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Preface

Thank you for your continued use of Fujitsu semiconductor products.
Read this manual and "Data Sheet" thoroughly before using products in this family.

B Purpose of this manual and intended readers
This manual explains the functions and operations of this family and describes how it is used. The manual is
intended for engineers engaged in the actual development of products using this family.
For the descriptions on Analog macro, Timer, and Communication Macro, see the respective separate
peripheral manual.

*  This manual explains the configuration and operation of the peripheral functions, but does not cover the
specifics of each device in the series.
Users should refer to the respective data sheets of devices for device-specific details.

B Trademark
ARM and Cortex are the trademarks of ARM Limited in the EU and other countries.

The company names and brand names herein are the trademarks or registered trademarks of their respective
owners.

B Sample programs and development environment
Fujitsu Semiconductor offers sample programs free of charge for using the peripheral functions of the FM4
family. Fujitsu Semiconductor also makes available descriptions of the development environment required
for this family. Feel free to use them to verify the operational specifications and usage of this Fujitsu
Semiconductor microcontroller.

Microcontroller support information:
http://edevice.fujitsu.com/micom/en-support/

* : Note that the sample programs are subject to change without notice. Since they are offered as a way to
demonstrate standard operations and usage, evaluate them sufficiently before running them on your
system.

Fujitsu Semiconductor assumes no responsibility for any damage that may occur as a result of using a
sample program.

B Overall Organization of This Manual
Peripheral Manual Timer Part has 18 chapters and APPENDIXES as shown below.

CHAPTER 1 : System Overview
CHAPTER 2-1 : Clock

CHAPTER 2-1 : Peripheral Clock Gating
CHAPTER 2-3 : High-Speed CR Trimming
CHAPTER 2-4 : Low-Speed CR Prescaler
CHAPTER 3 : Clock supervisor
CHAPTER 4 : Resets

CHAPTER 5 : Low-voltage Detection (A)

CHAPTER 6 : Low Power Consumption Mode
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CHAPTER 7 : VBAT Domain

CHAPTER 8 : Interrupts

CHAPTER 9 : External Interrupt and NMI Control Sections
CHAPTER 10: DMAC

CHAPTER 11: DSTC

CHAPTER 12: 1/O Port

CHAPTER 13: CRC (Cyclic Redundancy Check)
CHAPTER 14: External Bus Interface
CHAPTER 15: SD Card Interface

CHAPTER 16: Debug Interface

CHAPTER 17: Flash Memory

CHAPTER 18: Unique ID Register

APPENDIXES
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e FUJITSU SEMICONDUCTOR LIMITED, its subsidiaries and affiliates (collectively, "FUJITSU
SEMICONDUCTOR") reserves the right to make changes to the information contained in this document without notice.
Please contact your FUJITSU SEMICONDUCTOR sales representatives before order of FUJITSU
SEMICONDUCTOR device.

e Information contained in this document, such as descriptions of function and application circuit examples is presented
solely for reference to examples of operations and uses of FUJITSU SEMICONDUCTOR device. FUJIITSU
SEMICONDUCTOR disclaims any and all warranties of any kind, whether express or implied, related to such
information, including, without limitation, quality, accuracy, performance, proper operation of the device or
non-infringement. If you develop equipment or product incorporating the FUJITSU SEMICONDUCTOR device based
on such information, you must assume any responsibility or liability arising out of or in connection with such
information or any use thereof. FUJITSU SEMICONDUCTOR assumes no responsibility or liability for any damages
whatsoever arising out of or in connection with such information or any use thereof.

e Nothing contained in this document shall be construed as granting or conferring any right under any patents, copyrights,
or any other intellectual property rights of FUJITSU SEMICONDUCTOR or any third party by license or otherwise,
express or implied. FUJITSU SEMICONDUCTOR assumes no responsibility or liability for any infringement of any
intellectual property rights or other rights of third parties resulting from or in connection with the information contained
herein or use thereof.

e The products described in this document are designed, developed and manufactured as contemplated for general use
including without limitation, ordinary industrial use, general office use, personal use, and household use, but are not
designed, developed and manufactured as contemplated (1) for use accompanying fatal risks or dangers that, unless
extremely high levels of safety is secured, could lead directly to death, personal injury, severe physical damage or other
loss (including, without limitation, use in nuclear facility, aircraft flight control system, air traffic control system, mass
transport control system, medical life support system and military application), or (2) for use requiring extremely high
level of reliability (including, without limitation, submersible repeater and artificial satellite). FUIITSU
SEMICONDUCTOR shall not be liable for you and/or any third party for any claims or damages arising out of or in
connection with above-mentioned uses of the products.

e Any semiconductor devices fail or malfunction with some probability. You are responsible for providing adequate
designs and safeguards against injury, damage or loss from such failures or malfunctions, by incorporating safety design
measures into your facility, equipments and products such as redundancy, fire protection, and prevention of overcurrent
levels and other abnormal operating conditions.

e The products and technical information described in this document are subject to the Foreign Exchange and Foreign
Trade Control Law of Japan, and may be subject to export or import laws or regulations in U.S. or other countries. You
are responsible for ensuring compliance with such laws and regulations relating to export or re-export of the products
and technical information described herein.

e All company names, brand names and trademarks herein are property of their respective owners.

Copyright ©2013 FUJITSU SEMICONDUCTOR LIMITED All rights reserved.
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Related Manuals

The manuals related to this family are listed below. See the manual appropriate to the applicable
conditions.

The contents of these manuals are subject to change without notice. Contact us to check the latest
versions available.

B Peripheral Manual
- FM4 Family PERIPHERAL MANUAL (this manual)
(Called "PERIPHERAL MANUAL' hereafter)
FM4 Family PERIPHERAL MANUAL Timer Part
(Called "Timer Part' hereafter)
FM4 Family PERIPHERAL MANUAL Analog Macro Part
(Called ""Analog Macro Part™ hereafter)
FM4 Family PERIPHERAL MANUAL Communication Macro Part
(Called "*Communication Macro Part™ hereafter)

W Data sheet
For details about device-specific, electrical characteristics, package dimensions, ordering information etc.,
see the following document.

32-bit Microcontroller FM4 Family DATA SHEET

* The data sheets for each series are provided.
See the appropriate data sheet for the series that you are using.

B CPU Programming manual
For details about ARM Cortex-M4F core, see the following documents that can be obtained from
http://www.arm.com/.

Cortex-M4 Technical Reference Manual
ARMvV7-M Architecture Application Level Reference Manual

B Flash Programming manual
For details about the functions and operations of the built-in flash memory, see the following document.

FM4 Family FLASH PROGRAMMING MANUAL

*  Flash programming manuals for each series are provided.
See the appropriate flash programming manual for the series that you are using.
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How to Use This Manual

® Finding a function
The following methods can be used to search for the explanation of a desired function in this manual:

Search from the table of the contents
The table of the contents lists the manual contents in the order of description.

Search from the register
The address where each register is located is not described in the text. To verify the address of a register,
see "A. Register Map" in "APPENDIXES".

B About the chapters

Basically, this manual explains 1 peripheral function per chapter.

B Terminology
This manual uses the following terminology.

Term Explanation
Word Indicates access in units of 32 bits.
Half word Indicates access in units of 16 bits.
Byte Indicates access in units of 8 bits.

B Notations
The notations in bit configuration of the register explanation of this manual are written as follows.

bit  : bit number

Field : bit field name

Attribute : Attributes for read and write of each bit
R : Read only
W : Write only
R/W : Readable/Writable

.- : Undefined

Initial value : Initial value of the register after reset
0 : Initial value is "0"
1 : Initial value is "1"
X : Initial value is undefined

The multiple bits are written as follows in this manual.
Example : bit7:0 indicates the bits from bit7 to bit0

The values such as for addresses are written as follows in this manual.

