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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the
operation of semiconductor products and application examples. You are fully responsible for the incorporation of
these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no
responsibility for any losses incurred by you or third parties arising from the use of these circuits, software, or
information.

2. Renesas Flectronics has used reasonable care in preparing the information included in this document, but Renesas
Electronics does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever
for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of 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. No license, express, implied or otherwise, is granted hereby under any patents, copyrights
or other intellectual property rights of Renesas Electronics or others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole
or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from
such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High
Quality". The recommended 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; and
industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster
systems; anti-crime systems; and safety equipment etc.
Renesas Electronics products are neither intended nor 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 damages (nuclear reactor control systems, military equipment etc.). You must check the
quality grade of each Renesas Electronics product before using it in a particular application. You may not use any
Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any
way liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics
product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas
Electronics, especially with respect to the maximum rating, operating supply voltage range, movement power voltage
range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no
liability for malfunctions or damages arising out of the use of Renesas Electronics products beyond such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor
products have specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain
use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to
implement safety measures to guard them against the possibility of physical injury, and injury or damage caused by
fire in the event of the failure of a Renesas Electronics product, 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, please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all
applicable laws and regulations that regulate the inclusion or use of controlled substances, including without
limitation, the EU RoHS Directive. Renesas Electronics assumes no liability for damages or losses occurring as a
result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may 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 should not
use Renesas Electronics products or technology described in this document for any purpose relating to military
applications or use by the military, including but not limited to the development of weapons of mass destruction.
When exporting the Renesas Electronics products or technology described in this document, you should comply with
the applicable export control laws and regulations and follow the procedures required by such laws and regulations.

10. It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or
otherwise places the product with a third party, to notify such third party in advance of the contents and conditions set
forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties
as a result of unauthorized use of Renesas Electronics products.

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

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

(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its

majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

(2012.4)




General Precautions

. 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.

. 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.

. Input of signal during power-off state

Do not input signals or an I/O 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.

. 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.

. 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.

. 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 Vyy (Min.) due to noise, for example, the device may malfunction. Take
care to prevent chattering noise from entering the device when the input level is fixed, and also in the transition
period when the input level passes through the area between V| (Max.) and Vi; (Min.).

. 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.

. 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.




S5D9 38. Serial Peripheral Interface (SPI)

38.4.3 Mode Fault, Underrun, Overrun, or Parity Error Event Output

This event signal is output when mode fault, underrun, overrun, or parity error is detected. See section 38.5.4,
Constraints on Mode Fault, Underrun, Overrun, or Parity Error Event Output if using this event signal.

(1) Mode fault

Table 38.14 lists the conditions for occurrence of a mode fault event.

Table 38.14 Conditions for mode fault occurrence

SPI mode SPCR.MODFEN bit SSLNO pin Remarks
SPI operation (SPMS = 0) 1 Not active Event is output only when the pin is deactivated during
Slave (SPCR.MSTR bit = 0) transmission

(2) Underrun

This event signal is output in response to an underrun when a serial transfer starts while the transmission data is not
ready, and the value of the SPCR.MSTR bit is 0 and the SPCR.SPE bit is 1. Under these conditions, the MODF and
UDREF flags set to 1.

(3) Overrun

This event signal is output in response to an overrun when a serial transfer completes while the receive buffer contains
unread data and the value of the SPCR.TXMD bit is 0. Under these conditions, the OVRF flag sets to 1.

(4) Parity error

This event signal is output in response to a parity error detected on completion of a serial transfer while the value of the
TXMD bit in SPCR is 0 and the value of the SPPE bit in SPCR2 is 1.

3844 SPI Idle Event Output

(1) In master mode
In master mode, an event is output when the condition for setting the IDLNF flag (SPI idle flag) to O is satisfied.
(2) In slave mode

In slave mode, an event is output when the SPCR.SPE bit is set to 0 (SPI is initialized).

38.4.5 Transmission-Completed Event Output

During both SPI operation and clock synchronous operation in master mode, an event is output when the IDLNF flag
(SPI idle flag) changes from 1 to 0. Table 38.15 lists the conditions for occurrence of a transmission-completed event.

Table 38.15 Conditions for generation of transmission-complete event in slave mode

SPI mode Transmit buffer state Shift register state Other

SPI operation (SPMS = 0) Empty Empty Negation of SSLO input

Clock synchronous operation Empty Empty Edge detection of the last RSPCK
(SPMS =1)

Whether the operation is in master mode or slave mode, an event is not output if 0 is written to the SPCR.SPE bit in
transmission or the SPCR.SPE bit is cleared by the mode fault error or the underrun error.

38.5 Usage Notes

38.5.1 Settings for the Module-Stop Function

SPI operation can be disabled or enabled using Module Stop Control Register B (MSTPCRB). The SPI is initially
stopped after reset. Releasing the module-stop state enables access to the registers. For details, see section 11, Low-
Power Modes.
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4. Numbering Notation

The following numbering notation is used throughout this manual:

Example Description
011b Binary number. For example, the binary equivalent of the number 3 is 011b.
1Fh Hexadecimal number. For example, the hexadecimal equivalent of the number 31 is
described 1Fh. In some cases, a hexadecimal number is shown with the prefix 0x, based
on C/C++ formatting.
1234 Decimal number. A decimal number is followed by this symbol only when the possibility

of confusion exists. Decimal numbers are generally shown without a suffix.

5. Typographic Notation

The following typographic notation is used throughout this manual:

Example

Description

WDT.WDTRCR.RSTIRQS

Periods separate a function module symbol (WDT), register symbol (WDTRCR), and bit
field symbol (RSTIRQS)

WDT.WDTRCR A period separates a function module symbol (WDT) and register symbol (WDTRCR)
WDTRCR.RSTIRQS A period separates a register symbol (WDTRCR) and bit field symbol (RSTIRQS)
CKS[3:0] Numbers in brackets indicate a bit number in a register. For example, CKS[3:0] indicates
bits 3 to 0 of the WDT Control Register (WDTCR) register.
6. Unit Prefix

The following unit prefixes are sometimes misleading. Those unit prefixes are described throughout this manual with the

following meaning:

Prefix Description
Bit
B Byte. This unit prefix is generally used for memory specification of the MCU and address
space.
k 1000 = 103. k is also used to denote 1024 (210) but this unit prefix is used to denote 1000
(103) throughout this manual.
K 1024 = 210, This unit prefix is used to denote 1024 (210) not 1000 (103) throughout this

manual.

7. Special Terms

The following terms have special meanings:

Term

Description

NC

Not connected pin. NC means the pin is not connected to the MCU.

Hi-Z

High impedance




8. Register Description

Each register description includes both a register diagram that shows the bit assignments and a register bit table that
describes the content of each bit. The example of symbols used in these tables are described in the sections that follow.
The following is an example of a register description and associated bit field definition.

X.X.X WDT Reset Control Register (WDTRCR)

Address(es):(WDT.WDTRCR 4004 4zoe@i (1)

( b7 b6 b5 b4 b3 b2 b1 b0 (2)
RSTIR _ _ _ _ _ — —
QS
Value after reset:( 1 0 0 0 0 0 0 0 (3) (6)
(4) (5)
P | -~ /I\
Bit /Symbol \/Bit name \ Description R/W
b6 to bO| — " Reserved These bits are read as 0. The write value should be 0. R
b7 RSTIRQS || Reset Interrupt Request Selection| 0: Non-maskable interrupt request or interrupt request outputis | R/W
enabled.
1: Reset output is enabled.
N N 4 N\ J/

(1) Function module symbol, register symbol, and address assignment

Function module symbol, register symbol, and address assignment of this register are generally expressed.
WDT.WDTRCR 4004 4206h means WDT Reset Control Register (WDTRCR) of Watchdog Timer (WDT) is assigned to
address 4004 4206h.

(2) Bit number
This number indicates the bit number. These bits are shown in order from b31 to b0 for a 32-bit register, from b15 to b0
for a 16-bit register, and from b7 to b0 for an 8-bit register.

(3) Value after reset

This symbol or number indicates the value of each bit after a reset. The value is shown in binary unless specified
otherwise.

0: Indicates that the value is 0 after a reset.

1: Indicates that the value is 1 after a reset.

x: Indicates that the value is undefined after a reset.

(4) Bit symbol
Bit symbol indicates the short name of the bit field. Reserved bit is expressed with a —.

(5) Bitname
Bit name indicates the full name of the bit field.

(6) R/W

The R/W column indicates access type: whether the bit field is read or write.

R/W: The bit field is read and write.

R/(W): The bit field is read and write. But writing to this bit field has some limitations. For details on the limitations,
see the description or notes of respective registers.

R: The bit field is read-only. Writing to this bit field has no effect.

W: The bit field is write-only. The read value is undefined.



9. Abbreviations

Abbreviations used in this manual are shown in the following table:

Abbreviation

Description

AES

Advanced Encryption Standard

AHB Advanced High-Performance Bus
AHB-AP AHB Access Port

APB Advanced Peripheral Bus

ARC Alleged RC

ATB Advanced Trace Bus

BCD Binary Coded Decimal

BSDL Boundary Scan Description Language
DES Data Encryption Standard

DSA Digital Signature Algorithm

ETB Embedded Trace Buffer

ETM Embedded Trace Macrocell

FPU Floating-Point Unit

HMI Human Machine Interface

IrDA Infrared Data Association

LSB Least Significant Bit

MSB Most Significant Bit

NVIC Nested Vector Interrupt Controller
PC Program Counter

PFS Port Function Select

PLL Phase Locked Loop

POR Power-On Reset

PWM Pulse Width Modulation

RSA Rivest Shamir Adleman

SHA Secure Hash Algorithm

S/H Sample and Hold

SP Stack Pointer

SWD Serial Wire Debug

SW-DP Serial Wire-Debug Port

TRNG True Random Number Generator
UART Universal Asynchronous Receiver/Transmitter




10. Proprietary Notice

All text, graphics, photographs, trademarks, logos, artwork and computer code, collectively known as content, contained
in this document is owned, controlled or licensed by or to Renesas, and is protected by trade dress, copyright, patent and
trademark laws, and other intellectual property rights and unfair competition laws. Except as expressly provided herein,
no part of this document or content may be copied, reproduced, republished, posted, publicly displayed, encoded,
translated, transmitted or distributed in any other medium for publication or distribution or for any commercial
enterprise, without prior written consent from Renesas.

ARM® and Cortex® are registered trademarks of ARM Limited. CoreSight™ is a trademark of ARM Limited.
CoreMark® is a registered trademark of the Embedded Microprocessor Benchmark Consortium.
Magic Packet™ is a trademark of Advanced Micro Devices, Inc.

SuperFlash® is a registered trademark of Silicon Storage Technology, Inc. in several countries including the United
States and Japan.

Other brands and names mentioned in this document may be the trademarks or registered trademarks of their respective
holders.

11. Feedback on the product

If you have any comments or suggestions about this product, go to https://www.renesas.com/en-eu/support/contact.html.

12. Feedback on content

If you have any comments on the document such as general suggestions for improvements, then send an email to (we
need to decide what this email alias should be and the person that will be assigned to this). Provide:

- The title of the Renesas Synergy document

- The document number

- If applicable, the page number(s) to which your comments refer

- A detailed explanation of your comments.
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LENESAS

S5D9 MCU (High-integration MCU)
32-bit ARM® Cortex®-M4 microcontroller

Leading performance 120-MHz ARM Cortex-M4 microcontroller, up to 2-MB code flash memory, 640-KB SRAM,
Graphics LCD Controller, 2D Drawing Engine, Capacitive Touch Sensing Unit, Ethernet MAC Controller with IEEE 1588
PTP, USB 2.0 High-Speed, USB 2.0 Full-Speed, SDHI, Quad SPI, security and safety features, and advanced analog.

Features

m ARM Cortex-M4 Core with Floating Point Unit (FPU)

ARMV7E-M architecture with DSP instruction set
Maximum operating frequency: 120 MHz

Support for 4-GB address space

On-chip debugging system: JTAG, SWD, and ETM
Boundary scan and ARM Memory Protection Unit (MPU)

= Memory

m System and Power Management

Low-power modes

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

DMA Controller (DMAC) x 8

Data Transfer Controller (DTC)

Key interrupt function (KINT)

Power-on reset

e Up to 2-MB code flash memory (40 MHz zero wait states) - . -
e 64-KB data flash memory (up to 100,000 erase/write cycles) Low Voltage Detection (LVD) with voltage settings
e Up to 640-KB SRAM m Security and Encryption
o Flash Cache (FCACHE) o AESI128/192/256
e Memory Protection Units (MPU) e 3DES/ARC4
e Memory Mirror Function (MMF) o SHA1/SHA224/SHA256
e 128-bit unique ID ¢ GHASH
- e RSA/DSA
= Connectivity e True Random Number Generator (TRNG)

Ethernet MAC Controller (ETHERC)
Ethernet DMA Controller (EDMAC)
Ethernet PTP Controller (EPTPC)

USB 2.0 High-Speed Module (USBHS)

- On-chip transceiver

- USB battery charge version 1.2 supported
USB 2.0 Full-Speed Module (USBFS)

- On-chip transceiver

Serial Communications Interface (SCI) with FIFO x 10
Serial Peripheral Interface (SPI) x 2

12C Bus Interface (IIC) x 3

CAN module (CAN) x 2

Serial Sound Interface Enhanced (SSIE) x 2
SD/MMC Host Interface (SDHI) x 2

Quad Serial Peripheral Interface (QSPI)
IrDA interface

Sampling Rate Converter (SRC)

External address space

- 8- or 16-bit bus space is selectable per area
- SDRAM support

m Analog

12-Bit A/D Converter (ADC12) with 3 sample-and-hold circuits
each x 2

12-Bit D/A Converter (DACI12) x 2

High-Speed Analog Comparator (ACMPHS) x 6

Programmable Gain Amplifier (PGA) x 6

Temperature sensor (TSN)

m Timers

General PWM Timer 32-Bit Enhanced High Resolution
(GPT32EH) x 4

General PWM Timer 32-Bit Enhanced (GPT32E) x 4
General PWM Timer 32-Bit (GPT32) x 6
Asynchronous General-Purpose Timer (AGT) x 2
Watchdog Timer (WDT)

m Safety

ECC in SRAM

SRAM parity error check

Flash area protection

ADC self-diagnosis function

Clock Frequency Accuracy Measurement Circuit (CAC)
Cyclic Redundancy Check (CRC) calculator
Data Operation Circuit (DOC)

Port Output Enable for GPT (POEG)
Independent Watchdog Timer IWDT)
GPIO readback level detection

Register write protection

Main oscillator stop detection

Illegal memory access

m Human Machine Interface (HMI)
e Graphics LCD Controller (GLCDC)
e JPEG Codec
e 2D Drawing Engine (DRW)
e Capacitive Touch Sensing Unit (CTSU)
o Parallel Data Capture Unit (PDC)

m Multiple Clock Sources

Main clock oscillator (MOSC) (8 to 24 MHz)
Sub-clock oscillator (SOSC) (32.768 kHz)

High-speed on-chip oscillator (HOCO) (16/18/20 MHz)
Middle-speed on-chip oscillator (MOCO) (8 MHz)
Low-speed on-chip oscillator (LOCO) (32.768 kHz)
Independent Watchdog Timer OCO (15 kHz)

Clock trim function for HOCO/MOCO/LOCO

Clock out support

m General-Purpose I/O Ports
e Up to 133 input/output pins
- Up to 9 CMOS input
- Up to 124 CMOS input/output
- Up to 21 5-V tolerant input/output
- Up to 18 high current (20 mA)

m Operating Voltage
e VCC:2.7t03.6 V

m Operating Temperature and Packages

e Ta=-40°C to +85°C
- 176-pin BGA (13 mm X 13 mm, 0.8 mm pitch)
- 145-pin LGA (7 mm x 7 mm, 0.5 mm pitch)

e Ta=-40°C to +105°C
- 176-pin LQFP (24 mm x 24 mm, 0.5 mm pitch)
- 144-pin LQFP (20 mm x 20 mm, 0.5 mm pitch)
- 100-pin LQFP (14 mm x 14 mm, 0.5 mm pitch)
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1. Overview

1. Overview

The S5D9 MCU integrates multiple series of software- and pin-compatible ARM®-based 32-bit MCUs that share the
same set of Renesas peripherals to facilitate design scalability and efficient platform-based product development.

The MCU provides a high-performance ARM Cortex®-M4 core running up to 120 MHz with the following features:

e Up to 2-MB code flash memory

e 640-KB SRAM

e Graphics LCD Controller (GLCDC)

e 2D Drawing Engine (DRW)

e (Capacitive Touch Sensing Unit (CTSU)
e FEthernet MAC Controller (ETHERC) with IEEE 1588 PTP, USBFS, USBHS, SD/MMC Host Interface
e Quad Serial Peripheral Interface (QSPI)

e Security and safety features

e Analog peripherals.

1.1 Function Outline

Table 1.1 ARM core

Feature

Functional description

ARM Cortex-M4

e Maximum operating frequency: up to 120 MHz
o ARM Cortex-M4 core:

- Revision: rOp1-01rel0

- ARMV7E-M architecture profile

- Single precision floating point unit compliant with the ANSI/IEEE Std 754-2008.

o ARM Memory Protection Unit (MPU):
- ARMv7 Protected Memory System Architecture
- 8 protect regions.

o SysTick timer:
- Driven by LOCO clock

Table 1.2 Memory

Feature

Functional description

Code flash memory

Maximum 2 MB of code flash memory. See section 55, Flash Memory.

Data flash memory

64 KB of data flash memory. See section 55, Flash Memory.

Memory Mirror Function (MMF)

The MMF can be configured to mirror the target application image load address in code flash
memory to the application image link address in the 23-bit unused memory space (memory

mirror space addresses). Your application code is developed and linked to run from this MMF
destination address. The application code does not need to know the load location where it is

stored in code flash memory. See section 5, Memory Mirror Function (MMF).

SRAM On-chip high-speed SRAM providing either parity-bit or Error Correction Code (ECC). The first
32 KB of SRAMO is subject to ECC. Parity check is performed for other areas. See section 53,
SRAM.

Standby SRAM On-chip SRAM that can retain data in Deep Software Standby mode. See section 54, Standby

SRAM.

Table 1.3 System (1 of 3)

Feature

Functional description

Operating modes

Two operating modes:
- Single-chip mode
- SCI or USB boot mode.
See section 3, Operating Modes.
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Table 1.3 System (2 of 3)

Feature

Functional description

Resets

14 resets:

e RES pin reset

e Power-on reset

* Voltage monitor reset 0

* Voltage monitor reset 1

* Voltage monitor reset 2

* Independent watchdog timer reset
e Watchdog timer reset

e Deep Software Standby reset
o SRAM parity error reset

o SRAM ECC error reset

e Bus master MPU error reset
e Bus slave MPU error reset

e Stack pointer error reset

o Software reset.

See section 6, Resets.

Low Voltage Detection (LVD)

The Low Voltage Detection (LVD) function monitors the voltage level input to the VCC pin, and
the detection level can be selected in the software program. See section 8, Low Voltage
Detection (LVD).

Clocks

Main clock oscillator (MOSC)

Sub-clock oscillator (SOSC)

High-speed on-chip oscillator (HOCO)

Middle-speed on-chip oscillator (MOCO)

Low-speed on-chip oscillator (LOCO)

PLL frequency synthesizer

¢ Independent Watchdog Timer (WDT) on-chip oscillator
e Clock out support.

See section 9, Clock Generation Circuit.

Clock Frequency Accuracy
Measurement Circuit (CAC)

The CAC checks the system clock frequency with a reference clock signal by counting the
number of pulses of the system clock to be measured. The reference clock can be provided
externally through a CACREF pin or internally from various on-chip oscillators.

Event signals can be generated when the clock does not match or measurement ends. This
feature is particularly useful in implementing a fail-safe mechanism for home and industrial
automation applications.

See section 10, Clock Frequency Accuracy Measurement Circuit (CAC).

Interrupt Controller Unit (ICU)

The ICU controls which event signals are linked to the NVIC/DTC module and DMAC module.
The ICU also controls NMI interrupts. See section 14, Interrupt Controller Unit (ICU).

Key interrupt function (KINT)

A key interrupt can be generated by setting the Key Return Mode register (KRM) and inputting
a rising or falling edge to the key interrupt input pins. See section 21, Key Interrupt Function
(KINT).

Low-power modes

Power consumption can be reduced in multiple ways, including by setting clock dividers,
controlling EBCLK output, controlling SDCLK output, stopping modules, selecting power
control mode in normal operation, and transitioning to low-power modes. See section 11, Low-
Power Modes.

Battery backup function

A battery backup function is provided for partial powering by a battery. The battery-powered
area includes the RTC, SOSC, backup memory, and switch between VCC and VBATT. See
section 12, Battery Backup Function.

Register write protection

The register write protection function protects important registers from being overwritten
because of software errors. See section 13, Register Write Protection.

Memory Protection Unit (MPU)

Four MPUs and a CPU stack pointer monitor function are provided for memory protection. See
section 16, Memory Protection Unit (MPU).

Watchdog Timer (WDT)

The WDT is a 14-bit down-counter. It 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, a non-maskable interrupt or interrupt can be generated by an underflow.

A refresh-permitted period can be set to refresh the counter and be used as the condition for
detecting when the system runs out of control. See section 27, Watchdog Timer (WDT).
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Table 1.3 System (3 of 3)

Feature

Functional description

Independent Watchdog Timer (IWDT)

The 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 interrupt for a timer underflow. 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 on a reset, underflow, or refresh error, or by a refresh of the count value
in the registers. See section 28, Independent Watchdog Timer (IWDT).

Table 1.4 Event link

Feature

Functional description

Event Link Controller (ELC)

The ELC uses the interrupt requests generated by various peripheral modules as event
signals to connect them to different modules, enabling direct interaction between the modules
without CPU intervention. See section 19, Event Link Controller (ELC).

Table 1.5

Direct memory access

Feature

Functional description

Data Transfer Controller (DTC)

A DTC module is provided for transferring data when activated by an interrupt request. See
section 18, Data Transfer Controller (DTC).

DMA Controller (DMAC)

An 8-channel DMAC module is provided for transferring data without the CPU. When a DMA
transfer request is generated, the DMAC transfers data stored at the transfer source address
to the transfer destination address. See section 17, DMA Controller (DMAC).

Table 1.6

External bus interface

Feature

Functional description

External buses

e CS area (EXBIU): Connected to the external devices (external memory interface)
o SDRAM area (EXBIU): Connected to the SDRAM (external memory interface)
e QSPI area (EXBIUT2): Connected to the QSPI (external device interface).

Table 1.7 Timers

Feature

Functional description

General PWM Timer (GPT)

The GPT is a 32-bit timer with 14 channels. PWM waveforms can be generated by controlling
the up-counter, down-counter, or up- and down-counter. In addition, PWM waveforms can be
generated for controlling brushless DC motors. The GPT can also be used as a general-
purpose timer. See section 23, General PWM Timer (GPT).

Port Output Enable for GPT (POEG)

Use the Port Output Enable for GPT (POEG) function to place the General PWM Timer (GPT)
output pins in the output disable state. See section 22, Port Output Enable for GPT (POEG).

Asynchronous General-Purpose
Timer (AGT)

The AGT is a 16-bit timer that can be used for pulse output, external pulse width or period
measurement, and counting of external events.

This 16-bit 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.
See section 25, Asynchronous General-Purpose Timer (AGT).

Realtime Clock (RTC)

The RTC has two counting modes, calendar count mode and binary count mode, that are
controlled by the register settings.

For calendar count mode, the RTC has a 100-year calendar from 2000 to 2099 and
automatically adjusts dates for leap years.

For binary count mode, the RTC counts seconds and retains the information as a serial value.
Binary count mode can be used for calendars other than the Gregorian (Western) calendar.
See section 26, Realtime Clock (RTC).
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Table 1.8

Communication interfaces (1 of 2)

Feature

Functional description

Serial Communications Interface
(SCI)

The SCl is configurable to five asynchronous and synchronous serial interfaces:

o Asynchronous interfaces (UART and Asynchronous Communications Interface Adapter
(ACIA))

* 8-bit clock synchronous interface

e Simple IIC (master-only)

e Simple SPI

e Smart card interface.

The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and

transmission protocol.

Each SCI 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. See

section 34, Serial Communications Interface (SCI).

IrDA Interface (IrDA)

The IrDA interface sends and receives IrDA data communication waveforms in cooperation
with the SCI1 based on the IrDA (Infrared Data Association) standard 1.0. See section 35,
IrDA Interface.

12C Bus Interface (IIC)

The three-channel IIC conforms with and provides a subset of the NXP 12C bus (Inter-
Integrated Circuit bus) interface functions. See section 36, 12C Bus Interface (IIC).

Serial Peripheral Interface (SPI)

Two independent SPI channels are capable of high-speed, full-duplex synchronous serial
communications with multiple processors and peripheral devices. See section 38, Serial
Peripheral Interface (SPI).

Serial Sound Interface Enhanced
(SSIE)

The Serial Sound Interface Enhanced (SSIE) peripheral provides functionality to interface with
digital audio devices for transmitting 12S 2ch, 4ch, 6¢h, 8ch, WS Continue/Monaural/TDM
audio data over a serial bus. The SSIE supports an audio clock frequency of up to 50 MHz,
and can be operated as a slave or master receiver, transmitter, or transceiver to suit various
applications. The SSIE includes 32-stage FIFO buffers in the receiver and transmitter, and
supports interrupts and DMA-driven data reception and transmission. See section 41, Serial
Sound Interface Enhanced (SSIE).

Quad Serial Peripheral Interface
(QSPI)

The 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.
See section 39, Quad Serial Peripheral Interface (QSPI).

