/{EN ESAS Datasheet

R9A06G150 R01DS0405EJ0100
Rev.1.00
ASSP for voice command and control based on RISC-V Nov 18, 2022

Leading-performance 100 MHz RISC-V Andes D25F core, 256 KB code flash memory with background operation, 16 KB
Data flash memory, and 128 KB SRAM with Parity. High-integration with Quad SPI.

Features

m RISC-V Andes D25F Core

e RISC-V instruction-set architecture (RV32I)

o Maximum operating frequency: 100 MHz

e Andes Physical Memory Protection unit (Andes PMP) with 16
regions

e Debug and Trace: RISC-V External Debug Support

e Debug Port: JTAG

m Memory

® 256-KB code flash memory
e 16-KB data flash memory (100,000 program/erase (P/E) cycles)
e 128-KB SRAM

m Connectivity

o Serial Communications Interface (SCI) x 2
— Asynchronous interfaces
— 8-bit clock synchronous interface
— Smart card interface
— Simple IIC
— Simple SPI
— Manchester coding
o [3C bus interface (I3C)
o Serial Peripheral Interface (SPI)
o Quad Serial Peripheral Interface (QSPI)
o Serial Sound Interface Enhanced (SSIE) x 2
e PDM Interface x 2
o IrDA interface

= Analog

® 12-bit A/D Converter (ADC12) with 2 sample-and-hold circuits
e 12-bit D/A Converter (DAC12) x 2
o Temperature Sensor (TSN)

m Timers

o General PWM Timer 16-bit (GPT16) x 4
e Low Power Asynchronous General Purpose Timer (AGTW) x 4

m System and Power Management

e Low power modes

e Event Link Controller (ELC)

o Data Transfer Controller (DTC)

o DMA Controller (DMAC) x 8

e Power-on reset

e Low Voltage Detection (LVD) with voltage settings
o Watchdog Timer (WDT)

e Independent Watchdog Timer (IWDT)

m Multiple Clock Sources
® Main clock oscillator (MOSC) (8 to 24 MHz)
e High-speed on-chip oscillator (HOCO) (16/18/20 MHz)
o Middle-speed on-chip oscillator (MOCO) (8 MHz)
e [ow-speed on-chip oscillator (LOCO) (32.768 kHz)
o [WDT-dedicated on-chip oscillator (15 kHz)
® Clock trim function for HOCO/MOCO/LOCO
e PLL
e Clock out support

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

m Operating Voltage
e VCC:2.7t03.6 V

m Operating Temperature and Packages
® Ta=-40°C to +85°C
— 48-pin QFN (7 mm x 7 mm, 0.5 mm pitch)
— 32-pin QFN (5 mm X 5 mm, 0.5 mm pitch)
— 24-pin QFN (4 mm x 4 mm, 0.5 mm pitch)
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R9A06G150 Datasheet

1. Overview

1. Overview

The MCU integrates multiple series of software-compatible Andes AndesCore " D25F 32-bit cores that share a common set
of Renesas peripherals to facilitate design scalability.

The MCU in this series incorporates a high-performance Andes AndesCore"" D25F core running up to 100 MHz with the

following features:
e 256 KB code flash memory
e 128 KB SRAM

e (Quad Serial Peripheral Interface (QSPI)

e Analog peripherals

1.1 Function Outline

Table 1.1 Arm core

Feature

Functional description

Andes AndesCore™-D25F

e Maximum operating frequency: up to 100 MHz
e Andes AndesCore™ D25F:
— Revision: 2.4.0
— AndeStar V5 instruction-set architecture (ISA)
* RISC-V RV32I| base integer instruction set
* RISC-V C standard extension for compressed instructions
* RISC-V M standard extension for integer multiplication and division
» RISC-V A standard extension for atomic instructions
« RISC-V F standard extensions for single-precision floating-point
« AndeStar DSP extension
* Andes performance extension
* Andes CoDense extension
— Physical memory protection (PMP), 16 regions
— Performance monitors, cycle and instruction count control and status registers (CSRs)
— Andes StackSafe™ hardware stack protection
— Andes PowerBrake extension
— Instruction and data local memory interface
e Machine Timer
e RISC-V external debug support
— Debug module (DM)
» 8 hardware breakpoint/watchpoint registers
— Debug transport module (DTM)
— JTAG debug port

Table 1.2 Memory

Feature

Functional description

Code flash memory

Maximum 256 KB of code flash memory.

Data flash memory

16 KB of data flash memory.

Option-setting memory

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

SRAM On-chip high-speed SRAM with parity bit.
Table 1.3 System (1 of 2)
Feature Functional description

Operating modes

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

Resets

The MCU provides 12 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.
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1. Overview

Table 1.3 System (2 of 2)

Feature

Functional description

Clocks

Main clock oscillator (MOSC)
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

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 Platform-Level
Interrupt Controller (PLIC), the DMA Controller (DMAC), and the Data Transfer Controller (DTC)
modules. The ICU also controls non-maskable interrupts.

Low power modes

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

Register write protection

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

Memory Protection Unit (MPU)

The MCU has one Memory Protection Unit (MPU).

Table 1.4 Event link

Feature

Functional description

Event Link Controller (ELC)

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

Table 1.5

Direct memory access

Feature

Functional description

Data Transfer Controller (DTC)

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

DMA Controller (DMAC)

The 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.

Table 1.6

External bus interface

Feature

Functional description

External bus

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

Table 1.7 Timers (1 of 2)

Feature

Functional description

General PWM Timer (GPT)

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

Low power Asynchronous General
Purpose Timer (AGTW)

The low power Asynchronous General Purpose Timer (AGTW) 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.

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.

R01DS0405EJ0100 Rev.1.00
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Table 1.7 Timers (2 of 2)

Feature

Functional description

Independent Watchdog Timer (IWDT)

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

Table 1.8

Communication interfaces

Feature

Functional description

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.

I13C bus interface (I3C)

The I3C bus interface (13C) has 1 channel. The I3C module conforms with and provides a subset
of the NXP I12C (Inter-Integrated Circuit) bus interface functions and MIPI I3C specification.
Specific HDR Modes are not covered by conformance test suite (CTS).

When CTS for HDR Modes is available, Renesas will confirm CTS tests.

Serial Peripheral Interface (SPI)

The Serial Peripheral Interface (SPI) has 1 channel. The SPI provides high-speed full-duplex
synchronous serial communications with processor and peripheral device.

Quad Serial Peripheral Interface (QSPI)

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

Serial Sound Interface Enhanced (SSIE)

The Serial Sound Interface Enhanced (SSIE) has 2 channels. The SSIE peripheral provides
functionality to interface with digital audio devices for transmitting 12S/Monaural/TDM audio data
over a serial bus.

The SSIE supports an audio clock frequency of up to 50 MHz, and can be operated as a slave or
master receiver or transmitter to suit various applications. The SSIE includes 32-stage FIFO
buffers in the receiver and transmitter, and supports interrupts and DMA-driven data reception
and transmission.

IrDA Interface (IrDA)

The IrDA (Infrared Data Association) interface sends and receives IrDA data communication
waveforms in association with SCI0 based on the IrDA standard 1.0.

PDM Interface (PDM)

The PDM (Pulse Density Modulated) Interface has 2 channels that are connectable with up to 2
external microphones which outputs the pulse density modulated (PDM) signal. PDM Interface
can filter and convert 1-bit digital data streams that were pulse density modulated at a high
sampling rate into 20-bit or 16-bit digital data at a lower sampling rate.

Table 1.9 Analog

Feature

Functional description

12-bit A/D Converter (ADC12)

A 12-bit successive approximation A/D converter is provided. Up to 6 analog input channels are
selectable. Temperature sensor output and internal reference voltage are selectable for
conversion.

12-bit D/A Converter (DAC12)

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

Temperature Sensor (TSN)

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

R01DS0405EJ0100 Rev.1.00
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Table 1.10 Data processing

Feature Functional description
Cyclic Redundancy Check (CRC) The Cyclic Redundancy Check (CRC) generates CRC codes to detect errors in the data. The bit
calculator order of CRC calculation results can be switched for LSB-first or MSB-first communication.

Additionally, various CRC-generation polynomials are available.

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

1.2 Block Diagram
Figure 1.1 shows a block diagram of the MCU superset. Some individual devices within the group have a subset of the
features.
Memory Bus Andes D25F System
|256 KB code flash | MPU | PMP | | POR/LVD | Clocks
MOSC
16 KB data flash
PLIC | | Reset |
(H/M/L) OCO
128 KB SRAM
1 KB Standby Machine timer | | Mode control | PLL |
SRAM
Test and DBG interface | | Power control | CAC |
DMA _ _
o ] [
DTC P
DMAC x 8
Timers Communication interfaces Data processing Analog

| GPT16 x4 | | SCIx2 | | QsPl | CRC | | ADC12 | | TSN

| AGTW x 4 | | 13C | | IrDA | DOC | | DAC12 x 2 |

| WDT/IWDT | | SPI | | PDM

SSIE x 2 Event link
ELC
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 1.11 shows a
list of products.

R01DS0405EJ0100 Rev.1.00
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R9A06G150 Datasheet 1. Overview

R9A06G1502(XXX)GNK

Package type

NK: QFN 24pins 0.5 mm pitch
NH: QFN 32pins 0.5 mm pitch
NE: QFN 48pins 0.5 mm pitch

Quality ID
G: Industrial and Consumer application

ROM Number
(XXX): ROM Code No.
(BLANK): BLANK ROM

Operating temperature
2:-40°C to +85°C

Product No.

Product Generation No.

Device Type
A: Single Chip

RENESAS SOC unit

RENESAS
Figure 1.2 Part numbering scheme
Table 1.11 Product list
Data Operating
Product part number Package code Code flash flash SRAM temperature
R9A06G1502GNE PWQNO0048KC-A 256 KB 16 KB 128 KB -40 to +85°C
R9A06G1502GNH PWQNOO032KE-A
R9A06G1502GNK PWQNO0024KG-A
R01DS0405EJ0100 Rev.1.00 RENESAS Page 7 of 82
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R9A06G150 Datasheet 1. Overview
14 Function Comparison
Table 1.12 Function Comparison
Parts number R9A06G1502GNE R9A06G1502GNH R9A06G1502GNK
Pin count 48 32 24
Package QFN
Code flash memory 256KB
Data flash memory 16 KB
SRAM 128 KB
Parity 128 KB
Standby SRAM 1 KB
DMA DTC Yes
DMAC 8
System CPU clock 100 MHz (max.)
CPU clock sources MOSC, HOCO, MOCO, LOCO, PLL
CAC Yes
WDT/IWDT Yes
Communication SCI 2
13C 1
SPI 1
QSPI 1 0
SSIE 2
IrDA 1
PDM 2
Timers GPT16" 4
AGTW™ 4
Analog ADC12 Unit 0: 6 Unit 0: 4
DAC12 2
TSN Yes
Data processing CRC Yes
DOC Yes
Event control ELC Yes
Note 1. Available pins depend on the Pin count, about details see section 1.7. Pin Lists.
RO1DS0405EJ0100 Rev.1.00 RENESAS Page 8 of 82
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1.5 Pin Functions

Table 1.13 Pin functions (1 of 2)
Function Signal 110 Description
Power supply VCC Input Power supply pin. Connect it to the system power supply. Connect
this pin to VSS by a 0.1-uyF 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

CLKOUT Output Clock output pin

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

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

CAC CACREF Input Measurement reference clock input pin

On-chip emulator TMS 1/0 On-chip emulator pins

TDI Input

TCK Input

TDO Output

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

AGTW AGTWEEn Input External event input enable signals

AGTWIOn 1/0 External event input and pulse output pins

AGTWOn Output Pulse output pins

AGTWOAnN Output Output compare match A output pins

AGTWOBN Output Output compare match B output pins

SClI SCKn 110 Input/output pins for the clock (clock synchronous mode)

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

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

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

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

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

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

MISOn 1/0 Input/output pins for slave transmission of data (simple SPI mode)

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

SSn Input Chip-select input pins (simple SPI mode), active-low
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Table 1.13 Pin functions (2 of 2)
Function Signal 110 Description
13C SCL 1/0 Input/output pins for the clock
SDA 1/0 Input/output pins for data
SPI RSPCK 110 Clock input/output pin

MOSI 1/0 Input or output pins for data output from the master

MISO 1/0 Input or output pins for data output from the slave

SSLAO 1/0 Input or output pin for slave selection

QSPI QSPCLK Output QSPI clock output pin

QSSL Output QSPI slave output pin

QIOO0 to QIO3 110 Data0 to Data3

SSIE SSIBCKn 110 SSIE serial bit clock pins

SSILRCKn/SSIFSn 110 LR clock/frame synchronization pins

SSIDATAN Output Serial data input/output pins

AUDIO_CLKn Input External clock pin for audio (input oversampling clock)

IrDA IRTXDO Output Data to be transmitted
IRRXDO Input Received data
PDM PDM_CLKn Output Output pins for clock
PDM_DATAN Input Input pins for data
Analog power supply AVCCO™1 Input Analog voltage supply pin. This is used as the analog power supply
for the respective modules. This is also used as the analog
reference voltage for DAC12. Supply this pin with the same voltage
as the VCC pin.

AVSS0™2 Input Analog ground pin. This is used as the analog ground for the
respective modules. This is also used as the analog reference
ground voltage for DAC12. Supply this pin with the same voltage as
the VSS pin.

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

VREFL Input Analog reference ground pin for the ADC12. Connect this pin to VSS
when not using the ADC12."3

ADC12 ANONn Input Input pins for the analog signals to be processed by the A/D
converter.
DAC12 DAn_A, DAn_B Output Output pins for the analog signals processed by the D/A converter.
1/O ports Pmn 1/0 General-purpose input/output pins
(m: port number, n: pin number)
P200 Input General-purpose input pin
Note 1. There is no AVCCO pin for QFN32-pin and QFN24-pin. For QFN32-pin and QFN24-pin, the analog block supply voltage and the

analog reference voltage of the DAC12 are supplied from the VCC pin.