Hexadecimal number : "Ox" is attached in the beginning of a value as a prefix
(example : OXFFFF)

Binary number : "Ob" is attached in the beginning of a value as a prefix
(example: Ob1111)
Decimal number : Written using numbers only (example : 1000)
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CHAPTER 1: System Overview .
1. Bus Architecture FM4 Famlly

CHAPTER: System Overview

This chapter explains the system overview.

1. Bus Architecture
2. Cortex-M4F Architecture
3. Mode

CODE: 3-6.0-SYSTEM_FM4-E01.0

MN709-00001-1vO0-E FUJITSU SEMICONDUCTOR LIMITED



CHAPTER 1: System Overview .
1. Bus Architecture FM4 Famlly

1. Bus Architecture

This section explains the bus architecture.

For this family bus, AHB Bus Matrix circuit actualizes a multi-layer bus. Master and slave architectures are
shown below:

® Master
- Cortex-M4F CPU(I-code Bus, D-code Bus, System Bus)
Ethernet/SD-Card
DMAC
DSTC

® Slave
- On-chip Flash Memory (MainFlash, WorkFlash)
On-chip SRAM (SRAMO, SRAM1, SRAM2)
External Bus
USB ch.0/ch.1
AHB-AHB Bus Bridge
AHB-APB Bus Bridge (APBO to APB2)

See Figure 1-1 for the bus block diagram.
B Features

® RAM Architecture
This family divides the on-chip SRAM area into three separate SRAM (SRAMO, SRAM1, and SRAM?2).
SRAMO is connected to the I-Code bus and D-Code bus of the Cortex-M4 core. SRAMI1 and SRAM?2 are
connected to the System bus of the Cortex-M4 core. Also, SRAMO, SRAMI1, and SRAM?2 are connected
to DMAC and other bus masters. This allows for preventing conflicts to RAM by multiple bus masters such
as CPU and DMAC and allows for improving the performance.
Also, because the divided RAM address areas are serial, RAM area can be utilized to the maximum extent.

® APB Extension Bus
APBI and APB2 Peripheral Buses are APB extension bus that the following functions are originally added

based on AMBA3.0. (APBO is not included.)

Supporting Halfword (16 bits) and Byte(8 bits) Accesses
For supported registers, halfword access and byte access are enabled.
See "A. Register Map" in "APPENDIXES" for the supported registers.

Adding Read-Modify-Write (RMW) Signal
HMASTLOCK signal in bit-band operations is used to generate.

RMW signal is a signal added to prevent that an unrelated flag is cleared mistakenly in
read-modify-write process of bit-band operations.

The corresponding flag reads "1" in read during the read-modify-write process and is designed to ignore
"1" write.

This prevents any unrelated flag from being mistakenly cleared in the next write when the flag is set
immediately after the read in the sequence from read to modify to write.

For the corresponding flags and registers, it is described that "regardless of bit values, "1" can be read in
"Read-Modify-Write".
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<Notes>

bit-band operation must not be performed to a register which RMW is prohibited.

When Read-Modify-Write process is performed over the software without bit-band operation, RMW
signal is not output.

Therefore, in this case, the flag value can be read in read operation although a register supports RMW
process, and it is necessary not to be cleared an unrelated flag mistakenly in write operation.

For the details of bit-band operations, see the "Cortex-M4 Technical Reference Manual".

® Priority Level
A priority of the bus right is determined in round-robin fashion.

® Endian
This family uses Little endian byte order.
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1.1. Bus Block Diagram

Figure 1-1 illustrates the bus block diagram.

Figure 1-1 Bus Block Diagram
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- Ll | »
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< > — SRAM1
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<Note>

There are some areas to which no DMAC transfer can be performed. For details, see the DMAC Transfer
column in Table 1-1.
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1.2. Memory Architecture

This section shows the memory architecture.

For this family, 4G-byte address space is available.

Maximum 4M-byte FLASH memory, maximum 512K-byte SRAMO area, maximum 256K-byte SRAM1
area, and maximum 256K-byte SRAM?2 area are defined.

Also, as an external bus area, 2G-byte area from 0x60000000 to OxDFFFFFFF is defined. An external
memory device can be connected to this area.

Section "1.3 Memory Map" illustrates the memory map, and Section "1.4 Peripheral Address Map"
illustrates the peripheral address map.

For the details of Cortex-M4F private peripheral area and bit-band area shown in Figure 1-2, see
"Cortex-M4 Technical Reference Manual".
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1.3. Memory Map

Figure 1-2 illustrates the memory map.

Figure 1-2 Memory Map
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] 0x4006_1000 DMAC
0x6000_0000 | 0x4006_0000 USB ch.1
0x4005_0000 :
Reserved I 0x4004 0000 USB ch.0
xaloa_ External Bus I/F
0x4400_0000 32 Mbyte I 0x4003_F00 - ;
Bit band area 1 esenve
0x4200_0000 ] - 0x4003_D00 Clock Stops/
Peripherals Area 0x4003 COO Low-speed CR prescaler
0x4000_0000, = 0x4003_B00 RTC
R 1 0x4003 A0O Watclcw:RCCc:)unter
1 0x4003_9000
0x2400_0000 32 Mbyte 0x4003_8000 CAN |\ng :
Bit band area 1 0x4003_7000 rescaier
0x2200_0000 1 0x4003 6000 USB/Ethernet CLK
X - Low-voltage detection/DS Mode
Reserved 1 0x4003_5000
0x200E_100 FLASH I/F (Work) 0x4003_4000 Reserved
0x200E_000 1 - D/IAC
FLASH (Work) 0x4003_3000
0x200C_000 i - Reserved
Reserved 0x4003_2000 Interrupt factor
0x2008_0000 SRAM2 1 0x4003_1000 External interrupt
0x2004_0000 SRAM1 \ 0x4003_0000 Reserved
0x2000_0000 SRAMO 1 0x4002_F00 High-speed CR trimming
0x1FF8_000 0x4002_E00
Reserved 1 Reserved
0x0040_4000 Security/ CR trimming 0x4002_8000
0x0040_0000 1 - AIDC
_ 0x4002_7000
1 0x4002 6000 Quad Counter
FLASH(Main) i Ox4002:5000 BasSF"nGmer
0x0000_0000| i ngggg_gggg Reserved
X B .
1 0x4002_2000 mg E::I?
1 0x4002_1000 MET unit 0
| 0x4002_0000 -
Reserved
1 0x4001_6000 ,
1 0x4001_5000 E:?”:S';'vrzzr
1 0x4001_3000 SW WDT
0x4001_2000 HW WDT
1 8"2881—8888 Clock and reset
X
1 - Reserved
1 8)(3888_(1)888 FLASH I/F(Main)
— X A
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<Notes>

Do not access to reserved area.
For the details of flash memory, see "FLASH PROGRAMMING MANUAL" of the product used.
Do not perform DMAC-transfer to bit-band area.
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1.4.

Peripheral Address Map

Table 1-1 shows the peripheral address map.

