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The RA4T1 Group delivers up to 100 MHz of CPU performance using an Arm® Cortex®-M33 core with a code flash memory
ranging from 128 KB to 256 KB, 4 KB of data flash memory, and 40 KB of SRAM. The RA4T1 Group offers a wide set of

RA4T1 Group f/ Arm ® Cortex ® -M33 WZIZ X 100 MHz B9 CPU MEEE, IS INESERE N 128 KB E 256 KB. 4 KB %k
IBINTEH 40 KB SRAM. RAAT1 EERIRMH ZM5MNEIR &, 8235 CANFD. 13C #1 ADG,

peripherals, including CANFD, I3C, and ADC.

Features

= Arm® Cortex®-M33 Core

o Armv8-M architecture with the main extension
o Maximum operating frequency: 100 MHz
o Arm Memory Protection Unit (Arm MPU)
— Protected Memory System Architecture (PMSAvS)
— Secure MPU (MPU_S): 8 regions
— Non-secure MPU (MPU_NS): 8 regions
o SysTick timer
— Embeds two Systick timers: Secure and Non-secure instance

o Low-speed on-chip oscillator (LOCO) (32.768 kHz)
o [WDT-dedicated on-chip oscillator (15 kHz)

® Clock trim function for HOCO/MOCO/LOCO

e PLL

e Clock out support

m General-Purpose I/0O Ports

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

=

B Arm © Cortex ® -M33 1y

@ Armve-M BRMEB X ET B
@ S ATESRZE:100 MHz
@ Arm RNERIPET (Arm MPU)
- RIPRERGZEN (PMSAVS)
-Z£ MPU (MPU_S) :8 X1
-JEL2 MPU (MPU_NS) :8 MXiZ
@ SysTick EAT 28
- BRNF Systick B2 T2 LHIMIER TG

@ S EiRFH2E (LOCO) (32, 768 kHz)
@ IWDT TAHA E#RHE (15 kHz)

: PHL?co/rvuoco/Loco HIBT SRS B ThAE

@ B

WER /o wmO
@ 5-VAE FRFFR, AN L IREhAE S A )3k

— Driven by LOCO or system clock m Operating Voltage _ 1 LOCO 5 & Z:bd ShiR 5 B IT{EEE
e CoreSight™ ETM-M33 e VCC:27t03.6V @ CoreSight TM ETM-M33 @ VCC2, 7TE3, 6V
= Memory m Operating Temperature and Packages H 27 B TEEEMEE
e Up to 256 KB code flash memory ® Ta=-40°C to +105°C @ =% 256 KB K37 @ Ta=-40°C & +105°C

e 4 KB data flash memory (100,000 program/erase (P/E) cycles)
e 40 KB SRAM

— 64-pin LQFP (10 mm x 10 mm, 0.5 mm pitch)
— 48-pin LQFP (7 mm x 7 mm, 0.5 mm pitch)
— 48-pin QFN (7 mm x 7 mm, 0.5 mm pitch)

@ 4 KB HIRIAEF(100,000 MERF/1RER (P/E) EHA)
@ 40 KB SRAM

- 64 5|f0 LQFP(10 2K x 10 2K,0, 5 ZXKIEHE)
- 48 5|f LQFP(7 =K x 7 2K,0, 5 ZKIZFE)
- 48 3If QFN(7 223K = 7 23K,0, 5 23KIBEE)

= Connectivity ~ 32.pin LQFP (7 mm x 7 mm, 0.8 mm pitch) W TS i ek Ak, SR
o Serial Communications Interface (SCI) x 2 32-pin QFN (5 mm > 5 mm, 0.5 mm pitch) o $1‘I BEEO (SC) x2 Qe ' )
— Asynchronous interfaces - BP0
— 8-bit clock synchronous interface - 8 T_L Eﬁ*ﬂ??ﬁﬂ
— Smart card interface - SRR
— Simple IIC - B IIC
— Simple SPI - & &8 SPI
— Manchester coding ST RID

o [3C bus interface (I3C)
o Serial Peripheral Interface (SPI) x 2
o CAN with Flexible Data-rate (CANFD)

[ J I3C BH&ED (130

@ H/THNEEO (SPD) x 2
@ CAN BEF T EMEIERE (CANFD)

= Analog Rt
® 12-bit A/D Converter (ADC12) @® 121 A/D E—#ﬁ%& (ADC12)
— Sample-and-hold circuits x 3 - REERIGHRER x

— Programmable Gain Amplifier x 3
o High-Speed Analog Comparator (ACMPHS) x 3
e 12-bit D/A Converter (DAC12) x 2
o Temperature Sensor (TSN)

m Timers

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

m Security

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

- AlYRIZIE mﬁﬂzjc%% x3
@ SHIEBILLEEE (ACMPHS) x 3
@ 12 {i D/A ¥iR88 (DAC12) x 2
@ EEFZE (TSN)

W TS
@ E/H PWM ZEPYER 16 fiE3RE! (GPT16E) x 6
@ RKINFERT EBATENEE (AGT) x2
[ e
@ Arm ® TrustZone ®
- BE=XEATRIBAR
- BREMPTXEATHEANT
- SRAM ] % =N X5
-EMMERENERReRFReL L2 AR

@ 128 futE—
:EI‘;EHL*&EEJZ%‘% (TRNG)

e Pin function 3IERER
— Secure pin multiplexing - Re5|MER
= System and Power Management B ZAFMBRER
e Low power modes @ RINFERT
e Event Link Controller (ELC) @ S=FERRITHIZE (FLO)
e Data Transfer Controller (DTC) @ HuRFEITHIZ (DTO)
e DMA Controller (DMAC) x 8 @ DMA £H12% (DMAC) x8
e Power-on reset @ LEBEf
e Low Voltage Detection (LVD) with voltage settings { 5% Egl_lxﬁﬂljﬁrﬁzm‘ (LVD)

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

m Data Processing Accelerator
e Trigonometric Function Unit (TFU)

m Multiple Clock Sources

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

o 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)
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RA4T1 Datasheet

1. Overview

1. Overview

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

The MCU in this series incorporates a high-performance Arm Cortex®-M33 core running up to 100 MHz with the following

features:

e 40 KB SRAM
e Analog peripherals

e Security and safety features

1.1 Function Outline

Table 1.1 Arm core

Up to 256 KB code flash memory

Feature

Functional description

Arm Cortex-M33 core

e Maximum operating frequency: up to 100 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 (PMSAV8)
— 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 256 KB of code flash memory.

Data flash memory

4 KB of data flash memory.

Option-setting memory

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

SRAM

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

Table 1.3 System (1 of 2)

Feature

Functional description

Operating modes

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

Resets

The MCU provides 14 resets.

Low Voltage Detection (LVD)

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

Clocks

Main clock oscillator (MOSC)

Sub-clock oscillator (SOSC)

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

PLL

Clock out support
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1. BLig

MCUSERM T Z 1R 5BV 5 IR B RIArm ®-based 321Uz 0, XEZ O HZ—H @A RIIHTEIME, R #H 1%
HEY BENETF e~ aH X

ZERYIHH MCU RASMEE Arm Cortex ® -M33 RiZ, EITMESIX 100 MHz, BB LU IHEE:

@ =% 256 KB Xi3iAE
@ 40 KB SRAM

@ EIIMEIGFH

@ ZEMTLINEE

1o 1 HEERH
®1. 1 BS

B

ThaEHER

Arm Cortex-M33 i

o ATESMZE:ZIA 100 MHz
o Arm Cortex-M33 #Zx:

- Armv8-M 214, BB R £ BIEE

— f&1ThR:rOp4-00rel0
o FENERIPET (FE MPU)
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- &2 MPU (MPU_S) 8 PMXig
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e SysTick EBTEF

— ERAF Systick ERf 28 L2 LHIMIER 2L
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®1, 2 i1z

B ThaEEHER

RIBiIRE &% 256 KB AB3IA7F,

5 6 NE 2 4 KB BYEUIRIRNTF,

B ERF BRI ENFHEEERMCUBTRE.

SRAM BEFEREMAAER (ECO) M LE&E SRAM.

®1, 3 % (Z92-)

W ThaetER
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RA4T1 Datasheet

1. Overview

Table 1.3 System (2 of 2)

Feature

Functional description

RA4T1 $UBE

1, Bk

£1, 3 % (Zz2)

Clock Frequency Accuracy
Measurement Circuit (CAC)

The Clock Frequency Accuracy Measurement Circuit (CAC) counts pulses of the clock to be
measured (measurement target clock) within the time generated by the clock selected as the
measurement reference (measurement reference clock), and determines the accuracy
depending on whether the number of pulses is within the allowable range. When measurement
is complete or the number of pulses within the time generated by the measurement reference
clock is not within the allowable range, an interrupt request is generated.

Interrupt Controller Unit (ICU)

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

MEER (CAQ)

B ThaEEHER
B TES s BRSNS EE (CAC) WHNN (NBEAFNY) EREFANESE (NESE

BEh) YRS $h = ERYBTEINBIROREITIHEL HRIBIOP M ER B ENESE (WESZ M)
RBEREE. PEAFEER, HNETMHENESE LR ERBBRERFER
YrEEMBY, & R AR ETE K,

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.

shifiEflgg st (ICU)

hifERgs R (ICU) EHRIPLEEHESERIRERE
;g?ﬂ%ﬁgﬁ (NVIC) . DMA #1238 (DMAC) FI#iEFiizHIR (DTC) #iR. ICU BizHIRT

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).

RINFER hFER) LUEE 2175 K, SR ENH O M. FIERR. EEBREPERDREFNRR
RS i BMRINFEE o
EME RIF BESRSRINPMEIRIPFEEFEFHEIARGHEMRES. BERIFNTESARIPTES

(PRCR) 1&E,

Table 1.4 Event link

AEFERIFET (MPU)

MCUBE—TAERFET (MPU)

Feature

Functional description

®1, 4 TR HER

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.

B

ThAESER

Table 1.5 Direct memory access

EffsEERERES (ELO

2 (ELC) FRZMINERRERNEMBERIENRES BENEET TERER, MR IFER
Z BB EHE, AR CPUT .

Feature

Functional description

®1, 5 BHiERFRR

Data Transfer Controller (DTC)

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

571

ThAEfER

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.

HiEFmEHEE (DTO)

RAMUEERREITHIZE (DTC) BERAFERTEERBUERHEHEIE,

Table 1.6 Timers

DMA =#128 (DMAQ)

MCUBHE— 1 8BENEEAEFHIERZE (DMAC) ,ERIUERBCPUTIRIER TR
o DMA f&H1iE KA, DMAC B TFMETE (L R AL BV BUR L i 2 (%4 B A9itbat,

Feature

Functional description

®1. 6 BT 23

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 16-bit timer with GPT16E x 6 channels. PWM waveforms
can be generated by controlling the up-counter, down-counter, or the up- and down-counter. In
addition, PWM waveforms can be generated for controlling brushless DC motors. The GPT can
also be used as a general-purpose timer.

B

ThRER

Port Output Enable for GPT (POEG)

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

EA PWM EBE (GPT)

General PWM EBY28 (GPT) B— 1 BB GPT16E x 6 @B 16 A EM S, PWMRERZ A LLEL
=l Bt gkas. TItEEs S E Nt ERE R E M. AN E AT AE R PWM SEFZSRIEHIERIE R L
o GPTHE] L& ERY 28,

Low Power Asynchronous General
Purpose Timer (AGT)

The low power Asynchronous General Purpose Timer (AGT) is a 32-bit timer that can be used
for pulse output, external pulse width or period measurement, and counting external events. This
timer consists of a reload register and a down counter. The reload register and the down counter
are allocated to the same address, and can be accessed with the AGT register.

iR < $F GPT (POEG)

mO®MEEA (POEG) ThEERILUEEA PWM EBTEE (GPT) WHSIME TREERRE

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.

RLERRDEA
BRYITETEE (agt)

2 (AGT) B—M32MIER 88, AT B FA R, SMNEBRONEEE S BN E AR i $i SRR 1, 1%
ER SR ERIMH T FRMNA T it HasAm. ENNBFESRNE T ISR D EL BRI, H
B LUER AGT HFFa31h18,

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.

EIIRERE (WDT)

WatchdogEBI88 (WDT) R—M 4N FitH#8s, Hit 88 Tah, B T RAB KR, TARIFWD
T, A AT EEBEMCU, LN WDTH] B T4 5% A B B ik A9 SR B 2 i AR o

I FIAITESEE QWDT)
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RA4T1 Datasheet

1. Overview

Table 1.7 Communication interfaces

Feature

Functional description

RA4T1 $UBE

1, Bk

®1. 7 ‘EEA

Serial Communications Interface (SCI)

The Serial Communications Interface (SCI) x 2 channels have asynchronous and synchronous
serial interfaces:

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

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

B

ThEEHER

I13C bus interface (I3C)

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

BT®ERED (SQ)

RIT@EEEO (SQ) <2 BEAERSHNRELS HITED:
o SHEN (UART RS BEZOEER (ACA) )

SNIAY Eh RO

BRI IC (XFREMN)

fa1 B2 A SPI

BEEEEAO

S RE

BEREORISISO/IEC 7816-3B FESMERNNATAE, SCIn (n=0,9)2ABFIFOL X, E
ELEMeNTEE HIBEEHREREERR LR A SRR S,

i

b

=

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.

3CRLENO (130

BCEL&IED (130) AF—MEE, BORRTEHRMENXPI2C (EMEKE) S&ZFOThEEN
FEFMIPI 3CHYF 5,

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

The CAN with Flexible Data-Rate (CANFD) module can handle classical CAN frames and
CANFD frames complied with ISO 11898-1 standard.
The module supports 4 transmit buffers and 32 receive buffers.

BITINERED (SPD

;ﬁﬁ%?%lil (SPD H 2 MEE, SPHRMSEZMAEEMNIINERENSERLWTRS RITE

Table 1.8 Analog

IR MR RIE
HIEEERIR (CANFD)

HHREHIEEZE (CANFD) HY CAN HEIRA] LIS IELZ B1AY CAN Ml
CANFD 1EZ2fF & 1SO 11898-1 17
ZERE R 4 DPRIXEAHAX 32 MEWE AKX,

Feature

Functional description

®1, 8 1=

12-bit A/D Converter (ADC12)

A 12-bit successive approximation A/D converter (ADC12) with sample-and-hold circuits and
programmable gain amplifiers (PGA) are provided. Up to 12 analog input channels are
selectable. Temperature sensor output and internal reference voltage are selectable for
conversion.

EE7

ThaEEHER

12-bit D/A Converter (DAC12)

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

121UA/D¥:#28 (ADC12)

REEERFRIFTBBMEIRIZILEHRAR (PGA) B 12 ELLIAI A/D ¥ieg (ADC12)
o REANERF 12 MRPIMNIEE, BEFRRAEMNAISEBEIERHITELR,

High-Speed Analog Comparator
(ACMPHS)

The High-Speed Analog Comparator (ACMPHS) compares a test voltage with a reference
voltage and provides a digital output based on the conversion result. Both the test and reference
voltages can be provided to the comparator from internal sources such as the DAC12 output and
internal reference voltage, and an external source with or without an internal PGA. Such
flexibility is useful in applications that require go/no-go comparisons to be performed between
analog signals without necessarily requiring A/D conversion.

See section x, High-Speed Analog Comparator.

121iiD/A%%1%2288 (DAC12)

Mt 12 fii D/A #2288 (DAC12)s

Temperature Sensor (TSN)

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

EEEIEL SR (ACMPHS)

SEREMLLEREE (ACMPHS) Rl FEESSEBEHTILIL HRERIRERIEMHF L, N
HEENSEBEHILUMRERE (BIAIDAC1 25HMNBBERE) URABHFABREPG
ABYSMNERIRIR LA LEARER . XM RIBFMXN FREEEMNES ZERITE/FELRMAVEE A/D
ROV ABIEEEA. BESRE x 71, 5FEN L RES,

Table 1.9 Data processing

BEMGERE (TSN)

B EREERE (TSN) MEAKITRERE, UKIRENRIET. FREHEHSRAREMNR
[ELERBEHBRRRESHHBEZBINXRBEILMN, i BERMBLADC 2HITHIR,
RANARU#H—FER.

Feature

Functional description

®1. 9 SRR E

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.

B

ThEEHER

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.

BIFIRIREE (CRO) HHE R

BHRTARRE (CRC) £ CRC B LUGNERIEP AR, CRCITEERIF A LR A LSB
fRL5EEk MSB fLEiBIE. IhohERHEE T CRC ST,

#HhiERFREE (DOC)

Table 1.10 Data processing accelerator

ijﬁ;ﬁﬁf’ﬁ%ﬁ% (DOC) tbER. ARINFUAE 16 (I¥IE. HEMAPMEREIBLER 16 MEiEHE

Feature

Functional description

&1, 10 R IR INE 23

Trigonometric function unit (TFU)

Calculation of sine, cosine, arctangent, and sqrt(x2 + y2)
e A sine and cosine can be simultaneously calculated
e An arctangent and sqrt(x2 + y2) can be simultaneously
calculated

571

ThEEER

=fAREa (TFU)

EZ. £%. RIEYIF sqrt (x2 +y2)H9itE
o EZFMKZKAIUFNITE
o TILREBITERIEIF sqrt (x2 +y2)
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RA4T1 Datasheet

1. Overview

Table 1.11 1/0 ports

RA4AT1 $iE&R

1, Bk

Feature

Functional description

1. 11 I/0 iwA

Programmable 1/O ports

1/O ports for the 64-pin LQFP
— |/O pins: 45
— Input pins: 5
— Pull-up resistors: 46

— N-ch open-drain outputs:

— 5-V tolerance: 11
1/O ports for the 48-pin LQFP
— 1/O pins: 29
— Input pins: 5
— Pull-up resistors: 30

— N-ch open-drain outputs:

— 5-V tolerance: 6
1/0 ports for the 32-pin LQFP
— /O pins: 16
— Input pins: 5
— Pull-up resistors: 17

— N-ch open-drain outputs:

— 5-V tolerance: 4
1/O ports for the 48-pin QFN
— 1/O pins: 29
— Input pins: 5
— Pull-up resistors: 30

— N-ch open-drain outputs:

— 5-V tolerance: 6
1/O ports for the 32-pin QFN
— /O pins: 16
— Input pins: 5
— Pull-up resistors: 17

— N-ch open-drain outputs:

— 5-V tolerance: 4

45

29

29

B

ThaEEHAR

AI4IZ /O w0
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o 645|HILQFPHII/OIRO
— /0 5|45
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— /0 5|f:29
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RA4T1 Datasheet

1. Overview

RA4T1 $UBE

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.

1, 2 1EE

To 1 BRT MCUBSEMEE, ZAFHN—EHRIgERABUTHENFE,

Memory Bus Arm Cortex-M33 System
256 KB code flash | MPU | | DSP | | FPU | POR/LVD | Clocks
W KB o MOSC/SOSC
| IDAU
(H/MIL) OCO
40 KB SRAM
| MPU
| Mode control | PLL |
| NVIC

IWDT-dedicated
Power control on-chip oscillator

WDT

IWDT

AGT x 2
SPI x 2

DMA | System timer
o | [ o |
DTC
| DBG interface
Register write
DMAC % 8 protection
Timers Communication interfaces Analog
ADC12 with
| SCl x 2 | | CANFD | PGA | | TSN |
GPT16E x 6
DAC12 x 2 | | ACMPHS |
13C

Event link
ELC

Security
TRNG

Data processing

CRC

Data processing accelerator

TFU

Note:  Not available on all parts

Figure 1.1 Block diagram

1.3 Part Numbering

Figure 1.2 shows the product part number information, including memory capacity and package type. Table 1.12 shows a

list of products.

EEN R
ELC

z2
TRNG

BRI

CRC

iglz B+ FERR-M33 RS
256 KB AR | MPU | | DSP | FPU | POR/LVD | B4
4 KB $iEINTE -y MOSC/SOSC
-
(H/M/L) 0CO
| MPU
|$§ﬁ¢§%u | | PLL |
| nvie IWDT ZAF £
B R RHR
DMA | RYERT SR
| ICU | | CAC |
DTC
| DBGHEN
EME R
ERT 2R BiEiEO S
ADCT2 5
| SCI x 2 || CANFD | oA || TSN |
GPT16EX 6
13C DAC12 x 2 || ACMPHS |
ot IR AN R 28

i+ FERTARBEZH

B, 1 Ha3

1. 3ZHHES

1o 2ERTFmEMSER BERFEREMHEXE, R1, 12 BRT™mII%E.
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RA4T1 $UBE

1, Bk

R7

#AA 0

L

EFiIR5105
Zigttk (F&18)
AR Sn (53)
C:HAth

(2

AFEE

BIt&E (¥%)
H:R A &5
[2E=Ei
FM:LQFP 64 5|
FL:LQFP 48 5|f
FJ:LQFP 32 5
NE:QFN 48 5|l
NH:QFN 32 5|ff

FREFR
TERE
3:-40Cto105C

REBAEFEARN 9:128 KB
B:256 KB

RA4T1 Datasheet 1. Overview
T T T TT T T  1T°T1T 1T ~T——— Production identification code
Terminal material (Pb-free)
A: Sn (Tin) only
C: Others
Packing
A: Tray
B: Tray (Full carton)
H: Tape and reel
Package type
FM: LQFP 64 pins
FL: LQFP 48 pins
FJ: LQFP 32 pins
NE: QFN 48 pins
NH: QFN 32 pins
Quality Grade
Operating temperature
3:-40°C to 105°C
Code flash memory size
9: 128 KB
B: 256 KB
Feature set
Group name
Series name
RA family
Flash memory
Renesas microcontroller
Note:  Check the order screen for each product on the Renesas website for valid symbols after the #.
Figure 1.2 Part numbering scheme
Table 1.12 Product list
Data Operating
Product part number Package code Code flash flash SRAM temperature
R7FA4T1BB3CFM PLQP0064KB-C 256 KB 4 KB 40 KB -40 to +105°C
R7FA4T1BB3CFL PLQP0048KB-B
R7FA4T1BB3CFJ PLQP0032GB-A
R7FA4T1BB3CNE PWQNO0048KC-A
R7FA4T1BB3CNH PWQNOO032KE-A
R7FA4T1B93CFM PLQP0064KB-C 128 KB 4 KB 40 KB -40 to +105°C
R7FA4T1B93CFL PLQP0048KB-B
R7FA4T1B93CFJ PLQP0032GB-A
R7FA4T1B93CNE PWQNO0048KC-A
R7FA4T1B93CNH PWQNO032KE-A
R01DS0415EJ0110 Rev.1.10 RENESANAS Page 7 of 89

May 23, 2023

IeESE
H& R FR
RYIBR
RAZK &
NE
HRiEIEH2s
E: Renesas it E/N=RINITRREE, E&F# BNBERRS,
E1, 2 =5 BERE
£1, 12 FmylE
. - g I{ER
FaENS 12RRd L] XEBIALE A SRAM
R7FA4T1BB3CFM PLQP0064KB-C 256 KB 4 KB 40 KB -40 E +105°C
R7FA4T1BB3CFL PLQP0048KB-B
R7FA4T1BB3CFJ PLQP0032GB-A
R7FA4T1BB3CNE PWQNOO048KC-A
R7FA4T1BB3CNH PWQNOO32KE-A
R7FA4T1B93CFM PLQP0064KB-C 128 KB 4 KB 40 KB -40 E +105°C
R7FA4T1B93CFL PLQP0048KB-B
R7FA4T1B93CFJ PLQP0032GB-A
R7FA4T1B93CNE PWQNOO0O48KC-A
R7FA4T1B93CNH PWQNOO32KE-A
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RA4AT1 $iE&R

1. #ER

1, 4 ThHEELLER

RA4T1 Datasheet 1. Overview
14 Function Comparison
Table 1.13 Function Comparison
R7FA4T1BB3CFL/ R7FA4T1BB3CFJ/
R7FA4T1B93CFL R7FA4T1B93CFJ
R7FA4T1BB3CFM/ R7FA4T1BB3CNE/ R7FA4T1BB3CNH/
Parts number R7FA4T1B93CFM R7FA4T1B93CNE R7FA4T1B93CNH
Pin count 64 48 32
Package LQFP LQFP/QFN LQFP/QFN
Code flash memory 256 KB, 128 KB
Data flash memory 4 KB
SRAM 40 KB
Parity 32 KB
ECC 8 KB
DMA DTC Yes
DMAC 8
System CPU clock 100 MHz (max.)
CPU clock sources MOSC, SOSC, HOCO, MOCO, LOCO, PLL
CAC Yes
WDT/IWDT Yes
Communication SCI 2
13C 1
SPI 2
CANFD 1
Timers GPT16E™ 6 4
AGT! 2
Analog ADC12 12 8 5
DAC12 2 1
ACMPHS 3
PGA 3
TSN Yes
Data processing CRC Yes
DOC Yes
Event control ELC Yes
Accelerator TFU Yes
Security TrustZone
1/O ports 1/0 pins 45 29 16
Input pins 5 5 5
Pull-up resistors 46 30 17
N-ch open-drain outputs 45 29 16
5-V tolerance 11 6 4
Note 1. Available pins depend on the pin count, see section 1.7. Pin Lists for details.
R01DS0415EJ0110 Rev.1.10 RENESAS Page 8 of 89
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1, 13 IhEELbER
R7FA4T1BB3CFL/ R7FA4T1BB3CFJ/
R7FA4T1B93CFL R7FA4T1B93CFJ
R7FA4T1BB3CFM/ R7FA4T1BB3CNE/ R7FA4T1BB3CNH/
Z=HS R7FA4T1B93CFM R7FA4T1B93CNE R7FA4T1B93CNH
K 64 48 32
a% LQFP LQFP/QFN LQFP/QFN
REDATF 256 KB,128 KB
HiRNE 4 KB
SRAM 40 KB
M 32 KB
ECC 8 KB
DMA DTC =H
DMAC 8
5% CPUBTH 1005H% (BAM)
CPUBHIR MOSC. SOSC. HOCO. MOCO. LOCO. PLL
CAC =8
WDT/IWDT =
& SCI 2
13C 1
SPI 2
CANFD 1
EET S GPT16E™ 6 4
AGT" 2
=t ADC12 12 8 5
DAC12 2 1
ACMPHS 3
PGA
TSN =8
€z (SE CRC 2
DOC =89
EHIzH ELC =8
pipsEr TFU =8
z& EEX
/0 1RO 1/0 315 45 29 16
PN 5 5 5
L hieapE S 46 30 17
N-ch FHiRiat 45 29 16
S5-VHIAE 11 6 4
A1. FTHASIMBURTSIMME FERE 1. 7. FHAER5IMTIR,
ROTDS0415EJ0110Reve 1o 10 RENESAS #8389

2023%5823H




RA4T1 Datasheet

1. Overview

1.5 Pin Functions

Table 1.14 Pin functions (1 of 3)
Function Signal 1/0 Description
Power supply VCC Input Power supply pin. Connect it to the system power supply. Connect
this pin to VSS by a 0.1-yF capacitor. The capacitor should be
placed close to the pin.

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

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

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

EXTAL Input

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

XCOUT Output

CLKOUT Output Clock output pin

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

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

CAC CACREF Input Measurement reference clock input pin

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

SWCLK Input Serial wire clock pin

Interrupt NMI Input Non-maskable interrupt request pin

IRQnN Input Maskable interrupt request pins

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

GPT GTETRGA, GTETRGB, Input External trigger input pins

GTETRGC, GTETRGD

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

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

GTIU Input Hall sensor input pin U

GTIV Input Hall sensor input pin V

GTIW Input Hall sensor input pin W

GTOUUP Output 3-phase PWM output for BLDC motor control (positive U phase)

GTOULO Output 3-phase PWM output for BLDC motor control (negative U phase)

GTOVUP Output 3-phase PWM output for BLDC motor control (positive V phase)

GTOVLO Output 3-phase PWM output for BLDC motor control (negative V phase)

GTOWUP Output 3-phase PWM output for BLDC motor control (positive W phase)

GTOWLO Output 3-phase PWM output for BLDC motor control (negative W phase)

AGT AGTEENn Input External event input enable signals

AGTIOn 1/0 External event input and pulse output pins

AGTOn Output Pulse output pins

AGTOAN Output Output compare match A output pins

AGTOBnN Output Output compare match B output pins

R01DS0415EJ0110 Rev.1.10 RENESANAS Page 9 of 89
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RA4T1 EiEF«R 1, #R
1. 5 5IHIERER
£1. 14 Pin E¥K(3 T REY 1 4)
Thik 8 10 R
BIR vce BN BIRS I, SEHEEBREBR. 0, 1-uFHBERIEZSIMIERE
FlvsS, BABRVRETEESIMNUE,
VCL 110 BEAFRENBERNTBEEREZSIMIERES VSs 51k, &
BRSERAsIMKE,
VSS A HisH, BEHERIRFHEREOV)
B XTAL it AT REIEIREMGIH, ATLUET EXTAL 3IRIEAIMBE S
EXTAL 21D °
XCIN LD FRIRIRH AN /A 51, XCOUT #1 XCIN Z[EliEE &K
XCouT Wit R
CLKOUT o] B i 5| A
RIEER RS MD BN AFRBIREENNSIH. EMEMTRSERETIREEFIRE
8], AR RTZ5 I EME S BF,
RYITE RES PN BEESRAASIM. MCUEZESTREHANEMRS.
CAC CACREF A MESE BRSNS H
FEiEles SWDIO 110 SBITHEANSIBMN /A 5
SWCLK BN ERITLRBY SRS B
R NMI BA T O RBAPEIE RS H
IRQN A AR AR AR BTiE K5 | R
IRQn-DS BN B LUFE Deep 18 R B9 AT SRk AR BTIESR 5 1B
REFNIER
GPT GTETRGA,GTETRGB, =N SMERfR R 2R NS B
GTETRGC,GTETRGD
GTIOCNA. GTIOCNB 110 WARRR, WL PWM Btk 51
GTADSMO. GTADSMT Lorfen A/D IR FFIRIER IS S B
GTIU TN ERERBWANGIH U
GTIV A EIRERBWMAGIH vV
GTIW A ERERRIBBWMNSIH W
GTOUUP Lorfen BLDC EB#IZHIAY 3 48 PWM i (IE U 48)
GTOULO i BLDC EBALIEHIAY 3 48 PWM B (£ U 48)
GTOVUP Tt BLDC EBHLIZHIMN 3 48 PWM Bt (1E Vv #8)
GTOVLO Lorfen BLDC EBH¥ZHIBY 3 48 PWM HitH (£ v #8)
GTOWUP oy BLDC EBAI=#IAY 3 48 PWM i (IE W 48)
GTOWLO i BLDC EBALIEHIAY 3 48 PWM St (f2 W 48)
AGT AGTEEN WA IBEHRNBHES
FIEFRE 10 SMNERE N R L 5 1R
iy oifee Bk 5 | B
Bhex zifa] T LR ILED A S 5 1R
AGTOBN i W LR ITED B 4H 5 1B
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RA4T1 Datasheet

1. Overview

Table 1.14 Pin functions (2 of 3)
Function Signal 110 Description
SClI SCKn 1/0 Input/output pins for the clock (clock synchronous mode)

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

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

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

CTSn Input Input for the start of transmission.

SCLn 1/0 Input/output pins for the IIC clock (simple [IC 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 110 Input/output pins for master transmission of data (simple SPI mode)

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

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

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

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

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

SPI RSPCKA, RSPCKB 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 110 Input or output pin for slave selection

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

to SSLB3

CANFD CRXO0 Input Receive data
CTX0 Output Transmit data
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.

VREFL Input Analog reference ground pin for the D/A Converter.

VREFHO Input Analog reference voltage supply pin for the ADC12. Connect this pin
to AVCCO when not using the ADC12.

VREFLO Input Analog reference ground pin for the ADC12. Connect this pin to
AVSSO0 when not using the ADC12.

ADC12 ANONn Input Input pins for the analog signals to be processed by the A/D
converter (n: pin number).

ADTRGO Input Input pins for the external trigger signals that start the A/D
conversion, active-low.

