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High-performance 200 MHz Arm Cortex-M33 core, up to 1 MB code flash memory with Dual-bank, background and SWAP
operation, 8 KB Data flash memory, and 256 KB SRAM with Parity. High-integration with Ethernet MAC controller, USB 2.0

Full-Speed, SDHI, Quad SPI, and advanced analog.

Features

= Arm® Cortex®-M33 Core

e Armv8-M architecture with the main extension
o Maximum operating frequency: 200 MHz
e 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 1-MB code flash memory
o 8-KB data flash memory (100,000 program/erase (P/E) cycles)
e 256-KB SRAM

m Connectivity

o Serial Communications Interface (SCI) x 6
— Asynchronous interfaces
— 8-bit clock synchronous interface
— Smart card interface
— Simple IIC
— Simple SPI
— Manchester coding (SCI3, SCI4)
® 12C bus interface (IIC) x 2
o Serial Peripheral Interface (SPI) x 2
o Quad Serial Peripheral Interface (QSPI)
e USB 2.0 Full-Speed Module (USBFS)
e Control Area Network module (CAN)
e Ethernet MAC/DMA Controller (ETHERC/EDMAC)
o SD/MMC Host Interface (SDHI)
o Serial Sound Interface Enhanced (SSIE)

= Analog

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

m Timers

e General PWM Timer 32-bit (GPT32) x 2
o General PWM Timer 16-bit (GPT16) x 4
e Low Power Asynchronous General Purpose Timer (AGT) x 6

m Security and Encryption

o Arm® TrustZone®
— Up to three or six regions for the code flash, depending on the
bank mode
— 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

m System and Power Management

e Low power modes

e Battery backup function (VBATT)

e Realtime Clock (RTC) with calendar and VBATT support
e Event Link Controller (ELC)

e Data Transfer Controller (DTC)

e DMA Controller (DMAC) x 8

® Power-on reset

e Low Voltage Detection (LVD) with voltage settings

o Watchdog Timer (WDT)

o 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)

o Low-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/PLL2
e Clock out support

m General-Purpose 1/0 Ports

e 5-V tolerance, open drain, input pull-up, switchable driving ability

m Operating Voltage

e VCC:2.7t03.6V

m Operating Temperature and Packages

e Ta=-40°C to +85°C
— 100-pin LQFP (14 mm % 14 mm, 0.5 mm pitch)
— 64-pin LQFP (10 mm x 10 mm, 0.5 mm pitch)
— 48-pin QFN (7 mm X 7 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 1 MB code flash memory

e 256 KB SRAM

e Quad Serial Peripheral Interface (QSPI)
e Ethernet MAC Controller (ETHERC), USBFS, SD/MMC Host Interface

e Analog peripherals

e Security and safety features

1.1 Function Outline

Table 1.1 Arm core

1. Overview
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Table 1.1 Bo

Feature

Functional description

Feature

ThRESLBA

Arm Cortex-M33 core

e Maximum operating frequency: up to 200 MHz
e 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

Table 1.2 Memory

Feature

Functional description

Code flash memory

Maximum 1 MB of code flash memory.

Data flash memory

8 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 or without parity bit.

Table 1.3 System (1 of 2)

Feature

Functional description

Operating modes

Two operating modes:
e Single-chip mode
e SCI/USB 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
at various voltage thresholds.

ArmCortex-M33#%

o mATEHIZE: HIA200MHz
e Arm Cortex-M33 core:
- WAERET ENAmMvS-MER1
— Revision: rOp4-00rel0
o ArmRFRIFETT (ArmMPU)
- RFRIPFNAF RS (PMSAVS)
- REMPUMPU_S): 8%
— Non-secure MPU (MPU_NS): 8 regions
e SysTick timer
— BRAFSystickithies: T2MIEL LRI
—  EHSysTickE BY 28 BT $R(SYSTICCLK) 3% AR FiBY # (ICLK) IR &
e CoreSight™ ETM-M33

Table 1.2 Memory

Feature Ihieiien

REGNE RAIMBRIBIAE,

BRI 8KBHIENFo
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Table 1.3 R4 (10f2)

Feature Ihieiien
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Feature

Functional description
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Table 1.3 R¥%(222)

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/PLL2

Clock out support

Feature

ThEE5BA

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.

Clocks

F B $h#R% 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/PLL2

R%HF

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.

Ei%ﬁ”ﬁﬁ%*ﬁ!ﬁﬂﬂ% BB (CAC

B SR RAE BN IR (CAQERA A M EELER T (NEEENM) FERNNEIRXNENEH
B CUEEARI) BIBKP#ITITER, HRERCPREAFEEN, SNE8TRNESEN
LR B BB TEAVFSER N, B EPETER,

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.

FhfiEHIEs BT ICU)

FhETIEHER R IT (ICUIE R L EHE SHERIIRERE
FRETEHIZR(NVIC), DMARERIZR(DMAC I BUREE IR (DTOEIR, ICURIEHIRAI R BAIH

)

Battery backup function

A battery backup function is provided for partial powering by a battery. The battery-powered area
includes the RTC, SOSC, backup memory, and switch between VCC and VBATT.

Register write protection

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

Memory Protection Unit (MPU)

The MCU has one Memory Protection Unit (MPU).

{RIhFEET ALUBE ZMAERINEE, SIESENPHOMEE. FIEER FERREPIEZEERITHIE
AR FIEERINFEER .

& TEE B ERMBFRMNINGE, HEMIOMHE, BHMHEBRIFEIERTC. SOSC. & 1FEHESIUKRVCCHVE
ATTZ [B]89t#E,

HFERE RIP BERSRIFEARIPFEETFRAARGHIRMEES. ERIFNFESXHRERIPFTESRPR

CRIZE,

Table 1.4 Event link

REFEFRIFEITIMPU)

MCUB— 1T IRERIFEIT(MPU)o

Feature

Functional description

Table 1.4  EEhEEE

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.

Feature

ThHEER

Table 1.5 Direct memory access

EHHERITHER(ELC)

EventLinkController(ELO)fEAEMINERIR=EMEFBERERNRES, BENERITERIE
R, AVFERZ BEEERE, THECPUTI,

Feature

Functional description

Table 1.5 HIERNTEFIHIR

Data Transfer Controller (DTC)

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

Feature

ThHEER

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.

IR MIEH 2 (DTC)

AR IITH 85 (DTORIR A FER P UTE KBUE RS E 1 R,

Table 1.6 External bus interface

DMA Controller (DMAC)

MCUBHE— 1 8BEE NI EITHIZ (DMAC), TFECPUFMENAIEIEIE, H/=EDMAE
HIERES, DMACK BT Rt AV & 4 2 (% 58 B Atk

Feature

Functional description

Table 1.6  SMEBEL&IENO

External bus

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

Feature

ThiEEA

Table 1.7 Timers (1 of 2)

SMER ISR

e QSPIX (EQBIU) : HEHEEFIQSPI (JMERIZ&HEN)

Feature

Functional description

Table 1.7 11B32§(10f2)

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with GPT32 x 2 channels and a 16-bit timer with
GPT16 x 4 channels. PWM waveforms can be generated by controlling the up-counter, down-
counter, or the up- and down-counter. In addition, PWM waveforms can be generated for
controlling brushless DC motors. The GPT can also be used as a general-purpose timer.

Feature

ThHEER

Port Output Enable for GPT (POEG)

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

EAPWMIEBY28(GPT)

BAPWMERS 2 (GPT)@— 321U ERT2E, BHGPTI2x2@BEM—M6MIENE, BB
GPT16x4i818, PWMIRAZE] LUBTIZHIINTHEKES. BT ERER SR T ha3 k=, eoh, AT
LA BEPWMIRTE SREZHI ERIE R BBl GPTH BT LU F&E A TE BT 85,

in the output disable state
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Table 1.7 Timers (2 of 2)

Feature

Functional description
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Low power Asynchronous General
Purpose Timer (AGT)

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

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.

Table 1.7 iR (29RE921)
Feature IhgEREA
RIS S @A RIWESS BEATERBAGTR—M6AIERNSS, aJATFoPEH. JMBAK DT E ok AN E LK

BBERSER(AGT)

SRR, ZERBH—NERSTEHEN— TR RBAM. ERFEEMNBRITHED
ERRIE—tt, AILUBIAGTEFER1AIR.

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.

SEESRS$H(RTC)

KR RHRTOERMIH SRR, BHITHREXT _#EIT RN, BIRFERLEFER, X
FHLIHEER, RTCE—1M2000FF2099FM100FHA, FHENFREIFNA, XNF=
i%%aﬂlﬁiﬂﬁiﬁ, RTCRHTENHHBERRENFIE, ZHETHEXTAF2H (FEH) Ut
JH A,

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.

Table 1.8

Communication interfaces (1 of 2)

Feature

Functional description

&1 1T (WDT) &I TAENSBWOTE—MAMERITHE, TAFETRRTENEMMCU, BRRARE
ZATERIFWDT, 4, WDTE]BFAEER o] Rkt @k,

Jhir & T E B 22 QWDT) T E I JRAENRIWDT)EE— M AMLRRIT KRR, S HANT E TR LR LT3R Fiio |
WDTIEMHE fIMCUS A A o] BTt TR BrRIIhEE. B F S AT ML B RS
17, AHYRKEEN, SEBMCUENRIER LN EIRED BARSHERE M, IWDTH LUE
TEM. FiE. RS SRR SENRIFRBsME,

Table 1.8 #&EEOQ Q49 H8119Y)

Serial Communications Interface (SCI)

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

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

e Extended Serial interface
The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and
transmission protocol. SCIn (n =0, 3, 4, 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

g

HEW

B

I2C bus interface (IIC)

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

BITEEREOG

BITREGEEOCQ-6BEEERS MBS HTIED: @
S|¥#EO (UARTHIR D BE1E OISR 35 (ACIA)

SR HEIF O

Simple IIC (master-only)

& SR AYSPI

BEFREO

EMHFR@

IRHTED

B RERIEORKISOIEC7816-3BFESMERIMYATE, SCIn(n=0 3 4 9)BAAFIFOK X LISLI
BEEMENWTIBE, FEAUERR ERFELE M iEEHIREIRE,

[=]

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.

2CEL&EAOIC

RCELEONOB2MRE, ICERFEHIRMNXP2C (REPEMER) S&EADENFE.

Control Area Network (CAN)

The Controller Area Network (CAN) module uses a message-based protocol to receive and
transmit data between multiple slaves and masters in electromagnetically noisy applications. The
module complies with the ISO 11898-1 (CAN 2.0A/CAN 2.0B) standard and supports up to 32
mailboxes, which can be configured for transmission or reception in normal mailbox and FIFO
modes. Both standard (11-bit) and extended (29-bit) messaging formats are supported. The CAN
module requires an additional external CAN transceiver.

BITIMRIEO(SPY

BITIMRIEOGPIE2MEE, SPHRMSZ MOERMINERENSELN IR S BITHERE,

USB 2.0 Full-Speed module (USBFS)

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

2 XA RILE (CAN)

P28 5 3 (CAN) S SR I 2 1K B AU hINTE SR BAIR A5 R AR R Y S MALAI E A 2 (Bl WAL (% 5

iR, ZARIRFFRIS011898-1(CAN2.OACAN2.0B)AT A, B IF321HFFE, RAIACE JE @AERTE

;D\ELIBFOﬁHE;;g’;E%EEEH% P (111D My B’ (29f) HEKN. CANBIRTEEHING
aBCAN °

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

USB2.02RIEH(USBFS)

USB2.0ERIE R (USBFS) o] LUEA EHITHI28 1% 1T HI2RIE T

ZERTFERMMEE ((RPREVIEHILS) F5HE, W0

BABTRENE20, ZERE—MNAZBUSBI . S, ZIFERSBRITEENE200hENXNFERE
WXE, USBABERTHIREARNE+EMELR, REZURMI0MNEE, JLURIER T BENINE
BEIRIBENRANEE 1R REMERFES.

an SPI-compatible interface.
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Table 1.8 Communication interfaces (2 of 2)

Feature

Functional description
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Table 1.8 @EEQ Q49 H8921)

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.

Feature IhgEREA

SD/MMC Host Interface (SDHI)

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

HaR R RITAE S IEO(SSIE) R A RITA FEOSSIE) MR ESHFEIMSSZEOMNIIEE, ATESHTEAFRRSBEETOMI IR
o SSIEZIFEIASOMHzZEV S SABY PSR, HAfE MBI EEUNEE. RXBFULRIETT, LUERSMMN A, SSIETERIEEMAXEHE
E32RFIFOE AKX, HIZFHUTFMDMAIREhBIEIEE AN &IX,

Ethernet MAC (ETHERC)

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

SDMMCEAHLHE M (SDHI) SDHIF Z 1K (MMO) 12 SRR UG S IS R R IE R BIMCURR B BYThAE. SDHISZHF 1114
fiisgk, BTERSTRSD, SDHCMSDXCIEXBIEF . EFATESDABHNENIREN, A
FUESFSDENGEEN = @ IF Bl i (SDHALA)e MMCHE O 3R ffleMMC4.51 (JEDECHTAEJESD84-
B451) BfFiHEIMMMAMNMMCEL. BROFREREREEH BRSDREREN,

Table 1.9 Analog

AR MIMAC(ETHERC) & LUAMIEEES02. 35 1K1 81T HI(MAC) B X AY B @ 18 LUK IMACIE $88 (ETHERC)o ETHERC
BERE—TMACEEO@EE, BMCUEER AL ENIZRRT S LLAMAIEEES02. 345 AR
BYYIRELSI(PHY-LSD)e ETHERCERZE|LAAMDMAREH28(EDMAC), R LA ATERERCPURIIE

Feature

Functional description

12-bit A/D Converter (ADC12)

A 12-bit successive approximation A/D converter is provided. Up to 11 analog input channels are
selectable.

12-bit D/A Converter (DAC12)

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

Table 1.10 Data processing

Feature

Functional description

Cyclic Redundancy Check (CRC)
calculator

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.

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.

TR AR,
Table 1.9 Analog
Feature IhgEEA
12-bit A/D Converter (ADC12) BT — M 2MIFRETEREIREE. REAER 1 MEIMNENEE,
12-bit D/A Converter (DAC12) M T — M 2MUDARKIREZ(DACT2),
Table 1.10  ¥iERIR
Feature Ihegtea
BT TRR(CRC)ITESS TBIR TR (CRO) & B CRCAUES LU M EIB P BV IR, CRCITE LS RIVALIRE BT LATII% ALSB-fir

stEMSB-firsti@{5. Lhdbh, FERILUEREZMCRCER Z M.

Table 1.11 Security

¥IEEE B (DOC) %’)%?E%%&!}%(DOC)XN6fﬁ§&?§i&ﬁttﬁ\ IENUR . HERSEERMR, WR16MIEHIEHT

Feature

Functional description

Table 1.11 Security

Securty function

ARMvV8-M TrustZone security
Device lifecycle management
Debug access level

Key injection

Secure pin multiplexing

Feature IhgEiER

Secure Crypto Engine 9 (SCE9)

Symmetric algorithms: AES

Asymmetric algorithms: RSA, ECC, and DSA
Hash-value generation: SHA224, SHA256, GHASH
128-bit unique ID.

REIHEE ARMv8-M TrustZone security
REEHAHREE

pERERYTEE: &

BHAEN

Z25|HER

LEINE5|%9(SCE9) Symmetric algorithms: AES
JEXTFRE L. RSA. ECCHIDSA
Hash-value generation: SHA224, SHA256, GHASH

128fiIME—ID,

Note:  FSP has full HAL drivers for SCE9 but only access control circuit, random number generation circuit and unique ID are supported.
The operation of other circuits is not guaranteed.

RO1DS0392EJ0100 Rev.1.00
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Note:  FSPASCEIRMHTTEERMHALIRENZR, BINZIFAEHIRE. My EMBRMME—ID,

FRIER A B RIE,
R0O1DS0392EJ0100 Rev.1.00 RENESAS F557, #9250

Sep 23, 2021



RAG6E1 Datasheet
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1.2

Block Diagram

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

features.

Note:
Note 1.

Memory

Bus

Arm Cortex-M33

System

1 MB code flash

| MPU |

| DSP | | FPU

| POR/LVD |

Clocks

8 KB data flash

256 KB SRAM

1 KB Standby
SRAM

DMA

DTC

DMAC % 8

IDAU

MPU

NvIC

MOSC/SOSC

(HIMIL) 0CO

I

| Mode control

PLL/PLL2

| Power control

CAC

System timer

| ICU |

Battery backup

|Te

st and DBG interface

Register write
protection

Timers

Communication

interfaces

GPT32x 2
GPT16 x 4

AGT x 6

RTC

WDT/IWDT

SCI x 6 | | QSPI

| | ETHERC

lIC x 2 | | SDHI

SPI x 2 | | CAN

SSIE | | USBFS |

Event link

ELC

Security

Data processing

CRC

DOC

SCE9*1

[

Analog

ADC12

DAC12

Not available on all parts.
FSP has full HAL drivers for SCE9 but only access control circuit, random number generation circuit and unique ID are
supported. The operation of other circuits is not guaranteed.

RAGE1 Datasheet

1. Overview

1.2

HEE

EN1ETRTMCUBSEE., ARNEESMISERGEIIE.

Note:

Memory Bus Arm Cortex-M33 System
|1MB1J€E£5|‘H?% | | MPU | | DSP || FPU | | POR/LVD | Clocks
MOSC/SOSC
SKBEIENTF | DAU |
e
| MPU |
1 KB Standby |$§EC}'§%U | | PLL/PLL2 |
SRAM
| NVIC |
|Iﬂ$}§$u | | cAC |
DMA | ROERYE |
| Icu | |%ﬁﬁ%iﬂ3 |
DTC
| MAFIDBGHED |
FERE5RIP

Timers BifEO
SCIx 6 | | QSPI | | ETHERC
GPT32x2
GPT16x 4
IIC x 2 | | SDHI |
AGT x 6 SPIx 2 | | CAN |
RTC
SSIE | | USBFS |
WDT/IWDT
JETH R IR IE Analog
ELC CRC ADC12
Security DOC DAC12

SCE9*1

[

FAEFB AR EE AT A

A1 FSPRBSCEOMTTEHALIRENZR, BNSIFHIEHIEREE. MY EMBRMME—ID, FRIEAMBIRAIRF.

Figure 1.1

1.3

Block diagram

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.

R01DS0392EJ0100 Rev.1.00
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Figure 1.1

1.3

EN2BRTEmBHSER, SERFFEMHEREE, R1.12BERT7FmilR.
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RAGE1 Datasheet 1. Overview
I_— Production identification code
Terminal material (Pb-free)
A: Sn (Tin) only
C: others
Packaging
#A: Tray/Individual resale
#B: Tray/Full carton
#H: Tape and reel
Package type
FP: LQFP 100 pins
FM: LQFP 64 pins
NE: QFN 48pins
Quality Grade
Operating temperature
2:-40°Ct0 85°C
Code flash memory size
D: 512 KB
F: 1 MB
Feature set
Group number
Series name
RA family
Flash memory
Renesas microcontroller
Figure 1.2 Part numbering scheme
Table 1.12 Product list
Data Operating
Product part number Package code Code flash flash SRAM temperature
R7FAGE10F2CFP PLQP0O100KA-B 1MB 8 KB 256 KB -40 to +85°C
R7FA6E10F2CFM PLQPO0064KB-C
R7FABE10F2CNE PWQNO0048KC-A
R7FABE10D2CFP PLQP0100KA-B 512 KB 8 KB 256 KB -40 to +85°C
R7FABE10D2CFM PLQP0064KB-C
R7FABE10D2CNE PWQNO0048KC-A
R01DS0392EJ0100 Rev.1.00 RENESANAS Page 7 of 92
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—l—— =055
mFME (K8
A: Sn (Tin) only
C: others
BEAA: REPHERES
B: HESHMEAH: T
MEH
BELR
FP: LQFP 100 pins
FM: LQFP 64 pins
NE: QFN 48pins
REER
TEBE2: -40°CES8
5°C
ARIBIAF A
D: 512 KB
F:1MB
aes&
Hs
E IR i
KRBHESBL
NTF
Renesas microcontroller
Figure 1.2  SHHESHE
Table 1.12 =@mJlIR
g Il
FERIGS aBERKB REBATE AE SRAM
R7FAGE10F2CFP PLQP0100KA-B 1 MB 8 KB 256 KB -40 to +85°C
R7FAGE10F2CFM PLQP0064KB-C
R7FAGE10F2CNE PWQNO0048KC-A
R7FAG6E10D2CFP PLQPO0100KA-B 512 KB 8 KB 256 KB -40 to +85°C
R7FAGE10D2CFM PLQP0064KB-C
R7FAGE10D2CNE PWQNO0048KC-A
R01DS0392EJ0100 Rev.1.00 RENESAS 7MW, $#927M
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1.4  Function Comparison 1.4  THEELEER
Table 113  Function Comparison Table 1.13  IhEELELER
R7FA6E10F2CFP R7FA6E10F2CFM R7FAG6E10F2CNE R7FA6E10F2CFP R7FAG6E10F2CFM R7FAGE10F2CNE
Parts number R7FA6E10D2CFP R7FA6E10D2CFM R7FA6E10D2CNE EHRS R7FA6E10D2CFP R7FA6E10D2CFM R7FAG6E10D2CNE
Pin count 100 64 48 3¢ 100 64 48
Package 100, 64 pin are LQFP. Package 100. 64%tZLQFP.
48 pins is QFN. 48%T2QFNo
Code flash memory 1MB HEBATF 1MB
512 KB 512 KB
Data flash memory 8 KB BIBATE 8 KB
SRAM 256 KB SRAM 256 KB
Parity 192 KB Parity 192 KB
Standby SRAM 1 KB Standby SRAM 1 KB
DMA DTC Yes DMA DTC Yes
DMAC 8 DMAC 8
System CPU clock 200 MHz (max.) System FRERETH 200 MHz (max.)
CPU clock sources MOSC, SOSC, HOCO, MOCO, LOCO, PLL CPUBTH#R MOSC, SOSC, HOCO, MOCO, LOCO, PLL
CAC Yes CAC Yes
WDT/IWDT Yes WDT/IWDT Yes
Backup register 128 B &N EESE 128 B
Communication scI™ 6 Communication scI 6
|[e3 2 |[e: 2
SPI 2 | 1 SPI 2 | 1
CAN 1 CAN 1
USBFS Yes USBFS Yes
QSPI Yes | No QSPI Yes | No
SSIE Yes No SSIE Yes No
SDHI/MMC Yes No SDHI/MMC Yes No
ETHERC Yes No ETHERC Yes No
Timers GPT32"1 2 1 Timers GPT32™1 2 1
GPT16™ 4 3 GPT16"™ 4 3
AGT" 6 AGT 6
RTC Yes RTC Yes
Analog ADC12 11 7 5 Analog ADC12 11 7 5
DAC12 1 DAC12 1
Data processing CRC Yes B IR CRC Yes
DOC Yes DOC Yes
Event control ELC Yes EHEH ELC Yes
Security SCE9"2, TrustZone, and Lifecycle management Security SCE9+2. TrustZoneM % /BHAEE
Note 1. Available pins depend on the Pin count, about details see section 1.7. Pin Lists. A1 FTAEMEURTERE, #EN1.77,. 3IMYIR,
Note 2. FSP has full HAL drivers for SCE9 but only access control circuit, random number generation circuit and unique ID are supported. A2 FSPABSCEOMEEHALIRGIIER, BNZRIARIEHEIBEE. FEN R4 BRME—ID,
The operation of other circuits is not guaranteed. RRIEE R ERAVIRIE,
R0O1DS0392EJ0100 Rev.1.00 RENESAS Page 8 of 92 RO1DS0392EJ0100 Rev.1.00 REN ESNS 80, #92W
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1.5  Pin Functions 1.5  5|RIThEE
Table 1.14  Pin functions (1 of 4) Table 1.14  S|RIThEE(10f4)
Function Signal 1/0 Description Function Signal 110 Description
Power supply VCC Input Power supply pin. Connect it to the system power supply. Connect BIR VCC Input RS, FEERBRAER, BE— N0 UFBERLLSHE
this pin to VSS by a 0.1-uF capacitor. The capacitor should be EEIVSS, BANEIASIHIME,
placed close to the pin.
VCL/VCLO 110 Connect this pin to the VSS pin by the smoothing capacitor used to VCL/VCLO 110 B A TREN R RBERRULSIHERERIVSSS I, &
stabilize the internal power supply. Place the capacitor close to the BARKEASIHKE.
pin.
VBATT Input Battery Backup power pin VBATT Input BB Sth& e R S | Rl
VSS Input Ground pin. Connect it to the system power supply (0 V). VSS Input EHS M, BEEZEIRFBRBIROV).
Clock XTAL Output Pins for a crystal resonator. An external clock signal can be input Clock XTAL Output RINIEIREFAVS I, SNBSS A LUBTEXTALS | BN
through the EXTAL pin.
EXTAL Input EXTAL Input
XCIN Input Input/output pins for the sub-clock oscillator. Connect a crystal XCIN Input Bl hiRHER VAL 5. EXCOUTAXCINZ & —1
resonator between XCOUT and XCIN. mINIERER.
XCOUT Output XCOouT Output
CLKOUT Output Clock output pin CLKOUT Output B i 5 1A
Operating mode control | MD Input Pin for setting the operating mode. The signal level on this pin must BRI E MD Input BT IRBRFEAB5IH. EMERERMRBVRIFRT R
not be changed during operation mode transition on release from , MMEEXRULSIM ENESBE,
the reset state.
System control RES Input Reset signal input pin. The MCU enters the reset state when this REiEHl RES Input SMESHASIH. HZESTHEE, MCUENELRKS,
signal goes low.
CAC CACREF Input Measurement reference clock input pin CAC CACREF Input MESZE RN
On-chip emulator T™S 110 On-chip emulator or boundary scan pins On-chip emulator T™S 110 A R ESEFAFAESIH
TDI Input TDI Input
TCK Input TCK Input
TDO Output TDO Output
TCLK Output Output clock for synchronization with the trace data TCLK Output BT S5REHIER S AV HET#
TDATAO to TDATA3 Output Trace data output TDATAO to TDATA3 Output ERER BB L
SWO Output Serial wire trace output pin SWO Output BT L5 H
SWDIO 110 Serial wire debug data input/output pin SWDIO 110 SBITLRIARSIBR NG LS
SWCLK Input Serial wire clock pin SWCLK Input BRITLBI RSB
Interrupt NMI Input Non-maskable interrupt request pin Interrupt NMI Input o] Rk P BTiER S B
IRQN Input Maskable interrupt request pins IRQn Input B R AR BT iE SR 5 | B
IRQN-DS Input Maskable interrupt request pins that can also be used in Deep IRQn-DS Input Al P BTIERSI#), WAl FDeep
Software Standby mode RIERFNAR
GPT GTETRGA, GTETRGB, | Input External trigger input pins GPT GTETRGA, GTETRGB, | Input SMER AR & SR\ 5 | B
GTETRGC, GTETRGD GTETRGC, GTETRGD
GTIOCnA, GTIOCnB 110 Input capture, output compare, or PWM output pins GTIOCnA, GTIOCnB 110 WMAMEIE. W PWMEEE 5B
AGT AGTEEn Input External event input enable signals AGT AGTEEn Input SMNEBEHRNEREES
AGTIOn 110 External event input and pulse output pins AGTIOn 110 SMNEBE I NFABK i 5 |
AGTOn Output Pulse output pins AGTOn Output BXospia 5 | B
AGTOAN Output Output compare match A output pins AGTOAnN Output I Eb IR ICEC AR 5| R
AGTOBnN Output Output compare match B output pins AGTOBnN Output i Eb AR UL e B R S | B
RTC RTCOUT Output Output pin for 1-Hz or 64-Hz clock RTC RTCOUT Output AT 1HzI64HzBT ShEYHIH 5 | B
RTCICn Input Time capture event input pins RTCICn Input IRk S TDNG] il
R01DS0392EJ0100 Rev.1.00 leNESAS Page 9 of 92 R01DS0392EJ0100 Rev.1.00 .zENESAS 9T, H92m
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1. Overview

Table 1.14 Pin functions (2 of 4)
Function Signal 1/0 Description
SCI SCKn 110 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 110 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 1/0 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)

RXDXn Input Input pins for received data (Extended Serial Mode)

TXDXn Output Output pins for transmitted data (Extended Serial Mode)

SIOXn 1/0 Input/output pins for receivde or tramsmitted data (Extended Serial
Mode)

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

lIc SCLn 1/0 Input/output pins for the clock
SDANn 1/0 Input/output pins for data
SPI RSPCKA, RSPCKB 110 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 /0 Input or output pin for slave selection