Table 1-1 Peripheral Address Map

Access
Start End other , Register
Address Address Bus than Peripheral Map CHAPTER
CPU
FLASH IF Register *1
0x4000_0000 | 0x4000 OFFF (Main)/ Flljrﬁsi—llg Chapter17
AHB |Disabled |  Unique ID Register q Chapter18
0x4000_1000 | 0x4000 FFFF Reserved - -
Chapter 2-1
0x4001_0000 | 0x4001 OFFF Clock and Reset Control Clock / Chapter 3
- - Reset Chapter 4
Chapter 6
0x4001 1000 | 0x4001 1FFF Hardware Watchdog Timer HW WDT Chapter 1 in
0x4001 2000 | 0x4001 2FFF | APBO | Disabled |  Software Watchdog Timer | SW WDT | 1imer Part
0x4001 3000 | 0x4001 4FFF Reserved - -
0x4001 5000 | 0x4001 SFFF Dual Timer Dual_— Chapter 2 in
- - Timer Timer Part
0x4001 6000 | 0x4001 FFFF Reserved - -
0x4002_0000 | 0x4002 OFFF Multi-function Timer unit0
0x4002_1000 | 0x4002_1FFF Multi-function Timer unitl | MFT | Chapter 6in
_ _ Timer Part
0x4002 2000 | 0x4002 2FFF Multi-function Timer unit2
0x4002 3000 | 0x4002 3FFF Reserved - -
0x4002_4000 | 0x4002 4FFF PPG ppg | Chapter7-2
_ _ in Timer Part
T?;Sei y Chapter 5-1
0x4002 5000 | 0x4002 SFFF Base Timer . Chapter 5-2
Base Timer | . .
APBI1 Selector in Timer Part
Chapter 8-1
0x4002_6000 | 0x4002 6FFF QPRC QPRC Chapter 8-2
in Timer Part
Chapter 1-1
Chapter 1-2
0x4002_7000 | 0x4002_ 7FFF A/D Converter A/DC Chapter 1-3
in Analog
Macro Part
0x4002_8000 | 0x4002 DFFF Reserved - -
0x4002_E000 | 0x4002 EFFF High speed CR trimming CR Trim Chapter 2-3

*1 : For the details of "FLASH IF Register", see "FLASH PROGRAMMING MANUAL" of the product used.
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Access
Start End other : Register
Address Address Bus than Peripheral Map CHAPTER
CPU
0x4002_F000 | 0x4002 FFFF Reserved - -
0x4003 0000 | 0x4003 OFFF External Interrupt EXTI Chapter 9
Interrupt Factor Check INT-Req
0x4003 1000 | 0x4003 1FFF Register READ Chapter 8
0x4003 2000 | 0x4003 2FFF Reserved - -
Chapter 2 in
0x4003_3000 | 0x4003 3FFF D/A Converter D/AC Analog
Macro Part
0x4003_4000 | 0x4003 4FFF Reserved - -
0x4003 5000 | 0x4003 SO0FF Low Voltage Detection LVD Chapter 5
0x4003 5100 | 0x4003_SFFF Elf)‘zll’( standby control DS Mode | Chapter 6
Chapter 2-2
USB clock generation Chapter 2-3
0x4003_6000 | 0x4003_6FFF block/ USB Clock in
- - USB/Ethernet clock 0% | Communica-
generation block tion Macro
Part
Chapter 5-1
CAN me
0x4003_7000 | 0x4003 7FFF CAN Prescaler Prescaler Communica-
APB2 |[Enabled tion Macro
Part
Chapter 1-1
Chapter 1-2
Chapter 1-3
Chapter 1-4
0x4003_8000 | 0x4003 8FFF Multi-function serial MFS Chapter 1-5
in
Communica-
tion Macro
Part
0x4003 9000 | 0x4003 9FFF CRC CRC Chapter 13
Watch Chapter 3-1
0x4003 _A000 | 0x4003 AFFF Watch counter Chapter 3-2
Counter g
in Timer Part
Chapter 4-1
0x4003 B00O | 0x4003 BFFF Real time clock RTC Chapter 4-2
Chapter 4-3
in Timer Part
Clock Stop /Low Speed Chapter 2-2
0x4003_CO000 | 0x4003 CFFF CR Prescaler Clock Stop Chapter 2-4
0x4003 D000 | 0x4003 EFFF Reserved -
0x4003 F000 | 0x4003 FFFF External Bus I/F EXIPUS | Chapter 14
MN709-00001-1v0-E FUJITSU SEMICONDUCTOR LIMITED 9
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Access
Start End other : Register
Address Address Bus than Peripheral Map CHAPTER
CPU
Chapter 3-1
0x4004_0000 | 0x4004 FFFF USB ch.0 USB Chapter 3-2
in
Communica-
0x4005_0000 | 0x4005_FFFF USB ch.1 USB tion Macro
Part
0x4006 0000 | 0x4006 OFFF DMAC DMAC Chapter 10
0x4006_1000 | 0x4006_1FFF DSTC DSTC Chapter 11
0x4006_2000 | 0x4006_2FFF CAN ch.0 CAN Chapitgr 32
Communica-
0x4006_3000 | 0x4006 3FFF | AHB |[Enabled | CAN ch.1 CAN UOHPMr?CrO
al
0x4006_4000 | 0x4006_SFFF Ethernet MAC Ethernet ;
- — MAC
0x4006 6000 | 0x4006 6FFF Ethernet System Control Ethernet )
- - Control
0x4006_7000 | 0x4006_DFFF Reserved - -
0x4006_E000 | 0x4006 EFFF SD-Card IF SDI(F:ard Chapter 15
0x4006_F000 | 0x4006_ FFFF GPIO GPIO Chapter 12
0x4007_0000 | Ox41FF FFFF Reserved - -
Access
Start Address | End Address | Bus other Peripheral Register Details
than Map
CPU
0x200E_0000 | 0x200E_1000 | AHB |Enabled | Flash IF register (Work) "FLASH IF" *2

*2 : For the details of "FLASH IF register (Work)", refer to "FLASH PROGRAMMING MANUAL" of the

product used.
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2. Cortex-M4F Architecture

This section explains the core architecture used in this family.

Cortex-M4F core block architecture* used in this family is as follows:

Cortex-M4 Core
NVIC

FPU

DWT

I™

FPB

MPU

ETM
SWIJ-DP
TPIU
ROM Table

*: The architecture varies depending on the products. For details, see "Data Sheet" of the product used.

B Cortex-M4 Core
High-performance 32-bit processor core (ARM Cortex-M4 core) is equipped with this family.
This peripheral manual does not describe the details of Cortex-M4 core.
For the details, see "Cortex-M4 Technical Reference Manual".

Cortex-M4 Core Version
For the version of Cortex-M4 core, see "Data Sheet" of the product used.

B NVIC (Nested Vectored Interrupt Controller)
For this family, one NMI (non-maskable interrupt) and maximum 128 peripheral interrupts (IRQO to
IRQ127)*" can be used.
Also, interrupt priority register (from 0XxEOO0E400) is comprised of 4 bits, and 16 interrupt priority levels
can be configured.

For the details of peripheral interrupts, see the chapter of the target "Interrupts" after check the product
currently used with "Configuration of interrupts", and for NMI operations, see also another chapter
"External Interrupt and NMI Control Block".

NMI pin is assigned for a combined use with a general-purpose port. Its initial value after a reset release is
set to the general-purpose port, and NMI input is masked.

When NMI is used, enable NMI in the port setting.

For the details, see another chapter "I/O Port".

*1:  "Cortex-M4 Technical Reference Manual" defines an exception type: IRQ as an external interrupt.
In this peripheral manual, to distinguish from an interrupt by an external pin "External Interrupt and
NMI Control Block", the exception type: IRQ is indicated as a peripheral interrupt.
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SysTick Timer
SysTick Timer is a system timer for OS task management integrated into NVIC.

This family generates STCLK through dividing HCLK by eight and sets the values of SysTick
Calibration Value Register (Address: 0xEOOOE01C) as shown below:

bit31 : NOREF=0
bit30 : SKEW=1
bit23:0  : TENMS = 0x0186A0 (100000)*'

*1: TENMS value is set to a value which becomes 10 ms when 1/8 clock of HCLK is input to STCLK
and that HCLK is in 80 MHz (10 MHz in 1/8 case).
The value of TENMS is not always 10ms because HCLK can be changed to another frequency with
the clock control block. Therefore, it is required to calculate an appropriate interrupt timing according
to HCLK frequency.

B FPU (Floating Point number processing Unit)
This family is equipped with a Cortex-M4 optional component FPU.
FPU has the following features:

- Conforms to IEEE754 Standard
- Single Precision Floating Point number processing Unit
+ High Precision Fused MAC Calculation

B DWT (Data Watchpoint & Trace Unit)

This family is equipped with DWT to use as the debug function.
DWT contains four comparators, and each comparator can be set as a hardware watchpoint.