CAN module (CAN)

The CAN module provides functionality to receive and transmit data using a message-based
protocol between multiple slaves and masters in electromagnetically-noisy applications.

The CAN module complies with the ISO 11898-1 (CAN 2.0A/CAN 2.0B) standard and supports
up to 32 mailboxes, which can be configured for transmission or reception in normal mailbox
and FIFO modes. Both standard (11-bit) and extended (29-bit) messaging formats are
supported. See section 37, Controller Area Network (CAN) Module.

USB 2.0 Full-Speed Module (USBFS)

Full-Speed USB controller that can operate as a host controller or device controller. The
module supports full-speed and low-speed (host controller only) transfer as defined in
Universal Serial Bus Specification 2.0. The module has an internal USB transceiver and
supports all of the transfer types defined in Universal Serial Bus Specification 2.0.

The USB has buffer memory for data transfer, providing a maximum of 10 pipes. Pipes 1 to 9
can be assigned any endpoint number based on the peripheral devices used for
communication or based on your system. See section 32, USB 2.0 Full-Speed Module
(USBFS).

USB 2.0 High-Speed Module
(USBHS)

High-Speed USB controller that can operate as a host controller or a device controller. As a
host controller, the USBHS supports high-speed transfer, full-speed transfer, and low-speed
transfer as defined in Universal Serial Bus Specification 2.0. As a device controller, the USBHS
supports high-speed transfer and full-speed transfer as defined in Universal Serial Bus
Specification 2.0. The USBHS has an internal USB transceiver and supports all of the transfer
types defined in Universal Serial Bus Specification 2.0.

The USBHS has FIFO buffers for data transfer, providing a maximum of 10 pipes. Any
endpoint number can be assigned to pipes 1 to 9, based on the peripheral devices or your
system for communication. See section 33, USB 2.0 High-Speed Module (USBHS).
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Table 1.8 Communication interfaces (2 of 2)
Feature Functional description

Ethernet MAC with IEEE 1588 PTP
(ETHERC)

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

To handle timing and synchronization between devices, an on-chip Precision Time Protocol
(PTP) module for the Ethernet PTP Controller (EPTPC) applies the PTP defined in the IEEE
1588-2008 version 2.0 standard.

The EPTPC is composed of:

e Synchronization Frame Processing unit (SYNFPO)

o A Statistical Time Correction Algorithm unit (STCA).

Use the EPTPC in combination with the on-chip Ethernet MAC Controller (ETHERC) and the
DMA Controller for the PTP Ethernet Controller (PTPEDMAC). See section 29, Ethernet MAC
Controller (ETHERC).

SD/MMC Host Interface (SDHI)

The SDHI and MultiMediaCard (MMC) interface module provides the functionality required to
connect a variety of external memory cards to the MCU. The SDHI supports both 1- and 4-bit
buses for connecting memory cards that support SD, SDHC, and SDXC formats. When
developing host devices that are compliant with the SD Specifications, you must comply with
the SD Host/Ancillary Product License Agreement (SD HALA).

The MMC interface supports 1-bit, 4-bit, and 8-bit MMC buses that provide eMMC 4.51
(JEDEC Standard JESD 84-B451) device access. This interface also provides backward
compatibility and supports high-speed SDR transfer modes. See section 43, SD/MMC Host
Interface (SDHI).

Table 1.9 Analog

Feature

Functional description

12-Bit A/D Converter (ADC12)

Up to two successive approximation 12-Bit A/D Converters are provided. In unit 0, up to 13
analog input channels are selectable. In unit 1, up to 11 analog input channels, the
temperature sensor output, and an internal reference voltage are selectable for conversion.
The A/D conversion accuracy is selectable from 12-bit, 10-bit, and 8-bit conversion, making it
possible to optimize the tradeoff between speed and resolution in generating a digital value.
See section 47, 12-Bit A/D Converter (ADC12).

12-Bit D/A Converter (DAC12)

The DAC12 D/A converts data and includes an output amplifier. See section 48, 12-Bit D/A
Converter (DAC12).

Temperature sensor (TSN)

The on-chip temperature sensor can determine and monitor 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 linear.
The output voltage is provided to the ADC12 for conversion and can also be used by the end
application. See section 49, Temperature Sensor (TSN).

High-Speed Analog Comparator
(ACMPHS)

Analog comparators can be used to compare a test voltage with a reference voltage and to
provide a digital output based on the conversion result.

Both the test and reference voltages can be provided to the comparator from internal sources
such as the DAC12 output and internal reference voltage, and an external source with or
without an internal PGA.

Such flexibility is useful in applications that require go/no-go comparisons to be performed
between analog signals without necessarily requiring A/D conversion. See section 50, High-
Speed Analog Comparator (ACMPHS).

Table 1.10 Human machine interfaces

Feature

Functional description

Capacitive Touch Sensing Unit
(CTSV)

The CTSU measures the electrostatic capacitance of the touch sensor. Changes in the
electrostatic capacitance are determined by software, which enables the CTSU to detect
whether a finger is in contact with the touch sensor. The electrode surface of the touch sensor
is usually enclosed with an electrical conductor so that fingers do not come into direct contact
with the electrodes. See section 51, Capacitive Touch Sensing Unit (CTSU).

R0O1UMO0O04EU0100 Rev.1.00
Nov 3, 2016

RRENESAS Page 75 of 2166



S5D9

1. Overview

Table 1.11 Graphics

Feature

Functional description

Graphics LCD Controller (GLCDC)

The GLCDC provides multiple functions and supports various data formats and panels. Key

GLCDC features include:

e GPX bus master function for accessing graphics data

e Superimposition of three planes (single color background plane, graphic 1 plane, and
graphic 2 plane)

o Support for many types of 32-bit or 16-bit per pixel graphics data and 8-bit, 4-bit, or 1-bit LUT
data format

» Digital interface signal output supporting a video image size of WVGA or greater.

See section 58, Graphics LCD Controller (GLCDC).

2D Drawing Engine (DRW)

The 2D Drawing Engine (DRW) provides flexible functions that can support almost any object
geometry rather than being bound to only a few specific geometries such as lines, triangles, or
circles. The edges of every object can be independently blurred or antialiased.

Rasterization is executed at one pixel per clock on the bounding box of the object from left to
right and top to bottom. The DRW can also raster from bottom to top to optimize the
performance in certain cases. In addition, optimization methods are available to avoid
rasterization of many empty pixels of the bounding box.

The distances to the edges of the object are calculated by a set of edge equations for every
pixel of the bounding box. These edge equations can be combined to describe the entire
object.

If a pixel is inside the object, it is selected for rendering. If it is outside, it is discarded. If it is on
the edge, an alpha value can be chosen proportional to the distance of the pixel to the nearest
edge for antialiasing.

Every pixel that is selected for rendering can be textured. The resulting aRGB quadruple can
be modified by a general raster operation approach independently for each of the four
channels. The aRGB quadruples can then be blended with one of the multiple blend modes of
the DRW.

The DRW provides two inputs (texture read and framebuffer read), and one output
(framebuffer write).

The internal color format is always aRGB (8888). The color formats from the inputs are
converted to the internal format on read and a conversion back is made on write.

See section 56, 2D Drawing Engine (DRW).

JPEG Codec (JPEG)

The JPEG Codec (JPEG) incorporates a JPEG codec that conforms to the JPEG baseline
compression and decompression standard. This provides high-speed compression of image
data and high-speed decoding of JPEG data. See section 57, JPEG Codec (JPEG).

Parallel Data Capture Unit (PDC)

One PDC unit is provided for communicating with external I/0 devices, including image
sensors, and transferring parallel data such as an image output from the external I/O device
through the DTC or DMAC to the on-chip SRAM and external address spaces (the CS and
SDRAM areas). See section 44, Parallel Data Capture Unit (PDC).

Table 1.12 Data processing

Feature

Functional description

Cyclic Redundancy Check (CRC)
calculator

The CRC calculator generates CRC codes to detect errors in the data. The bit order of CRC
calculation results can be switched for LSB-first or MSB-first communication. Additionally,
various CRC-generating polynomials are available. The snoop function allows monitoring
reads from and writes to specific addresses. This function is useful in applications that require
CRC code to be generated automatically in certain events, such as monitoring writes to the
serial transmit buffer and reads from the serial receive buffer. See section 40, Cyclic
Redundancy Check (CRC) Calculator.

Data Operation Circuit (DOC)

The DOC compares, adds, and subtracts 16-bit data. See section 52, Data Operation Circuit
(DOC).

Sampling Rate Converter (SRC)

The SRC converts the sampling rate of data produced by various audio decoders, such as the
WMA, MP3, and AAC. Both 16-bit stereo and monaural data are supported.
See section 42, Sampling Rate Converter (SRC).
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Table 1.13 Security

Feature Functional description

Secure Crypto Engine 7 (SCE7) e Security algorithms:
- Symmetric algorithms: AES, 3DES, and ARC4
- Asymmetric algorithms: RSA, and DSA.
o Other support features:
- TRNG (True Random Number Generator)
- Hash-value generation: SHA1, SHA224, SHA256, GHASH
- 128-bit unique ID.

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.
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Memory Bus ARM Cortex-M4 System
2 MB code flash External | DSP | | FPU | | POR/LVD | Clocks
MOSC/SOSC
64 KB data flash csc
=] —
H/M/L) OCO
640 KB SRAM SDRAM
| NVIC |
8 KB Standby | MPU | | Mode control | | PLL/USBPLL |
SRAM
| System timer |
| Power control | CAC |
DMA | Test and DBG interface |
| ICU | | Battery backup
DTC
Register write
DMAC x 8 | KINT | | protection
Timers Communication interfaces Human machine interfaces
SCIx 10 QsPI | | USBHS | | CTSU | Graphics
GPT32EH x 4 |
GPT32E x 4 IrDA x 1 GLCDC
GPT32x6 ETHERC
| ICx3 | | SDHIx2 | |with IEEE 1588| DRW
AGT x 2 | SPIx2 | | CAN x 2 | JPEG Codec
| SSIE x 2 | | USBFS | PDC
RTC
WDT/IWDT
Event link Data processing Analog
ELC ADC12 with
| CRC | | SRC | | POA % 2 TSN
Security DOC | DAC12 | | ACMPHS x 6 |
SCE7
Figure 1.1 Block diagram
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1.3 Part Numbering
R7FSS5D97E2A01CBG#AC O
Production identification code
Packaging, Terminal material (Pb-free)
#AA: Tray/Sn (Tin) only
#AC: Trayl/others
Package type
BG: BGA 176 pins
FC: LQFP 176 pins
FB: LQFP 144 pins
FP: LQFP 100 pins
LK: LGA 145 pins
Quality ID
Software ID
Opera}i ng temperature
2:-40Cto85C
3:40Ct0105C
Code flash memory size
C:1MB
E:2MB
Feature set
7: Superset
Group name
9: S5D9
Core
D: ARM Cortex-M4, 120 MHz
Series name
5: High integration
Renesas Synergy family
Flash memory
Renesas microcontroller unit
Renesas
Figure 1.2 Part numbering scheme
Table 1.14 List of Products
Code Data Operating
Part Number Orderable Part Number Package flash flash SRAM | Temperature
R7FS5D97E2A01CBG R7FS5D97E2A01CBG#ACO PLBG0176GE-A 2 MB 64 KB 640 KB | -40 to +85°C
R7FS5D97E3A01CFC R7FS5D97E3A01CFC#AAOD PLQP0176KB-A -40 to +105°C
R7FS5D97E2A01CLK R7FS5D97E2A01CLK#ACO PTLGO145KA-A -40 to +85°C
R7FS5D97E3A01CFB R7FS5D97E3A01CFB#AAQ PLQP0144KA-B -40 to +105°C
R7FS5D97E3A01CFP R7FS5D97E3A01CFP#AAQ PLQP0100KB-B -40 to +105°C
R7FS5D97C2A01CBG R7FS5D97C2A01CBG#ACO PLBG0176GE-A 1 MB -40 to +85°C
R7FS5D97C3A01CFC R7FS5D97C3A01CFC#AAQ PLQP0176KB-A -40 to +105°C
R7FS5D97C2A01CLK R7FS5D97C2A01CLK#ACO PTLGO0145KA-A -40 to +85°C
R7FS5D97C3A01CFB R7FS5D97C3A01CFB#AAQ PLQP0144KA-B -40 to +105°C
R7FS5D97C3A01CFP R7FS5D97C3A01CFP#AAQ PLQP0100KB-B -40 to +105°C
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1.4 Function Comparison
Table 1.15 Functional comparison (Graphics)
Part numbers
_ R7FS5D97E2XXXCBG/ | R7FSS5DI7E3XXXCFC/ | R7TFS5D97E2XXXCLK/ | R7FS5D97E3XXXCFB/ | R7FS5D97E3XXXCFP/
Function R7FS5D97C2XXXCBG | R7FS5D97C3XXXCFC | R7FS5D97C2XXXCLK | R7FS5D97C3XXXCFB | R7FS5D97C3XXXCFP
Pin count 176 176 145 144 100
Package BGA LQFP LGA LQFP LQFP
Code flash memory 2/1 MB
Data flash memory 64 KB
SRAM 640 KB
Parity 608 KB
ECC 32 KB
Standby SRAM 8 KB
System CPU clock 120 MHz
Backup 512 B
registers
ICU Yes
KINT 8
Event link ELC Yes
DMA DTC Yes
DMAC 8
BUS External bus 16-bit bus 8-bit bus
SDRAM Yes No
Timers GPT32EH 4 4 4 4 4
GPT32E 4 4 4 4 4
GPT32 6 6 6 6 5
AGT 2 2 2 2 2
RTC Yes
WDT/IWDT Yes
Communication SCI 10
lIc 2
SPI 2
SSIE 1
QSPI 1
SDHI
CAN
USBFS Yes
USBHS Yes No
ETHERC 1
Analog ADC12 24 22 19
DAC12 2
ACMPHS 6
TSN Yes
HMI CTSU 13 18 12
Graphics | GLCDC RGB888
DRW Yes
JPEG Yes
PDC Yes
Data processing | CRC Yes
DOC Yes
SRC Yes
Security SCE7
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1.5 Pin Functions

Table 1.16 Pin functions (1 of 5)
Function Signal I/0 Description
Power supply VCC Input Digital voltage supply pin. This is used as the digital power supply for the
respective modules and internal voltage regulator, and used to monitor the
voltage of the POR/LVD. Connect to the system power supply. Connect to
VSS through a 0.1-yF smoothing capacitor close to each VCC pin.
VCLO - Connect to VSS through a 0.1-pyF smoothing capacitor close to each VCL
VCL _ pin. Stabilize the internal power supply.
VSS Input Ground pin. Connect to the system power supply (0 V).
VBATT Input Backup power pin
Clock XTAL Output Pins for a crystal resonator. An external clock signal can be input through the
EXTAL Input EXTAL pin.
XCIN Input Input/output pins for the sub-clock oscillator. Connect a crystal resonator
XCOUT Output between XCOUT and XCIN.
EBCLK Output Outputs the external bus clock for external devices
SDCLK Output Outputs the SDRAM-dedicated clock
CLKOUT Output Clock output pin
Operating mode MD Input Pin for setting the operating mode. The signal level on this pin must not be
control changed during operation mode transition on release from the reset state.
System control RES Input Reset signal input pin. The MCU enters the reset state when this signal goes
low.
CAC CACREF Input Measurement reference clock input pin
Interrupt NMI Input Non-maskable interrupt request pin
IRQO to IRQ15 Input Maskable interrupt request pins
KINT KRO0O to KRO7 Input A key interrupt can be generated by inputting a falling edge to the key
interrupt input pins
On-chip emulator | TMS 1/0 On-chip emulator or boundary scan pins
TDI Input
TCK Input
TDO Output
TCLK Output This pin outputs the clock for synchronization with the trace data
TDATAO to TDATA3 Output Trace data output
SWDIO 1/0 Serial wire debug data input/output pin
SWCLK Input Serial wire clock pin
SWO Output Serial wire trace output pin
External bus RD Output Strobe signal indicating that reading from the external bus interface space is
interface in progress, active low
WR Output Strobe signal indicating that writing to the external bus interface space is in
progress, in 1-write strobe mode, active low
WRO to WR1 Output Strobe signals indicating that either group of data bus pins (D07 to DOO or
D15 to D08) is valid in writing to the external bus interface space, in byte
strobe mode, active low
BCO to BC1 Output Strobe signals indicating that either group of data bus pins (D07 to DOO or
D15 to D08) is valid in access to the external bus interface space, in 1-write
strobe mode, active low
ALE Output Address latch signal when address/data multiplexed bus is selected
WAIT Input Input pin for wait request signals in access to the external space, active low
CS0 to CS7 Output Select signals for CS areas, active low
AO00 to A23 Output Address bus
D00 to D15 110 Data bus
A00/D00 to A15/D15 | 1/0 Address/data multiplexed bus
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Table 1.16 Pin functions (2 of 5)

Function Signal I/0 Description
SDRAM interface | CKE Output SDRAM clock enable signal
SDCS Output SDRAM chip select signal, active low
RAS Output SDRAM low address strobe signal, active low
CAS Output SDRAM column address strobe signal, active low
WE Output SDRAM write enable signal, active low
DQMO Output SDRAM 1/0O data mask enable signal for DQ07 to DQOO
DQM1 Output SDRAM 1/O data mask enable signal for DQ15 to DQ08
A00 to A15 Output Address bus
DQOO0 to DQ15 I/0 Data bus
GPT GTETRGA, Input External trigger input pins
GTETRGB,
GTETRGC,
GTETRGD
GTIOCOA to I/0 Input capture, output compare, or PWM output pins
GTIOC13A,
GTIOCOB to
GTIOC13B
GTIU Input Hall sensor input pin U
GTIV Input Hall sensor input pin V
GTIW Input Hall sensor input pin W
GTOUUP Output 3-phase PWM output for BLDC motor control (positive U phase)
GTOULO Output 3-phase PWM output for BLDC motor control (negative U phase)
GTOVUP Output 3-phase PWM output for BLDC motor control (positive V phase)
GTOVLO Output 3-phase PWM output for BLDC motor control (negative V phase)
GTOWUP Output 3-phase PWM output for BLDC motor control (positive W phase)
GTOWLO Output 3-phase PWM output for BLDC motor control (negative W phase)
AGT AGTEEO, AGTEE"1 Input External event input enable signals
AGTIOO0, AGTIO1 1/0 External event input and pulse output pins
AGTOO0, AGTO1 Output Pulse output pins
AGTOAO, AGTOA1 Output Output compare match A output pins
AGTOBO, AGTOB1 Output Output compare match B output pins
RTC RTCOUT Output Output pin for 1-Hz or 64-Hz clock
RTCICO to RTCIC2 Input Time capture event input pins
SCI SCKO to SCK9 110 Input/output pins for the clock (clock synchronous mode)
RXDO0 to RXD9 Input Input pins for received data (asynchronous mode/clock synchronous mode)
TXDO to TXD9 Output Output pins for transmitted data (asynchronous mode/clock synchronous
mode)
CTSO_RTSO0 to I/O Input/output pins for controlling the start of transmission and reception
CTS9_RTS9 (asynchronous mode/clock synchronous mode), active low
SCLO to SCL9 I/0 Input/output pins for the 12C clock (simple [IC mode)
SDAO to SDA9 1/0 Input/output pins for the 12C data (simple 1IC mode)
SCKO to SCK9 110 Input/output pins for the clock (simple SPI mode)
MISOO0 to MISO9 1/0 Input/output pins for slave transmission of data (simple SPI mode)
MOSIO to MOSI9 1/0 Input/output pins for master transmission of data (simple SPI mode)
SS0 to SS9 Input Chip-select input pins (simple SPI mode), active low
IIC SCLO to SCL2 I/0 Input/output pins for the clock
SDAO to SDA2 1/0 Input/output pins for data
SSIE SSIBCKO I/0 SSIE serial bit clock pins
SSIBCK1
SSILRCKO/SSIFS0 1/0 LR clock/frame synchronization pins
SSILRCK1/SSIFS1
SSITXDO Output Serial data output pins
SSIRXDO Input Serial data input pins
SSIDATA1 110 Serial data input/output pins
AUDIO_CLK Input External clock pin for audio (input oversampling clock)
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Table 1.16 Pin functions (3 of 5)

Function Signal I/0 Description
SPI RSPCKA, RSPCKB 110 Clock input/output pin
MOSIA, MOSIB 1/0 Input or output pins for data output from the master
MISOA, MISOB 1/0 Input or output pins for data output from the slave
SSLAO, SSLBO 1/0 Input or output pin for slave selection
SSLA1 to SSLAS3, Output Output pins for slave selection
SSLB1 to SSLB3
QSPI QSPCLK Output QSPI clock output pin
QSsSL Output QSPI slave output pin
QIOO0 to QIO3 I/0 Data0 to Data3
CAN CRXO0, CRX1 Input Receive data
CTX0, CTX1 Output Transmit data
USBFS VCC_USB Input Power supply pins
VSS_USB Input Ground pins
USB_DP I/0 D+ 1/O pin of the USB on-chip transceiver. Connect this pin to the D+ pin of
the USB bus
USB_DM I/0 D- I/0 pin of the USB on-chip transceiver. Connect this pin to the D- pin of
the USB bus
USB_VBUS Input USB cable connection monitor pin. Connect this pin to VBUS of the USB

bus. The VBUS pin status (connected or disconnected) can be detected
when the USB module is operating as a function controller.

USB_EXICEN Output Low-power control signal for external power supply (OTG) chip

USB_VBUSEN Output VBUS (5 V) supply enable signal for external power supply chip

USB_OVRCURA, Input Connect the external overcurrent detection signals to these pins. Connect

USB_OVRCURB the VBUS comparator signals to these pins when the OTG power supply
chip is connected.

USB_ID Input Connect the MicroAB connector ID input signal to this pin during operation in
OTG mode

USBHS VCC_USBHS Input Power supply pin

VSS1_USBHS Input Ground pin

VSS2_USBHS Input Ground pin

AVCC_USBHS Input Analog power supply pin for the USBHS

AVSS_USBHS Input Analog ground pin for the USBHS. Must be shorted to the PVSS_USBHS
pin

PVSS_USBHS Input PLL circuit ground pin for the USBHS. Must be shorted to the AVSS_USBHS
pin

USBHS_RREF I/0 USBHS reference current source pin. Connect this pin to the AVSS_USBHS
pin through a 2.2-kQ resistor (+1%)