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

to SSLB3

CAN CRXn Input Receive data
CTXn Output Transmit data
R01DS0392EJ0100 Rev.1.00 RENESAS Page 10 of 92
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Table 1.14  SIRITHEE(20f4)
Function Signal 110 Description
ScCl SCKn 110 RN REEE I (RS E)
RXDn Input BWHIERNEASIH (RERANHRES )
TXDn Output FaiERNELs I (RESRANHES R
CTSn_RTSn 110 WANRLHS AT ERAENZEENFE (BERANSRS R
) , METER.
CTSn Input FHIAF A N0
SCLn 110 NCEY PRV NG 5 IR (R ICR )
SDAn 110 NCEIERMABH I (FRICKR)
SCKn 110 e NBEE I (BRSPHRT)
MISOn 110 AT EEEiErmANELE I (FRSPHET)
MOSIn 110 BWANRHSIHATEHESR (FRSPHRR)
RXDXn Input BWEIERBNSI (T BRTRN)
TXDXn Output FaiEnELsI (FRRTRN)
SIOXn 110 ATFREREREUENBARHSIH TRSET
Mode)
SSn Input FEBASIH (BesPiER) , JMBEFEEN
lIC SCLn 110 B EREYAa N a5 | R
SDAN 110 HIERNRIH S
SPI RSPCKA, RSPCKB 110 RPN )
MOSIA, MOSIB 110 FAF M EN a8 RN S 5 R
MISOA, MISOB 110 MANER RS A3 N\ S s L 5 (B
SSLAO, SSLBO 110 MAERR BB NS 5 B
SSLA1 to SSLA3, SSLB1 | Output MR8 H 5 (R
to SSLB3
CAN CRXn Input B EIE
CTXn Output R iR
R01DS0392EJ0100 Rev.1.00 RENESAS 105, H920T
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Table 1.14 Pin functions (3 of 4)
Function Signal 1/0 Description
USBFS VCC_USB Input Power supply pin
VSS_USB Input Ground pin
USB_DP 1/0 D+ pin of the USB on-chip transceiver. Connect this pin to the D+
pin of the USB bus.
USB_DM 110 D- pin of the USB on-chip transceiver. Connect this pin to the D- pin
of the USB bus.
USB_VBUS Input USB cable connection monitor pin. Connect this pin to VBUS of the
USB bus. The VBUS pin status (connected or disconnected) can be
detected when the USB module is operating as a function controller.
USB_EXICEN Output Low-power control signal for external power supply (OTG) chip
USB_VBUSEN Output VBUS (5 V) supply enable signal for external power supply chip
USB_OVRCURA, Input Connect the external overcurrent detection signals to these pins.
USB_OVRCURB Connect the VBUS comparator signals to these pins when the OTG
power supply chip is connected.
USB_OVRCURA-DS, Input Overcurrent pins for USBFS that can also be used in Deep Software
USB_OVRCURB-DS Standby mode.
Connect the external overcurrent detection signals to these pins.
Connect the VBUS comparator signals to these pins when the OTG
power supply chip is connected.
USB_ID Input Connect the MicroAB connector ID input signal to this pin during
operation in OTG mode
QSPI QSPCLK Output QSPI clock output pin
QSSL Output QSPI slave output pin
QIO0 to QIO3 110 Data0 to Data3
SSIE SSIBCKO 110 SSIE serial bit clock pins
SSILRCKO/SSIFS0 1/0 LR clock/frame synchronization pins
SSITXDO Output Serial data output pin
SSIRXDO Input Serial data input pin
SSIDATAO 1/0 Serial data input/output pins
AUDIO_CLK Input External clock pin for audio (input oversampling clock)
SDHI/MMC SDOCLK Output SD clock output pins
SDOCMD 110 Command output pin and response input signal pins
SDODATO to SDODAT3 110 SD and MMC data bus pins
SDOCD Input SD card detection pins
SDOWP Input SD write-protect signals
R01DS0392EJ0100 Rev.1.00 RENESAS Page 11 of 92
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Table 1.14  5|H#IZhAEE(30f4)
Function Signal 110 Description
USBFS VCC_USB Input BB RS (R
VSS_USB Input S|
USB_DP 110 USBF LI &R 2389D+5 IR, $51LL 5| BNERERIUSBELRID+51 Rl
USB_DM 110 USBE LU &R 28MIDpin. FLL51RIZEREEIUSB R LMIDpin.
USB_VBUS Input USBERZSIEREIS TSRS (R, 1L I BIEREFIUSB R LR MVBUS, HUSB
BIRIEFTHERIEHIBRBITEY, ATLUARMIVBUSSIRIIRES (EiESUFF
USB_EXICEN Output FAFIMBEIROTG)E F RINFEIERIES
USB_VBUSEN Output VBUS(SV) A oh BRI BRI (BB EREIE S
USB_OVRCURA, Input SNBSS S B X L5 B,
USB_OVRCURB EROTGEIRT Y, VBUSLLIRERE S EREIX LS|/,
USB_OVRCURA-DS, Input ] EDeepSoftware A {E A BIUSBFSIE i 5 | fi
USB_OVRCURB-DS R,
BN BRI S SR L 5| Rl
EEOTGERIRG Y, VBUSLLIRER(E SiEEEIX LS| M,
USB_ID Input %%{Gﬁiﬁ?ﬁﬁﬁﬁlﬁ, FEMicroABEZSBIDRINE S EEFILL
QSPI QSPCLK Output QSPIBY $hia 5| B
QSSL Output QSPIM#LEEIH S| B
QIOO0 to QIO3 /0 Data0 to Data3
SSIE SSIBCKO 110 SSIEERTIBI$h 5| f
SSILRCKO/SSIFSO 110 LREY £t [5] 2 & F
SSITXDO Output BITEUEM L SR
SSIRXDO Input BITHIRBASI
SSIDATAO 110 BITHEIERMANRLSIH
AUDIO_CLK Input BHMSMNERRS RSB (N RAFRS )
SDHI/MMC SDOCLK Output SDB $igr 1 5| B
SDOCMD 110 it 5| AN MmN E S5/
SDODATO to SDODAT3 110 SDAIMMCERIB R &5 B
SDOCD Input SO B
SDOWP Input SD write-protect signals
R01DS0392EJ0100 Rev.1.00 RENESAS SN, H920
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Table 1.14 Pin functions (4 of 4)

RAG6E1 Datasheet

1. Overview

Function Signal 1/0 Description
ETHERC REF50CKO Input 50-MHz reference clock. This pin inputs reference signal for
transmission/reception timing in RMIl mode.
RMII0O_CRS_DV Input Indicates carrier detection signals and valid receive data on
RMII0_RXD1 and RMII0_RXDO0 in RMII mode
RMIIO_TXDn Output 2-bit transmit data in RMIl mode
RMII0O_RXDn Input 2-bit receive data in RMII mode
RMIIO_TXD_EN Output Output pin for data transmit enable signal in RMIl mode
RMII0_RX_ER Input Indicates an error occurred during reception of data in RMII mode
ETO_EXOUT Output General-purpose external output pin
ETO_LINKSTA Input Input link status from the PHY-LSI
ETO_WOL Output Receive Magic packets
ETO_MDC Output Output reference clock signal for information transfer through
ETO_MDIO
ETO_MDIO 110 Input or output bidirectional signal for exchange of management
data with PHY-LSI
Analog power supply AVCCO Input Analog voltage supply pin. This is used as the analog power supply
for the respective modules. Supply this pin with the same voltage as
the VCC pin.
AVSS0 Input Analog ground pin. This is used as the analog ground for the
respective modules. Supply this pin with the same voltage as the
VSS pin.
VREFH Input Analog reference voltage supply pin for the D/A Converter. Connect
this pin to AVCCO when not using the D/A Converter.
VREFL Input Analog reference ground pin for the D/A Converter. Connect this pin
to AVSSO0 when not using 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 ANmMn Input Input pins for the analog signals to be processed by the A/D
converter.
(m: ADC unit number, n: pin number)
ADTRGmM 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
R0O1DS0392EJ0100 Rev.1.00 RENESAS Page 12 of 92
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Table 1.14 SIIThEE (41, Ha44)
Function Signal 110 Description
ETHERC REF50CKO Input 5O1MH:.Z;5%N%¢° %5 M ARMIIE T T A X Z WA S
550
RMII0_CRS_DV Input ERECRACNIE S B MR EUE
RMIME R FHYRMIIO_RXD1HIRMIIO_RXDO
RMII0_TXDn Output RMIME T2 8 3% 50E
RMII0_RXDn Input RMIHE R T BY 2 (i e U 2
RMII0_TXD_EN Output RMIKET FEIE R IR E RS S B S
RMII0_RX_ER Input FTRIERMIKE TR FHEUERIERY R £ 551R
ETO_EXOUT Output AR 5 | B
ETO_LINKSTA Input MPHY-LSIHRIN BE RS IK S
ETO_WOL Output BWERE
ETO_MDC Output WEESENHESHATERER
ETO_MDIO
ETO_MDIO /0 AT 5SPHY-LSIRIRBIEBHIENBMARBENEES
KRR AVCCO Input B BERIRS I, XAES MERIVENER, RZ5|IHRHESY
CCaIHMERREBE,
AVSS0 Input BEHEMS . XBES MEREDM, FIZ5IHIEHESVSS
5|HIAE IR EBE,
VREFH Input BIREMBNIRINS ZBERIRS M. TEADAIREMN, KI5
ZEZEIAVCCO,
VREFL Input DA SRAVIRINS Z 1M S| f), TEFADAFRIREEAT, FUIL5|MER:
E|AVSSOo
VREFHO Input ADC12HEINS E BERIFS M. RERADCI2ET, Ritb5IHEE
FJAVCCO,
VREFLO Input ADC12RRINBZ 125 i, L5 IHERZE
REAADCT 2BY HAVSSO0o
ADC12 ANmn Input AD¥ IR EREMEIMES WS, (m: ADCEITH
5, n: 5IHES)
ADTRGm Input AT EIADHIRIIINER iR R 5 S HVMASIH, REBFEHX
DAC12 DAn Output HEIEE R M IBRRINME S A 5 1A,
I/0 ports Pmn 110 BRABMNAESIE (m: OS5,
n: 5I#S)
P200 Input BRBNGIH
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1.6 Pin Assignments

The following figures show the pin assignments from the top view.
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Figure 1.3 Pin assignment for LQFP 100-pin
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Figure 1.4 Pin assignment for LQFP 64-pin
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Figure 1.5

Pin assignment for QFN 48-pin
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Figure 1.5
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1.7 E1L IR

RAGE1 Datasheet 1. Overview
1.7 Pin Lists
Table 1.15 Pin list (1 of 3)

8 |«

E ﬁ ¥ | Power, System,

S |G | Z |Clock Debug, |IO SCI/IIC/SPICAN/USBFS/QSPI/SSIE/SDHIMMC/

3 [53|d|cac ports | Ex. Interrupt | EHTERC(RMII) GPT/AGT/RTC ADC12/DAC12
1 1 - |—= P400 IRQO SCK4/SCLO_A/AUDIO_CLK/ETO_WOL GTIOC6A/AGTIO1 —
2 2 - |— P401 IRQ5-DS CTS4_RTS4/SDAO_A/CTX0/ETO_MDC GTETRGA/GTIOC6B —
3 3 1 CACREF P402 IRQ4-DS CTS4/CRX0/AUDIO_CLK/ETO_MDIO AGTIOO0/AGTIO1/AGTIO2/AGTIO3/RTCICO | —
4 — | — |— P403 IRQ14-DS SSIBCKO_A/ETO_LINKSTA AGTIOO0/AGTIO1/AGTIO2/AGTIO3/RTCIC1 | —
5 - |—=1—- P404 IRQ15-DS SSILRCKO_A/ETO_EXOUT AGTIO0_G/AGTIO1/AGTIO2/AGTIO3/ —

RTCIC2
6 — |—|—= P405 | — SSITXDO_A/RMIIO_TXD_EN_B GTIOC1A —
7 - | = |— P406 SSIRXDO_A/RMIIO_TXD1_B GTIOC1B/AGTO5 —
8 4 2 VBATT — — — — —
9 5 3 VCLO — — — — —
10 |6 |4 |[XCIN — — — — —
1 7 5 XcouTt — — — — _
12 8 6 VSs — — — — —
13 9 7 XTAL P213 IRQ2 TXD1 GTETRGC/AGTEE2 —_
14 10 | 8 EXTAL P212 IRQ3 RXD1 GTETRGD/AGTEE1 —
15 1 19 VvCC — — — — —
16 — | — | CACREF P708 IRQ11 RXD1/SSLB3_B — —
17 - |—=1—- P415 IRQ8 SSLB2_B/USB_VBUSEN/SDOCD/RMIIO_TXD_EN_A AGTIO4 —
18 — | = |— P414 IRQ9 CTS0/SSLB1_B/SDOWP/RMIIO_TXD1_A AGTIOS —

19 — | —|— P413 | — CTSO0_RTS0/SSLB0_B/SDOCLK_A/RMIIO_TXDO_A AGTEE3 —
20 — = |— P412 | — SCKO/CTS3/RSPCKB_B/SDOCMD_A/REF50CK0_A AGTEE1 —
21 12 | — | — P411 IRQ4 TXDO/CTS3_RTS3/MOSIB_B/SDODATO_A/RMII0_RXDO_A AGTOA1 —
22 13 |— | — P410 IRQ5 RXDO0/SCK3/MISOB_B/SDODAT1_A/RMIIO_RXD1_A AGTOB1 —
23 14 |10 | — P409 IRQ6 TXD3/USB_EXICEN/RMIIO_RX_ER_A AGTOA2 —
24 15 |11 | — P408 IRQ7 CTS4/RXD3/SCL0O_B/USB_ID/RMIIO_CRS_DV_A GTIOC6B/AGTOB2 —
25 16 |12 | — P407 | — CTS4_RTS4/SDAO_B/SSLA3_A/USB_VBUS/ETO_EXOUT GTIOC6A/AGTIOO/RTCOUT ADTRGO
26 17 | 13 | VSS_USB — — — — _
27 18 | 14 | USB_DM —_ —_ —_ —_ —
28 |19 |15 | USB_DP — — — _ —
29 20 | 16 | VCC_UsSB — — — — —
30 21 |17 [ — P207 | — TXD4/SSLA2_A/QSSL — —
31 22 |18 [ — P206 IRQ0-DS RXD4/CTS9/SDA1_B/SSLA1_A/USB_VBUSEN/SSIDATAOQ_C/ — —

SDODAT2_A/ETO_LINKSTA
32 23 | — | CLKOUT P205 IRQ1-DS TXD4/CTS9_RTS9/SCL1_B/SSLA0_A/USB_OVRCURA-DS/ GTIOC4A/AGTO1 —
SDODAT3_A/ETO_WOL
33 — | — | TCLK P214 | — QSPCLK/SDOCLK_B/ETO_MDC AGTO5 —
34 — | — | TDATAO P211 — QIO0/SDOCMD_B/ETO_MDIO AGTOAS5 —
35 — | — | TDATA1 P210 | — QIO1/SDOCD/ETO_WOL AGTOBS5 —
36 — | — | TDATA2 P209 | — QIO2/SDOWP/ETO_EXOUT AGTEE5 —

37 24 | — | TDATA3 P208 —_ QIO3/SDODATO_B/ETO_LINKSTA —_ —
38 25 |19 [ RES — — — — —
39 26 | 20 [ MD P201 — — — —
40 27 |21 | — P200 NMI — — _
41 - | = |— P307 — [e][e]4] AGTEE4 —
42 — | = |— P306 | — QssL AGTOA2 —_
43 — | = |— P305 IRQ8 QSPCLK AGTOB2 —
44 28 | — [— P304 IRQ9 — GTIOC7A/AGTEE2 —
45 |— | — |vss — — — — —

Table 1.15 IR (11, #34)

o

S | =

- | ®

E R |z |wm mm W

g g = e Eid, /0 SCI/IIC/SPI/CAN/USBFS/QSPI/SSIE/SDHI/MMC/

4 | J | g |CAC ports | Aiff. $TBF | EHTERC(RMII) GPT/AGT/RTC ADC12/DAC12
1 1 - |— P400 IRQO SCK4/SCLO_A/AUDIO_CLK/ETO_WOL GTIOC6A/AGTIO1 —
2 2 - |— P401 IRQ5-DS CTS4_RTS4/SDAO0_A/CTX0/ETO_MDC GTETRGA/GTIOC6B —
3 3 1 CACREF P402 IRQ4-DS CTS4/CRX0/AUDIO_CLK/ETO_MDIO AGTIO0/AGTIO1/AGTIO2/AGTIO3/RTCICO | —
4 — | — |— P403 IRQ14-DS SSIBCKO_A/ETO_LINKSTA AGTIO0/AGTIO1/AGTIO2/AGTIO3/RTCICT1 | —
5 — | — |— P404 IRQ15-DS SSILRCKO_A/ETO_EXOUT AGTIO0_G/AGTIO1/AGTIO2/AGTIO3/ —

RTCIC2
6 —|—= |—= P405 | — SSITXDO_A/RMIIO_TXD_EN_B GTIOC1A —
7 - |— | — P406 SSIRXDO_A/RMIIO_TXD1_B GTIOC1B/AGTO5 —
8 4 2 VBATT — - — — —
9 5 3 VCLO — — — — —
10 6 4 XCIN — — — — —
1 7 5 XCouT — — — — —
12 8 6 VSS — — — — —
13 9 7 XTAL P213 IRQ2 TXD1 GTETRGC/AGTEE2 —
14 10 |8 EXTAL P212 IRQ3 RXD1 GTETRGD/AGTEE1 —
15 1 (9 VCC — — — — —
16 — | — | CACREF P708 IRQ11 RXD1/SSLB3_B — —
17 - |— |— P415 IRQ8 SSLB2_B/USB_VBUSEN/SDOCD/RMIIO_TXD_EN_A AGTIO4 —_
18 —|— |— P414 IRQ9 CTS0/SSLB1_B/SDOWP/RMIIO_TXD1_A AGTIO5 —
19 —|— |— P413 | — CTS0_RTS0/SSLB0_B/SDOCLK_A/RMIIO_TXDO_A AGTEE3 —
20 —|— | = P412 | — SCKO/CTS3/RSPCKB_B/SDOCMD_A/REF50CK0_A AGTEE1 —
21 12 [— | — P411 IRQ4 TXDO/CTS3_RTS3/MOSIB_B/SDODATO_A/RMIIO_RXDO_A AGTOA1 —
22 13 | — [— P410 IRQ5 RXD0/SCK3/MISOB_B/SDODAT1_A/RMII0_RXD1_A AGTOB1 —_
23 14 (10 | — P409 IRQ6 TXD3/USB_EXICEN/RMIIO_RX_ER_A AGTOA2 —
24 15 (11 | — P408 IRQ7 CTS4/RXD3/SCLO_B/USB_ID/RMIIO_CRS_DV_A GTIOC6B/AGTOB2 —
25 16 (12 | — P407 | — CTS4_RTS4/SDAO_B/SSLA3_A/USB_VBUS/ETO_EXOUT GTIOC6A/AGTIOO/RTCOUT ADTRGO
26 17 [ 13 | VSS_USB — — — — —
27 18 |14 | USB_DM —_ —_ —_ —_ —_
28 19 [ 15 | USB_DP — — — — —
29 20 | 16 [ vCC_USB — — — — —
30 21 |17 | — P207 | — TXD4/SSLA2_A/QSSL — —
31 22 |18 | — P206 IRQO-DS RXD4/CTS9/SDA1_B/SSLA1_A/USB_VBUSEN/SSIDATAQ_C/ — —
SDODAT2_A/ETO_LINKSTA
32 23 | — | CLKOUT P205 IRQ1-DS TXD4/CTS9_RTS9/SCL1_B/SSLAO0_A/USB_OVRCURA-DS/ GTIOC4A/AGTO1 —
SDODAT3_A/ETO_WOL
33 — | — | TCLK P214 | — QSPCLK/SDOCLK_B/ET0_MDC AGTO5 —_
34 — | — | TDATAO P211 — QIO0/SDOCMD_B/ET0_MDIO AGTOAS —
35 — | — | TDATA1 P210 | — QIO1/SDOCD/ETO_WOL AGTOBS —
36 — | — | TDATA2 P209 | — QIO2/SDOWP/ETO_EXOUT AGTEE5 —
37 24 | — | TDATA3 P208 —_ QIO3/SDODATO_B/ETO_LINKSTA —_ —_
38 25 |19 [ RES — — — — —
39 26 |20 [ MD P201 — — — —
40 27 |21 | — P200 NMI — — —
41 - |— |— P307 — QI00 AGTEE4 —
42 —|— |— P306 | — QssL AGTOA2 —
43 - = |- P305 IRQ8 QSPCLK AGTOB2 —_
44 28 | — |— P304 IRQ9 — GTIOC7A/AGTEE2 —
45 — | — |Vss — — — — —
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RAGBE1 Datasheet 1. Overview
Table 1.15 Pin list (2 of 3)

g |3

E g ® | Power, System,

g E E Clock, Debug, /10 SCI/IIC/SPI/CAN/USBFS/QSPI/SSIE/SDHI/MMC/

= - | O [ CAC ports | Ex. Interrupt | EHTERC(RMII) GPT/AGT/RTC ADC12/DAC12
46 — | — | vce — — — — —

47 29 |[— | — P303 — CTS9 GTIOC7B —

48 30 (22 | — P302 IRQ5 TXD2/SSLA3_B GTIOC4A —_

49 31 |23 | — P301 IRQ6 RXD2/CTS9_RTS9/SSLA2_B GTIOC4B/AGTIOO0 —

50 32 | 24 | TCK/ISWCLK P300 — SSLA1_B — —

51 33 | 25 | TMS/SWDIO P108 — CTS9_RTS9/SSLA0_B AGTOA3 —

52 34 | 26 | TDO/SWO/CLKOUT | P109 — TXD9/MOSIA_B GTIOC1A/AGTOB3 —

53 35 |27 | TDI P110 IRQ3 CTS2_RTS2/RXD9/MISOA_B GTIOC1B/AGTEE3 —_

54 36 |28 | — P111 IRQ4 SCK2/SCK9/RSPCKA_B AGTOA5 —

55 37 |29 | — P112 — TXD2/SCK1/SSLAO_B/QSSL/SSISCK0_B AGTOB5 —

56 38 |— | — P113 — RXD2/SSILRCKO_B GTIOC2A/AGTEES —

57 — | — | — P114 — CTS9/SSIRXD0_B GTIOC2B/AGTIO5 —

58 — | = |— P115 — SSITXDO_B GTIOC4A —

59 — | = |— P608 — — GTIOC4B —

60 — | = |— P609 — — GTIOC5A/AGTO5 —

61 — | = |— P610 — — GTIOC5B/AGTO4 —

62 39 [ 30 | vCC — — — — _

63 40 |31 | VSS — — — — —

64 41 |32 | VCL — — —_ — —

65 — | = |— P602 — TXD9 GTIOC7B/AGTO3 —

66 — | = | — P601 — RXD9 GTIOC6A/AGTEE3 —

67 — | — | CACREF/CLKOUT P600 — SCK9 GTIOC6B/AGTIO3 —

68 — | = |— P107 — — AGTOAO —

69 42 | — | — P106 — SSLB3_A AGTOBO —

70 43 | — | — P105 IRQO SSLB2_A GTETRGA/GTIOC1A/AGTO2 —

71 44 |33 | — P104 IRQ1 SSLB1_A/QIO2 GTETRGB/GTIOC1B/AGTEE2 —

72 45 [ 34 | — P103 — CTSO_RTS0/SSLB0O_A/CTX0/QIO3 GTIOC2A/AGTIO2 —

73 46 | — | — P102 — SCKO/RSPCKB_A/CRX0/QIO0 GTIOC2B/AGTO0 ADTRGO
74 47 |35 | — P101 IRQ1 TXDO/CTS1_RTS1/MOSIB_A/QIO1 GTETRGB/GTIOC5A/AGTEEO —

75 48 (36 | — P100 IRQ2 RXDO0/SCK1/MISOB_A/QSPCLK/OM_SCLK GTETRGA/GTIOC5B/AGTIO0 —

76 49 | 37 | CACREF P500 — CTS5/USB_VBUSEN/QSPCLK AGTOAO —

77 - | — | — P501 IRQ11 USB_OVRCURA/QSSL AGTOBO —_

78 — | — | — P502 IRQ12 USB_OVRCURB/QIO0 AGTOA2 —

79 — | — | — P503 — USB_EXICEN/QIO1 GTETRGC/AGTOB2 —

80 — | = | = P504 — USB_ID/QI02 GTETRGD/AGTOA3 —

81 — | = |— P505 IRQ14 Qlo3 AGTOB3 —

82 50 | — | VvCC — — — — —

83 51 | — | VSS - — — _ _

84 52 | 38 | — P015 IRQ13 — — AN013
85 53 [39 | — P014 — — — AN012/DA0
86 54 |40 | VREFL — — — — —

87 55 | 41 | VREFH — — — — —

88 56 | 42 | AVCCO — — — — —

89 57 | 43 [ AVSSO — — — — —

90 58 | 44 | VREFLO — — — — —

91 59 | 45 | VREFHO — — — — —

92 - | — | — P008 IRQ12-DS —_ —_ AN008
93 — | = |— P007 — — — AN007
94 — | = | = P006 IRQ11-DS — — AN006

Table 1.15 SIFIER (24, #31)
g |z
&2 o |mEm 5w
gISIE o, i, [[[o] SCI/IIC/SPI/CAN/USBFS/QSPI/SSIE/SDHI/MMC/
-4 | 4 | O [CAC ports | Hiff, $THf EHTERC(RMII) GPT/AGT/RTC ADC12/DAC12
46 |— |— |VvCC — — — — —
47 (29 | — |[— P303 | — CTS9 GTIOC7B —
48 30 |22 |— P302 | IRQ5 TXD2/SSLA3_B GTIOC4A —
49 31 |23 |— P301 IRQ6 RXD2/CTS9_RTS9/SSLA2_B GTIOC4B/AGTIOO0 —
50 (32 |24 | TCK/ISWCLK P300 | — SSLA1_B — —
51 33 |25 | TMS/SWDIO P108 | — CTS9_RTS9/SSLA0_B AGTOA3 —
52 34 |26 | TDO/SWO/CLKOUT | P109 | — TXD9/MOSIA_B GTIOC1A/AGTOB3 —
53 (35 |27 | TDI P110 | IRQ3 CTS2_RTS2/RXD9/MISOA_B GTIOC1B/AGTEE3 —
54 36 |28 | — P111 IRQ4 SCK2/SCK9/RSPCKA_B AGTOAS5 —
55 37 |29 | — P112 | — TXD2/SCK1/SSLA0_B/QSSL/SSISCKO_B AGTOBS —
56 (38 |— |— P113 | — RXD2/SSILRCKO_B GTIOC2A/AGTEES —
57 — = |—= P114 — CTS9/SSIRXD0_B GTIOC2B/AGTIOS —
58 [— |— |— P115 | — SSITXD0_B GTIOC4A —
59 [— |— |— P608 | — — GTIOC4B —
60 [— |— |— P609 | — — GTIOC5A/AGTOS —
61 — = |— P610 | — — GTIOC5B/AGTO4 —
62 39 |30 |vCC . — — — —
63 (40 |31 |VSS — — — — —
64 (41 |32 |VCL — — — — —
65 [— |— |— P602 | — TXD9 GTIOC7B/AGTO3 —
66 [— |— |— P601 | — RXD9 GTIOC6A/AGTEE3 —
67 | — | — | CACREF/CLKOUT |P600 |— SCK9 GTIOC6B/AGTIO3 —
68 [— |— |— P107 | — — AGTOAO0 —
69 (42 |— |— P106 | — SSLB3_A AGTOBO —
70 (43 |— |— P105 | IRQO SSLB2_A GTETRGA/GTIOC1A/AGTO2 —
71 44 |33 | — P104 IRQ1 SSLB1_A/QIO2 GTETRGB/GTIOC1B/AGTEE2 —
72 |45 |34 | — P103 | — CTS0_RTS0/SSLBO_A/CTX0/QIO3 GTIOC2A/AGTIO2 —
73 |46 | — | — P102 | — SCKO/RSPCKB_A/CRX0/QIO0 GTIOC2B/AGTO0 ADTRGO
74 |47 |35 | — P101 IRQ1 TXDO/CTS1_RTS1/MOSIB_A/QIO1 GTETRGB/GTIOC5A/AGTEEO —
75 |48 |36 | — P100 | IRQ2 RXD0/SCK1/MISOB_A/QSPCLK/OM_SCLK GTETRGA/GTIOC5B/AGTIO0 —
76 |49 |37 | CACREF P500 | — CTS5/USB_VBUSEN/QSPCLK AGTOAO0 —
7= = |— P501 IRQ11 USB_OVRCURA/QSSL AGTOBO —
8 = |—= |— P502 | IRQ12 USB_OVRCURB/QIO0 AGTOA2 —
CE I e P503 | — USB_EXICEN/QIO1 GTETRGC/AGTOB2 —
80 [— |— |— P504 | — USB_ID/QIO2 GTETRGD/AGTOA3 —
81 — == P505 | IRQ14 Qlo3 AGTOB3 —
82 50 |— |vCC — — — — —
83 (51 |— |VSS — — — _ _
84 |52 |38 | — P0O15 | IRQ13 — — ANO13
85 |53 |39 | — PO14 | — — — ANO012/DA0
86 54 | 40 | VREFL — — — — —
87 55 |41 | VREFH — — — — —
88 |56 |42 | AVCCO — — — — —
89 |57 |43 | AVSSO — — — — —
90 |58 |44 | VREFLO — — — — —
91 59 |45 | VREFHO e — — — —
92 [— |— |— P008 | IRQ12-DS — — AN008
QB [— |— |— P007 | — — — ANO007
MU [— |— |— P006 | IRQ11-DS — — ANO006
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RAGE1 Datasheet 1. Overview
Table 1.15 Pin list (3 of 3)
(=3
=] <
- ©
& | & | 2 |Power, System,
g | J | Z | Clock, Debug, 1o SCI/IIC/SPI/CAN/USBFS/QSPI/SSIE/SDHI/MMC/
3 |3 |3 |cac ports | Ex. Interrupt | EHTERC(RMII) GPT/AGT/RTC ADC12/DAC12
95 — | — |— P005 IRQ10-DS — — AN005
96 60 | — [— P004 IRQ9-DS — — AN004
97 61 | — [— P003 | — — — ANO003
98 62 |46 [ — P002 IRQ8-DS —_ — AN002
99 63 | 47 | — P001 IRQ7-DS — — ANO001
100 (64 |48 [ — P000 IRQ6-DS — — ANO000
Note:  Several pin names have the added suffix of _A, _B, _C, _D, _E, _F, and _G. The suffix can be ignored when assigning functionality.
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RAGE1 Datasheet

1. Overview

SIFIR (393 1)

Table 1.15

(=3

o <

- ©

&2 |2 |mE R 6

g E E \ . [[e} SCI/IIC/SPI/CAN/USBFS/QSPI/SSIE/SDHI/MMC/

| - | O [CAC ports AIfE. $TBR EHTERC(RMII) GPT/AGT/RTC ADC12/DAC12
95 — |—= | — P005 IRQ10-DS — — AN005

96 60 |— [— P004 IRQ9-DS — — ANO004

97 61 | — |[— P003 — — — ANO003

98 62 |46 | — P002 IRQ8-DS — — AN002

99 63 |47 | — P001 IRQ7-DS — — ANO001

100 | 64 |48 [ — P000 IRQ6-DS — — AN000
Note: JLASIHIZ#AIMNT _A. _B. _C. _D. _E. _FH_GHE%R. HECIHAERT A LIRBEE4%,

%1701, #92m
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RAG6E1 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=AVCCO0=VCC USB=VBATIT=2.7t03.6 V
e 2.7 <VREFHO/VREFH < AVCCO
e VSS = AVSS0=VREFLO/VREFL =VSS USB=0V

o T,= Topr

Figure 2.1 shows the timing conditions.

For example, P100 L 2 O

L
A

Von = VCC % 0.7, VoL = VCC x 0.3
ViH=VCC x 0.7, V. =VCC x 0.3
Load capacitance C = 30 pF

RAGBE1 Datasheet 2. A

2.  HBA&MH
ZFFRYSNEI SRR 5| I = S R AR T o
FRIEREME, MCUBBSIHMEEUTRETEN:
e VCC=AVCCO=VCC_USB=VBATT=27103.6V
e 2.7<VREFHO0/VREFH < AVCC0
e VSS=AVSS0=VREFLO/VREFL = VSS_USB=0V

o T,= Topr

E2NETRTHFFM4,

a0, P100 *® 'e)

L
.