B ITM (Instrumentation Trace Macrocell)
This family is equipped with ITM as a debug function.
ITM is an optional application driven trace source that supports printf style debugging. The operation
system (OS) and application event are traced, and the system diagnostic information is sent.

B FPB (Flash Patch & Breakpoint)
FPB has the following functions:

Hardware Breakpoint function
The function of remapping from Code memory space (FLASH memory) to SRAM space.

FPB is equipped with six instruction comparators and two literal comparators.

B MPU (Memory Protection Unit)*
This family is equipped with a Cortex-M4 optional component MPU, and maximum eight areas can be
defined.

*: Some products do not have this function. For details, see "Data Sheet" of the product used.

B ETM (Embedded Trace Macrocell)*

This family is equipped with a Cortex-M4 optional component ETM to support instruction trace.

*: Some products do not have this function. For details, see "Data Sheet" of the product used.

® SWJ-DP
This family is equipped with SWJ-DP to support both serial wire protocol and JTAG protocol.

B TPIU (Trace Port Interface Unit)
ETM/ITM trace information is output via TPIU.

B ROM Table

ROM table provides the address information of a debug component to an external debug tool.
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3. Mode

This section explains the function of operating modes.

In this family, the following operating modes can be used:

User Mode
Internal ROM (Flash memory) Startup : CPU obtains a reset vector from Flash memory and starts

operations.

Serial Writer Mode
Serial write to Flash memory is enabled.
* : For the details of this mode, see "FLASH PROGRAMMING MANUAL" of the product used.

Operating modes are determined after a release of respective power-on reset, low voltage detection reset,
and INITX pin input reset.

* : For the details of power consumption control and clock selection modes, see other chapters "Low Power
Consumption Mode" and "Clock".

B How to Set Operating Mode
Operating modes are configured by MD pins’ (MD1 and MDO0) inputs.

MD Pins _
Operating Mode
MD1 MDO
- 0 User Mode Internal ROM(Flash memory) Startup
0 1 Serial Writer Mode
1 1 Setting is prohibited.

B Startup Sequence
Processes to determine operating modes in the startup sequence are shown below:

1. MD Pin Sampling
2. Determining Operating Mode and Retaining Mode Data

The descriptions of these processes are as follows:

1. MD Pin Sampling
Operating mode is configured by MD pin inputs (MD1, MDO0). These inputs are sampled by power-on
reset, low-voltage detection reset, and INITX pin input reset.
Until each reset, which is the sampling factor, is released, MD1 and MDO pin inputs need to be
determined.

2. Determining Operating Mode and Retaining Mode Data
MD1 and MDO which are sampled by respective resets are retained until respective resets are input
again.
Operating modes are determined by the retained MD1 and MDO. Therefore, even MD1 and MDO are
changed after a reset is released, it does not affect an operating mode.

® MD1 pin
MD1 pin is used also as GPIO. This pin can be continually used as GPIO after setting a mode.
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CHAPTER: Clock

This chapter explains the operating clock.

Clock Generation Unit Overview

Clock Generation Unit Configuration/Block Diagram
Clock Generation Unit Operations

Clock Setup Procedure Examples

Lsit of Clock Generation Unit Registers

Clock Generation Unit Usage Precautions

A e

CODE: 9BFCLOCK FM4-E01.0
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1. Clock Generation Unit Overview

This section provides an overview of the clock generation unit.

The clock generation unit generates various types of clocks used to operate the MCU.
Source clock is the generic name for external and internal oscillation clocks of this MCU.
The following five types of clocks are source clocks:

- Main clock (CLKMO)

- Sub clock (CLKSO)

- High-speed CR clock (CLKHC)
- Low-speed CR clock (CLKLC)
- Main PLL clock (CLKPLL)

Select one from the source clocks. In this chapter, the selected clock is referred to as the master clock. The
master clock is a source of internal bus clocks used to operate this MCU.

Dividing the master clock frequency can generate a base clock. In addition, dividing the base clock can
generate each bus clock.

In this chapter, the base clock and bus clocks are referred to as internal bus clocks. The following five types
of clocks are internal bus clocks:

- Base clock (FCLK/HCLK)
- APBO bus clock (PCLKO)
- APBI bus clock (PCLK1)
- APB2 bus clock (PCLK?2)
- TRACE clock (TPIUCLK)

In addition to source clocks, the master clock, and internal bus clocks, the following clocks are provided:

- USB clock
- USB/Ethernet clock
CAN prescaler clock
Software watchdog timer count clock

The following shows the features of the clock generation unit.

- It can set the oscillation stabilization wait time of the main clock (CLKMO).

- It can set the interrupt which generates at completing the oscillation stabilization wait time of the main
clock (CLKMO).

- It can set the oscillation stabilization wait time of the sub clock (CLKSO).

- It can set the interrupt which generates at completing the oscillation stabilization wait time of the sub
clock (CLKSO).

- It can set the oscillation stabilization wait time of the main PLL clock (CLKPLL).

- It can set the interrupt which generates at completing the oscillation stabilization wait time of the main
PLL clock (CLKPLL).

- It can set the PLL multiplication ratio.

- It can select the master clock.

- It can set the frequency division ratio of each internal bus clock frequency.

- It can select run or stop of the APB1 and APB2 bus clocks.

- It can set the frequency division ratio of the software watchdog timer count clock frequency.
It can set run/stop of the software watchdog timer count clock.
It can set the watchdog timer count operation in debug mode.

- It includes registers for enabling clock-related interrupts, checking interrupt status, and clearing interrupt
factors.
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2. Clock Generation Unit Configuration/Block Diagram

This section explains configuration of the clock generation unit.

B Source clocks
Source clock is the generic name for external and internal oscillation clocks of this MCU. The following
five types of clocks are source clocks:

® Main clock (CLKMO)
CLKMO is generated by connecting a crystal oscillator etc. to the main clock oscillation pins (X0, X1), or
input using an external clock.

® Sub clock (CLKSO)

CLKSO is generated by connecting a crystal oscillator etc. to the sub clock oscillator pins (X0A, X1A), or
input using an external clock.

® High-speed CR clock (CLKHC)
CLKHC is an output clock for the high-speed CR oscillator.

® Low-speed CR clock (CLKLC)
CLKLC is an output clock for the low-speed CR oscillator.

(Notes) The low-speed CR clock is a clock after a prerscaler.
For details on the low-speed CR clock prescaler, see Chapter "Low-speed CR Clock Prescaler".

® Main PLL clock (CLKPLL)
CLKPLL is generated by multiplying the main clock (CLKMO) or high-speed CR clock (CLKHC) using
the PLL Clock Multiplication Circuit (PLL Oscillation Circuit).

B Master clock
The signal selected from source clocks are referred to as the master clock.
The master clock is a source for all bus clocks.

(Notes) See "1. Notes when high-speed CR is used for the master clock" in "B. List of Notes" when
you use the following clock for the master clock.

- High-speed CR clock

- Main PLL clock (When selecting high-speed CR clock for the input clock of PLL)

- The master clock value should not be larger than the maximum value in "Internal operating clock
frequency: Fcc(Base clock HCLK/FCLK)"of AC Specifications in "Data Sheet".

B Internal bus clocks
The following signals are bus clocks generated internally.

® Base clock (HCLK/FCLK)
HCLK and FCLK are collectively called the base clock. Both HCLK and FCLK are supplied to the CPU.
HCLK is a clock for macro connected to the AHB bus.
The clock frequency can be set to between 1/1 and 1/16 frequency of the master clock.
This clock stops in timer mode, RTC mode, stop mode, deep standby RTC mode, and deep standby stop
mode.
In sleep mode, the CPU stops the supply of HCLK while continuing the supply of FCLK.

® APBO bus clock (PCLKO)
PCLKO is a clock for peripheral macro connected to the APBO bus.
The clock frequency can be set to between 1/1 and 1/8 frequency of the base clock.
This clock stops in timer mode, RTC mode, stop mode, deep standby RTC mode, and deep standby stop
mode.
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® APB1 bus clock (PCLK1)

PCLKI1 is a clock for peripheral macro connected to the APB1 bus.