Note 2.

There is no AVSS0 pin for QFN32-pin and QFN24-pin. For QFN32-pin and QFN24-pin, the analog block ground voltage and the

analog reference ground voltage of the DAC12 are supplied from the VSS pin.

Note 3.

There is no VREFL pin for QFN32-pin and QFN24-pin.The reference ground voltage for the QFN32-pin and QFN24-pin is supplied
from the VSS pin.

R01DS0405EJ0100 Rev.1.00
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1.6 Pin Assignments

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

exposed die pad

P301/TMS
P300/TCK
P106
P107

P302/TDO
P303/TDI
DA1

DAO
P003
P002
VREFH
VREFL
AVCCO
AVSSO
P001
P000

P108
P109
P110
P111
P200
P201/MD
RES
P202
P203
P204
P205
P206

SscaNgoa 299
852383 o88¢8
FIFTFTLY S8 8d
ddaad oo

P213/XTAL
P212/EXTAL

Note.1. Exposed die pad must be connected to VSS.

Figure 1.3 Pin assignment for QFN 48-pin

exposed die pad "'

"I P100
P101
P106
P107

P300/TCK
P301/TMS
P302/TDO
P303/TDI
VREFH
Po01
P000
P400

P401
vce
VSS
VCL

P209

P208

P207

P212/EXTAL

Note.1. Exposed die pad must be connected to VSS.

Figure 1.4 Pin assignment for QFN 32-pin
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exposed die pad !

P301/TMS
P300/TCK
P100

P101
P102
P103

P302/TDO
P303/TDI
VREFH
P001
P000

P400

‘| P201MD
‘| RES
"] P20s
‘| P207
'] P208

=
=1
I
o

P401
vce
Vss
VCL

P212/EXTAL

Note.1. Exposed die pad must be connected to VSS.

Figure 1.5 Pin assignment for QFN 24-pin
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1.7 Pin Lists
Table 1.14 Pin list (1 of 2)
R | 8§ | I | Power System,
Z | £ | £ | Clock, Debug, /0
(<) g | © |CAC ports | Ex. Interrupt | SCI (IrDA)/I3C/SPI/QSPI/SSIE/PDM GPT/AGTW ADC12/DAC12
1 32 |24 | CACREF P400 | IRQ4 SSILRCKO/SSIFS0/PDM_DATAOQ AGTWEE2 —
2 1 1 |— P401 | IRQ5 SSIBCKO/PDM_CLKO AGTWIO2 —
3 |— |—|— P402 | — — GTIOC4A_A/AGTWOA2 | —
4 |— |—|— P403 | — — GTIOC4B_A/AGTWOB2 | —
5 |2 2 |vce — — — — —
6 |3 3 |VSS — — — — —
7 |— |— | XTAL P213 | — — — —
8 |4 4 | EXTAL P212 | IRQ6 — — —
9 |5 5 |VCL — — — — —
10 |6 6 |— P209 | — SCKO/SCL/RSPCK_A — —
1|7 7 |— P208 | — RTS_CTS0/SDA/SSLAO_A — —
12 |8 |8 | CACREF/CLKOUT | P207 | IRQO-DS | TXDO (IRTXDO)/MOSI_A GTIOC6B_A/AGTWEE1 | —
18319 |9 |— P206 | IRQ1-DS RXDO (IRRXD0)/MISO_A GTIOC6A_A/AGTWIOT | —
14 |— |—|[— P205 | IRQ12-DS | — AGTWEE3 —
15 |— |—|— P204 | IRQ13-DS |— AGTWIO3 —
16 |— |—|[— P203 | — — AGTWO3 —
17 | — |—[— P202 | — — AGTWOA3 —
18 |10 |10 | RES — — — — —
19 (11 |11 [MD P201 | — — — —
20 (12 |12 |— P200 | NMI — — —
21 |18 |— | — P11 | — QI03 AGTWO2 —
22 |14 |— |— P110 | — Qlo2 AGTWOBO —
23 |16 |— | — P109 | — QIO1 GTIOC7B_B —
24 |16 |— |— P108 | — QIo0 GTIOC7A_B —
25 |17 |— | — P107 | — QSsL GTIOC6B_B —
26 |18 |—|— P106 | — QSPCLK GTIOC6A_B —
27 |19 |—|VCC — — — _ _
28 [20 [— |VSS — — — — —
2 [— [—|— P105 | IRQ8 — — —
30 |— [—|— P104 | IRQ9 — AGTWOB3 —
31 [21 [13 | CACREF/CLKOUT | P103 | — TXD9_B/MOSI_B/AUDIO_CLK1 GTIOC5A/AGTWEEO
32 (22 (14| — P102 | — RXD9_B/MISO_B/SSIBCK1 GTIOC5B/AGTWO0 —
33 (23 (15| — P101 | — SCK9_B/RSPCK_B/SSIDATA1 GTIOC4A_B/AGTWOAO | —
34 |24 |16 | — P100 | — RTS_CTS9_B/SSLAQ_B/SSILRCK1/SSIFS1 | GTIOC4B_B/AGTWIOO |—
35 [25 [17 | TCK P300 | — SCK9_A GTIOC7A_A ANO17
36 (26 [18 | TMS P301 | — RTS_CTS9_A GTIOC7B_A ANO16
37 |27 |19 | TDO/CLKOUT P302 | — TXD9_A — DA1_B"
38 (28 (20 |TDI P303 | IRQ7 RXD9_A — DAO_B""
39 [— [—|— — — — — DA1_A
40 |— |—|— — — — — DAO_A
M |— |—|— P003 | IRQ10 — — ANO003
RO1DS0405EJ0100 Rev.1.00 RENESAS Page 13 of 82
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Table 1.14 Pin list (2 of 2)
R | & | | Power System,
= Z | £ | Clock, Debug, 110
G | G [T |cAc ports | Ex. Interrupt | SCI (IrDA)/I3C/SPI/QSPI/SSIE/PDM GPT/AGTW ADC12/DAC12
42 | — |—|— P002 | IRQ11 — — ANO002
43 |29 |21 |VREFH — — — — —
44 | — | — | VREFL — — — — —
45 | — | — | AVCCO — — — — —
46 | — | — [ AVSSO — — — — —
47 |30 |22 |— P001 | IRQ2 SSIDATAO/PDM_DATA1 — ANO001
48 |31 |23 |— P000 | IRQ3 AUDIO_CLKO/PDM_CLK1 — ANO000
Note:  Several pin names have the added suffix of _A, and _B. The suffix can be ignored when assigning functionality.

Note 1. These pins are not available for QFN48.
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2. Electrical Characteristics

Supported peripheral functions and pins differ from one product name to another.

Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:

e VCC=AVCC0=27t03.6V
e 2.7<VREFH < AVCCO0

e VSS=AVSSO0=VREFL=0V
o To=Top

Figure 2.1 shows the timing conditions.

For example, P100 l O
T°

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

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

2.1 Absolute Maximum Ratings

Table 2.1 Absolute maximum ratings

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

Note 1. Ports P208, P209, P400 and P401 are 5V tolerant.
Note 2. Connect AVCCO to VCC.
Note 3. See section 2.2.1. Tj/Ta Definition.

Caution: Permanent damage to the MCU might result if absolute maximum ratings are exceeded.
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Table 2.2 Recommended operating conditions
Parameter Symbol Min Typ Max Unit
Power supply voltages VCC 2.7 — 3.6 \Y
VSS — 0 — \%
Analog power supply voltages AvVCCO0" — vce — \Y
AVSS0 — 0 — Vv

Note 1. Connect AVCCO to VCC. When the A/D converter and the D/A converter are not in use, do not leave the AVCCO, VREFH, AVSS0,
and VREFL pins open. Connect the AVCCO and VREFH pins to VCC, and the AVSS0 and VREFL pins to VSS, respectively.
2.2 DC Characteristics
2.21 Tj/Ta Definition
Table 2.3 DC characteristics
Conditions: Products with operating temperature (T5) -40 to +85°C
Parameter Symbol Typ Max Unit Test conditions
Permissible junction T — 125 °C High-speed mode
temperature Low-speed mode
Note:  Make sure that T; = T, + 6ja x total power consumption (W), where total power consumption = (VCC - Von) % Zlon + VoL * ZloL +
Iccmax x VCC.
222 10V, VL
Table 2.4 /10 V||.|, V||_
Parameter Symbol | Min Typ | Max Unit
Input voltage (except | Peripheral EXTAL (external clock input), SPI (except Vin VCCx08 |[— |[— \
for Schmitt trigger function pin RSPCK)
input pins) Vi - — |VCCx0.2
I3C (SMBus) Vin 21 — |VCC+3.6
(max 5.8)
Vi — — (0.8
Schmitt trigger input | Peripheral I3C (except for SMBus) Vin VCCx0.7 |— |[VCC+36 |V
voltage function pin (max 5.8)
VL — — |VCCx0.3
AVt VCC x — |—
0.05
5 V-tolerant ports™ 5 ViH VCCx0.8 |— |VCC+3.6
(max 5.8)
ViL — — |VCCx0.2
AVt VCC x — |—
0.05
Other input pins™2 ViH VCCx08 |— |—
ViL — — |VCCx0.2
AVt VCC x — |—
0.05
Ports 5 V-tolerant ports*3 *5 V|H VCC x0.8 |— VCC + 3.6 \
(max 5.8)
ViL — — |VvCCx0.2
Other input pins™ ViH VCCx08 |— |—
ViL — — |VCCx0.2
Note 1. RES and peripheral function pins associated with Ports P208, P209, P400 and P401 (total 5 pins).
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Note 2. All input pins except for the peripheral function pins already described in the table.

Note 3. Ports P208, P209, P400 and P401 (total 4 pins).

Note 4. All input pins except for the ports already described in the table.
Note 5. When VCC is less than 2.7 V, the input voltage of 5 V-tolerant ports should be less than 3.6 V, otherwise breakdown may occur
because 5 V-tolerant ports are electrically controlled so as not to violate the break down voltage.

223 1/0lon, loL

Table 2.5 1/0 lon, loL

Parameter Symbol | Min | Typ | Max | Unit

Permissible output current (average value per pin) Ports PO00, P001, P0O02, |— lon — |— [-2.0|mA

P003, P201

loL — |— 2.0 [mA

13C pin Standard mode loL — |[— |3 mA

Fast mode loL — |— |6 mA

Fast mode plus loL — |— (20 |mA

High speed mode | Io — |[— |3 mA

I3C mode™® loH — |— |-3 [mA

loL — |— |3 mA

Other output pins™ Low drive™ loH — |— |-20{mA

loL — |— 2.0 |mA

Middle drive loH — |— [40[mA

loL — |— |4.0 [mA

High drive™ lon — |— |-16 |mA

loL — |— |16 |mA

Permissible output current (max value per pin) Ports PO00, P001, P0O02, |— loH — |— |[4.0|mA

P003, P201 oL — 1~ Ta0 |

13C pin Standard mode loL — |[— |3 mA

Fast mode loL — |— |6 mA

Fast mode plus loL — |— (20 |mA

High speed mode | Io — |[— |3 mA

I3C mode™ lon — |— |8 |mA

loL — |— 1|3 mA

Other output pins™ Low drive™ loH — |— |4.0{mA

loL — |— |40 |[mA

Middle drive loH — |— [-8.0|mA

loL — |— |8.0 [mA

High drive™ loH — |— |-32 |mA

loL — |— 132 |mA

Permissible output current (maxvalue of total of all pins) | Maximum of all output pins ZloH (max) |— |— |-80 | mA

ZloL (max) |— |— |80 |[mA

Note 1. This is the value when low driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.
Note 2. This is the value when middle driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.
Note 3. This is the value when high driving ability is selected in the Port Drive Capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.

Note 4. Except for P200, which is an input port.
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Note 5. This is the value when I3C SDR or HDR mode is selected.

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
Parameter Symbol | Min Typ | Max | Unit | Test conditions
Output voltage 13C VoL — — (04 |V lo. =3.0mA
VoL — — |06 loL =6.0 mA
13¢™1 Vou VCC-027|— |— loy = -3.0mA
(PRTS.PRTMD = 0)
VoL — — |04 loL =15.0 mA
(PRTS.PRTMD = 1, BFCTL.FMPE = 1)
VoL — 04 |— loL =20.0 mA
(PRTS.PRTMD = 1, BFCTL.FMPE = 1)
Vo|_ — — 0.4 |0|_ =3.0mA
(PRTS.PRTMD = 1, BFCTL.HSME = 1)
VoL — — 10.27 loL =3.0 mA
(PRTS.PRTMD = 0)
Ports P208, P209, VoH VCC-10 |— |— loy =—20 mA
P400, P401 (total 4 VCC =33V
.\
pins) Vo |— — |10 loL = 20 mA
VCC =33V
Other output pins VoH VCC-05 |— |[— loy =-1.0 mA
VoL — — 105 lor =1.0mA
Input leakage current RES [linl — — |50 |pA [Vjp=0V
Vihn=55V
Port P200 — — |1.0 Vihn=0V
Vin =VCC
Three-state leakage current 5 V-tolerant ports [Irsil — — 5.0 [PA |Vi,=0V
(off state) Vip=5.5V
Other ports (except for — — 1.0 Vin=0V
port P200) Vin = VCC
Input pull-up MOS current Ports PO to P7 Ip =300 — |-10 [PMA [VCC=27t036V
Vihn=0V
Pull-up current serving as the ||3C"3 ICS 2 — |12 |mA [VCC=3.0t03.6V
SCL current source Vi =0.3 x VCC to 0.7 x VCC
Input capacitance All input pins Cin — — |8 Vbias =0V
Vamp =20 mV
f=1MHz
Ta=25°C

Note 1.
Note 2.

SCL, SDA (total 2 pins).
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 3.