VOH=VCCx0.7, VOL=VCCx0.3
VIH=VCCx0.7, VIL=VCCx0.3
A A C=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 WMAREEERVNERYE

Fé%%gﬂ%ﬁ\9#1’215?@%).,5’!55'9?&%55]']%%ﬁ:%?‘ﬂTEEI)Q%E%&ET%VEO M fRIAES 5| BIBVIRTIEE 7 LU
BB R1Fo

2.1 BT KENEE
Table 2.1 BN RATER

Parameter Symbol Value Unit
Power supply voltage VCC, VCC_USB™ -0.3t0 +4.0 \%
VBATT power supply voltage VBATT -0.3t0 +4.0 V
Input voltage (except for 5 V-tolerant ports™!) Vin -0.3to VCC +0.3 \Y
Input voltage (5 V-tolerant ports”™) Vin -0.3to + VCC + 4.0 (max. 5.8) v
Reference power supply voltage VREFH/VREFHO -0.3toVCC +0.3 \%
Analog power supply voltage AVCCO0™2 -0.3t0 +4.0 \%
Analog input voltage VanN -0.3to AVCCO + 0.3 \Y
Operating temperature” " Topr —40 to +85 °C
Storage temperature Tstg —55 to +125 °C

Note 1. Ports P205, P206, P400, P401, P407 to P415, and P708 are 5V 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. Derating is the systematic
reduction of load for improved reliability.

Parameter Symbol Value Unit
BIREE VCC, VCC_USB™ -0.3t0 +4.0 \Y
VBATTEEIREEE VBATT -0.3to +4.0 \%
BWNEE (SVEPRIHO«1FRIM Vin -0.3toVCC +0.3 Y
WARE (GVATERO#) Vin —0.3to + VCC + 4.0 (max. 5.8) Y
SEBRBE VREFH/VREFHO -0.3to VCC +0.3 \%
R REE AVCCO0™2 -0.3to +4.0 \%
BmNEE VanN —0.3to AVCCO + 0.3 \%
TERE3+4 Topr —40 to +85 °C
1ERE Tstg —55 to +125 °C

R01DS0392EJ0100 Rev.1.00 RENESAS Page 18 of 92

Sep 23, 2021

JE13#MAP205. P206. P400. P401. P407ZEP4158IP708RI AR SVE £,
JE2FAVCCOMVCC_USBEREEIVCC,

A3 MEE22.17, TTaE X,
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RAG6E1 Datasheet 2. Electrical Characteristics

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

Table 2.2 Recommended operating conditions

RAGBE1 Datasheet 2. A

Caution: WMREBIBBRATEE, TEESWMCUEM KA ERIF,
Table 2.2 HWEI(EEH

Parameter Symbol Value Min Typ Max Unit
Power supply voltages VCC When USB is not used 2.7 — 3.6 \Y
When USB is used 3.0 — 3.6 \
VSS — 0 — \Y
USB power supply voltages VCC_USB — VCC — \%
VSS_USB — 0 — \Y
VBATT power supply voltage VBATT 1.6572 — 3.6 \Y
Analog power supply voltages AVCCO™ — \Y/ele — \Y;
AVSS0 — 0 — \

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.

Note 2. Low CL crystal cannot be used below VBATT = 1.8V.

2.2 DC Characteristics

2.21 Tj/Ta Definition

Table 2.3 DC characteristics
Conditions: Products with operating temperature (T5) -40 to +85°C

Parameter Symbol Typ Max Unit Test conditions

Permissible junction Tj — 105 °C High-speed mode

temperature Low-speed mode
Subosc-speed mode

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

222  1/0Vy, VL

Table 2.4 110 V||.|, V||_ (1 of 2)

Parameter Symbol | Min Typ | Max Unit
Input voltage Peripheral EXTAL (external clock input), SPI (except RSPCK) VIH VCC x — |— V
(except for function pin 0.8
Schmitt trigger
input pins) ViL — — |vcCcx0.2
ETHERC Viy 2.3 — |—
Vi — — |VCCx0.2
IIC (SMBus) ViH 2.1 — |VCC+36
(max 5.8)
Vi — — 0.8
R01DS0392EJ0100 Rev.1.00 RENESAS Page 19 of 92
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Parameter Symbol Value Min Typ Max Unit
MR E \Y/ole} ERUSBET 2.7 — 3.6
fEFAUSBEY 3.0 — 3.6 \%
VSS — 0 — \Y,
USBEEIREE & VCC_USB — VCC — \Y
VSS_USB — 0 — \%
VBATTEEREBE VBATT 1652 |— 3.6 \Y
RN R & AvCcCco™ — \Y/ele’ — \Y;
AVSS0 — 0 — \Y
FE138AVCCOEZEIVCC, REAADFIRBAMDARKIESSE, REBFFAVCCO. VREFHVREFHO.
AVSSOFIVREFLVREFLOS | BI¥TF. 4§ AVCCOFMVREFHVREFHOS | BlEIZEIVCC, UAKRAVSSOFIVREFL
VREFLOS Bl 53 B2 EIVSS,
A2 R FVBATT=1.8VEI R EEFERECLA IR,
2.2 DC Characteristics
221 Tj/Ta Definition
Table 2.3 DC characteristics
4 TYERE(Ta)-40E +85°CHIF= M
Parameter Symbol Typ Max Unit Mk &4
RIFLER T — 105 °C High-speed mode
Low-speed mode
Subosc-speed mode
Note:  HafRTj=Ta+6jax RINFE(W), HHRINFE=(VCCVOH)xIIOH+VOL*ZIOL+
Iccmax x VCC.
2.2.2 IOV I H
Table 2.4 IOVIH VIL(10f2)
Parameter BERME Typ | Max Unit
MABE (58 SMEIHEES| EXTAL (SMEBESEPEEIN) , SPI (RSPCKBRSM) VIH VCC x — |—= \Y,
T L 285 il 0.8
NS IBIBRIN)
V||_ — — VCC x 0.2
ETHERC ViH 2.3 — |—
ViL — — |vcex0.2
IIC (SMBus) ViH 2.1 — |vCcCc+36
(max 5.8)
ViL — — |08
R01DS0392EJ0100 Rev.1.00 -IENESAS 1901, #9231
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RAG6E1 Datasheet

2. Electrical Characteristics

RAG6E1 Datasheet

2. BRE%

Table 2.4 /10 Vi, ViL (2 of 2)
Parameter Symbol | Min Typ | Max Unit
Schmitt trigger | Peripheral IIC (except for SMBus) ViH VCC x — |VCC+36 |V
input voltage function pin 0.7 (max 5.8)
Vi — — |VCCx0.3
AVt VCC x — |—
0.05
5 V-tolerant ports™ ViH VCC x — |VCC+36
0.8 (max 5.8)
ViL — — |VCCx0.2
AVt VCC x — |—
0.05
RTCICO, When using the When VBATT \m VBATT X — VearT + 0.3
RTCICA1, Battery Backup power supply is 0.8
RTCIC2 Function selected
Vi — — | VBarT*x 0.2
AVt VearT X |— |—
0.05
When VCC ViH VCC x — | Higher
power supply is 0.8 voltage
selected either
VCC +0.3V
or
Veart + 0.3
\Y,
ViL — — |VCCx0.2
AVt VCC x — |—
0.05
When not using the Battery Backup | V|y VCC x — |VCC+0.3
Function 0.8
ViL — — |VCCx0.2
AVt VCC x — |—
0.05
Other input pins™2 VIH VCC x — | =
0.8
Vi — — |VCCx0.2
AVt VCC x — | =
0.05
Ports 5 V-tolerant ports™ *5 Vin VCC x — |vCC+36 |V
0.8 (max 5.8)
Vi — — |VCCx0.2
Other input pins™ ViH VCC x — |—=
0.8
Vi — — |VCCx0.2

Table 2.4 IOVIH VIL(20f2)
Parameter BERME Typ | Max Unit
M AR | JMETIEES] IIC (except for SMBuS) Vin VCCx |— |vcc+36 |V
WABE il 0.7 (max 5.8)
Vi — — |veexo3
AVT  |VCCx  |— [—
0.05
5 V-tolerant ports™ ™ V4 VCC x — |vcec+3.6
0.8 (max 5.8)
ViL — — |VCCx0.2
AV |veCx  |— |—
0.05
RTCICO, EREREH E1EVBATTH Vin Vearr X |— |Vearr+0.3
RTCIC1, B TREY 0.8
RTCIC2 Function
Vi — — | VBarT*0.2
AVt VearT* | — |—
0.05
EREVCCEIR ViH VCC x — | EEHRBE
B 0.8 VCC+0.3VEg
VBATT+0.3
\%
ViL — — |VCCx0.2
AVT |VCCx |— [—
0.05
ENEER R ) Vin VCC x — |VCC+0.3
Function 0.8
ViL — — |VCC x0.2
AVT |veex  |— |—
0.05
HAimA S #=2 Vin VCC x — |—
0.8
V||_ — — VCC x 0.2
AVT |veex  |— |—
0.05
Ports 5 V-tolerant ports™ 5 ViH VCC x — |vCcCc+36 |V
0.8 (max 5.8)
Vi — — |veexo2
HAthia N\ 5 |fl4 ViH VCC x — |
0.8
Vi — — |veexo2

Note 1. RES and peripheral function pins associated with P205, P206, P400, P401, P407 to P415, P708 (total 15 pins).
Note 2. All input pins except for the peripheral function pins already described in the table.

Note 3. P205, P206, P400, P401, P407 to P415, P708 (total 14 pins).

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.

R01DS0392EJ0100 Rev.1.00
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A1.5P205. P206. P400. P401. P407ZEP415. P708#HXMIRESHSMEINRESIM (3£15051/0)

A2 R EIRAVSNEITIRES SN B RN 51 R
7£3.P205. P206. P400. P401. P407~P415. P708 (#14%t)
EABRRPERRHOSIFBE RN,
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RAGE1 Datasheet 2. Electrical Characteristics RABE1 Datasheet 2. BN
223 10 lom, loL 223 HREHRW
Table 2.5 /0 lon, loL (1 of 2) Table 2.5 IOIOH IOL(10f2)
Parameter Symbol | Min | Typ | Max | Unit Parameter Symbol RMERR E R A BRI
Permissible output current (average Ports PO0O to P008, P014, P015, P201 — loH — |— |-2.0|mA AFRBER (815N FYE #%POO0ZEPO08. PO14. PO15. P201 — loH — |— |-2.0|mA
value per pin) )
loL — |— |20 |mA loL — |— [2.0 |mA
Ports P205, P206, P407 to P415, P708 Low drive” loH — |— [-2.0|mA i®#EP205. P206. P407ZP415. P70 IR Bh*1 loH — |— |[-2.0|mA
(total 12 pins) 8 (H1205150)
|o|_ — — 20 |mA IOL — — 20 |mA
Middle drive™? loH — |— |[-4.0|mA FRIBI IR BB +2 loH — |— |4.0|mA
loL — |— |40 |mA loL — |— [4.0 |mA
H|gh drive*3 IOH — — -20 | mA =R IR B3 IOH — — [—20 [mA
|o|_ — — 20 mA |o|_ — —_— 20 mA
Ports P100 to P107, P208 to P211, P214, | Low drive"! loH — |— [-20|mA HCIP100ZEP107, P208EP211. P214, {EIRED+1 loH — |— |-20|mA
P600, P601 (total 15 pins) P600, P601 (total 15 pins)
loL — |— |20 |mA loL — |— |20 |mA
Middle dri\/e*2 loH — — —4.0 | mA FRiBIIR B 2§ +2 loH — — [—4.0|mA
loL — |— |40 |mA loL — |— 4.0 |mA
High drive™3 loH — |— |-16 |mA S IRIX G 3 loH — |[— |-16 [mA
loL — |— [16 |mA loL — |— [16 |mA
High spped high | loy — |— |-20 [mA BERERIEN4 | oy — |— |-20 [mA
drive™
loL — |— |20 mA loL — |— |20 mA
Other output pins™ Low drive loH — |— |-20|mA HAth5iH 5|5 IR Eh*1 lon — |— |-2.0|mA
loL — |— |20 |mA loL — [— |20 [mA
Middle drive? | lon — |— |-4.0|mA FRiE) IR B8 +2 IoH — |— |-4.0|mA
loL — |—= (40 |mA loL — |— (40 |mA
High drive" lon — |— |-16 |mA =R IR T3 lon — |— |-16 |mA
loL — | — 16 mA loL — |— 16 mA
R0O1DS0392EJ0100 Rev.1.00 leNESAS Page 21 of 92 RO1DS0392EJ0100 Rev.1.00 IZENESAS 217, #9251
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2. BRE%

Table 2.5 1/0 oy, loL (2 of 2)
Parameter Symbol | Min | Typ | Max | Unit
Permissible output current (max value Ports PO0O to P008, P014, P015, P201 — loH — |— |[-4.0|mA
per pin)
|o|_ — — 4.0 |mA
Ports P205, P206, P407 to P415, P708 Low drive™ loH — |— |4.0|mA
(total 12 pins)
loL — |— |40 |mA
Middle drive? | lon — |— |-8.0/mA
|o|_ — — 8.0 |mA
High drive"3 loH — |— |40 |mA
loL — |— |40 |mA
Ports P100 to P107, P208 to P211, P214, | Low drive™ loH — |— |4.0|mA
P600, P601 (total 15 pins)
loL — |— |40 |mA
Middle drive? | loH — |— |-8.0|mA
|o|_ — — 8.0 mA
High drive”s loH — |— |-32 |mA
loL — |— |32 |mA
High spped high | lon — |— |40 |mA
drive™
|o|_ — — 40 mA
Other output pins’® Low drive™ lon — |— |-40[mA
loL — |— |40 |mA
Middle drive? | lon — |— |-8.0|mA
|o|_ — — 8.0 |mA
High drive" loH — |— |-32 |mA
|o|_ N R 32 mA
Permissible output current (maxvalue of | Maximum of all output pins ZloH (max) | — |— |-80 [mA
total of all pins)
ZloL (max) |— | — 80 mA

Table 2.5  IOIOH IOL(2/2)

Parameter Symbol BIMERRERA BRI
AFREER (1 5IHNRAE) #MPO00ZEPO08. PO14. PO15. P201 — lon — |— |-40|/mA
loL — |— |40 |mA
#HEAP205. P206. P407ZEP415. P70 IR B*1 loH — |— |4.0|mA

8 (FH121°51HD)
loL — |— |40 [mA
HiEIEENER+2 | lon — |— [-8.0|mA
loL — |— |80 |mA
BRI T3 loH — |— |-40 [mA
loL — |— |40 |[mA
BHOP100EP107. P208ZEP211. P214. IR Th*1 loH — |— |-4.0[mA
P600, P601 (total 15 pins) oL — 1 {40 |
HiEIEEN8R+2 | lon — |— [-8.0|mA
loL — |— |80 |mA
BRIEE3 loH — |— |32 |mA
loL — |— [32 |mA
SEEEIREA | oy — |— |—40 [mA
loL — |— |40 |mA
HRL 5«5 IR E1 loH — |— |-4.0|{mA
loL — |— |40 [mA
HRiEliEENEE<2 | lon — |— |-8.0{mA
loL — |— |80 |mA
ERIRE*3 lon — |— |-32 |mA
loL — |— |32 |[mA
)fr:iiFKﬁHjEﬁ‘};’ﬁ (FRIESIHSNNRAE |FERLSIMNERE ZloH (max) | — |— [-80 |mA
SloL max) |— |— [80 |mA

Note 1. This is the value when low driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.
Note 2. This is the value when middle driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.
Note 3. This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.
Note 4. This is the value when high speed high driving ability is selected in the Port Drive Capability in the PmnPFS register. The selected
driving ability is retained in Deep Software Standby mode.
Note 5. Except for P200, which is an input port.

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

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

RO1DS0392EJ0100 Rev.1.00
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A1
A2

A3

X
X
X
4K
A5.P200BR5N, ER—TRIAKO.

Caution:

AFRPERNOTEYE, SEBREREESILRPIE,

T 195 B AR T 1 00usHBIEII A B R TS (8,

EIEPMNPFSH 728 B9k D RN RE AU IR RN RE NI T BB, EREREHFIER TS REFMENBIEET,

EIEPMNPFSH 7788 09K D RN U P IF R RN HE, EREREFIER TS REMENBIEEN.

EIEPMNPFSH 788 89K D RN RE U PR FRFRAEENNNE, TRERGFIEXTEREMENSLEES,

BEPMNPFSHERNHOERMENFERSESRREDNNE. ERERGSIRATERBFMENEIEET.
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224 I/0 VoH, VoL, and Other Characteristics
Table 2.6 110 Vou, VoL, and other characteristics
Parameter Symbol | Min Typ | Max | Unit | Test conditions
Output voltage IIc VoL — — |04 |V loL=3.0 mA
VoL — — 0.6 loL =6.0 mA
c* VoL — — |04 loL = 15.0 mA (ICFER.FMPE = 1)
VoL — 04 |— loL =20.0 mA (ICFER.FMPE = 1)
ETHERC VoH VCC-05|— |— lop=-1.0mA
VoL — — |04 lor=1.0mA
Ports P205, P206, P407 to Vou VCC-10|— |— loy =—20 mA
P415, P708 (total of 12 pins)*2 VCC =33V
VoL — — 1.0 loL =20 mA
VCC =33V
Other output pins VoH VCC-05|— |— lon=-1.0mA
VoL — — |05 loL=1.0mA
Input leakage current RES [linl — — 5.0 |[pA [Vip=0V
Vin=5.5V
Port P200 — — [1.0 Vihn=0V
Vin =VCC
Three-state leakage current | 5 V-tolerant ports |Irsil — — 5.0 |[pA [Vip=0V
(off state) Vin=5.5V
Other ports (except for port — — 1.0 Vihn=0V
P200) Vip =VCC
Input pull-up MOS current Ports PO to P7 Ip -300 — |-10 |pA [VCC=27t03.6V
Vin=0V
Input capacitance USB_DP, USB_DM, and ports Cin — — |16 |pF |[Vbias=0V
P014, P015, P400, P401 Vamp =20 mV
- - f=1MHz
Other input pins — — |8 Ta = 25°C

2.2.4 IOVOH VOLAI E 43!
Table 2.6  IOVOH. VOLMH ¥4
Parameter HERIME SRR K ST £
RHBE lc VoL — — |04 |V |#HoOL=30E%
VoL — — |0.6 HOL=602%R
nc VoL — — |04 I0L=15.0mA(ICFERFMPE=1)
VoL — 04 |— I0L=20.0mA(ICFER FMPE=1)
ETHERC VoH VCC-05|— |— IOH= 1.02%
VoL — — |04 HOL=1.02%
BHOP205. P206. P407E Vou VCC-10|— |[— IOH= 20mAV
P415, P708 (total of 12 pins)™2 CC=33V
VoL — — 1.0 FOL=20%
LVCC=3.3V
H g S B VoH VCC-05|— |— IOH= 1.08%
VoL — — |05 HoL=102%
WMARER RES [lin — — |50 |pA |Vip,=0V
Vin=5.5V
Port P200 — — 1.0 Vih=0V
Vi = VCC
=ERER RARS) 5 V-tolerant ports [Itsil — — |5.0 |pA |[Vip=0V
Vin=5.5V
HEO (BORS) — — [1.0 Vin=0V
P200) Vin = VCC
WA _ERIMOSHR WOPOZEP7 lp -300 — |-10 |pA |VCC=271t036V
Vin=0V
BWABSR USB_DP. USB_DM#i%O Cin — — |16 |pF |Vbias=0V
P014, PO15, P400, P401 Vamp=20mVf
—~ =1MHzTa=25°
H NG5 — — |8 C

Note 1. SCLO_A, SDAO_A (total 2 pins).
Note 2. This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register.
The selected driving ability is retained in Deep Software Standby mode.
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Note 1. SCLO_A, SDAO_A (total 2 pins).
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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 Maximum2 loc™3 — |— [115 |mA |ICLK =200 MHz
current’! mode — PCLKA = 100
CoreMark®™, "6 — |20 |— MHz
Normal mode All peripheral clocks enabled, — 130 |[— 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, — |17 |— FCLK = 50 MHz
while (1) code executing from
flash™®, "6
Sleep mode™®, "6 — |10 |47
Increase during | Data flash P/E — |6 —
BGO operation
Code flash P/E — |8 —
Low-speed mode " © — |19 |— ICLK = 1 MHz
Subosc-speed mode™ "10 — |17 |—= ICLK = 32.768
kHz
Software Standby mode SNZCR.RXDREQEN =1 — |— |34 —
SNZCR.RXDREQEN =0 — (16 |— —
Deep Software | Power supplied to Standby SRAM and USB — |16.9131 |yA |—
Standby mode | resume detecting unit
Power not Power-on reset circuit low — [11.8|31 —
supplied to power function disabled
SRAM or USB -
resume Power-on re_set circuit low — |48 |21 —
detecting unit power function enabled
Increase when When the low-speed on-chip — (4.0 |— —
the RTC and oscillator (LOCO) is in use
AGT are -
operating When a crystal gsgllator for — (12 |— —
low clock loads is in use
When a crystal oscillator for — (15 |— —
standard clock loads is in use
RTC operating while VCC is off (with the When a crystal — 109 [— VearT =18V,
battery backup function, only the RTC and oscillator for low VCC=0V
sub-clock oscillator operate) clock loads is in use
— 13 |— VBATT =33V,
VCC=0V
When a crystal — 1.0 [— VearT =18V,
oscillator for standard VCC=0V
clock loads is in use
— 1.7 |— VBATT =33V,
VCC=0V
Inrush current on returning from deep Inrush current’” IRUSH — [160 |— |mA
software standby mode
Energy of inrush ErusH — |10 |— |pC
current”?
Analog power | During 12-bit A/D conversion Alcc — 108 |11 |mA |—
suppl
cufrr;r{t During D/A conversion Without AMP output — 101 |02 |mA |—
With AMP output — (06 (11 [mA |—
Waiting for A/D, D/A conversion — |05 (1.0 |mA |—
ADC12, DAC12 in standby modes® — |2 8 MA | —

R01DS0392EJ0100 Rev.1.00
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225  TEMFVER
Table 2.7  I{EFFFHER(10f2)
Parameter Symbol | Min | Typ BARTIRE M
e High-speed Maximum 2 lee™ — |— [115 | mA |ICLK =200 MHz
xl mode — PCLKA =100
CoreMark®'5, "6 — |20 |— MHz
PN N PCLKB = 50 MHz
EEEN BRGNS E, FE(1) — (30 |— _
BB T4 PCLKC = 50 MHz
PCLKD = 100
MHz
HEBFEIMETE, FEIBT(1) — |17 = FCLK = 50 MHz
REBMIATZRITS +6
FRERARTU+5 +6 — |10 |47
iB-.GDOiZ_S?:IEB[ETJ HURBIATFPE — |6 —
i
ABIAFFPE — |8 —
Low-speed mode s "® — |19 |— ICLK = 1 MHz
Subosc-speed mode™ "10 — |17 |— ICLK = 32.768
kHz
REFNER SNZCR.RXDREQEN = 1 — |— |34 —
SNZCR.RXDREQEN =0 — |16 |— —
ér_%wr%m HE&BASRAMHIUSBIR S 10 M £ Tt eg — |16.9[131 |uA |—
I
RMESRAMBRU S (i BB R IhFEINRE — [11.8 |31 —
SBIRE M & 2HA
ToiHER
RSB RKINFEIEE — |48 |21 —
BH
RTCHIAGTIZE fERERF _EiR%23(LOCO) — |40 |— —
1TEIIE A0 By
LYERRAT RN AN — |12 |— —
iR H 2R
2 fE A AR B £ £ BAY S AR R — |15 |— —
SHesht
VCCRHBIRTCIETT (AHFRMEMNDIIRE, LA A TR — 109 |— Veart = 1.8V,
HRERTCHIRIN ¥R H231E1T) %ﬁﬁ’\]&aﬁﬂ!ﬁ%%& VCC=0V
— 13 |[— VearT =3.3V,
VCC=0V
éiﬁﬂiﬁi’%ﬁﬁqlﬁﬁ —_— 10 |[— VBATT =1.8 V,
B & R RS7 2R B VCC=0V
— 1.7 |— VBATT =33V,
VCC=0V
}éé?lgﬁ’ﬂﬁiﬁf*mﬁft@@wﬂ’ﬂﬁﬁ% Inrush current*7 IRUSH — 160 |— mA
I
IRIRERIREESET ErusH — 1.0 |— uC
EIABIRERR | 751 21UADF IR HA[E] Alcc — |08 [1.1 |mA |[—
DA HAIE] FTAMPHIH — 0.1 (0.2 |mA |—
HAMPHIH — |06 [1.1 |mA |—
E1FAD, DAKIR — |05 [1.0 |mA |[—
FHELTHADCI2. DACT2+8 — |2 8 MA | —
R01DS0392EJ0100 Rev.1.00 RENESAS 8247, 927
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Table 2.7 Operating and standby current (2 of 2)
Parameter Symbol | Min | Typ | Max | Unit | Test conditions
Reference During 12-bit A/D conversion AlRefrHo |— |70 | 120 |pA | —
power supply — - -
current Waiting for 12-bit A/D conversion — [0.07(05 |[pA |—
(VREFHO) ADC12 in standby modes — [0.07(05 |[pA |—
Reference During D/A conversion Without AMP output  |AlrRgry |— (0.1 [0.4 |mA |—
power supply -
current With AMP ouput — |01 (04 |MmA |—
(VREFH) Waiting for D/A conversion — (0.07(0.8 |[pA |—
uUsB Low speed uUsB lccuseL,s |— |35 |6.5 [mA [VCC_USB
operating
current Full speed uUsB lccusers |— |4.0 [10.0 [ mA VCC_USB
Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Measured with clocks supplied to the peripheral functions. This does not include the BGO operation.
Note 3. Igc depends on f (ICLK) as follows.
lcc Max. = 0.37 x f + 42 (max. operation in high-speed mode)
Icc Typ. = 0.07 x f + 3.6 (normal operation in high-speed mode, all peripheral clocks disabled)
lcc Typ. =0.2 x f + 1.7 (low-speed mode)
lcc Max. = 0.03 x f + 42 (sleep mode)
Note 4. This does not include the BGO operation.

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

MSTPCRD.MSTPD20 (12-bit D/A converter module stop bit) are in the module-stop state.

Note 9.

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

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) and

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

RAGE1 Datasheet

2. BRE%

Table 2.7  IT{EFFFHEI(20f2)
Parameter Symbol | Min | Typ BASTIAEM
SEBRE | £120AD A AlRgrHo |— |70 [120 [pA |—
R (VREFHO)
E/12(IADEIR — |0.07|05 |pA |—
ADC128b FRENAES — [0.07|05 |pA |—
SEBRE | DAKEEE FTAMPEIH AlRgrq | — |01 (04 [mA |—
SR (VREFH)
HAMPHIH — |01 |04 |mA |—
ERDARIR — |0.07|08 |pA |—
%siﬂ’ﬁ {[ApES USB lccusels |— |35 |65 |mA |VCC_USB
- 23R uUsSB lccusers |— |4.0 |10.0 | mA VCC_USB
FERERERTEMERUSIMTHAMERA LRIMOSK T X AR HE.,
2 ERREAINETIEENRHNE, XA EIEBGORE,
SE3ICCEBURTFFICLK), WTFEAR.
FHCCR KA. =037xf+42 (FFREX TFTHRAERE)
FKCCHE, =007xf+3.6 (BEREX FIEREIEIT, FIEIMEINTHEZR)
lcc Typ. = 0.2 x f + 1.7 (low-speed mode)
Icc Max. = 0.03 x f + 42 (sleep mode)
EA X EIEBGORE,
ASEMRES FELEAIINEIRERENPES . XAEEBGORTE,
7E6FCLK. PCLKA. PCLKB. PCLKCFIPCLKDi&E /6453 4M(3.125MHz)o
F7BEE
A8 UMCUR FE B HE N BIMSTPCRD.MSTPD16 (121 AD¥ R 220& R (2 11 11) 0
MSTPCRD.MSTPD20 (12fiiDA¥IEEIEHZIEAL) & FERE IR,
E9FCLK. PCLKA. PCLKB. PCLKCHIPCLKDIRE 645340 (15.6kHz) o
E10.PCLKA. PCLKB. PCLKCFIPCLKDI&E AFRL64(512Hz). FCLKSICLKEYSMZEAEE],
Table 2.8  CoremarkHIIEE S %
Parameter Symbol Typ Unit Mt 14
R EB ix1 Coremark Icc 99 PA/MHz ICLK = 200MHz
ERER SAFAINEE % S
H, FBR%®7, PCLKC =
B (1) MINTE -
AITREZ*2 PCLKD =
FCLK =
3.125MHz
FrE MG EhEE 82
B, &FxA,
BB (1)1 M
NEFERIT*2

Table 2.8 Coremark and normal mode current
Parameter Symbol Typ Unit Test conditions
Supply Current’! | Coremark lcc 99 WA/MHz ICLK = 200MHz
- PCLKA =
Normal mode All peripheral 95 PCLKB =
clocks disabled, PCLKC =
cache on, while PCLKD =
(1) code FCLK =
executing from 3.125MHz
flash™2
All peripheral 82
clocks disabled,
cache off, while
(1) code
executing from
flash™
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.
R0O1DS0392EJ0100 Rev.1.00 RENESANAS Page 25 of 92
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Figure 2.3 Temperature dependency in Deep Software Standby mode, power supplied to standby SRAM Figure 2.3 AERGHFNEX THREREKBE. AFVSRAMFIUSBIRS MRl (BEHIE)
and USB resume detecting unit (reference data)
R01DS0392EJ0100 Rev.1.00 :{ENESAS Page 26 of 92 R0O1DS0392EJ0100 Rev.1.00 :{ENESAS 2601, F920T
Sep 23, 2021

Sep 23, 2021



RABE1 Datasheet 2. B

2. Electrical Characteristics

RAGE1 Datasheet
100 100
2 ____________________________________________ IR 2 ------------------------------------------- R —
E = 10
O ©)
o o
1 1
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Ta (°C) Ta (°C)
Average value of the tested middle samples during product evaluation. — P I BT 88N P B) 4 BV T MBS
----- Average value of the tested upper-limit samples during product evaluation. = FE RN B _E PRAF @AY FIIMES
Figure 2.4 Temperature dependency in Deep Software Standby mode, power not supplied to SRAM or Figure 2.4 REREFHIEN FRIREKMIE. KRESRAMRUSBIREIZNRTHE, RSN ERENEY
USB resume detecting unit, power-on reset circuit low power function disabled (reference RERA (BEHIR)
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Figure 2.5 Temperature dependency in Deep Software Standby mode, power not supplied to SRAM or Figure 2.5 RAERGEFNERTRRE KBS, REASRAM{HEEE
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2\

BT

2.2.6 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.9 Rise and fall gradient characteristics

2.2.6 VCC_EFAFI TR E SO IR
Table 2.9 EAMTHRHEEFYE

Parameter Symbol Min Typ |Max |Unit Igf\tditions
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 2 SfvCC 0.0084 |— — ms/V | —

Note 1. At boot mode, the reset from voltage monitor 0 is disabled regardless of the value of the OFS1.LVDAS bit.
Note 2. This applies when VBATT is used.