The clock frequency can be set to between 1/1 and 1/8 frequency of the base clock.

This clock stops in timer mode, RTC mode, stop mode, deep standby RTC mode, and deep standby stop
mode.

The supply of the clock can be also stopped by setting a register.

® APB2 bus clock (PCLK2)

PCLK?2 is a clock for peripheral macro connected to the APB2 bus.

The clock frequency can be set to between 1/1 and 1/8 frequency of the base clock.

This clock stops in timer mode, RTC mode, stop mode, deep standby RTC mode,,and deep standby stop
mode.

The supply of the clock can be also stopped by setting a register.

® TPIU clock (TPIUCLK)
TPIUCLK is a clock for TRACE.
The clock frequency can be set to between 1/1 and 1/8 frequency of the base clock.
This clock stops in timer mode, RTC mode, stop mode, deep standby RTC mode and deep standby stop
mode.
This clock output is enabled only for the products equipped with ETM.

B Clocks other than source clocks and internal bus clocks

® USB clock
This clock generates a clock at 48 MHz, used by USB communication.
It sets the PLL oscillator for USB to generate a USB clock.
This clock stops in timer mode, RTC mode, stop mode, deep standby RTC mode, and deep standby stop
mode.
This clock can be set independently regardless of the frequency of the master clock.
For USB clock operation settings, see Chapter "USB clock generation" in "Communication Macro Part".

® USB/Ethernet clock

This clock generates a clock at 48 MHz, used by USB communication.

Also, it generates a clock for Ethernet.

It sets the PLL oscillator for USB/Ethernet to generate a USB/Ethernet clock.

This clock stops in timer mode, RTC mode, stop mode, deep standby RTC mode, deep standby RTC mode,
and deep standby stop mode.

This clock can be set independently regardless of the frequency of the master clock.

For the operation setting of PLL for USB/Ethernet, see the chapter "USB/Ethernet PLL Clock Generation"
in "Communication Macro Part".

® CAN prescaler clock
This clock is the same clock as CLKPLL, used for CAN prescaler.
The frequency division used for the clock must be configured on the prescaler side.
This clock stops in RTC mode, stop mode, deep standby RTC mode, and deep standby stop mode.
The supply of the clock can be also stopped by setting a register.
For operation settings of CAN prescaler, see Chapter "CAN Prescaler" in "Communication Macro Part".

® Software watchdog timer count clock (SWDOGCLK)
SWDOGCLK is a clock for the software watchdog timer connected to the APBO bus.
The clock frequency can be set to between 1/1 and 1/8 frequency of the APBO bus clock.
This clock stops in timer mode, RTC mode, stop mode, deep standby RTC mode, and deep standby stop
mode.
For operation settings of the software watchdog timer, see Chapter "Watchdog Timer" in "Timer Part".
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B Block diagram

Figure 2-1 shows the block diagram of the clock generation unit.

Figure 2-1 Block Diagram of Clock Generation Unit

— USB clock /

USB / Ethernet clock USB / Ethernet clock
CAN prescaler clock
A -
Ll
CLKPLL
PLL PLL
K frequency IN, PLL ouT
> pnaiog
B
N frequency|
* division
reg* | avison |
PO CPU
: N Cortex —M4F
CLKPLL: FOLK
Xo——»(  Main
oscillation + >
X1 | circuit : CLKMO: HCLK
High-speed : H
R oscillation + + DIV1 to 16
circuit : CLKHC: | Master clock* | frequency
IEEEEEEEEES : division { SLEEPING
. Sub : (default1)
X0 . | oscillation - >
X1A . | circuit CLKSO
........... i : Base clock (HCLK)
VBAT domain*' -
CLKLC
................ Dlvito8 TPIUCLK
! requency o
Low-speed Source clock regk ?&\ggm” >
CR Qcillation =+ -~
circuit
: DIV1 to 8 PCLKO
. frequency -
Low-speed division w
CR Ocillation| (default1)
circuit
DIV1to 8 SWDOGCLK
frequency | gy
division
(default1)
DIV1to 8
frequency PCLK1
division g
(default1)
DIV1to 8 PCLK2
frequency >
division
(default1)

*1: For details on VBAT Domain, see Chapter "VBAT Domain".

*2: PSW_TMR:PINC (PLL input clock select bit)
*3: SCM_CTL:RCSJ[2:0] (Master clock switch control bits)

*4: The master clock frequency should not be larger than the maximum frequency of base clock (HCLK /
FCLK). For the maximum frequency of base clock (HCLK/FCLK), see "Data Sheet" of the product

used.
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3. Clock Generation Unit Operations

This section explains the clock generation unit.

3.1. Selecting the clock mode

B Definition of clock mode (selecting the master clock)
The MCU clock mode is defined by the source clock selected by the system clock mode control register.
Five types of clock modes are provided: Main clock mode, sub clock mode, high-speed CR clock mode,
low-speed CR clock mode, and main PLL clock mode.

® Main clock mode
In main clock mode, the main clock (CLKMO) is used as a master clock. The clock runs a bus clock used to
operate the CPU, and most peripheral functions.

Status of the PLL clock (CLKPLL) differs depending on the setting of the PLLE bit in the System Clock
Mode Control Register (SCM_CTL), and the sub clock (CLKSO) depends on the SOSCE bit in the System
Clock Mode Control Register (SCM_CTL). The high-speed CR clock (CLKHC) and low-speed CR clock
(CLKLC) cannot be stopped by user program.

® Sub-clock mode
In sub clock mode, the sub clock (CLKSO) is used as a master clock. The clock runs a bus clock used to
operate the CPU, and most peripheral functions.

The main clock (CLKMO), high-speed CR clock (CLKHC), and main PLL clock (CLKPLL) are stopped by
hardware. The low-speed CR clock (CLKLC) cannot be stopped by user program.

® High-speed CR clock mode
In high-speed CR clock mode, the high-speed CR clock (CLKHC) is used as a master clock. The clock runs
a bus clock used to operate the CPU, and most peripheral functions.

Statuses of the main clock (CLKMO), main PLL clock (CLKPLL), and sub clock (CLKSO) differ
depending on the settings of MOSCE, PLLE, and SOSCE bits in the System Clock Mode Control Register
(SCM_CTL). The high-speed CR clock (CLKHC) and low-speed CR clock (CLKLC) cannot be stopped by
user program.

® Low-speed CR clock mode
In low-speed CR clock mode, the low-speed CR clock (CLKLC) is used as a master clock. The clock runs a
bus clock used to operate the CPU, and most peripheral functions.

In low-speed CR clock mode, the main clock (CLKMO), high-speed CR clock (CLKHC), and main PLL
clock (CLKPLL) are stopped by hardware. Status of the sub clock (CLKSO) differs depending on the
setting of the SOSCE bit in the System Clock Mode Control Register (SCM_CTL).

® Main PLL clock mode
In main PLL clock mode, the main PLL clock (CLKPLL) is used as a master clock. The clock runs a bus
clock used to operate the CPU, and most peripheral functions.

Status of the sub clock (CLKSO) differs depending on the setting of the SOSCE bit in the System Clock
Mode Control Register (SCM_CTL). The high-speed CR clock (CLKHC) and low-speed CR clock
(CLKLC) cannot be stopped by user program.

MN709-00001-1v0-E FUJITSU SEMICONDUCTOR LIMITED 20



CHAPTER 2-1: Clock .
3. Clock Generation Unit Operations FM4 Famlly

3.2. Internal bus clock frequency division control

This section explains the internal bus clock frequency division.

Frequency division ratio from the base clock can be set independently for each internal bus clock.
This function can set the operating frequency optimized for each circuit.

The maximum frequency of the internal bus clock differs by product. For details, see "Data Sheet" of the
product used.

