t08 5to0 8 PCLKB | System Control

PORTN, PFS 0x4008_0000 0x4008_OFFF 5 4 2to5 2to 4 PCLKB | Port n Control
Registers, Pmn Pin
Function Control
Register

ELC, RTC, IWDT, |[0x4008_2000 0x4008_3FFF 5 4 3to5 2to4 PCLKB | Event Link Controller,

WDT, CAC Realtime Clock,
Independent
Watchdog Timer,
Watchdog Timer,
Clock Frequency
Accuracy
Measurement Circuit

MSTP 0x4008_4000 0x4008_4FFF 5 4 2to5 2to4 PCLKB | Module Stop Control

POEG 0x4008_A000 0x4008_AFFF 5 4 3to5 2to4 PCLKB | Port Output Enable
Module for GPT

USBFS 0x4009_0000 0x4009_03FF 6 5 3to6 3to5 PCLKB | USB 2.0 FS Module

USBFS 0x4009_0400 0x4009_04FF 4 3 1to4 1t03 PCLKB | USB 2.0 FS Module

SSIEO 0x4009_2000 0x4009_FFFF 5 4 2to5 2to4 PCLKB | SD Host Interface 0,
Serial Sound Interface
Enhanced, Inter-
Integrated Circuit n,
Inter-Integrated Circuit
0 Wake-up Unit

CEC 0x400A_C000 0x400A_CFFF 4 3 1t03 1t03 PCLKB | Consumer Electronics
Control

CANFD 0x400B_0000 0x400C_FFFF 5 4 2to5 2to4 PCLKB | CANFD Module

PSCU 0x400E_0000 0x400E_OFFF 5 4 2to5 2to4 PCLKB | Peripheral Security
Control Unit

AGTn 0x400E_8000 0x400E_8FFF 7 4 5t07 2to 4 PCLKB | Low Power
Asynchronous
General purpose
Timer n

TSN 0x400F_3000 0x400F_3FFF 5 4 2to5 2to4 PCLKB | Temperature Sensor

CRC, DOC 0x4010_8000 0x4010_9FFF 5 4 2to5 2to4 PCLKA | CRC Calculator, Data
Operation Circuit
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Note: XIEAFMCPUIFIAS MIMNEBTFIERRIRBIESIME M B L EITEE (MIDTCHDMACQ) iHIABEF AR E BRI,
Table 3.2  iFEAEHA(1/3)
18] B HA %%
Address ICLK = PCLK ICLK > PCLK™
Cycle
Peripherals From To Read Write Read Write Unit HEXTNEE
RMPU, TZF, 0x4000_0000 0x4000_6FFF 4 3 4 3 ICLK =T BRI
SRAM, BUS, $77:, TrustZone
DMACn, DMA, WIS
DTC, ICU SRAMIZHI, B
=4, BEEFESRN
iB)4E 38, DMACHKE
REUE, DTCIEHIE
=8
FREfTIEHI2E
CACHE 0x4000_7000 0x4000_7FFF 3 5 3 5 ICLK CACHE
CPSCU, DBG, 0x4000_8000 0x4001_CFFF 4 3 4 3 ICLK | CPURZZRLIEH®
FCACHE 7, @R
IhRE, NEETR
SYSC 0x4001_E000 0x4001_E3FF 5 4 5 4 ICLK REGIEH
SYSC 0x4001_E400 0x4001_E5FF 9 8 5t08 5t08 PCLKB | &1zl
PORTn, PFS 0x4008_0000 0x4008_OFFF 5 4 2to5 2to4 PCLKB | imON{=H!
7728, Pmn5IH
IhREIEH
Register
ELC, RTC, IWDT, | 0x4008_2000 0x4008_3FFF 5 4 3to5 2to4 PCLKB | EffiEEichizs
WDT, CAC SKATEY$R, JRIZ
#
Bl VAES,
BV HENES,
RERpTES
Accuracy
& B R
MSTP 0x4008_4000 0x4008_4FFF 5 4 2t05 2t04 PCLKB | 5y 14
POEG 0x4008_A000 0x4008_AFFF 5 4 3to5 2to4 PCLKB | iGO%HE8E
GPT#&EIR
USBFS 0x4009_0000 0x4009_03FF 6 5 3to6 3tob PCLKB | USB2.OFSt&ER
USBFS 0x4009_0400 0x4009_04FF 4 3 1to4 1t03 PCLKB | USB2.OFS#&ER
SSIEO 0x4009_2000 0x4009_FFFF 5 4 2to5 2to4 PCLKB | SDE#ZEO0
BITESEEAO
AR, IR
LR BN
EERLEB S IEOPRER BB T
CEC 0x400A_C000 0x400A_CFFF 4 3 1t03 1t03 PCLKB | JHZEEBF ™
Control
CANFD 0x400B_0000 0x400C_FFFF 5 4 2to5 2to4 PCLKB | CANFD Module
PSCU 0x400E_0000 0x400E_OFFF 5 4 2to5 2t04 PCLKB | M EZRE
=EES:]
AGTn 0x400E_8000 0x400E_8FFF 7 4 5t07 2t04 PCLKB | 1&Ih#E
Asynchronous
— A&
Timer n
TSN 0x400F_3000 0x400F_3FFF 5 4 2to5 2to4 PCLKB | BEfZ%E
CRC, DOC 0x4010_8000 0x4010_9FFF 5 4 2to5 2to 4 PCLKA | CRCIHE 2§, ¥iE
RIEERRS
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MiFR3. I0F 728