USBHS_DP I/0 USB bus D+ data pin

USBHS_DM I/0 USB bus D- data pin

USBHS_EXICEN Output Connect this pin to the OTG power supply IC

USBHS_ID Input Connect this pin to the OTG power supply IC

USBHS_VBUSEN Output VBUS power enable signal for USB

USBHS_OVRCURA, | Input Overcurrent pin for USB

USBHS_OVRCURB

USBHS_VBUS Input USB cable connection monitor input pin

R0O1UMO0O0O4EU0100 Rev.1.00 RENESAS Page 83 of 2166

Nov 3, 2016



S5D9 1. Overview
Table 1.16 Pin functions (4 of 5)
Function Signal I/0 Description
ETHERC REF50CKO Input 50-MHz reference clock. This pin inputs reference signal for
transmission/reception timing in RMII mode.
RMIIO_CRS_DV Input Indicates carrier detection signals and valid receive data on RMII0_RXD1
and RMII0_RXDO0 in RMII mode
RMII0_TXDO, Output 2-bit transmit data in RMII mode
RMII0_TXD1
RMII0_RXDO, Input 2-bit receive data in RMII mode
RMII0_RXD1
RMIIO_TXD_EN Output Output pin for data transmit enable signal in RMIl mode
RMIIO_RX_ER Input Indicates an error occurred during reception of data in RMII mode
ETO_CRS Input Carrier detection/data reception enable signal
ETO_RX_DV Input Indicates valid receive data on ETO_ERXD3 to ETO_ERXDO
ETO_EXOUT Output General-purpose external output pin
ETO_LINKSTA Input Input link status from the PHY-LSI
ETO_ETXDO to Output 4 bits of MIl transmit data
ETO_ETXD3
ETO_ERXDO to Input 4 bits of MIl receive data
ETO_ERXD3
ETO_TX_EN Output Transmit enable signal. Functions as signal indicating that transmit data is
ready on ET_ETXD3 to ET_ETXDO
ETO_TX_ER Output Transmit error pin. Functions as signal notifying the PHY_LSI of an error
during transmission
ETO_RX_ER Input Receive error pin. Functions as signal to recognize an error during reception
ETO_TX_CLK Input Transmit clock pin. This pin inputs reference signal for output timing from
ETO_TX_EN, ETO_ETXD3 to ETO_ETXDO, and ETO_TX_ER
ETO_RX_CLK Input Receive clock pin. This pin inputs reference signal for input timing to
ETO_RX_DV, ETO_ERXD3 to ETO_ERXDO, and ETO_RX_ER
ETO_COL Input Input collision detection signal
ETO_WOL Output Receive Magic packets
ETO_MDC Output Output reference clock signal for information transfer through ET0_MDIO.
ETO_MDIO I/0 Input or output bidirectional signal for exchange of management data with
PHY-LSI
SDHI SDOCLK, SD1CLK Output SD clock output pins
SDOCMD, SD1CMD | I/O Command output pin and response input signal pins
SDODATO to I/O SD and MMC data bus pins
SDODAT7,
SD1DATO to
SD1DAT7
SDOCD, SD1CD Input SD card detection pins
SDOWP, SD1WP Input SD write-protect signals
Analog power AVCCO Input Analog voltage supply pin. This is used as the analog power supply for the
supply respective modules. Supply this pin with the same voltage as the VCC pin.
AVSS0 Input Analog ground pin. This is used as the analog ground for the respective
modules. Supply this pin with the same voltage as the VSS pin.
VREFHO Input Analog reference voltage supply pin for the ADC12 (unit 0). Connect this pin
to VCC when not using the ADC12 (unit 0) and sample-and-hold circuit for
ANO00O to AN002.
VREFLO Input Analog reference ground pin for the ADC12. Connect this pin to VSS when
not using the ADC12 (unit 0) and sample-and-hold circuit for ANOOO to
AN002
VREFH Input Analog reference voltage supply pin for the ADC12 (unit 1) and D/A
Converter. Connect this pin to VCC when not using the ADC12 (unit 1),
sample-and-hold circuit for AN100 to AN102, and D/A Converter.
VREFL Input Analog reference ground pin for the ADC12 and D/A Converter. Connect this

pin to VSS when not using the ADC12 (unit 1), sample-and-hold circuit for
AN100 to AN102, and D/A Converter.
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Table 1.16 Pin functions (5 of 5)
Function Signal I/0 Description
ADC12 ANO0O0O to ANOO7, Input Input pins for the analog signals to be processed by the ADC12
ANO016 to AN020
AN100 to AN103, Input
AN105 to AN107,
AN116 to AN119
ADTRGO Input Input pins for the external trigger signals that start the A/D conversion
ADTRG1 Input
PGAVSS000/PGAVS | Input Differential input pins
S100
DAC12 DAO, DA1 Output QOutput pins for the analog signals processed by the D/A converter
ACMPHS VCOUT Output Comparator output pin
IVREFO to IVREF3 Input Reference voltage input pins for comparator
IVCMPO to IVCMP2 Input Analog voltage input pins for comparator
CTSU TS00 to TS17 Input Capacitive touch detection pins (touch pins)
TSCAP - Secondary power supply pin for the touch driver
1/0 ports P000 to POO7 Input General-purpose input pins
P008 to PO10, I/0 General-purpose input/output pins
P014, PO15
P100 to P115 1/0 General-purpose input/output pins
P200 Input General-purpose input pin
P201 to P214 110 General-purpose input/output pins
P300 to P315 1/0 General-purpose input/output pins
P400 to P415 1/0 General-purpose input/output pins
P500 to P508, I/0 General-purpose input/output pins
P511 to P513
P600 to P615 1/0 General-purpose input/output pins
P700 to P713 1/0 General-purpose input/output pins
P800 to P806 1/0 General-purpose input/output pins
P900, P901, I/O General-purpose input/output pins
P905 to P908
PAQO, PAO1, I/0 General-purpose input/output pins
PA08 to PA10
PB00, PBO1 1/0 General-purpose input/output pins
GLCDC LCD_DATA23 to Output Data output pins for panel
LCD_DATAO00
LCD_TCONS3 to Output Output pins for panel timing adjustment
LCD_TCONO
LCD_CLK Output Panel clock output pin
LCD_EXTCLK Input Panel clock source input pin
PDC PIXCLK Input Image transfer clock pin
VSYNC Input Vertical synchronization signal pin
HSYNC Input Horizontal synchronization signal pin
PIXDO to PIXD7 Input 8-bit image data pins
PCKO Output Output pin for dot clock
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1.6 Pin Assignments
Figure 1.3 to Figure 1.7 show the pin assignments.
R7FS5D9XX2XXXCBG
A B (¢} D E F G H J K L M N P R
15 P407 P409 P411 P414 P708 USS;S* S\S/gﬁé /I;?'IKL XCIN VCLO P707 P703 P700 P405 P401 15
14| USB_DP | USB_DM P410 P412 P415 USggS_ G\Slgﬁé :éj\?_ XCOouT VBATT P706 P701 P406 P402 P512 14
13 P204 VUCSCB_ \(JSS%_ P408 P413 UVSCB(IZ-I_S Ugggg— G\S/(B;S§ VSS PBO1 P704 P404 P400 P511 P805 13
12 P313 P202 P207 P206 P205 L\J/SSSIjlé L\J/SSSE@ VCC PB00 P705 P702 P403 P513 P806 P000 12
1 P900 P315 P314 P203 VCC P001 P004 P002 1
10 P214 P211 P901 VSS VSS P006 P008 P005 10
9 P210 P209 RES VCC P009 AVSSO | VREFLO | VREFHO | 9
8 P208 P201/MD P200 P08 P010 AVCCO VREFL VREFH | 8
7 P906 P905 P312 P07 VCC VSS P015 P014 7
6 P310 P309 P307 P311 P007 P507 P505 P508 6
5 P308 P305 VSS VCC P003 P503 P504 P506 5
4 P306 P304 F;g%sg&’( P111 VSS P613 PA09 PA0O P607 vCcC VSS VSS VCC P501 P502 4
3 P303 P302 P;?Isg—lgs P110/TDI VCC P610 VvCcC VSS P604 P603 P105 P102 P800 P804 P500 3
2 P301 P112 P114 P608 P611 P614 PA10 PAO1 P605 P601 P107 P104 P101 P802 P803 2
1 |P109/TDO| P113 P115 P609 P612 P615 PA08 VCL P606 P602 P600 P106 P103 P100 P801 1
A B C D E F G H J K L M N P R
Figure 1.3 Pin assignment for 176-pin BGA (top view)
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Pin assignment for 176-pin LQFP (top view)
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13| pao7 | Pacs | Patz | pros | e7i1 | vee | F22 | xon | vewo | proz | paos | Pacz | Paco
12[use_om|useop| Pato | Pata | p7io | vss | P22 | xcour | veart | pror | paos | Pst1 | vec
1| VS | Vs | Peor | Patt | pats | priz | pros | pros | Pros | Paos | Paot | Pstz | vss
10| p20os | p20os | P2oa | Paos | Part3 | Pros | P713 | Proo | Paos | Poos | Pooo | Pooz | Poot
of p20s | patz | Poo2 | vss poos | Poos | Poos | Pocs
8| p2ta | P21t | P20 | vee PO05 | AVSSO | VREFLO | VREFHO
7| p2to | P209 | Res | pato PO07 | AVCCO | VREFL | VREFH
6| p2os [P2oump| P31z | Paos Ps0s | Pso6 | Po1s | Po14
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Figure 1.5

Pin assignment for 145-pin LGA (top view)
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Figure 1.6 Pin assignment for 144-pin LQFP (top view)
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AVSS0 [] 89 37|11 P208
VREFLO [ % 36[] P209
VREFHO [ 91 351 P210
P008 [ ¢2 3 P21
P07 [ 93 33f] P214
P06 [] 94 32J] P205
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Figure 1.7 Pin assignment for 100-pin LQFP (top view)
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1.7 Pin Lists

Pin number Extbus Timers Communication interfaces Analog HMI
£ 5 =
L2 %) = S (8]
gz 2 2 2 = |& 3
2 5 : _ = T
ol w|3|8|20 g2 2| 3| = - S Rw R % [SE~I ISR~ - :
Nla| S (a|d9(s & 5 = c %] N I|lmI rrlex| @ o~ O
dla|dla|a|o X £l Q| = < s LS |3 s (o4 us|ms| | = | =% o) a
5183[518158¢ 25| 2| & & 5 s5|cBEoslis| of 5| 4lExEs| BB 8|23 B g
5 L = < o o~ =
221212191253 E] Q] & 7] < (U] olwlSoloelael 8 7] n]lwdluwl| 5| » | 0o o (0]
NT3[1 |N13[1 |1 |- IRQ0 |P400]- B AGTIOT |- GTioC|- |- SCK#4 |SCK7 |SCLO |- AUDIO [ETO_W [ETO_ |- = ADTRG |- - B
6A _A _CLK |oL woL 1
R15[2 L1112 [2 |- IRQ5- [P401]- - - GTETRGA [GTIOC |- |CTXO0 |CTS4_|TXD7/ |SDAO|- - ETO_M |ETO_M|- - E E - E
DS 6B RTS4/ |MOSI7|_A DC DC
SS4  |/SDA7
P14[3 [M13[3 |3 [CACREF|IRQ4- |P402]- E AGTIOO/ |- E RTC[CRX0 - RXD7/ |- E AUDIO [ETO_M [ETO_M|- E E E E VSYNC
DS AGTIO1 Ico MISO7 _CLK [DIO DIO
/SCL7
M12[4 K114 [4 |- - P403 - - AGTIOO/ |- GTIOC [RTC - E CTS7_|- E SSIBC [ETO_LI [ETO_LI|- SD1 |- - - PIXD7
AGTIO1 3A Ic1 RTS7/ KO_A |NKSTA |NKST DAT7
SS7 A B
M13[5 [L12|5 [5 |- E P404 - - - - GTIOC [RTC - E E - - SSILR [ETO_EX|ETO_E |- SD1 |- E - PIXD6
3B Ic2 CKO/S |OUT  |XOouT DAT6
SIFSO_| B
A
P15[6 |L13[6 |6 |- - P405 - N - = GTioc |- |- - - - - SSITX [ETO_TX|RMIIO_|- SD1 |- - B PIXD5
1A DO_A |_EN |TXD_E DAT5
N_B B
N14[7 |[J10 |7 |7 |- E P406 |- E E E GTioCc |- | E E E SSLB3 [SSIRX |ETO_RX|RMIIO_|- SDT |- E E PIXD4
1B e DO_A |[_ER |TXD1_ DAT4
B B
N15[8 [H10[8 |- |- E P700|- E - - GTioc |- |- E E - MISOB|- ETO_ET [RMIIO_|- SD1 |- E - PIXD3
5A _C XD1  |[TXDO_ DAT3
B B
M14lo [K12lo |- |- - P701[- - - - GTioc |- |- - - - MOSIB|- ETO_ET |REF50|- SD1 |- - - PIXD2
58 _C XDO  |CKo_B DAT2
B
L1210 [K13[10 |- |- E P702]- E E E GTioc |- |- E E E RSPC |- ETO_ER|RMIIO_|- SD1 |- E E PIXD1
6A KB_C XD1 RXDO_ DAT1
B B
M15[11 911 [11 |- |- E P703]- - - E GTioc|- |- E E E SSLBO |- ETO_ER|[RMIIO_|- SD1 |- VCOUT |- PIXDO
6B _C XDO  [RXD1_ DATO
B B
L1312 [A1 12 |- |- E P704]- - AGTOO |- - - |cTxo]- E E SSLB1 |- ETO_RX|RMIIO_|- SD1 |- E - HSYNC
_C _CLK |RX_E CLK_
R_B B
K12[13 [G11[13 |- |- - P705]- N AGTIOO |- B - |cRrxol- - = SSLB2|- ETO_C |RMIIO_|- SD1 |- - - PIXCLK
_C RS CRS_ CMD
DV_B B
(K7 E' E E E N IRQ7 [P706[- - - E - - |- E RXD3/ |- E - - - USB [sD1 |- - - -
MISO3 HS_ [cD_
/SCL3 OVR B
CUR
B
s[5 |- |- - |- IRQ8 [P707|- - - E - - |- E TXD3/ |- E - - - USB [SD1 |- E - -
MOSI3 HS_ [wP_
/SDA3 OVR B
CUR
A
J2[6 [- |- |- - PBOO|- - - - - - |- - SCK3 |- - - - - USB |- - - - -
HS_
VBU
SEN
K317 |- |- |- | E PBO1|- E E E - B E CTS3_|- E - - - USB |- - - - -
RTS3/ HS_
SS3 VBU
S
K14[18 [J12 [14 [8 [vBATT |[- E E - - E - - |- E E E E - - - E E E E - -
K15[19 [J13[15 [9 [vCLO |- E = B B = N N N N N N . . . N N N N N =
J15 [20 [H13[16 [10 [XCIN ™ |- E E E E E E - |- E E E E - - - E E E E E E
J14 [21 [R12[17 [11 [xcouT |- - E - - E - - |- E - E E - - - E E E - - -
J13 [22 [F12]18 [12 [vss E E E - - E - - |- E E E E - - - - - - E - -
H14[23 [G12[19 [13 [XTAL [IRQ2 |P213]- - - GTETRGC|GTIOC|- |- - TXD1/ |- - - - - - - ADTRG |- B -
0A MOSI1 1
/SDA1
H15[24 [G13[20 |14 |[EXTAL |[IRQ3 |P212]- B AGTEE1 |[GTETRGD|GTIOC - |- E RXD1/ |- E - - - E E E E E E
0B MISO1
/SCL1
H12[25 [F13[21 [15 |vCC E E E - - - - - |- E E - E - - - E - - E - -
H13[26 |- [ |- [Avcc_ul- - = B B = B R N N N N . . . N N N N N N
SBHS
G13[27 |- [ |- [usBHS_[- E E E B E B - |- E E E E - - - E E E E E E
RREF
G428 |- |- |- [Avss_U|- E E - - E - - |- E E E E - - - E E E E - -
SBHS
G15[29 |- [ |- [Pvss_ul- E - - - E - - |- E E E E - - - E - E E - E
SBHS
G12[30 |- [ |- [vSsz_u|- = = B B = B N N N N = . . . N N N N N N
SBHS
Fi5[31 |- |- - |- - - E - - E - N E E - E E - - - USB |- E - - -
HS_
DM
Faf32 |- |- [ |- E E E - - E - - |- - E E - - - - USB |- - E - E
HS_
DP
F12[33 - [ |- [vSs1_U[- - - - - - - - |- - - - - - - - - - - - - -
SBHS
F13[34 |- |- |- [vCC_US[- B B B B B BN B B B B B B B ER P B B B
BHS
E15(35 |- |- [ |- - P708]- - - E - - |- E E E E - - - E E E E - -
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dlo|dla|a|o X | | = < iy s (% s o3 wsws| | = | =% o a
3|5/5|6|6589 £ ol & 5| & £l E|2I8%[Sglog| o =| B|Ew|lEg| 8 &3] 8|23 2 3
= = X
mla| J|a[Jld ool S| =| 0 %) < (U] OlrDolnllnl| = %) n]lwdluwl| 5| » | 0o o (0]
- |- [G10]22 |- |- B P713|- - AGTOAO]- GTioC[- |- E B = E - - - - = = B TS17 |-
2A
B N ST P E E P712[- - AGTOBO|- GTioc |- |- - E E E - - - - - E E TS16 |-
28
- [F [Ersfea - E P711 - E AGTEEO |- E - |- E CTST1_|- - - ETO_TX|- - - - - TS15 |-
RTS1/ _CLK
Ss1
- [ [er2fes |- - P710]- - - E - - |- E SCK1 |- E - ETO_TX]- E E E - TS14 |-
_ER
- |- [Fofee |- | IRQ10 [P709|- - - - - - |- - TXD1/ |- - - ETO_ET|- - E - E TS13 |-
MOSI1 XD2
/SDA1
- |- [p13]27 |16 |CACREF|IRQ11 [P708]- - B - B - |- - RXD1/ |- SSLA3 [AUDIO [ETO_ET|- - = - - TS12 |PCKO
MISO1 B _CLK [xD3
/scL1
E14[36 [E11[28 [17 |- IRQ8 [P415]- - - - GTIOC[-  [usB_]- E - SSLA2 |- ETO_TX|RMIIO_[- SDO |- E TS11 [PIXD5
0A VBUS B _EN [TXD_E cD_
EN N_A A
D15(37 |D12|29 [18 |- IRQ9 [P414]- - - - GTioc |- |- - E - SSLAT |- ETO_RX|RMII0_|- SDO |- E TS10 [PIXD4
0B B _ER  [TXD1_ WP_
A A
E13[38 |E10(30 [19 |- - P413]- - - GTOUUP |- - |- CTSO0_|- - SSLAO - ETO_ET |RMIIO_|- SDO |- - TS09 |PIXD3
RTSO0/ B XD1  |[TXDO_ CLK_
SS0 A A
D14[39 [C13[31 [20 |- - P412]- - AGTEE1[GTOULO |- - | SCKO |- - RSPC |- ETO_ET |REF50 - SDO |- - TS08 [PIX02
KA_B XDO  [CKO_A CMD
_A
c15[40 [D11[32 [21 |- IRQ4 [P411]- - AGTOA1|GTOVUP [GTIOC[- |- TXDO/ [CTS3_[- MOSIA[- ETO_ER[RMIIO_|- SDO |- - TS07 [PIX01
9A MOSI0|RTS3/ B XD1 RXDO_ DATO
/SDAO [SS3 A _A
C14[41 [Cc12[33 |22 |- IRQ5 |P410]- - AGTOB1|GTOVLO |GTIOC[- |- |RXD0/ [SCK3 |- MISOA[- ETO_ER|RMIIO_|- SDO |- E TS06 |PIXDO
98 MISO0 B XDO  |RXD1_ DAT1
/SCLO A _A
B15[42 |B13|34 [23 |- IRQ6 |P409]- - B GTOWUP [GTIOC|-  |USB_|- TXD3/ |- = - ETO_RX|RMIIO_|USB |- - - TS05 |HSYNC
10A EXIC MOSI3 _CLK |RX_E [HS_
EN /SDA3 RA |EXIC
EN
D13[43 [D10[35 [24 |- IRQ7 [P408][- - - GTOWLO [GTIOC|-  [usB_[- RXD3/ [SCLO |- - ETO_C [RMIIO_|USB |- E - TS04 [PIXCLK
108 ID MISO3(_B RS CRS_ [HS_I
/SCL3 DV_A |D
A15[44 [A13]36 [25 |- E P407 |- - AGTIOO |- - RTC [UsB_[CTs4_|[- SDAO|SSLB3 |- ETO_EX|ETO_E |- E ADTRG |- TS03 |-
OUT|VBUS [RTS4/ B A ouT  [xouT 0
sS4
C13[45 [B11(37 |26 [vSS_US|- - - - - - - - |- - - - - - - - - - - - - -
B
B14 46 |A12(38 |27 |- E E E E E E E - |usB_[- E E E B B B E E E E E E
DM
A4 (47 [B12[39 [28 |- E E E - - E - - |uss_]- - E E - - - E E E - - -
DP
B13[48 [A11[40 |29 [VCC_US|- E E - - - - - |- E E E E - - - E E E E - -
B
c12[49 [c11(41 [30 |- - P207 [A17 |- - E E - |- E E E SSLB2|- - - E E E E TS02 |LCD_DATA
_A/QS 23 B
SL
D12[50 [B10[42 [31 |- IRQO- [P206 [WAIT[- - GTIU - - |usB_[RXD4/ |- SDA1[SSLB1[SSIDA [ETO_LI [ETO_LI|- SDO |- - TS01 |-
DS VBUS [MISO4 A |_A  |TA1_A [NKSTA |NKST DAT2
EN |/SCL4 A _A
E12[51 |A10[43 |32 [CLKOUT[IRQ1- [P205[A16 |- AGTO1 |GTIV GTIOC |- [USB_[TxD4/ [CTS9_[SCL1[SSLBO [SSILR [ETO_W [ETO_ |- SDO |- E TSCA |-
DS 4A OVR |MOSI4[RTSY/ [ A |_A CK1/S |oL woL DAT3 P
CUR |/SDA4 [sS9 SIFS1_| _A
A-DS A
A13[52 [C10[44 |- [CACREF|- P204|A18 |- AGTIOT |GTIW GTIOC|-  |USB_|SCK4 [SCK9 [SCLO|RSPC |SSIBC [ETO_RX|- - SDO |- - TS00 |-
4B OVR B |KB_A |[K1_A [_DV DAT4
CUR _A
B-DS
D11[53 [A9 [45 |- |- IRQ2- [P203[A19 |- - - GTIOC |- [CTX0[CTs2_[TXDY/ |- MOSIB|- ETO_C |- E SDO |- - TSCA |-
DS 5A RTS2/ [MOSI9 _A oL DAT5 P
SS2 [/SDA9 A
B12[54 |C9 |46 |- |- IRQ3- [P202[WR1/[- - E GTIOC[-  [CRX0[SCK2 [RXDY/ |- MISOB ETO_ER[- E SDO |- E - LCD_TCO
DS BC1 58 MISO9 _A XD2 DAT6 N3_B
/SCL9 _A
A12(55 [B9 [47 |- |- - P313|A20 |- - - - - |- - - - - - ETO_ER[- - SDO |- - - LCD_TCO
XD3 DAT7 N2_B
_A
citlse [- |- |- [ E P314|A21 |- E E E - |- E E E E - - - E E ADTRG |- E LCD_TCO
0 N1_B
B11[57 |- |- |- |- - P315[A22 |- - E - - |- RXD4 |- E E - - - E E E E - LCD_TCO
NO_B
atlss [ |- |- | E P900([A23 |- - - - - |- TXD4 |- E - - E - E E E E - LCD_CLK_
B
ciwol [ |- |- F = P901 - - AGTIOT |- - - |- SCK4 |- = = - - - - = - - - LCD_DATA
15_B
D10[60 [D9 [48 [ [vSs - - E - - E - - |- E - E E - - - E E E - - -
D9 [61 |D8 [49 |- [vCcC E E - - - - - - |- - E - E - - - - - - E - -
A10[62 [A8 [50 [33 [TRCLK |- P214]- - - GTIU - - |- - - - QSPC |- ETO_M |ETO_M|- SDO |- - - LCD_DATA
LK DC DC CLK_ 22 B
B
B10[63 [B8 [51 [34 |TRDATA |- P211]- - E GTIV B - E E E Qo0 |- ETO_M |ETO_M|- SDO |- E E LCD_DATA
0 DIO DIO CMD 21.B
B
A9 [64 [A7 [52 |35 [TRDATA |- P210]- - - GTIW - - |- E E E Qo1 |- ETO_W [ETO_ |- SDO |- - - LCD_DATA
1 oL woL cD_ 20_B
B
B9 [65 [B7 |53 |36 |TRDATA |- P209 - - - GTOVUP |- - |- - E - Qo2 |- ETO_EX|ETO_E |- SDO |- E - LCD_DATA
2 ouT  [xouT WP_ 19.B
B
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Pin number Extbus Timers Communication interfaces Analog HMI
E 5 =
[op=d = S Q
% 3 2 ® (o s |z 8
[ © ~ - = ~
o|8|w|3I[8]|%a gl ¢ 8| = - s mls T 8 oTlom - G
BRI EA A 3 = c (%] NI nm I rrlex| @ N
S| dla|a|o X I o = < L SS|5 S o Wsjus| T _ | 4 =) a
§|58(5/51528¢ ol 2| & & 5| s5|cBESslos| of 5| 4lE%cs| Bl A 3|83 B S
52 = 4 o o~ =
@il olalala 00l £ Q| & %) < (U] IRERIEEI LRI I %) n]lwdluwl| 5| » | 0 o (0]
A8 |66 |A6 |54 |37 |TRDATA |- P208 - - - GTOVLO |- - |- E B = Q03 |- ETO_LI |ETO_LI|- SDO |- B - LCD_DATA
3 NKSTA [NKS' DATO 18 B
A B
C9 [67 [C7 |55 [38 |RES E E - - - E - - |- E E E E - - - E E E E - -
B8 |68 [B6 |56 |39 [MD B P201 |- B B B B BN B B B B - - - - B B B B
c8 [69 [c8 [57 [40 |- NMI [P200[- - - E - R E - E E - - - E E E - - -
ps [70 |- |- |- |- E P908|Cs7 |- - E GTioc|- |- E E E E - - - E - E E - LCD_DATA
2A 14_B
o7 |71 |- |- |- |- - P907[CS6 |- - = GTioc |- |- = - = = - - - - = - - - LCD_DATA
2B 13_B
a7 2 - |- | F E P906|CS5 |- E E GTioCc |- | E E E E B B B E E E E E LCD_DATA
3A 12_B
B7 [73 |- |- [ |- E P905[Cs4 |- - E GTioc|- |- E E E E - - - E E E - - LCD_DATA
3B 1B
C7 |74 [c6 [58 |- |- - P312|CS3 |[CAS |[AGTOAT[- - - |- - CTS3_|- - - - - - - - - - -
RTS3/
SS3
D6 [75 [B5 [59 |- |- - P311|CS2 [RAS [AGTOB1[- - - | - SCK3 |- - - - - - - - - - LCD_DATA
23 A
A6 [76 [D7 [60 |- |- - P310[A15 [A15  [AGTEE1 |- - - |- E TXD3 |- Qo3 |- - - E E E - - LCD_DATA
22_A
B6 |77 |A5 |61 |- |- E P309[A14 |A14 |- E - - |- - RXD3 |- Qo2 |- - - E - E E - LCD_DATA
21_A
A5 [78 [C5 [62 |- | - P308[A13 |A13 |- = B - |- = = = Qo1 |- - - - = - - - LCD_DATA
20_A
C6 [79 [A4 [63 41 |- - P307[A12 [A12 |- GTOUUP |- - |- CTS6 |- E Qo0 |- - - E E E E - LCD_DATA
19_A
A4 [80 [B4 [64 [42 |- E P306[A11 [A11 |- GTOULO |- - |- SCK6 |- E QssL |- - - E - E E - LCD_DATA
18_A
B5 [81 |D6 |65 |43 |- IRQ8 [P305[A10 |A10 |- GTOWUP |- - |- TXD6/ |- - QSPC |- - - - - - - - LCD_DATA
MOSI6 LK 17_A
/SDA6
B4 (82 |[C4 |66 |44 |- IRQ9 |P304[A09 |A09 |- GTOWLO [GTIOC|- |- RXD6/ |- E E B B B E E E E E LCD_DATA
7A MISO6 16_A
/SCL6
C5 [83 [A3 [67 [45 [vsS E E E - - E - - |- E E E E - - - E E E E - E
D5 [84 |B3 [68 |46 [VCC E E - - - E - - |- - E E - - - - E E E E - -
A3 (85 [D5 (69 (47 |- - P303|A08 |(A08 |- - GTIOC |- - - - - - - - - - - - - - LCD_DATA
7B 15_A
B3 [86 |A2 [70 [48 |- IRQ5 [P302[A07 [A07 |- GTOUUP [GTIOC|- |- TXD2/ |- E SSLB3 |- - - E E E - - LCD_DATA
4A MOSI2 B 14_A
/SDA2
A2 [87 [c3 [71 |49 |- IRQ6 [P301[A06 [AO6 [AGTIOO |[GTOULO |GTIOC|- |- [RXD2/|CTs9_[- SSLB2|- - - - - - E - LCD_DATA
48 MISO2|RTS9/ B 13_A
/SCL2 |SS9
C4 [88 [B2 [72 |50 [TCK/SW |- P300 - - B GTOUUP [GTIOC|- |- - - - SSLB1 |- - - - - - - B -
CLK 0A_A B
C3 (89 |A1 |73 |51 |TMS/SW (- P108|- - - GTOULO [GTIOC |- - - CTS9_|- SSLBO |- - - - - - - - -
DIO 0B_A RTS9/ B
SS9
A1 [90 [D4 |74 |52 [CLKOUT|- P109]- - - GTOVUP [GTIOC|-  [CTX1]- TXDY/ |- MOSIB|- - - E E E E - -
/TDO/S 1A_A MOSI9 B
wo /SDA9
D3 [91 [B1 [75 |53 [TDI IRQ3 |P110]- - - GTOVLO |GTIOC|-  |CRX1|CTS2_|RXD9/ |- MISOB|- - - - - - VCOUT |- -
1B_A RTS2/ |MISO9 B
SS2  |/SCL9
D4 [92 [c2 [76 [54 |- IRQ4 [P111]A05 [AD5 |- - GTIoc[- |- SCK2 [SCK9 |- RSPC |- - - - - - - - LCD_DATA
3A_A KB_B 12_A
B2 [93 |D3 |77 [55 |- - P112|A04 [A04 |- E GTioc|- |- TXD2/ [SCK1 |- SSLBO [SSIBC |- - E E E - - LCD_DATA
3B_A MOSI2 B K0_B 1_A
/SDA2
B1 [94 |C1 |78 [56 |- E P113|A03 |A03 |- E GTioc |- |- [RxD2/ - - - SSILR |- - E - E E - LCD_DATA
2A MISO2 CKo/S 10_A
/SCL2 SIFSO_|
B
C2 |95 [E4 [79 |57 |- - P114|A02 |A02 |- - GTioc |- |- = - = = SSIRX |- - - = - - - LCD_DATA
2B D0_B 09_A
C1 [96 [E3 [80 [58 |- - P115[A01 [A01 |- E GTioc|- |- E - E E SSITX |- - E E E - - LCD_DATA
4A D0_B 08_A
E3 [o7 [D2 [81 |- [vCC E E - - - - - - |- - E - - - - - - - - E - -
E4 |98 |D1 [82 |- |vSS N E = B B - N N N N N N . . _ N N N N N =
D2 |99 |F4 |83 |59 |- - P608|A00/ [A0O/D |- - GTIOC |- - - - - - - - - - - - - - LCD_DATA
BCO |QM1 4B 07_A
D1 [100|E2 |84 [60 |- E P609[CS1 |[CKE |- E GTIOC |- [CTXT - - E E - - - E E E E - LCD_DATA
5A 06_A
F3 [101|F3 |85 [61 |- E P610[CSO |WE |- E GTIOC|-  [CRX1][- E E E - - - E E E E - LCD_DATA
58 05_A
E2 [102|[E1 [86 |- |CLKOUT|- P611 |- SDCS |- E E - |- E CTS7_|- E - - - E E E E E E
/CACRE RTS7/
F Ss7
E1 [103|F2 [87 |- |- - P612|D08[ [DQO8 |- E - - |- E SCK7 |- E - - - E E E - - -
A08/
D08]
Fa [104|F1 [88 [ |- E P613|D09[ [DQOY |- - - - |- E TXD7 |- E - - - - - E E - -
A0/
D09]
F2 [105]|G3 [89 |- |- - P614|D10[ |[DQ10 |- - - - |- = RXD7 |- - - - - - = - - - N
A10/
D10]
F1 [106]- |- |- |- E P615 - E E E E - E E E E B B B E E E E E LCD_DATA
10_B
Gt [wo7]- |- - |- E PA08|- - - E - - |- E E E E - - - E E E E - LCD_DATA
09_B
R01UMO0O04EU0100 Rev.1.00 RRENESAS Page 93 of 2166