To set the frequency division ratio of internal bus clocks, use the Base Clock Prescaler Register (BSC_PSR),
APBO Prescaler Register (APBCO_PSR), APB1 Prescaler Register (APBC1_PSR), APB2 Prescaler Register
(APBC2_PSR), and Trace Clock Prescaler Register (TTC PSR). For details on each register, see "5. Lsit of
Clock Generation Unit Registers".

B Setting the bus clock frequency division

- The set frequency division ratio is not cleared by a software reset. The latest value is retained before the
software reset.

- The value is initialized by a reset other than software resets.
Before changing the initially set master clock to a faster source clock, be sure to set the frequency
division ratio.

- If a combined value of master clock, PLL multiplication, and frequency division ratio settings exceeds
the maximum operating frequency of each internal bus, the operation corresponding to the setting is not
guaranteed.
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3.3. PLL clock control

This section explains the PLL clock control.

The PLL Clock Control Circuit is used to generate the main PLL clock from the main clock or high-speed
CR clock. The PLL Oscillation Circuit can enable/disable operation (oscillation), select the input clock, set
the stabilization wait time, and set the multiplication.

B PLL operation
The following explains operation of the main PLL clock.

Configure the following settings using the PLL Clock Oscillation Stabilization Wait Time Setup Register
(PSW_TMR).

Selecting the PLL input clock

Setting the main PLL clock stabilization wait time

- The PLL oscillation enable bit (PLLE) of the System Clock Mode Control Register (SCM_CTL) must be
enabled to let the PLL Circuit start oscillating.

- When the PLL clock stabilization wait time has elapsed, and the "PLL oscillation stable bit" of the
System Clock Mode Status Register (SCM_STR) indicates a stable state, the preparation for transition to
main PLL clock mode completes.

- Master clock switch control bit (RCS[2:0]) of the System Clock Mode Control Register (SCM_CTL)
must be set to main PLL clock mode (RCS[2:0]=010) to change to main PLL clock mode.

B Setting the main PLL clock oscillation stabilization wait time
The details are given in "5.10 PLL Clock Stabilization Wait Time Setup Register (PSW_TMR)".

<Notes>

- For block diagram of the PLL Clock Control Circuit, see "2. Clock Generation Unit Configuration/Block
Diagram".

- For the order of frequency division settings for each internal bus clock, see "4 Clock Setup Procedure
Examples".

- For the oscillation stabilization wait time, see "3.4 Oscillation stabilization wait time".

- When selecting high-speed CR in the input clock of PLL, see "1. Notes when high-speed CR is used for
the master clock"in "B. List of Notes" of "APPENDIXES".
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B Setting the multiplication ratio to generate the main PLL clock
Each frequency division clock in the PLL Multiplication Circuit must be set using PLL Control Register 1
(PLL_CTL1) and PLL Control Register 2 (PLL_CTL2). The following Table 3-1 provides example of
frequency division settings.

Table 3-1 Example of PLL multiplication ratio settings

Input clock K PLLin N PLLout M CLKPLL
4MHz 1 4MHz 20 320MHz 4 80MHz
4MHz 1 4MHz 30 240MHz 2 120MHz
4MHz 1 4MHz 40 320MHz 2 160MHz
5SMHz 1 SMHz 24 240MHz 2 120MHz
SMHz 1 SMHz 30 300MHz 2 150MHz
SMHz 1 SMHz 32 320MHz 2 160MHz
6MHz 1 6MHz 20 240MHz 2 120MHz
6MHz 1 6MHz 25 300MHz 2 150MHz
8MHz 1 8MHz 20 320MHz 2 160MHz
10MHz 1 10MHz 8 320MHz 4 80MHz
10MHz 1 10MHz 16 320MHz 2 160MHz
10MHz 1 10MHz 15 300MHz 2 150MHz
12MHz 1 12MHz 10 240MHz 2 120MHz
12MHz 1 12MHz 12 288MHz 2 144MHz
15MHz 1 15MHz 10 300MHz 2 150MHz
16MHz 1 16MHz 10 320MHz 2 160MHz
20MHz 2 10MHz 10 200MHz 2 100MHz
30MHz 2 15MHz 10 300MHz 2 150MHz
40MHz 4 10MHz 15 300MHz 2 150MHz
48MHz 3 16MHz 10 320MHz 2 160MHz
48MHz 4 12MHz 12 288MHz 2 144MHz

<Notes>

- For PLL characteristics, see "Data Sheet" of the product used.
Set the PLLin within the value "PLL input clock frequency: fp ;" shown in the "Data Sheet".

- The value "MxN" is a multiplication ratio for the PLLin. Set this value within the range shown in the
"PLL multiple rate" of the "Data Sheet".

- The frequency of the PLLin multiplied by "MxN" becomes PLLout. Set this value within the range
shown in the "PLL macro oscillation clock frequency: fp; " of the "Data Sheet".

- The value of the PLLout divided by "M" becomes CLKPLL.
See Figure 2-1 for the configurations of PLL and divider.

- The master clock value should not be larger than the maximum value in "Internal operating clock
frequency: Fcc (Base clock HCLK/FCLK)" of "Data Sheet"
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3.4. Oscillation stabilization wait time

This section explains the oscillation stabilization wait time.

An oscillation stabilization wait time is required if the source clock is not in a stable operating state. During
the oscillation stabilization wait time, internal and external clocks stop the supply, only the internal time
counter operates to wait until the stabilization wait time passes, a time value set in the Clock Stabilization
Wait Time Register (CSW_TMR) or PLL Clock Oscillation Stabilization Wait Time Setup Register
(PSW_TMR). When the wait time has been passed, the corresponding oscillator is ready to operate, and the
clock can be used as a master clock.

B Setting the oscillation stabilization wait time
Main clock (CLKMO)
Set the stabilization wait time of the main clock using the Clock Stabilization Wait Time Register
(CSW_TMR). The set time value is counted by CLKHC.

Sub clock (CLKSO)
Set the stabilization wait time of the sub clock using the Clock Stabilization Wait Time Register
(CSW_TMR). The set time value is counted by CLKLC.

Main PLL clock
Configure the following settings using the PLL Clock Oscillation Stabilization Wait Time Setup
Register (PSW_TMR). The set time value is counted by CLKHC.

Selecting the PLL input clock
Setting the main PLL clock stabilization wait time

B Cause of waiting for oscillation stability
After the oscillation is enabled via software
If the PLLE, SOSCE, and MOSCE bits of the System Clock Mode Control Register (SCM_CTL) are set
to "1", each relevant oscillator waits during the oscillation stabilization wait time.

When returning to watch counter interrupt, RTC interrupt, and external interrupt from RTC mode
It returns to the clock mode before RTC mode by watch counter interrupt, RTC interrupt, and external
interrupt. Since a source clock other than the sub clock is stopped in RTC mode, hardware of a source
clock other than the sub clock waits for the oscillation stabilization wait time automatically.

When returning from stop mode using an external interrupt
The status returns to clock mode, a state before stop mode, using an external clock. During stop mode,
all source clocks stop and, therefore, the hardware automatically waits during the oscillation
stabilization wait time.

After PLL operation is enabled
After PLL operation is enabled, the PLL oscillation stabilization wait time is waited.
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<Notes>

- Each set value of the oscillation stabilization wait time must be changed before the clock is enabled.

- After software reset, the oscillation stabilization wait time is not applied.

- In the stabilization wait time for main clock, sub clock and main PLL clock, the high-speed CR clock
(CLKHC) counts the clock as set in the Stabilization Wait Time Setup Registers. The oscillation
stabilization wait completion flag will be activated when the counting is complete, so these wait times
are independent of each oscillator statuses. The oscillation stabilization wait time may be completed
before oscillator stabilization if the setting of the oscillation stabilization wait time is too short.

- As the stabilization wait times for main clock and sub clock oscillators depend on the type of the
oscillator (crystal, ceramics, etc.), proper oscillation stabilization wait time must be chosen for the
oscillator to be used.