PGAVSS000 Input Pseudo-differential input pins

DAC12 DAn Output Output pins for the analog signals processed by the D/A converter.
R01DS0415EJ0110 Rev.1.10 RENESANAS Page 10 of 89
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RA4T1 EiEF«R 1, #R
£1, 14 Pin &K (3 1Ry 2 1)
Thik 58 /0 73
SCl SCKn 110 BT ERESEIN/A S IR (RS $hE) 5 =)
RXDn TN AFEEEIRMNRNGIH (BP R/ RIS ER)
TXDn Lol BFEHEENALSIH (BSEA/NHRSER)
CTSn_RTSn 110 BAFEHZEMEUTENBN/BL I (RSER/FHESE
) ,activelows
CTSn PN 2P SENE: LTINS
SCLN 110 IIC B RSN /F 51 (722 11C &R =)
SDAN 110 IIC #iEmMMN/RL S (B2 IC &)
SCKn 110 BISRBVSN /S IB (B 88 SPHRR)
KK 110 RAFMAEREERANEN/ LS (B2 SPIER)
=¥ 110 RAFHEREEmAMN/mES M (B sPHER)
SSn LETPN SRERBASIH (B2 sPrER) Rk
13C 13C_SCL 10 I3CBYSRESN /R 5 | B
I3C_SDA 110 I3C HIERY N /Ha 5| R
SCLO 110 I2CBYSRBYImN /it 51 B
SDAO 10 12C BUBRMISN /5 S | B
SPI RSPCKA,RSPCKB 110 B b g N /4R HE 5 1 B
=AY, =AM 110 FAF M Eanka B EHERY R\ S5 5 | B
KR KRR 110 BT MM 55 B SRR N SR 5 1B
SSLAO. SSLBO 10 BT MEEZERMAS LS| 3
SSLA1 E SSLA3. SSLB1 | HaitH AFNBEEFREEIH
Z SSLB3
CANFD CRX0 BN U
CTX0 Eihe R
TEINER IR AVCCO LZIDN EIMBERRS I, ©RES MERNIEMER, VCCEIMERE
[EMRZ5#o
AVSS0 LN B, XRES MERNEMER, VSSEIMIMERIKEE
%5 o
VREFH BA D/ AR IR BRI S E B E B IR5 | M.
VREFL LD D/A B RRINS Z 15|,
VREFHO BN A>R/CC1C 20 BiEINS £ BERIRS I, FEM ADC12 BT 3E L6 5| BNEET
VREFLO BN ADC12 BIIE B E izt | f, KUt HEEE
FEF ADC12 BF 9 AVSS0.
ADC12 R E=TDN A/D¥RBABEDMESHRNSIH (n5IHS)
ADTRGO BA B A/D FIRMIMNIAR R 1S S BN S I R B,
PGAVSS000 BN HEDRNGIFD
DAC12 gizb i D/ AR 238 S ERAVIZING S 8058 H 5 Bl
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RA4T1 Datasheet

1. Overview

Table 1.14 Pin functions (3 of 3)
Function Signal 110 Description
ACMPHS VCOUT Output Comparator output pin
IVREFNn Input Reference voltage input pins for comparator
IVCMPn Input Analog voltage input pins for comparator
1/O ports Pmn 1/0 General-purpose input/output pins (m: port number, n: pin number)
P200 Input General-purpose input pin
R01DS0415EJ0110 Rev.1.10 RENESAS Page 11 of 89
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RA4T1 BB 1. #HR
£1, 14 Pin ¥ (3 MR 3 1)
Ihik =5 o iR
ACMPS VCOUT i Lbirestat 5| A
IVREFN LD tbiResH S E BERASIH
IVCMPn LN AT Lhias B IR ER NS5
I/0 i E Pmn 110 BARABNGESIM (mimOsS,n5I/S)
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RA4T1 Datasheet 1. Overview RAA4T1 $UER 1, #HR

1.6  Pin Assignments 1.6  SIEMEL

. . . . 5 ==
The following figures show the pin assignments from the top view. TEIMNFRE 2T 5|5 A,
o
a o
g
2 :
8583828885932 8:288 855888859828 c:283
fanaanaalaizaiaaa fiaaaaacaallaaaaas
AOOOOO00O0O00000000 OAOOOO0O00O0000000000
$52 2339535885853 3 3 T 522335355885 833 3
P500 [] 4 32 [ P300/SWCLK P500 [ 40 32 [ Pa00/swik
P08 [] 50 31 [1 P301 P00 [ 50 31 [ P301
P06 [] 51 30 [ P302 P00 [ 51 30 [ P302
Po15 [ 52 2 [1 P303 Po15 52 29 [ P303
P014 [ 53 28 [ P304 P014 [ 53 28 [ P304
PO13 [ 54 27 1 P200 PO13 5 27 [ P200
Po03 [ 5 2 [ P201/MD P03 [] 5 2 [ P201/MD
VREFHIAVCCO [ 56 25 [1RES VREFH/AVCCO [ 25 [ RES
VREFLIAVSSO [ 57 24 [ P208 VREFL/AVSSO [ 57 24 [ P208
VREFLO [ 58 23 [ P205 VREFLO [58 23 [ P205
VREFHO [ 5 2 [1P206 VREFHO [ 59 22 [ P206
Po05 [ 60 21 1 P207 P005 [] 60 21 [ P207
P004 [] 61 20 [ vCC P004 [ 61 20 [ vCC
poo2 [ &2 19 [ P84 P02 [ e 19 [ P814
P00t [ 63 O 18 [ P815 PO01 [ 63 O 18 [ P815
P000 [ 64 17 [J VSS P000 [ 64 17 [ VSS
Mot oo 2 TSR TR e e b ereeSrsexee
O000000000000000 O0oOo0o0oOo0O00 OoOoOoOooOoo
= — » Q= = — » O =
€58838553223855¢8¢8¢% €§58808858=2.3558¢¢
aadaa < O EE>dadaada o aaa < Q E#d >4 adadaa
o x < 3 X =
X< ® w =< a2
g8 g9
o o~ o~
o a
- = - - t3
Figure 1.3 Pin assignment for LQFP 64-pin &1, 3 LQFP 64 SHIEYS RIS EC
o
=} )
g
3 s
858383398288 853889338283
Ladada>>adnaaan S iAa0a>>a0daaaa
mininininininininininin OO0 0N0
2833359888358 8% £2 38859838888
P500 [ 37 24 [ P300/SWCLK P500 37 24 [7] P300/SWCLK
P015 [ 38 23 [ P301 P015 [ 38 23 [ P301
P014 [ 39 22 [ P302 P014 [ 39 22 [ P302
P013 [ 40 21 [ P200 P013 40 21 [ P200
PO03 [ 41 20 [ P201/MD P03 [ 41 20 [ P201/MD
VREFH/AVCCO [ 42 19 [ RES VREFH/AVCCO [ 42 19 [ RES
VREFLIAVSSO [ 4 18 [ P206 VREFL/AVSSO [ 43 18 [ P206
VREFLO [ 44 17 [ P207 VREFLO [ 44 17 [ P207
VREFHO [ 45 16 [ vee VREFHO [] 45 16 [ vee
P02 [ 4 15 [ P14 Po02 [ 4 15 [ P84
P01 [ 47 O 14 [ P815 Po0T [ 47 O 14 [ P8ts
P00 [ 48 13 [ Vss P000 [] 48 13 [ vss
- N w s oo~ oo 2T Y - N ot o~ oo 2T Y
OOo0O0O0O0o0o0oO0oOoog OOoOoOoOoOoOoOoooog
AR AZED L, ,0885 N A ZEQ [ORE= I
§FESQ3¢EESEFER §§9G3%Es o557
s} x < [} X &
3 s W X< s
g8 g9
o o~ o~
o a
- - - - =
Figure 1.4 Pin assignment for LQFP 48-pin E1. 4 LQFP 48 S[HIEYS RIS EC
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RA4T1 Datasheet

1. Overview

P500

P015

P0O14

P013

P003
VREFH/AVCCO
VREFL/AVSSO

VREFLO

VREFHO

P002

P001

P000

P213/XTAL
P212/EXTAL |

vee [

P40
P40
P40

Figure 1.5 Pin assignment for QFN 48-pin
)
)]
=
N
o «— o o o ®©
S oo @B T 2
o oo > > 0 0o 0
[T T
T O N - O O © ©~
N N N N « ~— ~
P014 [ | 25 16 |_] P300/SWCLK
P003 [] 26 15 ] P301
VREFH/AVCCO [ | 27 14 [ ] P302
VREFL/AVSSO [] 28 13 [ ] P200
VREFLO [_| 29 12 |_] P201/MD
VREFHO [] 30 11 ] RES
P002 [] 31 Q 10 [] P206
P001 [| 32 9 [] P207
- N ® ¥ 1 © ©~ ©
L L OO O O L O
o Jd Z O a4 44 O ~
S O 5 »w « « O <9
>R >K5%5>37
w4
N
o o
o
Note:  XCIN cannot be used in LQFP32. XCIN must be connected to VSS through a resistor (pull down).

Figure 1.6

Pin assignment for LQFP 32-pin
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RAAT1 UER 1, #HR
=}
E
E
P500
P015
P014
P013
P003
VREFH/AVCCO
VREFL/AVSSO
VREFLO
VREFHO
P002
P001
P000
228885
s
ha
o~
5
E1, 5 QFN 48 S[FIEI5 (RN 3 &C

7 XCIN FEEFF LQFP32, XCIN A FU&E:id FBFE2REREE VvSS (M D o

©)
&)
=
Q
Ssccggeges
o oo > > 0 0 a
[II I I I T T[]
<t M AN - o (o) 2o e] N~
AN N AN AN AN ~ ~
P014 [ ]| 25 16 [] P300/SWCLK
P003 [ | 26 15 [] P301
VREFH/AVCCO [ ]| 27 14 [ _] P302
VREFL/AVSSO [ | 28 13 |_] P200
VREFLO [] 29 12 [] P201/MD
VREFHO [ 30 11 [ RES
P002 [] 31 Q 10 [ P206
P001 [ ] 32 9 [] P207
— N ™ < n O N 0
HERERERERERERE
o J4 Z 0 4 o
S O = » < Q
g>2>5L8574
N
N
o ~
[a W

E1, 6 LQFP 32 SRS ES
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RA4T1 Datasheet

1. Overview

| P102
.| P108/swDIO

‘| P100
P10t
vss
‘Jvee
P110
‘| P109

PO14 |

P003
VREFH/AVCCO
VREFL/AVSSO
VREFLO
VREFHO

P02

P01 |

P000

VCL

XCIN

VSS
P213/XTAL
P212/EXTAL

vce

P407

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

Figure 1.7 Pin assignment for QFN 32-pin
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s
PO14 | P300/SWCLK
P003 P301
VREFH/AVCCO P302
VREFL/AVSSO P200
VREFLO P201/MD
VREFHO RES
P002 P206
P00t | 2 P207
59582,8%
pa XCIN REEFF QFN32, XCIN &7iEid EBpAESEEEI vSS (M TFHD o
E1. 7 QFN 32 SIFIEISIRI S E
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Table 1.15  Pin list (1 of 2) £1, 15 SIBITIR(2 TeRE 1 )
< ] o “
Q a3 29 Power, System, § g ® E I HiE, R4
5 5E &Z | Clock, Debug, ADC12/DAC12/ z e S =2 LSRNl ADC12/DAC12/
] a0 a0 CAC 1/0 ports Ex. Interrupt SCI/I3C/SPI/CANFD | GPT/AGT ACMPHS 3 = =7 CAC 1/0 #%0 Hio PR SCI/I3C/SPI/CANFD | GPT/AGT ACMPS
1 — — — P400 IRQO SCLO_A AGTION — 1 — — — P400 IRQO SCLO_A AGTION —
2 —_ —_ —_ P401 IRQ5-DS SDAO_A/CTX0 GTETRGA —_ 2 — — — P401 IRQ5-DS SDAO_A/CTX0 GTETRGA —
3 1 — CACREF P402 IRQ4-DS CRX0 AGTIOO0/AGTIO/ — 3 1 — *HREX P402 IRQ4-DS CRXO AGTIOO/AGTIO/ —
GTADSM1 GTADSM1
4 2 — — P403 IRQ14-DS — GTIOC3A/AGTIOO/ — 4 2 — — P403 IRQ14-DS — GTIOC3A/AGTIOO0/ —
AGTIO1 AGTION
5 3 2 VCL — — — — — 5 3 2 veL — — — — —
6 4 3 XCIN'1 — — — — — 6 4 3 XCIN+1 — — — — —
7 5 — XcouT — — — — — 7 5 — XCouT — — — — —
8 6 4 VsS — — — — — 8 6 4 VsS — — — — —
9 7 5 XTAL P213 IRQ2 TXD0/MOSI0/SDAO GTIOCOA/GTETRGC —_ 9 7 5 XTAL P213 IRQ2 TXDO/MOSIO/SDAO GTIOCOA/GTETRGC —
10 8 6 EXTAL P212 IRQ3 RXDO/MISO0/SCLO GTIOCOB/GTETRGD/ | — 10 8 6 #oh P212 RQ3 RXDO/MISO0/SCLO GTIOCOB/GTETRGD/ —
AGTEE1 AGTEE1
" 9 7 vCC —_ — —_ —_ —_ " 9 7 VvCC —_ —_ —_ —_ —_
12 — — — P411 IRQ4 TXDO/MOSIO/SDAO GTOVUP — 12 — — — P411 RQ4 TXDO/MOSIO/SDAO GTOVUP —
13 — — — P410 IRQ5 RXDO/MISO0/SCLO GTOVLO — 13 — — — P410 IRQ5 RXDO/MISO0/SCLO GTOVLO —
14 10 — — P409 IRQ6 — GTIOC1A/GTOWUP/ — 14 10 — — P409 IRQ6 — GTIOC1A/GTOWUP/ —
AGTOA1 AGTOA1
15 1 — — P408 IRQ7 SCLO_B GTIOC1B/GTIW/ — 15 11 — — P408 RQ7 SCLO_B GTIOC1B/GTIW/ —
AGTOB1 AGTOB1
16 12 8 —_ P407 — SDAO0_B GTIV/AGTIOO0/ ADTRGO 16 12 8 — P407 — SDAO_B GTIV/AGTIOO/ ADTRGO
GTADSMO GTADSMO
17 13 — vss — — — — — 17 13 — Vss — — — — —
18 14 — — P815 — — GTIOCOA/GTETRGC | — 18 14 — — P815 — — GTIOCOA/GTETRGC —
19 15 — — P814 — — GTIOCOB/GTETRGB | — 19 15 — — P814 — — GTIOCOB/GTETRGB —
20 16 — vce — — — — — 20 16 — vce — — — — —
21 17 9 CACREF P207 — SCK9I/MOSIA_A GTIOC5A/GTIW/ — 21 17 9 £REX P207 — SCK9/MOSIA_A GTIOCSA/GTIW/ —
AGTIO AGTION
22 18 10 — P206 IRQO-DS CTS9/SDAO_C/ GTIOC5B/GTIU — 22 18 10 — P206 IRQO-DS CTS9/SDAO_C/ GTIOCSB/GTIU —
MISOA_A KZRF_A
23 — — CLKOUT P205 IRQ1-DS CTS_RTS9/SS9/ GTIOC4A/GTIVIAGTO1T | — 23 — — Wz P205 IRQ1-DS CTS_RTS9/559/ GTIOC4A/GTIV/AGTOT1 | —
SCLO_C/SSLA3_A SCLO_C/SSLA3_A
24 — — — P208 — — GTOVLO ADTRGO 24 — — — P208 — — GTOVLO ADTRGO
25 19 1 RES — — — — — 25 19 11 RES — — — — —
26 20 12 MD P201 — —_ — — 26 20 12 MD P201 — — — —
27 21 13 — P200 NMI — — — 27 21 13 — P200 NMI — — -
28 — — — P304 IRQ9 — GTOWLO — 28 — — — P304 IRQ9 — GTOWLO —
29 — — — P303 — CTS9 — — 29 — — — P303 — CTS9 — —
30 22 14 — P302 IRQ5 CTSO0/SCKY/ GTIOC4A/GTOUUP — 30 22 14 — P302 IRQ5 CTS0/5CK9/ GTIOC4A/GTOUUP —
RSPCKA_A RSPCKA_A
31 23 15 — P301 IRQ6 CTS_RTS9/SS9/ GTIOC4B/GTOULO/ — 31 23 15 — P301 IRQ6 CTS_RTS9/559/ GTIOCAB/A&ER/ —
SSLAO_A AGTIOO SSLAO_A AGTIOO
32 24 16 SWCLK P300 — SSLA1_B GTIOCOA/GTOUUP — 32 24 16 SWCLK P300 — SSLA1_B GTIOCOA/GTOUUP —
33 25 17 SWDIO P108 — CTS_RTS9/SS9/ GTIOCOB/GTOULO — 33 25 17 SWDIO P108 — CTS_RTS9/559/ GTIOCOB/GTOULO —
SSLAO_B SSLAO_B
34 26 18 CLKOUT P109 — TXD9Y/MOSI9/SDAY/ GTIOC1A/GTOVUP/ — 34 26 18 Wi P109 — TXD9/MOSI9/SDAY/ GTIOC1A/GTOVUP/ —
MOSIA_B/CTX0 AGTOAO HFET_B/CTXO AHE
35 27 19 — P110 IRQ3 RXD9/MISO9/SCLY/ GTIOC1B/GTOVLO/ vcouT 35 27 19 — P110 IRQ3 RXD9/MISO9/SCLY/ GTIOC1B/GTOVLO/ vcout
MISOA_BICRX0 AGTOBO MISOA_B/CRXO AGTOBO
36 28 — — P11 IRQ4 SCK9I/RSPCKA_B GTIOC3A — 36 28 — — P11 RQ4 SCK9/RSPCKA_B GTIOC3A —
37 29 — — P112 — SSLAO_B GTIOC3B/GTETRGD/ | — 37 29 — — P112 — SSLAO_B GTIOC3B/GTETRGD/ —
AGTO1 AGTO1
38 — — — P113 — — GTIOC2A — 38 — — — P113 — — GTIOC2A —
39 30 20 vce — — — — — 39 30 20 vce — — — — —
40 31 21 VSS — — — — — 40 31 21 VSS — — — — —
ol
R01DS0415EJ0110 Rev.1.10 RENESANS Page 15 of 89 RO1DS0415EJ0110 Reve 15 10 RENESANAS #1503
2023%5H23H




. s
RA4T1 Datasheet 1. Overview RA4ATT $IER 1, #R
- - i -3
Table 1.15  Pin list (2 of 2) ®1 SIMFIRER T 22T
< ) o < ) o~ .
g NG 2 & | Power, System, = i@ B HiR. RE.
s wiE & Z | Clock, Debug, ADC12/DAC12/ 5 S LZ | OEE. ADC12/DAC12/
3 3¢ 36 |cac 110 ports Ex. Interrupt SCII3C/SPICANFD | GPT/AGT ACMPHS 3 ] 36 |cac yo 0O Bio SCI/I3C/SPI/CANFD | GPT/AGT ACMPHS
41 — — — P107 — SSLA2_B AGTOAD — 41 — — — P107 — SSLA2 B AGTOAO —
42 — - — P106 — SSLB3 AGTOBO — 42 — — — P106 — SsLB3 AGTOBO —
43 — — — P105 IRQO SSLB2 GTIOC1A/GTETRGA — 43 — — — P105 IRQO SSLB2 GTIOC1A/GTETRGA —
44 32 — — P104 IRQ1 SSLB1 GTIOC1B/GTETRGB/ —_ 44 32 —_ — P104 IRQ1 SSLB1 GTIOC1B/GTETRGB/ —
AGTIO! AGTIOf
45 33 - — P103 — CTS_RTSO/SSO/SSLBO/ | GTIOC2A/IGTOWUP | — 45 33 - - P103 - CTS_RTSO/SS0/SSLBO/ | GTIOC2A/GTOWUP —
CTX0 cTX0
46 34 22 — P102 — SCKO/RSPCKB/CRX0/ | GTIOG2B/GTOWLO/ | ADTRGO 46 34 22 — P102 — SCKO/RSPCKB/CRXO/ | GTIOC2B/GTOWLO/ ADTRGO
QIO0/SSIBCKO_B AGTO0 QI00/SSIBCKO_B AGTOO
47 35 23 —_ P101 IRQ1 TXDO/MOSI0/SDAO/ GTIOC5A/GTETRGB/ —_ 47 35 23 — P101 IRQ1 TXDO/MOSIO/SDAO/ GTIOC5A/GTETRGB/ —_
13C_SDA/SDAQ_D/ AGTEEO 13C_SDA/SDAO_D/ AGTEEO
MOSIB MOSIB
48 36 24 — P100 IRQ2 RXDOMISO0/SCLO/ | GTIOCSB/GTETRGA/ | — 48 36 24 — P100 IRQ2 RXDO/MISO0/SCLO/ GTIOCSB/GTETRGA/ —
13C_SCL/SCLO_D/ AGTIOO 13C_SCL/SCLO_D/ AGTIOO
MISOB MISOB
49 37 — CACREF P500 — - GTIU/AGTOAO ANO16/VREFO 49 37 — CACREF P500 - — GTIU/AGTOAO ANO16/IVREFO
50 - — — P008 IRQ12-DS — - AN008 50 — — — PO08 IRQ12-DS — — ANO0B
51 — — — PO06 IRQ11-DS — — ANO06 51 — — — PO06 IRQ11-DS — — ANOOB
52 38 —_ —_ P015 IRQ13 —_ —_ ANO013/DA1/IVCMPO 52 38 —_ —_ PO15 IRQ13 —_ —_ ANO13/DAT/IVCMPO
53 39 25 — PO14 — — — ANO12/DAO/IVREF1 53 39 25 — PO14 — — _ ANO12/DAO/IVREFT
54 40 - — PO13 — - — ANOT1 54 40 — — PO13 — — — ANOT1
55 41 26 — P003 - — - ANOO7/PGAVSS000 55 41 2 - PO03 - - - ANOO7/PGAVSS000
56 42 27 VREFH/AVCCO —_ — —_ —_ —_ 56 42 27 VREFH/AVCCO — — — — —
57 43 28 VREFL/AVSS0 —_ —_ —_ —_ —_ 57 43 28 VREFL/AVSSO — — —_ —_ —_
58 44 29 VREFLO — — — — — 58 44 29 VREFLO — — — — —
59 45 30 VREFHO — — — — - 59 45 30 VREFHO - - — — —
60 — — — P005 IRQ10-DS — — ANO005 60 — — — P005 IRQ10-DS — — ANO005
61 —_ — —_ P004 IRQ9-DS —_ —_ AN004 61 —_ —_ — P004 IRQ9-DS —_ —_ AN004
62 46 31 — P002 IRQ8-DS — — ANO02/IVCMP2 62 46 31 — P002 IRQ8-DS — — ANO02/IVCMP2
63 a7 32 — P01 IRQ7-DS — — ANO01/IVCMP2 63 47 32 — PO IRQ7-DS — — ANOO1/IVCMP2
64 48 1 — P000 IRQ6-DS — — ANOOO/IVCMP2 64 48 1 - PO00 IRQ6-DS - _ ANOOO/IVCMP2
Note:  Several pin names have the added suffix of _A, B, C, and _D. The suffix can be ignored when assigning functionality. A JUASIMBFARINT _A. _B. _CH1_DMEZR. P ECINEER Al IR ES,

Note 1. XCIN cannot be used in QFN32 and LQFP32. XCIN must be connected to VSS through a resistor (pull down). 71, XCIN REEATF QFN32 #1 LQFP32, XCIN &4 Zlidid BB PR ASEEEI vSS (M TFHD o
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RA4T1 Datasheet RAA4T1 $UER 25EAR. BRISH

2. Electrical Characteristics

ST
FFRYSMNEI THREAD 3 | DAL a2 MR 1T o
MCU BB SRS EMEIN, BHETIIFHTEX:
® VCC= AVCCO=2, 7
e 2.7 = VREFHO/VREFH = AVCC
® VSS=AVSSO = VREFLO/VREFL = 0

V
o T,= Topr

2. Electrical Characteristics 2.

Supported peripheral functions and pins differ from one product name to another.
Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:
e VCC=AVCC0=2.7t03.6
e 2.7 <VREFHO/VREFH < AVCC0
e VSS=AVSSO0=VREFLO/VREFL=0V
o Ty=Top

Figure 2.1 shows the timing conditions. 2, 1 ERTIHIEMG,

fi4n,p100 2 O

I L.
T T

For example, P100

VOH=VCCx0, 7,VOL=VCCx0, 3
VIH=VCCx 0, 7,VIL=VCCx 0, 3
AEBA C=30pF

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

Figure 2.1 Input or output timing measurement conditions B2, 1 EARREETUERG

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

PRI S MIMNEIR B ERAEHNBINER M E

FeRe7] LUR R ISR S 1o

2, 1 EXNRBITFR K2, 1 EXNERSITHR

AT RARESEIRFIRF. BRABEDHITNE

Table 2.1 Absolute maximum ratings
Parameter Symbol Value Unit 3 s & Bl
Power supply voltage VCC —0.3to0 +4.0 \% BIRBE vVCC 0o 3E +4, 0 Vv
Input voltage (except for 5 V-tolerant ports™) Vin -0.3to VCC + 0.3 \ ENEBEG NE VBRI «1) Vin -0o 3EVCC+0, 3 Vv
Input voltage (5 V-tolerant ports”™) Vin —0.3 to + VCC + 4.0 (max. 5.8) \Y EONBBEG NIV O 1) Vin 0o 3E+VCC+4o 0 (BAfE. 5. 8) \Y;
Reference power supply voltage VREFH/VREFHO -0.3toVCC +0.3 \Y BEBRBE VREFH/VREFHO -0o 3EIVCC+0. 3 \Y;
Analog power supply voltage AVCCO0™ -0.3to +4.0 Y RN R E AVCCO™2 -0, 3E +4, 0 v
Analog input voltage(except for P000 to P003) Van —-0.3 to AVCCO + 0.3 v BEIBRNBE (PO00 Z PO0O3 BRSM Van 0. 3E/ AVCCO+0. \%
Analog input voltage (P000 to PO03) when PGA pseudo- VAN —0.3to AVCCO + 0.3 \ PGARIT D M N Z B RURINE N BE (POOOZEP003) VAN -0> 3 %] AVCCO +0o \Y;
differential input is disabled
Analog input voltage (P000 to P002) when PGA pseudo- | VAN ~1.3to AVCCO + 0.3 Vv PGATHI SN B BT BN NEEE (POOOZEP002) VAN ~1o 3 EI AVCCO + 0, v
differential input is enabled
Analog input voltage (P003) when PGA pseudo-differential | VAN -0.8to AVCCO + 0.3 \Y PGATREDMNR B EEAEE (P003) VAN 0. 8 E AVCCO+0, \Y
input is enabled
Operating temperature” " Topr —40 to +105 °C TERE*3+4 T opr -40 E +105 °c
Storage temperature Tstg —55 to +125 °C EEERE Tstg -55 F +125 °C
R01DS0415EJ0110 Rev.1.10 RENESAS Page 17 of 89 ROTDS0415EJ0110 Reve 1o 10 RENESAS FI7TRHER
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RA4T1 Datasheet 2. Electrical Characteristics

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

Note 2. Connect AVCCO to VCC.

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

Note 4. Contact a Renesas Electronics sales office for information on derating operation when Ta = +85°C to +105°C. Derating is the
systematic reduction of load for improved reliability.

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

Table 2.2 Recommended operating conditions
Parameter Symbol Min Typ Max Unit
Power supply voltages VCC 2.7 — 3.6 \Y
VSS — 0 — \Y%
Analog power supply voltages Avcco™ — \Yele} — \Y
AVSS0 — 0 — Vv

Note 1. Connect AVCCO to VCC. When the A/D converter, the D/A converter and the comparator are not in use, do not leave the AVCCO,
VREFH/VREFHO0, AVSS0, and VREFL/VREFLO pins open. Connect the AVCCO0 and VREFH/VREFHO pins to VCC, and the AVSS0
and VREFL/VREFLO pins to VSS, respectively.

2.2 DC Characteristics

2.21 Tj/Ta Definition

Table 2.3 DC characteristics
Parameter Symbol Typ Max Unit Test conditions
Permissible junction temperature T — 125 °C High-speed mode

Low-speed mode
Subosc-speed mode

Note:  Make sure that Tj = T, + 6ja x total power consumption (W), where total power consumption = (VCC - Vpp) x Zloy + VoL * Zlo +

RAAT1 BiER 25EAR. BRISH

E1, P100. P101. P205. P206. P400. P401 #1P407 E P411 IO 5 Vo
F2. ¥ AVCCO E#EI VCCo

H3o BRE 2 2, 15, T/TaEX . ‘ L o
4o Ta=+85°C E +105°C i, BB R IR R FIHENFLRIMETIRFES. BEENTRESYREEMARZHE LD AR,

AE: MRBIEWNRATEME FTEEET MCU EM KA EHIF,

®2, 2 EINARES G
o3 75 Min Typ Max By
RIREBE VCC 2.7 — 3.6 \%
VSS — 0 — \Y,
RN R E AVCCO *1 — vcC — \Y
AVSS0 — 0 — v

1o B AVCCO EREI VCCo H A/D ¥HE8%. D/A B2 LbiR2e R FE BT, 3B /0FTFF AVCCO. VREFH/VREFHO. AVSSO #1 VREFL/VREFLO
5|8, 3% AVCCO #1 VREFH/VREFHO 3149 BIiEEEI VCC,F3% AVSSO #1 VREFL/VREFLO 318193 BI3E R VSS,

2, 2DCHt¥ 2, 2, 1Tj/

Iccmax x VCC.

222  1/OV, ViL
Table 2.4 110 Vi, ViL (1 of 2)

Parameter Symbol | Min Typ | Max Unit
Input voltage Peripheral EXTAL (external clock input), SPI ViH VCC % 0.8 — |— \Y
(except for function pin (except RSPCK)

Schmitt trigger ViL — — |VvCCx0.2

input pins) I3C (SMBus) Vig 2.1 — |vcc+36

(max 5.8)
Vi — — 108

R01DS0415EJ0110 Rev.1.10 RENESAS Page 18 of 89
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TaENX
®2, 3 DCHI%5E
S8 "s Typ Max LT M5 1
RYHILER T — 125 °C B
R
Subosc FEE
*: BRTi= Ta+0jax R (W)  EhE#E= (VCC Vou)x STon+ VoL * SloL *+ loc max x VCCo
222 /O Vi, VIL
x®2. 4 /O Vi, ViL (1 of 2)
S8 e ) ES MR PR Bl
WMARBE (B8 | AiaIhaes| EXTAL (SMEBEISREN) « SPI (R ViH VCC x 0.8 — |— \
s RmN | H SPCK B&4M
5| RIBRIM) ViL — — |vCCx0.2
13C (SMBus) VIH 2.1 — L3 ¢
ViL — — 10.8
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RA4T1 Datasheet

2. Electrical Characteristics

Table 2.4 /10 Vi, ViL (2 of 2)
Parameter Symbol | Min Typ | Max Unit
Schmitt trigger | Peripheral 13C (except for SMBus) ViH VCC x 0.7 — |VCC+3.6 \%
input voltage function pin (max 5.8)
Vi — — |VCCx0.3
AVt VCC x 0.05 — |—
5 V-tolerant ports™ 5 ViH VCC x 0.8 — |vCC+36
(max 5.8)
Vi — — |VCCx0.2
AVt VCC x 0.05 — |—
Other input pins™2 \ VCC x 0.8 — |—=
Vi — — |VCCx0.2
AVt VCC x 0.05 — | —
Ports 5 V-tolerant ports" "3 Vi VCC x 0.8 — |VCC+3.6 \
(max 5.8)
Vi — — |VCCx0.2
Other input pins™ Viy VCC x 0.8 — | =
Vi — — |VCCx0.2

RA4T1 HiER 28FRR. BRIHE
®2, 4 /10 Vi, Vi (2 of 2)
%5 ws Min Typ | Max i
s AE | B 13C (BRI Vin VCC x 0.7 — |vcc+36 Vv
NEE[E ThEES| R (@55, 87
ViL — — |VCCx0.3
AVy VCC x 0o 05 —_ =
5AE VRO «1 %5 ViH VCC % 0.8 — \{gﬁ(}s +8£‘3\.6
@35,
Vi — — |vcexo2
AV VCCx 0o 05 — |=
HABNSIH 2 Y VCC x 0.8 — |-
ViL — — |VCCx0.2
AV VCC x 06 05 _ =
B0 5ANE VIO #3 %5 Vin VCC x 0.8 — |vcc+36 v
(@25,
Vi — — |vcexo2
HABASIH «4 Viy VCC x 0.8 — |—
ViL — — |VCCx0.2

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

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

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

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

R01DS0415EJ0110 Rev.1.10
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A1, RESHM5S P100. P101. P205. P206. P400. P401. P407 E P411 HBXMSMNETNRES M (Rt 12 P5IHD) o
E2. FRERPERHEARBIMNERILSI IR E NS IR,
3. P100. P101. P205. P206. P400. P401. P407 EP411 (it 1131
F4. FMRERPEHEANHOSNIFTE RN,
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RA4T1 Datasheet

2. Electrical Characteristics

223 1O lom, loL
Table 2.5 /10 lon, loL (1 of 2)
Parameter Symbol | Min | Typ | Max | Unit
Rermissible output current (average value per | I3C pins IIC Standard mode™ | loL — |— 3.0 |[mA
P IIC Fast mode™ loL — |— |6.0 [mA
IIC Fast mode plus™ | loL — |— |20 |mA
IIC High speed loL — |— |3.0 |mA
mode™
Ports P004 to P006, P008, P013 | — loH — |— |-2.0[{mA
to P015, P201 o T 120 [ra
Ports P205, P206, P407 to P411 | Low drive™! loH — |— |-20[{mA
(total 7 pins) o N N Py P
Middle drive2 loH — |— |-4.0[mA
loL — |— |40 [mA
High drive™ loH — |— |-20 [mA
loL — |— |20 [mA
Other output pins™ Low drive™ loH — |— |-20|mA
loL — |— |20 [mA
Middle drive™2 loH — |— [4.0|mA
loL — |— 4.0 [mA
High drive™ lon — |— |16 [mA
loL — |— |16 [mA
Permissible output current (max value per I3C pins IIC Standard mode™ | loL — |— 3.0 |mA
o [IC Fast mode™ loL — |— |6.0 |mA
IIC Fast mode plus™ | loL — |— |20 |mA
IIC High speed loL — |— |3.0 |mA
mode™
Ports P004 to P006, P008, P0O13 | — loH — |— |-4.0|mA
to P015, P201
loL — |— |40 |mA
Ports P205, P206, P407 to P411 | Low drive™ loH — |— |-4.0|mA
(total 7 pins) o 1= 120 mm
Middle drive2 loH — |— [-8.0|mA
loL — |— |8.0 [mA
High drive™ loH — |— |-40 |mA
lou — |— |40 |mA
Other output pins™® Low drive” loH — |— |4.0|mA
loL — |— |4.0 [mA
Middle drive™ loH — |— [-8.0|mA
loL — |— |80 |mA
High drive™ loH — |— |-32 |mA
loL — |— |32 |mA
R01DS0415EJ0110 Rev.1.10 RENESAS Page 20 of 89
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223  1/Olon, loL
2,5 /0 Ion;, lov (1 of 2)
B8 Be BEE BABIG
AVHEEER (85N THE) 1BCSIH IC AR, «4 loL — |— [30 |mA
IIC IRIRIET +4 loL — |— |6.0 |mA
IC HUERE I L «4 | loL — |— |20 |[mA
IC HERE «4 loL — |— |30 |mA
%[ POO4 Z P006. PO08. PO1 |— loH — |— [-2. qmA
3 E P0O15. P201 ™ =T Ima
i% [0 P205. P206. P407 E P41 | fRIXEHES «1 lon — |— [-2 gmA
1 (BHE7A51H)
loL — |[— |20 [mA
IEIIREN SR +2 loH — |— |[-4 qmA
loL — |— (40 |mA
SIRENEE3 loH — |— [-20 |mA
loL — |— |20 |mA
HethgmH 5| «5 RIRENEE 1 loH — |— |-2. qmaA
loL — |— (20 |mA
FIEIIRENES «2 loH — |— |[-4 gma
loL — |— [40 |mA
BIREN2e+3 loH — |— [-16 |mA
loL — |— |16 |mA
AVFREEHER (B5IMNRAR) 13C 3| IIC AR «4 loL — |— [30 |mA
IIC PRIEAE «4 loL — |— [6.0 |mA
IC RFARH M E *4 | loL — |— |20 |[mA
IC BFRT <4 loL — |— |30 |mA
#%0 PO04 E PO06. P008. PO1 |— loH — |— [-% qma
3 E PO15. P201 ™ T Tao A
B0 P205. P206. P407 ZE P41 | IRIXEHAE «1 loH — |— |-% OmA
1 (R 7 NSIHD)
loL — |— |40 |mA
B ENES «2 loH — |— |[-8 gma
loL — |— [80 |mA
EIREN2e+3 loH — |— |-40 [mA
loL — |— [40 |mA
Hhim 58 +5 {EIRENES *1 lon — |— |-4 gmaA
loL — |— [40 |mA
B IR E 38 2 loH — |— |-8 QmA
loL — |— [80 |mA
BIREN2e+3 loH — |— [-32|mA
loL — |— [32 |mA
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RA4T1 Datasheet

2. Electrical Characteristics

Table 2.5

/0 lon, loL (2 of 2)

RA4AT1 $iE&R

25FGAR. B

+£2, 5

1/0 lon; loL (2 of 2)

Parameter

Symbol | Min | Typ | Max | Unit

B8

% BVR BA I

of all pins)

Permissible output current (maxvalue of total

Maximum of all output pins

z'OH(max) — |— |[-80 |mA

ZloL (max) |— |— 80 mA

AFNEHER FIE5IHSBNRAE)

FrEMmESIHNSERE

JIOH (max)|— — |-80 |mA

JI0L (|/K)

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

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

Ao X
X

*2,

30 PmMnPFSHfFas BV QIR EHEE (i P iksF

—'%—
SDAO_D (&3t 2 131 o IIC REBHERBYHIE,

74, SCLO_D.