Nov 3, 2016









S5D9

2.CPU

2.

2.1
The

2.1

CPU

Overview
S5D9 MCU is based on the ARMCorteX®-M4 core.

1 CPU

X ARM Cortex-M4

X

X

X Revision: rOp1-01rel0
X ARMV7E-M architecture profile

X Single Precision Floating Point Unit coligmt with the ANSI/IEEE Std 754-2008.

Memory Protection Unit (MPU)

X ARMv7 Protected Memorgystem Architecture
X 8 protected regions.

SysTick timer

x Driven by LOCO clock (32.768 kHz +/- 10%).

Seereference landreference 2for details.

2.1

2 Debug

x ARM CoreSight™ ETM-M4

X Revision: rOp1-00rel0

x ARM ETM architecture version 3.5.
CoreSight Instrumentatn Trace Macrocell (ITM)
Data Watchpoint and Trace Unit (DWT)

X 4 comparators for watchpoints and triggers.
Flash Patch and Breakpoint Unit (FPB)

X 6 instruction comparators

X 2 literal comparators.

CoreSight Time Stamp Generator (TSG)
X Time stamp for ETM and ITM

x Driven by CPU clock.

Debug Register Module (DBGREG)

x Reset control

X Halt control.

CoreSight Debug Access Port (DAP)

x JTAG Debug Port (JTAG-DP)

x Serial Wire Debug Port (SW-DP).
Cortex-M4 Trace Pointerface Unit (TPIU)
X 4-bit TPIU formatter output

X Serial Wire Output.

CoreSight Embeddetirace Buffer (ETB)

RO1U
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e CoreSight Trace Memory Controller with ETB configuration
e Buffer size: 2 KB.

See reference 1. and reference 2. for details.

21.3 Operating Frequency
The operating frequencies for the MCU are as follows:

e CPU core: maximum 120 MHz

Trace (4-bit TPIU): maximum 60 MHz

Trace (SWO): maximum 60 MHz
e JTAG interface: maximum 25 MHz
e SWD interface: maximum 25 MHz.
Figure 2.1 shows a block diagram of the Cortex-M4 CPU.

= OCD access
ey Trace/debug data

From: OCD emulator (JTAG/SWD) From: System bus

4 J Cortex-M4 integration s TS Gen )
Cortex-M4

Cortex-M4 core
(DPU) v VvV \ 4

<] m $> ETM | DBGREG

L1,
1 DWT To: System|control
MPU
OCDREG ' ITM
v

35 AHB-AP Y
c FPB ¢> Funnel
v v
’ Bus matrix i<
¢> ETB v v
> M4-TPIU
> AHB2APB > ROM table
\_ J
vV VvV V v Vv
To: System bus To: Trace pin
(4-pin trace, SWO)
Figure 2.1 Cortex-M4 CPU block diagram
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2.2 MCU Implementation Options

Table 2.1 Implementation options
Option Implementation
Inclusion of the MPU Included, 8 protect regions
Inclusion of the FPU Included
Number of interrupts 96
Number of priority bits 4
Number of wakeup interrupt controllers Not included

(wic*1)

Sleep mode power saving

Sleep mode and other low-power modes are supported. For more details, see section
11, Low-Power Modes.
SCB.SCR.SLEEPDEERP is ignored.

Endianness

Little-endian

SysTick SYST_CALIB register

Bit[31]=0
Bit [30] = 1
Bits [29:24] =

Bits [23:0] = 000147h

SYST_CALIB = 4000 0147h

Reference clock provided
TERMS value is inexact
00h Reserved

= 326.66 decimal
= 327 with skew
=000147h

TERM: (32768 x 10 ms) - 1/32.768 kHz

Event input/output

Not implemented

System reset request output

a CPU reset

The SYSRESETREQ bit in the Application Interrupt and Reset Control Register causes

Auxiliary fault inputs (AUXFAULT)

Not implemented

Note 1.
Unit (ICU).

2.3 Trace Interface

The ICU can wake up the CPU instead of a wakeup interrupt controller (WIC). For details, see section 14, Interrupt Controller

A Trace Port Interface Unit (TPIU) and Serial Wire Output (SWO) provide trace output. Table 2.2 shows the MCU pins
for the function. These pins are multiplexed with other functions.

Table 2.2 Trace function pins

Name 110 Width Function

TCLK Output 1 bit Trace clock

TDATAO Output 1 bit Trace data output 0

TDATA1 Output 1 bit Trace data output 1

TDATA2 Output 1 bit Trace data output 2

TDATA3 Output 1 bit Trace data output 3

TDO/SWO Output 1 bit Serial Wire Output

Multiplexed with JTAG TDO pin

2.4 JTAG/SWD Interface
Table 2.3 shows the JTAG/SWD MCU pins.
Table 2.3 JTAG/SWD pins (1 of 2)

Name 110 P/N Width Function

TCK/SWCLK Input Pos. 1 bit JTAG clock pin
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Table 2.8 CoreSight registers in the CoreSight ROM table (2 of 2)
Name Address Access size R/W Initial value
CIDO EOOF FFFOh 32 bits R 0000000Dh
CID1 EOOF FFF4h 32 bits R 00000010h
CID2 EOOF FFF8h 32 bits R 00000005h
CID3 EOOF FFFCh 32 bits R 000000B1h
2.6.4 DBGREG

The DBGREG register module controls the debug functionalities. DBGREG is implemented as a CoreSight-compliant
component. Table 2.9 lists the DBGREG registers other than the CoreSight component registers.

Table 2.9 DBGREG registers
Name DAP port Address Access size R/W
Debug Status Register DBGSTR Port 0 4001 BOOOh 32 bits R
Debug Stop Control Register DBGSTOPCR Port 0 4001 B010h 32 bits R/W
Trace Control Register TRACECTR Port 0 4001 B020h 32 bits R/W
2.6.4.1 Debug Status Register (DBGSTR)
Address(es): DBG.DBGSTR 4001 B00Oh
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
CDBGP|CDBGP
— — |WRUP|WRUP| — — — — — — — — — — — —
ACK | REQ
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit name Description R/W
b27 to b0 — Reserved These bits are read as 0 R
b28 CDBGPWRUPREQ Debug power-up request 0: OCD is not requesting debug power-up R
1: OCD is requesting debug power-up.
b29 CDBGPWRUPACK Debug power-up 0: Debug power-up request is not acknowledged R
acknowledge 1: Debug power-up request is acknowledged.
b31, b30 — Reserved These bits are read as 0 R
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26.4.2

Debug Stop Control Register (DBGSTOPCR)

Address(es): DBG.DBGSTOPCR 4001 B010h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
DBGST|DBGST I I
— — — — — — |OP RE|OP RP| — — — — — DBGSTOP_LVDI[2:0]
CCR ER . .
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
DBGST|DBGST
— — — — — — — — — — — — — — |oP_w |OP_Iw
DT DT
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Bit Symbol Bit name Description R/W
b0 DBGSTOP_IWDT Mask bit for IWDT reset or 0: Enable IWDT reset or interrupt R/W
interrupt 1: Mask IWDT reset or interrupt and stop WDT count
when CPU is in OCD brake mode.
b1 DBGSTOP_WDT Mask bit for WDT reset or 0: Enable WDT reset or interrupt R/W
interrupt 1: Mask WDT reset or interrupt and stop WDT count
when CPU is in OCD brake mode.
b15 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W
b16 DBGSTOP_LVD[2:0] Mask bit for LVDO reset 0: Enable LVDO reset R/W
1: Mask LVDO reset.
b17 Mask bit for LVD1 reset or 0: Enable LVD1 reset or interrupt R/W
interrupt 1: Mask LVD1 reset or interrupt.
b18 Mask bit for LVD2 reset or 0: Enable LVD2 reset or interrupt R/W
interrupt 1: Mask LVD2 reset or interrupt.
b23to b19 — Reserved These bits are read as 0. The write value should be 0. R/W
b24 DBGSTOP_RPER Mask bit for SRAM parity error  0: Enable SRAM parity error reset or interrupt R/W
reset or interrupt 1: Mask SRAM parity error reset or interrupt.
b25 DBGSTOP_RECCR  Mask bit for SRAM ECC error  0: Enable SRAM ECC error reset or interrupt R/W
reset or interrupt 1: Mask SRAM ECC error reset or interrupt.
b31tob26 — Reserved These bits are read as 0. The write value should be 0. R/W

The Debug Stop Control Register (DBGSTOPCR) specifies the functional stop in OCD mode. All bits in the register are
regarded as 0 when the MCU is not in OCD mode.

Trace Control Register (TRACECTR)

2.6.4.3

Address(es): DBG.TRACECTR 4001 B020h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

ENETB| _ _ _ _ _ _ _ _ _ _ _ _ _ _

FULL

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit name Description R/W
b30 to b0 — Reserved These bits are read as 0. The write value should be 0. R/W
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Bit Symbol Bit name Description R/W
b31 ENETBFULL Enable bit for halt request on 0: ETB full does not cause a CPU halt R/W
ETB full 1: ETB full causes a CPU halt.

2.6.4.4 CoreSight registers

The DBGREG module provides the CoreSight registiefined in the ARMCoreSight architecturdable 2.1dists
these registers. Seeference 7for details.

Table 2.10 DBGREG registers

Name Address Access size R/W nitial value

PID4 4001 BFDOh 32 bits R 00000004h
PID5 4001 BFD4h 32 bits R 00000000h
PID6 4001 BFD8h 32 bits R 00000000h
PID7 4001 BFDCh 32 bits R 00000000h
PIDO 4001 BFEOh 32 bits R 00000005h
PID1 4001 BFE4h 32 bits R 00000030h
PID2 4001 BFE8h 32 bits R 0000001Ah
PID3 4001 BFECh 32 hits R 00000000h
CIDO 4001 BFFOh 32 bits R 0000000Dh
CID1 4001 BFF4h 32 bits R 000000F0h
CID2 4001 BFF8h 32 bits R 00000005h
CID3 4001 BFFCh 32 bits R 000000B1h

2.6.5 OCDREG

The OCDREG register module controls the on-chip deb@Gemulator functionalities. OCDREG is implemented as
a CoreSight-compliant componemtible 2.11lists the OCDREG registers.

Table 2.11 OCDREG registers

Name DAP port Address Access size R/W
ID Authentication Code Register 0 IAUTHO Port 1 8000_0000 32 bits W
ID Authentication Code Register 1 IAUTH1 Port 1 8000_0100 32 bits W
ID Authentication Code Register 2 IAUTH2 Port 1 8000_0200 32 hits w
ID Authentication Code Register 3 IAUTH3 Port 1 8000_0300 32 hits w
MCU Status Register MCUSTAT Port 1 8000 0400h 32 bits R
MCU Control Register MCUCTRL Port 1 8000 0410h 32 bits R/W

Note: OCDREG is located in the dedicated OCD address space. This address map is independent from the system address map.
See section 2.6.2, Cortex-M4 Peripheral Address Map.

2.6.5.1 ID Authentication Code Register (IAUTHO to 3)

Four authentication registersegurovided for writing the 128-bit key. The registers must be written in sequential order
from IAUTHO to IAUTHS3. If the set ofegister writes is not compliant with this order, the result is unpredictable.

Only 32-bit writes are peritted. The initial value of theegisters is all 1s. This meathat JTAG/SWD access is initially
permitted when the ID code in the OSEgjister has the initial value. Sgection 2.11.1, Unlock ID Code
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Address(es): IAUTHO 8000 0000h
b31 b0

IAUTHO: AID 31-0 bits

Value afterreset: 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1111 111 11 11 1 1 11

Address(es): IAUTH1 8000 0100h
b31 b0

IAUTH1: AID 63-32 bits

Value afterreset: 1 1 1 1 1 1 1 1 1 1 1 11 11111111111 111 1 1 1 11

Address(es): IAUTH2 8000 0200h
b31 b0

IAUTH2: AID 95-64 bits

Value afterreset: 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 111 1 1 11 11 11 1 1 11

Address(es): IAUTH3 8000 0300h
b31 b0

Value afterreset: 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 111 1 111 1 11 1 1 1 1 1 1
2.6.5.2 MCU Status Register (MCUSTAT)

Address(es): MCUSTAT 8000 0400h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
CPUST|CPUSL
- - - - - - - - - - - - — |opcik| Eep | AVTH
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 1/0*1 1/0*1 0
Bit Symbol Bit name Description R/W
b0 AUTH Authentication status  0: Authentication failed R
1: Authentication succeeded.
b1 CPUSLEEP 0: CPU is not in Sleep mode R
1: CPU is in Sleep mode.
b2 CPUSTOPCLK 0: CPU clock is not stopped, indicating that the MCU is in R
Normal or Sleep mode
1: CPU clock is stopped, indicating that the MCU is in Snooze,
Software Standby, or Deep Software Standby mode.
b31 to b3 — Reserved These bits are read as 0. R

Note 1. Depends on the MCU status.
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2.6.5.3 MCU Control Register (MCUCTRL)

Address(es): MCUCTRL 8000 0410h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

EDBGR|
— — — — — — — |DBIRQ| — — — — — — — a
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit name Description R/W
b0 EDBGRQ External Debug Writing 1 to the bit causes a CPU halt or debug monitor R/W
Request exception:

0: Do not request debug event

1: Request debug event.

Each condition can be cleared by writing 0 to the EDBGRAQ bit.
On writing 0 to the EDBGRAQ bit, the CPU is halted.

b7 to b1 — Reserved These bits are read as 0. The write value should be 0. R/W
b8 DBIRQ Debug Interrupt Writing 1 to the bit wakes the MCU from low-power mode: R/W
Request 0: Do not request debug interrupt

1: Request debug interrupt.
The condition can be cleared by writing 0 to the DBIRQ bit.

b31 to b9 — Reserved These bits are read as 0. The write value should be 0. R/W

26.54 CoreSight registers

The DBGREG module provides the CoreSight registers defined in the ARM CoreSight architecture. Table 2.12 lists
these registers. See reference 7. for details.

Table 2.12 DBGREG registers

Name Address Access size R/W Initial value
PID4 8000 OFDOh 32 bits R 00000004h
PID5 8000 OFD4h 32 bits R 00000000h
PID6 8000 OFD8h 32 bits R 00000000h
PID7 8000 OFDCh 32 bits R 00000000h
PIDO 8000 OFEOh 32 bits R 00000004h
PID1 8000 OFE4h 32 bits R 00000030h
PID2 8000 OFE8h 32 bits R 0000000Ah
PID3 8000 OFECh 32 bits R 00000000h
CIDO 8000 OFFOh 32 bits R 0000000Dh
CID1 8000 OFF4h 32 bits R 000000F0h
CID2 8000 OFF8h 32 bits R 00000005h
CID3 8000 OFFCh 32 bits R 000000B1h

2.7 CoreSight ATB Funnel

There is one CoreSight ATB funnel in the MCU. The funnel has two ATB slaves and one ATB master, and it is used to
select the debug trace source from ETM and ITM to ETB. Figure 2.3 shows the CoreSight ATB connection in the MCU.
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Table 2.14 Constraints by mode

Start OCD emulator Change low-power Access AHB-AP and Access APB-AP and
Active mode connection mode system bus OCDREG
Normal Yes Yes Yes Yes
Sleep Yes Yes Yes Yes
Software Standby No Yes No Yes
Snooze No Yes No Yes
Deep Software Standby | No Yes No Yes

If system bus access is required in Software Standby, Snooze, or Deep Software Standby mode, set the
OCUCTRL.DBIRG bit in OCDREG to wake the MCU from the low-power modes. Simultaneously, using the
OCUCTRL.EDBGRQ bit in OCDREG, the OCD emulator can wake the MCU without starting CPU execution by using
a CPU break.

211.2.3 Modifying the Unlock ID code in OSIS

After changing the Unlock ID code in the OSIS, the OCD emulator must reset the MCU by asserting the RES pin or
setting the SYSRESETREQ bit of the Application Interrupt and Reset Control Register in the system control block to 1.
The changed Unlock ID code is reflected after reset.

2.11.3 Connecting Sequence and JTAG/SWD Authentication

Because the OCD emulator is protected by the JTAG/SWD authentication mechanism, the OCD might be required to
input the ID code to the authentication registers. The OSIS value in the option-setting memory determines whether the
code is required.

After the negation of reset, a 8.5 ps wait time is required before comparing the OSIS value at the time of cold start.

(1) When MSB of OSIS is 0 (Bit 127 = 0)

The ID code is always non-matching, and connection to the on-chip debugger is prohibited.

(2) When OSIS is all 1s (default)

OCD authentication is not required and the OCD can use the AHB-AP without authentication.
1. Connect the OCD emulator to the MCU through the JTAG or SWD interface.

2. Setup SWI-DP to access the DAP bus. In the setup, the OCD emulator must assert CDBGPWRUPREQ in the SWJ-
DP Control Status Register, then wait until CSDBGPWRUPACK in the same register is asserted.

3. Setup the AHB-AP to access the system address space. The AHB-AP is connected to DAP bus port 0.
4. Start accessing the CPU debug resources using the AHB-AP.

(3) When OSIS is “ALeRASE” in ASCII code

The content of the user flash area will be erased at once. See section 55, Flash Memory for details.

(4) When OSISis not all 1s

OCD authentication is required and the OCD must write the Unlock ID code to IAUTH registers 0 to 3 in OCDREG
before using the AHB-AP.

1. Connect the OCD debugger to the MCU through the JTAG or SWD interface.

2. Setup SWI-DP to access the DAP bus. In the setup, the OCD emulator must assert CDBGPWRUPREQ in the SWJ-
DP Control Status Register, and then wait until CSDBGPWRUPACK in the same register is asserted.

3. Setup the APB-AP to access OCDREG. This APB-AP is connected to DAP bus port 1.
4. Write the 128-bit ID code to IAUTH registers 0 to 3 in the OCDREG using the APB-AP.
5. Ifthe 128-bit ID code matches the value of the OSIS, the AHB-AP is authorized to issue an AHB transaction. The
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authorization result can be confirmed in the AUTH bit in the MCUSTAT register or the DbgStatus bit in the AHB-
AP Control Status Word register.

o When the DbgStatus bit is 1, the 128-bit ID code matches the OSIS value. AHB transfers are permitted.

e When the DbgStatus bit is 0, the 128-bit ID code does not match the OSIS value. AHB transfers are not
permitted.

6. Setup the AHB-AP to access the system address space. The AHB-AP is connected to DAP bus port 0.
7. Start accessing the CPU debug resources using the AHB-AP.

212 References
1. ARM®y7-M Architecture Reference Manual (ARM DDI 0403D)

2. ARM® Cortex®-M4 Processor Technical Reference Manual (ARM DDI 0439D)
3. Cortex®-M4 Devices Generic User Guide (ARM DUI 0553A)
4.  ARM® CoreSight™ SoC-400 Technical Reference Manual (ARM DDI 0480F)
5. ARM® CoreSight™ ETM-M4 Technical Reference Manual (ARM DDI 0440C)
6. ARM® CoreSight™ Trace Memory Controller Technical Reference Manual (ARM DDI 0461B)
7. ARM® CoreSight™ Architecture Specification (ARM IHI 0029D)
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3. Operating Modes
3.1 Operating Mode Types and Selection

Table 3.1 shows the selection of operating modes by the mode-setting pin. For details, see section 3.2, Details of
Operating Modes. Operation starts when the on-chip flash memory is enabled, regardless of the mode in which operation
started.

Table 3.1 Selection of operating modes by the mode-setting pin

Mode-setting pin

MD Operating mode On-chip flash memory External bus
1 Single-chip mode Enable Disable
0 SCI/USB boot mode Enable Disable

3.2 Details of Operating Modes
3.2.1 Single-Chip Mode

In single-chip mode, all I/O pins are available for use as input or output ports, inputs or outputs for peripheral functions,
or as interrupt inputs. When a reset is released while the MD pin is high, the chip starts in single-chip mode and the on-
chip flash is enabled.

3.2.2 SCI Boot Mode

In this mode, the on-chip flash memory programming routine (SCI boot program), stored in a dedicated area within the
MCU, is used. The on-chip flash, including code flash memory and data flash memory, can be modified from outside the
MCU by using a universal asynchronous receiver/transmitter (UART) SCI. For details, see section 55, Flash Memory.
The chip starts in boot mode if the MD pin is held low on release from the reset state.

3.23 USB Boot Mode

In this mode, the on-chip flash memory programming routine (USB boot program), stored in the boot area within the
MCU, is used. The on-chip flash, including code flash memory and data flash memory, can be modified from outside the
MCU by using USB. For details, see section 55, Flash Memory. The chip starts in USB boot mode if the MD pin is held
low on release from the reset state.

3.3 Operating Mode Transitions
3.3.1 Operating Mode Transitions as Determined by the Mode-Setting Pin

Figure 3.1 shows operating mode transitions determined by the settings of the MD pin.

e MD = 1 and release RES pin
¢ Release POR

RES pin or POR occurs

RES pin or POR occurs

MD = 0 and release RES pin

SCI boot mode
USB boot mode

Single-chip mode

Figure 3.1 Mode-setting pin level and operating mode
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4.
41

Address Space
Address Space

The MCU supports a 4-GB linear address space ranging from 0000 0000h to FFFF FFFFh that can contain both program
and data. Figure 4.1 shows the memory map.