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)<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
Allowable voltage dt/dvCC 1.0 — — ms/V When VCC change
change rising and exceeds VCC +10%

falling gradient

1/ frvee)

\VCC m Vrvee)

A

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
e Tj=Tt+ Wjt x Total power consumption
— Tj : Junction Temperature (°C)
— Ta: Ambient Temperature (°C)

Tt : Top Center Case Temperature (°C)

6ja : Thermal Resistance of “Junction”-to-“Ambient” (°C/W)

R01DS0392EJ0100 Rev.1.00 RENESAS Page 28 of 92
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Mt 51
Parameter Symbol Min Typ |Max |Unit
VCCEABE B2 AR E GRS L SrvCC 0.0084 | — 20 ms/V | —
BEE R A EENEE0E I 0.0084 |— |— —
SCIUSBB ThtR T+ 1 0.0084 | — 20 —
VCCTRERRE2 SfvCC 0.0084 | — — ms/V | —
F1ESISENT, FIEOFS1.LVDASURYEIN(E, #BEEIEMEBESNBOHITIE L,
A2 XIER FEAVBATTE,
Table 210 A TEBEMSURITRE
SUEBEMRIEVCC EPR(3.6V)FITIR(2.7
F) o BVCCEWEBITVCCE10%BY, HIHERIFHIBETN EAF FREREIdVCC,
Parameter Symbol Min Typ Max Unit Mt &= 14
AAFLUR AR fr (vee) — — 10 kHz Figure 2.6
A (vee) S 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
AFBETHLE dt/dvCC 1.0 — — ms/V LHVCCEkiEBvCC
FTE®E +10%
» 1/ frvee)
VCC m Vrvcce)

Figure 2.6 BRI
227 A%

&R (1) WRAKEARSBEE221TNE, TTaEX
T U T E—AHITE,
O@Tj=Ta+0jax 2INFE
OTj=Tt+V¥jtx 2Ih3E
Tj: £5R(Q)
Ta: IREEE (°C)
Tt: TREBRIOAMNTIRE(PC)
Bja: "4 R IBE BIFAE(CCW)
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— Wjt: Thermal Resistance of “Junction”-to-“Top Center Case” (°C/W)

e Total power consumption = Voltage x (Leakage current + Dynamic current)

e [ eakage current of IO =X (Igr, X Vor) /Voltage + X (|log| X |[VCC — Vogl) /Voltage

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

— Cjn: Input capacitance

— Cjpad: Output capacitance

Regarding 6ja and jt, refer to Table 2.11.

RAG6E1 Datasheet

2. BRE%

Wit: “5 B TRERHR OISR B FRBE (CCW)
BINFE=EE~ (RER+NEHM)
@I0FEM=2(I0LxVOL)BBE+2 (IOH*xVCC VOH)EBE
@101 Th 7S HE3Fi=510(Cin+Cload) xIOFF X 4R x B [E
CinBIANBR
CHhE: HHBA

XTF0jafvjt, BEBIEFR211,
Table 2.11 Al

Table 2.11 Thermal Resistance
Parameter Package Symbol Value™ Unit | Test conditions
Thermal Resistance 48-pin QFN (PWQNO0048KC-A) Bja 224 °C/W | JESD 51-2 and 51-7
- compliant
64-pin LQFP (PLQP0064KB-C) 38.0
100-pin LQFP (PLQP0100KB-B) 35.0
48-pin QFN (PWQNO0048KC-A) Yit 0.20 °C/W | JESD 51-2 and 51-7
- compliant
64-pin LQFP (PLQP0064KB-C) 0.80
100-pin LQFP (PLQP0100KB-B) 0.76

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"3 — — 21.22
Ta=85°C" — — 25.22
R01DS0392EJ0100 Rev.1.00 RENESAS Page 29 of 92
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Parameter Package Symbol Value™ Unit | THA&A4F
e 48-pin QFN (PWQNO0048KC-A) Bja 22.4 °C/W | fF&JESD51-2#051
-7
64-pin LQFP (PLQP0064KB-C) 38.0
100-pin LQFP (PLQPO100KB-B) 35.0
48-pin QFN (PWQNO0048KC-A) wit 0.20 °C/W | #FAIESD51-2F151
-7
64-pin LQFP (PLQP0064KB-C) 0.80
100-pin LQFP (PLQP0100KB-B) 0.76
FNBERNERIBIRNNSEE, AEBRATRNEHRIR T, BXFMES, 1E8HIEDECIT A,
2.2.71 ICCmaxByit&iEm
R2L12BRTE N RITHINE,
Table 212 ST HTHHE Q21 HHN11)
A BTRRR MCU Frequency |Current Current™!
Domain Category Item [MHz] [uA/MHZ] [mA]
RER Analog LDOFA Mt *2 Ta=75°C™3 — — 21.22
Ta=85°C™ — — 25.22
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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/MHZz] [mA]
Dynamic current CPU Operation with Coremark 200 86.357 17.27
Flash and SRAM
Peripheral Unit Timer GPT16 (4ch)™ 100 3.530 0.35
GPT32 (2ch)™ 100 1.973 0.20
POEG (4 Groups)™ | 50 1.378 0.07
AGT (6ch)™ 50 10.095 0.50
RTC 50 5.239 0.26
WDT 50 0.722 0.04
IWDT 50 0.267 0.01
Communication ETHERC 100 7.651 0.77
interfaces USBFS 50 8.788 0.44
SCI (6ch)™ 100 15.357 1.54
IIC (2ch)™ 50 3.014 0.15
CAN 50 1.922 0.10
SPI (2ch)™ 100 6.770 0.68
QSPI 100 2.587 0.26
SSIE 50 3.131 0.16
SDHI 50 7.074 0.35
Analog ADC12 100 2.349 0.23
DAC12 100 1.772 0.18
Event link ELC 50 1.016 0.05
Security SCE9 100 218.100 21.81
Data processing CRC 100 0.521 0.05
DOC 100 0.358 0.04
System CAC 50 0.909 0.05
DMA DMAC 200 4.045 0.81
DTC 200 3.720 0.74

Table 2.12 ST RTHTHFE (2958921)
S EBTRER MCU Frequency |Current Current™!
Domain Category Item [MHZz] [uA/MHZz] [mA]
SR CPU 1B1E5 Coremark 200 86.357 17.27
INFFHISRAM

SNEETT Timer GPT16 (4ch)™ 100 3.530 0.35

GPT32 (2ch)™ 100 1.973 0.20

POEG (4 Groups)™ |50 1.378 0.07

AGT (6ch)™ 50 10.095 0.50

RTC 50 5.239 0.26

WDT 50 0.722 0.04

IWDT 50 0.267 0.01

BHEO ETHERC 100 7.651 0.77

USBFS 50 8.788 0.44

SCI (6ch)™ 100 15.357 1.54

IIC (2ch)™ 50 3.014 0.15

CAN 50 1.922 0.10

SPI (2chy™ 100 6.770 0.68

QSPI 100 2.587 0.26

SSIE 50 3.131 0.16

SDHI 50 7.074 0.35

Analog ADC12 100 2.349 0.23

DAC12 100 1.772 0.18

JETNEERE ELC 50 1.016 0.05
Security SCE9 100 218.100 21.81

iR IE CRC 100 0.521 0.05

DOC 100 0.358 0.04

System CAC 50 0.909 0.05

DMA DMAC 200 4.045 0.81

DTC 200 3.720 0.74

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.

A1 BERIRIHRIE,
7£2.DOLeakE A BRFR/E 23 BT BB RAMCURYIR o
RIETaRVEE TR,

A3ME

AT FEA(Tj-Ta)=20°Co
FAERESMBERETHETNER, BBERIMAIBRLLBE

FK2VBERTENBTHRIERE,

. HSBTHIHE,

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.

Table 2.13 ST RTHIZERE 29hs1)

Peripheral RIEEE

GPT BEERISE N BEEPWMRT
GPTfERPCLKDIETT,

POEG QUBERRIESE 0L,

AGT AGT{ERPCLKBIETT,

RTC RTC5LOCO—#2iETT.

WDT WDTERPCLKBIETT,

IWDT IWDT#EBIWDTCLKIETT,
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Table 2.13 Outline of operation for each unit (2 of 2)
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Table 213 S EFTAZEEE 2149Pr219)

Peripheral Outline of operation
ETHERC Operation modes is set to full-duplex mode.
ETHERC is operating using Reduced Media Independent Interface (RMII).
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.
1[e; Communication format is set to 12C-bus format.
IIC is transmitting data in master mode.
CAN CAN 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 QSPI is issuing Fast Read Quad I/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.

SDHI Transfer bus mode is set to 4-bit wide bus mode.
SDHI is issuing CMD24 (single-block write).

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.

Peripheral 1R ERLE

ETHERC BERRIGENEWNITERER,
ETHERCE A A8 & IR (A3 32 O (RMID)IET T,

USBFS Rk B At =L,
USBFSTEA 2% (12Mbps)iEiT.

SClI SCHER R R T ERIEIE.

Inc BEERNIEEANRCEEER.
ICE ENUEL T L iR,

CAN CANTE Biei&E (1 & X AR UERIE,

SPI SPIHRTVIR B ASPHRIE (A& E) o
SPIEMIERIEE N EET,
SPIETE & 181 55 E IV #iE.

QSPI QSPIIETE & H IRERIEENALKIOR <.

SSIE BEEAIRENE,
RAEFKIRERN32L
BIEFKIGE 72011,
SSIEfE RS R Z iR,

SDHI FRAZERILE MR REER,
SDHIIEEFEA#CMD24 (BB AN)

ADC12 PEIGERN12(IEE,

PIESFRIRBENADEIREINERR,
ADC127EES AR T HIE N,

DAC12 DAC12 is outputting the conversion result while updating the value of data register.
ELC Only clear module stop bit.

SCE9 SCE9 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.

DAC12 DACI 2 BB T FHREN R R IRER,

ELC RUBRRERIE L (L,

SCE9 SCEQIEEHITRE B,

CRC CRCfEF321iICRC32-CE I £ A CRCHD,

DoC DOCTEHIEAME FiBTT,

CAC ME BB E APCLKB,
NESE B FIGE NPCLKB, CACIEFENERS ¢
SMENEE

DMAC REEBIRRKIRE 321,

FERERIEE R E IR,
DMACIETE 5 3B MSRAMOfE 5 EISRAMO,

DTC REEBIERNKIRE 321,
RER IR E R EEE,
DTCIETERS¥UE MSRAMOE 1 ZISRAMO,

2272 Example of T; calculation

Assumption :
e Package 100-pin LQFP : 6ja=35.0 °C/W
e Ta=80°C
® Jcocmax =70 mA
e VCC=3.5V(VCC=AVCC=VCC_USB)
o Iog=1mA, Vog=VCC-0.5V, 12 Outputs
o IorL. =20mA, VoL = 1.0V, 8 Outputs
o Iop =1mA, VoL =0.5V, 12 Outputs
e C;, = 8 pF, 32 pins, Input frequency = 10 MHz
® Cjpad = 30 pF, 32 pins, Output frequency = 10 MHz

R01DS0392EJ0100 Rev.1.00

1LENESAS
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2272  Tit&ERH

Assumption :

e Package 100-pin LQFP : 6ja=35.0 °C/W

e Ta=80°C

@ICCRATE=70mA

e VCC=3.5V (VCC=AVCC=VCC USB)
@IOH=1mA, VOH=VCC 05V, 12t
@I0L=20mA, VOL=1.0V, 8 Hith
@I0L=1mA, VOL=0.5V, 12B&%iH
@Cin=8pF, 325, BWAMZE=10MHz
@CHE=30pF, 325/, ¥HINZE=10MHz
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RAG6E1 Datasheet 2. Electrical Characteristics

Leakage currentof IO =2 (VoL % Ig.) / Voltage + X ((VCC - Vou) % loy) / Voltage
=(20mAx1V)x8/35V+(1mAx05V)x12/35V+((VCC-(VCC-0.5V))x1mA)x12/3.5V
=457mA+1.71mA+1.71 mA
=49.1 mA

Dynamic current of IO =% 10 (Cj, + Cjoaq) * 10 switching frequency x Voltage
= ((8 pF x 32) x 10 MHz + (30 pF x 32) x 10 MHz) x 3.5V
=426 mA

Total power consumption = (Ilccmax x Voltage) + (Leakage current of IO + Dynamic current of 10) x Voltage
=(7T0mA x35V)+ (491 mA+426 mA)x 3.5V
=566 mW (0.566 W)

Tj = Ta + Bja x Total power consumption
=80 °C + 35.0 °C/W x 0.566W
=99.8°C

2.3 AC Characteristics

2.31 Frequency

Table 2.14 Operation frequency value in high-speed mode

RAG6E1 Datasheet

2. BRE%

I08Y R M=% (VOL*IOL) BB E+Z((VCCVOH)xIOH) BB [ &

=(20mAx1V)x8/35V+(1mAx0.5V)x12/35V +((VCC - (VCC-0.5V)) x 1 mA) x 12/3.5V

=457mA+1.71mA+1.71 mA

=49.1 mA
IOMENA B =310(Cin+Cload)xIOFF %k x B3 £
= ((8 pF x 32) x 10 MHz + (30 pF x 32) x 10 MHz) x 3.5V
=426 mA
BINFE =(Iccmaxx BB E)+(IOJR B R+IOTNZS BB i) x BB [E

= (70 mA x 3.5 V) + (49.1 mA + 42.6 mA) x 3.5V

= 566 mW (0.566 W)

Tj =Ta+6jax 2 Ih¥E
=80 °C + 35.0 °C/W x 0.566W
=998 °C

23 REHE

2.3.1 Frequency

Table 2.14 SEIER FHIEITINEE

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) 1 — 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.

R01DS0392EJ0100 Rev.1.00 RENESAS Page 32 of 92
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Parameter Symbol | Min Typ Max Unit
BITHER RGBT H(ICLK) f — — 200 MHz
SMGIEIRET R (PCLKA) — — 100
SMRARIRBS B (PCLKB) — — 50
SMSIEIRESFH(PCLKC) " — 50
SMS IR BT $H (PCLKD) — — 100
INTFHE OB #h(FCLK) - —_ 50
1 I RAEHITRIZHIEIRET, FCLKUTUAEDAMHZBISAZEIEITo
E2EMAADCI2BY, PCLKCHREMMEDJ91MHzZ,
Table 215  {EFEEX THIEITIAEE
Parameter Symbol | Min Typ Max Unit
BITHRE REBIH(ICLK) f — — 1 MHz
MR (PCLKA) — — 1
HMZARIRET B (PCLKB) — —_ 1
SRR ER B S (PCLKC)*2 2 — 1
SMGIEER AT (PCLKD) — — 1
AT OB $ (FCLK)*1 — — 1
A ERERER TR INEH T RIS IR,
A2 EAADCI 28, PCLKCHRZE ML E A E 1 MHzo
R01DS0392EJ0100 Rev.1.00 RENESAS 320, H920T
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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 (1 of 2)
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)”! | tmainoscwT | — — —" 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 yus | 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< 85°C
frequency fuoco1s 17.75 |18 18.25
fuoco20 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<85°C
focors 17955 |18 18.045 is_gg-::)cr\;: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 — 200 MHz | —
PLL2 clock frequency frLL2 120 — 240 MHz | —
PLL/PLL2 clock oscillation stabilization wait time tPLLWT — — 174.9 us Figure 2.10
R01DS0392EJ0100 Rev.1.00 RENESAS Page 33 of 92
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Table 2.16  Subosc-speediZ T FHYEITIIZEE
Parameter Symbol | Min Typ Max Unit
BITHME RGBTER(ICLK) f 29.4 — 36.1 kHz
IMEIEIRETER(PCLKA) — — 36.1
IMEAEIRBT B (PCLKB) — — 36.1
SMEIRIRBY SR (PCLKC)*2 — — 36.1
JMEIERBYFR(PCLKD) — — 36.1
N7 OB R (FCLK)*1 29.4 — 36.1
A 17ESuboscREER T, RIZSRMRIANTFHER.
A2 AREEERADCI 2,
2.3.2 BY $hBY
Table 217  FREIBISMRHBFIMVESSHESF (29 FEIT1D)
Parameter Symbol Min Typ |Max Unit | Wi & 4
EXTALSMEBES S48 N\ B HA B 18] texeye 4166 |— — ns |Figure 2.7
EXTALSMEBES SN SRR texw 15.83 |— — ns
EXTALSMEBES $hia N AERRK O 25 S texL 1583 |— — ns
EXTALSMEBES $_EFHBdE] texe — — 5.0 ns
EXTALSMEBET 54 TR ) texs — — 5.0 ns
FEI PR AR fMAIN 8 — 24 MHz | —
FIRHIRESERE (RiF) +1 tmMAINOSCWT | — — 1 ms | Figure 2.8
LOCOBY $ifR 7 5 fLoco 29.4912 | 32.768 | 36.0448 | kHz | —
LOCOBY $h¥fx 5742 B S0 18] tLocowT — — 60.4 us | Figure 2.9
ILOCORY $hifR 7 5R fiLoco 135 |15 165  |kHz |—
MOCOBT§#iR 7 41 Fmoco 6.8 8 9.2 MHz | —
MOCOBY ¥R A2 E F AT [a] tmocowt | — — 15.0 pus | —
HOCORY $h4f 7 B8 R H IR = Without FLL | fuocots | 15.78 | 16 16.22 |MHz|-20<Ta<85°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 | fuocots | 15.960 |16 16.040 40=Tas85°CRIB FIAERERE A
+50ppmo
fuocots | 17.955 |18 18.045
fuocozo | 19.950 |20 20.050
HOCOBY ¥k A2 & F AT [a]+2 thocowr |— — 64.7 ps | —
HOCOEHA%IEh — — +85 — ps |—
FLLAZTE & 1FAY (8] trLLwT — — 1.8 ms |—
SHHRTR BT SRR foLL 120 |— 200 MHz | —
PLL2BY #h 4= fpLL2 120 — 240 MHz | —
PLLPLL2BY B35 18 B ERFAY (8] tpLLwT — — 174.9 |us |Figure 2.10
R01DS0392EJ0100 Rev.1.00 RENESAS $33W, #9271
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Table 2.17 Clock timing except for sub-clock oscillator (2 of 2)

RAGBE1 Datasheet 2. A

Table 2.17 FREET EhifRH 2% I BV BT $h BT F (2012)

Parameter Symbol Min Typ Max Unit | Test conditions
PLL/PLL2 period jitter — — +100 |— ps |—
PLL/PLL2 long term jitter — — +300 |— ps | Term: 1us, 10us

Parameter Symbol Min Typ Max Unit | it &4
PLLPLL2 B EAR B — — +100 |— ps |—
PLLPLL2 & HR#l 50 — — +300 |— ps | Term: 1us, 10us

Note 1. When setting up the main clock oscillator, ask the oscillator manufacturer for an oscillation evaluation, and use the results as the
recommended oscillation stabilization time. Set the MOSCWTCR register to a value equal to or greater than the recommended
value.

After changing the setting in the MOSCCR.MOSTP bit to start main clock operation, read the OSCSF.MOSCSF flag to confirm that
it is 1, and then start using the main clock oscillator.

Note 2. This is the time from release from reset state until the HOCO oscillation frequency (fyoco) reaches the range for guaranteed
operation.

Table 2.18 Clock timing for the sub-clock oscillator

ALRBENMIRS SN, BRESEFISHRIUREITE, HBERFARENRSRENE. BMOSCWTCREHFRRENFFHATIHE
FENE, EHMOSCCRMOSTPIIRNIRE LUBE ERTHHR(F/E, REXOSCSFMOSCSFIRSLUIRIAR 1, REFIAER RS,

23X T ME DR ERBEIHOCOHRSH SRR (FHOCO) A BIRIE T {ESE E AYAT [8lo

Table 2.18  EBIBT IR H 2R RIBT§h BT

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 | Wit & 4
Sub-clock frequency fsus — |32.768 — |kHz |—
BB BhiRSHAS B FRF AT (a] 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.

AR ERINHIRSEN, FEEIRHBHEFHITIRSITE, ABEREARENIRHIRERN B, BHSOSCCRSOSTPIRIRE LA RIRY
HigfEE, REERNMRHRENBIEHBEEBREFA FIAEARNMIRSR. BNEARETERENE.

t)(cyc

txH txL

EXTAL external clock input / VCC x 0.5

txr txr

A 4
A

Figure 2.7 EXTAL external clock input timing

MOSCCR.MOSTP X

=

£
2

Main clock oscillator output gzzzzzzzzz; % ﬂ? \ / \ / \ /

txH txe

EXTALSMER BT g N\ [ vccx05

txr txt o

Figure 2.7 EXTALSMEBET $hia NBS

MOSCCR.MOSTP X

il

£
R4

tmaINOSCWT
»

TEYeh N

tmaiNoscwT N
Main clock N
Figure 2.8 Main clock oscillation start timing
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LOCOCR.LCSTP \

On-chip oscillator output

LOCO clock

AT AS NSNS

tLocowt

I WAV
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LOCOCR.LCSTP !

aiat 70 il

HZEBS$h

\

M \J NSNS NS

tLocowt

I WAV

Figure 2.9 LOCO clock oscillation start timing
PLLCR.PLLSTP \
PLL2CR.PLL2STP \ ¢ u
PLL/PLL2 circuit output m ﬂ m
trLLwT
OSCSF.PLLSF
OSCSF.PLL2SF « «
PLL/PLL2 clock
Figure 2.10  PLL/PLL2 clock oscillation start timing
SOSCCR.SOSTP \
) %5
Sub-clock oscillator output mm
tsusoscwt
< >
Sub-clock ]l_\_/_
2 55
Figure 2.11 Sub-clock oscillation start timing
233 Reset Timing
Table 2.19 Reset timing (1 of 2)
Parameter Symbol | Min | Typ | Max | Unit | Test conditions
RES pulse width Power-on treswp 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 tResw 200 |— |[— us
Wait time after RES cancellation trReswt |— [37.3|41.2 |us |Figure 2.12

Figure 2.9 LOCOB $hifR:%H FIaET F
PLLCRPLLSTP "\
PLL2CR.PLL2STP \ « «
PLLPLL2EBE&EEIH mﬂm
trLLwT
OSCSF.PLLSF
OSCSF.PLL2SF <« «
PLL/PLL2 clock
Figure 210  PLLPLL2B3$hiRHFFIAETF
SOSCCR.SOSTP \
P I)I)
P tsusoscwt -
Sub-clock ']l—\_/_
Figure 211  EIR$MESFFIAEF
2.3.3 EN=LN]E)
Table 2.19 EEE(10f2)
Parameter BERMERRE |Max | BTNASM
RESBK A ERE Power-on treswp | 0.7 |— |— ms | Figure 2.12
RERHEFNER tReswp |06 |— |— ms | Figure 2.13
RHEFNEI, SuboscRERR tresws |03 |— |— ms
FRE Hith tRESW 200 | — — us
RESEYH 5 By At g] treswT |— |37.3141.2 |ps |Figure 2.12

RO1DS0392EJ0100 Rev.1.00
Sep 23, 2021

RENESAS

Page 35 of 92

RO1DS0392EJ0100 Rev.1.00
Sep 23, 2021

RRENESAS

283501, #92m




RAG6E1 Datasheet

2. Electrical Characteristics

RAGE1 Datasheet

2. BRE%

Table 2.19 Reset timing (2 of 2)
Parameter Symbol | Min | Typ | Max | Unit | Test conditions
Wait time after internal reset cancellation tREsw2 |— |324 |397.7|pus |—
(IWDT reset, WDT reset, software reset, SRAM parity error reset, bus master MPU
error reset, TrustZone error reset, Cache parity error reset)
£5 )
VCC 1 VCCmin
£5
RES /
£5 /
) tRESWP > ’
Internal reset signal
(low is valid) ,’,’ «
tRESWT

Figure 2.12  RES pin input timing under the condition that VCC exceeds VpgR voltage threshold
treswp, trResws, tResw
_SS—
RES T
Internal reset signal
(low is valid) \
tRESWT
Figure 2.13  Reset input timing
234 Wakeup Timing
Table 2.20 Timing of recovery from low power modes (1 of 2)
Parameter Symbol | Min |Typ |Max | Unit | Test conditions

Recovery time from
Software Standby
mode”’

Crystal resonator System clock source is tsgyme 3| — |21 |24 |ms |Figure 2.14
connected to main clock | main clock oscillator2 The division ratio of all
oscillator oscillators is 1.
System clock source is tSBYPC*13 — |22 |26 |ms
PLL with main clock
oscillator™
External clock input to System clock source is tsgyex 13 |— |45 125 |us

main clock oscillator

main clock oscillator™

System clock source is tSBYPE*m — |170 [255 |pus
PLL with main clock
oscillator™
System clock source is sub-clock oscillator® “11 tsgysc 3 |— |07 |0.8 |ms
System clock source is LOCO™ ™1 tsgyLo '3 |— |07 |0.9 |ms
System clock source is HOCO clock oscillator® tsgyHo 13 |— |55 | 130 |ps
System clock source is PLL with HOCO™ tsgypH 13 |— [ 175 |265 |ps
System clock source is MOCO clock oscillator™° tsgymo 13| — [35 |65 |ps
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Table 219  EEBYE (222)
Parameter BFERMEREE |Max |BuMAKH
RS MEUEEMNEREE IWDTEfL. WDTEf. WES(., SRAMBBIRIHE tResw2 |— [324 |397.7 |us |—
IRENL. BATIEMPUSEIREL. TrustZonefBiZRE NI, EEFFEREEIREN)
vVCC 1 VCCmin ”
RES i 7
REEES tresne —
BEEX) « «
tRESWT
Figure 212  VCCi8i3VPOREBIEH{ES 4+ THIRESS|HIAN F
treswp, tResws, tREsw
S—
RES 71
REIENMES (K
BIEER) \
trRESWT
Figure 2.13 EfIAAREFE
234 N 2 A )
Table 2.20 MEINIEERRERIETE (29PHI11D)
Parameter Symbol |Min|Typ |Max B R
PR B i3 M EREEMMEFRN | FEMRNENEE | gec ™3| — |21 |24 |ms |Figure 2.14
REFE SRINIEIRSS Hae2 ;}jﬁﬂﬁ%gﬂgﬁﬁtb
‘10
REBHIER t. “M3|— |22 (26 |ms
B ShIRH 22A9P SBYRC
LL*3
TEMEHBIONG | RANMENENSIE |ty ® |— |45 [125 |ps
BY $hEIN Hiad
RARER t M3 | — |170 [255 |ps
5 T BY $hHR 7 52 09P SBYPE
LL*5
R HIR BB iR H 28 +6+11 tsgysc 13 |— |07 [0.8 [ms
RARHIREALOCO7+11 tsgyio® |— (07 |09 |ms
AR AIHOCORT Bk 7 28+8 tsgyno 13 |— |55 [130 |ps
AR EHEHOCO*9MIPLL tsgypr 13 |— [175 [265 |ps
RGBS HHIEAMOCOR iR 525+10 tseymo 3| — |35 |65 |us
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Table 2.20 Timing of recovery from low power modes (2 of 2)
Parameter Symbol | Min |Typ |Max | Unit | Test conditions
Recovery time from | DPSBYCR.DEEPCUT[1] = 0 and tpbsBy — 10.38 |0.54 |ms |Figure 2.15
Deep Software DPSWCR.WTSTSI[5:0] = 0x0E
Standby mode
DPSBYCR.DEEPCUT[1] = 1 and tpsey — |0.55 [0.73 | ms
DPSWCR.WTSTSI[5:0] = 0x19
Wait time after cancellation of Deep Software Standby mode tosgywt |56 |— 57 teye
Recovery time from | High-speed mode when system clock source is tsnz — |35"2|70™"2|us |Figure 2.16
Software Standby HOCO (20 MHz)
mode to Snooze - - R .
mode High-speed mode when system clock source is tsnz — (11712142 us
MOCO (8 MHz)

Table 2.20 MEINFEER e S eTiE (219Fr9219)
Parameter Symbol |Min|Typ |Max B R
R A TE M DPSBYCR.DEEPCUT[1] = 0 and tosey | — |0.38 |0.54 |ms |Figure 2.15
;g?:[‘*;%w#%m DPSWCR.WTSTS[5:0] = 0x0E
L
g DPSBYCR.DEEPCUT[1] = 1 and tosBy — |055 |0.73 |ms
DPSWCR.WTSTS[5:0] = 0x19
EUHRERERNER G SR E toseywr |56 |— |57 |toye
WEELSIEIN AARHREANSRER tsnz — |35"2|70"2|ps | Figure 2.16
REFIAEE HOCO (20 MHz)
SRR — -
AR AR RREL tsnz — | 1112|1412 | 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:

Note 2.
Note 3.
Note 4.
Note 5.
Note 6.
Note 7.

Note 8.
Note 9.

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))

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.

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.

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.

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.

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

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

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

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

F1.MERBRARNHRERE, Y2 MRHELTENRSH, MENELLEZT U FARNHE: 2
B 2 BY B8]+ R 4T BT #h B R A 28 P YR K tSBYOSCWTESBYOSCWT+2MLOCOAEA (HLOCOEFEIETT) +SubosclEFEHRS%HEMSTPCO=0 (CA

CRIRIZLE) )

RE B [El=—MRHEBIER R BN TR

2 YRIRIAE A 24MHz (ERRHBEFFIZFFFE (MOSCWTCR) REHO0x05) BREII ISR BN S AEN 1,

3. HPLLAYIER79200MHz (ERMHIRHBFHFITFEFTFR (MOSCWTCR) REHO0x05) BRI IR ENRAEN4MT,

A YIRS EIAR N 24MHz (ERPIRHBRFHFEHEFFR (MOSCWTCR) REHO0x00) BERER MR ENRAEN I,

E5. HPLLAYSIER 79200MHz (ERHIRHBFHFITFETFR (MOSCWTCR) REHO0x00) BERBEN T INIRENRAE N4,

6.8 PMRHBINE7932.768KHz, WEBTHDIMIGBEMRAERN,
7E7.LOCOMZEH32.768kHz, MERRI SIS EMRAEN 1.

7F8HOCOSME 7920MHz, MEIRI#H D IIEBRAME N1, FI.PLLIAZEN200MHz, KEBIHDIMIGEHZ A
BR4. F10MOCOSMENBMHz, MBI IMIREMNZRAEBEN,

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 ps (typical), 48 ps

(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.