T PmnPFS EFEF SRR OIKENEE AL

R PmnPFS EFEF & RIROKENEE AL

75, P000%IP00324hP200,ER— T HIAIK,

AE: MCURYRTSEHE il R E R Rt RPAE,

pri
pri

FERRchEENNE, EREREFIRA TREFMENSEEEN.

EPEEEEENDREE, ERERGFINER TREPMENBEIEES.

100 ps HRiEMIF A ERIRAYTI9E FIREBRART.

Xehee HBRIE. ERERHFIRA TREBFMENSEEES,

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.
224 I/0 Von, VoL, and Other Characteristics
Table 2.6 1/0 Vou, VoL, and other characteristics (1 of 2)
Parameter Symbol Min Typ |Max |Unit | Test conditions
Output voltage | 13C™1 VoL — — 04 |V loL = 3.0 mA
VoL — — 0.6 loL =6.0 mA
13G™2 VoH VCC-027 |— |— lon = 3.0 mA (PRTS.PRTMD =
0)
VoL — — 0.4 loL = 15.0 mA (PRTS.PRTMD =
1, BFCTL.FMPE = 1)
VoL — 04 |— loL = 20.0 mA (PRTS.PRTMD =
1, BFCTL.FMPE = 1)
VoL — — 0.4 loL = 3.0 mA (PRTS.PRTMD =
1, BFCTL.HSME = 1)
VoL — — 0.27 loL = 3.0 mA (PRTS.PRTMD =
0)
Ports P205, P206, P407 to Von VCC-1.0 — — lon = —20 mA
P411(total 7 pins)™ VCC =33V
VoL — — 1.0 loL =20 mA
VCC =33V
Other output pins Von VCC-0.5 — — lon=-1.0mA
VoL — — 0.5 loL = 1.0 mA
Input leakage RES |linl — — 5.0 WA Vihn=0V
current Vi, =55V
Port PO0O to P002, P200 — — 1.0 Vihn=0V
Vin = VCC
Port PO03 Before — — 45.0 Vihn=0V
initialization"® Vip =VCC
After — — 1.0 Vin=0V
initialization™® Vi, = VCC
Three-state 5 V-tolerant ports (except for |Isi| — — 5.0 HA Vihn=0V
leakage current | port P100, P101) Vip =55V
(off state)
5 V-tolerant ports (P100, P101) — — 10.0 Vihn=0V
Vin=55V
Other ports (except for port — — 1.0 Vihn=0V
P000 to P003, P200) Vin =VCC
R01DS0415EJ0110 Rev.1.10 .ZENESAS Page 21 of 89
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224 [/OV OH. V OL ME 44
®2, 6 I/OV OH. V OL fH {th451%(2 hay 1)
s%8% 7S Min Typ |Max |2 | WX H
R EE 13C™1 VoL — — 04 |V loL = 3.0 mA
VoL — — 0.6 loL =6.0 mA
13C*2 VoH VCCO0o 27 |— — IOH=3, O0mA (PRTS. PRTMD =
0)
VoL — — 0.4 I0L=15, OmA (PRTS, PRTMD =
1,BFCTL. FMPE =1)
VoL — 04 — I10L=20, OmA (PRTS. PRTMD =
1,BFCTL. FMPE=1)
VoL — — 0.4 10L=3, OmA (PRTS, PRTMD =
1,BFCTL. HSME =1)
VoL — — 0.27 I0L=3, OmA (PRTS, PRTMD =
0)
#%0 P205. P206. P407 & VoH VCC-1.0 — — lon = —20 mA
P411 (FH71M3IH) «3 VCC =33V
VoL — — 1.0 loL =20 mA
VCC =33V
Hthim 5| VoH VCC-0.5 — — 10H=-1, OmA
VoL — — 0.5 loL = 1.0 mA
WMNRER RES [lin — — 5.0 HA Vin=0V
Vin=5.5V
PO00 ZE P002 i#%H,P200 — — 1.0 Vih=0V
Vi, = VCC
P003i M 2Bl — — 45.0 Vin=0V
YRS Vin = VCC
MRE-6 — — 1.0 Vin=0V
Vin =VCC
=xtREA | STAEVEED (T lirsil — — |50 |pA |Vip=0V
(FFPRE) P100i#%M,P101) Viy=55V
54 VRO (P100. P101) — — 10.0 Vin=0V
Vin=55V
HEO (BORS) — — 1.0 Vin =0V
P0O00 Z PO03. P200) Vi, = VCC
RO1DS0415EJ0110 Revoe 1o 10 -zENESAS $210,3897

2023%5823H




RA4T1 Datasheet

2. Electrical Characteristics

Table 2.6 1/0 Vou, VoL, and other characteristics (2 of 2)
Parameter Symbol Min Typ |Max |Unit |Test conditions
Input pull-up Ports PO to P5, P8 (except for Ip -300 — -10 | pA VCC=27t03.6V
MOS current ports PO0O to PO03) Vihn=0V
Pull-up current 13C™4 Ics 3 — 12 mA [VCC=3.0t03.6V
serving as the Vin=0.3 x VCC t0 0.7 x VCC
SCL current
source
Input Ports P003, P014, P015, P814, |Ci, — — 16 pF Vbias =0V
capacitance P815 Vamp =20 mV
- ] f=1MHz
Other input pins — — 8 Ta = 25°C

RA4T1 BB 2551AR. BEIFH
£2, 6 I/OV OH. V OL #1H fth4F1%(2 8y 2)
S8 #s Min Typ |[Max |2 |AS&M4
BWNLERL PO E P5. P8IRE (B&RSM lp -300 — -10 |uA |VCC=27t036V
MOS B3 #%0 PO0O ZE P0O03) Vin=0V
NABERTEY 13C™ Ics 3 — 12 mA |VCC=3.0t03.6V
Vin = 0.3 x VCC t0 0.7 x VCC
SCLEBTRIR
=N %M PO03. PO14. PO15. P814. Cin — — 16 pF Vbias=0V
P815 RS = 20 mV
f=1MH
H NG — — 8 Ta= 25"cZ

Note 1. SCLO_A, SCLO_B, SCLO_C, SDAO_A, SDAO_B, and SDAO_C (total 6 pins).

Note 2.

I3C_SCL/SCLO_D, I3C_SDA/SDA0_D (total 2 pins).

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

Note 4.
Note 5.
Note 6.

I3C_SCL/SCLO_D (1 pin). This is the value when IIC high speed mode is selected.
POnPFS.ASEL (n=3)=1
POnPFS.ASEL (n=3)=0

R01DS0415EJ0110 Rev.1.10
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710 SCLO_A. SCLO_B. SCLO_C. SDAO_A. SDAO_B 1 SDAO_C (=23t 6 1N5IR) o
72, 13C_SCL/SCLO_D. I3C_SDA/SDAO_D (&3t 2 1N51f) o

A30 PmnPFSHF R OAREHEEN PR SR NHIE. TREREF/IRA TREMMENSFEEN.

¥4, 13C_SCL/SCLO_D (1 5IH1) » XRiEE IC BREXHIE,
75, PONPFS, ASEL (n=3)=1
¥ 60 PONPFSs ASEL (n=3)=0
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RA4T1 Datasheet 2. Electrical Characteristics RAA4T1 $UER 25EAR. BRISH

2.2.5  Operating and Standby Current 2, 2, 5iZBITHFINER
Table 2.7  Operating and standby current R 2, 7iB1TMFNAEGR
Parameter Symbol |Min|Typ |Max |Unit|Test conditions 3 #s BORE  [Bx |#ruidse
Supply High-speed Maximum'2*13 Icc™ — |— 61 mA | ICLK =100 MHz {HR7E SIERET K *2%13 loc™ — = 61 mA | ICLK =100 MHz
current’? mode PCLKA =100 sl PCLKA =100
CoreMark®"5 "6712 — |82 |— MHz CoreMark ®+5 +6+12 — |82 |— YK
Normal mode | All peripheral clocks enabled, — 135 |— PCLKB - 50 MHz EEER Fra MBI E B B, B ( — 135 |— PCLKB - >0 MHz
hile (1) cod ting fi PCLKG = 50 MHz g = PCLKC = 50 MHz
whni e*iﬂ)zco € executing from PCLKD = 100 1) 1&65}‘/& flash *4x12 #H—I PCLKD = 100
flash MHz IR
All peripheral clocks disabled, — o1 |— FCLK =50 MHz SN B . FE ( — o1 |— FCLK = 50 MHz
while (1) code executing from 1) FXEB M flash *5 «6+12 1T
flash™ 6712
Sleep mode"® — [5.3% |427 BEBRAET(+5 — [5.3% | 427
“12 “13 “12 *13
Increase Data flash P/E — |6 — BGO 12EHR BIRINFE P/E — |6 —
during BGO EIE=h p——
operation Code flash P/E — |8 — RIBIAF P/E — |8 —
Low-speed mode™s “10 — |18 |— ICLK = 1 MHz (IR +5 %10 _ |18 |— ICLK = 1 MHz
Subosc-speed mode™® "1 — |16 |— ICLK = 32.768 Subosc IRERT «5 *11 — |16 |— ICLK =32, 76
kHz 8 kHz
Software Standby mode SNZCR.RXDREQEN = 1 — |— 35 — Y FNEL SNZCRo RXDREQEN =1 — |— 35 —
SNZCR.RXDREQEN =0 — [1.4 — — SNZCR. RXDREQEN =0 — |14 — —
Deep DPSBYCR.DEEPCUT[1:0] = 00b"4 — |16 96 pA | — * DPSBYCR. DEEPCUT[1:0] = 00b *14 — |16 96 pA | —
Software - L/ES
Standby DPSBYCR.DEEPCUT[1:0] = 01b"14 — | 25.6 — S DPSBYCR. DEEPCUT[1:01=01b *14 — |1 25.6 —
mode DPSBYCR.DEEPCUT[1:0] = 11b*14 — |42 204 — = DPSBYCR. DEEPCUT[1:0] = 11b *14 — |42 |204 —
Increase When the low-speed on-chip — 4.2 — — AGT IZ1THE | YKEH LiRHEE (LOCO) — 4.2 — —
when the AGT | oscillator (LOCO) is in use 10 & AR B
is operating - -
When a crystal oscillator for low — |09 — — LA A TR A EHN SRR — |0.9 — —
clock loads is in use Sheshy
When a crystal oscillator for — [1.3 — — YERRATFRERNSMENR — [1.3 — —
standard clock loads is in use iR %2R0
Inrush current on returning from deep Inrush current’® IRusH — [160 |— mA | — MREREFNER BB HIURA RSB E A8 IRUSH — [160 |— mA | —
software standby mode . =i ——
Energy of inrush ERusH — (10 |— puC | — RIBEIRBEE8 ERUSH — (10 |— puC | —
current'd
Analog During 12-bit A/D conversion Alcc, — |08 12 |mA |[— IR | 12 fi A/D FiHA(E) Alce, — |08 12 |mA |—
ower suppl P : i - N
e rent P¥ [ During 12-bit AID conversion with S/H amp Arern [ 123 (33 [ma [— g FEAEF S/H AT 12 i A/D FIRHRIE Alrern [ 123 (33 [ma [—
PGA (1ch) — |1 3 mA |— PGA(1ch) — |1 3 mA |—
ACMPHS (1 unit) — [100 [150 [pA |[— ACMPHS(1 #1i1) — [100 [150 [pA |—
Temperature sensor — |01 02 |[mA |— e R — |01 02 [mA |—
During D/A conversion (per unit) Without AMP output — |02 |06 |mA |— D/A¥:HERE] (BE) 7 AMP it — |02 |06 |mA |—
With AMP output — |07 15 |[mA |— BE AMP i — |07 1.5 |mA |—
Waiting for A/D, D/A conversion (all units) — |05 1.0 |mA |— Z£1F A/D. D/A R (FREEMD) — |05 |10 |mA |—
ADC12, DAC12 in standby modes (all units)™® — (04 6 MA | — FHEN T ADC12. DAC12 (FREETT) *9 — (04 6 MA |[—
Reference During 12-bit A/D conversion (unit 0) AlRerHo |— |70 120 [pA |— SEBEER | 120IA/DFFIRARE (8{10) AlRerHo |— |70 120 |pA |—
ower suppl i p - -
et PPV [ Waiting for 12-bit AID conversion (unit 0) — [oo7 lo5 |wa [— i (VREFHO) Mg 15 1 a/D 4218 (201 0) — [oo7 fos5 [wa |[—
(VREFHO) | ADC12 in standby modes (unit 0) — |007 |05 |pA |— BHIEXTH ADC12 (85T 0) — |007 |05 |pA |—
Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state. 1. BIRERENFAERESIHEEBFREMA LR MOS & FXFIRE,
Note 2. Measured with clocks supplied to the peripheral functions. This does not include the BGO operation. A2, FERRMHAIEIIRENNFHHITIE. XAEHE BGO 121F.
Note 3. Icc depends on f (ICLK) as follows. A3, ICCHBURTFf (ICLK) 3ATFR.
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RA4T1 Datasheet 2. Electrical Characteristics

lcc Max. = 0.24 x f + 37 (max. operation in high-speed mode)
lcc Typ. = 0.07 x f + 2.75 (normal operation in high-speed mode, all peripheral clocks disabled)
Icc Typ. = 0.1 x f+ 1.71 (low-speed mode)
lcc Max. = 0.05 x f + 37 (sleep mode)
Note 4. This does not include the BGO operation.
Note 5. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 6. FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (1.56 MHz).
Note 7. FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (3.125 MHz).
Note 8. Reference value
Note 9. When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (12-Bit A/D Converter 0 Module Stop bit) is in the
module-stop state.
Note 10. FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (15.6 kHz).
Note 11. PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (512 Hz). FCLK is the same frequency as that of ICLK.
Note 12. PLL output frequency = 100MHz.
Note 13. PLL output frequency = 200MHz.
Note 14. For more information on the DBSBYCR register, see section xx.x.xx, Deep Software Standby Control Register (DPSBYCR).

Table 2.8 Coremark and normal mode current

RAA4T1 $UER 25EAR. BRISH

lcc &Ko =0, 24 xf+37 (BEEBERTHRAIRNE)
lcc 28, =0, 07 xf+2, 75 (BFEERX FTESEEIT AABEIINENHEZER) lccTypo =00 1xf+1, 71
(EFEER) lcc Maxo =0, 05 xf+37 (BEERIETR) * 4o XAEIE BGO #21E.

A5, RS TELEEIINEIRERENHES. XFEHE BGO #&1F.

760 FCLK. PCLKA. PCLKB. PCLKC #l PCLKD & HFRIL 64 (1o 56 MHz) o 77, FCLK

« PCLKA. PCLKB. PCLKC #0 PCLKD i&& PRI 64 (3, 125 MHz) &

A8, BEE

A9 MCUR FREFHIERSIMSTPCRD. MSTPD16(121A/D¥ IR EROERIF LML) A FARRZ LIRS,

3£100 FCLK. PCLKA. PCLKB. PCLKC #1 PCLKD & B HBRLL 64 (15, 6kHzZ) o

7E11. PCLKA. PCLKB. PCLKC #1 PCLKD i& B ABRLL 64 (512 Hz) o FCLK 5 ICLK BY3RZEAER,
120 PLLEHSHER = 100MHz 538 13,

PLL it 4% = 200MHz,

E14, DBSBYCRBFEBMEZER, IBBIAE xXo xo xx T, FENGFFHVITHZFFEE (DPSBYCR) ©

£2, 8 Coremark FIIESEER B

Parameter Symbol Typ Unit Test conditions
Supply Current™! | Coremark™2 3 Icc 82 uA/MHz ICLK = 100 MHz
PCLKA =
Normal mode All peripheral 91 PCLKB =
clocks disabled, PCLKC =
cache on, while PCLKD =
(1) code FCLK =
executing from 1.563 MHz
flash™ "3
All peripheral 93
clocks disabled,
cache off, while
(1) code
executing from
flash™ "3
Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 3. PLL output frequency = 100MHz.
100.0
10.0
<
£
O
=
1.0
-40 -20 0 20 40 60 80 100
0.1
Ta (°C)
Average value of the tested middle samples during product evaluation.
----- Average value of the tested upper-limit samples during product evaluation.
Figure 2.2 Temperature dependency in Software Standby mode (reference data)
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May 23, 2023

B "S xm L] i 5
LR BRI +1 FZDHRIS *2 *3 Icc 82 HA/MHz ICLK = 100 MHz
——— PCLKA =
EERN FRASMNEIBYFhEY 91 PCLKB =
BR2MA. EEFT PCLKC =
7t PCLKD =
(1) MIRTE =2 * FCLK = 1o
3 ATHIMES 563 MHz
PR 5 SN BB B b 93
BRMA. BEX
i
(1) MIRTE =2 *
3 BATHIRES
E1. BIRBRENFERES NS BFRERA LR MOS & FXHRE,
F2, EULRE TEIEBIIESRSRENIFES. XFEIE BGO 1.
73, PLL WS = 100MHz,
mITEHR RN X RY b R mAY 19 1E,
100.0
10.0
1.0
40 20 0 20 40 60 80 100
0.1
Ta(°C)
= i EEA E M R Bl R Y 19 (E,
----- P i ER ENE 8RR @B T35 1E,
B2, 2 52, 2 MEEMEL THREATE (BEHIR)
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1000
100 T

ICC (uA)
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1
1
i
1
1
1
1
1
1
1
|
1
]
1
L }
1
)
1
1

10

-40 -20 0 20 40 60 80 100
Ta (°C)

Average value of the tested middle samples during product evaluation.

----- Average value of the tested upper-limit samples during product evaluation.

Figure 2.3 Temperature dependency in Deep Software Standby mode, DPSBYCR.DEEPCUT[1:0] = 00b
(reference data)

100
e ————— T
g --------------------- J—
2 10
Q
S
1
0 20 0 20 40 60 80 100

Ta (°C)

Average value of the tested middle samples during product evaluation.

----- Average value of the tested upper-limit samples during product evaluation.

BT EA AR By L PR AT a2 12 18 o

RAAT1 $iER 25FGAR. B

1000
100 _——‘_____
: ,,—“’—‘—— e
% ~'”'”””w
{‘E wwwwwwwwww
----------------
10
1
40 20 0 20 20 - . o
Ta (°C)

= an A& AR E) N AR B A an A9 I (B
----- e T AR Ay _E BRI B T ME.

B2, 3 REREEVER FAEE &I, DPSBYCR, DEEPCUTI1:0] = 00b Bl 52, 3 FEHEFNEN THLEEKHEIE,
AN SRAM 1 USB re {8 (BE#E)

m s HAIE) LAY L PR fm By T 1E.

100
e ———————T T I
¢ 10
1
40 20 0 20 40 60 80 100

Ta (°C)

= mm S HER E) s P B A an BY F 39 (B,
----- = TR eI AY R BV (E.

Figure 2.4 Temperature dependency in Deep Software Standby mode, DPSBYCR.DEEPCUT[1:0] = 01b
(reference data)
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B2, 4 REREFVER T IUERE K%, DPSBYCR, DEEPCUT[1:01=01b B 52, 4 RERGHFIIER FREREKEIE,
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100

AEHR A

ICC (uA)
I
o
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1
1
1
1
1
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]
1
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1
1
i
i
1
1
i
i
i
i
i
]
i
]
1
1
i
i
]
]
I
i
1
i
1
i
1
1
1
1
1
EFFE R
=
o
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DI HA BT B L S A o B 1 3 15 o
100

1 1
-40 -20 0 20 40 60 80 100 40 20 20 40 60 80 100
Ta (°C) Ta (°C)
Average value of the tested middle samples during product evaluation. = i R A (e A | A T3 (E,
----- Average value of the tested upper-limit samples during product evaluation. e« 7 G AR HA B) M 320 Y _E PR A SR BV 39 (B
Figure 2.5 Temperature dependency in Deep Software Standby mode, DPSBYCR.DEEPCUT[1:0] = 11b B2, 5 RERESHER THEE K1 DPSBYCR, DEEPCUT[1:0]1=11b (&£ %iE)
(reference data)
2.2.6  VCC Rise and Fall Gradient and Ripple Frequency 2.2.6  VCC KB EMSUKINE
Table 2.9  Rise and fall gradient characteristics ®2 9 R EEAFE
Test izt
Parameter Symbol Min Typ |Max |Unit conditions 88 i S Min Typ |Max | &#fi 4
VCC rising gradient | Voltage monitor O reset disabled at startup SrvcC 0.0084 |— |20 |ms/V |— VCCEABE BB EENSE 0 EEREA SrvcC 0.0084 |— |20 |EBNV | —
Voltage monitor O reset enabled at startup 0.0084 |— — — BN EABELEME0EER 0.0084 |— |— —
SCI boot mode ™’ 0.0084 |— |20 — SCIB BN *1 0.0084 [— |20 —
VCC falling gradient sfvce 0.0084 |— |— |msV |— VCC THEBE SfvCC 0.0084 |— |— [|®EBNV |

Note 1. At boot mode, the reset from voltage monitor 0 is disabled regardless of the value of the OFS1.LVDAS bit.
®2, 10 LAMTHEBEMSURSAEE

Table 2.10 Rising and falling gradient and ripple frequency characteristics

The ripple voltage must meet the allowable ripple frequency fycc) within the range between the VCC upper limit (3.6 V) and lower limit (2.7
BB E T E AR FRERE dt/dVCCo

A1 ERMET,EIILOFS1BIEMNF BEAREBELMBONE (L, LVDAS fio

VCCEPRB. 6V) FTRQ2, 7V) ZIEKSEER LUK BELIRBAFHSORIAEN (VCO) o

VCCT BT VCC +10%t, A T5% & 72

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 88 e 88 s RX By Mt 514
Allowable ripple f (veo) — — 10 kHz Figure 2.6 AFHISUR SR fr (vea) — — 10 T El2. 6
frequency Vr(vcc)sVCC x 0.2 Vr (VCQ) =VCCx 0o 2
— — 1 MHz Figure 2.6 — — 1 I B2, 6
Vi (vee) € VCC x 0.08 Vr (VCC) =VCCx 0, 08
— — 10 MHz Figure 2.6 — — 10 JK ik B2, 6
Vr (vee) < VCC x 0.06 Vr (VCQ) =VCCx 0, 06
Allowable voltage dt/dvce 1.0 — — ms/V When VCC change AYFHEBETK dt/dvcc 1.0 — — =BV W VCC T b8 VC
change rising and exceeds VCC £10% AN TERE C £10% BY
falling gradient
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4 1 / fr(VCC) »l 1/fr (veo)
Y
VCC m Vrveo) VCC m vr (veo)
v v
Figure 2.6 Ripple waveform 2, 6 BURIKHS
2.2.7  Thermal Characteristics 2, 2, 745
Maximum value of junction temperature (Tj) must not exceed the value of “section 2.2.1. Tj/Ta Definition”. 58 (T) HNRAERSEE 6 2, 2, 1 THE, Tj/TaEX ™.
Tj is calculated by either of the following equations. T HEUTE—FEITE,
e Tj=Ta+ 6ja x Total power consumption e Tj=Ta+0jax DINFE
o Tj=Tt+ Wjt x Total power consumption o Tj=Tt+Yjtx 2RI
— Tj : Junction Temperature (°C) — T &R E (°0)
— Ta: Ambient Temperature (°C) —Ta IR EBE (°Q)
— Tt : Top Center Case Temperature (°C) — Tt:INER R OVE R E (°0)
— 0ja: Thermal Resistance of “Junction”-to-“Ambient” (°C/W) — Bja:"Junction”-to-"Ambient” (°C/W) BIFAE
— Yjt: Thermal Resistance of “Junction”-to-“Top Center Case™ (°C/W) — Yjt:“Junction”-to—“Top Center Case” (°C/W) EY#4pE
e Total power consumption = Voltage x (Leakage current + Dynamic current) e RINE =BEx CERBEE + sIEER)
e Leakage current of IO =X (I, X Vor) /Voltage + X ([Igg| X [VCC — Vog|) /Voltage e [0=7 HUitREER (oL > Vou)/BIE +3 (lonl x [VCC- Vor|)/BE
e Dynamic current of 10 = X IO (Cj,, + Cjoaq) * 10 switching frequency x Voltage e IOMEEEBA =10 (Cin+ CHRE) xIOFXIMExHE
— Cj,: Input capacitance - CnNBER
— Cjoad: Output capacitance - CAzimEBAXTF0jafMvitiES
Regarding 6ja and Wjt, refer to Table 2.11. %2, 11
Table 2.11 Thermal Resistance £2, 1 e
Parameter Package Symbol Value™ Unit | Test conditions >3 12k EhEs) {E*1 Bl R
Thermal Resistance 32-pin QFN (PWQNO0032KE-A) Bja 36.8 °C/W | JESD 51-2 and 51-7 PR 325[MIQFN (PWQNO032KE-A) Bja 36.8 °C/W | FE& JESD 51-2 M5
32-pin LQFP (PLQP0032GB-A) 615 compliant 3231HILQFP (PLQPO032GB-A) 615 -7
48-pin QFN (PWQNO0048KC-A) 29.7 483IHIQFN (PWQNODABKC-A) 29.7
48-pin LQFP (PLQP0048KB-B) 62.1 485|HILQFP (PLQP0048KB-B) 62.1
64-pin LQFP (PLQPO064KB-C) 413 643/HILQFP (PLQPOO64KB-C) 413
32-pin QFN (PWQNO0O032KE-A) Wit 0.36 °C/W |[JESD 51-2 and 51-7 325|FIQFN  (PWQNOO032KE-A) Wit 0.36 °C/W |5 & JESD 51-2 5
32-pin LQFP (PLQP0032GB-A) 2.72 compliant 3231HILQFP (PLQPO032GB-A) 272 1-7 5
48-pin QFN (PWQNO0048KC-A) 0.27 485|HIQFN (PWQNO0048KC-A) 0.27
48-pin LQFP (PLQP0048KB-B) 2.72 4835|R#ILQFP (PLQP0048KB-B) 272
64-pin LQFP (PLQP0064KB-C) 1.39 645|HILQFP (PLQPO064KB-C) 1.39
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 1o 4ARRNEASEE, AEEBRTFRINEHRIR T, 1FBESIFIEDECIR &,
board. For details, refer to the JEDEC standards.
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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
Dynamic current/ MCU Frequency Current Current™!
Leakage current Domain Category Item [MHZz] [uA/MHZ] [mA]
Leakage current Analog LDO and Leak™ Ta=75°C™ — — 25.10
Ta=85°C™ — — 30.64
Ta=95°C" — — 35.90
Ta=105°C’3 — — 41.60
Dynamic current CPU Operation with Coremark 100 57.151 5.72
Flash and SRAM
Peripheral Unit Timer GPT16 (6ch)™ 100 8.480 0.85
POEG (4 Groups)™ | 50 1.171 0.06
AGT (2ch)* 50 3.967 0.20
WDT 50 0.635 0.03
IWDT 50 0.261 0.01
Communication SCI (2 ch)™ 100 5.607 0.56
interfaces
I3C 100 8.483 0.85
CANFD 50 2.680 0.27
SPI (2ch)*4 100 5.739 0.57
Analog ADC12 100 2.229 0.22
DAC12 (2ch)™ 100 0.602 0.06
ACMPHS (3ch)* |50 0.135 0.01
TSN 50 0.277 0.01
Event link ELC 50 0.562 0.06
Security TRNG 100 0.013 1.27
Data processing TFU 100 0.330 0.03
accelerator
Data processing CRC 100 0.363 0.04
DOC 100 0.133 0.01
System CAC 50 0.777 0.04
DMA DMAC 100 5.771 0.58
DTC 100 4.843 0.48

Note 1. The values are guaranteed by design.
Note 2. LDO and Leak are internal voltage regulator’s current and MCU’s leakage current.

It is selected according to the temperature of Ta.
Note 3. A(Tj-Ta) = 20 °C is considered to measure the current.
Note 4. To determine the current consumption per channel or unit, divide Current [mA] by the number of channels, groups or units.

Table 2.13 shows the outline of operation for each unit.

Table 2.13 Outline of operation for each unit (1 of 2)
Peripheral Outline of operation
GPT Operating modes is set to saw-wave PWM mode.
GPT is operating with PCLKD.
POEG Only clear module stop bit.

R01DS0415EJ0110 Rev.1.10
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RA4T1 $iER 2IRBGAR. B
2, 2, 7o 11CCmax BIitEHIE™
&2, NREBRTEBITETHINE,
®2 12 S BTN
ENAE T/ McU bIES E L] Hai+1
st E o) 51 M [k [uA/MHz] RS
R E R =t LDO FittifE =2 Ta=75°C™ — — 25.10
Ta=85°C™ — — 30.64
Ta=95°C™ — — 35.90
Ta =105 °C"3 — — 41.60
IEN=2i CcPU 1R1ES AN T 100 57.151 5.72
A7 SRAM
= bul==Yini ERYEE GPT16 (6ch) *4 100 8.480 0.85
POEG(4 #8) *4 50 1.171 0.06
AGT(2ch) *4 50 3.967 0.20
WDT 50 0.635 0.03
IWDT 50 0.261 0.01
BEEO SCI (2 ch)™ 100 5.607 0.56
13C 100 8.483 0.85
CANFD 50 2.680 0.27
SPI(2ch) 4 100 5.739 0.57
L ADC12 100 2.229 0.22
DAC12 (2ch) 4 100 0.602 0.06
ACMPHS (3ch) *4 50 0.135 0.01
TSN 50 0.277 0.01
SEThEE ELC 50 0.562 0.06
sy TRNG 100 0.013 1.27
R IRIN RS TFU 100 0.330 0.03
BRI CRC 100 0.363 0.04
DOC 100 0.133 0.01
EAS CAC 50 0.777 0.04
DMA DMAC 100 5.771 0.58
DTC 100 4.843 0.48
o XEMEBETIITFERIE
72, LDOFLeak 2 M EBFRE 23 AV BB MA MCURYIR BB o
TaBy R ERIEE,
3o A (Tj-Ta) =20°C#IAARTLUNE BT,
F4, BHESMBEEN R THBEMERE BERER ImAl BRLUBE. AETHRE,
&2, 13 ETRTETRTNRERE,
®2, 13 STATHREREQ a1 1)
Ain BRIERH
GPT BERIIGENERPWMET,
GPT £/ PCLKD i&1T.
POEG QB EMBIERE L,
RO1DS0415EJ0110 Revs 1o 10 #2889 T
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RA4AT1 $iE&R

28R

N=IN-]

RAiRo

Gt

+2, 13 S1METMIREREQ MBI 219)
RAin BIERH

AGT AGT 5 PCLKB —#2i517,

WDT WDT £ PCLKB i&1To

IWDT IWDT 5 IWDTCLK —#2iE1T,

scl SCIIETE LABY R R F 8 R 1Z R,

I3C BEBIREABCRERET.