Table 3.2 Access cycles (2 of 3)
Number of access cycles
Address ICLK = PCLK ICLK > PCLK™
Cycle

Peripherals From To Read Write Read Write Unit Related function

SCin 0x4011_8000 0x4011_8FFF 52 472 210572 21042 PCLKA | Serial Communication
Interface n

SPIn 0x4011_A000 0x4011_AFFF 53 473 2t053 210473 PCLKA | Serial Peripheral
Interface n

13C 0x4011_F000 0x4011_FFFF 5 4 2to4 2to4 PCLKA [ I3C Bus Interface

CANFD ECC 0x4012_F000 0x4012_FFFF 5 4 2to4 2to4 PCLKA | CANFD ECC Module

GPT16En, 0x4016_9000 0x4016_9FFF 7 4 4t07 2to 4 PCLKA | General PWM 16-Bit

GPT_OPS Timer n, Output Phase
Switching Controller

ADC12n, DAC12 | 0x4017_0000 0x4017_2FFF 5 4 2to5 2to4 PCLKA | 12bit A/D Converter n,
12-bit D/A converter

QSPI 0x6400_0010 0x6400_0013 25to ™4 6to ™ 25t0 ™4 5t0 4 PCLKA | Quad-SPI

QSPI 0x6400_0014 0x6400_0037 5 14to ™ 2to5 14t0 ™ PCLKA | Quad-SPI

QSPI 0x6400_0804 0x6400_0807 4 3 1to4 1t03 PCLKA | Quad-SPI

Table 3.2 Access cycles (3 of 3)
Number of access cycles
Address ICLK = FCLK ICLK > FCLK™
Cycle

Peripherals From To Read Write Read Write Unit Related function

FLAD, FACI 0x407F_C000 0x407F_EFFF 5 4 2to5 2to4 FCLK | Data Flash, Flash
Application Command
Interface

Table 3.2  5RAHA(2093)
17 18) /B A %K
Address ICLK = PCLK ICLK > PCLK™
Cycle

Peripherals From To Read Write Read Write Unit HHXTIhEE

SCin 0x4011_8000 0x4011_8FFF 572 472 210572 210472 PCLKA | BiT:@(E
Interface n

SPIn 0x4011_A000 0x4011_AFFF 53 4’3 2t053 21043 PCLKA | SB175M&
Interface n

13C 0x4011_F000 0x4011_FFFF 5 4 2to4 2to4 PCLKA |I3CE4#%EN

CANFD ECC 0x4012_F000 0x4012_FFFF 5 4 2to4 2t04 PCLKA | CANFD ECC Module

GPT16En, 0x4016_9000 0x4016_9FFF 7 4 4t07 2to4 PCLKA | BRAPWM16fLEER

GPT_OPS n, HIHARM
FrRITH 2R

ADC12n, DAC12 | 0x4017_0000 0x4017_2FFF 5 4 2to5 2to4 PCLKA | 12bit A/D Converter n,
12-bit D/A converter

QSPI 0x6400_0010 0x6400_0013 25to ™4 6to ™4 25to0 ™4 5t0 ™4 PCLKA | Quad-SPI

QSPI 0x6400_0014 0x6400_0037 5 14t0 ™ 2to5 14t0 ™ PCLKA | Quad-SPI

QSPI 0x6400_0804 0x6400_0807 4 3 1to4 1t03 PCLKA | Quad-SPI

Table 3.2 1H R EHA(3/3)
i 15) JB) R %%
Address ICLK = FCLK ICLK > FCLK™
Cycle

Peripherals From To Read Write Read Write Unit HEXTIhEE

FLAD, FACI 0x407F_C000 0x407F_EFFF 5 4 2to5 2to4 FCLK HIBIA, A
NMARFSRS
Interface

Note 1. If the number of PCLK or FCLK cycles is non-integer (for example 1.5), the minimum value is without the decimal point, and the
maximum value is rounded up to the decimal point. For example, 1.5t0 2. 5is 1 to 3.

Note 2. When accessing a 16-bit register (FTDRHL, FRDRHL, FCR, FDR, LSR, and CDR), access is 2 cycles more than the value shown in

Table 3.2. When accessing an 8-bit register (including FTDRH, FTDRL, FRDRH, and FRDRL), the access cycles are as shown in

Table 3.2.
Note 3. When accessing the 32-bit register (SPDR), access is 2 cycles more than the value in Table 3.2. When accessing an 8-bit or 16-bit

register (SPDR_HA), the access cycles are as shown in Table 3.2.
Note 4. The access cycles depend on the QSPI bus cycles.

R01DS0410EJ0110 Rev.1.10
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1. WRPCLKRFCLKARRKEIEERS (flw015) , NE/MERENHRSE, BRERLESANENS, fi0, 15802, 5813, F2. Hip
B—M16{iUZ 728 (FTDRHL, FRDRHL, FCR, FDR, LSRFICDR) , iAial@2 N EHALLFiRmE

£®3.2, HipE—18fiF1Fes (E3EFTDRH, FTDRL, FRDRHFIFRDRL) , iAinlEEAMNEFAR
Table 3.2.
A3, HiARI32UE 728 (SPDR)FY, IARILLRI2HFMEZ 2 AR, HiAE8fiak1611E 728(SPDR_HA)EK, AR EARWIRI2FAR. F4. 1A
18] & BREUR FQSPLE L A HR.
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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 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
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 Vi (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 LS| is not guaranteed.
8. Differences between products

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

1.

10.

1.

12.

13.
14,

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall 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.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

(Rev.5.0-1 October 2020)

Contact Information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.
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