FFFF FFFFh
System for Cortex-M4
E000 0000h
Reserved area*?
9800 0000h
External address space
(SDRAM area)
9000 0000h
Reserved area*?
8800 0000h
External address space
(CS area)
8000 0000h
Reserved area*?
6800 0000h
External address space
(SPI area)
6000 0000h
*2
4080 0000h F'Te‘;elr;’gd ar_ef
407F CO00N e —
407F B1Ah [ e:ervf ar:a
407F B19Ch n-chip Ras (opt |odn-se |n*gzmemory)
407F 0000h P 1o e
407E 0000h as registers
Reserved area*?
4011 0000h
On-chip flash (data flash)
4010 0000h
Peripheral /O registers
4000 0000h
Reserved area*?
2010 0000h Standby-SRAM
200F E000h Rt
2008 0000h eserved area
On-chip SRAM
1FFE 0000h
*2
0280 0000n Me':'neoser:']ead airne aarea
0200 0000h Al Rl
0100 At68N [ e:‘(*”’f ar‘;_a )
Nn-cni| lash (option-setting memoil
0100 A150h Pk il
Reserved area*?
0100 8000h -
~ On-chip flash
0100 7000h (option-setting memory)
Reserved area*?
0020 0000h
On-chip flash (program flash)
(read only)*% *3
0000 0000h
Note 1. The capacity of the flash differs depending on the products.
Code Flash Data Flash
Memory Memory RAM
Capacity Address Capacity Address Capacity | Address
2 Mbytes 0000 0000h - 001F FFFFh | 64 Kbytes 4010 0000h - 4010 FFFFh 640 Kbyte | 1FFE 0000h - 2007 FFFFh
1 Mbytes 0000 0000h - 000F FFFFh
Note 2. Do not access reserved areas.
Note 3. Some regions are reserved for the option-setting memory. For details, see section 7, Option-Setting Memory.
Figure 4.1 Memory map
R0O1UMOO04EU0100 Rev.1.00 -IENESAS Page 112 of 2166

Nov 3, 2016



S5D9

4. Address Space

4.2

External Address Space

The external address space is divided into CS areas (CSO to CS7), SDRAM area (SDCS), and SPI area. The eight CS

areas (CSO0 to CS7) each correspond to the CSn signal output from a CSn (n =0 to 7) pin. The SPI area is divided into
two areas, QSPI I/O registers and external SPI device space. Figure 4.2 shows the address ranges corresponding to the
individual CS areas (CS0O to CS7), SDRAM area (SDCS) and SPI area.

87FF FFFFh
FFFF FFFFh
System for Cortex-M4 CS7 (16 MB)
E000 0000h
Reserved area*! 8700 0000h
9800 0000h 86FF FFFFh
External address space
(SDRAM area)
9000 0000h CS6 (16 MB)
Reserved area*!
8600 0000h
8800 0000h 85FF FFFFh
External address space
(CS area)
8000 0000h CS5 (16 MB)
Reserved area*!
6800 0000h 8500 0000h
External address space 84FF FFFFh
(SPI area)
6000 0000h
Reserved area*! CS4 (16 MB)
4080 0000h "
407F CO00h Flash I/O registers
407F B1AGh Reserved area*! 8400 0000h
On-chip flash (option-setting memory) 83FF FFFFh
407F B19Ch Reserved area*!
407F 0000h Flash I/O registers CS3 (16 MB)
407E 0000h
Reserved area*! 8300 0000h
82FF FFFFh
4011 0000h
On-chip flash (data flash) CS2 (16 MB)
4010 0000h
Peripheral /O registers 8200 0000h
81FF FFFFh
4000 0000h
*1
Reserved area CS1 (16 MB)
200000000 [0 sran
Reserved area*! 8100 0000h
2008 0000h 80FF FFFFh
On-chip SRAM
1FFE 0000h . €S0 (16 MB)
Reserved area*!
0280 0000h Memory mapping area
0200 0000h
*1 8000 0000h
0100 A168h MiRoservediares
0100 A150h On-chip flash (option-setting memory)
Reserved area*! 67FF FFFFh
0100 8000h "
_ On-chip flash QSPI I/O registers
0100 7000h (option-setting memory)
R 1 6400 0000h
eserved area
0020 0000h 63FF FFFFh
On-chip flash (program flash) External SPI device
(read only)
0000 0000h 6000 0000h
Note 1. Do not access reserved areas.
Figure 4.2 Association between external address spaces and CS areas
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5. Memory Mirror Function (MMF)

51 Overview

The MCU provides a Memory Mirror Function (MMF). You can configure the MMF to map an application image load
address in the code flash memory to the application image link address in the unused 23-bit memory mirror space

addresses. Your application code must be developed and linked to run from this MMF destination address. The code is
not required to know the load location where it is stored in code flash memory. Table 5.1 lists the MMF specifications.

Table 5.1 MMF specifications

Parameter Specifications
Memory mirror space 8 MB (0200 0000h to 027F FFFFh)
Memory mirror boundary 128 bytes

5.2 Register Descriptions

5.2.1 MemMirror Special Function Register (MMSFR)

Address(es): MMF.MMSFR 4000 1000h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

KEY[7:0] — MEMMIRADDR[15:9]

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

T T T T T T T T
MEMMIRADDRJ8:0] — — — — — — —

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits Symbol Bit name Description R/W
b6 to b0 — Reserved These bits are read as 0. The write value should be 0. R/W
b22to b7 MEMMIRADDR[15:0] Memory Mirror Address 0000h to FFFFh (8 MB) R/W
b23 — Reserved This bit is read as 0. The write value should be 0. R/W
b31tob24 KEY[7:0] MMSFR Key Code These bits enable or disable rewriting of the R/W

MEMMIRADDR bits

MEMMIRADDR][15:0] bits (Memory Mirror Address)

The MEMMIRADDR bits specify bits [22:7] of the memory mirror address. They define where the start address of the
memory mirror space addresses (0200 0000h) is linked to. Writing to these bits is enabled only when this register is
accessed in 32-bit words and DBh is written to the KEY[7:0] bits.

KEY[7:0] bits (MMSFR Key Code)

The KEY[7:0] bits enable or disable rewriting of the MEMMIRADDR bits. Data written to the KEY bits is not saved.
These bits are read as 0. The KEY code and MEMMIRADDR must be written to in the same cycle.
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5.2.2 MemMirror Enable Register (MMEN)

Address(es): MMF.MMEN 4000 1004h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

KEY[7:0] — — — — — — — —

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— — — — — — — — — — — — — — — EN
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits Symbol Bit name Description R/W
b0 EN Memory Mirror Function 0: Disable MMF R/W
Enable 1: Enable MMF.
b23 to b1 — Reserved These bits are read as 0. The write value should be 0. R/W
b31tob24 KEY[7:0] MMEN Key Code These bits enable or disable rewriting of the EN bit. R/W

EN bit (Memory Mirror Function Enable)

Writing to the EN bit is enabled only when the MemMirror Enable Register is accessed in 32-bit words and DBh is
written to the KEY[7:0] bits.
KEY[7:0] bits (MMEN Key Code)

The KEY[7:0] bits enable or disable rewriting of the EN bit. Data written to the KEY[7:0] bits is not saved. These bits
are read as 0. The KEY code and EN must be written to in the same cycle.

53 Operation

5.3.1 MMF Operation

The MMF links the memory mirror space (0200 0000h to 027F FFFFh) to the code flash area. f MMEN.EN = 1, the
CPU can access code flash using both normal addresses (starting at 0000 0000h) and memory mirror space addresses
(starting at 0200 0000h). Figure 5.1 shows an overview of the MMF. MMSFR.MEMMIRADDR specifies where the start
address of the memory mirror space addresses (0200 0000h) is linked to. Figure 5.2, Figure 5.3, and Figure 5.4 show the
MMF operation. Figure 5.5 shows the setting procedure of the MMF.
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Address bus

b31 b24 b23 b16 b15 b8 b7 b0
Addressbus‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ T Memory mirror space [02000000h to 027F FFFFR] “
MemMirrorSFR‘f‘f‘f‘f‘7‘7‘7‘7‘7‘ MEMMIRADDR[15:0] | ‘0‘0‘0‘0‘0‘0‘0‘
Codeﬂashaddress‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ C " Address bus [22:0] + MEMMIRADDR220] ,‘
027F FFFFh — /| MEMMIRADDR - 1
0042 237Fh
Memory mirror space > < 8 MB code flash MAT Example: MemMirrorSFR = 0042 2380h
addresses x addresses Read from 0200 1000h = Code flash 0042 3380h
'-UL) Read from 023E 8123h = Code flash 0000 A4A3h
.’5'
=
[}
=
027F FFFFh - MEMMIRADDR + 1| ) +\__| 00000000
>
Qo
027F FFFFh - MEMMIRADDR [ § | COTFFFFFh
3
2
02000000h | ) | (';"O'i"z’"\z"ga?DR
Figure 5.1 MMF operation
MemMirror SFR Memory mirror space (fixed value)
- :don’t care
CPU
Hex [o[o[«]2[2[a[s[o] oin ol oo o 1 L L L L
32 bits ] 128-byte boundary Fixed va|ue'$ is acceptable Fixed mirror area

9 bits
™~

Adder™
32 bits
e
‘ Selector }
\H\sz bits
Code
flash

Note 1. For details, see Figure 5.4.

In this case, 0200 0000h to 027F FFFFh

9 bits

Figure 5.2 MMF block diagram

Figure 5.3 shows addresses handled by each module. The ARM® MPU uses the original address of the CPU.
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CPU

Original address of CPU
v

| Memory Mirror Function |

!

| Code flash memory |

Conversion address by
Memory Mirror Function

Figure 5.3 Addresses handled by each module

Yes Compare the address bus and the memory
mirror space (0200 0000h to 027F FFFFh)
Address bus [31:23] = No
000000100b
Add the MEMMIRADDR to the address
Yes bus
A A4

Code flash address [6:0] = Address bus [6:0]
Code flash address [22:7] = Address bus [22:7] + h )
MMSFR MEMMIRADDR[15:0] Code flash address [31:0] = Address bus [31:0]

Code flash address [31:23] = 000000000b

A

End

Figure 5.4 MMF operation flow
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Start

y
Set
MMSFR.MEMMIRADDR[15:0]
(start address of application in
code flash area)

Set MMEN.EN =1

End
Figure 5.5 MMF setup flow
5.3.2 Setting Example
Figure 5.6 shows an example of how to use the MMF.
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027F FFFFh

0201 0000h

0200 0000h

003F FFFFh

0012 0000h

0011 0000h

0010 0000h

0001 0000h

0000 0000h

Memory mirror space

Application code

A

Code flash

register

Application code ver3

Application code ver2

Application code ver1

Shared start up code

You can choose any version of application code in the MMSFR

Jump to application code after initialization
- Always the same address

Figure 5.6

MMF setting example

The application code on the code flash can be accessed from the address 0200 0000h on the memory mirror space by
setting up the code flash start address in MMSFR.MEMMIRADDR and setting MMEN.EN = 1.

5.3.2.1

Setting up MMSFR.MEMMIRADDR

When application code verl is selected, the address in MMSFR.MEMMIRADDR is 0010 0000h.

When application code ver2 is selected, the address in MMSFR.MEMMIRADDR is 0011 0000h.

When application code ver3 is selected, the address in MMSFR.MEMMIRADDR is 0012 0000h.

R0O1UMO004EU0100 Rev.1.00

Nov 3, 2016

RENESAS

Page 119 of 2166



S5D9

6. Resets

6.

6.1

Resets

Overview

The MCU provides 14 resets:

Table 6.1 lists the reset names and sources.

Table 6.1

RES pin reset

Power-on reset

Independent watchdog timer reset
Watchdog timer reset
Voltage monitor 0 reset
Voltage monitor 1 reset
Voltage monitor 2 reset
SRAM parity error reset
SRAM ECC error reset

Bus master MPU error reset
Bus slave MPU error reset
Stack pointer error reset
Deep Software Standby reset

Software reset.

Reset names and sources

Reset name

Source

RES pin reset

Voltage input to the RES pin is driven low

Power-on reset

VCC rise (voltage detection: VPOR)"

Independent watchdog timer reset

IWDT underflow or refresh error

Watchdog timer reset

WDT underflow or refresh error

Voltage monitor O reset

VCC fall (voltage detection: Vdet0)™!

Voltage monitor 1 reset

VCC fall (voltage detection: Vdet1)™

Voltage monitor 2 reset

VCC fall (voltage detection: Vdet2)™

SRAM parity error reset

SRAM parity error detection

SRAM ECC error reset

SRAM ECC error detection

Bus master MPU error reset

Bus master MPU error detection

Bus slave MPU error reset

Bus slave MPU error detection

Stack pointer error reset

Stack pointer error detection

Deep Software Standby reset

Canceling of Deep Software Standby mode by an interrupt

Software reset

Register setting (ARM® software reset bit, AIRCR.SYSRESETREQ)

Note 1.

For details on the voltages to be monitored (VPOR, Vdet0, Vdet1, and Vdet2), see section 8, Low Voltage Detection (LVD) and
section 60, Electrical Characteristics.
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The internal state and pins are initialized by a reset. Table 6.2 and Table 6.3 list the targets initialized by resets.
Table 6.2 Reset detect flags initialized by each reset source

Reset source

Voltage Independent Voltage Voltage

RES pin Power-on monitor 0 watchdog Watchdog monitor 1 monitor 2 Software
Flag to be initialized reset reset reset timer reset timer reset reset reset reset
Power-On Reset Detect Flag (RSTSR0.PORF) v x x x x x x x
Voltage Monitor 0 Reset Detect Flag v v x x x x x x
(RSTSRO0.LVDORF)
Independent Watchdog Timer Reset Detect Flag v v v x x x x x
(RSTSR1.IWDTRF)
Watchdog Timer Reset Detect Flag v v v x x x x x
(RSTSR1.WDTRF)
Voltage Monitor 1 Reset Detect Flag v v v x x x x x
(RSTSRO0.LVD1RF)
Voltage Monitor 2 Reset Detect Flag v v v x x x x x
(RSTSRO0.LVD2RF)
Software Reset Detect Flag (RSTSR1.SWRF) v v v x x x x x
SRAM Parity Error Reset Detect Flag v v v x x x x x
(RSTSR1.RPERF)
SRAM ECC Error Reset Detect Flag v v v x x x x x
(RSTSR1.REERF)
Bus Slave MPU Error Reset Detect Flag v v v x x x x x
(RSTSR1.BUSSRF)
Bus Master MPU Error Reset Detect Flag v v v x x x x x
(RSTSR1.BUSMRF)
Stack Pointer Error Reset Detect Flag v v v x x x x x
(RSTSR1.SPERF)
Deep Software Standby Reset Detect Flag v v v x x x x x
(RSTSR0.DPSRSTF)
Cold Start/Warm Start Determination Flag x v x x x x x x
(RSTSR2.CWSF)

Reset source

SRAM Bus master | Bus slave Stack Deep Software Standby reset

parity error | SRAM ECC MPU error MPU error pointer
Flag to be initialized reset error reset reset reset error reset DEEPCUT[0] =0 | DEEPCUT[0] =1

Power-On Reset Detect Flag (RSTSR0.PORF)

X

X

X

X

X

X

X

Voltage Monitor 0 Reset Detect Flag
(RSTSRO0.LVDORF)

X

X

X

X

X

X

X

Independent Watchdog Timer Reset Detect Flag
(RSTSR1.IWDTRF)

Watchdog Timer Reset Detect Flag
(RSTSR1.WDTRF)

Voltage Monitor 1 Reset Detect Flag
(RSTSRO0.LVD1RF)

Voltage Monitor 2 Reset Detect Flag
(RSTSRO0.LVD2RF)

Software Reset Detect Flag (RSTSR1.SWRF)

SRAM Parity Error Reset Detect Flag
(RSTSR1.RPERF)

SRAM ECC Error Reset Detect Flag
(RSTSR1.REERF)

Bus Slave MPU Error Reset Detect Flag
(RSTSR1.BUSSRF)

Bus Master MPU Error Reset Detect Flag
(RSTSR1.BUSMRF)

Stack Pointer Error Reset Detect Flag
(RSTSR1.SPERF)

Deep Software Standby Reset Detect Flag
(RSTSR0.DPSRSTF)

Cold Start/Warm Start Determination Flag
(RSTSR2.CWSF)

v': Initialized, x: Not initialized
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Table 6.3 Module-related registers initialized by each reset source
Reset source
Voltage Independent | Watchdog | Voltage Voltage
RES pin Power-on monitor 0 | watchdog timer monitor 1 monitor 2 Software
Registers to be initialized reset reset reset timer reset | reset reset reset reset
Watchdog timer registers WDTRR, WDTCR, WDTSR, v v v v v v v v
WDTRCR, WDTCSTPR
Voltage monitor function 1 LVD1CRO, LVCMPCR.LVD1E, v v v x X X
registers LVDLVLR.LVD1LVL
LVD1CR1/LVD1SR v v v v v X X x
Voltage monitor function 2 LVD2CRO, LVCMPCR.LVD2E, | v/ v v v v x X X
registers LVDLVLR.LVD2LVL
LVD2CR1/LVD2SR v v v v v X X x
SOSC register SOSCCR x V*1 x X X X x x
SOMCR X X X X X X X x
LOCO registers LOCOCR v v v v v v v v
LOCOUTCR X v v X X v v X
MOSC register MOMCR v v v v v v v v
Realtime Clock (RTC) register*2 x X x X x X X x
AGT registers X v v X X v v X
USBFS registers Except DPUSROR, DPUSR1R | v/ v v v v v v v
DPUSROR, DPUSR1R v v v v v v v v
USBHS registers Except DPUSROR, DPUSR1R, | v/ v v v v v v v
DPUSR2R, DPUSRCR
DPUSROR, DPUSR1R, v v v v v v v v
DPUSR2R, DPUSRCR
MPU register v v v v v v v v
Pin states (except XCIN/XCOUT pin) v v v v v v v v
Pin states (XCIN/XCOUT pin) x X x X x X X x
Low-power function registers | DPSBYCR, DPSIERO to v v v v v v v v
DPSIERS, DPSIFRO to
DPSIFR3, DPSIEGRO to
DPSIEGR2
Battery backup register x X x X x X X x
Registers other than those shown, CPU, and internal state v v v v v v v v
Reset source
SRAM Bus Deep Software Standby reset
parity SRAM master Bus slave | Stack
error ECCerror | MPUerror | MPU error | pointer
Registers to be initialized reset reset reset reset error reset | DEEPCUT[0] =0 | DEEPCUT[0] =1
Watchdog timer registers WDTRR, WDTCR, WDTSR, v v v v v v v
WDTRCR, WDTRCR,
WDTCSTPR
Voltage monitor function 1 LVD1CRO, LVCMPCR.LVD1E, | x x X x b x x
registers LVDLVLR.LVD1LVL
LVD1CR1/LVD1SR x x X x X v v
Voltage monitor function 2 LVD2CRO, LVCMPCR.LVDZ2E, x x X x X x x
registers LVDLVLR.LVD2LVL
LVD2CR1/LVD2SR x x X x X v v
SOSC register SOSCCR x X X x X X x
SOMCR x X X X X X x
LOCO register LOCOCR v v v v v v v
LOCOUTCR b3 X X X x X v
MOSC registers MOMCR v v v v v X X
Realtime Clock (RTC) register*2 X X x X x X X
AGT register b3 X X X x X v
USBFS registers Except DPUSROR, DPUSR1R | v/ v v v v X X
DPUSROR, DPUSR1R v v v v v x v
USBHS registers Except DPUSROR, DPUSR1R, | v/ v v v v X X
DPUSR2R, DPUSRCR
DPUSROR, DPUSR1R, v v v v v X v
DPUSR2R, DPUSRCR
MPU register v v X X x v v
Pin states (except XCIN/XCOUT pin) v v v v v *3 *3
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Reset source
SRAM Bus Deep Software Standby reset
parity SRAM master Bus slave | Stack
error ECC error | MPU error | MPU error | pointer
Registers to be initialized reset reset reset reset error reset | DEEPCUT[0] =0 | DEEPCUT[0] =1
Pin states (XCIN/XCOUT pin) x X X X X X x
Low-power function registers | DPSBYCR, DPSIERO to v v v v v X X
DPSIER3, DPSIFRO to
DPSIFR3, DPSIEGRO to
DPSIEGR2
Battery backup register x x X x X x x
Registers other than those shown, CPU, and internal state v v v v v v v

v: Initialized, x: Not initialized

Note 1.
Note 2.

section 26, Realtime Clock (RTC).

Note 3.

Depends on the setting of DPSBYCR.IOKEEP.

For the initial value of each register, see section 9, Clock Generation Circuit.
The RTC has a software reset. Some control bits are not initialized by all types of resets. For details on the target bits, see

The RTC is not initialized by any reset source. SOSC and LOCO can be selected as the clock source of RTC. The
following are the states of SOSC and LOCO when a reset occurs.

Table 6.4 States of SOSC when a reset occurs
Reset source
POR Other
SOSC Enable or disable Initialized to enable Continue with the state that was selected before the
reset occurred
Drive capability Continue with the state that was selected before the reset occurred
Table 6.5 States of LOCO when a reset occurs
Reset source
POR, LVDO, LVD1, LVD2/
Deep Software Standby
(DEEPCUTI[0] = 1) Other
LOCO Enable or disable Initialized to enable
Oscillation accuracy*! Initialized to accuracy before trimming | Continue the accuracy that was trimmed by
by LOCOUTCR (accuracy: + 15%) LOCOUTCR
Note 1. The LOCO User Trimming Control Register LOCOUTCR) is reset by POR, LVDO, LVD1, LVD2, and Deep Software Standby

(DEEPCUTIO0] = 1) resets, returning the LOCO to the default oscillation accuracy. This can affect RTC accuracy if the RTC uses
the LOCO (with a user trimming value in LOCOUTCR) as the RTC source clock. To restore the pre-reset LOCO oscillation
accuracy, reload the required trimming value into LOCOUTCR after any of these resets.

Table 6.6 lists the pin related to the reset function.

Table 6.6 Reset I/O pin
Pin name 110 Function
RES Input Reset pin
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6.2 Register Descriptions
6.2.1 Reset Status Register 0 (RSTSRO)

Address(es): SYSTEM.RSTSRO0 4001 E410h

b7 b6 b5 b4 b3 b2 b1 b0

DPSRS| __ _ __ |LVD2R |LVD1R | LVDOR
TF F F F | PORF
Value after reset: ~ x*1 0 0 0 x*1 x*1 x*1 x*1
x: Undefined
Bit Symbol Bit name Description R/W
b0 PORF Power-On Reset Detect Flag 0: Power-on reset not detected R(/W)"2
1: Power-on reset detected.
b1 LVDORF Voltage Monitor O Reset Detect Flag 0: Voltage monitor 0 reset not detected R(/W)*2
1: Voltage monitor O reset detected.
b2 LVD1RF Voltage Monitor 1 Reset Detect Flag 0: Voltage monitor 1 reset not detected R(/W)"2
1: Voltage monitor 1 reset detected.
b3 LVD2RF Voltage Monitor 2 Reset Detect Flag 0: Voltage monitor 2 reset not detected R(/W)*2
1: Voltage monitor 2 reset detected.
b6tob4 — Reserved These bits are read as 0. The write value should be 0. R/W
b7 DPSRSTF  Deep Software Standby Reset Flag 0: Deep Software Standby mode cancellation not R(/W)"2

requested by an interrupt
1: Deep Software Standby mode cancellation
requested by an interrupt.

Note 1. The value after reset depends on the reset source.
Note 2.  Only 0 can be written, to clear the flag. The flag must be cleared by writing 0 after 1 is read.

PORF flag (Power-On Reset Detect Flag)
The PORF flag indicates that a power-on reset occurred.
[Setting condition]
e When a power-on reset occurs.
[Clearing conditions]
e When a reset listed in Table 6.2 occurs

e When 1 is read from and then 0 is written to PORF.

LVDORF flag (Voltage Monitor O Reset Detect Flag)
The LVDORF flag indicates that the VCC voltage fell below Vdet0.
[Setting condition]

e When a voltage monitor 0 reset occurs.
[Clearing conditions]

e When a reset listed in Table 6.2 occurs

e When 1 is read from and then O is written to LVDORF.
LVD1RF flag (Voltage Monitor 1 Reset Detect Flag)
The LVDIRF flag indicates that the VCC voltage fell below Vdetl.
[Setting condition]

e When a voltage monitor 1 reset occurs.
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Bit Symbol Bit name Description R/W
b12 SPERF SP Error Reset Detect Flag 0: SP error reset not detected R(/W)
1: SP error reset detected. *2
b15tob13 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. The value after reset depends on the reset source.

Note 2.  Only 0 can be written to clear the flag. The flag must be cleared by writing O after 1 is read.

IWDTRF flag (Independent Watchdog Timer Reset Detect Flag)

The IWDTREF flag indicates that an independent watchdog timer reset occurred.

[Setting condition]

e When an independent watchdog timer reset occurs.
[Clearing conditions]

e When a reset listed in Table 6.2 occurs

e When 1 is read from and then 0 is written to IWDTREF.
WDTRF flag (Watchdog Timer Reset Detect Flag)

The WDTRF flag indicates that a watchdog timer reset occurred.
[Setting condition]

e When a watchdog timer reset occurs.
[Clearing conditions]

e When a reset listed in Table 6.2 occurs

e When 1 is read from and then 0 is written to WDTRF.
SWREF flag (Software Reset Detect Flag)

The SWREF flag indicates that a software reset occurred.
[Setting condition]

e When a software reset occurs.
[Clearing conditions]

e When a reset listed in Table 6.2 occurs

e When 1 is read from and then 0 is written to SWRF.

RPERF flag (SRAM Parity Error Reset Detect Flag)
The RPERF flag indicates that a SRAM parity error reset occurred.
[Setting condition]
e When an SRAM parity error reset occurs.
[Clearing conditions]
e When a reset listed in Table 6.2 occurs
e When I is read from and then 0 is written to RPERF.
REERF flag (SRAM ECC Error Reset Detect Flag)
The REERF flag indicates that an SRAM ECC error reset occurred.
[Setting condition]

e When an SRAM ECC error reset occurs.