BCIEEUFEEREHEE,

CANFD CANFDIETE A BRI 1 fZ Al iR,
SPI SPIRTNIR B A SPIIRIE(4 £%35) o

SPIE/MRHIRE R TR,
SPIETEfE 48 2L E ¥R,

ADC12 DMRERIREN 12 (IHEE,
IR FRIRENA/DERRIVIEER,
ADC12IETE USSR TR RIR BN

DAC12 DACT2 IEfE i IR E R, FIN EMHUIBET FLEME,
ACMPHS IVCMP2 1 IVREFO Z (8137 LL IR HREDE LL B4 o
TSN TSN [EFFIETT.

ELC REBEWHIERE L,

TRNG TRNGIEFEHRITRER BN,

TFU AT sincos #1E.

CRC CRCIETEMEA 3211 CRC32-CH M E B CRCH,
DOC DOC TEHIBFINRR TiET,

CAC M BAREt$0i% & AIPCLKB,

MESE B HIRE NIPCLKB,
CACIETE N E B ¢ E

Table 2.13 Outline of operation for each unit (2 of 2)
Peripheral Outline of operation
AGT AGT is operating with PCLKB.
WDT WDT is operating with PCLKB.
IWDT IWDT is operating with IWDTCLK.
SCI SCl is transmitting data in clock synchronous mode.
I3C Communication format is set to I3C-bus format.
I3C is transmitting data in master mode.
CANFD CANFD is transmitting and receiving data in self-test mode 1.
SPI SPI mode is set to SPI operation (4-wire method).
SPI master/slave mode is set to master mode.
SPl is transmitting 8-bit width data.
ADC12 Resolution is set to 12-bit accuracy.
Data registers is set to A/D-converted value addition mode.
ADC12 is converting the analog input in continuous scan mode.
DAC12 DAC12 is outputting the conversion result while updating the value of data register.
ACMPHS Compare between IVCMP2 and IVREFO and enable compare output.
TSN TSN is operating.
ELC Only clear module stop bit.
TRNG TRNG is executing built-in self test.
TFU Performs sincos operations.
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.

DMAC FHHIENLL R KEIRE 32,
FEEIRE M I F R,
DMAC IETER#UEM SRAMO £ %] SRAMO,

DTC REEBIBN LS KEIRE N3,
RN E AR EERET,
DTC [ETEREKIEM SRAMO £ El SRAMO.

22.7.2 Example of Tj calculation
Assumption :

e Package 64-pin LQFP : 6ja=41.3 °C/W

e Ta=100°C

® [ccmax =40 mA

e VCC=3.5V (VCC=AVCCO0)

o Iog=1mA, Vog=VCC-0.5V, 8 Outputs

o Ior. =20mA, VoL =1.0V, 6 Outputs

o Iop =1mA, Vgr =0.5V, 8 Outputs

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

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

Leakage current of IO =X (VoL % IoL) / Voltage + Z ((VCC - Vop) x lon) / Voltage

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

R01DS0415EJ0110 Rev.1.10
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2.2.7.2
frrig:
@ 13k 64 5IR LQFP:Bja = 41, 3°C/W
e Ta=100°C
e I-cmax =40 mA
@®VvVCC=3, 5V (VCC=AVCCO)
@IOH=1mAVOH=VCC-0, 5V,8 Mt
@I0L=20mAVOL=1, 0V,6 Mtk
@I0L=1mAVOL=0, 5V,8 Nl
@ Cin=8pF,8 M5IMMANIMZE = 10 MHz
@ C T %, = 30 pF,8 51 ff JaHHA=R = 10 MHz

Tj 1t ERIRGI

[0=3 (VOL=IOL) /BBE+3( (VCCVOH) xIOH) /EBERHEIREMR

=(20mMAx1V) x6/3, 5V+(1mAx0, 5V) x8/3, 5V+( (VCC (VCCO,

5V) )x1mA) x8/3, 5V
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RA4T1 Datasheet 2. Electrical Characteristics RAA4T1 $iER 2BBRA, BRI
=3429mA+1.14 mA +1.14 mA =340 29mA+1, 14mA+1, 14mA
=36.6 mA =36, 6EE
Dynamic current of IO = % 10 (Ci + Cioaq) * 10 switching frequency x Voltage IO ENZS BB =310 (Cin+Cload) x 10 FF X80 x BE
= ((8 pF x 8) x 10 MHz + (30 pF x 8) x 10 MHz) x 3.5 V = (8 pF x 8) x 10 MHz + (30 pF x 8) x T0MHz) x 30 5V
=10.6 mA =10, 6EE
Total power consumption = Voltage x (Leakage current + Dynamic current) BInFE =BE x (HRER + HBEBR)
= (40 mA x 3.5V) +(36.6 mA +10.6 mA) x 3.5V =(40mAx3c 5V) + (360 6MA+10, 6mA) x3, 5V
= 305 mW (0.305 W) =305 mW (0. 305 W)
Tj =Ta + 8ja x Total power consumption Tj =Ta+0jax RIFE
=100 °C +41.3 °C/W x 0.305 W =100°C+41, 3°C/W x 0o 305W
=112.6 °C =112, 6°C
2.3 AC Characteristics 2, 33 HEH
2.3.1 Frequency 2, 3, 188FE
Table 2.14  Operation frequency value in high-speed mode %2, 14 SIRERX TRIRESREE
Parameter Symbol |Min Typ Max Unit 88 7S Min Typ Max B
Operation frequency System clock (ICLK) f — — 100 MHz BRI REH (iclk) f — — 100 MHz
Peripheral module clock (PCLKA) — — 100 SMEGIEIRETSER (PCLKA) — — 100
Peripheral module clock (PCLKB) — — 50 SMZIRRETEE (PCLKB) — — 50
Peripheral module clock (PCLKC) "2 — 50 SMEIRRBYS (PCLKC) "2 — 50
Peripheral module clock (PCLKD) — — 100 SMEIRRETSR (PCLKD) — — 100
Flash interface clock (FCLK) " — 50 NFEON® (FCLK) " — 50
Note 1. FCLK must run at a frequency of at least 4 MHz when programming or erasing the flash memory. F1o FCLK EREHIRFRAFRMBAUE LD 4 MHz BISAEKIETT,
Note 2. When the ADC12 is used, the PCLKC frequency must be at least 1 MHz. 2, HERADCT2EY, PCLKCAIE MM ZE 91 MHzo
Table 215  Operation frequency value in low-speed mode F£2, 15 {EEEX TR (ESREE
Parameter Symbol | Min Typ Max Unit 88 "7 Min Typ Max LY
Operation frequency System clock (ICLK) f — — 1 MHz BRIERE REBH (iclk) f — — 1 MHz
Peripheral module clock (PCLKA) — — 1 SMEIRRETSE (PCLKA) — — 1
Peripheral module clock (PCLKB) — — 1 SMEIRRBTSE (PCLKB) — — 1
Peripheral module clock (PCLKC) 2 —"2 — 1 SMEREERETER (PCLKC) 2 2 — 1
Peripheral module clock (PCLKD) — — 1 SMEIEIRBYSE (PCLKD) — — 1
Flash interface clock (FCLK)"! — — 1 NFEOR# (FCLK) *1 — — 1
Note 1. Programming or erasing the flash memory is disabled in low-speed mode. Flo FREREN TRERAREFIZMRINZ,
Note 2. When the ADC12 is used, the PCLKC frequency must be set to at least 1 MHz. A2, HBERAADCT2EY, PCLKCHIZE NI E A E 1 MHzo
RO1DS0415EJ0110 Reve 1o 10 %3089 T
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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)"! 29.4 — 36.1
Note 1. Programming or erasing the flash memory is disabled in Subosc-speed mode.
Note 2. The ADC12 cannot be used.
23.2 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)”! | tuainoscwT | — — —"1 ms | Figure 2.8
LOCO clock oscillation frequency fLoco 29.4912|32.768 | 36.0448 | kHz | —
LOCO clock oscillation stabilization wait time tLocowT — — 60.4 us | Figure 2.9
ILOCO clock oscillation frequency fiLoco 13.5 15 16.5 kHz |—
MOCO clock oscillation frequency Fmoco 6.8 8 9.2 MHz | —
MOCO clock oscillation stabilization wait time tmocowT — — 15.0 us | —
HOCO clock oscillator oscillation Without FLL fuoco1e 15.78 16 16.22 MHz | -20 < Ta < 105°C
frequency
fuoco1s 17.75 18 18.25
fuocoz2o 19.72 |20 20.28
fuoco1e 15.71 16 16.29 —-40<Ta<-20°C
fuoco1s 17.68 18 18.32
fuocoz2o 19.64 |20 20.36
With FLL fuoco1e 15.960 |16 16.040 —-40<Ta<105°C
Focors 17955 |18 18.045 ig(t))—;:‘l)?rc]:k frequency accuracy is
fuocoz2o 19.950 |20 20.050
HOCO clock oscillation stabilization wait time*2 tHocowr | — — 64.7 us | —
HOCO period jitter — — +85 — ps |—
FLL stabilization wait time trLLwT — — 1.8 ms |—
PLL clock frequency feLL 100 — 240 MHz | —
PLL clock oscillation stabilization wait time tPLLwT — — 174.9 us | Figure 2.10
PLL period jitter fpLL = 120MHz | — — 100 |— ps |—
fpLL < 120MHz | — — +120 |[— ps |—
R01DS0415EJ0110 Rev.1.10 RENESAS Page 31 of 89
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RAA4T1 $iER 2BBRA, BRI
®2, 16 Subosc FER TR (ESAEME
o3 75 Min Typ Max 1]
(S TES Ao (iclk) f 29.4 — 36.1 kHz
SMERRIRBYER (PCLKA) — — 36.1
SMEARIRBTSH (PCLKB) — — 36.1
IMRIERESSER (PCLKC) *2 — — 36.1
SMRIERES SR (PCLKD) — — 36.1
INFEOR# (FCLK) *1 29.4 — 36.1
E1o 1E Subosc RERR T RARIERIFEIRNF,
A2, ADC12 FEefER.
2, 3, 2 B¥§hited
®2, 17 B shERS FEIERIRHBRERIM2 N PEY 1 )
8% Hs ® x| B B | MREM
EXTALSMER B $%a N\ J5 HR AT (8] tEXCyC 4166 |— — ns |E2 7
EXTALSMERBS g N S BX R B2 LEXH 1583 |— — ns
EXTAL FMERES $his N 1EBX R S LEXL 1583 |— — ns
EXTALMERES $_E 7B 8] EEXT — — 5.0 ns
EXTAL FhERBT $hist 5% B &) tEXf — — 5.0 ns
F I HPIRHER IR E= 8 — 24 MHz =
FIIHIRHISE FRFBTE] (RF) =1 t MainOSCWT — " ms |E2. 8
LOCO BY #hifRSH M= f &R 29, 4912|32, 768 B6o 0448 KHz —
LOCO B $iRSH A2 E FF5 0T 18] BT — — 60.4 ps | B2 9
ILOCO BY#hifRsH 4 EEsT 13.5 15 16.5 T —
MOCO BY #h#fRSZ MR Fmoco 6.8 8 9.2 MHz 1—
MOCO B $3fk 5713 T F 15 BT 18] tREH — — 15.0 s | —
HOCO B $f5% 83 R % SR FFLL fHOCO16 15.78 |16 16.22 |MHz+20=Ta=105°C
fHOCO18 17.75 18 18.25
fHOCO20 19.72 20 20.28
fHOCO16 1571 |16 16.29 -40 =Ta=-20°C
fHOCO18 17.68 18 18.32
fHOCO20 19.64 20 20.36
5FLL fHOCO16 15.960 |16 16.040 -40 = Ta = 105°C FEY FhEAERAE
fHocO18  [17.955 |18 18.045 B% 50 ppm.
fHOCO20 19.950 |20 20.050
HOCO B k5% AR E S 50T 1] +2 tEEH — — 64.7 pus | —
HOCO By A%l &h — — +85 | — ps |—
FLL 38 E S 15aT1a) tFLLWT — — 1.8 ms |—
PLL BY ghsfiR fPLL 100 — 240 MHz 1~
PLL BY$iRSH AT E S50 1] tPLLWT — — 1749 |ps |BE2, 10
PLLAHA#IED fPLL=120MHz | — — #100 |— ps |—
fPLL < 120MHz|— — 120 |— ps |—
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Table 2.17 Clock timing except for sub-clock oscillator (2 of 2)

Parameter Symbol Min Typ Max Unit | Test conditions

PLL long term jitter — — +300 |— ps Term: 1ps, 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 (fyuoco) reaches the range for guaranteed
operation.

Table 2.18 Clock timing for the sub-clock oscillator

Parameter Symbol Min | Typ Max | Unit | Test conditions
Sub-clock frequency fsus — 32.768 — kHz | —
Sub-clock oscillation stabilization wait time tsusoscwT — |— " 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.

txH txL

EXTAL external clock input [ vccx 0.5

txr txt

RAAT1 BiER 25EAR. BRISH

®2, 17 BIEPTERT FEIERRHERERIMN2 1S REY 2 1)

o3 #s 4 S BX B | ARG
PLL & HA#l5h — — +300 |— ps | ARi&:Tus. 10us

Ao REFNWIRHEN, BIRHRFEFHITIRZITE FHFREREAENUNIREHIREN B, & MOSCWTCR HERRENETHATH
FENE,

MOSCCRo MOSTP{i FH 8B 201 B FF 44 E IS SR 1F 5, 3R EXOSCSFo MOSCSFATEHAIA N1, A FHIAE R TR %28,

F2, XREMEMREERE HOCO IRFHIME (fHOCO) AERIEZITEERIAEL

®2, 18 F B bR % 2% BV B b IE BY

88 b= Min | Typ Max | 21 [ MR G
F oS phsTizE fsus — |32768 — |kHz |—
FEHIRH T2 E F 018 t SUBOSCWT — |= —"|s E2, 11

Elo FRMIRSRIREN, BRIRSEFER BRI H B ERENENNIRHRER 8,
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Figure 2.7 EXTAL external clock input timing
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Figure 2.8 Main clock oscillation start timing
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2. Electrical Characteristics

On-chip oscillator output

LOCO clock

LOCOCR.LCSTP \

T\ J NSNS S

tLocowt

I A WAV

Figure 2.9 LOCO clock oscillation start timing
PLLCR.PLLSTP NK
[(4 [(4
PLL circuit output mﬂf\_/_\_/_
teLLwT
OSCSF.PLLSF
(I( «
PLL clock
Figure 2.10  PLL clock oscillation start timing
SOSCCR.SOSTP \
% )
Sub-clock oscillator output W—\-‘, m N
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 trReswp | 0.7 |[— |[— ms | Figure 2.12
Deep Software Standby mode trReswp |06 |[— |[— ms | Figure 2.13
Software Standby mode, Subosc-speed trResws 0.3 |— |— ms
mode
All other tResw 200 |— |[— us
Wait time after RES cancellation trReswt |— |37.3|41.2 |us |Figure 2.12
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tETRAS
MZERT5h % \ / \ /
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PLLCR, PLLSTP
t PLLWT
OSCSFo PLLSF
(4 «1
PLL B §h
B2, 10 PLL BT $hiR%H 08T B
SOSCCR, SOSTP \
t SUBOSCWT
FEY5H ) F\/
45 %5
B2, 11 FEFeRIR S A ST
2.3.3 S EER
+£2, 19 EEERQ H8Y1)
B BERINKR BA | BriitEs
RES Bk E FFHL tRESWP | 0.7 |— |— ms |B2, 12
REREFNER tRESWD |06 |— |— ms |E2. 13
REFVER. Subosc BEIET tRESWS |03 |— |— ms
FrEHf tRESW 200 |— |— us
RESEVH G &R0 IE] tRESWT | — [37.3(412 |ps |BE2, 12
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RA4T1 Datasheet

2. Electrical Characteristics

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 |us |—
(IWDT reset, WDT reset, software reset, SRAM parity error reset, SRAM ECC error
reset, bus master MPU error reset, TrustZone error reset, Cache parity error reset)
£5 £5
VCC 1 VCCmin
£5
RES 1
) tRESWP (
Internal reset signal
(low is valid) ,,,, f,f,
tRESWT

Figure 2.12  RES pin input timing under the condition that VCC exceeds VpgRr voltage threshold
treswp, trResws, tRESW
_SS—
RES 7—
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 | Crystal resonator System clock source is tsgyme 13 |— |21 |24 |ms |Figure 2.14
Software Standby connected to main clock | main clock oscillator 2 The division ratio of all
mode”? oscillator oscillators is 1.
System clock source is tsgypc 13 |— |22 |26 |ms
PLL with main clock
oscillator™
External clock input to System clock source is tseyex 13 |— |45 125 |pus
main clock oscillator main clock oscillator™
System clock source is tsgype 13 |— | 170 |255 |us
PLL with main clock
oscillator
System clock source is sub-clock oscillator™® *11 tsgysc 3 |— (0.7 |08 |ms
System clock source is LOCO™” "1 tsgyLo ' |— |07 |09 [ms
System clock source is HOCO clock oscillator™® tseyno 13 |— |55 | 130 |us
System clock source is PLL with HOCO™ tsgypy 13 |— | 175 |265 |ps
System clock source is MOCO clock oscillator 10 tseymo 13 |— |35 |65 |us
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RA4T1 B 2551AR. BRI
£2, 19 EEE(2 Y 2)
s e BA | BridEs
AR EEEUE G FFETE] tRESW2 |— |324 |397. Pus |—
(IWDTE L. WDTE L. HHEENI. SRAMBFERINFEIREI. SRAM ECCHIRE
fii. BEEMPUEIRENI. TrustZoneBiRE M. EEFEFBRIEIREN)
vce i VCCmin Y
RES L7
< t RESWP
ABEMES (K 5
HR) ss ss
t RESWT
B2, 12 VCCit8idV PORH[E H{E % {4+ T HIRES S| Blia N E B
tRESWD. tRESWS. t RESW
S—
RES 71
ARBSMES (K
a3 \
t RESWT
B2, 13 EERAEN
2, 3, 4MfRAY|a)
£2, 20 MIEIhFEER R S 86181 (2 AT 1)
s we BOER (B | BREs
TRE SR M SRE IR IEIED 6T RS HIRE iR tseymc3 | — 121 |24 |ms |El2, 14
REFVIIER HiRH s SHEe2 Fjﬁﬁ?ﬁ%%‘%ﬂ’ﬂl‘%iitb
ya ‘]o
RENHRE tsBYPC#13 | — |22 |26 |ms
T ER IR HESE P
LL*3
SN ER B Eh A N B 3 BY A HIRE TN iR tSBYEX*13 | — |45 125 |us
BiRHes Shes+4
RERHIREE tSBYPEX13 | | 170 |[255 |us
B ENIRHER P
LL*5
RAR RN FII IR 256 *11 tseysc«13 | — |07 [0.8 |ms
RGRTENEIILOCO +7 *11 utkEa3 | — |07 |09 |ms
AR AHOCORT #7575 85+8 tHittE13 | — | 55 130 |us
RGIRYENER PLL S HOCO 9 tseveHe13 | — | 175 |265 |ps
RFABHIRAIMOCOR R 725410 tSBYMO 13— 35 65 us
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RA4T1 $hiE&R 2IRIBIR. BRI
®2, 20 METhEEE R B BYBTE] (2 of 2)
B we BER [ BX | BT
RE BB M DPSBYCR. DEEPCUT[1]=0#0 t DSBY — 10.38 {054 |ms |E2, 15
RERM DPSWCR. WTSTS[5:0] = OxOE
s

DPSBYCR, DEEPCUTI1]=1#1 tDSBY — 10.55 |0.73 [ms

DPSWCRo, WTSTS[5:0] = 0x19
BUH R E R A AR R B 1504 78] toseYwT |56 |— |57 |
R B i) A X R GER SRR AR R e — [35%1270x124s | E2. 16
?Mﬁsﬁ&gﬁgg HOCO (20 MHz)
HEERA L R A RN B R N e AR

MOCO (8 MHz)

RA4T1 Datasheet 2. Electrical Characteristics
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.DEEPCUTI[1] = 0 and tpsey — 10.38 |0.54 |ms |Figure 2.15
Deep Software DPSWCR.WTSTSI[5:0] = Ox0E
Standby mode
DPSBYCR.DEEPCUT[1] =1 and tpsy — 1055 |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 - . . .
mode High-speed mode when system clock source is tsnz — (112 14"2| us
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

Note 2.

Note 3.

Note 4.

Note 5.

Note 6.
Note 7.
Note 8.
Note 9.
Note 10.
Note 11.
Note 12.

Note 13.

determined with the following equation:

Total recovery time = recovery time for an oscillator as the system clock source + the longest tSBYOSCWT in the active oscillators -
tSBYOSCWT for the system clock + 2 LOCO cycles (when LOCO is operating) + Subosc is oscillating and MSTPCO = 0 (CAC
module stop))

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.

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

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

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

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.

A1 MEMNBRAZRRHRRE, HZMRHBLTERE, AT LUERUTFXHE RS E:

SIRERE = (EARFNHIRNIRZBIIRERNE + KA EEIRHES tSBYOSCWT R IKAY tSBYOSCWT + 2 N LOCO AH (

3 LOCO iB1T8Y) + Subosc IEEFEIRHFH B MSTPCO =0 (CAC EIR{ZLE) )

2, 24

MHzBY BARUSAE (EHRHBEFHTRIFESE (MOSCWTCR) IREHI0x05), AERET #9X 2IRBERNEAREN 1.

E30 PLLASAZER 7200 MHZEY (ER#PIRHBRFFIEHFESE (MOSCWTCR) IRENOX05), RERRT #XI D IR ERNRAE NS

4, 24

MHz (ERHRHBEFFHTHIFFSE (MOSCWTCR) IRE/I0x00)8Y, AERES HRI D IREBEM R KEN 1.

E50 PLLASIZR 7200 MHzRY (ER#PIRHBRFFIEHFESE (MOSCWTCR) IRENOx00), RERRT #XI D IR ERRAE NS

X6 FRIHPIRHIIMEN 32, 768 KHz, NEBRT#AXI D IRERIRKEN 1o

A7, LOCOSME 32, 768 kHz, AERET HPRI D IR EMRAEN,

728, HOCOSZE 7920 MHz, ABBRT HHRI IR BRIRAE N1, 79 PLLITER 200 MHz, RERET #9XI 21K E
HEAENL 10, MOCOSAE 198 MHz, ABRET #9353 BN R AE N1,

11, Subosc EERN T, FEHRHIT LOCO ERHRHNBER THEIR .
712, SNZCR. RXDREQEN{UI&E 0BT, RN T BT EIE N RIRIREBTE:16 us (BREYE) ,48 us (RAME) o

E13, RERTEIR LLAAtSBYOSCWT+tSBYSEQM A2t E., HERURAUTEMAERMBEE . NS, MRS #9218 E PR AE

[

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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D5 AR B j) S BY MAX Bl
TSBYOSCWT TSBYSEQ TSBYOSCWT TSBYSEQ

TSBYMC (MSTS[7:01+32 + 3)/ 35+ 18/fICLK + 4n/fMAIN (MSTS[7:01+32 + 14/ 62 + 18/fICLK + 4n/fMAIN ps
0.262 0.236

tsbypc (MSTS[7:01+32 + 34)/ 35 + 18/fICLK + 4n/fPLL (MSTS[7:01+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 ps

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 s

TSBYLO 0 35+ 18/fICLK + 4n/fLOCO 0 62 + 18/fICLK + 4n/fLOCO s

TSBYHO 20 35+ 18/fICLK + 4n/fHOCO 67 62 + 18/fICLK + 4n/fHOCO s

TSBYPH 140 35+ 18/fICLK + 4n/fPLL 202 62 + 18/fICLK + 4n/fPLL s

TSBYMO 0 35 + 18/fICLK + 4n/fMOCO 0 62 + 18/fICLK + 4n/fMOCO s
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Software Standby mode cancellation timing
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RA4T1 $UBE

25FGAR. B

Oscillator | |

IRQ

£

—Ls—

”

£

£

UL

Deep Software Standby

”

£

reset
(low is valid)

”

£

”

(4

”

Internal reset
(low is valid)

”

£

”

<

Deep Software Standby mode

tossy

=% 28

IRQ

—Ls—

R4

£

£

JuREj

RERARENL

R4

£

)E (REX

R4

£

”

[(4

14

NBEE (
KRB

R4

£

14

<
<

REREH/IRN

A

<«— toseywr

T

Reset exception handling start

Figure 2.15

Deep Software Standby mode cancellation timing
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ICLK (except DTC, SRAM)
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A
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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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RSHes

ICLK (DTC. SRAM F&4h)

ICLK (DTC. SRAM) 1 PCLK

JUT

£

JUT

”

£

JUT

”

£
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Figure 2.16  Recovery timing from Software Standby mode to Snooze mode
235 NMI and IRQ Noise Filter
Table 2.21 NMI and IRQ noise filter
Parameter Symbol Min Typ Max Unit Test conditions
NMI pulse tNMIW 200 — — ns NMI digital filter tpeyc X 2'< 200 ns
width disabled
tpoye % 2 — — tpoyc X 2 > 200 ns
200 — — NMI digital filter tnmick X 3 < 200 ns
" enabled
tamick x 3.5 2 - - tnmick X 3> 200 ns
IRQ pulse tirRaw 200 — — ns IRQ digital filter tpeyc X 2 <200 ns
width disabled
tPcyc x 2" — — tPcyc x 2>200ns
200 — — IRQ digital filter tirack X 3 <200 ns
" enabled
tirack X 3.573 — - tirack X 3 > 200 ns
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IRQ L
REEFER meEER
X tsnz |
F1o HSNZCRo SNZDTCEN{UIZE 918, ICLK# IR HEADTCHISRAM,
B2, 16 KogFNEX I aEERNRE
2.3.5 NMI # IRQ MR JE T 28
£2, 21 NMI #1 IRQ Mg 755K 28
35 He ) = BA B Tt & 1
NMI Bk tNMIW 200 — — ns NMI #7788 tPcycx2=200ns
RE 2
tPcyc x 2 *1 — — tPcyc x2>200ns
200 — — NMI #3835 t NMICK x 3 = 200 ns
#EA
tNMICK x 3, 5%2 [— —_ t NMICK x 3 >200 ns
IRQ Rk tIRQW 200 — — ns IRQ ¥Rk tPcyc x 2=200ns
BE =/A
t Peyc x 2 #1 — — tPcyc x 2>200ns
200 — — IRQ #F IR 28 tIRQCK x 3 =200 ns
B
tIRQCK * 30 5+3 — — tIRQCK x 3>200 ns
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RA4T1 Datasheet

2. Electrical Characteristics

N=IN-]

Note: 200 ns minimum in Software Standby mode.

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

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

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

tNmiw

Figure 2.17  NMl 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
GPT16E Conditions:
High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

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

Parameter Symbol Min Max | Unit Test conditions
I/0 ports Input data pulse width tPRW 1.5 — tpeyc Figure 2.19
POEG POEG input trigger pulse width tPoEW 3 — tpeyc Figure 2.20
GPT Input capture pulse width Single edge teTiIcw 15 — tPDcyc Figure 2.21
Dual edge 2.5 —
GTIOCXY output skew Middle drive buffer | tgmgk”™ — 4 ns Figure 2.22
(x=0t03,Y=AorB) - -
High drive buffer — 4
GTIOCXY output skew Middle drive buffer — 4
(x=4,5,Y=AorB) - -
High drive buffer — 4
GTIOCXY output skew Middle drive buffer — 6
(x=0to5,Y=AorB) B .
High drive buffer — 6
OPS output skew teTOSK — 5 ns Figure 2.23
GTOUUP, GTOULO, GTOVUP,
GTOVLO, GTOWUP, GTOWLO
AGT AGTIO, AGTEE input cycle tacyc 2 100 — ns Figure 2.24
AGTIO, AGTEE input high width, low width tackwH, tAcKwL 40 — ns
AGTIO, AGTO, AGTOA, AGTOB output cycle tacyc2 625 |— ns
ADC12 ADC12 trigger input pulse width tTRGW 1.5 — tpeye Figure 2.25

Note:  tpcyc: PCLKB cycle, tppgyc: PCLKD cycle.

Note 1. This skew applies when the same driver I/O is used. If the 1/0 of the middle and high drivers is mixed, operation is not guaranteed.