Set the PLL oscillation stabilization wait time by referring to PLL Clock LOCKUP Time of the electric
characteristics described in "Data Sheet" of the product used.
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3.5. Interrupt Factors

This section explains interrupt factors relevant to clocks.

The clock generation unit has the following interrupt factors.

B Interrupt factors
The clock generation unit has the following four types of interrupt factors:

FCS (anomalous frequency detection) interrupt
When the FCS (anomalous frequency detection) is enabled, and an anomalous frequency of the main
clock is detected, an interrupt occurs.

Main PLL clock oscillation stabilization wait completion interrupt
When the main PLL clock oscillation stabilization wait time ends, an interrupt occurs.

Sub clock oscillation stabilization wait completion interrupt
When the sub clock oscillation stabilization wait time ends, an interrupt occurs.

Main clock oscillation stabilization wait completion interrupt
When the main clock oscillation stabilization wait time ends, an interrupt occurs.

B Registers
The following three types of registers are provided for each interrupt factor:

Interrupt Enable Register (INT_ENR)
This register enables each interrupt.

Interrupt Status Register (INT STR)
This register indicates each interrupt status. This register is read-only.

Interrupt Clear Register (INT CLR)
This register clears each interrupt factor. This register is write-only.
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4. Clock Setup Procedure Examples

This section explains procedure examples of setting up clocks.

B Setup procedure examples

Figure 4-1 Example of clock setup procedure (Power-on -> High-speed CR run mode ->
Desired clock mode)

y * Use high-speed CR clock

Waiting for high-speed CR / low-speed CR for the PLL input clock.
oscillation stabilty

v

High-speed CR / low-speed CR oscillation stabilization
wait completed. high-speed CR runs as a master clock.

v

Access each bus prescaler register.
BSC_PSR : Base Clock Prescaler
APBCO_PSR : APBO Prescaler
APBC1_PSR : APB1 Prescaler ¢Yes
APBC2_PSR : APB2 Prescaler

TTC_PSR : Trace Clock Prescaler

Use the PLL clock? Yes

* Only low-speed CR run
mode is selectable.

Use the sub clock?

Enable the sub oscillation.
See Figure 4-2

Set bus clock frequency division.

Complete the sub
# oscillation enabling.

Access the Interrupt Clear Register (INT_CLR).
Clear the oscillation satbilization wait interrupt factor.

'

Use the main clock?

Access the Clock Satbilization Wait Time Register
(CSW_TMR). Set the main clock oscillation

stablization wait time. A the PLL Clock Stabilization Wait Ti
Ascess the nforupt Enabo Register (NT ENR). S TR it M
Set the oscillation stablllza.tlon wait interrupt. stabilization wait time and PLL input clock.
+ J\_’ Access the Interrupt Enable Register (INT_ENR).
Set the oscillation satbilization wait interrupt. <J M
Enable the main clock oscillation in the System Clock Access the PLL control register1, 2 (PLL_CTLA1,
Mode Control Register (SCM_CTL:MOSCE=1). PLL_CTL2). Set the PLL multiplication ratio.
Start waiting for ¢
v oscillation stability.
: it . Enable the PLL oscillation in the System Clock
Check main clock oscﬂla.\tlon stable bit of the System Mode Control Register (SCM_CTL-PLLE=1).
Clock Mode Status Register (SCM_STR:MORDY=1).
— Start waiting for
l Complete waiting for y  oscillation stability.
oscillation stability.

Check PLL oscillation stable bit of the System
Clock Mode Status Register (SCM_STR:PLRDY=).

Use the PLL clock?

Complete waiting for
oscillation stability.

Set the master clock switch control bit og the System Clock Mode Control
Register (SCM_CTL:RCS) to desired clock mode.

¢

with SCM:STR:RCM=SCM_CTL:RCS, changing.
the mode to the selected clcock mode.
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Figure 4-2 Example of sub oscillation setup procedure

[ Start the sub oscillation enabling ]

v

Access VBAT RTC LVD detection register (VDET).
Release PONR of VBAT domain

v

Set VBAT register (VBPFR.VPFR[5:4]=0b11)
Set 32k oscillation or external clock

v

Access VBAT register (CCB, CCS).
Set 32k oscillation circuit and oscillation current value.

v

Set 32k oscillation boost time and transfer clock division
to VBAT register (BOOST.BOOSTI[1:0]) and VBAT
register (VB_CLKDIV).

v

VBAT register WTOSCCNT[1:0]=0b10)
Set 32k oscillation clock control connection enabled.
Set 32k oscillation enabled.

y

Access the clock stabilization wait time register (CSW_TMR). Set the sub
cloock oscillation stabilization wait time. Access the interrupt enable
register(INT_ENR). Set the oscillation stabilization wait interrupt.

v

Enable the sub clock oscillation of the system clock
mode control register. (SCM_CTL.SOSCE=1)

Start the oscillation stabilaization wait.

\ 4

Confirm the sub clock oscillation stabilization bit of the system clock
mode status register.(SCM_STR.SORDY=1)

Complete the oscillation stabilization wait.

Yes
Turn off VCC
power supply? i
VBAT register (WTOSCCNTSOSCNTL[1:0]=0b00 Set
No 32k oscillation clock control connection disabled

[ Complete the sub oscillation enable. }4

<Notes>

Set the sub clock stabilization wait time (SCM_CTL.SOWT) longer than the VBAT RTC 32 k oscillation
boost setting time [BOOST:BOOST[1:0]].
The following combination of settings is prohibited:

When 32k oscillation clock control linkage of VBAT register is disabled (WTOSCCNT.SOSCNTL=0)
and 32k oscillation is disabled (WTOSCCNT.SOSCEX=1), the setting combination of sub clock mode
oscillation of system clock mode control register enabled (SCM_CTL.SOSCE=1) and sub CSV function
of CSV control register enabled (CSV_CTL.SVSVE=1) is prohibited.

- For details of VBAT RTC, see Chapter "VBAT Domain".
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Figure 4-3 Example of clock setup procedure (Low-speed CR run mode -> Desired clock run
mode)

[ Low-speed CR run mode ]

Yes

Select the sub run mode?

v
Set sub clock oscillation enabled.
See Figure 4-2

Selectthe high-speed
CR run mode ?

¢No

Main clock mode or PLL run mode

!

Complete waiting for
oscillation stability.

Enable the main clock oscillation in the System Clock Set the master clock clock switch control bit of the
Mode Control Register . System Clock Mode Control Register (SCM_CTL:RCS)
¢ to a desired clock mode.
Complete the sub oscillation
. Yes enable
Select the main clock mode? ]
iNo
Enable the PLL oscillation in the System Clock
Mode Control Regsister (SCM_CTL:PLLE=1).
v '
Set the master clock switch control bit of the Set the master clock switch control bit of the
System Clock Mode Control Register (SCM_CTL:RCS) System Clock Mode Control Register (SCM_CTL:RCS)
to a desired clock mode. to a desired clock mode.
Start waiting for Start waiting for
oscillation stability. oscillation stability.
Main clock oscillation stable bit of the System Clock Main clock oscillation stable bit of the System Clock
Mode Status Register (SCM_STR:MORDY=1). Mode Status Register.
Complete waiting for Complete waiting for
oscillation stability. oscillation stability.
PLL oscillation stable bit of the System Clock Mode
Status Register (SCM_STR:PLRDY=1).
Complete waiting for
oscillation stability. A\ 4 v

!

With SCM_STR:RCM=SCM_CTL:RCS, changing
the mode to the selected clock mode.

<Notes>

Figure 4-3 assumes that settings of the oscillation stabilization wait time, interrupts, PLL multiplication
ratio and bus clock frequency division for each clock have been configured previously, and they are
omitted from the flowchart.

In the sub clock mode/low-speed CR clock mode, the main clock(CLKMO), high-speed CR clock
(CLKHC), main PLL clock(CLKPLL) is stopped by hardware. So CLKMO/CLKHC/CLKPLL does not
start oscillation only setting oscillation enable bit=1. These oscillations will start by changing the
SCM_CTL:RCS bit with setting oscillation enable bit=1.