R0O1UMO004EU0100 Rev.1.00 ENESAS
Nov 3, 2016

Page 126 of 2166



S5D9

6. Resets

[Clearing conditions]
e When a reset listed in Table 6.2 occurs

e When 1 is read from and then 0 is written to REERF.

BUSSREF flag (Bus Slave MPU Error Reset Detect Flag)
The BUSSREF flag indicates that a bus slave MPU error reset occurred.
[Setting condition]
e When a bus slave MPU error reset occurs.
[Clearing conditions]
e When a reset listed in Table 6.2 occurs

e When 1 is read from and then 0 is written to BUSSRF.
BUSMREF flag (Bus Master MPU Error Reset Detect Flag)

The BUSMREF flag indicates that a bus master MPU error reset occurred.

[Setting condition]

e When a bus master MPU error reset occurs.
[Clearing conditions]

e When a reset listed in Table 6.2 occurs

e When 1 is read from and then 0 is written to BUSMREF.
SPERF flag (SP Error Reset Detect Flag)
The SPERF flag indicates that a stack pointer error reset occurred.
[Setting condition]

e When a stack pointer error reset occurs.
[Clearing conditions]

e When a reset listed in Table 6.2 occurs

e When 1 is read from and then 0 is written to SPERF.

6.2.3 Reset Status Register 2 (RSTSR2)

Address(es): SYSTEM.RSTSR2 4001 E411h

b7 b6 b5 b4 b3 b2 b1 b0

— — — — — — — |cwsF
Value afterreset: 0 0 0 0 0 0 0 x*1
x: Undefined
Bit Symbol Bit name Description R/W
b0 CWSF Cold/Warm Start Determination Flag  0: Cold start R(/W)
1: Warm start. *2
b7 to b1 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. The value after reset depends on the reset source.
Note 2.  Only 1 can be written, to set the flag.

RSTSR2 determines whether a power-on reset caused the reset processing (cold start) or a reset signal input during

operation caused the reset processing (warm start).
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CWSF flag (Cold/Warm Start Determination Flag)

The CWSF flag indicates the type of reset processing, either cold start or warm start. The CWSF flag is initialized by a
power-on reset. It is not initialized by a reset signal generated by the RES pin.

[Setting condition]
e When 1 is written through the software. Writing 0 to CWSF does not set it to 0.
[Clearing condition]

e When a reset listed in Table 6.2 occurs.
6.3 Operation

6.3.1 RES Pin Reset

The RES pin generates this reset. When the RES pin is driven low, all the processing in progress is aborted and the MCU
enters a reset state. To successfully reset the MCU, the RES pin must be held low for the power supply stabilization time
specified for power-on.

When the RES pin is driven high from low, the internal reset is canceled after the post-RES cancellation wait time
(tRESWT) elapses. The CPU then starts the reset exception handling.

For details, see section 60, Electrical Characteristics.

6.3.2 Power-On Reset

The power-on reset circuit generates this internal reset. If the RES pin is in a high-level state when power is supplied, a
power-on reset is generated. After VCC exceeds VPOR and the specified period (power-on reset time) elapses, the
internal reset is canceled and the CPU starts the reset exception handling. The power-on reset time is the stabilization
period for the external power supply and the MCU circuit. After a power-on reset is generated, the PORF flag in the
RSTSRO is set to 1. The PORF flag is initialized by the RES pin reset.

The voltage monitor O reset is an internal reset generated by the voltage monitor circuit. If the Voltage Detection 0
Circuit Start bit (LVDAS) in Option Function Select Register 1 (OFS1) is 0 (voltage monitor O reset is enabled after a
reset) and VCC falls below Vdet0, the RSTSRO.LVDORF flag is set to 1 and the voltage detection circuit generates a
voltage monitor 0 reset. Clear the OFS1.LVDAS bit to 0 if the voltage monitor 0 reset is to be used.

After VCC exceeds Vdet0 and the voltage monitor 0 reset time (tLVDO) elapses, the internal reset is canceled and the
CPU starts the reset exception handling. The Vdet0 voltage detection level can be changed by the setting in the
VDSEL[1:0] bits in Option Function Select Register 1 (OFS1).

Figure 6.1 shows an example of operations during a power-on reset and voltage monitor 0 reset.
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Vdet0**

VCCmin. H H H H
VPOR

vCC —| i

1 1
-_——-—t -t -t V---—----—--—-—--- V- - — — - — — —

Power-on reset state oot Vo
<

RSTSR0.PORF Cleared by user

programming

R

RES pin reset

< L » Voitage: monitor O reset state Voltage monitor 0 reset state

! ——p P
RES pin | Pt : Pl
POR Monitor
(active LOW) !

1
LVDO enable/disable signal — Set by OFS1.LVDAS
(active LOW)
Voltage detection 0 signal H
(active LOW) _J i :
i tLVDO*? tLVDO*2

Internal reset signal ; ;
(active LOW) P

RSTSRO0.LVDORF

Note: For details on the electrical characteristics, see section 60, Electrical Characteristics.

Note 1. Vdet0 shows a voltage monitor O reset detection level, and VPOR shows a power-on reset detection level, and VCCmin
shows minimum guaranteed voltage of MCU.

Note 2. tLVDO shows a time for voltage monitor O reset.

Note 3. At power-on, VCC should have risen to the minimum guaranteed voltage before the POR reset is released.

Figure 6.1 Example of operations during power-on and voltage monitor O resets

6.3.3 Voltage Monitor Reset

The voltage monitor circuit generates this internal reset. If the Voltage Detection 0 Circuit Start bit (LVDAS) in Option
Function Select Register 1 (OFS1) is 0 (voltage monitor 0 reset is enabled after a reset) and VCC falls below Vdet0, the
RSTSRO.LVDORF flag is set to 1 and the voltage detection circuit generates voltage monitor 0 reset. Clear the
OFS1.LVDAS bit to 0 if the voltage monitor 0 reset is to be used. After VCC exceeds Vdet0 and the voltage monitor 0
reset time (tLVDO) elapses, the internal reset is canceled and the CPU starts the reset exception handling.

When the Voltage Monitor 1 Interrupt/Reset Enable bit (RIE) is set to 1 (enabling generation of a reset or interrupt by the
voltage detection circuit) and the voltage monitor 1 circuit mode select bit (LVD1CRO.RI) is set to 1 (selecting
generation of a reset in response to detection of a low voltage) in Voltage Monitor 1 Circuit Control Register 0
(LVDI1CRO0), the RSTSRO.LVDI1REF flag is set to 1 and the voltage detection circuit generates a voltage monitor 1 reset if
VCC falls to or below Vdetl.

Likewise, when the Voltage Monitor 2 Interrupt/Reset Enable bit (RIE) is set to 1 (enabling generation of a reset or
interrupt by the voltage detection circuit) and the Voltage Monitor 2 Circuit Mode Select bit (RI) is set to 1 (selecting
generation of a reset in response to detection of a low voltage) in Voltage Monitor 2 Circuit Control Register 0
(LVD2CRO0), the RSTSRO.LVD2REF flag is set to 1 and the voltage detection circuit generates a voltage monitor 2 reset if
VCC falls to or below Vdet2.

Similarly, timing for release from the voltage monitor 1 reset state is selectable in the Voltage Monitor 1 Reset Negate
Select bit (RN) in LVD1CRO0. When the RN bit is 0 and VCC falls to or below Vdetl, the CPU is released from the
internal reset state and starts reset exception handling when the LVDI1 reset time (tLVD1) elapses after VCC rises above
Vdetl. When the LVD1CRO.RN bit is 1 and VCC falls to or below Vdetl, the CPU is released from the internal reset
state and starts reset exception handling when the LVDI reset time (tLVD1) elapses.
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6.3.6 Watchdog Timer Reset

The watchdog timer generates this internal reset. Output of the watchdog timer reset from the WDT can be selected in the
WDT Reset Control Register (WDTRCR) or Option Function Select Register 0 (OFS0).

When output of the watchdog timer reset is selected, the reset is generated if the WDT underflows, or if data is written
when refresh operation is disabled. When the internal reset time (tRESW?2) elapses after the watchdog timer reset is
generated, the internal reset is canceled and the CPU starts the reset exception handling.

For details on the watchdog timer reset, see section 27, Watchdog Timer (WDT).

6.3.7 Software Reset

This internal reset is generated by a software setting of the SYSRESETREQ bit in the AIRCR register in the ARM core.
When the SYSRESETREQ bit is set to 1, a software reset is generated. When the internal reset time ({tRESW2) elapses
after the software reset is generated, the internal reset is canceled and the CPU starts the reset exception handling.

For details on the SYSRESETREQ bit, see the ARM® Cortex®-M4 Technical Reference Manual.

6.3.8 Determination of Cold/Warm Start

Read the CWSF flag in RSTSR2 to determine the cause of reset processing. The flag indicates whether a power-on reset
caused the reset processing (cold start) or a reset signal input during operation caused the reset processing (warm start).

The flag is set to 0 when a power-on reset occurs (cold start). Otherwise, the flag is not set to 0. The flag is set to 1 when
1 is written to it through software. It is not set to 0 even when 0 is written.

Figure 6.3 shows an example of a cold/warm start determination operation.

/

VPOR

VCC

RES pin _J

POR signal (active LOW)

\4

Not driven to 0 when a
LOW level is applied to
the RES pin

RSTSR2.CWSF flag | \ |

Set to 1 through programming

Figure 6.3 Example of cold/warm start determination operation

6.3.9 Determination of Reset Generation Source

Read RSTSRO and RSTSRI1 to determine which reset is used to execute the reset exception handling. Figure 6.4 shows
an example of the flow for identifying a reset generation source. The reset flag must be written with 0O after the reset flag
isread as 1.
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7. Option-Setting Memory

71 Overview

The option-setting memory determines the state of the MCU after a reset. It is allocated to the configuration setting area
and the program flash area of the flash memory, and the available methods of setting are different for the two areas.
Figure 7.1 shows the option-setting memory area.

Address”
0100 A164h to 0100 A167h Access Wind(koWSSe)tting Register
0100 A150h to 0100 A15Ch Ogst’tisneg”;'egg?erf‘(’:‘)"s‘g)'D Configuration setting area
-

0000 0408h to 0000 043Bh SECMPUxxx
0000 0404h to 0000 0407h Option F“”C“(‘gFSSi';a"t Register 1 Program flash area
0000 0400h to 0000 0403h Option F“”C“(‘g‘FSSE(’)';aCt Register 0

Note 1. The option-setting memory must be allocated to the flash user area.

Figure 7.1 Option-setting memory area

7.2 Register Descriptions
7.21 Option Function Select Register 0 (OFS0)

Address(es): OFS0 0000 0400h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

WDTST WDTR I . I . I I . I I .01 (WDTST
— 'pemt| — |sTirQ|WDTRPSS[1:0]| WDTRPES[1:0] WDTCKS[3:0] WDTTOPS[1:0] [V —
Value after reset: User setting™?
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
_ |mwbTs| _ [IWDTR ' . ' ) ' araa ' | IWDTS| __
TPOTL STIRG |'WDTRPSSI[1:0] | IWDTRPES]1:0] IWDTCKS[3:0] IWDTTOPS[1:0]| "2t
Value after reset: User setting™
Bit Symbol Bit name Description R/W
b0 — Reserved When read, this bit returns the written value. The write R
value should be 1.
b1 IWDTSTRT IWDT Start Mode Select 0: Automatically activate IWDT after a reset (auto-start R
mode)
1: Disable IWDT.
b3, b2 IWDTTOPS[1:0] IWDT Timeout Period Select b3 b2 R
0 0: 128 cycles (007Fh)
0 1: 512 cycles (01FFh)
1 0: 1024 cycles (03FFh)
1 1: 2048 cycles (07FFh).
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Bit Symbol Bit name Description R/W
b7 to b4 IWDTCKS[3:0] IWDT-Dedicated Clock b7 b4 R

Frequency Division Ratio 000 0:x1
Select 00 10:x1/16
001 1:x1/32
010 0:x1/64
111 1:x1/128
010 1:x1/256.
Other settings are prohibited.
b9, b8 IWDTRPES[1:0] IWDT Window End Position b9 b8 R
Select 0 0:75%
0 1:50%
1 0:25%
1 1: 0% (no window end position setting).
b11, b10 IWDTRPSS[1:0] IWDT Window Start Position ~ b11b10 R
Select 0 0:25%
0 1:50%
1 0:75%
1 1: 100% (no window start position setting).
b12 IWDTRSTIRQS IWDT Reset Interrupt 0: Enable non-maskable interrupt requests or interrupt R
Request Select requests
1: Enable resets.
b13 — Reserved When read, this bit returns the written value. The write R
value should be 1.
b14 IWDTSTPCTL IWDT Stop Control 0: Continue counting R
1: Stop counting when in Sleep, Snooze mode, Software
Standby, or Deep Software Standby mode.
b16, b15 — Reserved When read, these bits return the written value. The write R
value should be 1.
b17 WDTSTRT WDT Start Mode Select 0: Automatically activate WDT after a reset (auto-start R
mode)
1: Stop WDT after a reset (register-start mode).
b19, b18 WDTTOPS[1:0] WDT Timeout Period Select ~ b19b18 R
0 0: 1024 cycles (03FFh)
0 1: 4096 cycles (OFFFh)
1 0: 8192 cycles (1FFFh)
1 1: 16384 cycles (3FFFh).
b23to b20 WDTCKSJ[3:0] WDT Clock Frequency b23 b20 o R
Division Ratio Select 0 0 0 1: PCLKB divided by 4
0 1 0 0: PCLKB divided by 64
1 1 1 1: PCLKB divided by 128
0 1 1 0: PCLKB divided by 512
0 1 1 1: PCLKB divided by 2048
1 0 0 O: PCLKB divided by 8192.
Other settings are prohibited.
b25, b24 WDTRPES[1:0] WDT Window End Position b25 b24 R
Select 0 0:75%
0 1:50%
1 0:25%
1 1: 0% (No window end position setting).
b27, b26 WDTRPSS[1:0] WDT Window Start Position b27 b26 R
Select 0 0:25%
0 1:50%
1 0:75%
1 1: 100% (No window start position setting).
b28 WDTRSTIRQS WDT Reset Interrupt Request  WDT Behavior Select R
Select 0: NMI
1: Reset.
b29 — Reserved When read, these bits return the written value. The write R
value should be 1.
b30 WDTSTPCTL WDT Stop Control 0: Continue counting R
1: Stop counting when entering Sleep mode.
b31 — Reserved When read, these bits return the written value. The write R

value should be 1.
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Note 1. The value in a blank product is FFFF FFFFh. It is set to the value written by your application.

IWDTSTRT bit (IWDT Start Mode Select)

The IWDTSTRT bit selects the mode in which the IWDT is activated after a reset (stopped state or activated state).

IWDTTOPS[1:0] bits (IWDT Timeout Period Select)

The IWDTTOPS[1:0] bits specify the timeout period, the time it takes for the down counter to underflow, as 128, 512,
1024, or 2048 cycles of the frequency-divided clock set in the IWDTCKS[3:0] bits. The number of clock cycles that the
counter takes to underflow after a refresh operation is determined by the combination of the IWDTCKS[3:0] and
IWDTTOPSJ1:0] bits.

For details, see section 28, Independent Watchdog Timer (IWDT).

IWDTCKS[3:0] bits (IWDT-Dedicated Clock Frequency Division Ratio Select)

The IWDTCKSJ3:0] bits specify the division ratio of the prescaler for dividing the frequency of the clock for the IWDT
as 1/1, 1/16, 1/32, 1/64, 1/128, or 1/256. Using this setting combined with the IWDTTOPS[1:0] bit setting, the IWDT
counting period can be set from 128 to 524,288 IWDT clock cycles.

For details, see section 28, Independent Watchdog Timer (IWDT).

IWDTRPES[1:0] bits (IWDT Window End Position Select)

The IWDTRPES[1:0] bits specify the position where the window for the down counter ends as 0%, 25%, 50%, or 75% of
the count value. The value of the window end position must be smaller than the value of the window start position.
Otherwise, only the value for the window start position is valid.

The counter values corresponding to the settings for the start and end positions of the window, in the IWDTRPSS[1:0]
and IWDTRPES[1:0] bits, vary with the setting in the IWDTTOPS[1:0] bits.

For details, see section 28, Independent Watchdog Timer (IWDT).

IWDTRPSSJ1:0] bits (IWDT Window Start Position Select)

The IWDTRPSS[1:0] bits specify the position where the window for the down counter starts as 25%, 50%, 75%, or
100% of the counted value. The point at which counting starts is 100% and the point at which an underflow occurs is 0%.
The interval between the window start and end positions becomes the period in which a refresh is possible. Refresh is not
possible outside this period.

For details, see section 28, Independent Watchdog Timer (IWDT).
IWDTRSTIRQS bit (IWDT Reset Interrupt Request Select)

The IWDTRSTIRQS bit selects the operation on an underflow of the down counter or generation of a refresh error. The
selected operation can be an independent watchdog timer reset, non-maskable interrupt request, or interrupt request.

For details, see section 28, Independent Watchdog Timer (IWDT).

IWDTSTPCTL bit (IWDT Stop Control)

The IWDTSTPCTL bit specifies whether to stop counting when entering Sleep, Software Standby, or Deep Software
Standby mode.

For details, see section 28, Independent Watchdog Timer (IWDT).

WDTSTRT bit (WDT Start Mode Select)

The WDTSTRT bit selects the mode in which the WDT is activated after a reset (stopped state or activated state). When
the WDT is activated in auto-start mode, the OFSO register setting for the WDT is effective.

WDTTOPS[1:0] bits (WDT Timeout Period Select)

The WDTTOPS[1:0] bits specify the timeout period, the time it takes for the down counter to underflow, as 1024, 4096,
8192, or 16384 cycles of the frequency-divided clock set in the WDTCKS[3:0] bits. The number of PCLKB cycles that
the counter takes to underflow after a refresh operation is determined by the combination of the WDTCKS[3:0] and
WDTTOPS[1:0] bits.
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For details, see section 27, Watchdog Timer (WDT).

WDTCKSJ3:0] bits (WDT Clock Frequency Division Ratio Select)

The WDTCKS[3:0] bits specify the division ratio of the prescaler for dividing the PCLKB frequency as 1/4, 1/64, 1/128,
1/512, 1/2048, or 1/8192. Using this setting combined with the WDTTOPS[1:0] bit setting, the WDT counting period
can be set from 4,096 to 134,217,728 PCLKB cycles.

For details, see section 27, Watchdog Timer (WDT).

WDTRPES[1:0] bits (WDT Window End Position Select)

The WDTRPES[1:0] bits specify the position where the window for the down counter ends as 0%, 25%, 50%, or 75% of
the counted value. The value of the window end position must be smaller than the value of the window start position.
Otherwise, only the value for the window start position is valid.

The counter values corresponding to the settings for the start and end positions of the window, in the WDTRPSS[1:0]
and WDTRPES[1:0] bits, vary with the setting of the WDTTOPS[1:0] bits.

For details, see section 27, Watchdog Timer (WDT).
WDTRPSS[1:0] bits (WDT Window Start Position Select)

The WDTRPSS[1:0] bits specify the position where the window for the down counter starts as 25%, 50%, 75%, or 100%
of the counted value. The point at which counting starts is 100% and the point at which an underflow occurs is 0%. The
interval between the window start and end positions becomes the period in which a refresh is possible. Refresh is not
possible outside this period.

For details, see section 27, Watchdog Timer (WDT).
WDTRSTIRQS bit (WDT Reset Interrupt Request Select)

The WDTRSTIRQS bit selects the operation on an underflow of the down counter or generation of a refresh error. The
selected operation can be a watchdog timer reset, non-maskable interrupt request, or interrupt request.

For details, see section 27, Watchdog Timer (WDT).

WDTSTPCTL bit (WDT Stop Control)

The WDTSTPCTL bit specifies whether to stop counting when entering Sleep mode. For details, see section 27,
Watchdog Timer (WDT).

7.2.2 Option Function Select Register 1 (OFS1)

Address(es): OFS1 0000 0404h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: User setting™

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— — — — — HOCOF]RQOWO Hgﬁo — — — — — |LvDAS| VDSELO[1:0]
Value after reset: User setting”"
Bit Symbol Bit name Description R/W
b1, b0 VDSELO[1:0] Voltage Detection 0 b1 b0 . o R
Level Select 0 O: Setting prohibited
0 1: Select2.94 V
1 0: Select 2.87 V
1 1: Select 2.80 V.
b2 LVDAS Voltage Detection 0 0: Enable voltage monitor O reset after a reset R
Circuit Start 1: Disable voltage monitor O reset after a reset.
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Bit Symbol Bit name Description R/W
b7 to b3 — Reserved When read, these bits return the written value. The write value R
should be 1.
b8 HOCOEN HOCO Oscillation 0: Enable HOCO oscillation after a reset R
Enable 1: Disable HOCO oscillation after a reset.
b10, b9 HOCOFRQO[1:0] HOCO Frequency b10 b9 R
Setting 0 0 0:16 MHz
0 1:18 MHz
1 0: 20 MHz
1 1: Setting prohibited.
b31tob11 — Reserved When read, these bits return the written value. The write value R
should be 1.

Note 1. The value in a blank product is FFFF FFFFh. It is set to the value written by your application.

VDSELO[1:0] bits (Voltage Detection 0 Level Select)

The VDSELO[1:0] bits select the voltage detection level of the voltage detection 0 circuit.
LVDAS bit (Voltage Detection 0 Circuit Start)

The LVDAS bit selects whether the voltage monitor 0 reset is enabled or disabled after a reset.
HOCOEN bit (HOCO Oscillation Enable)

The HOCOEN bit selects whether the HOCO oscillation enable bit is valid after a reset. Setting this bit to 0 allows the
HOCO oscillation to start before the CPU starts operation, which reduces the wait time for oscillation stabilization.

Note: ~ When the HOCOEN bit is set to 0, the system clock source is not switched to HOCO. The system clock source is
only switched to HOCO by setting the clock source select bits (SCKSCR.CKSEL[2:0]). If you use the HOCO
clock, you must set the OFS1.HOCOFRQO bit to an optimum value.

HOCOFRQOJ[1:0] bits (HOCO Frequency Setting 0)
The HOCOFRQO[1:0] bits specify the HOCO frequency after a reset as 16, 18, or 20 MHz.

7.2.3 Access Window Setting Register (AWS)

Address(es): AWS 0100 A164h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

BTFLG| — — — — FAWE[10:0]

L
Value after reset: User setting

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

FSPR — — — — FAWSI[10:0]
Value after reset: User setting
Bit Symbol Bit name Description R/W
b10 to b0 FAWS[10:0] Access Window Start Block  These bits specify the start block address for the access window. R
Address They do not represent the block number of the access window.

The access window is only valid in the program flash area. The
block address specifies the first address of the block and consists
of address bits [23:13].

b14tob11 — Reserved When read, these bits return the written value. The write value R
should be 1.
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Bit Symbol Bit name Description R/W
b15 FSPR Protection of Access This bit controls programming of the program/erase protection for R
Window and Startup Area the access window, the Startup Area Select flag (AWS.BTFLG),
Select Function and the temporary boot swap. Once this bit is set to 0, it is

impossible to change this bit to 1.

0: Executing the configuration setting command for programming
the access window (FAWE[10:0], FAWS[10:0]) and the Startup
Area Select flag (AWS.BTFLG) is invalid

1: Executing the configuration setting command for programming
the access window (FAWE[10:0], FAWS[10:0]) and the Startup
Area Select flag (AWS.BTFLG) is valid.

b26 to b16 FAWE[10:0] Access Window End Block  These bits specify the end block address for the access window. R
Address They do not represent the block number of the access window.
The access window is only valid in the program flash area. The
end block address for the access window is the next block to the
region acceptable for programming and erasure defined by the
access window. The block address specifies the first address of
the block and consists of the address bits [23:13].

b30to b27 — Reserved When read, these bits return the written value. The write value R
should be 1.
b31 BTFLG Startup Area Select Flag This bit specifies whether the address of the startup area is R

exchanged for the boot swap function or not:

0: Exchange the first 8-KB area (0000 0000h to 0000 1FFFh) and
second 8-KB area (0000 2000h to 0000 3FFFh)

1: Do not exchange the first 8-KB area (0000 0000h to 0000
1FFFh) and second 8-KB area (0000 2000h to 0000 3FFFh).

Issuing the program or erase (P/E) command to the area outside the access window causes a command-locked state. The
access window is only valid in the program flash area. The access window provides protection in self-programming
mode, serial programming mode, and on-chip debug mode. The access window can be locked by the FSPR bit.

The access window is specified in FAWS[10:0] and FAWE[10:0]:
e FAWE[10:0] = FAWS[10:0]: The P/E command is allowed to execute in the full program flash area

e FAWE[10:0]>FAWSJ[10:0]: The P/E command is only allowed to execute into the window from the block pointed
to by the FAWS bits to the block one lower than the block pointed to by the FAWE bits

e FAWE[10:0] <FAWS[10:0]: The P/E command is not allowed to execute in the program flash area.

Address P/E
A
Protected
Block 7 area
(FAWE = 007h) Y
A A
Block 6
Access Non-protected
Window Block 5 area
Block 4
Y (FAWS = 004h) Y
A
Block 3
Block 2
Protected
area
Block 1
Block 0
A
Figure 7.2 Access window overview
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7.2.4 OCD/Serial Programmer ID Setting Register (OSIS)

The OSIS register stores the ID for ID code protection of the OCD/serial programmer. When connecting the OCD/serial
programmer, write values so that the MCU can determine whether to permit the connection. Use this register to check
whether a code transmitted from the OCD/serial programmer matches the ID code in the option-setting memory.