Note 2. Constraints on input cycle:
When not switching the source clock: tpeye * 2 < tacyc should be satisfied.
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+2, 22 I/0 #% 0. POEG. GPT. AGT #1 ADC12 it & &8t
GPT16E %4
PmnPFS 357738 AV IR 83 T AE (I AR B IR 8848 o
AGT %&1%:
PmnPFS 2577 38 A% O IR 5h 82 Th AE (i R ¥ b B SR B 28 44 o
s B 34 BA | B it =1
I/0 %O NIRRT E tPRW 1.5 — tPeyc B2, 19
POEG POEGH Nl % Rk 55 B UREE 3 — tPcyc B2, 20
GPT NIRRT E B7] t GTICW 15 — t PDeyc B, 21
7] 2.5 —
GTIOCXY Bt RE FE)IXEhBFE X | tGTIsK= — 4 ns B2, 22
(x=0t03,Y=AorB) = IR EE X — 4
GTIOCxY ¥t RE FRiEl IR BN S48 M X — 4
(x=4.5Y=AorB) BRANBE AR — s
GTIOCXY Bt RE e IR sh B X — 6
(x=0to5,Y=AorB) = RN IR X — 6
OPS IR E t GTOSK — 5 ns B2, 23
GTOUUP, GTOULO, GTOVUP,
GTOVLO. GTOWUP. GTOWLO
AGT AGTIO. AGTEE B ANRAHA tACYCx2 100 |— ns B2, 24
AGTIO. AGTEERMIANGE L. K3 t ACKWH,t ACKWL 40 — ns
AGTIO. AGTO. AGTOA. AGTOB it /EHA tACYC2 625 |— ns
ADC12 ADC1 2 & S NBK A T E t TRGW 15 — tPeyc B2, 25
: t Pcyc:PCLKB f&¥F,t PDcyc:PCLKD f&¥F
F1. HERMERNIRNER 1/0 B, bREER. /0 AR, AMRIEETT.
F2. WINEERRIIRH:
TR RES BT RGH B t Peye x 2 <t ACYC,
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RA4T1 Datasheet 2. Electrical Characteristics RAA4T1 $UER 25EAR. BRISH

When switching the source clock: tpeyc % 6 < tacyc should be satisfied. PR PRET 2% B t Pcyc x 6 <t ACYCo
Port }< B0
I tPRW l I tPRW l
Figure 2.19  1/O ports input timing B2, 19 I/omOmAER
POEG input trigger >% jF< POEG i Nfill % 2% >a1: jF<
1€ > < >
troEw CEER
Figure 2.20 POEG input trigger timing &2, 20 POEGHI AR E BT
Input capture % }< LDNEES % }<
™~ gl ™~ gl
teTicw tGTICW
Figure 2.21  GPT input capture timing B2, 21 GPTHRABRIE
o [\ S ) L LS o [\ S VS S LS
Output delay WEER
—_— —_—
GPT output GPT it
teTISK t GTISK
Figure 2.22  GPT output delay skew B2, 22 GPT M IERRE
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wo [\ [\ S S LS

Output delay

GPT output

\ 4

RAAT1 #iiEsR

2HBURA. BRI

oo [

(U A SR U

teTosk
Figure 2.23  GPT output delay skew for OPS
< tacvc
le—— tackwL fe—— tackwH —»
AGTIO, AGTEE Z X
(input)
< tacvc2
AGTIO, AGTO,
AGTOA, AGTOB
(output)
Figure 2.24  AGT input/output timing
ADTRGO #r Z
" trrew
Figure 2.25  ADC12 trigger input timing
2.3.7 CAC Timing
Table 2.23 CAC timing
Parameter Symbol | Min Typ Max Unit Test conditions
CAC CACREEF input pulse tpBeyc < teac | tcacRerF | 4.5 X tcac + 3 X tpgeyc | — — ns —
width
tpBeyc > teac | 5 X tcac + 6.5 X tppeyc | — — ns

RO1DS0415EJ0110 Rev.1.10
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i IR
I
GPT HiHH
t GTOSK
E2, 23 OPS B9 GPT R B I RTRE
< tACYC >
le—— tACKWL e tACKWH )
AGTIO, AGTEE Z X
AN \ X
t ACYC2 »
P R AT,
AGTOA. AGTOB
(=4 L L
B2, 24 AGTHN/ B =R
ADTRGO
4
I: t TRGW >
B2, 25 ADC12M R N E BT

2.3.7 CAC EB

&2, 23 CAC EBY
B4 s By 2 i ML 5=
CAC CACREF B N\BK TS t PBcyc st cac *1 tRREEX 4, 5xtcac+3xtPBcyc —_ ns —_
= t PBcyc > t cac *1 5xtcac+6. 5xtPBcyc — ns
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RA4T1 Datasheet 2. Electrical Characteristics RAA4T1 $UER 25EAR. BRISH

Note:  tpgeyc: PCLKB cycle. 3t PBcyc:PCLKB f&HFo
Note 1. tcac: CAC count clock source cycle. 1o tcac:CACIT BT SR E HA,
238  SCITiming 2, 3, 8SCIithd
Table 2.24  SCI timing (1) %2, 24  SCIEHF (1)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register. %147 PmnPFS F 7728 P 89K QIR h IhAE M FiEFE = IR h 28 i Ko
Parameter Symbol | Min | Max | Unit | Test conditions 3 FERNSAR( MR
SCI | Input clock cycle Asynchronous tsoyc 4 | — |tpgyc|Figure 2.26 SCIRINBY 5B 29 =7 tSeyc 4 |— |tPcy¢E 2, 26
Clock synchronous 6 |— N#ES 6 |—
Input clock pulse width tsckw |04 |0.6 |tseyc BN EKORTEE tSCKW [ 0.4 | 0.6 |tScyc
Input clock rise time tsckr — |5 ns WA EP_EFA BT t SCKr — |5 ns
Input clock fall time tsckr — |5 ns MABT T AT E] t SCKf — |5 ns
Output clock cycle Asynchronous tsoyc 6 |— [treye B E ER =7 tSeye 6 |— |[tPoc
Clock synchronous 4 |— N#ES 4 |—
Output clock pulse width tsckw |04 | 0.6 |tseyc T B EPRKOP B E tSckw [ 0.4 | 0.6 |tsoc
Output clock rise time tsckr |— |9 ns i B _EFETE] tSCKr — |5 ns
Output clock fall time tscki |— |5 ns i B PR B (] t SCKf — |5 ns
Transmit data delay Clock synchronous master mode (internal clock) | trxp — |5 ns |Figure 2.27 FIEIRIER RS X (R tTXD — |5 ns |E2. 27
Clock synchronous slave mode (external clock) | trxp — |25 |ns BERREE MAETL (FMERETEHR) ttxd — |25 |ns
Receive data setup time | Clock synchronous master mode (internal clock) | trxs 15 |— |ns BB BT R EET (RIBEIE) t RXS 15 |— |ns
Clock synchronous slave mode (external clock) |trxs 5 |— |ns B EREI S MR (SMERETEH) tRXS 5 |— |ns
Receive data hold time | Clock synchronous tRXH 5 |— |ns B EUR R E] g Eik tRXH 5 |— |ns
Note:  tpeyc: PCLKA cycle. & t Pcyc:PCLKA f&¥,
tsckw tsckr tsckr tSCKwW tSCKr t SCKf
< , P < N ) N
SCKn / \ l \ SCkn / \ /’ \
\ _ X f _
< — > < e >
Note: n=0,9 *: n=0,9
Figure 2.26  SCK clock input/output timing B2, 26 SCK BFsp3ai N\ /3a i e B
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SCKn /—\_/—L SCKn

trxo ttxd

S S

RXDn

SO

Note: n=0,9 A n=0,9
Figure 2.27  SCl input/output timing in clock synchronous mode B2, 27 HHRAFER T SClLAmN /R e
Table 2.25  SCI timing (2) %2, 25 SCI B4R (2)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register. A7 PmnPFS B 7728 R 89K O IR s IH BB e IF = IR sh 288 Hl o
Parameter Symbol Min | Max Unit Test conditions 3 #s 8y P L is MR 14
Simple SPI SCK clock cycle output (master) tspoyc 4 65536 teoyc Figure 2.28 g SPI SCK Bt A HRmEH (F) tSPCyc 4 65536 tPeyc E2, 28
SCK clock cycle input (slave) 6 65536 SCK BYEpEHRIAN (M) 6 65536
SCK clock high pulse width tSPCKWH 0.4 0.6 tspeyc SCK Bt st Bk Ee t SPCKWH 0.4 0.6 tSPCyc
SCK clock low pulse width tsPCKWL 0.4 0.6 tspoyc SCKEY$MEE Rk A B2 t SPCKWL 0.4 0.6 tSPCyc
SCK clock rise and fall time tspckr tsPeki | — 5 ns SCKBY £ = FH1 T pEETE] tSPCKr. t SPCKF — 5 ns
Data input setup time master tsu 15 — ns Figure 2.29 to Figure BIBRMNIL BT E e tsu 15 — ns E2, 29EE2, 32
slave 5 — ns 232 WR 5 — ns
Data input hold time ty 5 — ns AR N\ RIFT 8] ty 5 — ns
SS input setup time tLEAD 1 — tspoyc SS HINIR &Y (8] t40% 1 — tSPCyc
SS input hold time tLAG 1 — tspeyc SS N RIS 8] G 1 — tSPCyc
Data output delay master top — 5 ns iR LR I top — 5 ns
slave — 25 ns WK — 25 ns
Data output hold time toH -5 — ns IR L RIFETIE toH -5 — ns
Data rise and fall time tor, tpr — 5 ns ¢ lnba v iIMN SN tor, tof — 5 ns
SS input rise and fall time tssLr tssLf — 5 ns SSHIN LA T REETE] tSSLr,t SSLF — 5 ns
Slave access time tsa — 3 X tpgyc +25 |ns Figure 2.32 MHI 5] B jE] tsa — 3xtPcyc+25 |ns E2, 32
Slave output release time tReEL — 3 xtpgyc+25 |ns A B TR AT 18] tRR — 3xtPcyc+25 |ns
Note:  tpeyc: PCLKA cycle. A t Pcyc:PCLKA f&¥F.
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Note: n=0,9

tsPckwH tspckr

tspPckf

Von
SCKn
master select
output
tspckwL
tsPckwH tspPckr
VIH
SCKn
slave select input
tsPckwL

tsPckf

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

h 4

Figure 2.28

SCI simple SPI mode clock timing

CKPOL =0 Y
output

SCKn \

SCKn ZZ 3

/N / \

CKPOL = 1 N / \ / (—\_/
output —
tsu th
MISOn
oot d msBIN D DATA} LSB IN { MSB IN
ter, tlzf ey toH ey top
1= LC
p s N 2 -
MOSin X msgouT DATA LSB OUT MSB OUT
output B A . « |
R

Note: n=0,9

Figure 2.29

SCI simple SPI mode timing for master when CKPH =1
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e ]
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< ;I
t SPCKWH t SPCKr t SPCKf
ViH
SCKn MIEEZEHAN
t SPCKWL
t SPCyc
VOH=0, 7xVCCVOL=0, 3xVCCVIH=0, 7xVCCVIL=0, 3 xVCC
A n=0,9

B2, 28

SCI /@ B SPI 15 FF it e

CKPOL=0 7
Al

_
0 o L\
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CKPOL=1 N / \ Z_\_/ \
i — s—/
tsu tH
RN
ter, tEf ey toH —y top
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RA4T1 $UBE

28R

BB, BRI

SCKn

CKPOL =1 7

output

SCKn

CKPOL =0

output

MISOn
input

MOSIn
output

Note: n=0,9

-y
i

— DATA LSB IN
ton

tor, tor

>

<

>

<€

MSB OUT

LSB OUT

NV
i

IDLE

><MSB ouT

I
22
% DATA ><
(C
)y

Figure 2.30  SCI simple SPI mode timing for master when CKPH =0
SS 4 3
inpzt « 7Z \
tLeAD ~ ” tLac
< .
SCKn \_/—5
ic;,]mOL =0 A \ /
SCKn —\
CKPOL = 1 \
input —'/—\_“_/
tsa toH top
'(\)"u'tspg{‘ 4‘—% MSB OUT J§< DA{?A >§L LSB OUT AXL MSB IN MSB OUT
tsu tH tEr, tor
mgj'” 4@% DATA :: >—< LSBIN > { MSBIN
Note: n=0,9
Figure 2.31 SCI simple SPI mode timing for slave when CKPH = 1
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B2, 30 CKPH = 0 B¥ E#189 SCI {5 % SPI fExXE Bf
. to R
SSn \ r y
BN L « 7-7 \
t 475 I URE
ckn Z'_' \—/_55_
CKPOL=0 | 7 y /
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N R
tsa tow top PRR
- — ; . el
i MSB OUT §< DATA >§ LSB OUT _Z( MSB IN MSB OUT
£C
tsu tH tor, E)f
MOSIn - : > < > /
25N { MSBIN ) DATA LSBIN MSB IN
F: n=0,9
B2, 31 CKPH = 1 Bf 3589 SCI {8 & SPI {20318

RO1DSO0415EJ0110Reve 1o 10

2023%5823H

LENESAS

B 447,389




RA4T1 Datasheet 2. Electrical Characteristics RAA4T1 $UER 25EAR. BRISH

tro tro
SSn \ o B sSn \ - p
input N <« -Z \ EZRN N 1% 'Z \
tLEAD ” tLaG AT i URE
SCKn 53 / SCKn 5& /
CKPOL =1 7T K / CKPOL =1 T N /
input DN
SCKn \ Z_ SCKn \ Z_
CKPOL =0 \ 7 N \ CKPOL=0 \ 7 p
input N WA N
tsa toH too trEL tsa toH top TER
- 4—»] -

< %
MISOn LSB OUT I N p S LSBOUT ( r N
output (Last data) MSB OUT >§r y DATA 7Zv LSB OUT MSB OUT # B EE) MSB OUT L DATA g LSB OUT MSB OUT

R : : 5 (_

tsu tH tor, tof tsu tH tor, tof

i":‘?j'” MSBIN | DATA LSBIN MSB IN 2"@3\5[” MSBIN ) DATA LSBIN MSB IN

Note: n=0,9 R n=0,9
Figure 2.32  SCI simple SPI mode timing for slave when CKPH = 0 B2, 32 CKPH = 0 BY )A35EY SCI @ & SPI i=5(3H BT
Table 2.26  SCI timing (3) +£2, 26 SCI B3#l (3)
Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register. .72 PmnPFS Z5 7728 AV I% O IR T THAE i e 4% (81 3R 5 8 4
Parameter Symbol Min Max Unit | Test conditions 3 f#s 34 =X LA freSt
Simple IIC SDA input rise time tsr — 1000 ns Figure 2.33 BEMNC (AR | SDAMIA _EFETE tsr — 1000 ns B2, 33
(Standard mode) %=3X) ————
SDA input fall time tsf — 300 ns SDARI N T S& AT 8] tst — 300 ns
SDA input spike pulse removal time tsp 0 4 X tceye ns SDAMINRIERKOF 2 FRETE] tsp 0 4 x tiCcyc ns
Data input setup time tspAs 250 — ns BIBRNIG B8 t SDAS 250 — ns
Data input hold time tsDAH 0 — ns EGEEIDNES SN i 0 — ns
SCL, SDA capacitive load Cp! — 400 pF SCL. SDA BEfAH Cp! — 400 pF
Simple IIC SDA input rise time tgr — 300 ns Figure 2.33 FE e (i SDAIN L FAE] tsr — 300 ns B2, 33
(Fast mode) EIE) ————
SDA input fall time tsf — 300 ns SDARI N T S& AT 8] tst — 300 ns
SDA input spike pulse removal time | tgp 0 4 x tceye ns SDAK N SRIE K H 2K PR AT 8] tsp 0 4 x tlCcyc ns
Data input setup time tspas 100 — ns BIBRNIL B A t SDAS 100 — ns
Data input hold time tsDAH 0 — ns S GEEIDNES SN i 0 — ns
SCL, SDA capacitive load Cp! — 400 pF SCL. SDA BEfE Cp! — 400 pF
Note:  tyceye: IIC internal reference clock (IICo) cycle. b tICcycliC AERSERE (ICo) FHA,
Note 1. Cy, indicates the total capacity of the bus line. Alo CORTAREKEETE,
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______ L P 1 P
3 o\ -/ A\ -/
|
SDANn 77 - i i B *Y 7A i i SDAN A B i i B 7Y ,A i i
o - T -
| | | | | | | |
i i —>| «—tsp i i i i —>| «—tsp i i
| | | | | | | |
T | /4 | TTT [ /4 | ‘
SCLn / ﬂ V | | SCLN / ﬂ \ o
| ! | ! | ! | !
e g e - e -
<~ tspaH tsoas | tHs tSDAS
Test conditions: MR 5 4
ViH=VCC x 0.7, ViL,=VCC % 0.3 VIH=VCCx0, 7,VIL=VCCx0, 3
VoL =0.6V, loL =6 mA VoL =0.6V, loL =6 mA
Note: n=0,9 A n=0,9
Note 1. S, P, and Sr indicate the following conditions: E1o Sv P. SIRIR FHIEMH:
S: Start condition SFFIRE M
P: Stop condition PRLEFM
Sr: Restart condition SrEMBMEMN
Figure 2.33  SCI simple 1IC mode timing B2, 33 SCI & 8 IIC B ited
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239  SPI Timing 2. 3. 9 SPIEBt
Table 2.27  SPI timing ®2, 27 SPI &8
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register. £A%:7F PmnPFS B 1728 R 89K O WX EhINAE (L PiE R = I s 28 i o
Parameter Symbol Min Max Unit | Test conditions 8% 7S 34 =X gl | ARG
SPI | RSPCK clock cycle Master tspeyc 2 4096 tpeyc | Figure 2.34 SPI | RSPCK BY$PEHA ViR tSPCyc 2 4096 thye | B2, 34
Slave 4 4096 WR 4 4096
RSPCK clock high Master tSPCKWH (tspcyc —tspckr — tspeks) ! | — ns RSPCK BY B ik Uik t SPCKWH (t SPCyc - t SPCKr -t SPCKf) / | — ns
pulse width 2-3 RE 2-3
Slave 0.4 0.6 tspoyc WR 0.4 0.6 tSPCyc
RSPCK clock low Master tspekwL (tspeyc — tspckr — tspekr) / | — ns RSPCK BY #h{f Rk ViR t SPCKWL (t SPCyc - t SPCKr -t SPCKf) / | — ns
pulse width 2-3 HEE 2-3
Slave 0.4 06 tspeyc e 0.4 0.6 tspeyc
RSPCK clock rise and | Master tspckr tspeks | — 5 ns RSPCK Bf¢h FFFITF | M1E tSPCKr. t SPCKF — 5 ns
fall time [E3:5p12)
Slave — 1 us * WR — 1 us
Data input setup time | Master tsu 4 — ns Figure 2.35 to Figure HIBWMANIZENE e tsu 4 — ns B2, 352E2, 40
2.40
Slave 5 — WR 5 —
Data input hold time | Master the 0 — ns IR RIFETE F (PCLKA thE 0 — ns
(PCLKA DEILIEE
division ratio $1/2)
set to 1/2)
Master tH tpeye — * (PCLKA% |tH tPcyc —
(PCLKA EtbigE A1
division ratio [2LSMNN{E
set to a value )
other than
112)
Slave t 20 — e ty 20 —
SSL setup time Master tLEAD N x tgpgyc - 1071 N X tgpeyc + | NS SSL IR EBYa] ViR t 4ise N x t SPCyc 10 *1 N x t SPCyc ns
1001 +100 *1
Slave 4 X tpgyg — ns WR 4xtPcyc — ns
SSL hold time Master tLAG N x tgpgyc - 1072 N X tgpgyc + | Ns SSL fR¥EATIE] NS U N x t SPCyc 10 *2 N x t SPCyc ns
10072 + 100 *2
Slave 4 X tpgyc — ns R 4xtPcyc — ns
Data output delay Master top1 — 6.3 ns BIBR L ER e toD1 — 6.3 ns
tob2 6.3 tob2 6.3
Slave top — 20 R top — 20
Data output hold time | Master toH 0 — ns IR L RIFETE e toH 0 — ns
Slave 0 — R 0 —
Successive Master ttp tspeoyc + 2 X tpeyc 8 X tgpgyc +2 | ns ESERER VIRES ttp tSPCyc + 2 x t Peyc 8 x tSPCyc + |ns
transmission delay % tpye 2 x tPcyc
Slave 4 X tpgyg Wk 4xtPcyc
MOSI and MISO rise | Output tor, tof — 5 ns MOSI 1 MISO 7B | HitH tor, tor — 5 ns
and fall time B &l —
Input — 1 us WA — 1 us
SSL rise and fall time | Output tssLr tssLf — 5 ns SSL_EFHFI T B {a] Lrfas) tSSLrt SSLf — 5 ns
Input — 1 us BN — 1 us
Slave access time tsa — 25 ns Figure 2.39 and MALIA 8] B 8] tsa — 25 ns 2, 3940
Figure 2.40 — . B2, 40
Slave output release time tREL — 25 B YRR T B 18] tRA — 25
Note:  tpgyc: PCLKA cycle. A& t Pcyc:PCLKA f&¥F,
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Note:  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.

tsPckwH tspckr tspckf
RSPCKn
master select
output
tsPckwH tspckr tspcks
VIH
RSPCKn
slave select input
tsPckwL
tSPcyc

Vor=0.7 x VCC, VoL= 0.3 x VCC, V= 0.7 x VCC, ViL=0.3 x VCC

Note: n=AorB

Figure 2.34  SPI clock timing

SPI

tro
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output N 9—/
tsu tH
MISOn AN / \ (
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i [~ LC
XV g 2 s
MOSI X msBouT §< DATA >§ LSB OUT >< IDLE ><MSB out
output B A . “ |
R
—
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Note: n=AorB
Figure 2.35  SPI timing for master when CPHA =0
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SPI to
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Note: n=AorB
Figure 2.36  SPI timing for master when CPHA = 0 and the bit rate is set to PCLKA/2
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Figure 2.37  SPI timing for master when CPHA =1
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SPI timing for master when CPHA = 1 and the bit rate is set to PCLKA/2
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Figure 2.40  SPI timing for slave when CPHA = 1 B2, 40 CPHA =1 B IE&AT SPI EBY
2.3.10 I3C Timing 2.3.10 13CITEY
Table 2.28 lIC timing(1)-1 +2, 28 IIC B3 (1)-1
1. Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDAO_A, 1o FAF1E PmnPFS ZH 1728 AY IR O IXKSHIHAENL A 9 LU 5| BliEIR A (8] 3R BhEs H:SDAO_A. SCLO_A. SDAO_B. SCLO_B. SDAO_C. S
SCLO_A, SDAO_B, SCLO_B, SDAQ_C, SCLO_C. CLO_Co
2. The following pins do not require setting: SDA0_D, SCLO_D. 285BB. U TF5IMAZEEIGE SDAO_D. SCLO_D,
3. Use pins that have a letter appended to their names, for instance “_A” or “_B”, to indicate group membership. For the IIC interface, the 3 W o ERBFRAKIINFZEVSIM, GIE0 A" “ B RIERAM R EK. WFICEA,NESAHABSIFENR RIS
AC portion of the electrical characteristics is measured for each group.
Parameter Symbol | Min Max Unit S8 #s 8 ®A Bl
IIC (Standard mode, | SCL input cycle time tscL 10(18) x tigceyc + 1300 — ns IC (AR, SCL¥IN & BRBY &) tSCL 10(18) x t 13Ccyc + 1300 — ns
SMBus) EVIS)) —
BFCTLFMPE =0 | SCL input high pulse width tscLH 5(9) X tizceyc + 300 — ns BFCTL, FMPE=0 |SCLEEABBAEE tSCLH 5(9) x t13Ccyc + 300 — ns
SCL input low pulse width tscLL 5(9) X tiaceyc + 300 — ns SCLEI NERRK A TEE tSCLL 5(9) x t 13Ccyc + 300 — ns
SCL, SDA rise time tsr — 1000 ns SCL. SDA EFt+EdIa] tgr — 1000 ns
SCL, SDA fall time tst — 300 ns SCL. SDA FAZ=RY 8] tst — 300 ns
SCL, SDA input spike pulse removal tsp 0 1(4) % ticeye ns SCL. SDAINZRIERK A2 BRBY 8] tsp 0 1(4) x t13Ceyc ns
time
SDA input bus free time when wakeup tsuF 5(9) * tizceyc + 300 — ns SDAMIN S 4% T N a], Y M EE TH B4R LR 5(9) x t13Ccyc + 300 — ns
function is disabled E=22]E)
SDA input bus free time when wakeup | tgur 5(9) % tizceyc + 4 X treye + 300 | — ns SDAKIN BT NBYE], & /B SR ERT) LR 5(9) x t13Ccyc + 4 x t Tcyc + 300 | — ns
function is enabled BERY
START condition input hold time when tsTAH tisceye + 300 — ns = IRERIHAERY BY START SEBINR LR tI3Ccyc + 300 — ns
wakeup function is disabled 150 8]
START condition input hold time when tsTAH 1(5) * tizceye * treyc + 300 — ns BohMEETHBERTHY START S HHINIR AR 1(5) x t I3Ccyc + t Teyc + 300 — ns
wakeup function is enabled $50Y 8]
Repeated START condition input setup | tsTas 1000 — ns E e S N = t STAS 1000 — ns
time
STOP condition input setup time tsTos 1000 — ns STOP %M N8 B B8] tSTOS 1000 — ns
Data input setup time tspas tizceyc + 50 — ns BIBRNIGER A tSDAS tI3Ccyc + 50 — ns
Data input hold time tsDAH 0 — ns HIEW N REFET (8] RS 0 — ns
SCL, SDA capacitive load Cp! — 400 pF SCL. SDA BEE Cp! — 400 pF
R01DS0415EJ0110 Rev.1.10 .ZENESAS Page 51 of 89 RO1DS0415EJ0110Reve 1o 10 IIENESAS #5189 M
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Note:
Note:
Note:

Note 1.

tizceye: 13C internal reference clock (I3C) cycle, treyc: I3CCLK cycle.

Values in parentheses apply when INCTL.DNFS[3:0] is set to 0x3 while the digital filter is enabled with INCTL.DNFE set to 1.
Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the 1IC
interface, the AC portion of the electrical characteristics is measured for each group.

Cy, indicates the total capacity of the bus line.

Table 2.29 lIC timing(1)-2

1. Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDAO_A,
SCLO_A, SDA0O_B, SCLO_B, SDAO_C, SCLO_C.

2. The following pins do not require setting: SDA0_D, SCLO_D.

3. Use pins that have a letter appended to their names, for instance “_A” or “_B”, to indicate group membership. For the IIC interface, the
AC portion of the electrical characteristics is measured for each group.

Parameter Symbol | Min Max Unit
lIc SCL input cycle time tscL 10(18) x tjzceyc + 600 — ns
(Fast-mode)
SCL input high pulse width tscLH 5(9) * tizceyc + 300 — ns
SCL input low pulse width tscLL 5(9) x ti3ceyc + 300 — ns
SCL, SDA rise time tsr 20 x (external pullup 300 ns
voltage/5.5 V)"
SCL, SDA fall time tst 20 x (external pullup 300 ns
voltage/5.5 V)"
SCL, SDA input spike pulse removal tsp 0 1(4) * tizceye ns
time
SDA input bus free time when wakeup tsuF 5(9) * tizceyc + 300 — ns
function is disabled
SDA input bus free time when wakeup teuF 5(9) * tizceyc + 4 * treye + 300 | — ns
function is enabled
START condition input hold time when tsTAH tizceye + 300 — ns
wakeup function is disabled
START condition input hold time when tsTAH 1(5) % tizceye + treye + 300 — ns
wakeup function is enabled
Repeated START condition input setup | tsTas 300 — ns
time
STOP condition input setup time tsTos 300 — ns
Data input setup time tspas tizceye + 50 — ns
Data input hold time tspAH 0 — ns
SCL, SDA capacitive load Cp2 — 400 pF

RAA4T1 $UER 25EAR. BRISH

Et3Ccyc3C B ERH (13Ce) EHA,tTcycI3CCLK BHR,
EEY INCTL, DNFS[3:0] iR B Ox3, M F 8287 INCTL, DNFEIREN 1 B AN IESHNEER, TR N ITERZIMEHI
FRHSIE, G0 A" ‘B LIERAR R R, WFICEQ,NESABSIFENTRIBI.

Elo ChRFAREABHNERE,

£ 2, 29IICBIfE (1)-2

1o Z1H:1E PmnPFS F 1728 P Him O RSN B A 9 AT 5| ik FE hiE) IR shiai H:SDAO_A. SCLO_A. SDAO_B. SCLO_B. SDAO_C. S
CLO_C,

2BBORR. UTSIMAFEIRE SDAO_D. SCLO_Do
3F W o TERRTMRAMINFZAISIM, G0 “_A" 5L “_B" RIETAM R ER. T ICHEO, NESABIFERZRE D

Note:
Note:
Note:

Note 1.
Note 2.

tiaceyc: 13C internal reference clock (13C9) cycle, treyc: I3CCLK cycle.

Values in parentheses apply when INCTL.DNFS[3:0] is set to 0x3 while the digital filter is enabled with INCTL.DNFE set to 1.
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.

Only supported for SDAO_D, SCLO_D.

Cy, indicates the total capacity of the bus line.

R01DS0415EJ0110 Rev.1.10
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88 7S 8 RA -]
IC (RS SCLIIN I HRRd (8] tscL 10(18) x tI3Ccyc + 600 — ns
=) —
SCLmABROR R E tSCLH 5(9) x t I3Ccyc + 300 — ns
SCLEMN{RROR B E tSCLL 5(9) x t I3Ccyc + 300 — ns
SCL. SDA LEFBtiE] tsr 20 x (YMER_EHIEE 300 ns
/56 5V) *1
SCL. SDA #kZFHY[a] tss 20 x (JMEPLHIERE 300 ns
/56 5V) *1
SCL. SDAJSIN SR UK H 2 BRETE] tsp 0 1(4) x t13Ccyc ns
SDARIN B 4= N BY 8], H IR BETHAEAR LR 5(9) x t 13Ccyc + 300 — ns
E=y=2LN)
SDAKIN BT RBYE], H /B ENMEEET) tiEiR 5(9) x tI3Ccyc + 4 x t Teyc +300 | — ns
RERY
2 AMEEETHEERTHY START RN GR LA t13Ccyc + 300 — ns
B8]
BEMRERTHEERTAY START £ HINR AR 1(5) x t 13Ccyc + t Ty + 300 — ns
0]
BEERMEHRNEEE tSTAS 300 — ns
STOP & HiiNIREBY (8] tSTOS 300 — ns
BIBM NGB E t SDAS tI3Ccyc + 50 — ns
B 6 EEIDNES SN t Bk 0 _ ns
SCL. SDA BAfE Cp? — 400 pF
Pt tI3CcycI3BCHEEERH (13Co) BIF,t TcycI3CCLKIEH

=+ % INCTLo DNFS[3:0] IRE /3 0x3, M F IS K23 7E INCTL. DNFEIRE N 1 BNEA ESHHNEER,
b BUE BB INF BRISIH, B0 “_ A" “_B", LIS RAMR AR, WF ICEQ,NESEBSIFTEMNITRIED,

F1. X%Z#F SDAO_D. SCLO_Do
A2, ChRTAREKBBE,
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RA4T1 Datasheet 2. Electrical Characteristics RAA4T1 $UER 25EAR. BRISH