E11.7ESuboscREBR T, IR HHLOCOEMRGRFNER FTHEIR S,
12,4 SNZCRRXDREQENTIIZ B A0/, FRINLAFAYIEfEA FEIRIRE R E): 16us (BREUE) | 48us (BAME) o

E13.RE BB AT LUABtSBYOSCWT+SBYSEQE R I, HAENTLEI U TEMERXHE. WFn, MABHIMREREFEEKE,

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 | s
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MRAZE 2] S AL B 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 | ps
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 | s

{SBYLO 0 35+ 18 /fICLK + 4n /LOCO |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 /flCLK + 4n / fMOCO | 0 62 + 18/ fICLK + 4n / fMOCO | s
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Figure 2.15

Deep Software Standby mode cancellation timing
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Note 1. When SNZCR.SNZDTCEN bit is set to 1, ICLK is supplied to DTC and SRAM.
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Figure 2.16  Recovery timing from Software Standby mode to Snooze mode
2.3.5 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 tpeye X 2 <200 ns
width disabled
tpeyc X 2" — — tpeyc * 2> 200 ns
200 — — NMI digital filter tnmick X 3 =200 ns
" enabled
tumick X 3.52 — - tnmick % 3 > 200 ns
IRQ pulse tirQw 200 — — ns IRQ digital filter tpeyc X 2 <200 ns
width disabled
tpoye X 2 — — tpoyc X 2 > 200 ns
200 — — IRQ digital filter tirack * 3 <200 ns
" enabled
tirack * 3.5 E - — tirack * 3 > 200 ns
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tosey
< toseywt
EEREAEFS
Figure 2.15 ZRERGFHNEXDEREF
Oscillator | | ﬂ | | | | | |
ICLK (except DTC, SRAM) | | ﬂ
ICLK (to DTC, SRAM)'' PCLK | | ﬂ
IRQ
) BAERFHAE st
) tsnz 7
JE1.ESNZCRSNZDTCENGLIR B 18T, ICLKIRELDTCHISRAM,
Figure 2.16  MEHAFHIER SRR A9V S B8]
2.35 NMIFIIRQIR A S K 28
Table 2.21  NMIFIIRQM &K 23
Parameter Symbol Min Typ Max Unit MR
NMIBK tMIW 200 — — ns NMIZL F i85 28 tpeyc X 2 <200 ns
R i
tpoyc X 2" — — tpeyc X 2> 200 ns
200 — — %ﬁ% NMIZLF IR tamick X 3 <200 ns
tumick % 3.5 - - tnmick % 3 > 200 ns
IRQRK A tirRaw 200 — — ns IRQ¥F IR K28 tpeye * 2<200ns
R 2/
tpoyc X 2" — — tpeye X 2 >200 ns
200 — — E?;IRQ;&?J‘E tirack X 3 200 ns
tirack * 3.5 - - 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. tnmick indicates the cycle of the NMI digital filter sampling clock.

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

RAG6E1 Datasheet

2. BRE%

Note: HHRFHIER F&200ns0

Note:  WISRETHUELIIR, MIEMNTIIEIRI41 BT /E R,
7E1.tPcycRRPCLKBRE HAo
JE2INMICKRRNMIEL F ISR 23 XA B AV A #.  7E3.LRQCKRRIRQIEK
FIRR AR K AR

tNmiw

tNnmiw

Figure 2.17  NMI interrupt input timing
- M
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
GPT32 Conditions:

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

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

Figure 217  NMIFRBRiENBIF
- —H
tiraw
Figure 2.18  IRQHEFIE NI
2.3.6 I0uwmMA. POEG. GPT. AGTHIADC12ft% B =
Table 2.22  IO#%M. POEG. GPT. AGTHIADC12f % B3F

GPT32 Conditions:

Parameter Symbol Min Max | Unit Test conditions
1/O ports Input data pulse width tPrRW 1.5 — tpeyc Figure 2.19
POEG POEG input trigger pulse width tPoEW 3 — tpeye Figure 2.20
GPT Input capture pulse width Single edge teTicw 1.5 — tPDeyc Figure 2.21
Dual edge 2.5 —
GTIOCXY output skew Middle drive buffer | tgmgx™ — 4 ns Figure 2.22
x=1,2,Y=AorB) - -
High drive buffer — 4
GTIOCXY output skew Middle drive buffer — 4
(x=4to7,Y=AorB) B :
High drive buffer — 4
GTIOCXY output skew Middle drive buffer — 6
(x=1,2,4t07,Y=AorB) - -
High drive buffer — 6
AGT AGTIO, AGTEE input cycle tacyc 2 100 — ns Figure 2.23
AGTIO, AGTEE input high width, low width tackwH, tackwL 40 — ns
AGTIO, AGTO, AGTOA, AGTOB output cycle tacyce 625 |— ns
ADC12 ADCA12 trigger input pulse width tTReW 1.5 — tpeye Figure 2.24

EPMNPFSE 7283 AV iR QIR EhRE DU Pk E S IR Ehia Ho
AGT Conditions:
EPMNPFSE 1283 AV iR QIR SHRE S i iR P B IR shia o
Parameter Symbol Min |Max | Unit MR
I/0 ports WMABURBOP R E tPRW 15 — tpeyc Figure 2.19
POEG POEGHI N Z BKORTEE tPoEW 3 — tpeyc Figure 2.20
GPT WA R E 2By} teTicw 1.5 — tPDcyc Figure 2.21
7] 25 —
GTIOCxYiitH T (x= e iR Th4E 2 toTisk ! — 4 ns Figure 2.22
1. 2. Y=ABB) —
S IRENE DEg — 4
GTIOCxYHIH RS (x= Fhia) IR Bh4E A% — 4
4517, Y=AZB) —
= IRENE Has — 4
GTIOCxYRIHRE (x=1. 2 FRia) IR sh4E A% — 6
. 4%17, Y=AB(B) -
ESERSIE Pt — 6
AGT AGTIO. AGTEEHN/EH tacyc’2 100 |— |[ns Figure 2.23
AGTIO. AGTEEfIANGT. K% tackwH, tackwL 40 — ns
AGTIO. AGTO. AGTOA. AGTOBZH EHA tacyc2 625 |— ns
ADC12 ADC12f2 RN RS trRoW 15 |—  |tpoye Figure 2.24

Note:  tpcyc: PCLKB cycle, tppeyc: 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: tpeyc * 2 < tacyc should be satisfied.
When switching the source clock: tpeyc * 6 < tacyc should be satisfied.

R01DS0392EJ0100 Rev.1.00
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Note:  tpcyc: PCLKB cycle, tppeyc: PCLKD cycle.
A1 EEAERNIRENLRION, WREEH, MRPERMBNIOREFA, ML ERIEET,
25N B HRRI PR -

TYRIRBTERBY . tPcycx2<tACYCRZH o

PIIRESEREY : tPcycx6<tACYCRLH Bo
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tPrRw

Figure 2.19  IOiRAMABRIF

Port >d1: jF<
I terw i’
Figure 2.19 /O ports input timing
POEG input trigger >% jF<
Iy >
troEw
Figure 2.20 POEG input trigger timing
Input capture >a1: jF<
1€ >
teTicw

POEGHI AR % %

tPoEwW

Figure 2.20 POEGH Nt &I

Figure 2.21 GPT input capture timing
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AW A
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GPT output

temisk
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<k
J%

teTicw

Figure 221  GPTHINEIRETF

wo [\ )\ S S LS

Figure 2.22  GPT output delay skew
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< tacvc
te—— tackwL te—— tackwH —»
AGTIO, AGTEE Z X
(input)
N
< tacvc2
AGTIO, AGTO,
AGTOA, AGTOB
(output)
Figure 2.23  AGT input/output timing
ADTRGO yr Z
" trrew
Figure 2.24  ADC12 trigger input timing
2.3.7 CAC Timing
Table 2.23 CAC timing
Parameter Symbol | Min Typ Max Unit Test conditions
CAC CACREEF input pulse tpBoyc < teac | tcacREF | 4.5 X tcac + 3 X tpReye | — — ns _
width
tpBeyc > teac | 5 X teac + 6.5 X tppeye | — — ns
Note:  tpggyc: PCLKB cycle.
Note 1. t.ac: CAC count clock source cycle.
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< tacvc >
fe—— tackwL [—— tACKWH —>
AGTIO, AGTEE Z X
(input) X
N
tacvc2 >
AGTIO, AGTO,
AGTOA, AGTOB
(output) L B
Figure 2.23  AGT input/output timing
ADTRGO
.
" trrew i
Figure 2.24 ADC12fdR5 NI F
2.3.7 CACHF
Table 2.23  CACithY
Parameter Symbol |Min Typ Max Unit Wit F14F
CAC CACREFHINPKAHEE teaoyc < toac | tcAcREF | 4.5 % teac + 3 X tpgeyc | — — ns —
tpBeyc > teac ! S X teac + 6.5 X tppeye | — — ns
Note:  tppcyc: PCLKB cycle.
E1tcac: CACITHHBTHUEREREHA,
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2.3.8 SCI Timing 2.3.8 SCIFY
Table 2.24  SCl timing (1) Table 2.24  SCIBFE (1)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register. % TEPmMNPFSE 728 AV % IR BhRE S i P IXF H IR aha o
Parameter Symbol | Min Max | Unit | Test conditions Parameter HsSmIVE RABA | MSEMG
SCI | Input clock cycle Asynchronous tseyc 4 — | tpeyc | Figure 2.25 SCI N BY$/E 28 Asynchronous tseyc 4 — | tpeyc | Figure 2.25
Clock synchronous 6 — MEE 6 —
Input clock pulse width tsckw |0.4 0.6 |tscyc BB EORTEE tsckw | 0.4 0.6 |tscyc
Input clock rise time tsckr — 5 ns WMABTE_EFETE] tsckr — 5 ns
Input clock fall time tscks — 5 ns MABT T AT E tsckf — 5 ns
Output clock cycle Asynchronous tseye 6 (other than SCI1, —  |tpPeye A E R Asynchronous tseye 6 (other than SCI1, —  |treye
SCI2) sCI2)
8 (SCI1, SCI2) 8 (SCI1, SCI2)
Clock synchronous 4 — N#ES 4 —
Output clock pulse width tsckw | 0.4 0.6 |tscye in BT Rk E tsckw |04 0.6 |tseye
Output clock rise time tsckr — 5 ns i B E_EFETE] tsckr — 5 ns
Output clock fall time tsckf — 5 ns i B R AT 1E) tscks — 5 ns
Transmit data delay Clock synchronous master mode (internal | trxp — 5 ns |Figure 2.26 FIEIRIER BRI ERN (RERRTEH) trxp — 5 ns |Figure 2.26
clock)
Clock synchronous slave mode (external | trxp — 25 |ns NEES MR (SMEBET Eh) trxp — 25 |ns
clock)
Receive data setup time | Clock synchronous master mode (internal | trxs 15 — |ns BWHIBE I RN RS E& (R trxs 15 — |ns
clock)
Clock synchronous slave mode (external | trxs 5 — |ns BEES MRS (FMEBET &) trRxs 5 — |ns
clock)
Receive data hold time | Clock synchronous tRxH 5 — |ns EUREIBRIFETE) N#EL tRxH 5 — |ns
Note:  tpcyc: PCLKA cycle. Note:  tpcyc: PCLKA cycle.
tsckw tsckr tsckr tsckw tsckr tscke
< » <« < > »—€ >
/ \ / / \ / \
SCKn / \ \ SCKn / \ / \
I ! /
< tScyc > < tScyc >
Note: n=0to4,9 Note: n=0to4,9
Figure 2.25 SCK clock input/output timing Figure 2.25 SCKEF§hiA NI
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SCKn

trxp

TXDn

\

trxs | trxH

Y
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RXDn X

Note: n=0t04,9

SCKn

trxp

TXDn

RXDn X

Note: n=0to4,9

Figure 2.26  SCI input/output timing in clock synchronous mode Figure 2.26 EIHRISER FTHSCHANIGLEE
Table 2.25  SCI timing (2) Table 225  SCIBE (2)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register. %M EPmMNPFSEH 1728 0Yi% IR BN BE S il ik iE = IR chia o
Parameter Symbol Min | Max Unit Test conditions Parameter Symbol Min | Max Unit Mt R4
Simple SPI SCK clock cycle output (master) tspeyc 4 65536 tpeyc Figure 2.27 & S AYSPI SCKETHPEERMIE (EM) tspeyc 4 65536 tpeyc Figure 2.27
SCK clock cycle input (slave) 6 65536 SCKESEHE RN (MHN) 6 65536
SCK clock high pulse width tSPCKWH 0.4 0.6 tspoyc SCKEYT = Bk A 3E tSPCKWH 0.4 0.6 tspoyc
SCK clock low pulse width tSPCKWL 0.4 0.6 tspoyc SCKBY Bk A 35 E tsPCKWL 0.4 0.6 tspoyc
SCK clock rise and fall time tspekn tspeki | — 5 ns SCKBY§h £ FH0 T FEEYE] tspckn tspckf | — 5 ns
Data input setup time master tsu 15 — ns Figure 2.28 to Figure IR ILETE master tsu 15 — ns E2.28EE2.31
slave 5 — ns 231 slave 5 — ns
Data input hold time ty 5 — ns IR RIFETIE ty 5 — ns
SS input setup time tLEAD 1 — tsPeyc SSHINEILATIE] tLEAD 1 — tspeyc
SS input hold time tLaG 1 — tspeyc SSHINfRYFET 8] tLAG 1 — tsPeyc
Data output delay master too — 5 ns BB ER master top — 5 ns
slave — 25 ns slave — 25 ns
Data output hold time ton -5 — ns iR L REFETIE] ton -5 — ns
Data rise and fall time tor, tof — 5 ns AR A TR 8] tor, tos — 5 ns
SS input rise and fall time tssir tssLf — 5 ns SSEIN L F+F0 T A i8] tssir tssif — 5 ns
Slave access time tsa — 3 xtpeyc+25 |ns Figure 2.31 k75 13] B 18] tsa — 3 xtpeyc+25 |ns Figure 2.31
Slave output release time tREL — 3 xtpeyc+25 |ns A48 R BT iE] tREL — 3 xtpeyc+25 |ns
Note:  tpcyc: PCLKA cycle. Note:  tpcyc: PCLKA cycle.
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Figure 2.27  SCI simple SPI mode clock timing
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Figure 2.31

Table 2.26

SCI timing (3)

SCI simple SPI mode timing for slave when CKPH = 0

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

Parameter Symbol Min Max Unit | Test conditions
Simple IIC SDA input rise time tsr — 1000 ns Figure 2.32
(Standard mode)

SDA input fall time tsf — 300 ns

SDA input spike pulse removal time tsp 0 4 X Yiceye ns

Data input setup time tspas 250 — ns

Data input hold time tspAH 0 — ns

SCL, SDA capacitive load Cp! — 400 pF
Simple IIC SDA input rise time tsr — 300 ns Figure 2.32
(Fast mode)

SDA input fall time tsf — 300 ns

SDA input spike pulse removal time tsp 0 4 X Yiceye ns

Data input setup time tspas 100 — ns

Data input hold time tspAH 0 — ns

SCL, SDA capacitive load Cp! — 400 pF
Note:  tjceyc: IIC internal reference clock (IICe) cycle.
Note 1. Cy, indicates the total capacity of the bus line.
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tLEAD id tLac
SCKn 5& £ /
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Table 2.26  SCIBE (3)
M FEPmMNPFSE 1725 AV I% O IR BHRE 7 (i HR R B IR sh ki o
Parameter Symbol Min Max Unit | iMIK&4
Simple IIC SDAA _EFHETE] tsr — 1000 ns Figure 2.32
(Standard mode) - -
SDA% N T P& RYE] tst — 300 ns
SDAMINRIERKH 2 FRBY 8] tsp 0 4 X ticeye ns
G DN VAL N ] tspas 250 — ns
IR RIFETE tspaH 0 — ns
SCL, SDA capacitive load Cp! — 400 pF
Simple IIC SDAIA _EFHETE] tsr — 300 ns Figure 2.32
(Fast mode) — -
SDA%I N T BEET &) tsf — 300 ns
SDAMINRIERKH 2 FRBYE] tsp 0 4 x Yiceye ns
G IDN VAN ] tspas 100 — ns
IR N RIFHT|8] tspan 0 — ns
SCL, SDA capacitive load Cp! — 400 pF
Note:  tlCcycIICHERESZ IR (ICH) B HA
F1CORTAREBNEEE,
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SDAnN

Note: n=0t04,9

Test conditions:

«— tspaH tsoas

ViH=VCC x 0.7, ViL=VCC x 0.3

VoL=0.6V, lo. =6 mA

Note 1. S, P, and Sr indicate the following conditions:

S: Start condition
P: Stop condition
Sr: Restart condition

SDANn

Note: n=0to4,9
E1S. PHISIRRAT &4
S: FHEHMHP:
IS L
Sr: EREH

Figure 2.32  SCI simple lIC mode timing
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[« tspaH tspas

Test conditions:
VIH=VCCx0.7, VIL=VCCx0.3
VOL=0.6V, IOL=6mA

RO1DS0392EJ0100 Rev.1.00
Sep 23, 2021

RENESAS

554801

i+

» X

9271




RAGE1 Datasheet 2. Electrical Characteristics RABE1 Datasheet 2. BN
2.3.9 SPI Timing 2.3.9 SPIRY 5
Table 2.27 SPI timing Table 2.27 SPIBY &
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register. % TEPmMNPFSE 17 28RV % O IR BhRE S i P IXF H IR sha o
Parameter Symbol Min Max Unit | Test conditions Parameter Symbol Min Max Unit | Mit& 4
SPI | RSPCK clock cycle Master tspeyc 2 4096 tpeyc | Figure 2.33 SPI | RSPCKEYH#EHA Master tsPeye 2 4096 tpeyc | Figure 2.33
Slave 4 4096 Slave 4 4096
RSPCK clock high Master tspPckwH (tspeyc — tspekr — tspeks) / | — ns BHSPCKHST%EF%J—H?]\(;'#J Master tsPCKWH (tspeyc — tspekr — tspeks) / | — ns
pulse width 2_13 RE 2_13
Slave 0.4 0.6 tspeyc Slave 0.4 0.6 tspeyc
RSPCK clock low Master tspckwL (tspeyc — tspekr — tspeks) / | — ns RSE_‘CKET_T%EFTEEH??( Master tspckwL (tspeyc — tspckr — tspeks) / | — ns
pulse width 2-3 HEE 2.3
Slave 0.4 0.6 tspeyc Slave 0.4 0.6 tspeyc
RSPCK clock rise and | Master tspckr tspekf | — 5 ns RSPCKE$#H EFHAIT | 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 2.34 to Figure B LN RV Master tsu 4 — ns El2.34EE2.39
2.39
Slave 5 — Slave 5 —
Data input hold time | Master thE 0 — ns B EEIDNES SN FE (PCLK [ty 0 — ns
(PCLKA AR HTLL IR
division ratio BEN12)
set to 1/2)
Master ty tpeye — F1F (PCLKA |ty tpeye —
(PCLKA DILLIRE
division ratio A12BA5M8Y
set to a value
other than
112)
Slave ty 20 — Slave ty 20 —
SSL setup time Master tL EAD N x tgpey - 101 N % tgpeyc + | NS SSLI& BB Master tLEAD N x tgpeyc - 10" N x tgpeyc + | NS
100" 100"
Slave 4 % tpeyc — ns Slave 4 % tpeyc — ns
SSL hold time Master tLAG N x tgpeyc - 1072 N X tgpeyc + | NS SSLER¥FETIE] Master tLaG N x tgpyc - 1072 N X tgpeyc+ [ NS
1002 1002
Slave 4 % tpeyc — ns Slave 4 % tpeyc — ns
Data output delay Master top1 — 6.3 ns BRI HER 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 L RFATE] Master ton 0 — ns
Slave 0 — Slave 0 —
Successive Master tTp tspoyc + 2 X tpgye 8 % tgpyc + 2 | NS ESARER Master tTp tspoyc + 2 X tpgyc 8 X tgpeyc + 2 | NS
transmission delay X tpeyc X tpeyc
Slave 4 X tpeye Slave 4 x tpeyc
MOSI and MISO rise | Output tor, tof — 5 ns MOSIFIMISO_EF#1 | Output tor tof — 5 ns
and fall time TFEEIE]
Input — 1 us Input — 1 us
SSL rise and fall time | Output tssir tssif — 5 ns SSL_EFF1 T A&l Output tssir tssLf — 5 ns
Input — 1 us Input — 1 us
Slave access time tsa — 25 ns Figure 2.38 and 175 (5] B 8] tsa — 25 ns E2.38%1
Figure 2.39 — —— Figure 2.39
Slave output release time tREL — 25 MATLE8 R BB 1] tREL — 25
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Note:
Note:

tpeyc: PCLKA cycle.
Must use pins that have a letter appended to their name, for instance _A, _B, to indicate group membership. For the SPI interface,

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

Note 1.

N is set to an integer from 1 to 8 by the SPCKD register.

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

RSPCKn
master select
output

RSPCKn
slave select input

tsPckwH

tsPckwH

VIH

tspckr

tspeke

tspckwL

>|

tspeke

Vorn=0.7 x VCC, VoL=0.3 x VCC, Vh= 0.7 x VCC, ViL=0.3 x VCC
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Note: n=AorB
Figure 2.33  SPI clock timing
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Figure 2.34  SPI timing for master when CPHA =0
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Note:  tpcyc: PCLKA cycle.
Note: WIEAZMEHWEFZNSIM, FIT0_A. B, URBARRS M, XNFSPHEO, MNEFAHAMBSFUNRE 7.
A1NHSPCKDH 7RI E N 1EISHIEE K, F2NHSSLNDEZER
RE N1 EISHIEL,
tsPCKWH tspckr tspckr
V
RSPCKNE it o
Fi
tspckwL
I >|
tsPCKWH tspckr tspckr
RSPCKn M#3%E
HWA
tspckwL
[«
VOH=0.7xVCC, VOL=0.3xVCC, VIH=0.7xVCC, VIL=0.3xVCC
Note: n=AorB
Figure 2.33  SPIBI$hBIFF
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Figure 2.34 CPHA=0B3E#HAISPIBIFF
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ﬁl

ki3

SPI tro
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Note: n=AorB
Figure 2.35  SPI timing for master when CPHA = 0 and the bit rate is set to PCLKA/2
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RSPI timing for master when CPHA = 1 and the bit rate is set to PCLKA/2
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tro
SSLn0 r 1
input ~ (4 7Z \
tLEAD i tLac
< >
RSPCK / 3 / /
CPOL =no 7 S< /
input
RSPCKn \ 2
CPOL = 1 /] \ \
input \—7 s
tsa ton too trReL
1
MISOn LSB OUT 3d
output (Last data) MSB OUT >§( B DATA I LSB OUT MSB OUT
R le—
tsu tH tor, tor
input
Note: n=AorB
Figure 2.39  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 2.40
QSPCK clock high pulse | toswH tascyc * 0.4 — ns
width
QSPCK clock low pulse | toswi tascyc X 0.4 — ns
width
Data input setup time tsu 10 — ns Figure 2.41
Data input hold time ti 0 — ns
QSSL setup time tLEAD (N +0.5) % tasyc - 51 (N +0.5) x tqscyc * ns
100"
QSSL hold time tLac (N + 0.5) X tqscyc - 572 (N +0.5) x tgscyc + ns
1002
Data output delay tob — 4 ns
Data output hold time ton -3.3 — ns
Successive transmission | ttp 1 16 tascyc
delay
Note:  tpcyc: PCLKA cycle.
Note 1. Nis setto 0 or 1in SFMSLD.
Note 2. Nis setto 0 or 1in SFMSHD.
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2.3.10 QSPI Timing
Table 2.28 QSPI timing
%M. TEPmMNPFSEH 17280V i% IR BN BE /1 il P = IR chia o
Parameter Symbol Min Max Unit 5= 14
QSPI QSPCKEY$#/E 4B taseyc 2 48 tpeye Figure 2.40
QSPCKRY$h= Rk A TEE taswH tascyc * 0.4 — ns
QSPCKETFRERKHTEE | toswi tascye * 0.4 — ns
BIBRM BT 8] tsu 10 — ns Figure 2.41
E 6 EEIDNES SN tiH 0 — ns
QSSLi& &Y ia] tLEAD (N +0.5) x tascyc - 5" (N +0.5) x tgscyc + ns
100"
QSSLER¥FAT[E] tLaG (N +0.5) X tascyc - 572 (N +0.5) x tgseyc + ns
1002
HiRWLER top — 4 ns
AR W R IFAT A toH -3.3 — ns
ELAFRIER to 1 16 tascyc
Note:  tpcyc: PCLKA cycle.
A1 IESFMSLDHENIEE 79031, F2.7E
SFMSHDAINI&ZE 03K 1,
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2.3.11

Table 2.29

[IC Timing

lIC timing (1) (1 of 2)

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

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

2.3.11

Table 2.29

[IC Timing
ICEYE(1)(10f2)

(&M EPMNPFSHFZ28MY% QIR AE /I AL R J9 LUF 5 IE$F el iR shii i : SDAO_B. SCLO_B. SDA1_B. SCL1_B. (2)LAF5IMAEH
ZiGE . SCLO_A. SDAO_A. B)ERABMEMBEFIMEL, fli0_AS B, RTAMRREMH. MNFICED, NESHMBIFENR

Test

Parameter Symbol Min Max Unit | conditions
Ic SCL input cycle time tscL 6 (12) x tjceyc + 1300 — ns Figure 2.42
(Standard mode, - - -
SMBus) SCL input high pulse width tscLH 3 (6) x tyceyc + 300 — ns
ICFER.FMPE =0 SCL input low pulse width tscLL 3 (6)  tjceyc + 300 — ns

SCL, SDA rise time tsr — 1000 ns

SCL, SDA fall time tsf — 300 ns

SCL, SDA input spike pulse tsp 0 1(4) % tceye | NS

removal time

SDA input bus free time when tsuF 3 (6) x tyceyc + 300 — ns

wakeup function is disabled

SDA input bus free time when tguF 3(6) X ticeye * 4 X tpeyc + | — ns

wakeup function is enabled 300

START condition input hold time tsTAH tiiceyc + 300 — ns

when wakeup function is disabled

START condition input hold time tsTAH 1(5) % tIICcyc + tPcyc +300 |— ns

when wakeup function is enabled

Repeated START condition input tstas 1000 — ns

setup time

STOP condition input setup time tsTos 1000 — ns

Data input setup time tspas ticeye + 50 — ns

Data input hold time tspAH 0 — ns

SCL, SDA capacitive load Cp — 400 pF
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Parameter Symbol Min Max Unit
Inc SCLEIN & BR B &) tscL 6 (12) % tyceyc + 1300 — ns Figure 2.42
(Standard mode, o
SMBus) SCLE NS EE tscLH 3 (6) x ticeyc + 300 — ns
ICFERFMPE =0 I'c te \ fpionz e tscLL 3 (6)  tyGoy + 300 _ ns
SCL. SDA_LFtB¥{g] tsr — 1000 ns
SCL. SDATRBERTIE] ts — 300 ns
SCL. SDAMINRIERK A2 tsp 0 1(4) % tiiceye | NS
FRBY 8]
%)ﬁﬂﬁﬁilbﬁEEH‘ESSDAEﬁ)\E\ tBUF 3 (6) * ticeyc + 300 — ns
£ R BYE]
UﬁﬁEIﬂQEEﬁ%HH‘SDAEﬁ)\E\ﬁ tBUF 3 (6) x tiiceye + 4 x tpeye * — ns
TFWETE 300
%ﬁﬁﬁuﬁﬁglb BEBYRYSTARTRMFIIN | tsTaH tiiceyc + 300 — ns
RIFHET 8]
EﬁﬁuﬁﬁglﬂﬁgﬂqE’QSTARTgﬁﬁzgﬁ tsTaH 1(5) tiiceye *+ theye * 300 |— ns
NREFETE]
EEBHFHMNEILE tstas 1000 — ns
STOPS i N2 IZ AT (8] tsTos 1000 — ns
BUBRI N ILBT(E] tspas tIICcyc + 50 — ns
IR RIFETIE] tspAH 0 — ns
SCL, SDA capacitive load Cp — 400 pF
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RAG6E1 Datasheet

2. Electrical Characteristics

Table 2.29 lIC timing (1) (2 of 2)

(1) Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDAQ_B,
SCLO_B, SDA1_B, SCL1_B.

(2) The following pins do not require setting: SCLO_A, SDAO_A.

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

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

RAGBE1 Datasheet 2. A

Table 2.29  IICBYF(1)(20f2)

(N %&H: EPmnPFSEEasiE AR ahae AP o LA 5 | g FEFEI IRt : SDAO_B. SCLO_B. SDA1_B. SCL1_B. (2)LLF5IMIAE
EIZE: SCLO_A. SDAO_A. R)VERARBMEMEZFNEL, Bl _AS" B, REEAMRREHR. NFICED, NESAHNBSEFENR

Test

Parameter Symbol Min Max Unit | conditions
lIc SCL input cycle time tscL 6 (12) * tceyc + 600 — ns Figure 2.42
(Fast mode)

SCL input high pulse width tscLH 3 (6) x ticeyc + 300 — ns

SCL input low pulse width tscLL 3 (6) x tyceyc + 300 — ns

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

voltage/5.5V)"1
SCL, SDA fall time tsf 20 x (external pullup 300 ns
voltage/5.5V)"1

SCL, SDA input spike pulse tsp 0 1(4) * ticeyc | NS

removal time

SDA input bus free time when tguF 3 (6) x ticeyc + 300 — ns

wakeup function is disabled

SDA input bus free time when tBUF 3(6) * ticeye + 4 X tpeye + | — ns

wakeup function is enabled 300

START condition input hold time tsTAH tiiceye + 300 — ns

when wakeup function is disabled

START condition input hold time tsTAH 1(5) % ticeyc + treye + 300 | — ns

when wakeup function is enabled

Repeated START condition input tsTas 300 — ns

setup time

STOP condition input setup time tsTos 300 — ns

Data input setup time tspas tiiceye + 50 — ns

Data input hold time tsDAH 0 — ns

SCL, SDA capacitive load Cp — 400 pF

Note:  tjceyc: [IC internal reference clock (IICo) cycle, tpeyc: PCLKB cycle.

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

Note:  Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the IIC
interface, the AC portion of the electrical characteristics is measured for each group.

Note 1. Only supported for SCLO_A and SDAO_A.