This is the value when IIC high speed mode is selected.
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225 Operating and Standby Current

Table 2.7 Operating and standby current

Parameter Symbol | Min | Typ Max Unit | Test conditions
Supply High-speed | Maximum™ *13 lec™ — |— 28.2 |mA |ICLK =100 MHz
current’! mode — PCLKA = 100
CoreMark®'5 "6 *13 — |12.6 — MHz
Normal mode | All peripheral clocks enabled, — [16.2 — ;?_:;KB =50
whlle*§1*zzcode executing from PCLKC = 50
flash MHz
All peripheral clocks disabled, — |13 — PCLKD = 100
while (1) code executing from MHz
flagh™ *6 *12 FCLK = 50 MHz
Sleep mode"® — |4.176"2 | 13'7"13
Increase Data flash P/E — |6 —
during BGO
operation Code flash P/E — |8 —
Low-speed mode™s 11 — |06 — ICLK =1 MHz
Software Standby mode SNZCR.RXDREQEN = 1 — | — 6 —
SNZCR.RXDREQEN =0 — |04 — —
Deep Power supplied to Standby SRAM — |16 93 MA | —
Software .
Standby Power not Power-on reset circuit low — M 25 —
mode supplied to power function disabled
SRAM .
Power-on reset circuit low — |4 14 —
power function enabled
Increase When the low-speed on-chip — |20 — —
when AGT oscillator (LOCO) is in use
are operating
Inrush current on returning from Deep Inrush current™@ IRUSH — | 160 — mA
Software Standby mode
Energy of inrush Erush [— [1.0 — uC
current'd
Analog power | During 12-bit A/D conversion Alcc — |08 1.1 mA | —
supply current - - . .
for QFN-48 During 12-bit A/D conversion with S/H amp — |18 2.5 mA |[—
Temperature sensor — |01 0.2 mA | —
During D/A conversion (per unit) without AMP output — 10.2 0.6 mA |[—
with AMP output — |07 1.5 mA |—
Waiting for A/D, D/A conversion (all units) — |05 1.0 mA | —
ADC12, DAC12 in standby modes (all units) "0 — |04 4.0 PA | —
Analog power | Increase during 12-bit A/D conversion lcc™ — |1.0 1.3 mA | —
supply current - - - .
for QFN-32 Increase during 12-bit A/D conversion with S/H amp — |20 2.7 mA | —
and QFN-24 | |ncrease Temperature sensor operating — |01 0.2 mA | —
Increase during D/A conversion (per unit) | without AMP output — |03 0.7 mA | —
with AMP output — 108 1.6 mA |—
Increase waiting for A/D, D/A conversion (all units) — 108 1.3 mA |[—
Reference During 12-bit A/D conversion Alreth — |70 120 MA | —
power supply — - -
current Waiting for 12-bit A/D conversion — 10.07 0.5 MA | —
(VREFH) ADC12 in standby modes — loo07 |05 |pA |—
Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Measured with clocks supplied to the peripheral functions. This does not include the BGO operation.
Note 3. Igc depends on f (ICLK) as follows.
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Note 4.
Note 5.
Note 6.
Note 7.
Note 8.
Note 9.
Note 10.

Note 11.

IccMax. = 0.24 x f + 3.9 (max. operation in high-speed mode)

Icc Typ. =0.12 x f + 1.085 (normal operation in high-speed mode, all peripheral clocks disabled)

lcc Typ. = 0.156 x f + 0.444 (low-speed mode)

lccMax. = 0.091 x f + 3.9 (sleep mode)

This does not include the BGO operation.

Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (1.56MHz).

FCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (3.12MHz).

Reference value

In QFN-32 and QFN-24, the current is added to ICC.

When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (12-Bit A/D Converter 0 Module Stop bit) and
MSTPCRD.MSTPD20 (12-bit D/A converter module stop bit) are in the module-stop state.

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

Note 12. PLL output frequency = 100MHz.
Note 13. PLL output frequency = 200MHz.
Table 2.8 Coremark and normal mode current
Parameter Symbol Typ Unit Test conditions
Supply Current! | Coremark™2 3 Icc 126 uA/MHz ICLK = 100MHz
PCLKA
Normal mode All peripheral 130 = PCLKB
clocks disabled, = PCLKC
while (1) code = PCLKD
executing from =FCLK
flash™2 "3 =1.56 MHz
Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
Note 2. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 3. PLL output frequency = 100MHz.
2.2.6 VCC Rise and Fall Gradient and Ripple Frequency
Table 2.9 Rise and fall gradient characteristics
Test
Parameter Symbol Min Typ |Max |Unit conditions
VCC rising gradient | Voltage monitor O reset disabled at startup SrvCC 0.0084 |— 20 ms/V | —
Voltage monitor O reset enabled at startup 0.0084 |— — —
SCI boot mode™ 0.0084 [— |20 —
VCC falling gradient SfVCC 0.0084 |— — ms/V | —

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

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

V). When the VCC change exceeds VCC +10%, the allowable voltage change rising and falling gradient dt/dVCC must be met.

Parameter Symbol Min Typ Max Unit Test conditions
Allowable ripple fr (vee) — — 10 kHz Figure 2.2
frequency Vr(vcc)sVCC x 0.2
— — 1 MHz Figure 2.2
Ve (vee) = VCC x 0.08
— — 10 MHz Figure 2.2
V¢ (vee) = VCC x 0.06
Allowable voltage dt/dvCC 1.0 — — ms/\V When VCC change
change rising and exceeds VCC £10%
falling gradient
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A

1/ frvee)

VCC

Vrvee)

Figure 2.2

2.2.7

Ripple waveform

Thermal Characteristics

Maximum value of junction temperature (Tj) must not exceed the value of “section 2.2.1. Tj/Ta Definition”.

Tj is calculated by either of the following equations.

e Tj=Ta+ 0ja x Total power consumption

Tj = Tt + ¥jt x Total power consumption

— Tj : Junction Temperature (°C)

— Ta: Ambient Temperature (°C)

— Tt : Top Center Case Temperature (°C)

— 0ja: Thermal Resistance of Junction-to-Ambient (°C/W)

— Wjt: Thermal Resistance of Junction-to-Top Center Case (°C/W)

— Ciju: Input capacitance

— Cjpad: Output capacitance

Regarding 6ja and Yjt, refer to Table 2.11.

Total power consumption = Voltage % (Leakage current + Dynamic current)
Leakage current of IO =X (Igp, X Vor) /Voltage + X (|Iog| x [VCC — Voul) /Voltage
Dynamic current of IO = Z 10 (Cj,, + Cjgaq) * 10 switching frequency x Voltage

Table 2.11 Thermal Resistance
Parameter Package Symbol Value™ Unit | Test conditions
Thermal 48-pin QFN (PWQNO0048KC-A) Bja 291 °C/W | JEDEC standards
Resistance 32-pin QFN (PWQNO0032KE-A) 29.5
24-pin QFN (PWQNO0024KG-A) 39.2
48-pin QFN (PWQNO0048KC-A) Yit 0.15 °CIW
32-pin QFN (PWQNO0032KE-A) 0.35
24-pin QFN (PWQNO0024KG-A) 243

Note 1. The values are reference values when the 4-layer board is used. Thermal resistance depends on the number of layers or size of the

board. For details, refer to the JEDEC standards.

R01DS0405EJ0100 Rev.1.00

Nov 18, 2022

RENESAS

Page 21 of 82



R9A06G150 Datasheet

2. Electrical Characteristics

2.3 AC Characteristics

2.3.1 Frequency

Table 2.12 Operation frequency value in high-speed mode

Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK) f — — 100 MHz
Peripheral module clock (PCLKA) — — 100
Peripheral module clock (PCLKB) — — 50
Peripheral module clock (PCLKC) _"2 — 50
Peripheral module clock (PCLKD) — — 100
Flash interface clock (FCLK) — — 50
Note 1. FCLK must run at a frequency of at least 4 MHz when programming or erasing the flash memory.
Note 2. When the ADC12 is used, the PCLKC frequency must be at least 1 MHz.
Table 2.13 Operation frequency value in low-speed mode
Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK) f — — 1 MHz
Peripheral module clock (PCLKA) — — 1
Peripheral module clock (PCLKB) — — 1
Peripheral module clock (PCLKC) 2 —"2 — 1
Peripheral module clock (PCLKD) — — 1
Flash interface clock (FCLK)"! — — 1
Note 1. Programming or erasing the flash memory is disabled in low-speed mode.
Note 2. When the ADC12 is used, the PCLKC frequency must be set to at least 1 MHz.
2.3.2 Clock Timing
Table 2.14 Clock timing (1 of 2)
Parameter Symbol Min Typ Max Unit | Test conditions
EXTAL external clock input cycle time tEXcyce 41.66 — — ns | Figure 2.3
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 text — — 5.0 ns
Main clock oscillator frequency LIYINIY 8 — 24 MHz | —
Main clock oscillation stabilization wait time (crystal)™! | tuainoscwT | — — —1 ms | Figure 2.4
LOCO clock oscillation frequency fLoco 29.4912|32.768 | 36.0448 | kHz | —
LOCO clock oscillation stabilization wait time tLocowT — — 60.4 us | Figure 2.5
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 Ms  |—
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Table 2.14 Clock timing (2 of 2)
Parameter Symbol Min Typ Max Unit | Test conditions
HOCO clock oscillator oscillation frequency fuoco1s 15.78 16 16.22 MHz | -20 < Ta< 85°C
fuoco1s 17.75 |18 18.25
fuoco20 19.72 |20 20.28
fioco1s 15.71 16 16.29 -40 < Ta<-20°C
fuoco1s 17.68 |18 18.32
fuoco20 19.64 |20 20.36
HOCO clock oscillation stabilization wait time 2 thocowt |— — 64.7 s | —
HOCO period jitter — — +85 — ps |—
PLL clock frequency fpLL 100 — 200 MHz | —
PLL clock oscillation stabilization wait time tPLLwT — — 174.9 us | Figure 2.6
PLL period jitter fpLL = 120MHz — — +100 |— ps |—
fpLL < 120MHZz — — 120 |— ps |—
PLL long term jitter — — +300 |— ps | Term: 1us, 10us

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

value.

After changing the setting in the MOSCCR.MOSTP bit to start main clock operation, read the OSCSF.MOSCSF flag to confirm that
it is 1, and then start using the main clock oscillator.
Note 2. This is the time from release from reset state until the HOCO oscillation frequency (fhoco) reaches the range for guaranteed

operation.
tchc
txH L txL
EXTAL external clock input / VCC x 0.5
txr txr
Figure 2.3 EXTAL external clock input timing
MOSCCR.MOSTP \
Main clock oscillator output W—\-‘,
tmAINOSCWT N
Main clock N
Figure 2.4 Main clock oscillation start timing
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LOCOCR.LCSTP \

tLocowt

LOCO clock

On-chip oscillator output WM

Figure 2.5 LOCO clock oscillation start timing

PLLCR.PLLSTP \

OSCSF.PLLSF

PLL clock

PLL circuit output mﬂf\—/_\—/_

Figure 2.6 PLL clock oscillation start timing

2.3.3 Reset Timing

Table 2.15 Reset timing

Parameter Symbol | Min | Typ | Max | Unit | Test conditions
RES pulse width Power-on treswp | 0.7 |[— |[— ms | Figure 2.7
Deep Software Standby mode tReswp |06 |[— |[— ms | Figure 2.8
Software Standby mode trResws 0.3 |— |— ms
All other tResw 200 |— |[— us
Wait time after RES cancellation trReswt |— |37.3|41.2 |us |Figure 2.7
Wait time after internal reset cancellation tResw2 |— |324 |397.7|ps |—
(IWDT reset, WDT reset, software reset, SRAM parity error reset, bus master MPU
error reset)
£5 £5
VCC 47 VCCmin
£5
RES B 7
R2J
t S
Internal reset signal REsiP
(low is valid) « «
treESWT
Figure 2.7 RES pin input timing under the condition that VCC exceeds Vpor voltage threshold
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trReswp, trREsws, tRESW

S 7
RE -
Internal reset signal
(low is valid) \
£5 55
tRESWT
Figure 2.8 Reset input timing
234 Wakeup Timing
Table 2.16 Timing of recovery from low power modes
Parameter Symbol |Min|Typ |Max | Unit| Test conditions
Recovery time from | Crystal resonator System clock source is tseyme 1 |— |21 |24 |ms |Figure 2.9
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 1 |— |22 |26 |ms
PLL with main clock
oscillator™3
External clock input to System clock source is tsgyex 1 |— |45 125 |ps
main clock oscillator main clock oscillator™
System clock source is tsgype ' |— | 170 |255 |us
PLL with main clock
oscillator™
System clock source is LOCO™® tsgyLo ' |— |07 |09 |ms
System clock source is HOCO clock oscillator” tseyno "1 |— |55 130 |us
System clock source is PLL with HOCO™® tsgyp 11 |— | 175 |265 |ps
System clock source is MOCO clock oscillator™ tseymo '1|— |35 |65 |us
Recovery time from DPSBYCR.DEEPCUT[1] = 0 and tpsBy — 10.38 [0.54 |ms |Figure 2.10
Deep Software DPSWCR.WTSTSI[5:0] = 0x0E
Standby mode
DPSBYCR.DEEPCUT[1] = 1 and tpsBy — 1055 |0.73 | ms
DPSWCR.WTSTS[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™0|70™0|us |Figure 2.11
Software Standby HOCO (20 MHz)
mode to Snooze - - N -
mode High-speed mode when system clock source is tsnz — |11"10| 1410 | 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
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).
Note 2. When the frequency of the crystal is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the
greatest value of the internal clock division setting is 1.
Note 3. When the frequency of PLL is 200 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the greatest
value of the internal clock division setting is 4.
Note 4. When the frequency of the external clock is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and
the greatest value of the internal clock division setting is 1.
Note 5. When the frequency of PLL is 200 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and the greatest
value of the internal clock division setting is 4.
Note 6. The LOCO frequency is 32.768 kHz and the greatest value of the internal clock division setting is 1.
Note 7. The HOCO frequency is 20 MHz and the greatest value of the internal clock division setting is 1.
Note 8. The PLL frequency is 200 MHz and the greatest value of the internal clock division setting is 4.
Note 9. The MOCO frequency is 8 MHz and the greatest value of the internal clock division setting is 1.
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Note 10. When the SNZCR.RXDREQEN bit is set to 0, the following time is added as the power supply recovery time: 16 us (typical), 48 us
(maximum).
Note 11. The recovery time can be calculated with the equation of tSBYOSCWT + tSBYSEQ. And they can be determined with the following
value and equation. For n, the greatest value is selected from among the internal clock division settings.