Table 2.30  IIC timing(1)-3 % 2, 30IIC B#L (1)-3
Setting of the SDAO_D, SCLO_D pins is not required with the Port Drive Capability bit in the PmnPFS register. PmMNPFS & 1728 AYiH O RENTHEEMI A FEE I E SDAO_D. SCLO_D 51,
Parameter Symbol | Min Max Unit o3 o5 B BX L]
Inc SCL input cycle time tscL 10(18) * tizceyc *+ 240 — ns IC (REER+)B SCL%IN & #RBY &) tscL 10(18) x t 13Ccyc + 240 — ns
(Fast-mode+) - - - FCTL. FMPE =1 P
BFCTL.FMPE = 1 SCL input high pulse width tscLH 5(9) * tizceyc + 120 — ns SCLMA SR E t SCLH 5(9) x t 13Ccyc + 120 — ns
SCL input low pulse width tscLL 5(9) X tiaceye *+ 120 — ns SCLEI NERRK A TEE tSCLL 5(9) x t13Ccyc + 120 — ns
SCL, SDA rise time tsr — 120 ns SCL. SDA EFt+Bdia] tsr — 120 ns
SCL, SDA fall time tsf 20 x (external pullup voltage/5.5 | 120 ns SCL. SDA #kZEHia] tsf 20 x (SMEB LRIEBIE/S. 5 120 ns
V) V)
SCL, SDA input spike pulse removal | tgp 0 1(4) * tiaceye ns SCL. SDAINRIERK A E BRBT(8E] tsp 0 1(4) x t13Ccyc ns
time
SDA input bus free time when tBUF 5(9) * tizceyc + 120 — ns SDAMIN 2L T R BY 8], H 1% AR LR 5(9) x t 13Ccyc + 120 — ns
wakeup function is disabled TheEwR A EY
SDA input bus free time when tsuF 5(9) * tizceyc + 4 X treyc + 120 — ns SDAIN BT NEE), Y B ED LR 5(9) x tI3Ccyc + 4 x t Tcyc + 120 — ns
wakeup function is enabled M BE THise A
START condition input hold time tsTAH tiaceye + 120 — ns BRI RERTAY START 155 CHER t13Ccyc + 120 — ns
when wakeup function is disabled NRIFHT 8]
START condition input hold time tsTAH 1(5) X tizcoye *+ treye *+ 120 — ns P EhIRERTHAERT A START & 1E6 R 1(5) x t 3Ccyc + t Teye + 120 — ns
when wakeup function is enabled NREFETIE]
Restart condition input setup time tsTas 120 — ns EBoh& MmN B8 tSTAS 120 — ns
Stop condition input setup time tsTos 120 — ns FIEEHRNIR B8] tSTOS 120 — ns
Data input setup time tspas tiaceye + 30 — ns BIBRNIG B A t SDAS tI3Ccyc +30 — ns
Data input hold time tsDAH 0 — ns B EEIDNES SN AR 0 — ns
SCL, SDA capacitive load Cp! — 550 pF SCL. SDA BEE Cp! — 550 pF
Note:  tiaceye: 13C internal reference clock (I3Co) cycle, treyc: IBCCLK cycle. : t13CcycBCREEEBH (13Ce) &Rt TeycI3CCLKTER,
Note:  Values in parentheses apply when INCTL.DNFS[3:0] is set to 0x3 while the digital filter is enabled with INCTL.DNFE set to 1. pEH % INCTLo DNFS[3:0] i€ &7 Ox3, M FISK 28 7E INCTL, DNFEIE RN 1 BNEAN EFSHHNEER.
Note 1. Cp indicates the total capacity of the bus line. Elo ChRTIAREKBEE,
ViH A ViH \
SDANn SDAN
Vie 7* Vi 7,
tBUF tE8IR
[« > tscLH [
—> [«— tsTAaH  [— —> [« tsTas —> —tsp > [« tsTos —> [ tSTAS —> e—tsp [« £5T05
N . N
SCLn v SCLN \ V
P*‘] -t Sr*‘| T P*1 P*'] Tt %*1 T P*1
tspas tSDAS
< tspan [ LR
Note 1. S, P, and Sr indicate the following conditions: E1o Sv P. SIRIRFHIEMH:
S: Start condition S FFaSFM
P: Stop condition PAZIEM
Sr: Restart condition SrEMBMEN
Figure 2.41  |2C bus interface input/output timing E2. 41 12 C 2&EORMN/FLER
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Table 2.31 lIC timing(2) & 2, 31CHF (2) &MH:vCC=
Conditions: VCC = 3.00 to 3.60 V 30 00 % 3. 60V
Setting of the SDAO_D, SCLO_D pins is not required with the Port Drive Capability bit in the PmnPFS register. PmNnPFS & 7728 P 8YiR QXN IHEE M A FHE E IR B SDAO_D. SCLO_D 31k,
Parameter Symbol | Min Max Unit o3 #s 8y BX L]
lc SCL input cycle time tscL 55(57) X tizceye — ns IC (Hst&=) BF SCLE N B #R 18] tscL 55(57) x t13Ccyc — ns
(Hs-mode) - - CTLo HSME =1 —
BFCTL.HSME = 1 SCL input high pulse | Cb = 400 pF tSCLH 43(44) % tiaceye — ns SCLEINE BT E Cb =400 pF t SCLH 43(44) x t 13Ccyc _ ns
width
Cb = 100 pF 23(24) * tiaceye — Cb = 100 pF 23(24) x t 13Ceyc —
SCL input low pulse Cb =400 pF tscLL 64(65) * tizceye — ns SCLEI R A TEE Cb =400 pF tSCLL 64(65) x t13Ccyc — ns
width
Cb = 100 pF 32(33) X tizcoyc — Cb = 100 pF 32(33) x t I3Ceyc —
SCL rise time Cb =400 pF tsroL — 80 ns SCL EFBY[8] Cb =400 pF tsrcL — 80 ns
Cb =100 pF — 40 Cb =100 pF — 40
SDA rise time Cb =400 pF tsrDA — 160 ns SDA_EFHETIE] Cb =400 pF tSIDA — 160 ns
Cb =100 pF — 80 Cb =100 pF — 80
SCL fall time Cb=400pF  |tscL — 80 ns SCL BASEHY A Cb=400pF  |tsicL — 80 ns
Cb =100 pF — 40 Cb =100 pF — 40
SDA fall time Cb =400 pF tsa — 160 ns SDA BASEBYE] Cb =400 pF t SFDA — 160 ns
Cb =100 pF — 80 Cb =100 pF — 80
SCL, SDA input spike pulse removal time | tgp 0 1(1) % tizceye ns SCL. SDAXSINRUE B4 25 bR IE] tsp 0 1(1) x t13Ccyc ns
Repeated START condition input setup | tsTas 40 — ns EERMEHRNIZERNE tSTAS 40 — ns
time
STOP condition input setup time tsTos 40 — ns STOP &N IR B BT E] tSTOS 40 — ns
Data input setup time tspas 10 — ns BIRWMANIZERE t SDAS 10 — ns
Data input hold time Cb =400 pF tsDAH 0 150 ns BB RIFETE Cb =400 pF tHAR 0 150 ns
Cb =100 pF 0 70 Cb =100 pF 0 70
SCL, SDA capacitive load Cp"’ — 400 pF SCL. SDA BRfAH Cp"! — 400 pF
Note:  tiaceyc: 13C internal reference clock (I3Co) cycle. i t13CcycI3C EBSEBTE (13Co) AR,
Note:  Values in parentheses apply when INCTL.DNFS[3:0] is set to 0x3 while the digital filter is enabled with INCTL.DNFE set to 1. A L INCTLo DNFS[3:0] I & /9 Ox3, M F IR F1E INCTL, DNFEIRE N 1 BB ESHPHNEER.
Note 1. Cy, indicates the total capacity of the bus line. 1, COEFATARNEES,
Cos s Pl IR s Pl
tsma }_} 4_“ SDA } } tsioa | —>] 4_1 | }
— 0 1 0 e .l
« [ N 55 . LY
‘ 1 L~ { | \ ” \ .~ PN 1 57xvee PN e \ \ N 1 o7xvee
13C_SDAO - N X A LA L s vee 13C_SDAO C N A A LA L Jawvee
N '\ § AN W N '\ 5 AN RN
| |
} | tspaH —p) tsTos } | } | RN Ry VLI tSTOS } |
tST‘AS } 1 } tsTas } } }
| } l«— tspas } } : } — le— tSDAS } }
| | | | | | | |
| | | | | | | |
| | _ / \ / \ ; ; x | | . / \ / \ ; ; x
13C_SCLO | ! |/ 7\ ; — 0.7xVvee 13C_SCLO } ; 7\ i 07 xVCC
; 0.3 xVCC ‘ ; — 0.3 xVCC
} } \ \ \ < / \ ][ } } } } \ \ I / \ [ } }
—>| [« tsfcL —»| [« tsfcL
tsrcL —»| |e— tSrcL le—
tscLH tscLL tscLL tscLH tSCLH tSCLL L
J = MCS current source pull-up J =MCS BIR £
f = Rp resistor pull-up f =Rp BFE LHL
Figure 2.42  |2C pus interface input/output timing (Hs-mode) B2, 42 [2C B&EORMN/GHER (Hs #&#30)
RO1DS0415EJ0110 Revoe 1o 10 %5401, 8971
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Table 2.32  I3C timing (open drain timing parameters) R 2, 3213C ER (ke SE) £M4:vCC=3, 00
Conditions: VCC = 3.00 to 3.60 V E3 60V
Setting of the I3C_SDA, I13C_SCL pins is not required with the Port Drive Capability bit in the PmnPFS register. PmNPFS & 1728 BV EE O IREATHAEI A FH B % B 13C_SDA. 13C_SCL 51l
Test . W
Parameter Symbol |Min Max Unit conditions 3 #s 8y BX L]
I3C SCL Clock Low Period tow op | 200 — ns Figure 2.45 I13C SCL BY#pME/E 8 tf_oD 200 — ns B2, 45
Open Drain *1*2 FREHAE *1 %2
Timing E B
Parameters toic_op_L | tLow_opmin * toa_obmin | — ns Figure 2.45 B t#24E OD_L | t LOW_ODmin +t fDA_ODmin | — ns B2, 45
SCL Clock High Period thien3 ™4 | — 41 ns Figure 2.43 SCL BY$h= /A B tE34 | — 41 ns B2, 43
tDIG_H — tHiGH *+ tcE ns Figure 2.43 t1218_H — t &+t CF ns 2, 43
SDA Signal Fall Time toa op |tcr 12 ns Figure 2.45 SDA 5 S BASE AT [A] tfDA_OD tcr 12 ns B2, 45
SDA Data Setup Time Open tsu op ! |17 — ns Figure 2.44 SDA BURIG B EIFTF tH_ 001 |17 — ns &2, 44
Drain Mode - HEKAR
Clock After START (S) Condition | tcag™ 6 | 38.4 nano For ENASO: 1 u | seconds Figure 2.45 Fraa/zedsh (S) & toagS 6 |38 44K FF ENASO:1 u | &2, 45
For ENAS1: 100 Y+ F ENAS1:100
v "
For ENAS2: 2 ENAS2:2 ZFt
milli ENAS3:50 2F
For ENAS3: 50
milli
Clock Before STOP (P) tcep tcasmin / 2 — seconds Figure 2.46 {ZIERTBVETE (P) tCBP t FHBA/2 — # B2, 46
Condition 214
Current Master to Secondary tmMMoverla | toic_oD._Lmin — ns Figure 2.51 BRIt EFF v ) tDIG_OD_Lmin — ns B2, 51
Master Overlap time during b PR ERBI N = E S AT (8) b
handoff
Bus Available Condition taval” 1 — us — BLaARR LR 1 — us —
Bus Idle Condition tioLE 1 — ms — Br=RRS =R 1 — ms —
Time Internal Where New tMMLock | TAVALmin — s Figure 2.51 RN =R tMMLock | tFIE/RE — us E2, 51
Master Not Driving SDA Low JM{EARFFZE SDA 1K
Note 1. This is approximately equal to t owmin + tbs_obmin * tDA_oDtyp * tsu_odmin- 1o XALZEF tLOWmMIN + tDS_ODmin + trDA_ODtyp + tSU_Odmin .
Note 2. The Master may use a shorter Low period if it knows that this is safe, i.e., that SDA is already above VIH A2, MasterfNRAEXZLEM, BISDABEE FVIHARES, N eI LU A EREMRAEAR. EFtSPIKE. SKEKETE].
Note 3. Based on tgp|kg, rise and fall times, and interconnect i
Note 4. This maximum High period may be exceeded when the signals can be safely seen by Legacy I12C Devices, and/or in consideration E4o Legacy 12 CIREA LR SMBERESH M/HEERIEE BINBEL) AesBdzaA=RAEE.
of the interconnect (e.g., a short Bus).
As a product specification, if this Max value cannot be guaranteed, change this Max value and specify that it cannot be used in the YERF I, SN R TTERIELE Max 1B, 15B Ut Max EHIEEER T RS 2E&TPFER,
Mixed Bus.
Note 5. On a legacy bus where 12C devices need to see Start 5, BEEYGEA L I2CREETESE "FR"
Note 6. Slaves that do not support the optional ENTASx CCCs shall use the tcas Max value shown for ENTAS3 H60 AT ENTASX CCC RIMIERZEF ENTAS3 5358 7 AR tCAS Max {8 7EE%H Fm Legacy 12 CiBERIEE R
Note 7. On a mixed bus with Fm Legacy 12C Devices, tayar is 300 ns shorter than the Fm Bus Free Condition time (tgyF) £ b tAVAL tb Fm BB L 4ETE (tBUF )) 48 300 ns
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RA4T1 Datasheet

2. Electrical Characteristics

Table 2.33

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

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

Test
Parameter Symbol Min Max Unit | conditions
I3C Push-Pull Timing SCL Clock Frequency fsoL ! 0.01 12.5 MHz |—
Parameters for SDR Mode
SCL Clock Low Period tLow 24 — ns Figure 2.43
toig L2 40 — ns Figure 2.43
SCL Clock High Period for tHIGH_MIXED 24 — ns Figure 2.43
Mixed Bus
toic 1 mixep 2 | 40 45 ns Figure 2.43
*3
SCL Clock High Period tHIGH 24 — ns Figure 2.43
toig_H 2 40 — ns |Figure 2.43
Clock in to Data Out for Slave | tsco — 12 ns Figure 2.48
SCL Clock Rise Time tcr — 150 x 1 /fgcL (capped | ns Figure 2.43
at 60)
SCL Clock Fall Time tcr — 150 x 1 /fgoL (capped | ps Figure 2.43
at 60)
SDA Signal Data Master |ty pp™ tcr + 3 and — — Figure 2.47
Hold in Push-Pull - tcp+ 3
Mode
Slave |thp pp 0 — — Figure 2.47
SDA Signal Data Setup in tsu_pp 17 N/A ns Figure 2.49
Push-Pull Mode
Clock After Repeated START | tcasr tcASmin N/A ns Figure 2.50
(Sr)
Clock Before Repeated tcesr tcasmin / 2 N/A ns Figure 2.50
START (Sr)
Capacitive Load per Bus Line | Cy — 50 pF —
(SDA/SCL)

Note 1. fscL =1/ (tpic_L * tbic_H)

Note 2. tpig_L and tpg_p are the clock Low and High periods as seen at the receiver end of the I3C Bus using V|_and V.

Note 3. When communicating with an 13C Device on a mixed Bus, the tpig_H_mixep period must be constrained in order to make sure that
I2C Devices do not interpret I13C signaling as valid I2C signaling.

Note 4. As both edges are used, the hold time needs to be satisfied for the respective edges; i.e., tcg + 3 for falling edge clocks, and tcr + 3

for rising edge clocks.
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RAAT1 B« 25/XBB. BRIFH
] 2, 33I3C ERY (SDREXHIHIREIFEE) FMH:VCC=3, 00E3, 6
ov
PmMNPFS Z1Z28 AR DR EHTHAEAI AR E E IR E 13C_SDA. 13C_SCL 31,
it 51
88 7S o RBX -Tivd
[3CHEIE T I AT SCL By ghim=R fSCL= 0.01 12.5 JeiE | —
SDR BB
SCL B R B HA t1E 24 — ns El2, 43
tDIG_L »2 +4 40 — ns &2, 43
SCL BYsh= A HA =) 24 — ns &2, 43
BEEBL
tIZIE_HORE-2 |40 45 ns B2, 43
*3
SCL BYsh= A HA tS 24 — ns &2, 43
tDIG_H *2 40 — ns El2, 43
WMAMBEIRRH LEad — 12 ns &2, 48
SCL B4 _EF B8] tcr — 150 x 1 /fSCL (PR |ns B2, 43
73 60)
SCL Bt hs& T BYE) tcp — 150 x 1 /fSCL (PR |ups B2, 43
73 60)
SDA 5 S ¥R Uik UEE_PP+4 tcr + 3 and —_ — B2, 47
BN tcp + 3
B3
Wk t&B _pp 0 — — El2, 47
SDA ESHIBIRE t F_PP 17 N/A ns &2, 49
#HE
EE RGN (Sr) tCAST t -RHTPA N/A ns &2, 50
B8 7RI iy t EHBA/2 N/A ns &2, 50
h (BEE)
BEAZEZBNBERHE (S |Cp — 50 pF —
DA/SCL)
1, fSCL=1/ (tDIG_L +tDIG_H)
JFE 2, tDIG_L # tDIG_H 2fEA VIL A V IH 89 13C 24 iERinE FIA A #h R A Hifl = E HB.
A3, BCORBEREG DL LBEN, MMELIRK t DIG_H_MIXED B, LUEHR
2CEREFARFBE BCESHBRNBERNI2CES,
F4, BFFERAMEKS FALEEHEERMIDNREFELRLt CF + 3 AF TR, t CR + 3 BT LA,
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RA4T1 Datasheet 2. Electrical Characteristics

tHIGH tCF

tLOW

0.7xVpp

0.3xVpp

tCR‘ tDIG_H

tDIG_L

RAA4T1 $UER pLicin

BB, BRI

Figure 243  tpig yandtpg L

SDR Transfer
1=
}\ ! £ L | AN W [ T T T | 0.7xVoo
SDA |\ | /ae \/ s \/ \/ a0 \ Raw Ack | D7 | De | | bo | Ack 0.3%Von
[ { ¥ ¥ ¥ \ l | 1 1 | )
[
s s WY o WY e W 2 VNN . WY e WY e WY o WY o WY £ WY o WY 0.7xVon
set v v\ Jor\ Jea\ [\ Jor\ Jes\ Jee\ [Jci| Jca| | | [cs| Jco| 0.3%Voo
. / / v v v v v v v v v |- )
B = Open-Drain Pull-Up closs Transition from SCL clocks are showm identical for OD and PP
Open-Drain to even though they differ substantially
Push-Pull
f = High Speed Active Push-Pull Drive
i I » 0.7xVop
SDA RnW P \ ACK D7 X Dé
. 0.3xVop
/ \ / \
i \ I 0.7xVop
MST_SDA Kt \ X
K » 0.3xVop
A S | / \
72 \ I » 0.7xVop
SLV_SDA L \ 0.3xVoo
_ e d P U ) W
\ \ / \ / 0.7xVop
SCL c8 c9 \ Cc1 / Cc2
\ / » 0.3xVop
- Open-Drain
Timing Drai -] -]
parameters used Open-Drain or Push-Pull Push-Pull Push-Pull
ts.co’1 tsu,on tsco" tsu,ww
Note:

Open-Drain: Master releases SDA after a suitable delay from SCL edges
Push-Pull: Master drives SDA after a suitable delay from SCL edges = Active Drive by Master or Slave
Note 1: tsco is depicted for informative purposes only

= Open-Drain Pull-Up class by Master

_— e — = High-Z by Slave

Figure 2.44  13C data transfer — ACK by slave
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.......... e B9 High-Z

tH t1E
ter
0.7%Vbp
0.3%xVop
ti2HE_H tiEiE_L
tCR
B2, 43 t DIG_H #1t DIG_L
PR AAEEIL
— S W W W ———— 1 0 72D
SDA |\ | /as\/as\/ \7mo |\ rw ack [ b7 | Ds | | oo | Ack D05V
W i ¥ ¥ ¥ { 1 I I I [
| |
s . WY . VY VA cn WY WY VAN o VY s WY . WO 2/ VO s WY | o 70
set o\ Jer\ Je2\ [\ o7\ Jes| [ce\ [e1l a2\ | | [cs\ [ce| o VoD
I v/ v/ v/ v/ v/ v/ v/ v/ v/ v/ |-
S AN EA it 0D 1 PP #9 SCL B 0 2R H8RE, REENBRA
FHKE =5
i:2ar)
f - BT RIS
'-‘ I » 0.7xVop
SDA RnW K4 \ ACK D7 X D6
'.' \ I \ 0.3xVop
e \ I 0, 7xV
MST_SDA 2N \ X DD 0o
g \ I \ » 3xVDD
74 \ l > 0o 7%V
SLV_SDA N \ - 3DX[\>/ %,D
—_— .. g .. .. L. .. .. S -
\ \ / \ / 0o 7xV
SCL C8 c9 \ C1 / DD 0o
» 3%V DD
T TRk - " \—(
ERTZ FERUHEK R R R
£SCO*1 t3_0D tSCO*1 tH_PP
=S
Open-Drain:Master fEM SCL i8431& HiER G SDA
HERLEIRED SDA TEM SCLIALE YIERG = Master 3 Slave #J Active Drive =M
aster B9 Open-Drain Pull-Up 2 = Slav
7 1:t SCO MR it E

B2, 44 BCHEFR MiEACK
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RA4T1 Datasheet 2. Electrical Characteristics RA4T1 BB 2551AR. BEIFH
trpa_oD tos ob : tsu op tfDA_OD tDS_OD , t¥_OD
0.7 x Vop 0.7 x Vop
SDA SDA
0.3 x Vop 0.3 x Voo
tp A_SD rDA_OD
0.7 x Vop 0.7 x Vop
SCL SCL
0.3 x Vop 0.3 x Vop
tcas tcr tLow_op tcr tcas tcr tf_OD tcr
Figure 2.45 I3C START condition timing B2, 45 I3C BEh & F
\ / 0.7 x Vpbp \ / 0.7 x Vop
SDA SDA
0.3 x Vbp 0.3 x Vbp
\ 0.7 x Vpbp \ 0.7 x Vop
SCL SCL
\ 0.3 x Vbp \ 0.3 x Vpop
tcr tcep tcr tcep
Figure 2.46  I13C STOP condition timing B2, 46 I3C FLEEFiTeS
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RA4AT1 $iE&R

25FGAR. B

0.7 x Vop

SDA

0.3 x Vbp

\ 4
A
\

A

SCL

0.7 x Vbp

0.3 x Vbp

0.7 x Vpbp
SDA
0.3 x Vpbp
tio PP tsu PP
0.7 x Vpbp
SCL
0.3 x Vbp
tcr fcr
Figure 2.47 I3C master out timing
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RA4TT1 #iER

2HBURA. BRI

0.7 x Vbp
SDA
0.3 x Vbp
tsco tsu_Pp
0.7 x Vbp
SCL
0.3 x Vbp
tcr tcr
Figure 2.48 I13C slave out timing
\ / 0.7 x Vop
SDA
/ \ 03 X VDD
/ \ 0.7 x Vbp
SCL
0.3 x Vop
tsu_pp tHD_SDFi
Figure 2.49  Master SDR timing
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0.7 x Vpbp
SDA
0.3 x Vpp
tsco
0.7 x Vpbp
SCL
0.3 x Vpp
tcr tcr
B2, 48 I3CMMEBTM
\ / 0.7 x Vbp
SDA
/ \ 03 X VDD
/ \ 0.7 x Vpbp
SCL
0.3 x Vbp
t 7 PP ti=7E_sdr
E2, 49 ZiE SDRHEF
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RA4T1 $UBE

25FGAR. B

EN)
% () 1IE (P)
i -
7 7 7 7 7 \ [
SDA [ o7 | b | [ o1 ] T / 0.7 Voo
a) A A a) ] \ ] 0.3 x Voo
/7//4\ A / 0.7 x Voo
scL fer\ N ]\ Jes\ Jlcof |/
0.3 x Vop
[/ A
f = BEETHHERNL
IXzhEe
58
% (F) = P
e N e N
/ /:"/ 0.7 x Voo
SDA /'
0.3 x Vop
/
_—————-—r-- '_I ________ —_———ms=== - __/_r' _____
,' e 0.7 x Voo
MST-SDA I,’ /,
0.3 x Vop
ol /
-5 R -
/ X .t/ 0.7 x Vop
SLV-SDA \ v
. = 0.3 x Vop
/ S 1. .
/ 0.7 x Vop
scL c9 /
0.3 x Vop
tsco| |\—a— tsco | S
- i ™ TRy T CASH
N J N J

— = EAIM AR ERNIERNZE
————— = A -HOKEE TR

Repeated
START(Sr) STOP(P)
Pt gl
Wi Wi \J Wi / \ [ 0.7 x V,
SDA [ o7 | Ds D1/ T / o
A A A A 7 \ 7 0.3 x Voo
/7//4\ [ 0.7 x Vop
scL e\ [\ Jee\ Jool\ 0.3 % Voo
7 7 7 7 7 v 7 :
[/ N
= High Speed Active Push-Pull
Drive
Repeated
START(Sr) STOP(P)
e N TN
/ /_, < 0.7 x Voo
SDA /,’
/ 0.3 x Vop
____"-___"_, ________ sm_————= - __/_/' _____
': /_/ ’ 0.7 x Vop
MST-SDA I/ /,’
0.3 x Vop
1 [
— A r; T~
/ 5 - ./ 0.7 x Vop
SLV-SDA \ I/
= 0.3 x Voo
/ |V N 1.
/ 0.7 x Vop
SCL C9 /
\ f 0.3 x Vop
tsco | |\—trm---- tsco
i ™ " tcasr Tcasr
AN J AN J
——— = Active Drive by Master or Slave — — - = High-Z by Master
————— = Open-Drain class Pull-Up by master — - - = = High-Z by Slave
Figure 2.50 T-bit when master ends read with repeated START and STOP
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RA4T1 $UBE

25FGAR. B

= / - _ el - \ . v 0.7 x Voo
y; < ,'\/ 0.3 x Voo
/T T === LetTTTTT I R """ P it
NM_SDA 7 - P 0.7 Voo
0.3 x Voo
_____ L _ ! A\
/' T - ! .- - - =
= Z \ 0.7 x Voo
CM_SDA . 7 R
Y 0.3 x Voo
~ - - ___ [N\  _____
RN I [\ [ o7eve
NM_SCL B \ / :
7 0.3 x Voo
7 ___ / 7/
—T 71T T A T A - -
, \ / 0.7 x Voo
cM_scL \ \ / 0.3 x Voo
7/ N 7 N 7
/ \ / 0.7 x Voo
ScL ¢\ /2 aves
Timing tMmiock
parameters tMMoveriap
used tsco teas OD‘r’;’:]' oD or PP %‘;:i’r‘]' oD or PP
——— = Active Drive by Master
————— = Open-Drain class Pull-Up by master
— — - = High-Z by Master
Figure 2.51 I13C timing (open drain timing parameters)
2.3.11 CANFD Timing
Table 2.34 CANFD interface timing
CAN-FD
Parameter Symbol Min Max Unit Test conditions
Internal delay time thode — 75 ns Figure 2.52
Transmission rate — 5 Mbps
Note:  thode = toutput * tinput
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on £ L -~ s % R - A5 0.7 x Vop
1 < ,'\/ 0.3 x Voo
/T =T ~~"7 - LerTTTTT T AN P
NM_SDA vz ’ < 0.7 x Voo
z & 0.3 x Voo
_____ L ! A\
At P N
CM_SDA , 7 \\ 0.7 x Voo
¥ 0.3 x Voo
1 LN
RN [\ VAR
NM_SCL B \ /
7 0.3 x Vop
e __ / __ /
—T T T T T A Ve
/ \ / 0.7 x Vop
M \ \ /I 0.3 x Voo
7/ N 7 N 7
/ \ / 0.7 x Vop
SCL c1\ [ C aves
ﬁmmﬁﬁq A
B tMMEZ
5 tsco teas ﬁ,ﬁé_ OD or PP Eﬁg oD or PP
— = FPREHEE
————— = ITH-HEKE R EhER
— — - =Master 89 High-Z
E2, 51 BCENR (FREEREIR)
=
2.3.11 CANFD EBY
x£2 34 CANFD #EOEM
CAN-FD
8% TS 8 BK Bl Mt R4
A ERLER B [&] LR — 75 ns B2, 52
ERIRE — 5 Mbps
pai t A =t + t A
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RA4AT1 $iE&R

25FGAR. B

Internal
transmission CTXO0
delay time
(toutput)
- ) -
CANFD interface
- C
Internal
reception delay
time
. CRXO0
(tinput)
Figure 2.52  CANFD interface condition
24 ADC12 Characteristics
Table 2.35 A/D conversion characteristics for unit 0 (1 of 2)
Conditions: PCLKC = 1 to 50 MHz
Parameter Min Typ | Max Unit | Test conditions
Frequency 1 — |50 MHz | —
Analog input capacitance — — |30 pF |—
Quantization error — +0.5|— LSB | —
Resolution — — |12 Bits | —
Channel-dedicated sample- Conversion time™! Permissible signal 124 (048 |— |— us e Sampling of
and-hold circuits in use (operation at PCLKC | source impedance + 0.26)*2 channel-
(ANOOO to AN002) =50 MHz) Max. = 1 kQ dedicated
sample-and-
hold circuits in
24 states.
e Sampling in 13
states
Offset error — +1.5[+3.5 LSB [ ANOOO to AN0OO2 =
025V
Full-scale error — +1.5[+£3.5 LSB | ANOOO to AN002 =
VREFHO0- 0.25 V
Absolute accuracy — 125|155 LSB | —
DNL differential nonlinearity error — +1.0| 2.0 LSB | —
INL integral nonlinearity error — +1.5[£3.0 LSB | —
Holding characteristics of sample-and hold | — — 120 s | —
circuits
Dynamic range 0.25 — |VREFHO- |V —
0.25
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R ER{Z ta ik
RBYE] (% CTX0
)
() >
CANFD3zMA
< — e
PR B 32 I RE IR B
18 ($33AN)
CRXO0
B2, 52 CANFDIEEOEM®
2, 4 ADC12 $5t%
*£2, 35 0SHI4A(2891)B9A/ DR IRFIE
£F:PCLKC =1 & 50 MHz
& £ ESIE 7S B MR EM
R 1 — |50 MHz 1~
BIEMNBEE — — 130 pF |—
2R — +0o b— LSB | —
FIY — — |12 fi |—
18 PR AR AY3E IS T A SRAEAN R HIRATE <1 (PCLKC | AYFESIRMINE | 1.24 (048 |— |— ps o 24NHEEE
5 (ANO0O Z AN002) = 50 MHz i&17) Ko =1kQ +0.26)2 THAFA-R
RS AYR ¥
o 13N ATHEAE
RI%HEIR — +1.5|3.5 LSB | ANOOO E ANOO2
=00 25V
SRTHIZ — +15|+35 LSB | ANOOO E AN0O2 =
VREFH00, 25V
ST — 25455 LSB |—
DNL Z0 I FA&MIRE — 1.0 [ £2.0 LSB |—
INLAR Y HELR M IR E — +15(+3.0 LSB |—
RAEFREF R B AV RIFIFIE — — |20 us | —
NASSEE 0.25 — |VREFHO- |V |—
0o 25
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RA4T1 Datasheet 2. Electrical Characteristics RAA4T1 B« 21RAR. BRI
Table 2.35  A/D conversion characteristics for unit 0 (2 of 2) £2 35 05T (2R AY2) KA/ DERIRFE
Conditions: PCLKC = 1 to 50 MHz Z4:PCLKC =1 & 50 MHz
Parameter Min Typ | Max Unit | Test conditions o3 8 XE | BX 2| MG
Channel-dedicated sample- Conversion time"! Permissible signal | 0.52 — |— ps | Sampling in 13 KREAREIE T B REMF EAdE «1 (PCLKC | AFESRBIE 0.52 — |—= ps | 130NAYHEE
and-hold circuits not in use (operation at PCLKC | source impedance | (0.26)? states FrEEE& (ANOOO Z AN002) = 50 MHz J&17) Ko =1k0Q (0.26)2
(ANOOO to AN002) =50 MHz) Max. = 1 kQ
Offset error — +1.0|£2.5 LSB | — RIBHEIR — 1.0 [£2.5 LSB | —
Full-scale error — £#1.0|£25 LSB | — 2RTEHIR — £1.0[%25 LSB |—
Absolute accuracy — 20|45 LSB | — Ho 3T R — 20|45 LSB | —
DNL differential nonlinearity error — +0.5|+1.5 LSB | — DNL ZDIELMIRE — +0.5[+1.5 LSB |—
INL integral nonlinearity error — 1.0 £2.5 LSB | — INLRR P EAMIRE — 1.0 [£2.5 LSB |—
High-precision high-speed Conversion time"! Permissible signal | 0.80 — |— ps | Sampling in 27 SEESREE (AN007) BiATiE «1 (PCL A ESEENS 0.80 — |—= ps | 270 NAYHEEE
channels (Operation at source impedance (0.54)2 states KDC =50 MHz T8 Ko =1kQ (0.54)2
(AN007) PCLKC = 50 MHz) | Max. = 1kQ 121E)
Offset error — 1.0 25 LSB | — R EEIR — #1.0|+2.5 LSB | —
Full-scale error — +1.0|+2.5 LSB | — £ RTHIR — 1.0 [+2.5 LSB |—
Absolute accuracy — 20|45 LSB | — Yo XT R — 20|45 LSB | —
DNL differential nonlinearity error — +0.5|%1.5 LSB | — DNL Z7 L MIRE — +0.5[%1.5 LSB |—
INL integral nonlinearity error — £1.0| 25 LSB | — INLAR D IE& IR E — £1.0|+2.5 LSB | —
High-precision normal-speed | Conversion time™! Permissible signal 0.92 — | = Ms | Sampling in 33 BRERFERE BERATIE] »1 (PCL RIFESEETISR 0.92 — |— ps | 33N AEYIhAE
channels (Operation at source impedance (0.66)2 states KC =50 MHz & Ko =1kQ (0.66)2
(AN0O4 to AN00G, AN0OS, PCLKC =50 MHz) | Max. =1 kQ (ANOO4ZEANOO6. ANOO 1215
ANO11 to AN013) 8. ANO11ZEANO013) oo
Offset error — 1.0 £2.5 LSB | — RIBHEIR — 1.0 [ £2.5 LSB | —
Full-scale error — +1.0|+2.5 LSB | — 2RTEHIR — +1.0|£2.5 LSB | —
Absolute accuracy — +2.0|+4.5 LSB | — Ho XTI — 2.0 |+4.5 LSB |—
DNL differential nonlinearity error — +0.5|+1.5 LSB | — DNL ZHD I FEMIRE — +0.5[+1.5 LSB |—
INL integral nonlinearity error — 1.0 £2.5 LSB | — INLAR D IER MR E — 1.0 [£2.5 LSB |—
Normal-precision normal- Conversion time™? Permissible signal 0.92 — |= ps | Sampling in 33 EEREESRERE ( EHRtE] »1 (PCL A ESEEIRS 0.92 — |—= ps | 33N Eo A
speed channels (Operation at source impedance (0.66)2 states ANO16) KC =50 MHz &Y Ko =1kQ (0.66)2
(ANO16) PCLKC = 50 MHz) | Max. = 1kQ 121E)
Offset error — +1.0|#5.5 LSB | — RIBEEIR — +1.0 455 LSB |—
Full-scale error — £1.0| 5.5 LSB | — ERTHIR — £1.0 5.5 LSB |—
Absolute accuracy — 20|75 LSB | — YNt — +2.0(%7.5 LSB | —
DNL differential nonlinearity error — +0.5|%4.5 LSB | — DNL EDIELMIRE — +0.5(%4.5 LSB |—
INL integral nonlinearity error — +1.0|#5.5 LSB | — INLRR P EL IR E — +1.0 45,5 LSB |—
Note:  These specification values apply when there is no access to the external bus during A/D conversion. If access occurs during A/D i A/D BRI TIA R INEE B4R BT, EAXEHEE, A/D BIERRE L SR, NERTEERE NS ESETE N,

conversion, values might not fall within the indicated ranges.
The use of PORTO as digital outputs is not allowed when the 12-Bit A/D converter is used.
The characteristics apply when AVCCO, AVSS0, VREFHO, VREFLO, and 12-bit A/D converter input voltage are stable.
Note 1. The conversion time includes the sampling and comparison times. The number of sampling states is indicated for the test
conditions.
Note 2. Values in parentheses indicate the sampling time.

12 A/DF IR IR A FERAPORTOE AE F it
% AVCCO. AVSSO. VREFHO. VREFLO #0112 {iI A/D ¥ 2885 N\ BB EFR ERY, X LEAF S A
. B EEEREMILRAE. MR &R TRERSHEE,

*20 HESHERTFEERIE,

Table 2.36  A/D internal reference voltage characteristics +£2, 36 A/DREREE BIEFHE
Parameter Min Typ Max Unit Test conditions 88 Min Typ Max L Yirs M5 14
A/D internal reference voltage 1.13 1.18 1.23 \% — A/DAZEE B[R 1.13 1.18 1.23 \% —
Sampling time 4.15 — — us — PR EL: N 4.15 — — us —
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Figure 2.53

Absolute accuracy

Illustration of ADC12 characteristic terms

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

Integral nonlinearity error (INL)

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

Differential nonlinearity error (DNL)

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

Offset error

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

R01DS0415EJ0110 Rev.1.10

May 23, 2023

RENESAS

Page 65 of 89

RAAT1 BIBE 25/XBB. BRIFH
A ,
OXFFF f==mmmmmmmmmmmm o s o mo o oo oo ooy ——rr------
SRY#R
.../.d..' :
/ /,/ E
/ y :
. s :
7/ :
RO ELEIRE (N A g :
L) ‘_’E/// '
Aﬁ/{[}fﬂﬁaé&ﬁ peeneill” !
255 I_ 7777 ADEIRE RIS I
s :
AD SRR — r4 # .
7 1
L 4 :
ld /7_ '
4 !
169 A/D FIRHSE if i
S0 e EDRAIRE (DNL) :
7 b 1-LSBEE, LRSI i
AV N YY1 !
s :
A o e EaFsmizE ON) i
Vi : : H
T O1-LSBEREE, LURTSIEARN !
A/DEEIEE :
e CIS !
/: ]
sooplled -
: > :
0x000 /E / 1&*5%%1% N : _
0 IR\ B E " VREFHO (
2R)
&2, 53 ADC12HHEm B ER
BT EMR

HITFEEEETIEICA/ DR A B SLIRA/DERIRERZ BN ER, NLEITHEER, LUEIN MmN BE
RE(1-LSBRE) FaBENEMNENEE, THEETIEICA/DE RS M EEMEIE, Bk, FNRE
B12U9#iERAF B S EZBEVREFHO=3, 072V,M1-LSBZEZT N0, 75mV,FHEBFEAOMV. 0, 75mVF1, 5m
VIEREINMNEBE, WREBIINBEN 6 mV,WLESTFEE S +£5 LSB BEbKkE PR A/D FHIRLERTE 0x003 £ 0

x00D SEEIA, RE ML A/D AT LA A% H U39 Ox008%8 #4514

R IELEIRE (INL)
MPEFLRERNERZENRERREITHERLS K rHHEABZENRARE.

E573F&ttiRE (DNL)
ZNEAMIRERETIERM A/D IR ER 1-LSB BESERRHABREE ZEMNEE,

mi5 iR
RiZIRERIENE —MHBMNLIRE —HHETER Z BN EE,

RO1DSO0415EJ0110Reve 1o 10

202358230 LENESAS

%6571, 89




RA4T1 Datasheet

2. Electrical Characteristics

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.