RO1DS0392EJ0100 Rev.1.00
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Parameter Symbol Min Max Unit
lc SCLIAIN B #A8Y ) tseL 6 (12) * tyicoye + 600 — ns |Figure 2.42
(Fast mode) o
SCLB BB E tscLH 3 (6) x ticeye + 300 — ns
SCLEINERX A EEE tscLL 3 (6) x ticeyc + 300 — ns
SCL. SDA_LFBtiaE] tsr 20 x (external pullup 300 ns
voltage/5.5V)"
SCL. SDATFsRYA] tsr 20 x (external pullup 300 ns
voltage/5.5V)"1
SCL. SDARINRIERKHE tsp 0 1(4) * ticeyc | NS
FRETIE]
%ﬁﬁﬁuﬁﬁglﬂﬁgﬁqﬁgSDAEﬁ)\E\ tBUF 3 (6) x ticeye + 300 — ns
£ N E]
1R EEINRE /B FABTSDAKIN B4 tBUF 3(6) xtyceye + 4 X tpeye + | — ns
=R BT (E] 300
%ﬁﬂﬁEIﬂEEHﬁEQSTART%{¢$ﬁA tsTAH tiiceyc + 300 — ns
RIFET 8]
B IR ER TN BEBY A START & 481 tsTAH 1(5) X ticeye * tpeye + 300 | — ns
NREFET 8]
BEERMFHRARILAE tsTas 300 — ns
STOPS i N 7 BY 8] tstos 300 — ns
BB\ ILETE] tspas tiiceye + 50 — ns
BB N\ RIFET 8] tspaH 0 — ns
SCL, SDA capacitive load Cp — 400 pF
Note:  tliCcyc: NCHEBESZEBHP(IICH) AR, tPcyc: PCLKBEHA,
Note: HICMR3NF[1:01i& B A1 1b BT K232 A BICFERNFEIRE R8T, IESHHEER,
Note: WEREMEMBFESIH, Gl A" "B, URREARRSH. NFICGED, NESANBIFENIRRED .

A1 ANZFFSCLO_AFISDAO_Ao
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RAG6E1 Datasheet

2. Electrical Characteristics

Table 2.30

lIC timing (2)
Setting of the SCLO_A, SDAO_A pins is not required with the Port Drive Capability bit in the PmnPFS register.

RAGE1 Datasheet

2. BRE%

Parameter Symbol | Min Max Unit | Test conditions
lIc SCL input cycle time tscL 6 (12) * ticeye *+ — ns Figure 2.42
(Fast-mode+) 240
ICFER.FMPE =1
SCL input high pulse width tscLH 3 (6) % tyceye + 120 | — ns
SCL input low pulse width tscLL 3 (6) % tyceye + 120 | — ns
SCL, SDA rise time tsr — 120 ns
SCL, SDA fall time tsf 20 x (external 120 ns
pullup voltage/
5.5V)
SCL, SDA input spike pulse tsp 0 1 (4) x tliCcyc ns
removal time
SDA input bus free time when tsuF 3 (6) % tyceye + 120 | — ns
wakeup function is disabled
SDA input bus free time when tBuF 3(6) X tyceyc +4x | — ns
wakeup function is enabled tpeyc + 120
Start condition input hold time tsTAH tiiceye + 120 — ns
when wakeup function is disabled
START condition input hold time | tsTaH 1(5) % ticeye + — ns
when wakeup function is enabled treyc + 120
Restart condition input setup time | tstas 120 — ns
Stop condition input setup time tsTos 120 — ns
Data input setup time tspas ticeye + 30 — ns
Data input hold time tspAH 0 — ns
SCL, SDA capacitive load Cp — 550 pF
Note:  tjceyc: IIC internal reference clock (IIC@) cycle, tpeyc: PCLKB cycle.

Note:

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

Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
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Table 2.30 lIC timing (2)
PmnPFSZ 77 28 ViR IR EHRE U A B E IR ESCLO_A. SDAO_A5IH,
Parameter Symbol | Min Max Unit | MLt &4
Inc NERTPNEEEENE tscL 6 (12) * tceyc * — ns Figure 2.42
(Fast-mode+) 240
ICFER.FMPE = 1 S o
SCLEIA BB EEE tscLH 3(6) x tIICcyc +120 |— ns
SCLANRRK A EEE tscLL 3 (6) x tyceye + 120 | — ns
SCL. SDA_LFBYia] tsr — 120 ns
SCL. SDATP£EYE] tsf 20 x (external 120 ns
pullup voltage/
5.5V)
SCL. SDAMINRIERKAHE tsp 0 1 (4) x tliCcyc ns
R &)
%ﬁﬁﬂﬁéﬁglﬂﬁ‘éﬁﬂ‘ﬂ’\JSDAiﬁ)\E& tBUF 3 (6) x tyceye + 120 | — ns
£ B8]
E%@EUJ‘E‘EE@WSDA@)\E&?& tBUF 3 (6) x tIICcyc +4 x — ns
=R B8] tpeye + 120
ZAMERINEER B IR AN | tsTaH ticeye + 120 — ns
{R¥FBY 8]
EﬁﬁﬂﬁEEFbQEEﬂ‘B’\JSTART%TfFKﬁ tsTAH 1(5) * ticeye + — ns
NIREEETE] tpoyc + 120
BERZMHRMNEILAE tstas 120 — ns
F AN EILRTE tsTos 120 — ns
IR R ILETE tspas tiiceye + 30 — ns
IR N RST8] tspaH 0 —_ ns
SCL, SDA capacitive load Cp — 550 pF
Note:  tliCcyc: HCHREBEZEBHP(IICH)EHA, tPcyc: PCLKBEHA,

Note:
F1CORTRBEN

=y

=SB Eo

HICMR3NF[1:01&E R 1M b B FIE KRR A BICFERNFEIRE N8, ESHNEEH.
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RABE1 Datasheet 2. Electrical Characteristics RAGE1 Datasheet 2. A

SDAN SDAN
Vi 7* N\ AT Vio 7* N\ ,AT
tur taurF
> tscLH «—> tscLH
—> «— tstAH  [€—> —> [« tsTas —>| [e—tsp —> [« tsTos —> [«— tsTAH  [€—>] —>| tsTas —> | tsp —> tstos
\ v 3 - X 4y \x\ [T
SCLn X V SCLn \/
P S | srt J P P s |\ || | st N P
tst —> tspas tst —> tspas
[« tspaH [« tspaH
Note: n=0,1 Note: n=0,1
Note 1. S, P, and Sr indicate the following conditions: E1S. PHISIRRIAT &4
S: Start condition S: FHEFHEP:
P: Stop condition EIE& M
Sr: Restart condition Sr: ER%&H
Figure 2.42 12C bus interface input/output timing Figure 2.42 RCELEOMANFLEF
2.3.12 SSIE Timing 2.3.12 SSIE Timing
Table 2.31 SSIE timing (1 of 2) Table 2.31 SSIEEYF (10f2)
(1) High drive output is selected with the Port Drive Capability bit in the PmnPFS register. (1)3@IPmnPFSE 728 YR O X EhAE DR FE S Wehia . QERBMEMEFENSIM, Flm A “ BH _CRRTAMRS
(2) Use pins that have a letter appended to their names, for instance “_A” , “_B” or “_C” to indicate group membership. For the SSIE o WFSSIEEO, NESARBSFENREL .
interface, the AC portion of the electrical characteristics is measured for each group.
Target specification BARIE
Parameter Symbol Min. Max. Unit Comments Parameter Symbol Min. Max. Unit Comments
SSIBCKO Cycle Master to 80 — ns Figure 2.43 SSIBCKO Cycle Master to 80 — ns Figure 2.43
Slave t) 80 — ns Slave t 80 — ns
High level/ low | Master e/t 0.35 — to SERTHEFE | Master tho/tLe 0.35 — to
level
Slave 0.35 — f) Slave 0.35 — f)
Rising time/ Master trc/trc — 0.15 to/t EFHESIET Master trc/trc — 0.15 to/
falling time P B 1a)
Slave — 0.15 to/t Slave — 0.15 to/t
SSILRCKO/ Input set up Master tsr 12 — ns Figure 2.45, SSILRCKO/ MWNEIEY Master tsr 12 — ns Figure 2.45,
SSIFSO, time Figure 2.46 SSIFSO, i8] Figure 2.46
SSITXDO Slave 12 — ns SSITXDO Slave 12 — ns
SSIRXDO Input hold time | Master tHr 8 — ns SSIRXDO WANRIFETE | Master tHr 8 — ns
Slave 15 — ns Slave 15 — ns
Output delay Master toTR -10 5 ns i R BY Master toTR -10 5 ns
time 18]
! Slave 0 20 ns Figure 2.45, Slave 0 20 ns Figure 2.45,
Figure 2.46 Figure 2.46
Output delay Slave toTRW — 20 ns Figure 2.47"1 SSILRC[(OB’\J Slave toTRW — 20 ns Figure 2.47"1
time from i ER B
SSILRCKO/ ia]
SSIFSO0 change SSIFS0 change
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RAG6E1 Datasheet

2. Electrical Characteristics

Table 2.31  SSIE timing (2 of 2)

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

(2) Use pins that have a letter appended to their names, for instance “_A”,“ B” or “_C” to indicate group membership. For the SSIE
interface, the AC portion of the electrical characteristics is measured for each group.

Target specification
Parameter Symbol Min. Max. Unit Comments
AUDIO_CLK Cycle tExcyc 20 — ns Figure 2.44
High level/ low level texL/texH 0.4 0.6 tEXcyc

Note 1. For slave-mode transmission, SSIE has a path, through which the signal input from the SSILRCKO0/SSIFSO0 pin is used to generate

transmit data, and the transmit data is logically output to the SSITXDO pin.

RAGE1 Datasheet

2. BRE%

Table 2.31 SSIEEF (24N FEy24)
(1)18d PmnPFSE 1788 R IR O IR EhRE DA F S ek t. QVERBREMBEFEMSIM, Fl"_A". " B _CRERTARRS
o WFSSIEEO, NESAHNBSIFENRELS .
BRI
Parameter Symbol Min. Max. Unit Comments
AUDIO_CLK Cycle tExcyc 20 — ns Figure 2.44
SR EEFE texL/texH 0.4 0.6 tExcyc

EiiﬂﬂﬁHMﬁiﬁ{ﬂﬁ, SSIEE—1 R, BEZRE,

MSSILRCKOSSIFSO3 | Bl NBIE S B FEM AEIE, RKIEHIBE B EISSITXDOS]

tHe tre trc
—> —>»
SSIBCKO P (Ko} -
™ 7Y
P to, ti
Figure 2.43  SSIE clock input/output timing
tEchc -
texn P texc
N\ s
AUDIO_CLK 1/2 VCC
(input)
=
text texr
—> —— —> ——
Figure 2.44  Clock input timing
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tHe trc trc
—>» —>
SSIBCKO P fLe |
- V'
P to, ti
Figure 2.43  SSIERYfpiR NI HETF
L tEchc
texH P texc -
\ /
AUDIO_CLK 1/2 VCC
(input)
—IC N
texr texr
—> —— —> —
Figure 2.44  BIfhsEINBIFE
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2. Electrical Characteristics

RAGE1 Datasheet

2. BRE%

SSIBCKO
(Input or Output)

SSILRCKO/SSIFSO (input),
SSIRXDO (input)

SSILRCKO/SSIFSO (output),
SSITXDO (output)

tsr

totr

SSIBCKO /
(Input or Output) J

SSILRCKO/SSIFSO (input),
SSIRXDO (input)

tsr

SSILRCKO/SSIFSO (output),
SSITXDO (output)

N
4

totr

Figure 2.45  SSIE data transmit and receive timing when SSICR.BCKP =0
SSIBCKO i
(Input or Output)
SSILRCKO/SSIFSO (input),
SSIRXDO (input)
tsr tHrR
4
SSILRCKO/SSIFSO (output),
SSITXDO (output)
K
totrR
Figure 2.46  SSIE data transmit and receive timing when SSICR.BCKP =1
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Figure 2.45  SSICR.BCKP=0B3#JSSIE$X1E & X FiZULBd F

SSIBCKO \ i

(Input or Output)

SSILRCKO/SSIFSO (input),

SSIRXDO (input)

—>
tsr tHrR
SSILRCKO/SSIFSO (output),
SSITXDO (output)
totr f

Figure 2.46  SSICR.BCKP=1B3AISSIESRIE &% FIZULET
RO1DS0392EJ0100 Rev.1.00 RENESAS 886051, $92M




RAG6E1 Datasheet

2. Electrical Characteristics

N
SSILRCKO/SSIFSO (input) §<

SSITXDO (output) XL

< »

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.

RAG6E1 Datasheet

2. BRE%

N
SSILRCKO/SSIFSO (input) §<

SSITXDO (output) XL

< »

totrRw

CKOSSIFSOE 24 5 BIM SBi i tH HE3R

Figure 2.47  SSIE data output delay after SSILRCKO0/SSIFS0 change
2.3.13 SD/MMC Host Interface Timing
Table 2.32 SD/MMC Host Interface signal timing

Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Clock duty ratio is 50%.

L SSICRAAIDEL=1. SDTA=0ZDEL=1. SDTA=1. SWL[2:0]=DWLI[2:0]8¥, MKIiXBEHISSILR

Parameter Symbol Min Max Unit Test conditions
SDCLK clock cycle Tspcyc 20 — ns Figure 2.48
SDCLK clock high pulse width TspwH 6.5 — ns

SDCLK clock low pulse width TspwL 6.5 — ns

SDCLK clock rise time TspLH — 3 ns

SDCLK clock fall time TspHL — 3 ns

SDCMD/SDDAT output data delay TspobLy -7 4 ns

SDCMD/SDDAT input data setup Tspis 4.5 — ns

SDCMD/SDDAT input data hold TspiH 1.5 — ns

Figure 2.47  SSILRCKOSSIFSOE & /5 #9SSIE X346 tH 3E:R

2.3.13  SDMMCENZFONF

Table 2.32 SDMMCEHIEOESHF

£ EPMNPFSE 17 88 BYI% O IR BhAE A PR m IR ahla o

By 5 = EE 950%s.

Parameter Symbol Min Max Unit Mt 5= 1
SDCLK  BY$#FEHA Tspbeye 20 — ns Figure 2.48
SDCLK B EpkAEE TspwH 6.5 — ns

SDCLK B shRAKHZERE TspwL 6.5 — ns

SDCLK  BY$# EFBd[E TSDLH — 3 ns

SDCLK BT P&AYa] TspHL — 3 ns
SDCMDSDDATHitH $KHBHER TspobLy -7 4 ns
SDCMDSDDATHI N #UIB IR E Tspis 4.5 — ns
SDCMDSDDATHAN BB REF TSDIH 15 — ns

Note:  Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the SD/MMC

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

Tspcye

TspwL TspwH

SDnCLK

(output) m

T
SDHL— TspobLy(max) <
—

TspobLY(min)
+“—

SDnCMD/SDnDATm
(output)

I

Tspis «—se—» TSDH

SDnCMD/SDnDATm

o) W

n=0,m=0to3

Note: W IEABMEMEFZNSIM, FM_A" "B, URTAMESZH. WFSDMMC
FHEO, WEHBFENTRBIHITIE,

Tspecye

TspwL TspwH

SDnCLK

(output) m

TsoHLe, TspobLY(max) TspobLY(min)
— +“—
SDnCMD/SDnDATmM ></
(output)
Tspis «—»e— TsDH
SDnCMD/SDnDATm

o W

Figure 2.48 SD/MMC Host Interface signal timing

2.3.14 ETHERC Timing
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n=0,m=0to3
Figure 248 SDMMCEHUEOESHEF
2.3.14 ETHERC Timing
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RAG6E1 Datasheet

2. Electrical Characteristics

Table 2.33

ETHERC timing

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

Parameter Symbol Min Max Unit Test conditions
ETHERC REF50CKO cycle time Tek 20 — ns Figure 2.49 to
(RMII) Figure 2.52

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

REF50CKO duty — 35 65 %

REF50CKO rise/fall time T ckr/ckf 0.5 3.5 ns

RMII_xxxx"! output delay Teo 25 12.0 ns

RMII_xxxx"2 setup time Tsu 3 — ns

RMII_xxxx"2 hold time Tha 1 — ns

RMII_xxxx"1, "2 rise/fall time Td/T¢ 0.5 4 ns

ETO_WOL output delay twoLd 1 235 ns Figure 2.53

Note:  The following pins must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership.

For the ETHERC (RMII) Host interface, the AC portion of the electrical characteristics is measured for each group. REF50CKO0_A,
RMINO_xxxx_A.

Note 1. RMII_TXD_EN, RMII_TXD1, RMII_TXDO.

Note 2. RMII_CRS_DV, RMII_RXD1, RMII_RXDO0, RMII_RX_ER.

Tck

90%

REF50CKO  50%

10%

90%

RMI_xxxx""  50%
signal level

10%

Note 1. RMII_TXD_EN, RMII_TXD1, RMII_TXDO0, RMII_CRS_DV, RMII_RXD1, RMII_RXDO0, RMII_RX_ER

Figure 2.49 REF50CKO0 and RMIl signal timing

Tek

wsso (LU LU UL UL,

Tco

—>
JL
RMII_TXD_EN S

—»
L
T

17

:

{
1

RMII_TXD1,

RMII_TXDO Preamble SFD >< DATA

4 _—L

S_X cre X

Figure 2.50 RMII transmission timing
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Table 2.33 ETHERC timing
%M. ETHERC(RMID: FEPMNnPFSE 788 B9 3R EHAE A /9 LA T 5B ZE R E IR shkat :
ETO_MDC, ETO_MDIO.
P FEMSIH, EPmnPFSE 728 8Vim O IR shAe /1 FiEiE s W ah i o
Parameter Symbol Min Max Unit | g% H
ETHERC REF50CKOf&EIR A 8] Tek 20 — ns E2.49ZF
(RMII) Figure 2.52
REF50CKO47iZ, HEY{ES0MHz — — 50 + 100 ppm MHz
REF50CKO duty — 35 65 %
REF50CKO rise/fall time T ckr/ckf 0.5 3.5 ns
RMIL_xxxx*1 481t FER Teo 25 12.0 ns
RMIL_xxxx*2 2 17 B[] Tsu 3 — ns
RMIL_xxxx*2 R 3B /8] Thy 1 — ns
RMII_xxxx"1, "2 rise/fall time T Ts 0.5 4 ns
ETO_WOLMHIER twoLd 1 23.5 ns Figure 2.53
Note:  LURSIRIAERBIREMMFZHNSIM, A B, URRAMRF M. X FETHERCRMI)EHIEO, MESAHAMBSIF

Note 1.
Note 2.

HERAZRER . REFS0CKO_A

RMIIO_xxxx_A.

RMII_TXD_EN, RMII_TXD1, RMII_TXDO.
RMI_CRS_DV, RMII_RXD1, RMII_RXD0, RMI|_RX_ER.

90%

REF50CK0  50%
10%
Tr
90%
. Esa
RMIL o 50% B

10%

7

Note 1. RMII_TXD_EN, RMII_TXD1, RMII_TXDO0, RMII_CRS_DV, RMII_RXD1, RMII_RXDO0, RMII_RX_ER

Tck

Figure 2.49  REF50CKOFIRMII{Z S B F
Tek
_’
REF50CKO Sgl; SS
Tco
_’
RMII_TXD_EN S S \
N Teo
Em::_$§3(1) X Preal;wlble SFD X DATA \\ >< CRC ><
Figure 2.50 RMIIf&5EETF
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2. Electrical Characteristics

RAGE1 Datasheet

2. BRE%

REF50CKO

RMII_CRS_DV ;f SS_/‘

Tsu > Y
L
RMII_RXD1, Prear:’:ble
RMII_RXDO

RMIRX ER

Tsu W
»—¢

L

gigiph Egipipigipipipipipiipigipipigipipiph

—_—
re—

DATA

4 _—L
pra—

CRC ><

e TN

f
)

| L
p———

Figure 2.51

RMII reception timing in normal operation

Figure 2.51

Tsu e —» Thd
# JL JL
RMII_CRS_DV I
e AR S
Tsu > ':
RMII_RXD1 it (f
RMII_RXDO >< Preamble < K X X DATA \ X CRC ><
1r
L SFD s
RMIRX ER \{ \{
) )

EEF12{EhMIRMIEI BT F

REF50CKO Sﬁ

/L

gigigipipiphiiNgigigh

RMII_CRS_DV / SS /

/L
15
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Figure 2.52  RMIl reception timing when an error occurs
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Table 2.34

WOL output timing for RMIl

USB Characteristics

USBFS Timing

USBFS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics) (1 of 2)

Conditions: VCC = AVCCO0 = VCC_USB = VBATT = 3.0 to 3.6V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Test conditions

Input Input high voltage ViH 2.0 — — \ —

characteristics
Input low voltage ViL — — 0.8 \Y —
Differential input sensitivity Vp) 0.2 — — \Y | USB_DP - USB_DM |
Differential common-mode range Vem 0.8 — 2.5 \ —
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Figure 2.52 R4 HIRIFHIRMINEIRIIF
REF50CKO
N twoLd
ETO_WOL ><
Figure 2.53  RMIIBYWOL%EL BT
2.4 USB4F%E
241 USBFS Timing
Table 2.34  {XEHAUSBFSIRERSFHE (USB_DPFIUSB_DM3G|iNFE) (10f2)
Conditions: VCC = AVCCO0 = VCC_USB = VBATT = 3.0 to 3.6V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz
Parameter Symbol Min Typ Max |Unit |Wif&4
BN BANBE Vin 2.0 — — v —
MNEERE Vi — — 0.8 Y, —
ENRANRSE Vi 0.2 — — \Y, | USB_DP - USB_DM |
ESHIEEE Vewm 0.8 — 2.5 \% —
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Table 2.34 USBFS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics) (2 of 2)

Conditions: VCC = AVCCO = VCC_USB = VBATT = 3.0 to 3.6V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Test conditions
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 2.54
Rise time LR 75 — 300 ns
Fall time tLF 75 — 300 ns
Rise/fall time ratio tr/tLE 80 — 125 % R/ L
Pull-up and USB_DP and USB_DM pull-down Rpd 1425 |— 24.80 | kQ —
pull-down resistance in host controller mode
characteristics
USB_DP, Vers .../ ... .N\:-90% . .. .. 0% ¥ ...
USB_DM 10%

Figure 2.54 USB_DP and USB_DM output timing in low-speed mode

Observation
USB_DP / point
(W
T J— 200 pF to
270 % 600 pF 36V

1.5KQ
USB_DM

AAY *
J_ 200 pF to

% 600 pF

RAGE1 Datasheet

BT

Table 2.34  {REMBYUSBFSIEEYFE (USB_DPFIUSB_DMSIEMIFE) (2222)

Conditions: VCC = AVCCO0 = VCC_USB = VBATT = 3.0 to 3.6V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz

Parameter Symbol Min Typ Max |Unit |Wif&4

et S M EE VoH 238 — 3.6 v lo = —200 pA
HHRBE VoL 0.0 — 0.3 \Y, HOL=2E%
Cross-over voltage VcRs 1.3 — 2.0 \% Figure 2.54
EFBY(E] tr 75 — 300 ns
VESIE! tLr 75 — 300 ns
EFATREETIE L tR/tF 80 — 125 % R/ tLF

EHATAR | WSS R FRUSB_DPAIUS Rpd 14.25 |— 2480 |kQ |—

% B_DM T8

Figure 2.54 {R#F#EX THIUSB_DPFIUSB_DMEitHESF

ME=
USB_DP 4
T 200 pF to 36V
270 J; 600 pF :

1.5KQ
USB_DM

A4 4
J_ 200 pF to

;’7 600 pF

Figure 2.55 Test circuit in low-speed mode

Table 2.35 USBFS full-speed characteristics (USB_DP and USB_DM pin characteristics) (1 of 2)
Conditions: VCC = AVCCO0 = VCC_USB = VBATT = 3.0 t0 3.6 V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz

Figure 2.55 {EEEX THIMLBEE
Table 2.35  USBFS£i#i¥t$ (USB_DPFIUSB_DM3|iMFE) (10f2)

Conditions: VCC = AVCCO0 = VCC_USB = VBATT =3.0t0 3.6 V, 2.7 < VREFHO/VREFH < AVCCO, USBCLK = 48 MHz

Parameter Symbol Min Typ Max |Unit |Wi&&

PNk BABE Vi 2.0 — — v —
BWNREE \/1 — — 0.8 v —
ENWARSE Vo 02 |— — v | USB_DP - USB_DM |
ESHEEE Vewu 0.8 — 25 v —

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 — 25 \ —
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Sep 23, 2021

R01DS0392EJ0100 Rev.1.00

1LENESAS
Sep 23, 2021 -2

%6401, #9201




RAG6E1 Datasheet 2. Electrical Characteristics

Table 2.35 USBFS full-speed characteristics (USB_DP and USB_DM pin characteristics) (2 of 2)
Conditions: VCC = AVCCO0 = VCC_USB = VBATT =3.0to 3.6 V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Test conditions
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 2.56

Rise time LR 4 — 20 ns

Fall time tLE 4 — 20 ns

Rise/fall time ratio tr/tLE 90 — 111.11 | % trr/ tFE

Output resistance ZpRrv 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 1.425 |— 3.090 |kQ Durlng_ transmission and

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

USB_DP, Vers .. < ....................... 0% N ...........

RAGBE1 Datasheet 2. A

Table 2.35 USBFS£i®$3tE (USB_DPFIUSB_DMS3|RI5E) (222)
Conditions: VCC = AVCCO = VCC_USB = VBATT = 3.0 to 3.6 V, 2.7 < VREFHO/VREFH < AVCC0, USBCLK = 48 MHz

Parameter Symbol Min |Typ |Max |Unit |JLd&M
A M EE VoH 238 — 3.6 v lon = =200 pA
HHRBE VoL 0.0 — 0.3 \% HOL=2E%R
Cross-over voltage VcRs 1.3 — 2.0 \% Figure 2.56
EFBY(E] tr 4 — 20 ns
ThZE8ta) tLe 4 — 20 ns
EF TR E L R/t 90 — 1M1.11 | % trr/ trF
HL e ZpRv 28 — 44 Q USBFS: Rs = 27 Q included
LRI TR | g&ITH SRR THIDM EAIEHE Rpu 0.900 |— 1.575 |kQ THRRESE A
B 1425 |—  |3090 |kQ | @REAEKHAE
FHUTH BRI T ARIUSB_DPFIUS Rpd 1425 |— 2480 |kQ —
B_DM T HIEEE

Figure 2.56 USB_DP and USB_DM output timing in full-speed mode

Observation
USB_DP / point
T 50 pF
27 Q
USB_DM l
50 pF

"

Figure 2.56 2F & FHIUSB_DPHIUSB_DMEHitHESF

Figure 2.57  Test circuit in full-speed mode

Table 2.36 USBFS characteristics (USB_DP and USB_DM pin characteristics)
Conditions: VCC = AVCCO0 = VCC_USB = VBATT =3.0t0 3.6 V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Battery Charging | D+ sink current IpP_sINK 25 — 175 HA —
Specification
D- sink current Ibm_sINK 25 — 175 MA —
DCD source current Ipp_src 7 — 13 WA —
Data detection voltage VDAT_REF 0.25 — 0.4 \% —
D+ source voltage Vpp_src 0.5 — 0.7 Vv QOutout current = 250 pA
D- source voltage VbM_SRC 0.5 — 0.7 Vv Qutout current = 250 pA
R01DS0392EJ0100 Rev.1.00 RENESANAS Page 65 of 92
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MBS
USB_DP J
T 50 pF
27 Q
USB_DM l
50 pF

S

Figure 2.57 2FEXTHNIXBER

Table 2.36 USBFS#51t (USB_DPFIUSB_DMS3|RtM451k)
Conditions: VCC = AVCCO0 = VCC_USB = VBATT = 3.0t0 3.6 V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Mt 514
BT D+EEBMR IpP_SINK 25 — 175 pA —
Specification
D- sink current Ipm_sINK 25 — 175 uA —
DCDIREER IpP_src 7 — 13 pA —
BN B E VDAT REF 0.25 — 0.4 \Y —
D+/REE Vbp_src 0.5 — 0.7 \Y Outout current = 250 pA
D- source voltage VbM_srRc 0.5 — 0.7 \% Outout current = 250 pA
R01DS0392EJ0100 Rev.1.00 RENESAS S65M, #9201
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2.5 ADC12 Characteristics
Table 2.37 A/D conversion characteristics for unit 0
Conditions: PCLKC = 1 to 50 MHz
Parameter Min Typ | Max | Unit | Test conditions
Frequency 1 — |50 |MHz|—
Analog input capacitance — — |30 |pF |—
Quantization error — +05|— |LSB |—
Resolution — — 12 |Bits |—
High-precision high-speed Conversion time™! Permissible signal 0.52(0.26)2|— |— |Ms |Samplingin 13
channels (operation at PCLKC = | source impedance states
(ANOOO to ANO05) 50 MHz) Max. = 1 kQ
Max. = 400 Q 0.40 (0.14)2|— |— |us |Samplingin 7 states
VCC = AVCCO = 3.0
to 3.6 V
3.0V < VREFHO <
AVCCO
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|+25|LSB | —
High-precision normal-speed Conversion time™! Permissible signal 0.92 (0.66)2|— |— |us Sampling in 33
channels (Operation at PCLKC = | source impedance states
(ANOO6 to AN008, ANO12, 50 MHz) Max. = 1 kQ
ANO013)
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 | —

Note:

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/VREFH, VREFLO, VREFL, and 12-bit A/D converter input voltage are

stable.
Note 1.
conditions.

Note 2. Values in parentheses indicate the sampling time.