When the ID codes match, connection of the OCD/serial programmer is permitted. If the ID codes do not match,
connection with the OCD/serial programmer is not possible. The OSIS register must be set in 32-bit units.

Address(es): OSIS 0100 A150h, OSIS 0100 A154h, OSIS 0100 A158h, OSIS 0100 A15Ch

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: User setting

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

Value after reset: User setting

These fields hold the ID for use in ID authentication for the OCD/serial programmer.

ID code bits [127] and [126] determine whether ID code protection is enabled and the method of authentication to use
with the host. Table 7.1 shows how ID code determines the method of authentication.

Table 7.1 Specifications for ID code protection
Operating mode on boot Operations on connection to programmer or
up ID code State of protection on-chip debugger
Serial programming mode | FFh, ..., FFh Protection disabled The ID code is not checked, ID code always
(SCI/USB boot mode) (all bytes are FFh) matches, and connection to programmer or on-

chip debugger is permitted

On-chip debug mode

(JTAG/SWD boot mode) Bit [127] =1 and [126] = 1, | Protection enabled Matching ID code = Authentication is complete and

and at least one of the 16 connection with the programmer or the on-chip
bytes is not FFh. debugger is permitted.

Non-matching ID code = Transition to the ID code
protection wait state.

When the ID code sent from the programmer or
the on-chip debugger is ALeRASE in ASCII code
(414C_6552_4153_45FF_FFFF_FFFF_FFFF_FF
FFh), the content of the user flash area is erased.
However, forced erasure is not executed when the

FSPR bit is 0.
Bit [127] = 1 and bit [126] = | Protection enabled Matching ID code = Authentication is complete and
0 connection with the programmer or the on-chip

debugger is permitted.
Non-matching ID code = Transition to the ID code
protection wait state.

Bit [127]1=0 Protection enabled The ID code is not checked, the ID code is always
non-matching, and connection to the programmer
or the on-chip debugger is prohibited

7.3 Setting the Option-Setting Memory
7.3.1 Allocation of Data in the Option-Setting Memory

Data for programming in the option-setting memory should be allocated to the addresses shown in Figure 7.1. The
allocation of data is for use by tools such as a flash programming software or an on-chip debugger.

Note:  Programming formats vary depending on the compiler. See the compiler manual for details.
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7.3.2 Setting Data for Programming the Option-Setting Memory

Allocating data as described in section 7.3.1, Allocation of Data in the Option-Setting Memory does not alone result in
the data being written to the option-setting memory. You must also follow one of the actions described in this section.

(1) Changing the option-setting memory by self-programming

To write data to the program flash area, use the programming command. To write data to the option-setting memory in
the configuration setting area, use the configuration setting command. In addition, use startup area select function to
safely update the boot program that includes the option-setting memory.

For details on the programming command, the configuration setting command, and the startup area select function, see
section 55, Flash Memory.

(2) Debugging through an OCD or programming by a flash writer
This procedure depends on the tool in use, so refer to the tool manual for details. There are two setting procedures:

e Read the data, allocated as described in section 7.3.1, Allocation of Data in the Option-Setting Memory, from an
object file or Motorola S-format file generated by the compiler, and write the data to the MCU

e Use the GUI interface of the tool to program the same data, allocated as described in section 7.3.1, Allocation of

Data in the Option-Setting Memory.

7.4 Usage Note
7.41 Data for Programming Reserved Areas and Reserved Bits in the Option-Setting

Memory

When reserved areas and reserved bits in the option-setting memory are within the scope of programming, write 1 to all
bits in reserved areas and all reserved bits. Operation is not guaranteed if O is written to these bits.
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8. Low Voltage Detection (LVD)

8.1

Overview

The Low Voltage Detection (LVD) module monitors the voltage level input to the VCC pin, and the detection level can
be selected using a software program. The LVD module consists of three separate voltage level detectors, 0, 1, and 2,
which measure the voltage level input to the VCC pin. LVD voltage detection registers allow your application to
configure detection of VCC changes at various voltage thresholds.

Each voltage level detector has a voltage monitor associated with it, including voltage monitors 0, 1, and 2. Voltage
monitor registers are used to configure the LVD to trigger an interrupt, event link output, or reset when the thresholds are

crossed.

Table 8.1 lists the LVD specifications. Figure 8.1 shows a block diagram of voltage detectors 0, 1, and 2, Figure 8.2
shows a block diagram of the voltage monitor 1 interrupt and reset circuit, and Figure 8.3 shows a block diagram of the
voltage monitor 2 interrupt and reset circuit.

Table 8.1 LVD specifications
Voltage monitor 0
Parameter specifications Voltage monitor 1 specifications Voltage monitor 2 specifications
VCC Monitored Vdet0 Vdet1 Vdet2
monitoring voltage
Detected Voltage falls past VdetO Voltage rises or falls past Vdet1 Voltage rises or falls past Vdet2
event
Detection Selectable from 3 different Selectable from 3 different levels Selectable from 3 different levels
voltage levels in the in the LVDLVLR.LVD1LVL[4:0] bits in the LVDLVLR.LVD2LVL[2:0] bits
OFS1.VDSELO[1:0] bits
Monitor flag None LVD1SR.MON flag: Monitors LVD2SR.MON flag: Monitors
whether voltage is higher or lower  whether voltage is higher or lower
than Vdet1 than Vdet2
LVD1SR.DET flag: Vdet1 passage LVD2SR.DET flag: Vdet2 passage
detection detection
Process on Reset Voltage monitor O reset Voltage monitor 1 reset Voltage monitor 2 reset
Zolttagt(.e Reset when Vdet0 > VCC Reset when Vdet1 > VCC Reset when Vdet2 > VCC
etection CPU restart after specified CPU restart timing selectable: CPU restart timing selectable:
time with VCC > Vdet0 after specified time with VCC > after specified time with VCC >
Vdet1 or Vdet1 > VCC Vdet2 or Vdet2 > VCC
Interrupt No interrupt Voltage monitor 1 interrupt Voltage monitor 2 interrupt
Non-maskable or maskable Non-maskable or maskable
interrupt selectable interrupt selectable
Interrupt request issued when Interrupt request issued when
Vdet1 > VCC and VCC > Vdet1 or Vdet2 > VCC and VCC > Vdet2 or
either either
Digital filter Enable/ Digital filter function not Available Available
Disable available
switching
Sampling — 1/n LOCO frequency x 2 1/n LOCO frequency x 2
time (n: 2,4, 8,16) (n: 2,4, 8, 16)
Event linking None Available Available

Output of event signals on
detection of Vdet1 crossings

Output of event signals on
detection of Vdet2 crossings
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VCC O—4

OFS1.LVDAS

Voltage detection O reset signal

Internal reference vo
(for detecting Vdet0)

|

Level selection

ltage circuit

| —

> Vdet0

OFS1.VDSEL[1:0]

LVCMPCR.LVD1E
LVD1CR0.CMPE

Voltage detection 1 signgl

(for detecting Vdet1)

Internal reference voltage

Level selection
circuit

L I 7> Vvdett

LVDLVLR.LVD1LVL[4:0]

LVCMPCR.LVD2E

LVD2CR0.CMPE

:
;
1
1
1
;

(for detecting Vdet2)

Internal reference voltage

Voltage detection 2 signﬁl

Level selection
circuit

> Vdet2

I

LVDLVLR.LVD2LVL[2:0]
Note 1. See section 7, Option-Setting Memory.

Figure 8.1 Block diagram of voltage detection 0, 1, and 2

Voltage detection 1

VCC o

LVCMPCR.LVD1E

Voltage monitor 1

LVD1CR0.FSAMP[1:0]

Voltage detection 1 signal goes high
when the LVCMPCR.LVD1E bit is 0
(disabled)

y 3 Digital filter p . LVD1CR0¢RN =0 >
Voltage |—d L Fixed Voltage monitor 1
Internal reference detection 1 LVD1CRO.DFDI period reset signal
voltage signal =1 negation (active-low)
(for detection of selection
Vdet) Edge
selection
LVDLVLR.LVD1LVL[4:0] circuit Voltage monitor 1

The LVD1SR.DET bit sets to 0 if 0
(undetected) is written in the program

LVD1SR.MON
b1

LVD1CRO.RIE
LVD1CRO.RI

LVD1CR0.DFDIS

non-maskable interrupt
LVD1CR1.IDTSEL[1:0] VDGR IRQSEL signal

Voltage monitor 1
interrupt signal

»

Event

Figure 8.2

Block diagram of voltage monitor 1 interrupt and reset circuit
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Voltage detection 2

Voltage monitor 2

VCC o

Internal reference

voltage Level
(for detection of | selection
Vdet2)

LVDLVLR.LVD2LVL[2:0]

LVCMPCR.LVD2E

LVD2CR0.CMPE

@- Digital filter
Voltage

signal

Voltage detection 2 signal goes high when
the LVCMPCR.LVD2E bit is 0 (disabled)

LVD2CRO.FSAMP[1:0]

detection 2 LVD2CRO.DFDIS| [
=1

The LVD1SR.DET bit sets to 0 if 0
(undetected) is written by the program

LVD2SR.MON

LVD2CRO.RIE
LVD2CRO0.DFDIS LVD2CRO.RI
=0 LVD2CRO.RN =0 >
° 5 >
Fixed Voltage monitor 2
period reset signal
negation (active-low)
Edge
selection
circuit Voltage monitor 2

LVD2CR1.IDTSEL[1:0]
LVD2CR1.IRQSEL

non-maskable
interrupt signal

Voltage monitor 2
interrupt signal

»

Event

Figure 8.3

8.2
8.2.1

Register Descriptions

Address(es): SYSTEM.LVD1CR1 4001 EOEOh

Block diagram of voltage monitor 2 interrupt and reset circuit

Voltage Monitor 1 Circuit Control Register 1 (LVD1CR1)

b7 b6 b5 b4 b3 b2 b1 b0
— — — — — 'RCESE IDTSEL[1:0]
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Bit name Description R/W
b1, b0 IDTSEL[1:0] Voltage Monitor 1 Interrupt b1 b0 o R/W
Generation Condition Select 0 0: Generate when VCC > Vdet1 (rise) is detected
0 1: Generate when VCC < Vdet1 (fall) is detected
1 0: Generate when fall and rise are detected
1 1: Setting prohibited.
b2 IRQSEL Voltage Monitor 1 Interrupt Type 0: Non-maskable interrupt R/W
Select 1: Maskable interrupt.*?
b7tob3 — Reserved These bits are read as 0. The write value should be 0. R/W
Note: Set the PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
Note 1.  When enabling maskable interrupts, do not change the value in the NMIER.LVD1EN bit on the ICU side from the reset state.

R0O1UMO004EU0100 Rev.1.00

Nov 3, 2016

RENESAS

Page 143 of 2166




S5D9 8. Low Voltage Detection (LVD)

8.2.2 Voltage Monitor 1 Circuit Status Register (LVD1SR)

Address(es): SYSTEM.LVD1SR 4001 EOE1h

b7 b6 b5 b4 b3 b2 b1 b0

— — — — — — | MON | DET
Value after reset: 0 0 0 0 0 0 1 0
Bit Symbol Bit name Description R/W
b0 DET Voltage Monitor 1 Voltage Change 0: Not detected R(/W)
Detection Flag 1: Vdet1 passage detected 1

b1 MON Voltage Monitor 1 Signal Monitor Flag 0: VCC < Vdet1 R
1: VCC > Vdet1 or MON is disabled.

b7tob2 — Reserved These bits are read as 0. The write value should be ~ R/W
0.

Note 1. Only 0 can be written to this bit. After writing 0 to this bit, two system clock cycles are required for the bit to be read as 0.

DET flag (Voltage Monitor 1 Voltage Change Detection Flag)

The DET flag is enabled when the LVCMPCR.LVDIE bit is 1 (voltage detection 1 circuit enabled) and the
LVDI1CRO.CMPE bit is 1 (voltage monitor 1 circuit comparison result output enabled).

Set the DET flag to 0 after LVD1CRO.RIE is set to 0 (disabled). LVD1CRO.RIE can be set to 1 (enabled) after two or
more cycles of PCLKB elapse.

Depending on the number of PCLKB cycles defined for read access to an I/O register, a wait time of two or more cycles
of PCLKB might be required.

MON flag (Voltage Monitor 1 Signal Monitor Flag)

The MON flag is enabled when the LVCMPCR.LVDIE bit is 1 (voltage detection 1 circuit enabled) and the
LVDI1CRO.CMPE bit is 1 (voltage monitor 1 circuit comparison result output enabled).

Note:  Set the PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
8.2.3 Voltage Monitor 2 Circuit Control Register 1 (LVD2CR1)

Address(es): SYSTEM.LVD2CR1 4001 EOE2h

b7 b6 b5 b4 b3 b2 b1 b0

— — — — — 'R?_SE IDTSEL[1:0]

Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Bit name Description R/W
b1, b0 IDTSEL[1:0] Voltage Monitor 2 Interrupt b1 b0 R/W

0 0: Generate when VCC > Vdet2 (rise) is detected
0 1: Generate when VCC < Vdet2 (fall) is detected
1 0: Generate when fall and rise are detected

1 1: Setting prohibited.

Generation Condition Select

b2 IRQSEL Voltage Monitor 2 Interrupt Type 0: Non-maskable interrupt R/W
Select 1: Maskable interrupt.*1
b7tob3 — Reserved These bits are read as 0. The write value should be 0. R/W

Note: Set the PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
Note 1.  When enabling maskable interrupts, do not change the value of the NMIER.LVD1EN bit in the ICU from the reset state.
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8.2.4 Voltage Monitor 2 Circuit Status Register (LVD2SR)

Address(es): SYSTEM.LVD2SR 4001 EOE3h

b7 b6 b5 b4 b3 b2 b1 b0

— — — — — — | MON | DET
Value after reset: 0 0 0 0 0 0 1 0
Bit Symbol Bit name Description R/W
b0 DET Voltage Monitor 2 Voltage Change  0: Not detected R(/W)
Detection Flag 1: Vdet2 passage detection. 1
b1 MON Voltage Monitor 2 Signal Monitor ~ 0: VCC < Vdet2 R
Flag 1: VCC > Vdet2 or MON is disabled.
b7tob2 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. Only 0 can be written to this bit. After writing 0 to this bit, it takes two system clock cycles for the bit to be read as 0.

DET flag (Voltage Monitor 2 Voltage Change Detection Flag)

The DET flag is enabled when the LVCMPCR.LVD2E bit is 1 (voltage detection 2 circuit enabled) and the
LVD2CRO.CMPE bit is 1 (voltage monitor 2 circuit comparison result output enabled).

The DET flag must be set to 0 after LVD2CRO.RIE is set to 0 (disabled). LVD2CRO.RIE can be set to 1 (enabled) after
two or more cycles of PCLKB have elapsed.

Depending on the number of cycles of PCLKB defined for access to read an I/O register, a wait time of two or more
cycles of PCLKB might be required.

MON flag (Voltage Monitor 2 Signal Monitor Flag)

The MON flag is enabled when the LVCMPCR.LVD2E bit is 1 (voltage detection 2 circuit enabled) and the
LVD2CRO.CMPE bit is 1 (voltage monitor 2 circuit comparison result output enabled).

Note:  Set the PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.

8.2.5 Voltage Monitor Circuit Control Register (LVCMPCR)

Address(es): SYSTEM.LVCMPCR 4001 E417h

b7 b6 b5 b4 b3 b2 b1 b0

— |LVD2E|LVDIE| — — — — —

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit name Description R/W
b4 to b0 — Reserved These bits are read as 0. The write value should be 0. R/W
b5 LVD1E Voltage Detection 1 Enable 0: Voltage detection 1 circuit disabled R/W

1: Voltage detection 1 circuit enabled.

b6 LVD2E Voltage Detection 2 Enable 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 circuit enabled.

b7 — Reserved This bit is read as 0. The write value should be 0. R/W

LVD1E bit (Voltage Detection 1 Enable)

When using voltage detection 1 interrupt/reset or the LVD1SR.MON bit, set the LVD1E bit to 1. The voltage detection 1
circuit starts when td(E-A) elapses after the LVDIE bit value is changed from 0 to 1. When using the voltage detection 1
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circuit in Deep Software Standby mode, do not set the DPSBYCR.DEEPCUTJ1:0] bits to 11b.

LVDZ2E bit (Voltage Detection 2 Enable)

When using voltage detection 2 interrupt/reset or the LVD2SR.MON bit, set the LVD2E bit to 1. The voltage detection 2
circuit starts when td(E-A) elapses after the LVD2E bit value is changed from 0 to 1. When using the voltage detection 2
circuit in Deep Software Standby mode, do not set the DPSBYCR.DEEPCUT]J1:0] bits to 11b.

Note:  Setthe PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
8.2.6 Voltage Detection Level Select Register (LVDLVLR)

Address(es): SYSTEM.LVDLVLR 4001 E418h

b7 b6 b5 b4 b3 b2 b1 b0

LVD2LVL[2:0] LVD1LVL[4:0]
Value after reset 1 1 1 1 0 0 1 1
Bit Symbol Bit name Description R/W
b4 to b0 LVD1LVL[4:0] Voltage Detection 1 Level Select b4 0 R/W

b
1:2.99 V (Vdet1_1)

(Standard voltage during fall in voltage)
0:2.92V (Vdet1_2)

00
01
0 1 1:2.85V (Vdet1_3).

10
10
10
Other settings are prohibited.

b7 to b5 LVD2LVL[2:0] Voltage Detection 2 Level Select b7 b5 R/W

(Standard voltage during fall in voltage) 10 1:2.99V(Vdet2_1)
11 0:2.92V (Vdet2_2)

11 1:2.85V (Vdet2_3).
Other settings are prohibited.

The contents of the LVDLVLR register can only be changed if the LVCMPCR.LVDI1E and LVCMPCR.LVD2E bits
(voltage detection n circuit disable, n = 1, 2) are both 0. Do not set LVD detectors 1 and 2 to the same voltage detection
level.

Set the PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.

8.2.7 Voltage Monitor 1 Circuit Control Register 0 (LVD1CRO0)

Address(es): SYSTEM.LVD1CRO0 4001 E41Ah

b7 b6 b5 b4 b3 b2 b1 b0

RN RI FSAMP[1:0] — CMPE | DFDIS | RIE
Value after reset: 1 0 0 ) 0 X 0 1 0
x: Undefined

Bit Symbol Bit name Description R/W

b0 RIE Voltage Monitor 1 0: Disable R/W
Interrupt/Reset Enable 1: Enable.

b1 DFDIS Voltage Monitor 1 Digital 0: Enable digital filter R/W
Filter Disable Mode Select 1: Disable digital filter.

b2 CMPE Voltage Monitor 1 Circuit 0: Disable voltage monitor 1 circuit comparison result output R/W
Comparison Result Output 1: Enable voltage monitor 1 circuit comparison result output.
Enable

b3 — Reserved The read value is undefined. The write value should be 1. R/W
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Bit Symbol Bit name Description R/W
b2 CMPE Voltage Monitor 2 Circuit 0: Disable voltage monitor 2 circuit comparison result R/W
Comparison Result Output Enable output
1: Enable voltage monitor 2 circuit comparison result
output.
b3 — Reserved The read value is undefined. The write value should be 1.  R/W
b5, b4 FSAMP[1:0] Sampling Clock Select b5 b4 R/W

0 0:1/2 LOCO frequency
0 1:1/4 LOCO frequency
1 0: 1/8 LOCO frequency
1 1:1/16 LOCO frequency.

b6 RI Voltage Monitor 2 Circuit Mode 0: Generate voltage monitor 2 interrupt on Vdet2 passage R/W
Select 1: Enable voltage monitor 2 reset when the voltage falls to
and below Vdet2.
b7 RN Voltage Monitor 2 Reset Negate 0: Negate after stabilization time (tLVD2) when VCC > R/W
Select Vdet2 is detected

1: Negate after stabilization time (tLVD2) on assertion of
the LVD2 reset.

RIE bit (Voltage Monitor 2 Interrupt/Reset Enable)

The RIE bit enables or disables voltage monitor 2 resets and voltage monitor 2 interrupts. Ensure that neither a voltage
monitor 2 reset nor a voltage monitor 2 interrupt is generated during programming or erasure of the flash memory.

DFDIS bit (Voltage Monitor 2 Digital Filter Disable Mode Select)

The DFDIS bit enables the digital filter circuit. Set the LOCOCR.LCSTP bit to 0 (LOCO operating) if this bit is 0
(enabled). Set the bit to 1 (disabled) when using the voltage monitor 2 circuit in Software Standby or Deep Software
Standby mode.

FSAMPJ1:0] bits (Sampling Clock Select)

Only change the FSAMP[1:0] bits when the LVD2CRO.DFDIS bit is 1 (digital filter circuit disabled), never when
LVD2CRO.DFDIS is 0 (digital filter circuit enabled).

RI bit (Voltage Monitor 2 Circuit Mode Select)

When the RI bit is 1 (voltage monitor 2 reset selected) or when the LVD1CRO.RI bit is 1 (voltage monitor 1 reset
selected), transition to Deep Software Standby mode cannot be made, and operation transitions to Software Standby
mode instead. To enter Deep Software Standby mode, set the RI bit to 0 (voltage monitor 2 interrupt selected) and the
LVDI1CRO.RI bit to 0 (voltage monitor 1 interrupt selected).

RN bit (Voltage Monitor 2 Reset Negate Select)

If the RN bit is to be set to 1 (negate after stabilization time on assertion of the LVD2 reset signal), set the
LOCOCR.LCSTP bit to 0 (LOCO operating). In addition, for a transition to Software Standby or Deep Software
Standby, the only possible value for the RN bit is 0 (negate after stabilization time after VCC > Vdet2 is detected). Do
not set the RN bit to 1 when this is the case.

Note:  Setthe PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
8.3 VCC Input Voltage Monitor
8.3.1 Monitoring VdetO

The comparison results from voltage monitor 0 are not available for reading.

8.3.2 Monitoring Vdet1

Table 8.2 shows the procedure for setting up monitoring against Vdetl. After the settings are complete, results of
comparison by voltage monitor 1 can be monitored in the LVD1SR.MON flag.
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Table 8.2 Procedure for setting up monitoring against Vdetl

Step Monitoring the results of comparison by voltage monitor 1

Setting up the voltage 1 | Set LVCMPCR.LVD1E = 0 to disable voltage detection 1 before writing to LVDLVLR register
detection 1 circuit Select the detection voltage in the LVDLVLR.LVD1LVL[4:0] bits

Set LVCMPCR.LVD1E = 1 to enable voltage detection 1

Wait for at least td(E-A) for the LVD operation stabilization time after LVD is enabled™!
Select the sampling clock for the digital filter in the LVD1CR0.FSAMP[1:0] bits

Set LVD1CRO.DFDIS = 0 to enable the digital filter

Wait for at least 2n + 3 cycles of the LOCO, where n = 2, 4, 8, 16 and the sampling clock for the digital
filter is the LOCO frequency-divided by n

Enabling output 8 | Set LVD1CRO0.CMPE = 1 to enable output of the results of comparison by voltage monitor 1

Setting up the digital
filter"2

N|lo|loa|lh~|lwDN

Note 1. Steps 5 to 7 can be performed during the wait time in step 4. For details on td(E-A), see section 60, Electrical Characteristics.
Note 2. Steps 5 to 7 are not required if the digital filter is not in use.

8.3.3 Monitoring Vdet2

Table 8.3 shows the procedure for setting up monitoring against Vdet2. After the settings are complete, results of
comparison by voltage monitor 2 can be monitored in the LVD2SR.MON flag.

Table 8.3 Procedure for setting up monitoring against Vdet2

Step Monitoring the results of comparison by voltage monitor 2

Setting up the voltage 1 | Set LVCMPCR.LVDZ2E = 0 to disable voltage detection 2 before writing to the LVDLVLR register.
detection 2 circuit Select the detection voltage in the LVDLVLR LVD2LVL[2:0] bits.

Set LVCMPCR.LVDZ2E = 1 to enable the voltage detection 2 circuit.

Wait for at least td(E-A) for the LVD operation stabilization time after LVD is enabled."!

Select the sampling clock for the digital filter in the LVD2CR0.FSAMP[1:0] bits.

Set LVD2CRO0.DFDIS = 0 to enable the digital filter.

Wait for at least 2n + 3 cycles of the LOCO, where n = 2, 4, 8, 16 and the sampling clock for the digital
filter is the LOCO frequency-divided by n.

Setting up the digital
filter”

N|[lojloa|h~|lw(N

Enabling output 8 | Set LVD2CRO0.CMPE = 1 to enable output of the results of comparison by voltage monitor 2.

Note 1. Steps 5 to 7 can be performed during the wait time in step 4. For details on td(E-A), see section 60, Electrical Characteristics.
Note 2. Steps 5 to 7 are not required if the digital filter is not in use.

8.4 Reset from Voltage Monitor O

When using the reset from voltage monitor 0, clear the OFS1.LVDAS bit to 0 (enabling the voltage monitor O reset after
areset). However, at boot mode, the reset from voltage monitor 0 is disabled regardless of the value of OFS1.LVDAS bit.
Figure 8.4 shows an example of operations for a voltage monitor 0 reset.
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*3

Vdet0*!

) Y S N

VPOR*!

External voltage VCC ——

Voltage-monitor O reset state

y

Y

RES pin
POR detection signal

(active-low)

e e B

Set by OFS1.LVDAS
signal (active-low)

Voltage detection 0
signal (active-low) __|

<
LVDO enable/disable

e Y

Internal reset signal tPOR*2

(active-low)

tLVDO*? r
—Pp

RES pin reset

RSTSRO0.PORF

RSTSRO.LVDORF

Note: For details on the electrical characteristics, see section 60, Electrical Characteristics.

Note 1. VPOR indicates the detection level for a power-on reset and Vdet0 indicates the detection level for a voltage monitor 0
reset.