25 DAC12 Characteristics
Table 2.37 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 \% —
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 —
2.6 TSN Characteristics
Table 2.38 TSN characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Relative accuracy — — +1.0 — °C —
Temperature slope — — 4.0 — mV/°C —
Output voltage (at 25 °C) — — 1.24 — \% —
Temperature sensor start time | tstarT — — 30 us —
Sampling time — 415 — — us —
2.7 OSC Stop Detect Characteristics
Table 2.39 Oscillation stop detection circuit characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Detection time tar — — 1 ms Figure 2.54
R01DS0415EJ0110 Rev.1.10 RENESAS Page 66 of 89

May 23, 2023

RAA4T1 $iER 2F/BRA. BRI
2RI
2REREREEEEHEABNLMREREHAEINTES ZENEE,
2, 5DAC12 45t%
®2, 37 D/A¥ iR E
8% Min Typ Max L i MR
R — — 12 fir —
T T A 2s
4o 33 HE R — —_ +24 LSB FEPRfEL 2 MQ
INL — +2.0 +8.0 LSB A E 2 MQ
DNL — 1.0 +2.0 LSB —
Lol 26 — 8.5 — kQ —
FiRBTIa — — 3 s FRR A E 2 MQ,EBA 1 E 20 pF
WmEBEEE 0 — VREFH \ —
IR R
INL — 2.0 4.0 LSB —
DNL — +1.0 +2.0 LSB —
FE AT 8] — — 4.0 s —
EEfE 5 — — kQ —
AN — — 50 pF —
HHEEEE 0.2 — VREFH - 0o 2 i —
2, 6 TSN %51%
+2, 38 TSN $3t%
8% #s Min Typ Max Bl Mt R4
AR AR — — +£1.0 — °C —
mERE — — 4.0 — mv/°c —
B EBE(25 °C BY) — — 1.24 — Y —
REL BB t 74 — — 30 s —
KAER(E] — 4.15 — — us —
2o 7 OSC{Z LA M4
®2, 39 1555 (5 LS B BRI
S us 8y e BX Bl MR
KM ja] tar — — 1 ms E2, 54
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MOCO clock
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Figure 2.54

Oscillation stop detection timing

2.8 POR and LVD Characteristics

B2, 54 IR7EIERRMER
2, 8 POR #1LVD 451%¢

Table 2.40 Power-on reset circuit and voltage detection circuit characteristics (1)
Un
Parameter Symbol [Min |[Typ ([Max |it |Test conditions
Voltage detection | Power-on reset DPSBYCR.DEEPCUT][1:0] = 00b or VpPoRr 2.5 26 2.7 V | Figure 2.55
level (POR) 01b.
DPSBYCR.DEEPCUT[1:0] = 11b. 1.8 225 |27
Voltage detection circuit (LVDO) Veto 1 |2.84 |2.94 |3.04 Figure 2.56
Vdeto 2 |2.77 |2.87 [2.97
Vdeto 3 |2.70 |2.80 [2.90
Voltage detection circuit (LVD1) Vdet1 1 [2.89 [2.99 |[3.09 Figure 2.57
Vget1 2 |2.82 292 |3.02
Vdett 3 [2.75 |2.85 [2.95
Voltage detection circuit (LVD2) Vdetz 1 |2.89 [2.99 |[3.09 Figure 2.58
Vdetz 2 |2.82 292 |3.02
Vget2 3 |2.75 |2.85 [2.95
Internal reset time | Power-on reset time tPor — 4.5 — ms | Figure 2.55
LVDO reset time tLvbo — 051 |— Figure 2.56
LVD1 reset time tLvD1 — 038 |— Figure 2.57
LVD2 reset time tLvbD2 — 0.38 |— Figure 2.58
Minimum VCC down time™! tvorrF 200 |— — ps | Figure 2.55,
Figure 2.56
Response delay tdet — — 200 |ps |Figure 2.56 to
Figure 2.58
LVD operation stabilization time (after LVD is enabled) taE-a) — — 10 us | Figure 2.57,
Hysteresis width (LVD1 and LVD2) VLvH — 70 — m Figure 2.5
\Y

Note 1. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels VpoR, Vdeto,
Vdet1, and Vyetp for POR and LVD.
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&2 40 LB (iR B ES N BRIFS (1)
Un
&8 #s 8 x2IBRK (it | WRFH
C R ol Rt)EEETﬁ (PO &PSBYCRO DEEPCUTI[1:0] = 00b 5 Vpor |25 |26 |27 |v |E2. 55
DPSBYCR. DEEPCUT[1:0] = 11bo 1.8 225 |27
BEMNEE (LVDO) vdeto1 (2,84 |2.94 |3.04 B2, 56
vdeo2 (277 |2.87 |2.97
vdet03 (270 [2.80 |2.90
BERNEBE (LVD1) veei1 289 |2.99 [3.09 E2, 57
vder 2 (2,82 (292 |3.02
vee 3 275 |2.85 |2.95
BEHNEE (LVD2) veez1 |289 |299 [3.09 E2, 58
vdez2 (282 (292 |3.02
vde23 (275 |2.85 |2.95
EEN= ] LS UtE tPOR — 45 |— ms | B2, 55
LVDO EERTE] tLVDO — 051 |— &2, 56
LVD1 EER}E) tLv1 — lo38 |— E2, 57
LVD2 E &R o2 | — 038 |— E2, 58
A2 VCC {ZH1B[8] +1 tVOFF  |200 |— — ps | B2, 55,
E2, 56
MR IER — = Jo00 [us |E2. 56
B2, 58
LVD BETRENE (LVD BAE) td (ea) — — 10 ps |E2, 57,
RAEE (LVD1 A LVD2) Viw |— |70 |— |m 2. 58
%
1o B/IWCCEMNBTERRVCCE T PORFILVDEYEBEAMEFVPOR, Vdet0, V det1FVdet2 898/ MEAIATE],
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tvorF t VOFF
VPoR VPor
VCC VCC
Internal reset signal REEMES (R
(active-low) BT
«ple > e »> < 9‘4 »> “»l  laple »>
dell tPor tdet  taet tror tdetl - tPOR tdett tdet’ tPOR
Figure 2.55 Power-on reset timing B2, 55 EBE T
tvorr t VOFF

VCC Vdeto \\/7 5 VivH VCC v \\/7 x VivH

Internal reset signal — ABENMES (K
(active-low) )
gl << > - e »
tdet tast tLvoo tde tade tLvDo
Figure 2.56  Voltage detection circuit timing (Vgeto) &2, 56 BESTIEREEN (Vdet0)
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tvorr y t VOFF

vCC Vaett / 5 Vive VCC v detl /| 5 VLvH

LVCMPCR.LVD1E LVCMPCR, LVD1E

@ Td(E-A) @ Td (ea)
LVD1 LvD1
Comparator output J Ebisestatt J
LVD1CR0.CMPE LVD1CRO. CMPE
LVD1SR.MON LVD1SRs MON
Internal reset signal ABEMES (K
(active-low) )
When LVD1CRO.RN =0 ZLVD1CRO. RN =0
o o< > - ol >
tdet tdet tLvo1 tdet tdet tLVD1
When LVD1CRO.RN =1 ZLVD1CROs RN =1
tLvp1 h twvon .
Figure 2.57  Voltage detection circuit timing (Vget1) B2, 57 BESNBIEEN (Vdetl)
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tvorr
vce Vaerz / Viwn
LVCMPCR.LVD2E
4# TdE-A)
LvD2
Comparator output
LVD2CRO.CMPE
LVD2SR.MON
Internal reset signal
(active-low)
When LVD2CRO.RN =0
lo] P
tdet tdet tvp2
When LVD2CRO.RN = 1
< tvp2
Figure 2.58  Voltage detection circuit timing (Vyet2)
29 ACMPHS Characteristics
Table 2.41 ACMPHS characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Reference voltage range VRer 0 — AVCCO |V
Input voltage range \ 0 — AVCCO |V
Output delay*‘1 tq — 50 100 ns V| =VRgr £ 100 mV
Internal reference voltage Vief 1.13 1.18 1.23 \%
Note 1. This value is the internal propagation delay.
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t VOFF
VCC V2 / VLvH
LVCMPCR. LVD2E
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LVD2
el J
LVD2CRO, CMPE
LVD2SR, MON
WEBEMIES (R
F)
LHLVD2CRO, RN =0
-
HLVD2CRO, RN =1
2, 58 BESMEEER (Vdet2)
2, 9 ACMPHS 434
®2, 4 ACMPS I
B3 e 8 xm Bk B it & 14
BEHEEE VREF 0 — AVCCO |V
WNBETE V, 0 — AVCCO |V
HIHIER «1 ty — 50 100 ns V| = VRer + 100 mV
REBEBE Le% 1.13 1.18 1.23 v
H1, ZESNDEETR,
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210 PGA Characteristics
Table 2.42 PGA characteristics in single mode
Parameter Symbol Min Typ Max Unit
PGAVSS input voltage PGAVSS 0 — 0 \%
range AINO (G =2.000) 0.05 x AVCCO — 0.45 x AVCCO \%
AIN1 (G =2.500) 0.047 x AVCCO — 0.360 x AVCCO Vv
AIN2 (G = 2.667) 0.046 x AVCCO — 0.337 x AVCCO \Y
AIN3 (G = 2.857) 0.046 x AVCCO — 0.32 x AVCCO \%
AIN4 (G = 3.077) 0.045 x AVCCO — 0.292 x AVCCO \%
AIN5 (G = 3.333) 0.044 x AVCCO — 0.265 x AVCCO \Y%
AING (G = 3.636) 0.042 x AVCCO — 0.247 x AVCCO \
AIN7 (G =4.000) 0.04 x AVCCO — 0.212 x AVCCO \%
AINS (G = 4.444) 0.036 x AVCCO — 0.191 x AVCCO \%
AIN9 (G = 5.000) 0.033 x AVCCO — 0.17 x AVCCO \Y
AIN10 (G =5.714) 0.031 x AVCCO — 0.148 x AVCCO \%
AIN11 (G = 6.667) 0.029 x AVCCO — 0.127 x AVCCO \%
AIN12 (G = 8.000) 0.027 x AVCCO — 0.09 x AVCCO \Y%
AIN13 (G = 10.000) 0.025 x AVCCO — 0.08 x AVCCO \%
AIN14 (G = 13.333) 0.023 x AVCCO — 0.06 x AVCCO Vv
Gain error AINO (G =2.000) -1.0 — 1.0 %
AIN1 (G = 2.500) -1.0 — 1.0 %
AIN2 (G = 2.667) -1.0 — 1.0 %
AIN3 (G = 2.857) -1.0 — 1.0 %
AIN4 (G = 3.077) -1.0 — 1.0 %
AINS (G = 3.333) -1.5 — 1.5 %
AING (G = 3.636) 15 — 15 %
AIN7 (G = 4.000) 15 — 15 %
AIN8 (G = 4.444) -2.0 — 2.0 %
AIN9 (G = 5.000) 2.0 — 2.0 %
AIN10 (G =5.714) -2.0 — 2.0 %
AIN11 (G = 6.667) -2.0 — 2.0 %
AIN12 (G = 8.000) -2.0 — 2.0 %
AIN13 (G = 10.000) -2.0 — 2.0 %
AIN14 (G = 13.333) -2.0 — 2.0 %
Offset error Voff -8 — 8 mV
Table 2.43 PGA characteristics in pseudo-differential mode (1 of 2)
Parameter Symbol Min Typ Max Unit
PGAVSS input voltage range PGAVSS -0.5 — 0.3 \%
Pseudo-differential input voltage |G = 1.500 AIN-PGAVSS -0.5 — 0.5
range G=2333 0.4 — 0.4 v
G =4.000 -0.2 — 0.2 \%
G =5.667 -0.15 — 0.15 \%
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®2, 42 §1550THY PGA $51%
&8 #s Min Typ Max L 0s
PGAVSSHINEBESERE PGAVSS 0 — 0 \Y
AINO (G =2, 000) 0o 05 x AVCCO — 0o 45 x AVCCO \Y
AINT (G =2, 500) 0o 047 x AVCCO — 0. 360 x AVCCO Y}
AIN2 (G=2, 667) 0o 046 x AVCCO — 0o 337 x AVCCO \Y;
AIN3 (G=2, 857) 0o 046 x AVCCO — 0. 32 x AVCCO \Y;
AIN4 (G=3, 077) 0o 045 x AVCCO — 0o 292 x AVCCO \Y;
AIN5 (G =3, 333) 0o 044 x AVCCO — 0o 265 x AVCCO \Y;
AIN6 (G =3, 636) 0o 042 x AVCCO — 0. 247 x AVCCO i
AIN7 (G =4, 000) 0. 04 x AVCCO — 0o 212 x AVCCO Vv
AINS (G =4, 444) 0o 036 x AVCCO — 0. 191 x AVCCO Vv
AIN9 (G =5, 000) 0o 033 x AVCCO — 0o 17 x AVCCO \Y;
AIN10 (G=5, 714) 0. 031 x AVCCO — 0. 148 x AVCCO Vv
AIN11 (G=6, 667) 0o 029 x AVCCO — 0o 127 x AVCCO \Y;
AIN12 (G =8, 000) 0. 027 x AVCCO — 0, 09 x AVCCO \Y;
AIN13 (G=10, 000) 0o 025 x AVCCO — 0. 08 x AVCCO \Y;
AIN14 (G=13, 333) 0o 023 x AVCCO — 0. 06 x AVCCO \Y
RIBHEIR AINO (G =2, 000) -1.0 — 1.0 %
AINT (G=2, 500) -1.0 — 1.0 %
AIN2 (G=2, 667) -1.0 — 1.0 %
AIN3 (G=2, 857) -1.0 — 1.0 %
AIN4 (G=3, 077) -1.0 — 1.0 %
AIN5 (G=3, 333) -1.5 — 1.5 %
AIN6 (G =3, 636) -1.5 — 1.5 %
AIN7 (G =4, 000) -1.5 — 1.5 %
AIN8 (G =4, 444) -2.0 — 2.0 %
AIN9 (G =5, 000) -2.0 — 2.0 %
AIN10 (G=5, 714) -2.0 — 2.0 %
AIN11 (G=6, 667) -2.0 — 2.0 %
AIN12 (G=8, 000) -2.0 — 2.0 %
AIN13 (G =10, 000) -2.0 — 2.0 %
AIN14 (G=13, 333) -2.0 — 2.0 %
RI%EEIR AE -8 — 8 mV
+2, 43 AR MERX T PGA $51%(2 hAY 1)
o3 #s Min Typ Max B
PGAVSSHINEBETEE PGAVSS -0.5 — 0.3
HESHNEETE G=1, 500 AIN-PGAVSS -0.5 — 0.5 Vv
G=2, 333 -0.4 — 0.4 \%
G=14 000 -0.2 — 0.2 \%
G=5, 667 -0.15 — 0.15 \%
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Table 2.43 PGA characteristics in pseudo-differential mode (2 of 2)
Parameter Symbol Min Typ Max Unit
Gain error G =1.500 Gerr -1.0 — 1.0 %
G =2.333 -1.0 — 1.0 %
G =4.000 -1.0 — 1.0 %
G =5.667 -1.0 — 1.0 %
2.1 Flash Memory Characteristics
2111 Code Flash Memory Characteristics
Table 2.44 Code flash memory characteristics
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 tpak — 49 176 | — 22 80 ms
32-KB tpaok — 194 | 704 |— 88 320 |ms
Programming time 128-byte tp128 — 091 |158 |— 0.41 7.2 ms
Npgc > 100 times
8-KB tpak — 60 212 |— 27 96 ms
32-KB tp3ok — 234 |848 |— 106 384 |ms
Erasure time 8-KB tesk — 78 216 |— 43 120 ms
Npgc < 100 times
32-KB tesok — 283 |864 |— 157 480 |ms
Erasure time 8-KB tesk — 94 260 |— 52 144 ms
Npec > 100 times
32-KB tEs2k — 341 | 1040 | — 189 576 |ms
Reprogramming/erasure cycle™ Npec 100001 |— |— [10000"" |— — Times
Suspend delay during programming tspp — — 264 | — — 120 us
Programming resume time tPRT — — 110 |— — 50 us
First suspend delay during erasure in suspend tsesp1 |— — 216 |— — 120 us
priority mode
Second suspend delay during erasure in suspend tsesp2 | — — 1.7 |— — 1.7 ms
priority mode
Suspend delay during erasure in erasure priority tseep — — 1.7 |— — 1.7 ms
mode
First erasing resume time during erasure in suspend |tresT1 | — — 1.7 |— — 1.7 ms
priority mode™®
Second erasing resume time during erasure in tResT2 | — — 144 | — — 80 us
suspend priority mode
Erasing resume time during erasure in erasure tREET — — 144 | — — 80 us
priority mode
Forced stop command trD — — 32 — — 20 us
Data hold time™ torp 10273 |— |— [10727 |— — Years
3027 |— — 307273 — — Ta = +85°C

Note 1.
the minimum value.
Note 2.

Note 3. This result is obtained from reliability testing.

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

This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.
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£2, 43 RS ER TH PGA 514 (2 Y 2)
88 &7 Min Typ Max By
RBHEIR G=1, 500 IR -1.0 — 1.0 %
G=2, 333 -1.0 — 1.0 %
G=4. 000 1.0 — 1.0 %
G=5, 667 -1.0 — 1.0 %
2, 11 A5
2. 11, 1 REBAFEME
R 2. 44 KBBNFHRME £HEFFIRFRFCLK =4 E 50 MH
7 3EBY:FCLK = 50 MHz
FCLK = 4 MHz 20 MHz = FCLK = 50 MHz —_—
M3zt 5
o we & KERX g x| @Kk | B
RIEAT|E] 128F T tP128 — 0.75 [13.2 |— 0.34 6.0 ms
N PEC = 100 /%
8-KB £P8K — 49 |176 |— 22 80 ms
32-KB tP32K — 194 |704 |— 88 320 |ms
SRAZAY ] 128F 159 tP128 — 0.91 |158 |— 041 |72 |ms
N PEC > 100 /%
8-KB £PBK — 60 |212 |— 27 96 ms
32-KB tP32K — 234 [848 |— 106 384 |ms
125 A i) 8-KB tEBK — 78  [216 |— 43 120 |ms
N PEC =100 X
32-KB tE32K — 283 |864 |— 157 480 |ms
1RBRAET{E] 8-KB tEsK — 94 [260 |— 52 144 |ms
N PEC > 100 &
32-KB tE3K — 341 1040+ 189 576 |ms
EHRIE/NEIREE 4 Npec 10000 *1 — — 100007 |— — REFAE
RIZHRIRIE (2R tSPD — — 264 | — — 120 |us
YRIETE HETE) tPRT — — 110 |— — 50 us
EEENAEATHIRIRE S EEEER tSESDT | — — 216 |— — 120 |pus
HEMAER TIRRIREIN S R EEER tSESD2 | — — 1.7 |— — 1.7 ms
EERBRREER TEEIRRIRENER T — — 17 |— — 17 |ms
EEENAER TR ERIZRIREE «5 tREST1 | — — 17 |— — 1.7 ms
EEEMARE TIEBRERBEIAYE ZRIZER IR tREST2 | — — 144 | — — 80 us
S8Yia)
EERLEER TIEMRERIEIER IR E Y E) B — — 144 | — — 80 ps
BENELEHS trp — — |32 |— — 20 |ps
BIRR1ZETIE <2 tDRP 1023 |— |— [4102" |— — N&F
3023 |— |— |302%% |— — Ta=+85°C
A1, XBRRIEENRBEEFFERENRIVRE. FRIEBEEAN 1 2&/IME,
F2, XRNMEERECEARITEMRENFENR/ME
A3, ZERBBLEITREMHENHIREN.
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RA4T1 Datasheet 2. Electrical Characteristics

Note 4. The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times (n = 10,000),
erasing can be performed n times for each block. For example, when 128-byte programming is performed 64 times for different
addresses in 8-KB blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However, programming
the same address several times as one erasure is not enabled. Overwriting is prohibited.

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

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

« Suspension during programming

FACI command X Program >< >< Suspend

>< Resume

tspo

FSTATR.FRDY Not Ready

«+ Suspension during erasure in suspend priority mode

FACI command X Erase >< >< Suspend >< Resume >< Suspend

tses1

tsesoz

FSTATR.FRDY Not Ready Not Ready
tresT1

« Suspension during erasure in erasure priority mode

FACI command X Erase >< ><Suspend

>< Resume >

tseen

FSTATR FRDY Not Ready [ Ready | [ Not Ready |
treer
« Forced Stop
FACI command X Forced Stop )
tro
FSTATR.FRDY Not Ready

RAAT1 UER 25EAR. BRISH

E4. BEMRIZ/EREBRES DROERRE. SERZ/IEFEBHAANR (n=10,000)8, 7T LA & MRATRIERR, 5140, 2% 8-KB IRAEY
TREBIMAATT 64 0% 128 FTIRIZ ARMIBRE MRS, EXRIZ/IFFEAIEF 1. AN REABRE—MILRIE/ LRI —RIERF. BIEES,

ES. REN B EEEMMENT ZE IR IMAIEIROR (R — B8R RIBTEL
A60 VCC =3, 3VRIER THEEE,

- RIZHAEE

FACI 5% :>< E2F >< >< i

FSTATR. FRDY EESF FEELT
asmr

- BEFRER TIRRRENE

FACI B4 X s >< Xa@ Xwg >< e

tSESD

s Gl

« R RX TR ARE E

FACI 8% :>< -5 >< Xﬂf?

Figure 2.59  Suspension and forced stop timing for flash memory programming and erasure

2.11.2 Data Flash Memory Characteristics

Table 2.45 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 .
Parameter Symbol | Min Typ'® | Max | Min Typ® [Max |Unit | conditions
Programming time 4-byte tDp4 — 0.36 |3.8 |— 0.16 1.7 ms
8-byte topg | — 038 [40 |— 017 |18
16-byte topis | — 042 |45 |— 019 |20
Erasure time 64-byte tDE64 — 3.1 18 |— 1.7 10 ms
128-byte toE12s | — 47 |27 |— 26 |15
256-byte toE2ss | — 89 |50 |— 49 |28
Blank check time 4-byte tpBC4 — — 84 |— — 30 us
Reprogramming/erasure cycle” Nppec |1250002|— |— |1250002 |— — —
R01DS0415EJ0110 Rev.1.10 RENESAS Page 73 of 89
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FSTATR. FRDY
BERBOR — S
- BHIELE
FACIS X AL )
FSTATR. FRDY
B2, 59 NEHIEMERANE FMmaEnF it
2.11.2  #IREAFEFGE
R 2, 45 BURRNEFMEQ M1 1) FHEFHIERFCLK=4F
50 MHz i2BX:FCLK = 50 MHz
FCLK = 4 MHz 20 MHz = FCLK = 50 MHz
S Mt
S5 Be i HE «b /) 26 | JR | B
YRIZAYE] 4FT tDP4 — 0.36 |3.8 |— 0.16 |17 |ms
8F T tDP8 — 0.38 |40 |— 0.17 1.8
T6FTH tDbP16 — 042 |45 |[— 0.19 2.0
12T 8] 64F T tDE64 — 3.1 18 |— 1.7 10 ms
128F I tDE128 — 4.7 27 |— 2.6 15
256 F 589 t DE256 — 8.9 50 |— 4.9 28
= E iz E 45T toscs | — — |es |— — 30 |us
B RAR/ BB +1 Nppec 12500044 — | — 1250002 |— |— |—
RO1DS0415EJ0110Revs 1o 10 RENESAS ERERE R
2023%5H23H
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2. Electrical Characteristics

Table 2.45 Data flash memory characteristics (2 of 2)

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

RA4AT1 $iE&R

2%%

AR, BRI

®2, 45 SIRIRATFISE(2 Ry 2)

FFRIZTIBPRFCLK = 4 & 50 MHz
I#IR:FCLK = 50 MHz

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

Parameter Symbol | Min Typ® | Max | Min Typ® |Max |Unit | conditions
Suspend delay during 4-byte tpspD — — 264 | — — 120 | ps
programming

8-byte — — 264 | — — 120

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

128-byte — — 216 | — — 120

256-byte — — 216 | — — 120
Second suspend delay during 64-byte tpsesp2 | — — 300 [ — — 300 |us
erasure in suspend priority mode

128-byte — — 390 | — — 390

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

128-byte — — 390 | — — 390

256-byte — — 570 | — — 570
First erasing resume time during erasure in suspend |tprest1 | — — 300 | — — 300 |ps
priority mode™®
Second erasing resume time during erasure in tpresT2 | — — 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"3 torp 108 |— |— |1073% — — | Year

308 |— — |30 — — Ta = +85°C

FCLK = 4 MHz 20 MHz = FCLK = 50 MHz
1 F = Mt SR 1

8B4 e 8 R «6 /) 2L | BK | B
RIZERIE E (2 IER 4FF3 tDSPD | — — 264 | — — 120 |us

8FH — —  |264 |— — 120

16F I — — 264 | — — 120
{RIZREIA AT tDPRT | — — |10 |— — 50 |ps
AHEEREEXTHREaEE | 4770 tDSESD1 | — —  |216 |— — 120 |ps
BFER 128F M — — 216 |— — 120

25678 — —  |216 |— — 120
HEMAEA TIERBENE T |64FTH tDSESD2 | — — 300 |— — 300 |ps
oty et
REFIER 12878 — — 390 |— — 390

256F T — — |570 |— — 570
RS TE SB[ 64TTH tDSEED | — —  |300 |— — 300 |us
RIREIR P

BFHEY — — 390 |— — 390

256F 5By — — 570 |— — 570
FEFRTER MR ERIBIRIRERT 8] 5 EEIRE ) — —  |300 |— — 300 |us
B ERAREL T RGBS Z RIS RS — — 126 | — — 70 s
i8] FEMRRE T TIRIREAEAYSE — IR IR
S8
EERRMTEN TR RERIE IR R IR E BT iE) tREEN | — — 126 | — — 70 |us
BEE IS trD — — 32 |[— — 20 us
HUBIRTZBYIE +3 t DRP 1034 | — — |03 — — F4

300 |— — 307374 — — 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.

2.11.3 Option Setting Memory Characteristics

Table 2.46 Option setting memory characteristics (1 of 2)

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

E1o EMRIZ/ERBARZE N ROERRRE, HERE/IEFBIAANR (n=125,000)8, FIUASEMRATTIRIER. F190, 23 64 F73
RPN REHALNIT 16 2R 4 FHRIEAGHIRENRE, EEE/IRFEABREE 1. A, KBRRBRE—HULRELREAN—RIER. B

HEX,

A2, XERRIEEFREEFERENR/ VA, RIEBEEN 1 2&/IME,

A3 XRTERECERRUTENRENFIENR/IVE

E4, ZAERZEL I EENHREN.

ES. RER B EEEMMENTE ERRIMEIRERMOR (RE—EOR) BIETEL

A6, VCC=3, 3VAIERTHNEEE,

2.11.3 EDIgBEREFEH

£ 2, 46 ETIREAEFEQ M1 1) £H BFFCK=4ZFE50M

Hz 3BV 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"" |— — Times

R01DS0415EJ0110 Rev.1.10 RENESAS Page 74 of 89
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FCLK = 4 MHz 20 MHz = FCLK = 50 MHz

S8 (5 i) Min Typ™? | Max Min Typ4 |Max i Mt R4

YRIZAYIE] top — 83 309 — 45 162 ms

N OPC =100 X

{RFZATIE] top — 100 371 — 55 195 ms

N OPC > 100 &

BiRiEARA Noprc 200001 |— — 200001 | — — IRBIE
ROTDS0415EJ0110 Revo 1o 10 RENESANAS $ 74T, 89 7
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RA4T1 Datasheet 2. Electrical Characteristics RAA4T1 $UER 25EAR. BRISH

Table 2.46  Option setting memory characteristics (2 of 2) ®2 46 RDgERFHEQ P 2)
Conditions: Program: FCLK = 4 to 50 MHz #MH12F FCLK = 4 & 50 MHz
Read: FCLK < 50 MHz i#33:FCLK = 50 MHz
FCLK =4 MHz 20 MHz < FCLK < 50 MHz FCLK = 4 MHz 20 MHz = FCLK = 50 MHz
Parameter Symbol | Min Typ4 |Max Min Typ™? |Max Unit Test conditions 3 #s Min Typ™? |Max Min Typ™? |Max L10] Mt 14
Data hold time 2 torp 1027 | — — 1027 | — — Years BIRRIFEYE] <2 torpP 1023 |— — 10273 | — — JLF
3023 |— —_ 3023 |— — Ta = +85°C 3023 |— — 3023 |— — Ta = +85°C

Note 1. This i§ t.he minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to . XRFRIUEENREEFAERFMENR/IVIE, RIEEERN 1 2&/IME,
Note 2. ?:isni]::;ir:::trgsvff:g?ﬁinimum value of the characteristic when reprogramming is performed within the specified range. A2, XRNERECENRITENREZENFENR/NME,
Note 3. This result is obtained from reliability testing. A3, ZERBED A EENIRREN,
Note 4. The reference value at VCC = 3.3 V and room temperature. 4, VCC=3, 3VAIERTHEEE,
2.12  Serial Wire Debug (SWD) 2, 12 BIT4&ARK (SWD)
Table 2.47 SWD 2, 47 SWD

Parameter Symbol Min Typ Max Unit Test conditions 3 #s 8y xR PN L] MR
SWCLK clock cycle time tswekeye 40 — — ns Figure 2.60 SWCLK B4 /E BR B &) tSWCKeyc 40 — — ns B2, 60
SWCLK clock high pulse width tSWeKH 15 — — ns SWCLK BY Bk R t SWCKH 15 — — ns

SWCLK clock low pulse width tswekL 15 — — ns SWCLK B {ERK A BE S t SWCKL 15 — — ns

SWCLK clock rise time tswekr — — 5 ns SWCLK Bd##_EFHETE] t SWCKr — — 5 ns

SWCLK clock fall time tsweks — — 5 ns SWCLK By $$5% T Y &) £ SWCKS _ — 5 ns

SWDIO setup time tswos 8 — — ns Figure 2.61 SWDIO & ERtig] £SWDS 8 — — ns &2, 61

SWDIO hold time tSWDH 8 — — ns SWDIO fR¥8Y /8] tSWDH 8 — — ns

SWDIO data delay time tswob 2 — 28 ns SWDIO #UIEIEREYE] £ SWDD 2 — 28 ns

tSWCKcyc t SWCKcyc
< . < .
< | g « >
tswekH tSWCKH
SWCLK SWCLK
tSWCKL t SWCKL
Figure 2.60 SWD SWCLK timing &2, 60 SWD SWCLK EBf
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RA4TT1 #iER

25FGAR. B

tswobs tswoH

SWDIO
(Input)

tswop

SWDIO
(Output)

tswop

SWDIO
(Output)

SWDIO

tswop

(Output)

Figure 2.61  SWD input/output timing

RO1DS0415EJ0110 Rev.1.10
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SWCLK

SWDIO
(N}

SWDIO
(F=it) B

SWDIO
(F=iH) #

SWDIO
(=)

N S

t SWDS t SWDH

tSWDD

tSWDD

tSWDD

B2, 61

SWDR /G E S
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Appendix 1. Port States in Each Processing Mode

RA4T1

HiER

MxR1. SMLERITED

MR,

SMAERNATRED

Appendix 1. Port States in Each Processing Mode
After Deep Software Standby
mode is canceled (return to
startup mode)
Deep Software
Function | Pin function Reset Software Standby mode Standby mode IOKEEP =0 |IOKEEP =1"1
Mode MD Pull-up Keep-O Keep Hi-Z Keep
IRQ IRQx Hi-Z Keep-0™2 Keep Hi-Z Keep
IRQx-DS Hi-Z Keep-0"2 Keep™ Hi-Z Keep
AGT AGTIOn Hi-Z Keep-0"2 Keep Hi-Z Keep
AGTIOn (n=1) Hi-Z Keep.o*2 Keep*3 Hi-Z Keep
SCI RXDO Hi-Z Keep-0™2 Keep Hi-Z Keep
13C I3C_SCL/I3C_SDA Hi-Z Keep-0™2 Keep Hi-Z Keep
SCLn/SDAN
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
ACMPHS | VCOUT Hi-Z VCOUT output Keep Hi-Z Keep
Others — Hi-Z Keep-O Keep Hi-Z Keep
Note:  H: High-level
L: Low-level

Note 1.
Note 2.
Note 3.

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.
Retains the I/O port state until the DPSBYCR.IOKEEP bit is cleared to 0.
Input is enabled if the pin is specified as the Software Standby canceling source while it is used as an external interrupt pin.
Input is enabled if the pin is specified as the Deep Software Standby canceling source.