Wakeup time | TYP MAX Unit
tSBYOSCWT tSBYSEQ tSBYOSCWT tSBYSEQ
tSBYMC (MSTS[7:0]*32 + 3) / 35+ 18/ fICLK + 4n / fMAIN (MSTS[7:01*32 + 14/ 62 + 18/ fICLK + 4n / fMAIN us
0.262 0.236
tSBYPC (MSTS[7:01*32 + 34) / 35+ 18/fICLK + 4n / fPLL (MSTS[7:0]*32 + 45) / 62 + 18/ fICLK + 4n / fPLL us
0.262 0.236
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
tSBYLO 0 35+18/fICLK +4n/fLOCO |0 62 + 18 /fICLK + 4n / fLOCO | us
tSBYHO 20 35+ 18/fICLK + 4n/ fHOCO |67 62 + 18/ fICLK + 4n / fHOCO | us
tSBYPH 140 35+ 18/fICLK + 4n / fPLL 202 62 + 18/ fICLK + 4n / fPLL us
tSBYMO 0 35+ 18/fICLK + 4n/ fMOCO |0 62 + 18/ fICLK + 4n / fMOCO | us
Oscillator | —l
(system clock) | | «
tSBYOSCWTT tsBYSEQ
Oscillator 'I
(not the system clock) ’;’;
ICLK _| ——l % |_|
A
IRQ p R
Software Standby mode
tseymc, tsYEX, tseypPc, tsBYPE,
tsBYPH, tsBYHO, tsYLO
When stabilization of the system clock oscillator is slower
Oscillator | —l B
(system clock) || ‘,‘,
tseyoscwt " tseyseq |
Oscillator 'I
(not the system clock) «
tseyoscwt
ICLK | _—l " | | F
A
IRQ «
Software Standby mode "
tsBymc, tsBYEx, tseypc, tseype,
tseypH, tseyHo, tseyLO
When stabilization of an oscillator other than the system clock is slower
Figure 2.9 Software Standby mode cancellation timing
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Oscillator | |

IRQ

£

”

£

£

Uy

Deep Software Standby

”

£

reset
(low is valid)

”

£

”

[(4

”

Internal reset
(low is valid)

”

£

”

<

Deep Software Standby mode

tossy

<«— tposeywr

T

Reset exception handling start

Figure 2.10

Deep Software Standby mode cancellation timing

Oscillator

ICLK (except DTC, SRAM)

ICLK (to DTC, SRAM)' PCLK

IRQ

===

£

”

£

”

£

”

L@
”

Software Standby mode

A
Y

tsnz

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

Snooze mode

Figure 2.11 Recovery timing from Software Standby mode to Snooze mode
235 NMI and IRQ Noise Filter
Table 2.17 NMI and IRQ noise filter
Parameter Symbol Min Typ Max Unit Test conditions
NMI pulse tNMIW 200 — ns NMI digital filter tpeyc X 2'< 200 ns
width disabled
tpoye X 2”7 — tpoyc X 2 > 200 ns
200 — NMI digital filter tnmick * 3 <200 ns
- enabled
tnmick X 3.5 2 — tnmick X 3> 200 ns
IRQ pulse tirRaw 200 — ns IRQ digital filter tpcyc X 2 <200 ns
width disabled
togye X 2 — tpoyc X 2 > 200 ns
200 — IRQ digital filter tirack X 3 <200 ns
" enabled
tirack X 3.573 - tirack X 3 > 200 ns
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Note: 200 ns minimum in Software Standby mode.
Note:  If the clock source is switched, add 4 clock cycles of the switched source.
Note 1. tpcyc indicates the PCLKB cycle.
Note 2. tywmick indicates the cycle of the NMI digital filter sampling clock.
Note 3. tirqck indicates the cycle of the IRQi digital filter sampling clock.

tNmiw

Figure 2.12  NMl interrupt input timing
- M
tiraw
Figure 2.13  IRQ interrupt input timing

2.3.6 I/O Ports, GPT, and AGT Timing

1/0 ports, GPT, and AGT timing

GPT16 Conditions:
High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Table 2.18

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/O ports Input data pulse width tPrRW 1.5 — tpeyc Figure 2.14
GPT Input capture pulse width Single edge teTicw 1.5 — tPDcyc Figure 2.15
Dual edge 2.5 —
GTIOCxY output skew Middle drive buffer | tgmigk™ — 4 ns Figure 2.16
(x=4t07,Y=AorB) High drive buffer — 4
AGT AGTIO, AGTEE input cycle tacyc 2 100 — ns Figure 2.17
AGTIO, AGTEE input high width, low width tackwH, tackwL 40 — ns
AGTIO, AGTO, AGTOA, AGTOB output cycle tacyc2 625 |— ns

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

Note 2. Constra

ints on input cycle:

When not switching the source clock: tpeye * 2 < tacyc should be satisfied.
When switching the source clock: tpeyc * 6 < tacyc should be satisfied.

R01DS0405EJ0100 Rev.1.00
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Port %
I tPRW i
Figure 2.14  1/O ports input timing
Input capture % }<
™~ gl
teTicw
Figure 2.15  GPT input capture timing
o |\ ) S S LS
Qutput delay
>
GPT output
teTisk
Figure 2.16  GPT output delay skew
R01DS0405EJ0100 Rev.1.00 RENESAS Page 29 of 82

Nov 18, 2022




R9A06G150 Datasheet

2. Electrical Characteristics

< tacvc >
le—— tackwL le—— tackwH —»
AGTIO, AGTEE Z \
(input) X
< tacvc2 >
AGTIO, AGTO,
AGTOA, AGTOB
(output)
N
Figure 2.17  AGT input/output timing
2.3.7 CAC Timing
Table 2.19 CAC timing
Parameter Symbol | Min Typ Max Unit Test conditions
CAC CACREF input pulse tpBeyc < tcac*‘] tcacrer | 4.5 X tegc + 3 % tpBeyc | — — ns —
width
tpBeyc > teac | 5 X teac + 6.5 X tpBeye | — - ns
Note:  tpggyc: PCLKB cycle.
Note 1. t.ac: CAC count clock source cycle.
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2.3.8 SCI Timing

Table 2.20 SCl timing (1)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol | Min | Max | Unit | Test conditions
SCI | Input clock cycle Asynchronous tscyc 4 — | tpcyc | Figure 2.18
Clock synchronous 6 —
Input clock pulse width tsckw |04 | 0.6 |tscye
Input clock rise time tsckr — |5 ns
Input clock fall time tscks — |5 ns
Qutput clock cycle Asynchronous tseyc 6 — | treye
Clock synchronous 4 —
Output clock pulse width tsckw [0.4 [ 0.6 |tscyc
Output clock rise time tsckr — |5 ns
QOutput clock fall time tscks — |5 ns
Transmit data delay Clock synchronous master mode (internal clock) | trxp — |5 ns | Figure 2.19
Clock synchronous slave mode (external clock) |trxp — |25 |ns
Receive data setup time | Clock synchronous master mode (internal clock) | trxs 15 |— |ns
Clock synchronous slave mode (external clock) | trxs 5 — |ns
Receive data hold time | Clock synchronous tRXH 5 — |ns

Note:  tpcyc: PCLKA cycle.

tsckw tsckr tsckf
SCKn ] \ / "\
1 \
tScyc 4

Note: n=0,9

Figure 2.18  SCK clock input/output timing

SCKn /—\_/_L

trxp

S

Note: n=0,9

.

Figure 2.19  SCl input/output timing in clock synchronous mode
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Table 2.21 SCI timing (2)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit Test conditions
Simple SPI SCK clock cycle output (master) tspeyc 4 65536 tpeyc Figure 2.20
SCK clock cycle input (slave) 6 65536
SCK clock high pulse width tSPCKWH 0.4 0.6 tspeyc
SCK clock low pulse width tspckwL 0.4 0.6 tspeyc
SCK clock rise and fall time tspckr tspekf | — 5 ns
Data input setup time master tsu 15 — ns Figure 2.21 to Figure
slave 5 — ns 224
Data input hold time ty 5 — ns
SS input setup time tLEAD 1 — tspeyc
SS input hold time tLac 1 — tspeyc
Data output delay master top — 5 ns
slave — 25 ns
Data output hold time ton -5 — ns
Data rise and fall time tor, tof — 5 ns
SS input rise and fall time tssir tssuf — 5 ns
Slave access time tsa — 3 X tpeye +25 | ns Figure 2.24
Slave output release time tREL — 3 X tpeyc +25 | ns

Note:  tpcyc: PCLKA cycle.

tSPCKWH tspckr tspcks
VoH
SCKn
master select
output
tspckwL
tSPcyc
I« g
tsPCKWH tspckr tspcks
ViH
SCKn

slave select input
tspckwL

Von=0.7 x VCC, VoL=0.3 x VCC, Vih=0.7 x VCC, ViL=0.3 x VCC

Note: n=0,9

Figure 2.20  SCI simple SPI mode clock timing
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5
{
I

tsu tH
MISOn
input { MSBIN ) DATA} LSB IN { MSB IN
tlzr, tEf l—y toH —y top
~ - L
MOSIn X 3 4 r
output 'XT MSB OUT ] DAT?: | LSB OUT IDLE MSB OUT
R3]

Note: n=0,9

Figure 2.21 SCI simple SPI mode timing for master when CKPH = 1

\ s
CRPOL = 1 % N /
output -
SCKn — —
CKPOL =0 Y \ \
output \— N
tsu tH
o Coom o —on (o
toH top tor, tof
ot MSB OUT :: DATA >< LSB OUT ;Z IDLE ><MSB out
Note: n=0,9
Figure 2.22  SCI simple SPI mode timing for master when CKPH =0
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SSn
input

—

I

A

tro

Y

tLeaD

A

SCKn
CKPOL =0
input

SCKn
CKPOL =1
input

Y

tsa

VAR
S AN

R2J

toH

>
P

<
<

tLac

—
L

trREL

MISOn
output

85
DATA

I(d

MSB OUT

X

LSB OUT

N

MSB IN

MSB OUT

tsu

MOSIn
input

Note: n=0,9

(o}

tH

I (.
)

7
DATA H
(

LSB IN

AT

{ MSBIN

\
/

12

N

Figure 2.23

SCI simple SPI mode timing for slave when CKPH = 1

SSn \
input N

(e

tro

A4

tLeAD

12

SCKn

CKPOL = 1 P

input

SCKn \

CKPOL =0
input

N A

ton

MISOn
output

MOSIn

tLac

—
L

trReEL

LSB OUT
(Last data)

DATA

>t

L

SB OUT

input

Note:

n=0,9

N

tor, tof

DATA

LSBIN

MSB OUT

MSB IN

Figure 2.24

Table 2.22

SCI timing (3) (1 of 2)

SCI simple SPI mode timing for slave when CKPH = 0

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

Parameter Symbol Min Max Unit | Test conditions
Simple IIC SDA input rise time tsr — 1000 ns Figure 2.25
(Standard mode)
SDA input fall time tsf — 300 ns
SDA input spike pulse removal time tsp 0 4 X Yiceye ns
Data input setup time tspas 250 — ns
Data input hold time tspaH 0 — ns
SCL, SDA capacitive load Cp — 400 pF
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Table 2.22 SCI timing (3) (2 of 2)
Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol Min Max Unit | Test conditions
Simple IIC SDA input rise time tsr — 300 ns Figure 2.25
(Fast mode)
SDA input fall time tsf — 300 ns
SDA input spike pulse removal time tsp 0 4 X tyceye ns
Data input setup time tspas 100 — ns
Data input hold time tsDAH 0 — ns
SCL, SDA capacitive load Cp — 400 pF
Note:  tjceyc: IIC internal reference clock (IICo) cycle.
Note 1. Cy indicates the total capacity of the bus line.
ViH A
SDANn
Vi 7*
tsur
- ; —> | tsTAs —>| |« tsp —> < tsTos
\ T 4
SCLn v
P s+ T St T p
tst —>| tspas
<~ tspAH
Test conditions:
ViH=VCC x 0.7, ViL,=VCC x 0.3
VoL =0.6V, loL =6 mA
Note: n=0,9
Note 1. S, P, and Sr indicate the following conditions:
S: Start condition
P: Stop condition
Sr: Restart condition
Figure 2.25  SCI simple IIC mode timing
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2.3.9