Note 2. tPOR indicates the period of a power-on reset and tLVDO indicates the period of a voltage monitor O reset.

Note 3. At power-on, raise VCC to the minimum guaranteed voltage before releasing the POR reset.

Figure 8.4 Example of voltage monitor O reset operation

8.5 Interrupt and Reset from Voltage Monitor 1
An interrupt or reset can be generated in response to the results of comparison by the voltage monitor 1 circuit.

Table 8.4 shows the procedure for setting bits related to the voltage monitor 1 interrupt and reset so that voltage
monitoring occurs. Table 8.5 shows the procedure for setting bits related to the voltage monitor 1 interrupt and reset so
that voltage monitoring stops. Figure 8.5 shows an example of operations for a voltage monitor 1 interrupt. For the
operation of the voltage monitor 1 reset, see Figure 6.2 in section 6, Resets.

When using the voltage monitor 1 circuit in Software Standby or Deep Software Standby, set up the circuit as described
in the following procedures.

(1) Settings in Software Standby mode
¢ Disable the digital filter (LVD1CRO.DFDIS = 1)

e When VCC > Vdetl is detected, negate the voltage monitor 1 reset signal (LVD1CRO.RN = 0) following the
stabilization time.

(2) Settings in Deep Software Standby mode
e Disable the digital filter (LVD1CR0.DFDIS = 1)
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e Enable voltage monitor 1 interrupts (LVD1CRO.RI = 0). If the voltage monitor 1 reset is enabled (LVD1CRO.RI =
1), a transition to Deep Software Standby mode is not possible, and the operation transitions to Software Standby

mode instead

e When the DPSBYCR.DEEPCUT]J1:0] bits are 11b, the voltage monitor 1 circuit stops. To use the voltage monitor 1
circuit in Deep Software Standby mode, set the DPSBYCR.DEEPCUT](1:0] bits to a value other than 11b.

Table 8.4 Procedure for setting bits related to the voltage monitor 1 interrupt and voltage monitor 1 reset so
that voltage monitoring occurs
Voltage monitor 1 interrupt (voltage monitor 1
Step ELC event output) Voltage monitor 1 reset
Setting up the voltage 1 | Set LVCMPCR.LVD1E = 0 to disable voltage detection 1 before writing to the LVDLVLR register.
detection 1 circuit 2 | Select the detection voltage in the LVDLVLR.LVD1LVL[3:0] bits.
3 | Set LVCMPCR.LVD1E = 1 to enable the voltage detection 1 circuit.
4 | Wait for at least td(E-A) for the LVD operation stabilization time after LVD is enabled.*"
Setting up the digital 5 | Select the sampling clock for the digital filter in the LVD1CR0.FSAMP[1:0] bits.
%D
filter 6 | Set LVD1CRO.DFDIS = 0 to enable the digital filter.
7 | Wait for at least 2n + 3 cycles of the LOCO, where n =2, 4, 8, 16 and the sampling clock for the digital
filter is the LOCO frequency-divided by n.*4
Setting up the voltage 8 | Set LVD1CRO.RI = 0 to select the voltage monitor | ¢ Set LVD1CRO.RI = 1 to select the voltage
monitor 1 interrupt or 1 interrupt. monitor 1 reset
reset o Select the type of reset negation in the
LVD1CRO.RN bit.
9 | e Select the interrupt request timing in the —
LVD1CR1.IDTSEL[1:0] bits
o Select the interrupt type in the
LVD1CR1.IRQSEL bit.
Enabling output 10 | Set LVD1SR.DET = 0.
11 | Set LVD1CRO.RIE = 1 to enable the voltage monitor 1 interrupt or reset.*3
12 | Set LVD1CRO0.CMPE = 1 to enable output of the results of comparison by voltage monitor 1.

Note 1. Steps 5 to 11 can be performed during the wait time in step 4. For details on td(E-A), see section 60, Electrical Characteristics.
Note 2. Steps 5 to 7 are not required if the digital filter is not in use.
Note 3. Step 11 is not required if only the ELC event signal is to be output.
Note 4. Steps 8 to 11 can be performed during the wait time in step 7.
Table 8.5 Procedure for setting bits related to the voltage monitor 1 interrupt and voltage monitor 1 reset so
that voltage monitoring stops
Step Voltage monitor 1 interrupt (voltage monitor 1 ELC event output), voltage monitor 1 reset
Settings to stop 1 | Set LVD1CRO0.CMPE = 0 to disable output of the results of comparison by voltage monitor 1.
enabling output 2 | Wait for at least 2n + 3 cycles of the LOCO, where n = 2, 4, 8, 16 and the sampling clock for the digital
filter is the LOCO frequency-divided by n.*!
Set LVD1CRO.RIE = 0 to disable the voltage monitor 1 interrupt or reset.”2
Stopping the digital 4 | Set LVD1CRO0.DFDIS = 1 to disable the digital filter.*" *3
filter
Stopping the voltage 5 | Set LVCMPCR.LVD1E = 0 to disable the voltage detection 1 circuit.
detection 1 circuit

Note 1. Steps 2 and 4 are not required if the digital filter is not in use.
Note 2.  Step 3 is not required if only the ELC event signal is to be output.
Note 3. To disable the digital filter from its enabled state and then re-enable it, disable it and wait for at least 2 cycles of the LOCO clock

before re-enabling it.
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If the voltage monitor 1 interrupt or reset setting is to be made again after it is used and stopped once, the following steps
in the procedures for stopping and setting can be omitted, depending the conditions:

e Setting or stopping the voltage detection 1 circuit is not required if the settings for the circuit will not change

e Setting or stopping the digital filter is not required if the settings for the digital filter will not change

e Setting the voltage monitor 1 interrupt or reset is not required if the settings for the voltage monitor 1 interrupt or

reset will not change.

Lower limit on VCC voltage (VCCmin)*'

LVD1SR.MON bit when LVD1CRO.DFDIS bit is

set to 0 (digital filter enabled)

LVD1CRO.DFDIS bit is set to 0

(digital filter enabled) and ]
LVD1CR1.IDTSEL[1:0] bits are set to
10b (when fall and rise are detected)

LVD1CRO.DFDIS bit is set to 0

(digital filter enabled), )
LVD1CR1.IDTSEL[1:0] bits are set to
00b (when rise is detected).

LVD1CRO.DFDIS bit is set to 0
(digital filter enabled),
LVD1CR1.IDTSEL[1:0] bits are set
to 01b (when fall is detected).

LVD1SR.MON bit when LVD1CRO0.DFDIS bit is

LVD1SR.DET bit

Voltage monitor 1
interrupt request

LVD1SR.DET bit

Voltage monitor 1
interrupt request

LVD1SR.DET bit

Voltage monitor 1

interrupt request
-~

set to 1 (digital filter disabled)

LVD1CRO.DFDIS bit is set to 1

(digital filter disabled) and
LVD1CR1.IDTSEL[1:0] bits are set <
to 10b (when fall and rise are
detected)

LVD1CRO.DFDIS bit is set to 1
(digital filter disabled),
LVD1CR1.IDTSEL[1:0] bits are set
to 00b (when rise is detected).

LVD1CRO.DFDIS bit is set to 1
(digital filter disabled),
LVD1CR1.IDTSEL[1:0] bits are set
to 01b (when fall is detected).

LVD1SR.DET bit

Voltage monitor 1
interrupt request

LVD1SR.DET bit

Voltage monitor 1
interrupt request

LVD1SR.DET bit

Voltage monitor 1
interrupt request

1n+2 to 2n+3 cycles of
the LOCO

1n+2 to 2n+3 cycles of
the LOCO :

1

il

AN Set to 0 by a program

;

L

Set to 0 by a program

-

& Setto 0 by a program

i\

Set to 0 by a program

o

Set to 0 by a program

7

& Setto 0 by aprogram

n: Frequency of the sampling clock for the digital filter is the LOCO frequency divided by n

Note 1. When the voltage monitor 0 reset is not in use, VCC > VCCmin.

Figure 8.5

Voltage monitor 1 interrupt operation example
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8.6 Interrupt and Reset from Voltage Monitor 2
An interrupt or reset can be generated in response to the results of comparison by the voltage monitor 2 circuit.

Table 8.6 shows the procedure for setting bits related to the voltage monitor 2 interrupt and reset so that voltage
monitoring occurs. Table 8.7 shows the procedure for setting bits related to the voltage monitor 2 interrupt and reset so
that voltage monitoring stops. Figure 8.6 shows an example of operations for a voltage monitor 2 interrupt. For the
operation of the voltage monitor 2 reset, see Figure 6.2 in section 6, Resets.

When using the voltage monitor 2 circuit in Software Standby or Deep Software Standby, set up the circuit as described
in the following procedures.
(1) Settings in Software Standby mode

e Disable the digital filter (LVD2CRO.DFDIS = 1)

e When VCC > Vdet2 is detected, negate the voltage monitor 2 reset signal (LVD2CRO.RN = 0) following the
stabilization time.
(2) Settings in Deep Software Standby mode
¢ Disable the digital filter (LVD2CRO.DFDIS = 1)

e Enable voltage monitor 2 interrupts (LVD2CRO.RI = 0). If the voltage monitor 2 reset is enabled (LVD2CRO.RI =
1), a transition to Deep Software Standby mode is not possible, and the operation transitions to Software Standby
mode instead.

e When the DPSBYCR.DEEPCUT([1:0] bits are 11b, the voltage monitor 2 circuit stops. To use the voltage monitor 2
circuit in Deep Software Standby mode, set the DPSBYCR.DEEPCUT](1:0] bits to a value other than 11b.

Table 8.6 Procedures for setting bits related to voltage monitor 2 interrupt and voltage monitor 2 reset so
that voltage monitoring occurs

Voltage monitor 2 interrupt (voltage monitor 2
Step ELC event output) Voltage monitor 2 reset

Setting up the voltage 1 | Set LVCMPCR.LVD2E = 0 to disable voltage detection 2 before writing to the LVDLVLR register.
detection 2 circuit Select the detection voltage in the LVDLVLR.LVD2LVL[2:0] bits.

Set LVCMPCR.LVD2E = 1 to enable the voltage detection 2 circuit.

Wait for at least td(E-A) for the LVD operation stabilization time after LVD is enabled.*?

Select the sampling clock for the digital filter in the LVD2CR0.FSAMPI[1:0] bits.

Set LVD2CRO0.DFDIS = 0 to enable the digital filter.

Wait for at least 2n + 3 cycles of the LOCO, where n = 2, 4, 8, 16, and the sampling clock for the digital
filter is the LOCO frequency-divided by n.*4

Setting up the voltage 8 | Set LVD2CRO.RI = 0 to select the voltage monitor | ¢ Set LVD2CRO.RI = 1 to select the voltage
monitor 2 interrupt or 2 interrupt. monitor 2 reset

reset o Select the type of reset negation in the
LVD2CRO.RN bit.

9 | e Select the interrupt request timing in the —
LVD2CR1.IDTSEL[1:0] bits

o Select the interrupt type in the
LVD2CR1.IRQSEL bit.

Enabling output 10 | Set LVD2SR.DET = 0.
11 | Set LVD2CRO.RIE = 1 to enable the voltage monitor 2 interrupt or reset.*3

Setting up the digital
filter *2

N|[lo|jloa|h~|lwN

12 | Set LVD2CRO0.CMPE = 1 to enable output of the results of comparison by voltage monitor 2.

Note 1. Steps 5 to 11 can be performed during the wait time in step 4. For details on td(E-A), see section 60, Electrical Characteristics.
Note 2. Steps 5 to 7 are not required if the digital filter is not in use.

Note 3. Step 11 is not required if only the ELC event signal is to be output.

Note 4. Steps 8 to 10 can be performed during the wait time in step 7.
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Table 8.7 Procedure for setting bits related to voltage monitor 2 interrupt and voltage monitor 2 reset so that
voltage monitoring stops
Step Voltage monitor 2 interrupt (voltage monitor 2 ELC event output), voltage monitor 2 reset
Settings to stop 1 | Set LVD2CRO0.CMPE = 0 to disable output of the results of comparison by voltage monitor 2.

enabling output 2 | Wait for at least 2n + 3 cycles of the LOCO, where n = 2, 4, 8, 16, and the sampling clock for the digital

filter is the LOCO frequency-divided by n.*!
Set LVD2CRO.RIE = 0 to disable the voltage monitor 2 interrupt or reset.*2

Stopping the digital 4 | Set LVD2CRO0.DFDIS = 1 to disable the digital filter.*" *3
filter

Stopping the voltage 5 | Set LVCMPCR.LVD2E = 0 to disable the voltage detection 2 circuit.
detection 1 circuit

Note 1. Steps 2 and 4 are not required if the digital filter is not in use.

Note 2. Step 3 is not required if only the ELC event signal is to be output.

Note 3. To disable the digital filter from its enabled state and then re-enable it, disable it and wait for at least 2 cycles of the LOCO
before re-enabling it.

If the voltage monitor 2 interrupt or reset setting is to be made again after it is used and stopped once, the following steps
in the procedures for stopping and setting can be omitted, depending the conditions:

e Setting or stopping the voltage detection 2 circuit is not required if the settings for the circuit will not change
e Setting or stopping the digital filter is not required if the settings for the digital filter will not change

e Setting the voltage monitor 2 interrupt or reset is not required if the settings for the voltage monitor 2 interrupt or
voltage monitor 2 reset will not change.
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Ve T —____ -«
vdet2

|

\

Lower limit on VCC voltage
(VCCmin)**

LVD2SR.MON bit when LVD2CRO.DFDIS bit is
set to 0 (digital filter enabled)

1n+2 to 2n+3 cycles of
the LOCO

1n+2 to 2n+3 cycles of
the LOCO

LVD2CRO.DFDIS bit is set to 0 LVD2SR.DET bit
(digital filter enabled) and

LVD2CR1.IDTSEL[1:0] bits are set to 3
10b (when fall and rise are detected)

-

AN Set to 0 by a program

Voltage monitor 2
L interrupt request

Set to 0 by a program

LVD2CRO.DFDIS bit is set to 0 LVD2SR.DET bit
(digital filter enabled),
LVD2CR1.IDTSEL[1:0] bits are set
to 00b (when rise is detected).

Voltage monitor 2
interrupt request

L

& Setto 0 by a program

LVD2CRO.DFDIS bit is set to 0 LVD2SR.DET bit
(digital filter enabled),
LVD2CR1.IDTSEL[1:0] bits are set
to 01b (when fall is detected).

Voltage monitor 2
interrupt request
N

]

LVD2SR.MON bit when LVD2CRO0.DFDIS bit is
set to 1 (digital filter disabled)

|

// Set to 0 by a program

LVD2CRO.DFDIS bit is set to 1, LVD2SR.DET bit
LVD2CR1.IDTSEL[1:0] bits are set
to 10b (when fall and rise are
detected) Voltage monitor 2
interrupt request

-

1 ~L 1

Set to 0 by a program

LVD2CRO.DFDIS bit is set to 1
(digital filter disabled),
LVD2CR1.IDTSEL[1:0] bits are set
to 00b (when rise is detected). Voltage monitor 2

LVD2SR.DET bit

L interrupt request

& Setto 0 by a program

LVD2CRO.DFDIS bit is set to 1 LVD2SR.DET bit
(digital filter disabled),
LVD2CR1.IDTSEL[1:0] bits are set
to 01b (when fall is detected). Voltage monitor 2
interrupt request

L

n: Frequency of the sampling clock for the digital filter is the LOCO frequency divided by n

Note 1. When the voltage monitor 0 reset is not in use, VCC > VCCmin.

Figure 8.6 Example of voltage monitor 2 interrupt operation

8.7 Event Link Controller (ELC) Output

The LVD can output the event signals to the ELC. The LVD outputs the event signal when it detects that the voltage
passed the Vdetl voltage while both the voltage detection 1 circuit and the voltage monitor 1 circuit comparison result
output are enabled. The LVD outputs the event signal when it detects that the voltage passed the Vdet2 voltage while
both the voltage detection 2 circuit and the voltage monitor 2 circuit comparison result output are enabled. When
enabling the event link output function of the LVD, you must enable the LVD before enabling the LVD event link
function of the ELC. To stop the event link output function of the LVD, you must stop the LVD before disabling the LVD
event link function of the ELC.
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8.7.1 Interrupt Handling and Event Linking

The LVD provides bits to separately enable or disable the voltage monitor 1 and 2 interrupts. When an interrupt source is
generated and the interrupt is enabled by the interrupt enable bit, the interrupt signal (LVD1CRO.RIE or LVD2CRO.RIE)
is output to the CPU.

In contrast, an event link signal is output as the event signal to the other module through the ELC as soon as an interrupt
source is generated, regardless of the state of the interrupt enable bit.

It is possible to output voltage monitor 1 and 2 interrupts in Software Standby and Deep Software Standby modes. The
event signals for the ELC in Software Standby and Deep Software Standby modes are output as follows:

e When a Vdetl or Vdet2 passage event is detected in Software Standby mode, event signals are not generated for the
ELC because the clock is not supplied in Software Standby mode. Because the Vdetl and Vdet2 passage detection
flags are saved, when the clock supply resumes after recovery from Software Standby mode, the event signals for
the ELC are output based on the flag states.

e When a Vdetl or Vdet2 passage events is detected in Deep Software Standby mode, event signals are not generated
for the ELC.
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Q.

Clock Generation Circuit

(MOSC)

USB boot mode: 8, 10, 12
MHz

9.1 Overview
Table 9.1 and Table 9.2 list the Clock Generation Circuit specifications, Figure 9.1 shows a block diagram, and Table 9.3
lists the 1/O pins.
Table 9.1 Specifications of the Clock Generation Circuit for the clock sources
Clock source Parameter Specifications
Main clock oscillator | Resonator frequency 8 to 24 MHz

, 15,16, 20, 24

External clock input frequency Up to 24 MHz
External resonator or additional circuit: ceramic resonator, crystal | Available
Connection pins EXTAL, XTAL
Drive capability switching
Oscillation stop detection function
Sub-clock oscillator | Resonator frequency 32.768 kHz
(SOSC) External resonator or additional circuit: crystal resonator Available
Connection pins: XCIN, XCOUT
Drive capability switching
PLL circuit Input clock source MOSC, HOCO

Input pulse frequency division ratio

Selectable from 1, 2, and 3

Input frequency

8 to 24 MHz

Frequency multiplication ratio

Selectable from 10 to 30 (0.5 steps) *1,*2

PLL output frequency

120 to 240 MHz

High-speed on-chip | Oscillation frequency 16, 18, 20 MHz
oscillator (HOCO) User trimming Available
Middle-speed Oscillation frequency 8 MHz
on-chip oscillator P -

(MOCO) User trimming Available
Low-speed on-chip | Oscillation frequency 32.768 kHz
oscillator (LOCO) User trimming Available
IWDT-dedicated on- | Oscillation frequency 15 kHz

chip oscillator

(IWDTLOCO)

External clock input | Input clock frequency Up to 25 MHz
for JTAG (TCK)

External clock input | Input clock frequency Up to 25 MHz

for SWD (SWCLK)

Note 1.
Note 2.

Table 9.2

Specifications of the Clock Generation Circuit for the internal clocks (1 of 3)

Selectable from 10 to 20 when oscillation stop detection function is enabled and input frequency less than 12 MHz is used.
Except for the condition in note 1, oscillation stop detection function is available by CAC.

Parameter

Clock sources Clock supply

Specifications

System clock (ICLK)

MOSC, SOSC, HOCO,
MOCO, LOCO, PLL

CPU, DTC, DMAC, Flash, SRAM

Up to 120 MHz
Division ratios:
64

1,2,4,8, 16, 32,
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Table 9.2

Specifications of the Clock Generation Circuit for the internal clocks (2 of 3)

Parameter

Clock sources

Clock supply

Specifications

Peripheral module clock A
(PCLKA)

MOSC, SOSC, HOCO,
MOCO, LOCO, PLL

Peripheral modules (ETHERC,
EDMAC, USBHS, QSPI, SPI,
SCI, SCE7, GLCDC, SDHI,
CRC, JPEG engine, DRW, IrDA,
GPT bus-clock)

Up to 120 MHz*2
Division ratios: 1, 2, 4, 8, 16, 32,
64

Peripheral module clock B
(PCLKB)

MOSC, SOSC, HOCO,
MOCO, LOCO, PLL

Peripheral modules (IIC, SSIE,
SRC, DOC, CAC, CAN, DAC12,
POEG, CTSU, AGT, Standby
SRAM, ELC, I/0 ports, RTC,
WDT, IWDT, ADC12, KINT,
USBFS, ACMPHS, TSN, PDC)

Up to 60 MHz
Division ratios: 1, 2, 4, 8, 16, 32,
64

Peripheral module clock C
(PCLKC)

MOSC, SOSC, HOCO,
MOCO, LOCO, PLL

Peripheral module (ADC12
conversion clock)

Up to 60 MHz
Division ratios: 1, 2, 4, 8, 16, 32,
64

Peripheral module clock D
(PCLKD)

MOSC, SOSC, HOCO,
MOCO, LOCO, PLL

Peripheral module (GPT count-
clock)

Up to 120 MHz
Division ratios: 1, 2, 4, 8, 16, 32,
64

Flash interface clock (FCLK)

MOSC, SOSC, HOCO,
MOCO, LOCO, PLL

Flash interface

4 to 60 MHz (P/E)

Up to 60 MHz (read) *1

Division ratios: 1, 2, 4, 8, 16, 32,
64

External bus clock (BCLK)

MOSC, SOSC, HOCO,
MOCO, LOCO, PLL

External bus

Up to 120 MHz
Division ratios: 1, 2, 4, 8, 16, 32,
64

EBCLK pin output (EBCLK) BCLK or 1/2 BCLK EBCLK pin Up to 60 MHz
Division ratios: 1, 2
SDCLK pin output (SDCLK) BCLK SDCLK pin Up to 120 MHz
USB clock (UCLK) PLL USB 48 MHz
Division ratios: 3, 4, 5
USB-PHY clock (USBMCLK) | MOSC USB-PHY 12, 20, 24 MHz
CAN clock (CANMCLK) MOSC CAN 8 to 24 MHz

LCD_CLK pin output
(LCD_CLK) and graphic LCD
pixel clock (PXCLK)

LCD_EXTCLK, PLL output

LCD_CLK pin, peripheral module
(Graphics LCD Controller)

Up to 54 MHz (parallel RGB)

Up to 60 MHz (serial RGB)
LCD_CLK division ratios: 1, 2, 3,
4,5,6,7,8,9,12, 16, 24, 32
LCD_CLK : PXCLK = 1:1
(parallel RGB)

LCD_CLK : PXCLK = 4:1 (serial
RGB)

AGT clock (AGTCLK) SOSC, LOCO, PCLKB AGT Up to 60 MHz

(AGTSCLK, AGTLCLK)

CAC main clock (CACMCLK) | MOSC CAC Up to 24 MHz

CAC sub-clock (CACSCLK) SOSsC CAC 32.768 kHz

CAC LOCO clock (CACLCLK) | LOCO CAC 32.768 kHz

CAC MOCO clock MOCO CAC 8 MHz

(CACMOCLK)

CAC HOCO clock HOCO CAC 16, 18, 20 MHz

(CACHCLK)

CAC IWDTLOCO clock IWDTLOCO CAC 15 kHz

(CACILCLK)

RTC clock (RTCSCLK, SOSC, LOCO RTC 32.768 kHz

RTCLCLK)

IWDT clock (IWDTCLK) IWDTLOCO IWDT 15 kHz

SysTick timer clock LOCO SysTick timer 32.768 kHz

(SYSTICCLK)

JTAG clock (JTAGTCK) TCK JTAG Up to 25 MHz
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9. Clock Generation Circuit

Table 9.2 Specifications of the Clock Generation Circuit for the internal clocks (3 of 3)
Parameter Clock sources Clock supply Specifications
Clock and buzzer output MOSC, SOSC, LOCO, CLKOUT pin Up to 24 MHz
(CLKOUT) MOCO, HOCO Division ratios: 1, 2, 4, 8, 16, 32,
64, 128
Serial wire clock (SWCLK) SWCLK pin OCD Up to 25 MHz
Trace clock (TRCLK) MOSC, SOSC, HOCO, CPU-OCD Up to 120 MHz
MOCO, LOCO, PLL Division ratios: 1, 2, 4
TCLK pin output (TCLK) 1/2 TRCLK TCLK pin Up to 60 MHz
Note: Constraints on clock frequency settings: ICLK 2 PCLKA = PCLKB, PCLKD = PCLKA = PCLKB

Constraints on clock frequency ratio (N: integer, and up to 64):

ICLK:FCLK = N:1, ICLK:BCLK = N:1, ICLK:PCLKA = N:1, ICLK:PCLKB = N:1
ICLK:PCLKC = N:1 or 1:N, ICLK:PCLKD = N:1 or 1:N

If the A/D converter is enabled, clock frequency ratio is constrained as below:
PCLKB:PCLKC =1:1 or 1:2 or 1:4 or 2:1 or 4:1 or 8:1.

Note: Clocks have a permissible frequency range. See Table 9.2.
Flash memory and SRAM also have a permissible operating frequency range in each wait cycle setting. See section 53, SRAM,
section 55, Flash Memory.
Those clock frequency ranges must be satisfied even if the HOCO has its maximum or minimum frequency. See section 60,
Electrical Characteristics.

Note: If PLL reference clock source is HOCO, PLL multiplication setting must be set to 120 - 240 MHz in consideration of HOCO
frequency (minimum/maximum).

Note 1. The minimum FCLK frequency is 4 MHz in Programming/Erasure (P/E) mode.

Note 2.  When using ETHERC, the PCLKA frequency is in the range 12.5 MHz < PCLKA =< 120 MHz.
When using ETHERC, GLCDC, DRW, and JPEG, PCLKA = ICLK.
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