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

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

Table 2.38 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 —
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2.5 ADC12 Characteristics
Table 2.37 S TORJADIEIRIFHE
Conditions: PCLKC = 1 to 50 MHz
Parameter Min Typ I e
Frequency 1 — |50 |[MHz|—
EINBNBE — — |30 |pF |—
ENIRE — 0.5 — LSB | —
Resolution — — 12 |Bits |—
EfEESREE (AN00O B4R B B8]+ AFNESIRBET 052 (0.26)2|— |— |uWs |TE13TMIHETT
ZEAN005) (operation at PCLKC = Max.=1kQ i
50 MHz)
Max. = 400 Q 0.40 (0.14)2|— |— |us |FE7MRETFRIFVC
C=AVCC0=3.0E36
V3.0V=sVREFHO=AV
Cco
RBIRE — +1.0|+25|LSB | —
Full-scale error — +1.0(+25|LSB |—
EITREE — +2.0(+4.5|LSB |—
DNLI¥ S IELEIRE — +0.5|£1.5|LSB | —
INLRRHER IR E — £1.0|+25|LSB |—
SRERREE (ANOO6EA B35 B a1 AFNESIRER 0.92(0.66)2|— |— |uWs |[FE33MMN#EIT
NOO8. ANO12. ANO13) (Operation at PCLKC = Max.=1kQ i
50 MHz)
wmBIRE — +1.0({+25|LSB | —
Full-scale error — +1.0({+25|LSB |—
Ho3FIEE — +2.0|+45|LSB | —
DNLIS D IELLHIRE — +0.5[+1.5|LSB |—
INLRR DI MR E — +1.0(+25|LSB |—
Note: XLEHMIREER FEADRKIGRHREI AIARIMNBIFMERINIE . MNRIFEEEE
D¥ift, EFIREAREIEETBEN,
R 2IADE RSN, FAIFIEPORTORERF Mt
XEFMIERFAVCCO. AVSSO. VREFHO. VREFH. VREFLO. VREFLHI12MAD¥:IREBHNBEREN,
JE1 R IREY (8] B I E R AF BRI A LU AR BT (8], SRR KRR R R RSN E,
A2 IESANBERREIFRE,
Table 2.38 ADRIERE & B [E 4514
Parameter Min Typ Max Unit M5 14
ADAREBEBE 1.13 1.18 1.23 \Y —
K EEBY 8] 415 — — us —
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A/D converter
output code
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Vi / |
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error (INL) s !
w4 !
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Ideal A/D conversion )// i
characteristic S A E<—Differentia| nonlinearity error (DNL) !
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7/ ! conversion characteristic !
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7’ 1 —f i«— Differential nonlinearity error (DNL) !
/ E E 1
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i
]
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/:/ Absolute accuracy !
H ]
E..)A..- y i
/ Wi Offset error " ' -

7
Analog input voltage /

VREFHO
(full-scale)

Figure 2.58

Absolute accuracy

lllustration 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.
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Offset error

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

Full-scale error

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

2.6 DAC12 Characteristics

RAGE1 Datasheet

2. BRE%

mi5iRE

RIZIREREBRNFE — ML BN ERRSEFRNE— M BB ZENES,

Full-scale error

HERRERERNRRHHABNERASEFNRERHEABZENES,

2.6 DAC12 Characteristics

Table 2.39 D/A conversion characteristics

Parameter Min Typ Max Unit Test conditions
Resolution — — 12 Bits —

Without output amplifier

Absolute accuracy — — 124 LSB Resistive load 2 MQ
INL — 2.0 18.0 LSB Resistive load 2 MQ
DNL — +1.0 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 Vv —

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 OSC Stop Detect Characteristics

Table 2.40 Oscillation stop detection circuit characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Detection time tar — — 1 ms Figure 2.59
Main clock _\_/—\_/—\ﬁ’
A tar |
OSTDSR.OSTDF +
MOCO clock ’ \ ’ \ /
ICLK \ / ~ / \ / \ / \ /
Figure 2.59  Oscillation stop detection timing
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Table 2.39  DAM#FIE
Parameter Min Typ Max Unit M
Resolution — — 12 Bits —
TR
HXTHEE — — 124 LSB FEMERE2MQ
INL — +2.0 +8.0 LSB FEME S E2MQ
DNL — 1.0 2.0 LSB —
iR — 8.5 — kQ —
FEIRBYIE] — — 3 s BEAFHIMQ, BAMEFH0pF
HHBETEE 0 —_ VREFH \ —
IR R
INL — 2.0 +4.0 LSB —
DNL — 1.0 +2.0 LSB —
HE IR AT E] — — 4.0 s —
PR 2 5 — — kQ —
Capacitive load — — 50 pF —
HHBETEE 0.2 —_ VREFH -0.2 \ —
2.7  OSC= LR M4
Table 2.40  {EHF LIS BERIFE
Parameter Symbol Min Typ Max Unit MR
1B ja] tyr — — 1 ms Figure 2.59
TN VAVAVAS
OSTDSR.OSTDF oo iﬁ
Mococeck [\ [\ [
o SN [
Figure 2.59  IRFHELLAMETIHN
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2.8 POR and LVD Characteristics
Table 2.41 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.DEEPCUTI[1:0] = 00b or VpPor 2.5 2.6 2.7 V | Figure 2.60
level (POR) 01b.
DPSBYCR.DEEPCUT[1:0] = 11b. 1.8 225 (27
Voltage detection circuit (LVDO) Vieto_ 1 |2.84 |2.94 |3.04 Figure 2.61
Vdeto 2 |2.77 |2.87 [2.97
Vdeto 3 |2.70 |2.80 [2.90
Voltage detection circuit (LVD1) Viet1 1 |2.89 [2.99 |3.09 Figure 2.62
Viet1 2 |2.82 |2.92 [3.02
Vdet1 3 |2.75 |2.85 |2.95
Voltage detection circuit (LVD2) Vietz 1 |2.89 [2.99 |3.09 Figure 2.63
Vdetz 2 |2.82 292 |3.02
Vdet2 3 |2.75 |2.85 |2.95
Internal reset time | Power-on reset time tPor — 4.5 — ms | Figure 2.60
LVDO reset time tLvbo — 051 |— Figure 2.61
LVD1 reset time tLvD1 — 0.38 |— Figure 2.62
LVD2 reset time tLvp2 — 0.38 |— Figure 2.63
Minimum VCC down time™! tvoFF 200 |— — us | Figure 2.60,
Figure 2.61
Response delay tdet — — 200 |us |Figure 2.61to
Figure 2.63
LVD operation stabilization time (after LVD is enabled) tae-n) — — 10 us | Figure 2.62,
Hysteresis width (LVD1 and LVD2) VivH — 70 — m RS
\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 Vgetp for POR and LVD.

tvorF
VPoRrR
VCC
Internal reset signal
(active-low)
<« ple PR R >
gt tPOR fdet  tdet trPorR
Figure 2.60 Power-on reset timing
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2.8  PORMLVDH4%
Table 2.41  tERS{IBRRBEELNBEEEE (—)
£
Parameter Symbol [Min |Typ |Max |7¢ |iWif&4
BB EH I B Power-on reset DPSBYCR.DEEPCUT[1:0] = 00b or VPOR 25 |26 |27 |V |Figure2.60
(POR) 01b.
DPSBYCR.DEEPCUT[1:0] = 11b. 1.8 225 |27
EBEIIEEEE (LVDO) Ve 1 |2.84 |2.94 |3.04 Figure 2.61
Viewo 2 |277 |2.87 |297
Vgeto.3 |2.70 |2.80 |2.90
BEIIEEE (LVD1) Viet1 1 |2.89 |2.99 |3.09 Figure 2.62
Viet1 2 |2.82 292 |3.02
Veet1 3 |2.75 |2.85 |2.95
REIEE (LVD2) Vierz 1 |2.89 |2.99 |3.09 Figure 2.63
Vierz 2 |2.82 292 [3.02
Vetz 3 |2.75 |2.85 |2.95
A EBE (BT a] L EBEfutE tpor — 45 |— ms | Figure 2.60
LVDOE fiBYig] tvoo |— 051 |— Figure 2.61
LVD1E fiiBY 8] tLvD1 — 0.38 |— Figure 2.62
LVD2E i BYia] tLvp2 — 0.38 |— Figure 2.63
B=/NVCCIEHBYE]*1 tvoFF 200 |— — us | Figure 2.60,
Figure 2.61
e 7 3E 3R tget — — 200 |ups |ER261E
Figure 2.63
LVDIRfER2ERTIE] (BRLVDRE) tyen) |— — 10 us | Figure 2.62,
N Figure 2.63
RHETEE (LVD1HILVD2) VIvH — 70 — m
\%
A 1.R/WCCENIEIRIEVCCE T B EMRMEFVPOR. Vdet0.
Vdet1#vdet2 /- FPORFILVD,
tvorr
VPor
VCC
RHBEMES (R
BEER)
bl PRI
det  tPOR tdet det  tPOR
Figure 2.60 LHBE{ilIF
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VvCC
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Voltage detection circuit timing (Vgeto)
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Voltage detection circuit timing (Vyet1)
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Figure 2.63  Voltage detection circuit timing (Vget2)
29 VBATT Characteristics

Table 2.42 Battery backup function characteristics
Conditions: VCC = AVCCO = VCC_USB = 2.7 to 3.6 V, 2.7 < VREFHO/VREFH < AVCCO, VBATT = 1.65 to 3.6 V"'

Figure 2.63  EB[EENEBEEEEF (Vdet2)
2.9 VBATT Characteristics

Table 2.42 Bt & D IhEEY =
Conditions: VCC = AVCCO0 = VCC_USB = 2.7 to 3.6 V, 2.7 < VREFHO/VREFH < AVCCO, VBATT = 1.65 to 3.6 Vv

Parameter Symbol Min Typ Max Unit Test conditions
Voltage level for switching to battery backup VDETBATT 2.50 2.60 2.70 \Y Figure 2.64
Lower-limit VBATT voltage for power supply VBATTSW 2.70 — — \%

switching caused by VCC voltage drop

VCC-off period for starting power supply tVOFFBATT 200 — — us

switching

VBATT low voltage detection level Vpattidet 1.8 1.9 2.0 \ Figure 2.65
Minimum VBATT down time tBATTOFF 200 — — us

Response delay tBATTdet — — 200 us

VBATT monitor operation stabilization time taE-A) — — 20 us

(after VBATTMNSELR.VBATTMNSEL is
changed to 1)

VBATT current increase (when I\VBATTSEL — 140 350 nA
VBATTMNSELR.VBATTMNSEL is 1 compared

to the case that VBATTMNSELR.VBATTMNSEL

Parameter Symbol Min Typ Max Unit MK &1
t}];ﬁé”%ﬁﬁ EE‘}HJE’\JEEE%:F VDETBATT 2.50 2.60 2.70 \% Figure 2.64
VCCIERES 2 BB E NI FIRVBATTERE VBATTSW 270 |— — v
BEhERIRTIRAIVCC-of A HA tVOFFBATT 200 —_— — us

VBATTREB R I BB T Vpatidet 1.8 1.9 2.0 Vv Figure 2.65
=RIZVBATT{EAATE] tBATTOFF 200 — — us

e 7 3R tBATTdet — — 200 us
VBATTIAMSIE4TH2E YA (VBATTMNSE taE-A) — — 20 us
LRVBATTMNSELZ R1/5)

VBATTERFRIE I (24 IVBATTSEL — 140 350 nA

5VBATTMNSELR VBATTMNSELA0RYIE S4B EL

, VBATTMNSELR.VBATTMNSELAI1)

is 0)

Note:  The VCC-off period for starting power supply switching indicates the period in which VCC is below the minimum value of the voltage
level for switching to battery backup (VpeTgaTT)-
Note 1. Low CL crystal cannot be used below VBATT = 1.8V.
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tvOFFBATT
VGG VDETBATT
VBatT VeatTsw \
Backup p(;vrv:; VCC supply VeatT supply VCC supply
Figure 2.64  Battery backup function characteristics
tBATTOFF R
Vbattidet
VBATT
taE-A)
VBATTMON
R— ¥
tBATTdet tBATTdet
VBATTMNSEL
Figure 2.65  Battery backup function characteristics
2.10 Flash Memory Characteristics
2.10.1 Code Flash Memory Characteristics
Table 2.43 Code flash memory characteristics (1 of 2)
Conditions: Program or erase: FCLK = 4 to 50 MHz
Read: FCLK < 50 MHz
FCLK = 4 MHz 20 MHz = FCLK < 50 MHz
Test
Parameter Symbol | Min Typ™® | Max | Min Typ® |[Max |Unit |conditions
Programming time 128-byte tp12s — 0.75 (132 |— 0.34 6.0 ms
Npgc < 100 times
8-KB tpgk — 49 176 | — 22 80 ms
32-KB tpaok — 194 |704 |— 88 320 |ms
Programming time 128-byte tp128 — 0.91 (158 |— 0.41 7.2 ms
Npgc > 100 times
8-KB tpgk — 60 212 |— 27 96 ms
32-KB tpaok — 234 848 |— 106 384 |ms
Erasure time 8-KB tesk — 78 216 |— 43 120 ms
Npgc < 100 times
32-KB tE32K — 283 864 |— 157 480 ms
Erasure time 8-KB tEsk — 94 260 |— 52 144 ms
Npgec > 100 times
32-KB tesok — 341 | 1040 |— 189 576 |ms
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tvoFFBATT
VGG V/DETBATT
VBarT Veartsw \
ERRRX VCC supply VBATTEER VCC supply
Figure 2.64 EBMEHIHEERS=
. tsaTTOFF R
Vbattidet
VBATT
taE-A)
VBATTMON
[P -
tBATTdet tBATTdet
VBATTMNSEL
Figure 2.65 Hh&EFHNIIEEF =
210  NEF%
2.10.1 R NFFFE
Table 2.43  XEBAEFFE(10f2)
Z1: RIZETUBRBR: FCLK=4ZE50MHz
Read: FCLK < 50 MHz
FCLK =4 MHz 20 MHz < FCLK < 50 MHz .
M5 14
Parameter Symbol | Min Typ® | Max | Min Typ® |Max |Unit
iﬁiiE?fEﬂNPECsm 128-byte tp1og — 0.75 [13.2 |— 0.34 6.0 ms
(/N
8-KB tpgk — 49 176 | — 22 80 ms
32-KB tpagk | — 194 |704 |— 88 320 |ms
41203 IEINPEC>10 128-byte tp1og | — 091 [158 |— 041 |72 |ms
0%
8-KB thgk | — 60 212 |— 27 9% |ms
32-KB tpaok | — 234 |848 |— 106 |384 |ms
RBREY 18] 8-KB tegk | — 78 216 |— 43 120 |ms
NPEC=1007%
32-KB tE32K — 283 864 |— 157 480 ms
RSB 8] 8-KB tesk | — 94 [260 |— 52 144  |ms
NPEC>1007%
32-KB teapk | — 341 1040 | — 189 |576 |ms
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Table 2.43 Code flash memory characteristics (2 of 2)

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

RAGBE1 Datasheet 2. A

Table 2.43  XIBIATFESFE(202)

£ RIZIBER: 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
Reprogramming/erasure cycle™ Npec 100001 |— |— |10000"" |— — Times
Suspend delay during programming tspp — — 264 | — — 120 us
Programming resume time tPRT — — 10 |[— — 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™ torp 10273 |— |— [10727 |— — Years
302" |— — 3072 "3 — — 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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FCLK =4 MHz 20 MHz < FCLK < 50 MHz .
Mt R4
Parameter Symbol | Min Typ'® | Max | Min Typ'® |Max |Unit
Reprogramming/erasure cycle™ Npec | 10000™" | — — [10000"" |— — Times
RIZERRIEEEIR tspp — — 264 | — — 120 |ps
RIZRE BT tPRT —_ —_ 110 |— —_ 50 us
HRMEN TR RN E — MERER tsesp1 | — — 216 |— — 120 |ups
M ER TIERAEINE ZERER tsesp2 | — — 17 |— — 17 |ms
B IEN TR R R N ERIER tseep | — — 17 |— — 17 |ms
HRM IR UIRIRER B 55— IBPR IR S B [a)+5 tResT1 | — — 17 |— — 17 |ms
%ﬂﬁﬁ?ﬂ%iﬁ?@[‘%ﬁﬂlﬁ K% xR IR E BT tResT2 | — — 144 | — — 80 us
|8
TEIERR IR A T IEBREAIEIR PR R E BY 8] tReeT | — — 144 | — — 80 us
BHELEmS trp — — 32 |— — 20 us
BIRRIFETE]*2 torP 1023 | — — 107273 — — Years
30278 |— |— |3027% |— — Ta = +85°C
X BREMRFEERIEFAERFENRLDRE, RIEEERMN BIRIME
A XRRERECEARTENRENFEN SR/ ME,

A3 ERKBAEENE,
FABMRIZRRARES DROVBIRRM. SERREZRFHAANK (n=10000) B, FJLFEMRIITORIEER. B30, ZHXIeKBIRAAEY
FREMHNITE4R128F T2, AGERENREN, EREREREARITN. B2, TEREEMUSREEN—RIER. BIEEBR,

ESIRER B B EENN AEFIMARIREOR (&RZ1105TBMR) BIEE,
A6VCC=33VHIERTHEEE,

R01DS0392EJ0100 Rev.1.00 58730, #H92m
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RIZEARIE (2

FACIER % X Program >< >< Suspend >< Resume
FSTATR.FRDY ERYF
aihon

ERRARXTRERREER

FACIE <

X

>< Resume

tresT1
« Suspension during erasure in erasure priority mode
FACI command X Erase >< >< Suspend >< Resume >
tseen
FSTATR.FRDY [ Ready | [ Not Ready |
trReeT
+ Forced Stop
FACI command X Forced Stop )
tro
FSTATR FRDY
Figure 2.66  Suspension and forced stop timing for flash memory programming and erasure
2.10.2 Data Flash Memory Characteristics
Table 2.44 Data flash memory characteristics (1 of 2)

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

FCLK =4 MHz 20 MHz < FCLK < 50 MHz Test

Parameter Symbol | Min Typ'® | Max | Min Typ® |Max |Unit czflditions
Programming time 4-byte tpp4 — 0.36 |3.8 |— 0.16 1.7 ms

8-byte tops — 0.38 |40 |— 017 |[1.8

16-byte top1e — 042 |45 |— 019 (2.0
Erasure time 64-byte tDE64 — 3.1 18 |— 1.7 10 ms

128-byte tpe12s | — 47 |27 |— 2.6 15

256-byte tpe2ss | — 89 |50 |— 4.9 28
Blank check time 4-byte tpBC4 — — 84 |— — 30 us
Reprogramming/erasure cycle"! Npopec |[1250002|— |— |[1250002 |— — —
Suspend dglay during 4-byte tospp | — — 264 |— — 120 |ps
programming 8-byte — N PYY — |20

16-byte — — 264 | — — 120
Programming resume time tDPRT — — 110 |— — 50 us
First suspend delay during 64-byte tpsespt | — — 216 | — — 120 | ps
erasure in suspend priority mode 128-byte — — 216 | — — 120

256-byte — — 216 |— — 120
R01DS0392EJ0100 Rev.1.00 RENESAS Page 74 of 92
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FSTATRFRDY T
e
s
R TR
FACES :X Erase >< >< Suspend >< Resume
FSTATR FRDY TR
-
L
FACIS YEE )
i
FSTATR FRDY =
Figure 2.66  INTERIZHIZRAVE ZMEFISLEE
2.10.2 EHURAEFEM
Table 2.44  HIEAFHE(10f2)
S RIFFIRFR: FCLK=4ZFE50MHz
Read: FCLK < 50 MHz
FCLK =4 MHz | 20 MHz < FCLK < 50 MHz Mk
Parameter Symbol | Min LR P LA Typ™® |Max |Unit
4Ri2AY A 4-byte topa | — 036 |38 |— 016 |17 |ms
8-byte tops | — 038 |40 |— 017 |18
16-byte toprs | — 042 |45 |— 019 |20
1BRRAY ] 64-byte toees | — 31 |18 |— 17 |10 |ms
128-byte toe1s | — 47 |27 |— 26 |15
256-byte toeass | — 89 |50 |— 49 |28
TEKRERE] 4-byte tosca | — — 84 |— — 30 us
Reprogramming/erasure cycle”! Nppec |[1250002|— |— [1250002 |— i
HIZHREIE(E TR 4-byte tospp | — —  |264 |— — 120 |ps
8-byte — — 264 | — — 120
16-byte — — 264 | — — 120
RIZ M E BTIE) toprT | — — 110 |— — 50 us
HRRAEXTRRRENE— | 64-byte tosespt | — —  |216 |— — 120 |ps
MERIER
128-byte — — 216 | — — 120
256-byte — — 216 | — — 120
R0O1DS0392EJ0100 Rev.1.00 REN ESNS 7471, #9251

Sep 23, 2021




RAG6E1 Datasheet

2. Electrical Characteristics

RAGE1 Datasheet

2. BRE%

Table 2.44 Data flash memory characteristics (2 of 2)

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

Table 2.44  HURBIRNTFE4F1E(2012)

£ RIZTIBER: FCLK=4E50MHz
Read: FCLK < 50 MHz

FCLK = 4 MHz 20 MHz < FCLK < 50 MHz i
Parameter Symbol | Min i 23 LD Typ® |Max |Unit
BEEMAERATIZREAEMNEZ | 64-byte tpsespz | — — 300 | — — 300 |us
ERSIEIR
128-byte — —  |390 |— —  |390
256-byte — — |s70 |— — |50
g;ﬁﬁ%ﬁﬁ?ﬂ%ﬁ??ﬁf‘%ﬁﬂ BIE{E | 64-byte tpseep | — — 300 |— — 300 |us
128-byte — —  |390 |— —  |390
256-byte — — |s70 |— — 570
R AR TR BRER B BV 58 — R IB PR IS B jE]+5 tpresT1 | — — 300 |— — 300 |ps
EEM AR TIZEREARIRY 8 ZRIZRR RS BT 8] toreST? | — — 126 | — — 70 us
R SR TIEPRERIEI Y 8 ZIEBR IR E BT IE)
TERRR AR T T RBRERIBZ BRI S BY (8] torREET | — — 126 | — — 70 us
REZE IS tep — — 32 |— — 20 us
BIERIFATIE)3 torP 103 | — — |10 — — Year
303 | — — |30 — — Ta=+85°C

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 |ps
erasure in suspend priority mode
128-byte — — 390 | — — 390
256-byte — — 570 | — — 570
Suspend delay during erasing in | 64-byte tpseep | — — 300 | — — 300 |ps
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™S
Second erasing resume time during erasure in tbrReEST2 | — — 126 | — — 70 us
suspend priority modeFirst erasing resume time
during erasure in suspend priority mode
Erasing resume time during erasure in erasure tDREET |— — 126 |— — 70 us
priority mode
Forced stop command trD — — 32 |[— — 20 us
Data hold time" torp 108" |— |— |107™ — — | Year
308 | — — |30 — — 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 2.45 Option setting memory characteristics

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

A1 EMRIZERARRE NMRVIEIIR M. HENRZERBRANR (h=125000) B, AJLUXNEMRAITORER, flM, L3647
Eikiﬂ’ﬂxﬁﬂﬂii#t?ﬂ6»14?%*2@%%, REERRE RN, EFEEERANITN. B2, TEEESUUZREEN—XIRR. B

m

A2 XBEFRREFERIEFFERENRD R, RIBEEZEM BIR/ME
AIXRTEEE CERRITENRRENFIENR/IVE,

F4: WERKAAEENE,
S RE B SEER N A SN TMAEIROR (&1 BMOR) B9ETEL
A6.VCC=33VMER THEEE,

2.10.3 ETUE B RNTFR4E
Table 2.45 EINigBEARATFHFY

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 Typ™ 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"1 |— — 20000"1 |— — Times
Data hold time™ torp 1027 | — — 1027 | — — Years
3023 — — 30723 — — 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.
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FCLK = 4 MHz 20 MHz < FCLK < 50 MHz
Parameter Symbol | Min Typ™ Max Min Typ™ Max Unit Mt 5 14
RIZBTIAINOPCS1 top — 83 309 — 45 162 ms
00%
RIZRYIEINOPC> 1 top — 100 371 — 55 195 ms
00%
SRiEAH Nopc  |20000°" |— — 20000 |— — Times
BURRIFETIEN2 tprRP 1023 |— — 1023 |— — Years
302" |— — 302" | — — Ta = +85°C
A1 XEEMREERIEAEHFENRLDRE, RIEEEEM FIRIVE
A2 XRRERECEARITENRER S ENRIME,

A3 ERKBATEENE,
F4VCC=33VHIER THEEE,
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2.1 Boundary Scan 2.11 AR
Table 2.46  Boundary scan characteristics Table 2.46 BRAMEIFHE
Parameter Symbol Min Typ Max Unit Test conditions Parameter Symbol Min Typ Max Unit M5 14
TCK clock cycle time trekeye 100 — — ns Figure 2.67 TCKEY £ B HARY 8] trekeye 100 — — ns Figure 2.67
TCK clock high pulse width tTCKH 45 — — ns TCKBY S Bl OR 5 tTeKH 45 — — ns
TCK clock low pulse width trekL 45 — — ns TCKBY S RK O T B trekL 45 — — ns
TCK clock rise time trekr — — 5 ns TCKBY &b _EFBE] trekr — — 5 ns
TCK clock fall time treks — — 5 ns TCKBY B TP E] treks — — 5 ns
TMS setup time ttMss 20 — — ns Figure 2.68 TMSI& & B8] tTMss 20 — — ns Figure 2.68
TMS hold time tTMsH 20 — — ns TMSTREFETIE] tTmMsH 20 — — ns
TDI setup time ttpis 20 — — ns TDIZEE 37 BY &) trpis 20 — — ns
TDI hold time tTDIH 20 — — ns TDIfR¥FAT 8] trDIH 20 — — ns
TDO data delay trpop — — 40 ns TDO¥IEEIR troop — — 40 ns
Boundary scan circuit startup time™ | TessTup | tReswp — — — Figure 2.69 B F R R B EH AT B Tesstup | tReESWP — — — Figure 2.69
Note 1. Boundary scan does not function until the power-on reset becomes negative. FELBREMNTANEZE, BRABTEER.
tTCKcyc | tTCKcyc |

<
< »

trekH trekH

TCK / TCK /

Figure 2.67 Boundary scan TCK timing Figure 2.67 ARFAWTCKIIRF
oK f\_//—\ﬂ e J—\\_//—\ﬂ
m trvsH trmss trmsH
TMS i TMS X
<t'r_ms> tromH trois troH
TDI i TDI X
trooo trooo
00 S% TDO é
Figure 2.68  Boundary scan input/output timing Figure 2.68 AR HAERAGELIEF
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VCC 1 VCC 1

RES RES
tessTup Boundary scan - ) tessTup BRAERAT g
(= tRESWP) execute (= tRESWP)

Figure 2.69 Boundary scan circuit startup timing Figure 2.69 AR BEBITF
2.12  Joint Test Action Group (JTAG) 212 BX&MRAITEHAUTAG)
Table 2.47 JTAG Table 2.47 JTAG

Parameter Symbol Min Typ Max Unit Test conditions Parameter Symbol Min Typ Max Unit Mt R4
TCK clock cycle time trekeye 40 — — ns Figure 2.70 TCKBY /& BR8] trckeye 40 — — ns Figure 2.70
TCK clock high pulse width tTCKH 15 — — ns TCKEY = Ak B E trekH 15 — — ns

TCK clock low pulse width tTeKL 15 — — ns TCKBY #EERK 3 tTeKL 15 — — ns

TCK clock rise time trekr — — 5 ns TCKBY B0 _EFHETE] trekr — — 5 ns

TCK clock fall time treks — — 5 ns TCKBY ¥ P& BT 8] treks — — 5 ns

TMS setup time trmss 8 — — ns Figure 2.71 TMSIZ BB E] trmss 8 — — ns Figure 2.71
TMS hold time tTMsH 8 — — ns TMSTREFETE] trMsH 8 — — ns

TDI setup time ttpis 8 — — ns TDI3Z LAY 8] trois 8 — — ns

TDI hold time tTDIH 8 — — ns TDIRHFRT(E] tTDIH 8 — — ns

TDO data delay time trDoD — — 20 ns TDO#IE IR B &) troop — — 20 ns

tTCKcyc tTCKcyc
trekH trekH
TCK treks TCK treks
«_ ftreke <« tTckr
trekL trekL

Figure 2.70 JTAG TCK timing Figure 2.70 JTAG TCK timing
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2. BRE%

truss trisn
T™MS %
trois troiH
TDI %
troop
TDO *
Figure 2.71  JTAG input/output timing

213 Serial Wire Debug (SWD)

Table 2.48 SWD

triss trisn
TMS %
trois trom
TDI % %
troob
TDO *
Figure 2.71  JTAG input/output timing

2.13 BR1T4 A (SWD)

Table 2.48 SWD

Parameter Symbol Min Typ Max Unit Test conditions

SWCLK clock cycle time tswekeye 40 — — ns

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 tsweks — — 5 ns

SWDIO setup time tswbps 8 — — ns

SWDIO hold time tswpH 8 — — ns

SWDIO data delay time tswpbp 2 — 28 ns

R01DS0392EJ0100 Rev.1.00 RENESAS Page 78 of 92
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Parameter Symbol Min Typ Max Unit Mt 5= 1

SWCLKBY & /E HR BT 8] tswekeye 40 — — ns Figure 2.72

SWCLKBY $has Bk EE tswekH 15 — — ns

SWCLKBEY #pERK R EE tswekL 15 — — ns

SWCLKBY &b Lk FB18] tswekr — — 5 ns

SWCLKEY B P& E] tsweks — — 5 ns

SWDIOI& & BT [8] tswps 8 — — ns Figure 2.73

SWDIOfR#FBY 8] tsWDH 8 — — ns

SWDIO#ELER B [8] tswbbp 2 — 28 ns
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tSWCKcyc

A

tswekH

SWCLK ;

tswekL

\4

Figure 2.72 SWD SWCLK timing
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2. BRE%

tswckeye

A

\4

tswekH

SWCLK ;

tswekL

tswobs tswoH

SWDIO
(Input)

tswop

SWDIO
(Output)

tswop

SWDIO
(Output)

tswop

SWDIO

(Output)

Figure 2.72 SWD SWCLK timing

tswos tswoH

SWDIO
(Input)

tswob

SWDIO
(Output)

tswop

SWDIO
(Output)

tswob

SWDIO

(Output)

Figure 2.73  SWD input/output timing

2.14 Embedded Trace Macro Interface (ETM)

RO1DS0392EJ0100 Rev.1.00 RRENESAS
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Figure 2.73  SWD input/output timing
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Table 2.49 ETM
Conditions: High speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Typ Max Unit Test conditions
TCLK clock cycle time trCLKeye 20 — — ns Figure 2.74
TCLK clock high pulse width tTCoLKH 9 — — ns
TCLK clock low pulse width troLkL 9 — — ns
TCLK clock rise time troLkr — — 1 ns
TCLK clock fall time troLks — — 1 ns
TDATA[3:0] output setup time tTRDS 2.5 — — ns Figure 2.75
TDATA[3:0] output hold time tTRDH 15 — — ns
treLkeye
< >
treikH
dl .
- Ll
TCLK / treiks
<— trcikr
treike

RAGBE1 Datasheet 2. A

Table 2.49 ETM
1. EPmnPFSE 17 R RVIn IR BhRE I RIS E S IR o

Figure 2.74 ETM TCLK timing

TCLK / \

tTrDS tTrROH trrDS tTrDOH

TDATA[3:0]

Parameter Symbol Min Typ Max Unit Wit &1
TCLKEY $hE HARY 8] tTCLKeye 20 — — ns Figure 2.74
TCLKEY Bk B2 S tToLKH 9 — — ns
TCLKBY $ R Bk P B fE troLKL 9 — — ns
TCLKEY#h EFHBja] troLke _ — 1 ns
TCLKEY R F46Y 18] treLke — — 1 ns
TDATA[3:0]% 4 22 32 BY {&] tTRDS 25 — — ns Figure 2.75
TDATA[3:0]4 tH 1R 4584 ) trROH 15 — — ns
tTCLKcyc
< >
treikH
<
[ [
TCLK / <4— trcLks
4— trcikr
treke

Figure 2.74 ETM TCLK timing

TCLK 7 R

Figure 2.75 ETM output timing
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TDATA[3:0]
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MR EMAEEX TR ORS

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 =11
Mode MD Pull-up Keep-O Keep Hi-Z Keep
JTAG TCK/TMS/TDI Pull-up Keep-O Keep Hi-Z Keep
TDO output Keep-O Keep TDO output 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=1,3) Hi-Z Keep-0"2 Keep™ Hi-Z Keep
SCI RXDO Hi-Z Keep-0™2 Keep Hi-Z Keep
1[e3 SCLn/SDAN Hi-Z Keep-0™2 Keep Hi-Z Keep
USBFS USB_OVRCURX Hi-Z Keep-0"2 Keep Hi-Z Keep
USB_OVRCURXx-DS/ Hi-z Keep-0'2 Keep™3 Hi-z Keep
USB_VBUS
USB_DP/USB_DM Hi-Z Keep-0™ Keep’® Hi-Z Keep
RTC RTCICx Hi-z Keep-0'2 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 [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 I/O port state until the DPSBYCR.IOKEEP bit is cleared to 0.
Note 2. Input is enabled if the pin is specified as the Software Standby canceling source while it is used as an external interrupt pin.
Note 3. Input is enabled if the pin is specified as the Deep Software Standby canceling source.
Note 4. Input is enabled while the pin is used as an input pin.