Table 2.23

SPI Timing

SPI timing

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

Parameter Symbol Min Max Unit | Test conditions
SPI RSPCK clock cycle Master tsPeyc 2 4096 tpcyc | Figure 2.26
Slave 4 4096
RSPCK clock high Master tSPCKWH (tspeyc — tspckr — tspekf) / | — ns
pulse width 2-3
Slave 0.4 0.6 tspeyc
RSPCK clock low Master tspckwL (tspeyc — tspckr — tspeks) / | — ns
pulse width 2-3
Slave 0.4 0.6 tspeyc
RSPCK clock rise and | Master tspckr tspekf | — 5 ns
fall time
Slave — 1 us
Data input setup time | Master tsu 4 — ns Figure 2.27 to Figure
2.32
Slave 5 —
Data input hold time Master thF 0 — ns
(PCLKA
division ratio
set to 1/2)
Master ty tpeye —
(PCLKA
division ratio
set to a value
other than
1/2)
Slave ty 20 —
SSL setup time Master tLEAD N % tgpeyc - 10™ N * tspeyc + ns
100"
Slave 4 X tpeye — ns
SSL hold time Master tLaG N x tgpeyc - 102 N x tgpeyc + ns
1002
Slave 4 X tpeye — ns
Data output delay Master top1 — 6.3 ns
topz — 6.3
Slave top — 20
Data output hold time | Master ton 0 — ns
Slave 0 —
Successive Master tto tsPeye *+ 2 % tpeye 8 X tgpeyc +2 | Ns
transmission delay % tpye
Slave 4 % tpeyc
MOSI and MISO rise | Output tor, tof — 5 ns
and fall time
Input — 1 us
SSL rise and fall time | Output tssiLr tssif — 5 ns
Input — 1 us
Slave access time tsa — 25 ns Figure 2.31 and
Figure 2.32
Slave output release time tREL — 25
Note:  tpcyc: PCLKA cycle.
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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 tspeks

RSPCK
master select output

tsPCKWH tspokr tsPckf

RSPCK
slave select input

tspekwe

<
1€

Von=0.7 x VCC, VoL=0.3 x VCC, ViH=0.7 x VCC, ViL= 0.3 x VCC

Figure 2.26  SPI clock timing

_ to -
SSLAO 5 NV NV
output ‘ _X_ _X_
tLeap ” ta >
tssir, tssiLt
RSPCK Z‘ 5\—ﬁ — /
CPOL=0 7 e
output
RSPCK —_S /—\_‘
CPOL =1 \
output N— 5—/
tsu tH
MISO
tEr, tlif ton ey toD
1l 55 r
('\)"u?su't _Xr MSB OUT DATA >§ LSB OUT >< IDLE ><MSB ouT
Figure 2.27  SPI timing for master when CPHA =0
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CPOL =1
output

MISO
input

tLeaD

P

I
-\

tLac

A

»le

1€

tsstr, tssLt

tHF

MSB IN

LSB IN

17

too

MSB IN

[

MOSI ’Z‘
output K

MSB OUT

LSB OUT ><

IDLE

><MSB ouT

Figure 2.28

SPI timing for master when CPHA = 0 and the bit rate is set to PCLKA/2
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Figure 2.29

SPI timing for master when CPHA =1
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SSLAO
output

RSPCK
CPOL =0
output

RSPCK
CPOL =1
output

MISO
input

MOSI
output
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R
tLEAD tLac

I 2 AN
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LSBIN
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Figure 2.30

RSPI timing for master when CPHA = 1 and the bit rate is set to PCLKA/2
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SPI timing for slave when CPHA =0
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SSLAO
input

RSPCK
CPOL=0
input

RSPCK
CPOL =1
input

MISO
output

MOSI
input

—

(e

tro

Y

tLeAD

A

A 4

tsa
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toH

<—>|
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I

tLac

trREL
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(Last data)

DATA

LSB OUT

tsu

)

)

DATA

tor, tor

LSBIN
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Figure 2.32

2.3.10

Table 2.24

SPI timing for slave when CPHA =1

QSPI Timing

QSPI timing

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

Parameter Symbol Min Max Unit Test conditions
QSPI QSPCK clock cycle tascyc 2 48 tpeyc Figure 2.33
QSPCK clock high pulse | taswH tascyc X 0.4 — ns
width
QSPCK clock low pulse | toswi tascyc x 0.4 — ns
width
Data input setup time tsu 10 — ns Figure 2.34
Data input hold time tiy 0 — ns
QSSL setup time tLEAD (N +0.5) x taseyc - 51 (N +0.5) x tgscyc + ns
100"
QSSL hold time tLaG (N +0.5) X taseyc - 572 (N +0.5) x tqscyc + ns
1002
Data output delay top — 4 ns
Data output hold time ton -3.3 — ns
Successive transmission | ttp 1 16 tascyc
delay
Note:  tpcyc: PCLKA cycle.
Note 1. Nis setto 0 or 1in SFMSLD.
Note 2. Nis setto 0 or 1in SFMSHD.
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taswh taswe
QSPCLK output
I~ tQScyc i
Figure 2.33  QSPI clock timing
to
QSSL _Z_ N
output (,(, A+
tLeap L tLac
QSPCLK / \
output 7]
tsu tH
QIO0-3
input MSB IN §—<:)ATA LSB IN
— toH ¢ too
({4
Ql00-3 3 i r
output >< MSB OUT 7§< E)ATA >§_ LSB OUT >< IDLE
b))

Figure 2.34  Transmit and receive timing

2.3.11 I3C Timing

Specific HDR Modes are not covered by conformance test suite (CTS).
When CTS for HDR Modes is available, Renesas will confirm CTS tests.
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Table 2.25 12C mode timing (1)-1

Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDA, SCL

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

Parameter Symbol | Min Max Unit

Inc SCL input cycle time tscL 10 (18) % tjjceyc + 1300 — ns

(Standard mode,

SMBus) SCL input high pulse width tscLH 5(9) * ticeye — ns

BFCTL.FMPE =0 SCL input low pulse width tscLL 5(9) * ticeye — ns
SCL, SDA rise time tsr — 1000 ns
SCL, SDA fall time tsf — 300 ns
SCL, SDA input spike pulse tsp 0 1(4) * ticeye ns
removal time
SDA input bus free time tBuF 5(9) * ticeyc + 300 — ns
START condition input hold time | tsTan tiiceyc + 300 — ns
Repeated START condition input | tsTas 1000 — ns
setup time
STOP condition input setup time | tsTos 1000 — ns
Data input setup time tspas ticeye + 50 — ns
Data input hold time tspAH 0 — ns
SCL, SDA capacitive load Cp — 400 pF

Note:  tceyc: IIC internal reference clock (IICe) cycle
Note:
Table 2.26 12C mode timing (1)-2

Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDA, SCL

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

Values in parentheses apply when INCTL.DNFS[1:0] is set to 11b while the digital filter is enabled with INCTR.DNFE set to 1.

Parameter Symbol | Min Max Unit
lc SCL input cycle time tscL 10 (18) x tjjceyc + 600 — ns
(Fast mode)
SCL input high pulse width tscLH 5 (9) * ticeye — ns
SCL input low pulse width tscLL 5(9) x ticeye — ns
SCL, SDA rise time tsr 20 x (external pullup voltage/5.5 V) 300 ns
SCL, SDA fall time tst 20 x (external pullup voltage/5.5 V) 300 ns
SCL, SDA input spike pulse removal |tgp 0 1(4) xticeye | NS
time
SDA input bus free time tBUF 5 (9) * ticeyc + 300 — ns
START condition input hold time tsTAH tiiceye + 300 — ns
Repeated START condition input tsTas 300 — ns
setup time
STOP condition input setup time tsTos 300 — ns
Data input setup time tspas tiiceye + 50 — ns
Data input hold time tspaH 0 — ns
SCL, SDA capacitive load Cp — 400 pF

Note:
Note:

tiiceye: IIC internal reference clock (IICo) cycle

Values in parentheses apply when INCTL.DNFS[1:0] is set to 11b while the digital filter is enabled with INCTR.DNFE set to 1.
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Table 2.27 12C mode timing (1)-3
Setting of the SCL, SDA pins is not required with the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol | Min Max Unit

Inc SCL input cycle time tscL 10 (18) * tiiceyc + 240 — ns

(Fast mode+)

BECTL.FMPE =1 | SCL input high pulse width tscLH 5(9) * ticeye — ns
SCL input low pulse width tscLL 5 (9) * ticeye — ns
SCL, SDA rise time tsr — 120 ns
SCL, SDA fall time tst 20 x (external pullup voltage/5.5 V)" 120 ns
SCL, SDA input spike pulse removal | tgp 0 1(4) *ticeye | Ns
time
SDA input bus free time tsuF 5(9) x ticeye + 120 — ns
START condition input hold time tsTAH tiiceye + 120 — ns
Repeated START condition input tsTas 120 — ns
setup time
STOP condition input setup time tstos 120 — ns
Data input setup time tspas tiiceye + 30 — ns
Data input hold time tspaH 0 — ns
SCL, SDA capacitive load Cp! — 550 pF

Note:  tjceyc: IIC internal reference clock (IICe) cycle
Note:  Values in parentheses apply when INCTL.DNFS[1:0] is set to 11b while the digital filter is enabled with INCTR.DNFE set to 1.
Note 1. Cy, indicates the total capacity of the bus line.
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Table 2.28 12C mode timing (2)
Setting of the SCL, SDA pins is not required with the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol | Min Max Unit
Inc SCL input cycle time tscL 10(12) * tjjceyc + 80 — ns
(Hs mode)
BECTL.HSME = 1 SCL input high pulse width tscLH 5(6) * tiiceyc — ns
SCL input low pulse width tscLL 5(6) * ticeyc — ns
SCL clock frequency Cp, =400 pF fsoL 0 1.7 MHz
Cp =100 pF 0 34 MHz
LOW period of the SCL Cp =400 pF tLow 320 — ns
clock Cp =100 pF 160 — ns
HIGH period of the SCL Cp, =400 pF tHIGH 215 — ns
olock Cp, =100 pF 115 — ns
SCL rise time Cp =400 pF tsroL — 80 ns
Cp, =100 pF — 40 ns
SDA rise time Cp =400 pF tsrpa — 160 ns
Cp =100 pF — 80 ns
SCL fall time Cp =400 pF tsfoL — 80 ns
Cp, =100 pF — 40 ns
SDA fall time Cy =400 pF tsioa — 160 ns
Cp =100 pF — 80 ns
SCL, SDA input spike pulse removal time tsp 0 1(1) % tyceye ns
Repeated START condition input setup time tsTas 40 — ns
STOP condition input setup time tsTos 40 — ns
Data input setup time tspas 10 — ns
Data input hold time Cp =400 pF tsDAH 0 150 ns
Data input hold time Cp =100 pF tspDAH 0 70 ns
SCL, SDA capacitive load Cp! — 400 pF

Note:  tjceyc: IIC internal reference clock (IICe) cycle
Note:  Values in parentheses apply when INCTL.DNFS[1:0] is set to 11b while the digital filter is enabled with INCTR.DNFE set to 1.
Note 1. Cy, indicates the total capacity of the bus line.
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SDAO to SDA2

tsur

ViH
Vi

tscLH

[«— tsTAH

SCLO to SCL2

st —>

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

<« tspaH

tspas

Test conditions:

ViH=VCC x 0.7, Vi. =VCC % 0.3
VoL =0.6 V, lo. =6 mA (ICFER.FMPE = 0)
VoL =0.4V, lo. =15 mA (ICFER.FMPE = 1)

tstos

Sr: Restart condition
Figure 2.35  |2C bus interface input/output timing
Sr Sr P
tioa tioa tHo_par
/ / \/~ \,~ "\, .
SDA )( )\ 0.7xVop
"\ I\ L -0.3XVDD
tsu_sTa
thp_sta tsu_par tsu_st
trcL tcL ]
SCL \ / 0.7xVop
_/ \ / \ / \ / 0.3xVop
thier " tow trow ' " thicH
f = Open-Drain With Weak Pullup Br'i-:/igh Speed Active Push-Pull
Figure 2.36  12C bus interface input/output timing (Hs-mode)
Table 2.29 I3C mode timing (Open Drain Timing Parameters) (1 of 2)
Timing
Parameter Symbol | Diagram | Min Max Units Notes
SCL Clock Low Period tLow op | Figure 55 — ns "2
2.39
toic_op_L | Figure tLow_obmin + — ns —
2.39 tbA_oDmin
SCL Clock High Period tHiGH Figure — 41 ns 3 4
2.37
toic_H Figure — tHigH * toF ns —
2.37
Figure
2.36
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Table 2.29 I3C mode timing (Open Drain Timing Parameters) (2 of 2)

Timing
Parameter Symbol |Diagram |Min Max Units Notes
SDA Signal Fall Time toa_ob Figure — 12 ns —
2.39
SDA Data Setup Time Open Drain Mode tsu_op Figure 17 — ns hl
2.38
Figure
2.39
Clock After START (S) Condition tcas Figure 38.4 nano For ENASO: 1 seconds |*5 *6
2.39
For ENAS1: 100 p
For ENAS2: 2 milli
For ENAS3: 50 milli
Clock Before STOP (P) Condition tcep Figure tcasmin / 2 — seconds |—
2.40
Current Master to Secondary Master Overlap | tmmoveriap | Figure tDiG_oD_Lmin — ns —
time during handoff 2.46
Bus Available Condition tavAL — 1 — us 7
Bus Idle Condition tioLE — 1 — ms —
Time Internal Where New Master Not Driving | tpmLock Figure tAVALmin — us —
SDA Low 2.46

Note 1. This is approximately equal to t, owmin * tbs_obmin * trbA_obtyp * tsu_obmin

Note 2. The Master may use a shorter Low period if it knows that this is safe, i.e., that SDA is already above V|y

Note 3. Based on tgp|kg, rise and fall times, and interconnect

Note 4. This maximum High period may be exceeded when the signals can be safely seen by Legacy 12C Devices, and/or in consideration
of the interconnect (e.g., a short Bus).

Note 5. On a Legacy Bus where 12C Devices need to see Start

Note 6. Slaves that do not support the optional ENTASx CCCs shall use the tcas Max value shown for ENTAS3

Note 7. On a Mixed Bus with Fm Legacy 12C Devices, tayaL is 300 ns shorter than the Fm Bus Free Condition time (tgyF)
Specific HDR Modes are not covered by conformance test suite (CTS).
When CTS for HDR Modes is available, Renesas will confirm CTS tests.