R01DS0415EJ0110 Rev.1.10

May 23, 2023

RENESAS

Page 77 of 89

RERGFNE
EXEIE (BERIBENER)
RERY
&k Pin IhiE BB BREFNES FNER IOKEEP=0 |IOKEEP=1*1
B MD firEe R0 R¥F ¥4 RiF
IRQ IRQx =74 1REB-0*2 1R¥F [%:y4 1R¥%
IRQx-DS [%:74 1RE-0+2 {53 74 RiF
AGT PR ¥4 1REE-0+2 R¥F =74 R¥F
AGTIOn (n=1) %74 1RE-0+2 {Ri53 57 R
SCI RXDO K5z 1REB-0*2 1R¥F [%:y4 1R¥¥
13C 13C_SCL/I3C_SDA [%:y4 1RE-0+2 R¥F ¥4 R¥F
SCLn/SDAN
REMmE | ’EHR %74 [EFRCLKOUTICLKOUTH RiF [%:¥4 55
DAC DAn ¥4 [DAN it (DAOE = 1)] 1% D/A fiH R¥F ¥4 R4
ACMPS vVCouT %74 VCOUT $ith R¥F 57 R¥F
Hith — [%:74 R¥F-0 REF [%:¥4 REF
A HBBETLRBETHI-Z.5E0E
7
Keep-O:4itH 5 I IR B E STHIfE, MASIBZ ASMET.
Keep: TER MR X AR IER & 5 | B TS
1o RE 1/0 WHIIRE, EEI DPSBYCR. IOKEEP iIiERRE! 0o
E2. WNRTERIESMERAR TS I BIETYE 5 | Bl iE E A A FANBUE TR, WS BN
A3, WERSIHEE N REREFNBCER NEBRN.
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RA4T1 Datasheet Appendix 2. Package Dimensions

Appendix 2. Package Dimensions

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

RA4AT1 $iE&R

MR2, BERT

MR 2,

BERT

BXBRMRATERTHRENER ERERFEBF AT “Packages” b o

JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [g]

P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3
Unit: mm
Hp
*1 p
IRRRRRARRARARRAL
49 = =32
o s
== =]
= -
o s
== =]
o s
[ =] L w
(== = ] o~ T
[ =] *
== =]
= -
o s
== =]
o = o
64 o / =17
1 16 NOTE 4
Index area
NOTE 3
F NOTE)
1. DIMENSIONS “*1” AND “*2” DO NOT INCLUDE MOLD FLASH.
2. DIMENSION “*3” DOES NOT INCLUDE TRIM OFFSET.
! /1 1 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
LOCATED WITHIN THE HATCHED AREA.
N 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
Sly[s] 3 e ——
3 bp Reference | Dimensions in millimeters
[$]x w) Symbol | mMin | Nom | Max
D 9.9 10.0 | 10.1
E 9.9 10.0 | 101
A2 1.4 —
Hp 11.8 | 12.0 | 12.2
He 11.8 | 12.0 | 12.2
e}
o g A — 1.7
< < o
1 J ‘ A1 0.05 — 0.15
I 7 [ by | 0.15 | 0.20 | 0.27
< c 0.09 — 0.20
Lo 0 0° | 35° | &
L le] — 0.5 —
Detail F M - - 0.08
y — 0.08
Lp 0.45 0.6 | 0.75
L4 — 1.0 —
© 2015 Renesas Electronics Corporation. All rights reserved.
Figure 2.1 LQFP 64-pin
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JEITA 82553 FERS Ve ) FE (%7) [g]
P-LFQFP64-10x10-0o 50 PLQP0064KB-C —_ 0.3
BALEK
Hp
*1D
48 33
RARAAAAAAAAARRAA F
49 == = 32 .-!
s i =|
= = =
s i =|
s i =|
= o L w =
=S == o~ s —
[ | * =
= = =
s 1 | ='
64 o = =
17 ]
H/HHHHHHHHHHHHH :
1 16
=3 X NOTE 4
NOTE 3
F NOTE)
To R 1750 2" REERARHIT,
QHEEIRE. RT3 FREEDRER.
! il [ 1\ BB NIRRT BAUFAYE
iyls) N AFBE, BARMERR RN RS AR TR,
y|S
& *3 b Bz RSP UZHK A AL
Qa0 R EEAES
D 9.9 | 100 | 10.1
E 9.9 | 10.0 | 10.1
A2 — | 14| —
Hp | 11.8 | 12.0 | 12.2
He | 11.8 | 120 | 12.2
Te]
< g, A — | = | 17
1‘“ Ar | 005 — | 015
I *”“’ bp | 0.15 | 0.20 | 0.27
< c 009 | — | 020
Lp 0 0° B0 e 8
L4 le] — 0.5 —
AHF x | — | — |oo08
y — | — | o008
L, | 045 | 06 | 0.75
L1 — | 10 | —
© 2015 WiEBF AR, REBAENF,
B 2, 1LQFP 64 5|k
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Appendix 2. Package Dimensions

JEITA Package Code

RENESAS Code

Previous Code MASS (Typ) [g]

P-LFQFP48-7x7-0.50 PLQP0048KB-B — 0.2
Ho Unit: mm
#1 D
36 25
% \
37 I I 24
- -]
- -]
- -]
- -]
- -] "
o i N T
- —r—
- —r—
- —r—
- —r—
48 :u:\ —r— 13
74
1 12 NOTE 4
Index area NOTE)
NOTE 3 1. DIMENSIONS “*1” AND “*2” DO NOT INCLUDE MOLD FLASH.
E 2. DIMENSION “*3" DOES NOT INCLUDE TRIM OFFSET.
3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
LOCATED WITHIN THE HATCHED AREA.
/ I / \ \ 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
S
Reference | Dimensions in millimeters
g Symbol 1 Min | Nom | Max
D 6.9 7.0 71
Dy |S *3
b E 6.9 7.0 71
< > B ®
Az — 1.4 —
Hp 8.8 9.0 9.2
He 8.8 9.0 9.2
A — — 1.7
0|
<| & jg . A1 | 005| — | 015
_ LA bp | 017 | 0.20 | 0.27
_ ﬁj c 0.09 — 0.20
< 0 0° | 35° | 8
Lp
L4 le] — 0.5 —
. X — — 0.08
Detail F
y — — 0.08
Lp 0.45 0.6 | 0.75
L4 — 1.0 —
© 2015 Renesas Electronics Corporation. All rights reserved.
Figure 2.2 LQFP 48-pin
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RAA4T1 B« MiR2, BRRT
JEITA B13X%3 FiEREB AwiBY4LE3 BRE (%E) [g]
P-LFQFP48-7x7-0, 50 PLQP0048KB-B — 0.2

Hp PBALEH
36 25
7 N ]
37 I 11 24
 —— 1
 —— 1
 —— 1
 —— 1
o T ul
] | ~ T
 —— I
 —— I
 —— I
 —— I
48 I :I:I:I13
\HH THTRTRIRE B
1 12
R3IXE et NOTE)
NOTE 3 To R 17 #1+2" FEIFERER LT,
. VHBCBIB. RT3 REIEETRES.
13:?.;] i) o PIN 1 MRS ThEERTBER B PR A, B4 AL FREX
/ l / \\ 4%3&&;/5350 B ALNERRAEN, RT I ESERTR.
S
sz R R A &4
ALY Hs | By | Bk
D 69 | 70 | 71
Ny *3
b E 69 | 70 | 71
e > B ®
A2 — | 14 | —
Ho | 88 | 90 | 92
He 88 | 90 | 9.2
A — | — |17
Yol
< & Wg . A1 | 005| — | 015
7 A bp | 017 | 0.20 | 0.27
B ﬁj c 009 | — | 020
< o 55 % | go
L 0 0 ; 8
» ] — | 05| —
s X — | — | o008
y — | — | o008
L, | 045 | 06 | 075
L1 — |10 | —
©2015 WiFERF AR, RBHAERFL
B2, 2 LQFP 48
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RA4T1 Datasheet Appendix 2. Package Dimensions RAA4T1 B« MiR2, BRRT

JEITA Package code RENESAS code | MASS(TYP.)[g] JEITA 818D EERED R (BEME) [g]
P-HWQFN048-7x7-0.50 PWQNO048KC-A 0.13g P-HWQFN048~7x7-0o 50 PWQNOO48KC-A 0. 13%
2X 2X
| ]aaa[C] A ERE
36 ‘ 25 36 ‘ 25
\ \
37 24 37 24
| |
i e Y i e Y
| |
INDEX AREA ——] ‘ 8K (D2 — ‘
(D/I2 X E/2) | XE/2) |
48 ‘ 13 48 ‘ 13
2X | 2X |
Em c 1 12 E E §Hcﬁ " 1 12 E
E E
// |cce|C | // | ccc f
e
NEN SEATING PLANE A ) At
b(48X b(48X) bbb
o Ao ey 2 Al g :
[ [eee[C] Reference Dimension in Millimeters [ [eee[C] BE R (X)
= @lwlclals] | *™ | Min | Nom | Max = S@lclals] | "7 | % | = | ™
1 | 12 A - - 0.80 1 | 2 A — — | 080
JUUUUUUUUUUU 11— exposep A 0.00 0.02 0.05 JUUuUuUuUuUuUuUUUU 11— exposep A 0.00 0.02 0.05
(@@ [c[A][B] 8 l 13 DIE PAD A 0.203 REF [@[@[c[A]B] i l s DIE PAD A 0 203575,
= ‘ - . . . 5 ‘ 3 .
5 \ A b 020 | 025 [ 030 - \ - b 020 | 025 [ 030
- ‘ - D 7.00 BSC ) ‘ - D 7.00 BSC
g w E E 7.00 BSC g \ g E 7.00 BSC
D2*5~**7*+*7*4**E* e 0.50 BSC D2*5~**7*+*7*4**E* e 0.50 BSC
- ! - L 030 | 040 | 050 - ! - L 030 | 0.40 0.50
I~ ‘ - K 0.20 - - I~ ‘ - K 0.20 - -
g i E D: 525 | 530 | 535 g i g D: 525 | 5.30 5.35
o | s E: 525 | 530 | 535 o | s E. 525 | 530 5.35
| |
ANANANARANAIANANANANARN aaa 0.15 ANARARARANAIANANANANARN e 0.15
% | % bbb 0.10 % | 2 bbb 0.10
L(48X) K(48X) o 0.10 L(48X) K(48X) Py 0.10
ddd 0.05 ddd 0.05
eee 0.08 eee 0.08
fff 0.10 fif 0.10
Figure 2.3 QFN 48-pin 2. 3 QFN 48 5]l
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RA4T1 Datasheet

Appendix 2. Package Dimensions

JEITA Package Code RENESAS Code

Previous Code

MASS (TYP) [g]

P-LQFP32-7x7-0.80 PLQP0032GB-A

P32GA-80-GBT-1

0.2

EAN
RA4T1 $UBE

RY X

MR2, BERT

JEITA Package Code RENESAS Code

Previous Code

MASS (TYP) [q]

P-LQFP32-7x7-0.80 PLQP0032GB-A

P32GA-80-GBT-1

0.2

HD
0
24 7Y
I (25 16|11
detail of lead end
1] 11
1 11
-+ E HE
1 1] .
1] (11
L
I (1]
s 1]
(UNIT:mm)
ITEM DIMENSIONS
D 7.00+0.10
A E 7.00£0.10
A2+ HD 9.00+0.20
/ [ ‘ \ HE 9.00+£0.20
/ | A 1.70 MAX.
BEEEEEEEEEEEE \ Al 0.10+0.10
J \ I 1 J / \\_. A2 1.40
b 0.37+0.05
— Al- c 0.145+0.055
L 0.50+0.20
0 0° to 8°
NOTE
le] 0.80
1.Dimensions “:%1” and “%2” do not include mold flash. X 0.20
2.Dimension “#*%3” does not include trim offset. y 0.10
Figure 2.4 LQFP 32-pin
R01DS0415EJ0110 Rev.1.10 .ZENESAS Page 81 of 89
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HD
%2
¢ 24 73
I f25 16| 1]
detail of lead end
1] 1]
1 1]
-+ E HE
1 1] .
1] 11
L
1] (1]
I 1]
(UNIT:mm)
ITEM DIMENSIONS
D 7.00+0.10
A E 7.00+0.10
A2 HD 9.00+0.20
/ \ HE 9.00+0.20
J | A 1.70 MAX.
BEEEEEnEEEEEE \ A1 0.100.10
J \ ‘ 1 / \\_. A2 1.40
b 0.37+0.05
— Al- c 0.14510.055
L 0.50+0.20
6 0° to 8°
NOTE
[e] 0.80
1.Dimensions “%1” and “%2” do not include mold flash. X 0.20
2.Dimension “%3” does not include trim offset. Y 0.10
&2, 4 LQFP 32 §t
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RDK-G-001445
RA4T1 Datasheet Appendix 2. Package Dimensions RAAT1 BIBE ShERTe AHE MiR2, BRRT

ImiE O = PWQNOO032KE-A

il S e N
JEITA Package code RENESAS code | MASS(TYP.)[g] JHTPARHdage code EIRESAS code | MASSHMP g
P-HWQFNO032-5x5-0.50 PWQNOO32KE-A 0.06 P-HVRENERDI255%6-19.50 PWQNOO32KE=-A 0.06
2X 2X
((]asalc O] B
24 ‘ 17 24 ‘ 17
\ \
| |
25 ‘ 16 25 ‘ 16
| |
- S E— D B - D
INDEX AREA | ‘ IBEX ABEA |
(DI2 X E2) ‘ XE(DI2 X E/2) ‘
% 32 ‘ 9 2% 32 ‘ 9
E@ c 1 8 E E-ﬁ?@ 1 8 ‘
E Bl 4¢———E—— =
// |cce|C | , //|ecctc
|
A A3 aq SEATING PLANE A A3 aq
32X e b(32X) & bbbM)[C[A[B] 32X e BE@2X) & bbb()|[C[A[B]
E@ ddd@ ‘ C ‘ Dimension in Millimeters E@ ddd() ‘ C ‘ Biider$@#in Millimeters
Reference Betérence
Symbol Min. Nom. Max. 8ymibol #in. Rem. .
E2 @ |ff@[c|A[B] A - — om0 E2 ¢ |ft@|c|A[B] ; - — om0
1 8 A 0.00 0.02 0.05 1 8 A 0.00 0.02 0.05
UUUU}UUUU A 0203 REF UUU}UUUU A 0 S REF
SlM@Ic|AlE 2 | 9e ba 0.18 \'025 \ 0.30 SIM@[c|AlE 2 | Ge bz 0.18 \'025 \ 0.30
5 1 - . . ) 5 1 = . . .
S - D 5.00 BSC - — D 5.00 BSC
Do 7;7 7777J7777 7g7 E 5.00 BSC 0o 7;7 7777JL7777 7g7 E 5.00 BSC
D) ‘ ‘- e 0.50 BSC D) ‘ - e 0.50 BSC
D) - L 0.35 0.40 0.45 D) - L 0.35 0.40 0.45
| |
) | - K 0.20 - - ) | - K 0.20 - -
25[ ) } e D. 3.15 3.20 3.25 25[ ) } e D: 3.15 3.20 3.25
ANANANAIANANAND E, 315 | 320 | 3.25 ANANARANANANAEAD E. 315 | 320 | 3.25
24 ‘ " aaa 0.15 2 " 545 0.15
L(32X) B K(32X) bbb 0.10 L(32X) K(32X) bbb 0.10
cce 0.10 deé 0.10
ddd 0.05 ddd 0.05
eee 0.08 eee 0.08
fif 0.10 i 0.10
Figure 2.5 QFN 32-pin B2, 5 QFN 32§
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RA4T1 Datasheet

Appendix 3. I/O Registers

Appendix 3.

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

I/O Registers

3.1 Peripheral Base Addresses

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

and the base address of each peripheral.

RA4AT1 $iE&R

MR3, 1/0 FFF

R 3, 1/0 1748
AW REHERA T /0 F7BAA B

3, 1 5MEEsthithhk

AR AFMPERNINEIRENESMU, * 3. 1 ERTEMMNEIRENAN. ERMEMuL,

Table 3.1  Peripheral base address (1 of 2) £3, 1 SFEEZAHE(2 PR 1 1)

Name Description Base address B2F iR Eaihit
RMPU Renesas Memory Protection Unit 0x4000_0000 RMPU IniEfFERRRIFE T 0x4000_0000
TZF TrustZone Filter 0x4000_0OEO00 TZF TrustZone 137828 0x4000_0EO0O
SRAM SRAM Control 0x4000_2000 s SRAMIZEHI 0x4000_2000
BUS BUS Control 0x4000_3000 BUS REEH 0x4000_3000
DMACO Direct memory access controller 0 0x4000_5000 DMACO BHEANFIHEIEESEO 0x4000_5000
DMAC1 Direct memory access controller 1 0x4000_5040 DMACT BHIEANFIHIEH28 1 0x4000_5040
DMAC2 Direct memory access controller 2 0x4000_5080 DMAC2 HEANFIHOETH282 0x4000_5080
DMAC3 Direct memory access controller 3 0x4000_50C0 DMAC3 BHIERNFIHETE S 3 0x4000_50C0
DMAC4 Direct memory access controller 4 0x4000_5100 DMAC4 BHIEAEFIHNEGE 4 0x4000_5100
DMAC5 Direct memory access controller 5 0x4000_5140 DMAC5 HENFIHRIEHI2E 5 0x4000_5140
DMAC6 Direct memory access controller 6 0x4000_5180 DMAC6 BHEANGFHETEE 6 0x4000_5180
DMAC7 Direct memory access controller 7 0x4000_51C0 DMAC7 BEANGFIRETE S 7 0x4000_51C0
DMA DMAC Module Activation 0x4000_5200 DMA DMAC R UEUE 0x4000_5200
DTC Data Transfer Controller 0x4000_5400 DTC IR L AT 28 0x4000_5400
ICU Interrupt Controller 0x4000_6000 ICU aalp bl 0x4000_6000
CACHE CACHE 0x4000_7000 2Ed &1 0x4000_7000
CPSCU CPU System Security Control Unit 0x4000_8000 CPSCU CPURAZREEHIETT 0x4000_8000
DBG Debug Function 0x400_1B000 DBG BitThae 0x400_1B000
FCACHE Flash Cache 0x400_1C100 BRt NEZERE 0x400_1C100
SYsC System Control 0x4001_E000 SYSC RGIEH| 0x4001_E000
TFU Trigonometric Function Unit 0x4002_1000 TFU =RRBET 0x4002_1000
PORTO Port 0 Control Registers 0x4008_0000 yr{ | KO 0 1=k F 728 0x4008_0000
PORT1 Port 1 Control Registers 0x4008_0020 %1 IO 1 =6 F 7 0x4008_0020
PORT2 Port 2 Control Registers 0x4008_0040 %02 2% O HIZ 7728 0x4008_0040
PORT3 Port 3 Control Registers 0x4008_0060 %3 JHOITHIF 728 0x4008_0060
PORT4 Port 4 Control Registers 0x4008_0080 wO4 4K OERIF 728 0x4008_0080
PORT5 Port 5 Control Registers 0x4008_00A0 %5 Sk T 6 77238 0x4008_00A0
PORTS8 Port 8 Control Registers 0x4008_0100 %8 8w 1T HI & 728 0x4008_0100
PFS Pmn Pin Function Control Register 0x4008_0800 PFS Pmn SIBITREIEHIZE 7728 0x4008_0800
ELC Event Link Controller 0x4008_2000 ELC E g s aE 0x4008_2000
IWDT Independent Watchdog Timer 0x4008_3200 IWDT W EIIITET 8 0x4008_3200
WDT Watchdog Timer 0x4008_3400 WDT &\ TitAy s 0x4008_3400
CAC Clock Frequency Accuracy Measurement Circuit 0x4008_3600 CAC g TS =gk 0x4008_3600
MSTP Module Stop Control A, B, C, D 0x4008_4000 MSTP BHEIEESIAL B G D 0x4008_4000
POEG Port Output Enable Module for GPT 0x4008_A000 Hg GPT BV O 38 H /B B R iR 0x4008_a000

R01DS0415EJ0110 Rev.1.10

May 23, 2023

RENESAS

Page 83 of 89
2023%5H823H

RO1DSO0415EJ0110Reve 1o 10

LENESAS

%83 71,2

/1

89 I




RA4T1 Datasheet

Appendix 3. I/O Registers

RA4AT1 $iE&R

MR3, 1/0 FFF

Table 3.1 Peripheral base address (2 of 2)
Name Description Base address
CANFD CANFD Module Control 0x400B_0000
PSCU Peripheral Security Control Unit 0x400E_0000
AGTO Low Power Asynchronous General purpose Timer 0 0x400E_8000
AGT1 Low Power Asynchronous General purpose Timer 1 0x400E_8100
TSN Temperature Sensor 0x400F_3000
ACMPHSO High-Speed Analog Comparator 0 0x400F_4000
ACMPHS1 High-Speed Analog Comparator 1 0x400F_4100
ACMPHS2 High-Speed Analog Comparator 2 0x400F_4200
CRC CRC Calculator 0x4010_8000
DOC Data Operation Circuit 0x4010_9000
SCIo Serial Communication Interface 0 0x4011_8000
SCI9 Serial Communication Interface 9 0x4011_8900
SPI0 Serial Peripheral Interface 0 0x4011_A000
SPI1 Serial Peripheral Interface 1 0x4011_A100
13C I13C Bus Interface 0x4011_F000
CANFD ECC CANFD ECC 0x4012_F000
GPT16EQO General PWM 16-Bit Timer 0 (16-bit Enhanced High Resolution) 0x4016_9000
GPT16E1 General PWM 16-Bit Timer 1 (16-bit Enhanced High Resolution) 0x4016_9100
GPT16E2 General PWM 16-Bit Timer 2 (16-bit Enhanced High Resolution) 0x4016_9200
GPT16E3 General PWM 16-Bit Timer 3 (16-bit Enhanced High Resolution) 0x4016_9300
GPT16E4 General PWM 16-Bit Timer 4 (16-bit Enhanced High Resolution) 0x4016_9400
GPT16E5 General PWM 16-Bit Timer 5 (16-bit Enhanced High Resolution) 0x4016_9500
GPT_OPS Output Phase Switching Controller 0x4016_9A00
ADC120 12bit A/D Converter 0 0x4017_0000
DAC12 12-bit D/A converter 0x4017_1000
FLAD Data Flash 0x407F_C000
FACI Flash Application Command Interface 0x407F_EO000

+&3, 1 SPEIEMHE(2 R 2 1Y)
BF Ei::pe Bt
CANFD CANFD #&3RIZH| 0x400B_0000
PSCU SNERDITH R T 0x400e_0000
AGTO RInFER S BRAENSR 0 0x400E_8000
AGT1 RInER L BATENES 1 0x400e_8100
TSN BEFRE 0x400F_3000
ACMPHSO0 =IEEPALL IR O Ox400F_4000
ACMPHS1 SEEPALL 88 1 Ox400F_4100
ACMPHS2 SRS LR 2R 2 Ox400F_4200
CRC CRCit5H 2 0x4010_8000
DOC HIRIRIFRBRS 0x4010_9000
Sclo BiTREEOo 0x4011_8000
SCl9 BITREEDO9 0x4011_8900
SPI0 BiTSMNEREOO 0x4011_A000
SPI1 BITSNEREON 0x4011_A100
13C BCR&EO 0x4011_F000
CANFD ECC CANFD ECC 0x4012_F000
GPT16EO0 B PWM 16 i ZEBT2E 0(16 iG585 HEXK) 0x4016_9000
GPT16E1 B PWM 16 I ERT2S 1(16 (RS HHE) 0x4016_9100
GPT16E2 B PWM 16 I ERT SR 2(16 (E5RE N IHER) 0x4016_9200
GPT16E3 WA PWM 16 i ERYER 3(16 fUIEEBE D HIR) 0x4016_9300
GPT16E4 B PWM 16 i ZEBT 28 4(16 (iG585 HEEK) 0x4016_9400
GPT16E5 B PWM 16 fEBT 28 5(16 (iG585 PEEK) 0x4016_9500
GPT_OPS W AR IR T 2% 0x4016_9A00
ADC120 121 A/D¥ 1230 0x4017_0000
DAC12 12 {iI D/A #1528 0x4017_1000
FLAD BIBATF 0x407F_C000
FACI Flash AEFm <O 0x407F_EO0O

Note:  Name = Peripheral name
Description = Peripheral functionality
Base address = Lowest reserved address or address used by the peripheral

3.2 Access Cycles

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

e Registers are grouped by associated module.

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

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

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

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

constant.

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

R01DS0415EJ0110 Rev.1.10
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*: B MR=5MNE 2 7R

R =

SMRINAE

Bt = RATRE kS 5MNE IR & R

3.2  inmARA

A TREAFHPHRE /0 FEBRIHEEEIE R,
O F 17 B IRK BRI A,

@ 5B M F R E FIEESE N S HA K.

@ TAREI/OXE, FF LB R ELLs TR B UL, BN T A RIERE.

@ 1/0 1 1R B EURA TR ERIMNE SR S B . R MBS RS AU RS MERNEFRFE . 258
B B BAIRHE ICLK # PCLK Z BIRYSAZR LA Fr A [E,

@ 2 ICLK BYSIERETF PCLK RUSREREY, X 23 AUBS R R B HAERIA R 18 E

@ LICLKAYSMZR AT PCLKEY, TE X123 BUBS $[E 2 B HEk h = D8 01 PCLK B HAo
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RA4T1 Datasheet Appendix 3. I/O Registers RAA4T1 B« MizR3, 1/0 FiFsE

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

o 5] BHMER T A& AN T 1H RSB E B

Note:  This applies to the number of cycles when access from the CPU does not conflict with the instruction fetching to the EEGXIEATM CPU BRI 5 MINEIZEEESIRBUIE S M EM B L1 (30 DTC 3 DMAC) A a2 &R AR Bs B9 B HA%K.
external memory or bus access from other bus masters such as DTC or DMAC.
Table 3.2  Access cycles (1 of 3) 3, 2 BiEERA(3 AT 114N
Number of access cycles him) E HA %X
Address ICLK = PCLK ICLK > PCLK™ ik ICLK = PCLK ICLK > PCLK *1
Cycle A
Peripherals From To Read Write Read Write Unit Related function Mg M To % = i® B L i HXIhEE
RMPU, TZF, 0x4000_0000 0x4000_6FFF 4 3 4 3 ICLK Renesas Memory RMPU. TZR 0x4000_0000 0x4000_6fff 4 3 4 3 ICLK iEigIZ
SRAM, BUS, Protection Unit, SRAM, AFSE, RIPEAL,
DMACH, DMA, TrustZone Filter, DMACN. DMA. TrustZone iJ 523,
DTC, ICU SRAM Control, BUS DTC, ICU SRAM £, B
Control, Direct =Hl. BEERNER
memory access ia)3Z %128 n. DMA
controller n, DMAC C IEHUBUE.
Module Activation,
DTC Control Register, DTC =H| & 7728,
Interrupt Controller FRETIEHlZs
CACHE 0x4000_7000 0x4000_7FFF 3 5 3 5 ICLK CACHE 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 CPSCU. DBG. 0x4000_8000 0x4001_CFFF 4 3 4 3 ICLK CPU R4k e
FCACHE Control Unit, Debug FCACHE =T, @R
Function, Flash Cache THhEE, INTZEE
SYSC 0x4001_EO000 0x4001_E3FF 5 4 5 4 ICLK System Control SYSC 0x4001_E000 0x4001_e3ff 5 4 5 4 ICLK RYiEH
SYSC 0x4001_E400 0x4001_E5FF 9 8 5t08 5t08 PCLKB | System Control SYSC 0x4001_e400 0x4001_e5ff 9 8 5t08 5t08 PCLKB | &4tz
TFU 0x4002_1000 0x4002_1FFF 4 3 4 3 ICLK Trigonometric TFU 0x4002_1000 Ox4002_1FFF 4 3 4 3 ICLK =
Function Unit hEEETT
PORTN, PFS 0x4008_0000 0x4008_OFFF 5 4 2to 5 2to 4 PCLKB | Port n Control KR, pfs 0x4008_0000 0x4008_0fff 5 4 2to5 2to4 PCLKB | N O#= !
Registers, Pmn Pin & 1728,Pmn 5|
Function Control IhRe=E
Register A
ELC, IWDT, WDT, | 0x4008_2000 0x4008_3FFF 5 4 3t05 2t04 PCLKB | Event Link Controller, ELC. IWDT. WDT. | 0x4008_2000 0x4008_3fff 5 4 3t05 2t0 4 PCLKB | Bt iisisIgs,
CAC Realtime Clock, CAC NN
Independent p::hva
Watchdog Timer, A 1itad2s,
Watchdog Timer, A 1\itades,
Clock Frequency ENELETES
Accuracy i3l
Measurement Circuit M2 EB RS
MSTP 0x4008_4000 0x4008_4FFF 5 4 2t05 2t04 PCLKB | Module Stop Control MSTP 0x4008_4000 0x4008_4fff 5 4 2t05 2t04 PCLKB | fEbR{E E54]
POEG 0x4008_A000 0x4008_AFFF 5 4 3to5 2to 4 PCLKB | Port Output Enable POEG 0x4008_a000 Ox4008_AFFF 5 4 3to5 2to4 PCLKB | O EA
Module for GPT GPT 181
CANFD 0x400B_0000 0x400C_FFFF 5 4 2to5 2to4 PCLKB | CANFD Module CANFD 0x400B_0000 Ox400C_FFFF 5 4 2to5 2to4 PCLKB | CANFD #&#
PSCU 0x400E_0000 0x400E_OFFF 5 4 2to5 2to4 PCLKB | Peripheral Security PSCU 0x400e_0000 Ox400E_OFFF 5 4 2to 5 2to4 PCLKB | M EIRE
Control Unit =HlgET
AGTn 0x400E_8000 0x400E_8FFF 7 4 5t07 2to 4 PCLKB | Low Power AGTn 0x400E_8000 Ox400E_8FFF 7 4 5t07 2to4 PCLKB | 1&Ih#E
Asynchronous =34
General purpose — g A&
Timer n EBYEE n
TSN 0x400F_3000 0x400F_3FFF 5 4 2t05 2to4 PCLKB | Temperature Sensor TSN 0x400F_3000 Ox400F_3FFF 5 4 2t05 2to 4 PCLKB | BEfZ%2s
ACMPHSN 0x400F_4000 0x400F_4FFF 4 3 1103 1103 PCLKB | High-Speed Analog ACMPSN 0x400F_4000 OX400F_4FFF 4 3 1103 1103 PCLKB | &g
Comparator tbik a8
CRC, DOC 0x4010_8000 0x4010_9FFF 5 4 2to5 2to 4 PCLKA | CRC Calculator, Data CRC, DOC 0x4010_8000 0x4010_9FFF 5 4 2to 5 2to4 PCLKA | CRC it & 28 #UR
Operation Circuit EBERIGTT
SCIn 0x4011_8000 0x4011_8FFF 52 472 21052 210 4%2 PCLKA | Serial Communication SCin 0x4011_8000 0x4011_8fff 52 42 210572 210472 PCLKA | B1T#fs
Interface n #On
SPIn 0x4011_A000 0x4011_AFFF 53 43 210573 21043 PCLKA | Serial Peripheral SPIN 0x4011_A000 0x4011_AFFF 53 43 21053 21043 PCLKA | BT RIS %S
Interface n #0On
13C 0x4011_F000 0x4011_FFFF 5 4 2to4 2to4 PCLKA | I13C Bus Interface 13C 0x4011_FO00 0x4011 _ffff 5 4 2to4 2to4 PCLKA |I3CE%#E0O
CANFD ECC 0x4012_F000 0x4012_FFFF 5 4 2to4 2to 4 PCLKA | CANFD ECC Module CANFD ECC 0x4012_F000 0x4012_ffff 5 4 2to 4 2to4 PCLKA | CANFD ECC f&1&
b b
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Appendix 3. I/O Registers

RAA4T1 $UER

MR3, 1/0 FFF

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
GPT16En, 0x4016_9000 0x4016_9FFF 7 4 4t07 2to4 PCLKA | General PWM 16-Bit
GPT_OPS Timer n, Output Phase
Switching Controller
ADC12n, DAC12 | 0x4017_0000 0x4017_2FFF 5 4 2to5 2to4 PCLKA | 12bit A/D Converter n,
12-bit D/A converter
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

+£3, 2 iFiR AHA(3 Y 2 1)
him) ERA %L
ik ICLK = PCLK ICLK > PCLK *1
A
Mg M To % 5 ® 5 B 18XIhEE
GPT16EN, 0x4016_9000 0x4016_9fff 7 4 4107 2to 4 PCLKA | i@F PWM 16 i
GPT_OPS TEBT 28 n, AP ER
FFXIEHIR
ADC12n,DAC12 | 0x4017_0000 0x4017_2fff 5 4 2to5 2to 4 PCLKA | 121 A/D¥1538n,1 211
D/A%:12 2%
£3, 2 HIRIEIHA(3 ehag 3 1)
hia) E A %X
ik ICLK = FCLK ICLK > FCLK *1
A
Shig M To xR 5 R 5 Bl HBXINEE
BB, AE 0x407F_C000 0x407F_EFFF 5 4 2t05 2to 4 FCLK | ¥UBINE, NTF
NEAREFESHS
#O

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.
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E1o PCLKERFCLKEMREMIEREE (FlW1, 5),MR/NMEAT/NER BAENEEANE NI,

0,1, 5512, 521%3,

E2, 1A18) 16 i 7F2% (FTDRHL. FRDRHL. FCR. FDR. LSR#1 CDR) BY,iAiatb& 3. 2 RFAREIES 2 NEH, 8 iFes (BIEFTDRH.

FTDRL. FRDRHFIFRDRL) BY,ifimlEEAINEKR3. 2 AR
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

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

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

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

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

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

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

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

become possible.
5. Clock signals

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

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

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

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

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

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

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

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

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

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall 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.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
www.renesas.com www.renesas.com/contact/

Trademarks

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

© 2023 Renesas Electronics Corporation. All rights reserved.
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