RO1DS0392EJ0100 Rev.1.00
Sep 23, 2021
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BUHREMRMAESNERRE (B
ElEzhE=)
RERFRFN

Function | 3IRThAE Reset REFNIERN B IOKEEP =0 |IOKEEP =11
Mode MD Pull-up Keep-O Keep Hi-Z Keep
JTAG TCK/TMS/TDI Pull-up Keep-O Keep Hi-Z Keep

TDO output Keep-O Keep TDOHiH 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=1,3) Hi-Z Keep-0"2 Keep™ Hi-Z Keep
SCI RXDO Hi-Z Keep-O'z Keep Hi-Z Keep
1[e3 SCLn/SDANn Hi-Z Keep-0™2 Keep Hi-Z Keep
USBFS USB_OVRCURX Hi-Z Keep-0™2 Keep Hi-Z Keep

USB_OVRCURXx-DS/ Hi-z Keep-0'2 Keep'3 Hi-z Keep

USB_VBUS

USB_DP/USB_DM Hi-Z Keep-0™ Keep'3 Hi-Z Keep
RTC RTCICx Hi-z Keep-0'2 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 [DAN%itH (DAOE=1)IDAKI iR & 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: HitHSIBMRBHAFNME, BASIHTASHET.
R ERGRVESRE RS BIRES,

1 RFIOR RS EEIDPSBYCRIOKEEPL#E BR 400

A2 MRS MRS E A REFIECER, FEHAEINIPERSIM, NiEmAREA.

A3 MRS5S E AR ERAFIECER, NWEBBN.
4L ERASIRME, BAKER,
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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.

JEITA Package Code

RENESAS Code

Previous Code MASS (Typ) [g]

P-LFQFP100-14x14-0.50

PLQPO0100KB-B

— 0.6

Hp

*1 p

Unit: mm

HRRRRRRRARRARRRARRRRARRAR

~
o

RAAAAAAAAARRAAAAAAAAAAAAR

100

7

(EEEEREEEEEELEEEEEEEELLLL

50

26

*2

LLL

[ ==

L ELELLELELEL)!

Index area

A
5

: NOTE 4 NOTE)

He

1. DIMENSIONS “*1” AND “*2" DO NOT INCLUDE MOLD FLASH.

NoTE? F 2. DIMENSION “*3" DOES NOT INCLUDE TRIM OFFSET.
3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
i an LOCATED WITHIN THE HATCHED AREA.
Wami 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
Reference | Dimensions in millimeters
5 [ y[s] By, Symbol | Min | Nom | Max
o< @ D | 139 | 140 | 14.1
E 13.9 | 14.0 | 141
A2 — 14 —
Hp 15.8 | 16.0 | 16.2
He 158 | 16.0 | 16.2
< & ( \% . A — | — | 17
\ ‘ \ Ar | 005| — |0.15
L * 7 s b, | 015 | 020 | 0.27
< c 0.09 — | 0.20
L:"’ 0 0° | 35° | 8
Detail F [e] — 0.5 0708
X — — .
y — — | 0.08
Lp 045 | 06 | 0.75
L1 — 1.0 —
© 2015 Renesas Electronics Corporation. All rights reserved.
Figure 2.1 LQFP 100-pin
R01DS0392EJ0100 Rev.1.00 RENESAS Page 82 of 92
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RRANHER T RREE BB RERFEEFRHE S

@R

BT AT Mk,
JEITAGSLED RENESAS Code IVEnT:olad 2 MASS (Typ) [g]
P-LFQFP100-14x14-0.50 PLQP0100KB-B — 0.6
Hp Unit: mm
*1D
75 51
ARAAAARAARAAAAARAARAAARAAAR
76 =5 = 50
= -
] =
= -
= -
= -
= -
== ]
= -
= -
[==cum ]
= - w
= - w T
] s ~N
= — *
= -
o =
= -
== -
= -
=== -
== -
= -
= -
100=— ,\:EZS
! F3IR 2 :NOTE“ LRI R R EEEN, 2RI FOERIERS, 3PN
NoTE S . RRS R bR B, BT AR, 4580
WEMRAAN, RIESEHRTR.
/1 [
AN
szps | RYLEKABLE
E *3bp Min | Nom | Max
[¢]x @ D | 139 | 140 | 141
E 13.9 | 14.0 | 141
A2 — | 14| —
Hp | 15.8 | 16.0 | 16.2
( \ He 15.8 16.0 | 16.2
< & N Al = — |7
< ol o
7 3 9y A 005 — o015
*77° bp | 045 ] 0.20 | 0.27
< c |o009| — | o020
L"” 0 0° | 35°| 8°
1
Detail F [e] — 05 —
X — | — | o008
y — | — | o008
Lo |045| 06 | 0.75
L1 — 1.0 —
©2015BEBTF AR, HINFIE,
Figure 2.1 LQFP 100-pin
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JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g] JEITAB D RENESAS Code IVET]: SRR T MASS (Typ) [9]
P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3 P-LFQFP64-10x10-0.50 PLQPO0064KB-C — 0.3
Unit: mm Unit: mm
Hp ) Hp
48 33 48 33
ARARRRAAAARARARH E RARRAARARAAARRRR E
49 o F 32 = 49 o 1 32 =
== = I-=I [ e I-=-
== - I-=- =] 1 I-=.
o | =l s e =|
= = = = = =
o s =' s 1 | =|
== = w w = [=:= -] w w o—!
== F— ~ T = = N T
= =] * pm— Se— *
o s o o o
o s o o o
(=" = (=" -
o s o o o
64 = == 64 = ==
)/ 2 17 / 17
: 16%, 1H HHHHHHHHHHHHE%
Index area NOTE 4 AIRSIX NOTE 4
NOTE 3
1. DIMENSIONS “*1” AND “*2" DO NOT INCLUDE MOLD FLASH. RS DEERIEER B TR, B2TLTREIAA. 4.
2. DIMENSION “*3” DOES NOT INCLUDE TRIM OFFSET. WERRIES, RITTRERBATR.
/] 1 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE il [ 1\
LOCATED WITHIN THE HATCHED AREA.
&S] 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY. EYTS]
ylS y|S
& 3 bp Reference | Dimensions in millimeters | 3 bp sEHe "Rk
(&< @ Symbol | Min | Nom | Max o< @ Min | Nom | Max
D 9.9 10.0 | 101 D 9.9 10.0 | 10.1
E 9.9 10.0 | 101 E 9.9 10.0 | 10.1
A2 — 1.4 — A2 — 1.4 —
Hp 11.8 | 12.0 | 12.2 Hp 11.8 | 12.0 | 12.2
He 11.8 | 12.0 | 12.2 He 11.8 | 12.0 | 12.2
v 0
N g A — | — |17 o p A - | = |17
<| < © <l < 8}
Y ¢ \ A1 | 005| — | 015 M\ ¢ \ A1 | 005| — | 015
T 77‘” by | 0.15 | 0.20 | 0.27 T 77‘” b, | 0.15 | 0.20 | 0.27
< c 0.09 — 1 0.20 < c 0.09 — 0.20
Lo 0 0° | 35° | 8 Lo 0 0° | 35° | &
L1 el | — o5 — > ] | — | 05| —
Detail F X o o 0.08 Detail F X o o 0.08
y — — | 0.08 y — — | 0.08
Lp 0.45 0.6 | 0.75 Lp 0.45 0.6 | 0.75
L4 — 1.0 — L4 — 1.0 —
© 2015 Renesas Electronics Corporation. All rights reserved. ©20155FBF AT, WRINFIE.
Figure 2.2 LQFP 64-pin Figure 2.2 LQFP 64-pin
RO1DS0392EJ0100 Rev.1.00 RENESAS Page 83 of 92 R01DS0392EJ0100 Rev.1.00 RENESAS #8310, 027
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P2 E R

JEITA Package code

RENESAS code

MASS(TYP.)[g]

P-HWQFN048-7x7-0.50

PWQNO0048KC-A

0.13 g

25

37

INDEX AREA ——|
(D12 X Ef2)

48

24

13

2X
[ [aaalc 1 12 E
E
// |cce|C |
L
A (B3)) Al SEATING PLANE
b(48X
48X ( )Q} bbb@[C[A]B]
ddd®)|C] _ e
@ Reference Dimension in Millimeters
I )
E2 E Symbo Min. Nom. Max.
1 ‘ 12 A — = 0.80
JUUUUUUUUUUU A exposep A 0.00 0.02 0.05
[ [M@[c[A[B]—_ 5 l s DIE PAD
5 ‘ - As 0.203 REF.
L \ - b 020 | 025 | 0.30
- ‘ - D 7.00 BSC
i \ - E 7.00 BSC
DziQﬂi,i,+,7,4,,§7
5 = e 0.50 BSC
) ‘ - L 0.30 0.40 0.50
- ‘ - K 0.20 - -
D) I (-
= ‘ - D: 5.25 5.30 5.35
| — E: 5.25 5.30 5.35
37 | {24
ANANANARANAIIANARANANAND! aaa 0.15
% | » bbb 0.10
L(48X) K(48X) cee 0.10
ddd 0.05
eee 0.08
fff 0.10
Figure 2.3 QFN 48-pin
R01DS0392EJ0100 Rev.1.00 -QENESAS Page 84 of 92
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JEITABEAR RENESAS code MASS(TYP.)[g]
P-HWQFNO048-7x7-0.50 PWQNO0048KC-A 0.13 g
2X
[ ]aaalC]
36 l 25
37 24
|
|
#3REOD2 — ‘
XE2) 1
48 ‘ 13
2X |
[ ]aaa]c 1 12 E
B}« E
// |cce|C |
N I
Al (A3 A1 R XA
N b(48X
2 Jeeelo) o fawler T
Reference =R ABABRT
E2 E Symbol Min. Nom. Max.
; \ 12 A - - 0.80
JUUUUUUUUUUU 11— ez A 0.00 0.02 0.05
[#]@[c[A[e] 3 ‘ ge’ A As 0.203 REF.
L \ - b 020 | 025 | 0.30
) ‘ - D 7.00 BSC
g \ E E 7.00 BSC
D2*5~**f*+*f*4*75* e 0.50 BSC
- ‘ - L 0.30 0.40 0.50
I ‘ - K 0.20 - -
g i E D 5.25 5.30 5.35
37 { C24 E2 525 530 535
ANANANARANAIIANARANANAND! aaa 0.15
% | % bbb 0.10
L(48X) K(48X) o 010
ddd 0.05
eee 0.08
fif 0.10
Figure 2.3 QFN 48-pin
RO1DS0392EJ0100 Rev.1.00 RENESAS F84T, 02T
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Appendix 3.

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

3.1

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

I/O Registers

Peripheral Base Addresses

and the base address of each peripheral.

RAGE1 Datasheet

MR3I0ZF 7728

Appendix 3.

I/O Registers
A RIZTHAEHAR T I0F f728 ik A0 177 10) /B HRo

3.1 Mg EME

AT RHAFHPEROINGHEMIE, RINVETTEMMIBIRIM, ERFIEM I,

Table 3.1 Peripheral base address (1 of 2) Table 3.1 Shg Bk (10f2)

Name Description Base address Name Description it

RMPU Renesas Memory Protection Unit 0x4000_0000 RMPU mERERIPET 0x4000_0000
TZF TrustZone Filter 0x4000_0OEOO0 TZF TrustZone Filter 0x4000_OEOO
SRAM SRAM Control 0x4000_2000 SRAM SRAM Control 0x4000_2000
BUS BUS Control 0x4000_3000 BUS SERIEH 0x4000_3000
DMACO Direct memory access controller 0 0x4000_5000 DMACO BHiEANFIHIEEGI280 0x4000_5000
DMAC1 Direct memory access controller 1 0x4000_5040 DMAC1 HERFIHRIEHIE 0x4000_5040
DMAC?2 Direct memory access controller 2 0x4000_5080 DMAC?2 BEAFIRRIEHIES2 0x4000_5080
DMAC3 Direct memory access controller 3 0x4000_50C0 DMAC3 BHERNFIREIEEI2E3 0x4000_50C0
DMAC4 Direct memory access controller 4 0x4000_5100 DMAC4 HERFIHNIEHIZ4 0x4000_5100
DMACS5 Direct memory access controller 5 0x4000_5140 DMACS5 BHEAFEIRRIEH 285 0x4000_5140
DMAC6 Direct memory access controller 6 0x4000_5180 DMAC6 BHEAFIRREHIZE6 0x4000_5180
DMAC7 Direct memory access controller 7 0x4000_51C0 DMAC7 BHEENGFIHEEHI287 0x4000_51C0
DMA DMAC Module Activation 0x4000_5200 DMA DMACIEHBIE 0x4000_5200
DTC Data Transfer Controller 0x4000_5400 DTC BIREmITHI2E 0x4000_5400
ICU Interrupt Controller 0x4000_6000 ICU aaliEar e 0x4000_6000
CACHE CACHE 0x4000_7000 CACHE CACHE 0x4000_7000
CPSCU CPU System Security Control Unit 0x4000_8000 CPSCU CPURGREITHIBETT 0x4000_8000
DBG Debug Function 0x400_1B000 DBG AR IhEE 0x400_1B000
FCACHE Flash Cache 0x400_1C100 FCACHE NFEE 0x400_1C100
sSYsc System Control 0x4001_E000 SYsc REiEHl 0x4001_E000
PORTO Port 0 Control Registers 0x4008_0000 PORTO Ih A 01E & 7738 0x4008_0000
PORT1 Port 1 Control Registers 0x4008_0020 PORT1 wA1EHI & F3s 0x4008_0020
PORT2 Port 2 Control Registers 0x4008_0040 PORT2 AT B 78 0x4008_0040
PORT3 Port 3 Control Registers 0x4008_0060 PORT3 proimEs ey 0x4008_0060
PORT4 Port 4 Control Registers 0x4008_0080 PORT4 pro MRkl et 0x4008_0080
PORT5 Port 5 Control Registers 0x4008_00A0 PORT5 iR A5G E 728 0x4008_00A0
PORT6 Port 6 Control Registers 0x4008_00CO0 PORT6 mO6IEHIE 73 0x4008_00CO
PORT7 Port 7 Control Registers 0x4008_00EQ PORT7 s 71265 7738 0x4008_00EO
PFS Pmn Pin Function Control Register 0x4008_0800 PFS Pmn5 I IhEEIT KT 1788 0x4008_0800
ELC Event Link Controller 0x4008_2000 ELC EHHEEEI2E 0x4008_2000
RTC Realtime Clock 0x4008_3000 RTC SCEYAY 0x4008_3000
IWDT Independent Watchdog Timer 0x4008_3200 IWDT WIBITRENS 0x4008_3200
WDT Watchdog Timer 0x4008_3400 WDT EI TS 0x4008_3400
CAC Clock Frequency Accuracy Measurement Circuit 0x4008_3600 CAC B RN RE N 2 B R 0x4008_3600
MSTP Module Stop Control A, B, C, D 0x4008_4000 MSTP BHEEESIA. B G0 D 0x4008_4000
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Table 3.1  ShgBEthit (298921)

Table 3.1 Peripheral base address (2 of 2)
Name Description Base address
POEG Port Output Enable Module for GPT 0x4008_A000
USBFS USB 2.0 FS Module 0x4009_0000
SDHIO SD Host Interface 0 0x4009_2000
SSIEO Serial Sound Interface Enhanced (SSIE) 0x4009_DO000
1ICO Inter-Integrated Circuit 0 0x4009_F000
licowu Inter-Integrated Circuit 0 Wake-up Unit 0x4009_F014
IIC1 Inter-Integrated Circuit 1 0x4009_F100
CANO CANO Module 0x400A_8000
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
AGT2 Low Power Asynchronous General purpose Timer 2 0x400E_8200
AGT3 Low Power Asynchronous General purpose Timer 3 0x400E_8300
AGT4 Low Power Asynchronous General purpose Timer 4 0x400E_8400
AGTS Low Power Asynchronous General purpose Timer 5 0x400E_8500
CRC CRC Calculator 0x4010_8000
DOC Data Operation Circuit 0x4010_9000
EDMACO DMA Controller for the Ethernet Controller Channel 0 0x4011_4000
ETHERCO Ethernet Controller Channel 0 0x4011_4100
SCIo Serial Communication Interface 0 0x4011_8000
SCHi1 Serial Communication Interface 1 0x4011_8100
SCI2 Serial Communication Interface 2 0x4011_8200
SCI3 Serial Communication Interface 3 0x4011_8300
SCl4 Serial Communication Interface 4 0x4011_8400
SCI9 Serial Communication Interface 9 0x4011_8900
SPI0 Serial Peripheral Interface 0 0x4011_A000
SPI1 Serial Peripheral Interface 1 0x4011_A100
SCE9 Secure Cryptographic Engine 0x4016_1000
GPT321 General PWM 32-Bit Timer 1 0x4016_9100
GPT322 General PWM 32-Bit Timer 2 0x4016_9200
GPT164 General PWM 16-Bit Timer 4 0x4016_9400
GPT165 General PWM 16-Bit Timer 5 0x4016_9500
GPT166 General PWM 16-Bit Timer 6 0x4016_9600
GPT167 General PWM 16-Bit Timer 7 0x4016_9700
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
Description = Peripheral functionality

Base address = Lowest reserved address or address used by the peripheral

Name Description it

POEG GPTif 46t REAR IR 0x4008_A000
USBFS USB2.OFS#&E 1R 0x4009_0000
SDHIO SDEWNENO 0x4009_2000
SSIEO BITAEEOG&(SSIE) 0x4009_D000
lICO Inter-Integrated Circuit 0 0x4009_F000
ICOWU A EB &S AY BB BROMR B 58 7T, 0x4009_F014
1IC1 Inter-Integrated Circuit 1 0x4009_F100
CANO CANO Module 0x400A_8000
PSCU SNERSITH R T 0x400E_0000
AGTO RIh#E S @A ER 220 0x400E_8000
AGT1 RIS B ER 2R 0x400E_8100
AGT2 RIS BAEN 2 0x400E_8200
AGT3 RINES S BAE 23 0x400E_8300
AGT4 RIS S BRAE R4 0x400E_8400
AGT5 RINFER B AER 25 0x400E_8500
CRC CRC Calculator 0x4010_8000
DOC BT HBE 0x4010_9000
EDMACO LUK RA1= 1) 88 @B ORIDMATT i 88 0x4011_4000
ETHERCO BAK 1 ) 8538 8 0 0x4011_4100
SCIo BiT@REOo 0x4011_8000
SCH BITEIREON 0x4011_8100
SCI2 BITEAEO2 0x4011_8200
SCI3 BITEEO3 0x4011_8300
SCl4 BITENZEO4 0x4011_8400
SCI9 BiT@ETEO9 0x4011_8900
SPI0 BITIMEIEO0 0x4011_A000
SPI1 BITIMEEON 0x4011_A100
SCE9 ZLMH5|E 0x4016_1000
GPT321 BRAPWM32MIE BT 281 0x4016_9100
GPT322 BRAPWM321IE BT 282 0x4016_9200
GPT164 BEAPWM16MIE 234 0x4016_9400
GPT165 BAPWM16MLERT2]5 0x4016_9500
GPT166 BAPWM16IERT 286 0x4016_9600
GPT167 BEAPWMI16MIETZE7 0x4016_9700
ADC120 12bit A/D Converter 0 0x4017_0000
DAC12 12-bit D/A converter 0x4017_1000
FLAD HIBAF 0x407F_C000
FACI FlashRZ Rer <10 0x407F_E000
QSPI Quad-SPI 0x6400_0000
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RAG6E1 Datasheet

Appendix 3. I/O Registers

3.2 Access Cycles

This section provides access cycle information for the 1/0 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.

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.

RAGE1 Datasheet

MR3I0OZF 7728

3.2  inin]EHA
AN RHAFRPERNIOF R REIER.

O F FRMBXRIRIRDH,

@i P EHRRIEE TIEESZ NIV AR
O@ERNEIOX, RNEEMRIRDELFTEFHENVREMU, SN ERIERETF,

@107 FHEURA FRZIME DLEN SLA . DM #ES BRNES MERNEFEE, 2R A
BREURFICLKFIPCLK Z [B] 98T b

@ LICLKBYINERF FPCLKAVSRZREY, 7 4RBVESHRED BRI IE A B IEER,

@ LICLKINE KA FPCLKINZEEY, 4MpyEh[ES EEREE /801 MPCLKE ER,

@ 5150 A B ZIEIFE A T 1A R FT RIS BV B HA%K,
Note: XIEATIHRBCPURILIRS MIMNBEERREUESCIREEMSLTITEE (FIMNIDTCHDMAC) BISLLIFIRIAF AR

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,

DMACnh, 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 5t08 PCLKB | System Control

PORTn, PFS 0x4008_0000 0x4008_OFFF 5 4 2to5 2to4 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 2to 4 PCLKB | Module Stop Control

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

USBFS 0x4009_0000 0x4009_3FFF 6 5 3to6 3to5 PCLKB | USB 2.0 FS Module

USBFS 0x4009_4000 0x4009_4FFF 4 3 1to4 1t03 PCLKB | USB 2.0 FS Module
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Table 3.2  ihiA/AHA(10f3)
5 I RA %L
Address ICLK = PCLK ICLK > PCLK™
Cycle
Peripherals From To Read Write Read Write Unit HXIhEE
RMPU, TZF, 0x4000_0000 0x4000_6FFF 4 3 4 3 ICLK IniERFRIP R
SRAM, BUS, 7T, TrustZoneid
DMACN, DMA, s
DTC, ICU SRAMIZHI, B4
=8, BEERNFRR
1H88n. DMACHEIR
BUE. DTCIRHIETF
N
BT 28
CACHE 0x4000_7000 0x4000_7FFF 3 5 3 5 ICLK CACHE
CPSCU, DBG, 0x4000_8000 0x4001_CFFF 4 3 4 3 ICLK CPU r\?:iﬁ?iﬁ??%‘]%
FCACHE 76, AR
IhRE, NTF
sysc 0x4001_E000 0x4001_E3FF 5 4 5 4 ICLK | &gzl
SYSC 0x4001_E400 0x4001_ES5FF 9 8 5t0 8 5t08 PCLKB | R&uixHl
PORTN, PFS 0x4008_0000 0x4008_OFFF 5 4 2to5 2t04 PCLKB | i Ani=Hl
1728, Pmn5IHD
IheEEH|
Register
ELC, RTC, IWDT, |0x4008_2000 0x4008_3FFF 5 4 3t05 2t04 PCLKB | S 5kisistes,
WDT, CAC ASET $R, JRIT
B ERE,
Bl AERSS,
EEEETES
Accuracy
M8 EB i
MSTP 0x4008_4000 0x4008_4FFF 5 4 2t05 2t04 PCLKB | 1832 1E154]
POEG 0x4008_A000 0x4008_AFFF 5 4 3to5 2t04 PCLKB | i[O3 EE
GPTHER
USBFS 0x4009_0000 0x4009_3FFF 6 5 3to6 3to5 PCLKB | USB2.OFSIER
USBFS 0x4009_4000 0x4009_4FFF 4 3 1to4 1t03 PCLKB | USB2.OFSHER
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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

SDHIO, SSIEO, 0x4009_2000 0x4009_FFFF 5 4 2to5 2to4 PCLKB | SD Host Interface 0,

1ICn, 1ICOWU Serial Sound Interface
Enhanced, Inter-
Integrated Circuit n,
Inter-Integrated Circuit
0 Wake-up Unit

CANn 0x400A_8000 0x400A_9FFF 5 4 2t05 2to4 PCLKB [ CANn Module

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

AGTn 0x400E_8000 0x400E_8FFF 7 4 5t07 2to4 PCLKB | Low Power
Asynchronous
General purpose
Timer n

CRC, DOC 0x4010_8000 0x4010_9FFF 5 4 2to5 2to4 PCLKA | CRC Calculator, Data
Operation Circuit

EDMACO 0x4011_4000 0x4011_40FF 6 5 3to6 3to5 PCLKA | DMA Controller for the
Ethernet Controller
Channel 0

ETHERCO 0x4011_4100 0x4011_4FFF 15 14 12t0 15 12to 14 PCLKA | Ethernet Controller
Channel 0

SCin 0x4011_8000 0x4011_8FFF 52 472 210 52 210472 PCLKA | Serial Communication
Interface n

SPIn 0x4011_A000 0x4011_AFFF 53 473 2t0 5% 21043 PCLKA | Serial Peripheral
Interface n

SCE9 0x4016_1000 0x4016_1FFF 6 4 3to6 2to4 PCLKA | Secure Cryptographic
Engine

GPT32n, GPT16n, | 0x4016_9000 0x4016_9FFF 7 4 4t07 2to4 PCLKA | General PWM 32-Bit

GPT_OPS Timer n, General
PWM 16-Bit 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_0000 0x6400_000F 5 14t0 ™ 2to5 1410 ™ PCLKA | Quad-SPI

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

QSPI 0x6400_0014 0x6400_0037 5 14 to ™ 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 BRI (24, #34)
e A %L
Address ICLK = PCLK ICLK > PCLK™
Cycle

Peripherals From To Read Write Read Write Unit HXIhEE

SDHIO, SSIEO, 0x4009_2000 0x4009_FFFF 5 4 2to5 2to4 PCLKB | SDE#ZEOO

IICn, IICOWU BTEHEEA
EARAY, EK
RPN B RSN
OB EE AL SRR O AR &
7T

CANn 0x400A_8000 0x400A_9FFF 5 4 2to5 2to4 PCLKB | CANNnt&iR

PSCU 0x400E_0000 0x400E_OFFF 5 4 2to5 2to4 PCLKB | S EIRE
EH2T

AGTn 0x400E_8000 0x400E_8FFF 7 4 5t07 2to4 PCLKB | fEEE
Asynchronous
—ig A&
Timer n

CRC, DOC 0x4010_8000 0x4010_9FFF 5 4 2to5 2to4 PCLKA | CRCIHE 2%, ¥R
EHEBE

EDMACO 0x4011_4000 0x4011_40FF 6 5 3to6 3to5 PCLKA | DMAZHI28
BAK FIE ) 28
Channel 0

ETHERCO 0x4011_4100 0x4011_4FFF 15 14 12t0 15 12 to 14 PCLKA | AKM1Z4HI22
Channel 0

SCin 0x4011_8000 0x4011_8FFF 52 42 2t0 572 210472 PCLKA | &1T#@#fs
Interface n

SPIn 0x4011_A000 0x4011_AFFF 53 473 2t05%3 21043 PCLKA | S175M&
Interface n

SCE9 0x4016_1000 0x4016_1FFF 6 4 3to6 2to4 PCLKA | R&HiEF
Engine

GPT32n, GPT16n, | 0x4016_9000 0x4016_9FFF 7 4 4t07 2to4 PCLKA | BBPWM32{IERY

GPT_OPS 2&n, BA
PWM16{iEBY 88N,
AR
FFx =28

ADC12n, DAC12 | 0x4017_0000 0x4017_2FFF 5 4 2to5 2t04 PCLKA | 12bit A/D Converter n,
12-bit D/A converter

QSPI 0x6400_0000 0x6400_000F 5 141074 2t05 14104 PCLKA | Quad-SPI

QsPI 0x6400_0010 0x6400_0013 25 to 4 610" 25 to "4 510 " 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 BRI (34, #34)
e A %X
Address ICLK = FCLK ICLK > FCLK"
Cycle

Peripherals From To Read Write Read Write Unit HXIhEE

FLAD, FACI 0x407F_C000 0x407F_EFFF 5 4 2t05 2t04 FCLK | #iRiRfE. R7E
NA®mS
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.
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2R 61IEFes (FTDRHL. FRDRHL. FCR. FDR. LSRFICDR) BY, ifimlBYialttFrREEZ 2N EHA

£3.2, i8I F7Fe: (B4EFTDRH. FTDRL. FRRDHFIFRDRL) BY, i) /EHASN FEIFFR:

Table 3.2.
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Appendix 4.

Related Documents
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Appendix 4.

AR

Component

Document Type

Description

Component

XA

Description

Microcontrollers

Data sheet

Features, overview, and electrical characteristics of the MCU

User’s Manual: Hardware

MCU specifications such as pin assignments, memory maps,
peripheral functions, electrical characteristics, timing diagrams, and
operation descriptions

Application Notes

Technical notes, board design guidelines, and software migration
information

Technical Update (TU)

Preliminary reports on product specifications such as restriction and
errata

Software

User’s Manual: Software

Command set, API reference and programming information

Application Notes

Project files, guidelines for software programming, and application
examples to develop embedded software applications

Tools & Kits, Solutions

User’s Manual: Development Tools

Quick Start Guide

User’s manuals and quick start guides for developing embedded
software applications with Software Packages, Development Kits,
Starter Kits, Promotion Kits, Product Examples, and Application
Examples

Application Notes

Project files, guidelines for software programming, and application
examples to develop embedded software applications

Microcontrollers

HER

MCUBYHFIE. BERFIBS4FE

User’s Manual: Hardware

MCURLSE, BIINSIIDES. FHER0RET. SMRINEE. BAHFIE. B
FFEMIREER

R01DS0392EJ0100 Rev.1.00

Sep 23, 2021

RENESAS

Page 89 of 92

PSEDNIEL:]

VAR BRARE. BERIRIZIHERMIREIBRER

RAEH(TU) RE. BRE~ RIS RE
Software User’s Manual: Software mYE. APIEZNHFEER

VARG gf_ﬁg“ﬁﬁ‘ﬁ)&ﬁﬁ’x#ﬁﬁﬁﬁ%ﬂ’ﬂlﬁEY#\ Rt wizfe M AiE
TEMEABRARE |BRFH: FXIA FERANRGE. AREN. ANEMN. REEMS. s A

BFFARBRANNRGNBREFNEFR FRANRENVEE

Examples
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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/O 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 V.
(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 V. (Max.) and Vix (Min.).
7. Prohibition of access to reserved addresses

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

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

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

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

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

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.

4. 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.

5. 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.

6. 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.

7. 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.

8. 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.

9. 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.

10. 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.

11. 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.

12. ltis 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.

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

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

(Notel) “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.
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