Table 2.30 I3C mode timing (Push-Pull Timing Parameters for SDR and HDR-DDR Modes) (1 of 2)

Timing
Parameter Symbol Diagram Min Typ Max Units | Notes
SCL Clock Frequency fscL — 0.01 — 12.5 MHz 1
SCL Clock Low Period tLow Figure 2.36 | 24 — — ns —
toic_ L Figure 2.37 |35 _ _ ns 274
SCL Clock High Period for Mixed tHIGH_MIXED Figure 2.37 | 24 — — ns —
o tpiG_H_MIXED Figure 2.37 | 35 — 45 ns 2,73
SCL Clock High Period tHIGH Figure 2.36 | 24 — — ns _
toig_H Figure 2.37 | 35 —_ — ns *2
Figure 2.36
Clock in to Data Out for Slave tsco Figure 2.42 | — — 9.7 ns —
SCL Clock Rise Time tcr Figure 2.36 | — — 150 * 1 ffgoL ns —
(capped at 60)
SCL Clock Fall Time tcr Figure 2.36 | — — 150 * 1 fgcL ns —
(capped at 60)
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Table 2.30 I3C mode timing (Push-Pull Timing Parameters for SDR and HDR-DDR Modes) (2 of 2)

Timing
Parameter Symbol Diagram Min Typ Max Units | Notes
SDA Signal Data Hold in Master | typ_pp Figure 2.41 [tcr+3andtcp+3 | — — — 4
Push-Pull Mode

Slave |tup pp Figure 2.43 |0 — — — —

Figure 2.44
SDA Signal Data Setup in Push-Pull | tsy pp Figure 2.41 |17 — N/A ns —
Mode -

Figure 2.42
Clock After Repeated START (Sr) tcasr Figure 2.45 | tcasmin — N/A ns —
Clock Before Repeated START (Sr) | tcesr Figure 2.45 |tcasmin/ 2 — N/A ns —
Capacitive Load per Bus Line (SDA/ | Cy, — — — 50 pF —
SCL)

Note 1. FSCL =1 /(tDIG_L + tDIG_H)

Note 2. tpjg_L and tpig_p are the clock Low and High periods as seen at the receiver end of the I3C Bus using V|_and V4. (see Figure
2.36

Note 3. Whe)n communicating with an I13C Device on a mixed Bus, the tpig_H_mixep period must be constrained in order to make sure that
12C Devices do not interpret I3C signaling as valid 12C signaling.

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

Table 2.31 I3C mode timing (Push-Pull Timing Parameters for HDR-TSP and HDR-TSL Modes)

Timig

Parameter Symbol Diagram | Min Typ Max Units Notes

Edge-to-Edge Period teEDGE Figure toic_H — — ns "2
247

Allowed Difference Between Signals for tskew Figure — — 9 ns —

Simultaneous Change 2.47

Stable Condition Between Symbols teve Figure 12 — — ns —
247

Time Between Successive Symbols tsymsoL Figure tepge Min | — — ns —
247

Note 1. Edges occur at the rate of 1/ (tepgg * 2)
Note 2. In a Mixed Bus, HDR-TSL shall respect the maximum tpig_H4_mixep shown in Table 2.30.

tHIGH tCF t'—OW

0.7xVpp

0.3xVpp

tCR‘ tDIG_H tDIG_L

Figure 2.37  tpig yand tpg L
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SDR Transfer
- i | A W W [ | > 0.7xVop
SDA \\‘ A6 \\; A5 \\; \\; A0 \\ RiW  ACK // D7 | D6 D0 \\ ACK + 0.3%Voo
| ; i i -
]
‘ MM [\ A - 0.7xVon
sct 1\ Jer\ Je2\ [ \ [Je7\ Jos\ Jce\ [Jc1\ [ca\ | | Jcs| Jco\ . 0.3V,
e e e U U U VA S e
. Open-Drain Pull-Up closs Transition from SCL clocks are showm identical for OD and
Open-Drain to PP even though they differ substantially
Push-Pull
f = High Speed Active Push-Pull Drive
"4 I » 0.7xVop
SDA RnW 4 \ ACK D7 X D6
s » 0.3xVop
/ \ / \
-2 \ I » 0.7xVi
MST_SDA o0 \ X e
0 » 0.3xVop
A S \ / \
y \ \/
SLV_SDA : \ .

tsu,PP

» 0.3xVop

scL cs co \ c1 / c2
- Open-Drain \— \_/
:g?;rr‘r?eters used Open-Drain or Push-Pull Push-Pull Push-Pull
tsco'1 tsu,on

Note:

Figure 2.38

= Active Drive by Master or Slave

Open-Drain: Master releases SDA after a suitable delay from SCL edges

Push-Pull: Master drives SDA after a suitable delay from SCL edges
Note 1. tgco is depicted for informative purposes only

= Open-Drain Pull-Up class by Master

= High-Z by Slave

I3C Data Transfer—ACK by Slave
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ttpA_oD tos op : tsu_op

0.7 x Vop
SDA

0.3 x Vbp

EDA_SD

0.7 x Vop
SCL

0.3 x Vop

tcas tcr tLow_obp tcr

Figure 2.39  I13C START condition Timing

\ / 0.7 x Vop

SDA
\ 0.3 x Vop
\ 0.7 x Vop
SCL
\ 0.3 x Vop
tCR‘ tcep i

Figure 2.40 I13C STOP condition Timing
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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 2.41 I3C Master Out Timing
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0.7 x Vbp
SDA
0.3 x Vbp
tsco tsu_Pp
0.7 x Vbp
SCL
0.3 x Vop
tcr tcr
Figure 2.42  13C Slave Out Timing
\ / 0.7 x Vop
SDA
/ \ 03 X VDD
/ \ 0.7 x Vpp
SCL
0.3 x Vop
tsu_pp tHD_spbr
Figure 2.43  Master SDR Timing
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\ / 0.7 x Vbp

SDA
/ \ 03 X VDD
0.7 x Vop

SCL
0.3 x Vop

tsu_pp tHD_spbr J tsu_pp EHD_SDR‘
Figure 2.44  Master DDR Timing
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Repeated
START(ST) STOP(P)
' '
7 7 17 7 i \ N
SDA o7 | Db | { o1t ] \T / 0.7 x Voo
1\ 1\ A 1\ / \ / 0.3 x Voo
f— f— 7 f— — f
Jer\ ]\ jel Je ]
— — — — — — 0.3 x Voo
[/ A
= High Speed Active Push-Pull
Drive
Repeated
START(Sr) STOP(P)
7 Y 7 ™
A - [T
/
SDA /,’
[
i o it I it il - /--:,-» -----
I' /’/
MST-SDA ; ,
1l /
] ~n T
SLV-SDA \ I
/ | ] D - I.. _
/
scL co /
tsco —Q tsco \—/
" ~ ™ " tcasr Tcasr
N J . J

——— = Active Drive by Master or Slave

————— = Open-Drain class Pull-Up by master

0.7 x Vop

0.3 x Vop

0.3 x Vop

0.7 x Vop

0.3 x Vop

0.7 x Vop

0.3 x Vop

— — - =High-Z by Master

— -+ = =High-Z by Slave

Note:  Srimmediately followed by P is illegal for 12C devices, however many devices are not adversely affected by it.The
condition is not illegal for I3C devices

Figure 2.45 T-Bit When Master Ends Read with Repeated START and STOP
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S S N — 5, -
- / - _ Pid = R - d e 0.7 x Voo
7’ 7’
¥ ,'\ 0.3 x Vop
/T =T === LTTTTTTTTT T T PP aiaininieieiiiitiaint
< R < 0.7 x Vop
NM_SDA 7’ e . 0.3 x V,
y; ) /\ . DD
S | 5
/-’/ N // v‘\ // 0.7 x Voo
CM_SDA ‘. v 0.3 x Voo
1 LN
AR | /[ \ /
NM SCL / \ / 0.7 x Voo
# 0.3 x Voo
e __ / __ /
T T T A T A - =
CM_SCL 7 N 7 0.7 Voo

SscL / ¢\ /2 aves

Timing tMmiock
parameters tMMoveriap
used tsu_sto tsco tcas %Fr);r: OD or PP OD‘::;; OD or PP
——— = Active Drive by Master
————— = Open-Drain class Pull-Up by master
— — - = High-Z by Master
Note:  Master releases or drives SDA after a suitable delay from SCL edges
Figure 2.46  13C IP Timing (1)
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\ \ \ 07
/ / / 0.3xVop

teoce_max teoce_min

- »

PIN1

tSKEW tMASK

Y

-t

\ \/ \/ 0.7xVoo
PIN2 X |

/ /\ /\ e

tCLOCK

\

\/\/ \/\/ \/\/ 0.7%Veo
PIN1 & PIN2 | | |
/NN /N /A VAN
MASK teve max MASK teve min MASK
\ \ \I 0.7xVop
MAX EYE MIN EYE
PIN1 & PIN2 | - : |
/ I\ Opening / I\ Opening I\ 0.3%Voo
Design Conditions Simplifying Assumptions
1. The The differences of load magnitude and drive 1. tskew is the same for both edges
strength between the SDA and SCL lines result in 2. Base CLOCK (e.g. 12.5MHz) is asymmetrical
different slopes, as shown 3. Falling edges are equal rising edges
2. MASK period = MAX tskew + MAX rise/fall time 4. The MASK is shown as starting, from the last
between 0.3 x Vop and 0.7 x Vop, respectively, possible moment, whereas in reality it could be
decreased by the time crossing the hysteresis window. shifted left (towards the start point) delayed by
the hysteresis window
Figure 2.47  I3C IP Timing (2)
2.3.12 SSIE Timing
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Table 2.32 SSIE timing

(1) High drive output is selected with the Port Drive Capability bit in the PmnPFS register for SSIBCK1, SSILRCK1/SSIFS1, SSIDATA1,
SSIBCKO, SSILRCKO/SSIFSO pins.
(2) Low drive output is selected with the Port Drive Capability bit in the PmnPFS register for SSIDATAO pins.

Target specification
Parameter Symbol Min. Max. Unit Comments
SSIBCKn Cycle Master to 80 — ns Figure 2.48
Slave t) 80 — ns
High level/ low | Master theltLe 0.35 — to
level
Slave 0.35 — f
Rising time/ Master trc/tec — 0.15 to/t
falling time
Slave — 0.15 to/t
SSILRCKn/ Input set up Master tsr 12 — ns Figure 2.50,
SSIFSn, time Figure 2.51
SSIDATAN Slave 12 — ns
Input hold time | Master thr 8 — ns
Slave 15 — ns
Output delay Master tDTR -10 5 ns
time -
Slave 0 20 ns Figure 2.50,
Figure 2.51
Output delay Slave toTRW — 20 ns Figure 2.52"1
time from
SSILRCKn/
SSIFSn change
GTIOCA4A, Cycle tExeye 20 — ns Figure 2.49
AUDIO_CLKn
High level/ low level texL/texH 0.4 0.6 tExcye

Note 1. For slave-mode transmission, SSIE has a path, through which the signal input from the SSILRCKn/SSIFSn pin is used to generate
transmit data, and the transmit data is logically output to the SSIDATAN pin.

thHe tre trc
—> —> [——
\
SSIBCKn P e | R
Al |
P to, ti |

Note: n=0,1

Figure 2.48  SSIE clock input/output timing
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P tEchc N
texH P texc |
| i
GTIOCA4A, - a
AUDIO_CLKn \ 1/2 PVce
(input) - -+
text texr
—> —>
Note: n=0,1
Figure 2.49  Clock input timing
SSIBCKn [ \
(Input or Output) 4 |
SSILRCKn/SSIFSn (input),
SSIDATAN (input)
tsr tHTR
SSILRCKn/SSIFSn (output), b
SSIDATAN (output)
/]
A totrR i’
Note: n=0,1
Figure 2.50  SSIE data transmit and receive timing when SSICR.BCKP =0
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SSIBCKn
(Input or Output)

SSILRCKn/SSIFSn (input),

SSIDATAN (input)

SSILRCKn/SSIFSn (output),

SSIDATARN (output)

tsr

tHTR

toTR
Note: n=0,1
Figure 2.51 SSIE data transmit and receive timing when SSICR.BCKP = 1
SSILRCKn/SSIFSn (input) )§<
SSIDATAN (output) >§
T Torrw >
MSB bit output delay after SSILRCKO/SSIFSO0 change for slave
transmitter when DEL = 1, SDTA =0 or DEL = 1, SDTA = 1, SWL[2:0] = DWL[2:0] in SSICR.
Note: n=0,1
Figure 2.52  SSIE data output delay after SSILRCKn/SSIFSn change
2.3.13 PDM timing
Table 2.33 PDM timing (1 of 2)
Conditions:

High drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: PDM_CLKO, PDM_DATAO
Low drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: PDM_CLK1, PDM_DATA1

Measurement
No. Iltem Symbol min max Unit condition
1 Clock period Thsync 250 4000 ns Figure 2.53
2 Clock high level period tPDCKWH Tpsync * 0.45 Tpsync * 0.55 ns
3 Clock low level period tPDCKWL Tpsync * 0.45 Tpsync * 0.55 ns
4 Clock riseffall time (High drive) | tepge — 3 ns
5 Clock riseffall time (Low drive) |tgpge — 7 ns
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Table 2.33
Conditions:

PDM timing (2 of 2)

High drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: PDM_CLKO0, PDM_DATAOQ
Low drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: PDM_CLK1, PDM_DATA1

Measurement
No. Item Symbol min max Unit condition
6 Setup time tsu 15 — ns Figure 2.54
Figure 2.55
7 Hold time ty 0 — ns
tPDCKWH
PDM_CLKn [ POk
—»| |4— tepGE
- Tprsvnc g
Note: n=0,1
Figure 2.53  Timing of clock output (PDM_CLKn)
PDM_CLKn B
(Output)
PDM_DATAN B B
(Input) | i
tsu | tH
Note: n=0,1
Figure 2.54  Receive Timing (Synchronized with the rise of PDM_CLKn)
PDM_CLKn
(Output) \
PDM_DATAN B 7]
(Input) | i
Cotsu U otw
Note: n=0,1
Figure 2.55 Receive Timing (Synchronized with the fall of PDM_CLKn)
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24 ADC12 Characteristics

Table 2.34 A/D conversion characteristics for unit 0
Conditions: PCLKC = 1 to 50 MHz

Parameter Min Typ Max Unit Test conditions
Frequency 1 — 50 MHz —
Analog input capacitance — — 30 pF —
Quantization error — +0.5 — LSB —
Resolution — — 12 Bits —
High-precision high- Conversion time™? Permissible signal 1.12 — — us e Sampling of
speed channels (operation at PCLKC = | source impedance (0.4 + channelded
Channel-dedicated 50 MHz) Max. =1 kQ 0.26)2 icated
sample-and-hold sample-
circuits in use and-hold
(AN0OOO, AN0OO1) circuits in
20 states
e Sampling in
13 states
Offset error — 2.5 +5 LSB ANO000, AN0OO1
=025V
Full-scale error — 2.5 +4 LSB ANO000, AN001
=VREFH - 0.25
\%
Absolute accuracy — +3.5 +7 LSB —
DNL differential nonlinearity error — 1.5 +2.3 LSB —
INL integral nonlinearity error — 1.5 +3.5 LSB —
Holding characteristics of sample-and hold — — 20 us —
circuits
Dynamic range 0.25 — VREFH- |V —
0.25
High-precision high- Conversion time™! Permissible signal 0.52 — — us Sampling in 13
speed channels (operation at PCLKC = | source impedance (0.26)*2 states
Channel-dedicated 50 MHz) Max. = 1 kQ

sample-and-hold

circuits not in use Permis§ible signal 0.40 . — — us Sampling in
(ANOOO to ANOO3) source impedance (0.14)"2 7states VCC =
Max. =400 Q AVCCO0=3.0to
36VvV30Vs
VREFH <AVCCO0
Offset error — +2.0 4.0 LSB —
Full-scale error — +2.0 3.0 LSB —
Absolute accuracy — 2.5 16.0 LSB —
DNL differential nonlinearity error — 1.0 1.8 LSB —
INL integral nonlinearity error — 1.0 3.0 LSB —
Normal-precision Conversion time™! Permissible signal 0.92 — — us Sampling in 33
channels (operation at PCLKC = | source impedance (0.66)*2 states
(ANO16, AN017) 50 MHz) Max. = 1 kQ
Offset error — +2.0 +7.0 LSB —
Full-scale error — +2.0 +6.0 LSB —
Absolute accuracy — 2.5 +9.0 LSB —
DNL differential nonlinearity error — 1.0 +4.8 LSB —
INL integral nonlinearity error — 1.0 6.0 LSB —

Note:  The characteristics apply when pin functions other than 12-bit A/D converter input are not used or when P/E is not performed in
FLASH. If other pin functions are used or P/E is performed during AD conversion,values might not fall within the specified ranges.
The use of PORTO as digital outputs is not allowed when the 12-Bit A/D converter is used.
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The characteristics apply when AVCCO, AVSS0, VREFH, VREFL, and 12-bit A/D converter input voltage are stable.
Note:  AVCC, AVSS and VREFL pin does not exist in QFN32/24.
ADC power is supplied from VCC.
Note 1. The conversion time includes the sampling and comparison times. The number of sampling states is indicated for the test
conditions.
Note 2. Values in parentheses indicate the sampling time.

Table 2.35 A/D internal reference voltage characteristics

Parameter Min Typ Max Unit Test conditions
A/D internal reference voltage 1.13 1.18 1.23 Vv —
Sampling time 4.15 — — us —
A
i
O Sl Rt —— - ----
—
ceeedied 1
/ |
/ 1
/ |
]
:
1
i
Integral nonlinearity : '
error (INL) : '
A/D converter J—) '
output code |_ : _;/ Ideal line of actual A/D
Actual A/D conversion 7 /.;/, conversion charactensflc
characteristic 7 !
4 :
- A !
/ a
Ideal A/D conversion ;/// i
characteristic /4> =—Differential nonlinearity error (DNL) |
47 7"l 1-LSB width for ideal A/D !
7 £ ‘ ¥ conversion characteristic !
e 1 —>- i«— Differential nonlinearity error (DNL) !
/ : : !
> 1-LSB width for ideal A/D
conversion characteristic !
:
]
:--)---F 1
v Absolute accuracy !
it i
7/ / !
0x000 L% ¥ Offset error 1 ! -
/ »>
0 Analog input voltage / VREFHO
(full-scale)
Figure 2.56 lllustration of ADC12 characteristic terms

Absolute accuracy

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

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 2.36 D/A conversion characteristics for QFN-48

Parameter Min Typ Max Unit Test conditions

Resolution — — 12 Bits —

Without output amplifier

Absolute accuracy — — 25 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 — AVCC Vv —

With output amplifier

INL — 2.0 4.0 LSB —

DNL — +1.0 2.0 LSB —

Conversion time — — 4 us —

Resistive load 5 — — kQ —

Capacitive load — — 50 pF —

Output voltage range 0.2 — AVCC-0.2 Vv —

Table 2.37 D/A conversion characteristics for QFN-32 and QFN-24 (1 of 2)

Parameter Min Typ Max Unit Test conditions

Resolution — — 12 Bits —

Without output amplifier

Absolute accuracy — — +27.5 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 — VCC Vv —

With output amplifier
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Table 2.37 D/A conversion characteristics for QFN-32 and QFN-24 (2 of 2)

Parameter Min Typ Max Unit Test conditions
INL — 2.0 4.0 LSB —
DNL — +1.0 2.0 LSB —
Conversion time — — 4 us —
Resistive load 5 — — kQ —
Capacitive load — — 50 pF —
Output voltage range 0.2 — VCC-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) — — 1.20 — \% —
Temperature sensor start time | tstarT — — 30 us —
Sampling time — 4.15 — — 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 2.57

Main clock _\_/—\_/—\ﬁ’
tdr

OSTDSR.OSTDF +

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

Figure 2.57  Oscillation stop detection timing
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2.8 POR and LVD Characteristics
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.DEEPCUTI[1:0] = 00b or VpoRr 2.5 2.6 2.7 V | Figure 2.58
level (POR) 01b.
DPSBYCR.DEEPCUT[1:0] = 11b. 1.8 225 |27
Voltage detection circuit (LVDO) Vaeto 1 |2.84 |2.94 |3.04 Figure 2.59
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 2.60
Vget1 2 |2.82 292 |3.02
Vget1 3 |2.75 |2.85 [2.95
Voltage detection circuit (LVD2) Vdetz 1 [2.89 [2.99 |[3.09 Figure 2.61
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 2.58
LVDO reset time tLvpo — 051 |— Figure 2.59
LVD1 reset time tLvD1 — 038 |— Figure 2.60
LVD2 reset time tLvbd2 — 0.38 |— Figure 2.61
Minimum VCC down time"? tyorr  |200 | — — us | Figure 2.58,
Figure 2.59
Response delay tdet — — 200 |ps |Figure 2.59 to
Figure 2.61
LVD operation stabilization time (after LVD is enabled) taE-a) — — 10 us | Figure 2.60,
Hysteresis width (LVD1 and LVD2) VLVH — 70 — m Figure 261
\Y

Note 1. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels VpoR, Vdeto,
Vdet1, and Vgetp for POR and LVD.

tvorr
VPoR
VCC
Internal reset signal
(active-low)
«»le D >
defl  tPor tdet  tdet tPOR
Figure 2.58 Power-on reset timing
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tvorF -
vce Vaeto Ay Vi
Internal reset signal
(active-low)
o> P
tdet tdet tLvoo
Figure 2.59  Voltage detection circuit timing (Vgeto)
tvorF
vce Vaett / Vi
LVCMPCR.LVD1E
@ TdE-A)
LVD1
Comparator output
LVD1CRO.CMPE
LVD1SR.MON
Internal reset signal
(active-low)
When LVD1CRO.RN =0
! P
tdet tdet tLvo1
When LVD1CRO.RN =1
tLvp1
Figure 2.60  Voltage detection circuit timing (Vget1)
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tvorF
vce Vaerz / 5 Viwn
LVCMPCR.LVD2E
4# TaE-A)
LVD2
Comparator output
LVD2CRO0.CMPE
LVD2SR.MON
Internal reset signal
(active-low)
When LVD2CRO0.RN =0
> P N
tdet tdet tLvp2
When LVD2CRO.RN =1
< tLvp2
Figure 2.61 Voltage detection circuit timing (Vget2)
29 Flash Memory Characteristics
2.9.1 Code Flash Memory Characteristics
Table 2.41 Code flash memory characteristics (1 of 2)
Conditions: Program or erase: FCLK = 4 to 50 MHz
Read: FCLK < 50 MHz
FCLK =4 MHz 20 MHz < FCLK < 50 MHz
Test
Parameter Symbol | Min Typ™® | Max | Min Typ® |[Max |Unit |conditions
Programming time 128-byte tp12s — 0.75 |13.2 |— 0.34 6.0 ms
Npec < 100 times
8-KB tpek — 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 tpsk — 60 212 |— 27 96 ms
32-KB tpaok | — 234 848 |— 106 [384 |ms
Erasure time 8-KB tesk — 78 216 |— 43 120 ms
NPEC <100 times
32-KB tE32k — 283 864 |— 157 480 ms
Erasure time 8-KB tesk — 94 260 |— 52 144 ms
Npec > 100 times
32-KB tesok | — 341 |1040 | — 189 |576 |ms
Reprogramming/erasure cycle™ Npec | 100001 |— |— [10000"" |— — Times
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Table 2.41 Code flash memory characteristics (2 of 2)

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

FCLK =4 MHz 20 MHz < FCLK < 50 MHz T
est
Parameter Symbol | Min Typ™® | Max | Min Typ® |[Max |Unit |conditions
Suspend delay during programming tspp — — 264 |— — 120 us
Programming resume time tprT — — 110 |— — 50 us
First suspend delay during erasure in suspend tsesp1 | — — 216 |— — 120 us
priority mode
Second suspend delay during erasure in suspend tsesp2 | — — 1.7 |— — 1.7 ms
priority mode
Suspend delay during erasure in erasure priority tseep — — 1.7 |— — 1.7 ms
mode
First erasing resume time during erasure in suspend |trest1 | — — 1.7 |— — 1.7 ms
priority mode™
Second erasing resume time during erasure in tResT2 | — — 144 | — — 80 us
suspend priority mode
Erasing resume time during erasure in erasure tREET — — 144 | — — 80 us
priority mode
Forced stop command trD — — 32 — — 20 us
Data hold time™ torp  [1027% |— |— 1027 |— — | Years

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

Note 2. This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.

Note 3. This result is obtained from reliability testing.

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

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

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

FACI command X Program ><

>< Suspend

>< Resume

FSTATR.FRDY

Not Ready

tspo

Programming pulse

« Suspension during erasure in suspend priority mode

FACI command X Erase ><

>< Suspend

>< Resume

Suspend

><

>< Resume

FSTATR.FRDY

tsesp1

Erasure pulse Erasing

« Suspension during erasure in erasure priority mode

tsesoz

FACI command X Erase ><

FSTATR FRDY

Not Ready Not Ready
tresT1
>< Suspend >< Resume >
tseen
[ ] [Wotmess |

Erasure pulse

« Forced Stop

treeT
i (-

FACI command X Forced Stop
tro

FSTATR.FRDY Not Ready

Not Ready

tresT2

Figure 2.62  Suspension and forced stop timing for flash memory programming and erasure

29.2 Data Flash Memory Characteristics

Table 2.42 Data flash memory characteristics (1 of 2)
Conditions: Program or erase: FCLK = 4 to 50 MHz

Read: FCLK < 50 MHz

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

Parameter Symbol | Min Typ™® | Max | Min Typ® |Max |Unit | conditions
Programming time 4-byte tbps — 0.36 (3.8 |— 0.16 1.7 ms

8-byte |tpps — 0.38 |40 |— 0.17 |1.8

16-byte |tpp1s — 042 |45 |— 019 (2.0
Erasure time 64-byte | tpeea — 3.1 18 |— 1.7 10 ms

128-byte | tpg12s | — 47 |27 |— 2.6 15

256-byte | tpeose | — 89 |50 |— 4.9 28
Blank check time 4-byte tpec4 — — 84 |— — 30 us
Reprogramming/erasure cycle” Nppec | 1250002 | — — |12500072 |— — —
Suspend delay during programming 4-byte tbspbp — — 264 |— — 120 |ps

8-byte — — 264 | — — 120

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

256-byte — — 216 | — — 120
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Table 2.42 Data flash memory characteristics (2 of 2)

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

FCLK =4 MHz 20 MHz < FCLK < 50 MHz T
est
Parameter Symbol | Min Typ® | Max | Min Typ™® |Max |Unit | conditions
Second suspend delay during erasure in | 64-byte |tpsesp2 | — — 300 |[— — 300 |pus
suspend priority mode
128-byte — — 390 |— — 390
256-byte — — 570 |— — 570
Suspend delay during erasing in erasure | 64-byte |tpsgep | — — 300 |[— — 300 |pus
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 tbrREST2 | — — 126 | — — 70 us
suspend priority mode
Erasing resume time during erasure in erasure toreeT | — — 126 | — — 70 us
priority mode
Forced stop command teD — — 32 |— — 20 us
Data hold time"® torpP 10%" |— |— [10%™ — — | Year
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.
293 Option Setting Memory Characteristics

Table 2.43 Option setting memory characteristics

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

FCLK =4 MHz 20 MHz < FCLK < 50 MHz
Parameter Symbol | Min Typ4 |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 2000071 |— — 200001 | — — Times
Data hold time™ torp 1027 | — - 102" | — - Years
Note 1. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to
the minimum value.
Note 2. This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.
Note 3. This result is obtained from reliability testing.
Note 4. The reference value at VCC = 3.3 V and room temperature.
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2.10 Joint Test Action Group (JTAG)
Table 2.44 JTAG
Parameter Symbol Min Typ Max Unit Test conditions
TCK clock cycle time trcKeye 40 — — ns Figure 2.63
TCK clock high pulse width tTcKH 15 — — ns
TCK clock low pulse width trekL 15 — — ns
TCK clock rise time trekr — — 5 ns
TCK clock fall time troks — — 5 ns
TMS setup time trmss 8 — — ns Figure 2.64
TMS hold time tTMSH 8 — — ns
TDI setup time trois 8 — — ns
TDI hold time tTDIH 8 — — ns
TDO data delay time troob — — 20 ns
tTCKcyc
trekH
TCK treke
« trekr
trekL
Figure 2.63 JTAG TCK timing
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TCK I\

N

trmss

S

trmsH

TMS
trois troiH
TDI %
>
TDO

troop *

Figure 2.64  JTAG input/output timing
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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"
Mode MD Pull-up Keep-O Keep Hi-Z Keep
JTAG TCK/TMS/TDI Pull-up Keep-O Keep Hi-Z Keep
TDO TDO output | Keep-O Keep TDO output Keep
IRQ IRQnN Hi-Z Keep-0"2 Keep Hi-Z Keep
IRQn-DS Hi-Z Keep_o*2 Keep*3 Hi-Z Keep
AGT AGTIOn Hi-Z Keep-0"2 Keep Hi-Z Keep
AGTIOn (n =1, 3) Hi-Z Keep-0"2 Keep™? Hi-Z Keep
SCl RXDO Hi-Z Keep-O"2 Keep Hi-Z Keep
PDM PDM_DATAN Hi-Z Keep-0™2 Keep Hi-Z Keep
PDM_CLKn Hi-Z [SSPCR.PDMSOS = 1] Keep Hi-Z Keep
PDM_CLK output
13C SCLn/SDAN Hi-Z Keep-0"2 Keep Hi-Z Keep
CLKOUT CLKOUT Hi-Z [CLKOUT selected] Keep Hi-Z Keep
CLKOUT output
DAC12 DAn Hi-Z [DAN output (DAOE = 1)] Keep Hi-Z Keep
D/A output retained
Others — Hi-Z Keep-O Keep Hi-Z Keep

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

Hi-Z: High-impedance

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

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

JEITA Package code RENESAS code MASS(TYP.)[g]
P-HWQFNO048-7x7-0.50 PWQNO0048KC-A 0.13g
2X
| aaa[C]
36 l 25
a7 i 2
|
|
7,,7,7,7L,7,7,,7 b
|
INDEX AREA — ‘
(DI2 X Ef2) ‘
48 ‘ 13
2X |
[ [aaa]C 1 12 E
E
// |cce|C |
e
A A7 SEATING PLANE
I b(48X
48X I T B )$ :tézcgmA[B]
E@ Reference Dimension in Millimeters
E2 Slm@clals] | ™ | Min. | Nom. | Max.
1 ‘ 12 A - - 0.80
JUUUUUUUUUUU 11— exposep A 0.00 0.02 0.05
[&[m@][c]A[B] 48 | 13 DIE PAD
5 ‘ = As 0.203 REF.
5 \ - b 020 | 025 | 0.30
- ‘ - D 7.00 BSC
g \ E E 7.00 BSC
D2f5~**7*+*7*4*75f e 0.50 BSC
) ‘ - L 0.30 0.40 0.50
- ‘ - K 0.20 — —
) | d
5 ‘ = D: 5.25 5.30 5.35
= | o E. 5.25 5.30 5.35
ANANANARANAIIANARANANAND! aaa 0.15
% | % bbb 0.10
L(48X) K(48X) cec 0.10
ddd 0.05
eee 0.08
fif 0.10
Figure 2.1 QFN 48-pin
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JEITA Package code RENESAS code MASS(TYP.)[d]
P-HWQFN032-5x5-0.50 PWQNOO032KE-A 0.06
2X
(" ]aaaC]
24 ‘ 17
\
|
25 ‘ 16
|
- - D
INDEX AREA |
(D12 X E/2) ‘
% 32 ‘ 9
[ |aaa|C == 5 ‘
E
// |ece|C } ,
RS - ~—SEATING PLANE
2x e b(32X)| . [bbb@|C[A[B]
T f T ‘@ ddd@‘c‘
E@ Reference Dimension in Millimeters
Symbol Min. Nom. Max.
2 SlM@ICIAlE] |y
1 8 A 0.00 0.02 0.05
& @ |c|AlB] JUUUUUUL ——exposep As 0.203 REF
saUOIHLIL . i —|° DIEPAD b 0.18 \'025 \ 0.30
S | - . . :
- - D 5.00 BSC
D) ‘ ] E 5.00 BSC
D2 B Y R B e 0.50 BSC
D) ‘ - L 0.35 0.40 0.45
D i - K 0.20 - -
25[ ) 1 16 D: 3.15 3.20 3.25
ANANANAIANANAND E, 315 | 320 | 3.25
2 " aaa 0.15
L(32X) L KE2X) bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
fif 0.10
Figure 2.2 QFN 32-pin
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JEITA Package Code

RENESAS Code

MASS (Typ.) [g]

P-HWQFN24-4 x 4-0. 50 PWQN0024KG-A 0.04
E , 5]
18 \ 13 (
19 ‘ 12
|
77 — | | I D
INDEX AREA // ‘
(D/2 XE/2)
24 | 7
g
(N|aaa|C 1 ‘ 6 y
2X o Al
Uk
C
// | cce }
1< | g A
‘ i ‘ ‘ ‘ " SEATING PLANE Reference | Dimension in Millimeters
1 b(24X)
2| < = & SSZZ% g Ale] | Sybol Min. | Nom. | Max.
- A — — 0.80
m S A 0.00 | 0.02 | 0.05
As 0. 203 REF.
b | o018] 025|030
E2 4 f@][c[AlB] D 4.00 BSC
< E 4.00 BSC
1 | s ) e 0.50 BSC
JUU;UUL L 0.35 | 0.40 | 0.45
24 } 7 K 0.20 — —
g | g D, 2.65 | 2.70 | 2.75
8 —j—————ff—»—é—Q E. 2.65 | 2.70 | 2.75
) ‘ a S aaa 0.15
1905 ‘ ! Cli2 ™ bbb 0.10
ANANANANA! cce 0.10
T n ddd 0.05
EXPOSED eee 0.08
DIE PAD
fff 0.10
Figure 2.3 QFN 24-pin
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Appendix 3.

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

I/O Registers

3.1 Peripheral Base Addresses

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

Table 3.1 Peripheral base address (1 of 2)
Name Description Base address
RMPU Renesas Memory Protection Unit 0x4000_0000
SRAM SRAM Control 0x4000_2000
BUS BUS Control 0x4000_3000
DMACO Direct memory access controller 0 0x4000_5000
DMACH1 Direct memory access controller 1 0x4000_5040
DMAC2 Direct memory access controller 2 0x4000_5080
DMAC3 Direct memory access controller 3 0x4000_50C0
DMAC4 Direct memory access controller 4 0x4000_5100
DMACS5 Direct memory access controller 5 0x4000_5140
DMAC6 Direct memory access controller 6 0x4000_5180
DMAC7 Direct memory access controller 7 0x4000_51C0
DMA DMAC Module Activation 0x4000_5200
DTC Data Transfer Controller 0x4000_5400
ICU Interrupt Controller 0x4000_6000
DBG Debug Function 0x4001_B000
FCACHE Flash Cache 0x4001_C100
SYSC System Control 0x4001_EO00
PORTO Port 0 Control Registers 0x4008_0000
PORT1 Port 1 Control Registers 0x4008_0020
PORT2 Port 2 Control Registers 0x4008_0040
PORT3 Port 3 Control Registers 0x4008_0060
PORT4 Port 4 Control Registers 0x4008_0080
PFS Pmn Pin Function Control Register 0x4008_0800
ELC Event Link Controller 0x4008_2000
IWDT Independent Watchdog Timer 0x4008_3200
WDT Watchdog Timer 0x4008_3400
CAC Clock Frequency Accuracy Measurement Circuit 0x4008_3600
MSTP Module Stop Control A, B, C, D, E 0x4008_4000
SSIEO Serial Sound Interface Enhanced 0 0x4009_DO000
SSIE1 Serial Sound Interface Enhanced 1 0x4009_D100
AGTO Low Power Asynchronous General purpose Timer 0 0x400E_8000
AGT1 Low Power Asynchronous General purpose Timer 1 0x400E_8100
AGT2 Low Power Asynchronous General purpose Timer 2 0x400E_8200
AGT3 Low Power Asynchronous General purpose Timer 3 0x400E_8300
TSN Temperature Sensor 0x400F_3000
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Table 3.1 Peripheral base address (2 of 2)
Name Description Base address
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
IrDA IrDA Interface 0x4011_8F00
SPI0 Serial Peripheral Interface 0 0x4011_A000
I3C I3C Bus Interface 0x4011_F000
1I3CWU I13C Bus Interface Wake-up Unit 0x4011_F090
PDM PDM Interface 0x4013_1000
GPT164 General PWM 16-Bit Timer 4 0x4016_9400
GPT165 General PWM 16-Bit Timer 5 0x4016_9500
GPT166 General PWM 16-Bit Timer 6 0x4016_9600
GPT167 General PWM 16-Bit Timer 7 0x4016_9700
ADC120 12-bit 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_E000
QSPI Quad-SPI 0x6400_0000

Note:  Name = Peripheral name
Description = Peripheral functionality

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

3.2 Access Cycles

This section provides access cycle information for the I/0O registers described in this manual.

e Registers are grouped by associated module.

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

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

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

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

constant.

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

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

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

external memory or bus access from other bus masters such as DTC or DMAC.
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Appendix 3. I/O Registers

Table 3.2 Access cycles (1 of 2)
Number of access cycles
Address ICLK = PCLK ICLK > PCLK"™
Cycle

Peripherals From To Read Write Read Write Unit Related function

RMPU, SRAM, 0x4000_0000 0x4000_6FFF 2 2 2 2 ICLK Renesas Memory

BUS, DMACn, Protection Unit, SRAM

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

DBG, FCACHE 0x4000_8000 0x4001_CFFF 2 2 2 2 ICLK Debug Function, Flash
Cache

SYsC 0x4001_E000 0x4001_E3FF 3 3 3 3 ICLK System Control

SYSC 0x4001_E400 0x4001_E5FF 7 7 6to7 6to7 PCLKB | System Control

PORTN, PFS 0x4008_0000 0x4008_OFFF 3 3 3to4 3to4 PCLKB | Port n Control
Registers, Pmn Pin
Function Control
Register

ELC, IWDT, WDT, | 0x4008_2000 0x4008_3FFF 3 3 3 3 PCLKB | Event Link Controller,

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

MSTP 0x4008_4000 0x4008_4FFF 3 3 3 3 PCLKB | Module Stop Control

SSIEn 0x4009_D000 0x4009_DFFF 3 3 3 3 PCLKB | Serial Sound Interface
Enhanced n

AGTn 0x400E_8000 0x400E_8FFF 3 5 3 5to0 6 PCLKB | Low Power
Asynchronous
General purpose
Timer n

TSN 0x400F_3000 0x400F_3FFF 3 3 2to4 2to4 PCLKB | Temperature Sensor

CRC, DOC 0x4010_8000 0x4010_9FFF 3 3 2to4 2to4 PCLKA | CRC Calculator, Data
Operation Circuit

SClin, IrDA 0x4011_8000 0x4011_8FFF 32 32 21042 210472 PCLKA | Serial Communication
Interface n, IrDA
Interface

SPIn 0x4011_A000 0x4011_AFFF 33 33 21043 21043 PCLKA | Serial Peripheral
Interface n

13C 0x4011_F000 0x4011_FFFF 3 3 2to4 2to4 PCLKA [ I3C bus interface

PDM 0x4013_1000 0x4013_1FFF 3 3 2to4 2to4 PCLKA | PDM Interface

GPT16n 0x4016_9400 0x4016_9FFF 6 4 5t07 3to5 PCLKA | General PWM 16-Bit
Timer n

ADC12n, DAC12 | 0x4017_0000 0x4017_2FFF 3 3 2to4 2to4 PCLKA | 12-bit A/D Converter
n, 12-bit D/A converter

QSPI 0x6400_0000 0x6400_000F 3 13 to™ 2to4 13 to™ PCLKA | Quad-SPI

QSPI 0x6400_0010 0x6400_0013 3 3 2to4 2to4 PCLKA | Quad-SPI

QSPI 0x6400_0014 0x6400_0037 3 13 to™ 2to4 14 to™ PCLKA | Quad-SPI

QSPI 0x6400_0804 0x6400_0807 2 2 1t03 1t03 PCLKA | Quad-SPI
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Appendix 3. I/O Registers

Table 3.2 Access cycles (2 of 2)

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 3 3 2to4 2to4 FCLK | Data Flash, Flash

Application Command
Interface

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

Note 2. When accessing a 16-bit register (FTDRHL, FRDRHL, FCR, FDR, LSR, and CDR), access is 2 cycles more than the value shown in
Table 3.2. When accessing an 8-bit register (including FTDRH, FTDRL, FRDRH, and FRDRL), the access cycles are as shown in

Table 3.2.

Note 3. When accessing the 32-bit register (SPDR), access is 2 cycles more than the value in Table 3.2. When accessing an 8-bit or 16-bit
register (SPDR_HA), the access cycles are as shown in Table 3.2.
Note 4. The access cycles depend on the QSPI bus cycles.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

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

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

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

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

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

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

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

become possible.
5. Clock signals

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

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

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

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

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

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

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



Notice

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

of these circuits, software, or information.

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

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

or others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.
"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key

financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.

7. No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such

specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance

with applicable laws and regulations.

11. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

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

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

Electronics products.

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

subsidiaries.

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

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

Trademarks

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

(Rev.5.0-1 October 2020)

Contact information

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

© 2022 Renesas Electronics Corporation. All rights reserved.
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