If the main clock/sub clock oscillation stabilization wait times are short and the oscillation stabilization
wait times run out before oscillators stabilize, reset may be applied by the clock supervisor function.
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5. Lsit of Clock Generation Unit Registers

This section provides the register list of clock generation.

B Clock generation unit register list

Abbreviation Register name Reference
SCM_CTL System Clock Mode Control Register 5.1
SCM_STR System Clock Mode Status Register 5.2
BSC PSR Base Clock Prescaler Register 53
APBCO_PSR APBO Prescaler Register 54
APBC1 PSR APBI1 Prescaler Register 55
APBC2 PSR APB2 Prescaler Register 5.6
SWC PSR Software Watchdog Clock Prescaler Register 5.7
TTC PSR Trace Clock Prescaler Register 5.8
CSW_TMR Clock Stabilization Wait Time Register 5.9
PSW_TMR PLL Clock Stabilization Wait Time Setup Register 5.10
PLL CTL1 PLL Control Register 1 5.11
PLL CTL2 PLL Control Register 2 5.12
DBWDT CTL Debug Break Watchdog Timer Control Register 5.13
INT ENR Interrupt Enable Register 5.14
INT STR Interrupt Status Register 5.15
INT CLR Interrupt Clear Register 5.16
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5.1. System Clock Mode Control Register (SCM_CTL)

The SCM_CTL selects the master clock and enables/disables the clock oscillation.

B Register configuration

bit 7 6 5 4 3 2 1 0

Field | RCS[2:0] | PLLE | SOSCE | Reserved | MOSCE | Reserved |
Attribute R/W R/W R/W - R/W -
Initial value 000 0 0 - 0 -

B Register functions
[bit7:5] RCS[2:0]: Master clock switch control bits

bit7 | bit6 | bits Description
0 0 0 High-speed CR clock [Initial value]
0 1 Main clock
0 1 0 Main PLL clock
0 1 1 Setting is prohibited
1 0 0 Low-speed CR clock
1 0 1 Sub clock
1 1 0 Setting is prohibited
1 1 1 Setting is prohibited

[bit4] PLLE: PLL oscillation enable bit

bit Description
0 Disables PLL oscillation [Initial value]
1 Enables PLL oscillation

[bit3] SOSCE: Sub clock oscillation enable bit

bit Description
0 Disables sub clock oscillation [Initial value]
1 Enables sub clock oscillation

[bit2] Reserved: Reserved bit

"0" is read from this bit.
Set this bit to "0" when writing.

[bit1] MOSCE: Main clock oscillation enable bit

bit Description
0 Disables main clock oscillation [Initial value]
1 Enables main clock oscillation
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[bit0] Reserved: Reserved bit

"0" is read from this bit.
Set this bit to "0" when writing.

<Notes>

- This register is not initialized by software reset.

- When you change the clock mode, you should set the enable bit to transition for desired clock oscillation.
Then, you can change the clock switch control bits (SCM_CTL:RCS[2:0]).

- When RTCE bit (PMD_CTL:RTCE) is "1", it becomes a sub clock oscillation enable state regardless of
the SOSCE bit and SORDY bit values.

- Writing "1" to RTCE bit (PMD_CTL:RTCE) is enabled only when SORDY bit is "1".

- RTCE bit (PMD_CTL:RTCE) does not exist in the products that do not have RTC mode and deep
standby RTC mode. See Table 1-1 in the Chapter "Low Power Consumption Mode".

- First of all, after the power supply is turned on, it is required to set the register of VBAT RTC for
enabling the sub-clock oscillation. For the sub-clock oscillation enable, see Figure 4-2.
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5.2. System Clock Mode Status Register (SCM_STR)

The SCM_STR indicates a clock selected for the master clock and a waiting state for clock
oscillation stability.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field | RCM[2:0] | PLRDY | SORDY | Reserved | MORDY | Reserved |

Attribute R R R - R -

Initial value 000 0 0 - 0 -

B Register functions
[bit7:5] RCM[2:0]: Master clock selection bits

bit7 | bit6 | bit5 Description
0 0 0 High-speed CR clock [Initial value]
0 1 Main clock
0 1 0 Main PLL clock
0 1 1 Setting is prohibited
| 0 0 Low-speed CR clock
1 0 1 Sub clock
1 1 0 Setting is prohibited
1 1 1 Setting is prohibited

[bit4] PLRDY: PLL oscillation stable bit

bit Description
0 In a stabilization wait or an oscillation stop state [Initial value]
1 In a stable state

[bit3] SORDY: Sub clock oscillation stable bit

bit Description
0 In a stabilization wait or an oscillation stop state [Initial value]
1 In a stable state

[bit2] Reserved: Reserved bit

"0" is read from this bit.
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[bit1] MORDY: Main clock oscillation stable bit

bit

Description

0

In a stabilization wait or an oscillation stop state [Initial value]

1

In a stable state

[bit0] Reserved: Reserved bit

"0" is read from this bit.

<Notes>

- This register is not initialized by software reset.
- When RTCE bit (PMD_CTL:RTCE) of RTC mode control register (PMD CTL) is "1", it becomes a sub
clock oscillation enable state regardless of the SOSCE bit and SORDY bit values.

- Writing "1" to RTCE bit (PMD_CTL:RTCE) is enabled only when SORDY bit is "1".
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5.3. Base Clock Prescaler Register (BSC_PSR)

The BSC_PSR sets the frequency division ratio of the base clock.

B Register configuration

bit 7 6 5 4 3 2 1
Field | Reserved | BSR
Attribute - R/W
Initial value - 000

B Register functions

[bit7:3] Reserved: Reserved bits

"0b00000" is read from these bits.
Set these bits to "0b00000" when writing.

[bit2:0] BSR: Base clock frequency division ratio setting bits

bit2 | bit1 | bit0 Description
0 0 0 1/1 [Initial value]
0 1 1/2
0 1 0 1/3
0 1 1 1/4
1 0 0 1/6
1 0 1 1/8
1 1 0 1/16
1 1 1 Setting is prohibited

<Note>

This register is not initialized by software reset.
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5.4. APBO Prescaler Register (APBC0_PSR)

The APBCO_PSR sets the APBO bus clock frequency division.

B Register configuration

bit 7 6 5 4 3 0
Field | Reserved APBCO |
Attribute - R/W
Initial value - 00

B Register functions

[bit7:2] Reserved: Reserved bits

"0b000000" is read from these bits.
Set these bits to "0b000000" when writing.

[bit1:0] APBCO: APBO bus clock frequency division setting bits

bit1 bit0 Description
0 0 1/1 [Initial value]
0 1 172
1 0 1/4
1 1 1/8

<Note>
This register is not initialized by software reset.

MN709-00001-1v0-E FUJITSU SEMICONDUCTOR LIMITED 36



CHAPTER 2-1: Clock .
5. Lsit of Clock Generation Unit Registers FM4 Famlly

5.5. APB1 Prescaler Register (APBC1_PSR)

The APBC1_PSR sets the APB1 bus clock frequency division.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field | APBCIEN | Reserved | APBCIRST] Reserved | APBCI |
Attribute R/W - R/W - R/W
Initial value 1 - 0 - 00

B Register functions
[bit7] APBC1EN: APB1 clock enable bit

bit Description
0 Disables PCLK1 output
1 Enables PCLK1 output [Initial value]

[bit6:5] Reserved: Reserved bits

"0b00" is read from these bits.
Set these bits to "0b00" when writing.

[bit4] APBC1RST: APB1 bus reset control bit

bit Description
0 APBI bus reset, inactive [Initial value]
1 APBI bus reset, active

[bit3:2] Reserved: Reserved bits

"0b00" is read from these bits.
Set these bits to "0b00" when writing.

[bit1:0] APBC1: APB1 bus clock frequency division setting bits

bit1 bit0 Description
0 0 1/1 [Initial value]
0 1 172
1 0 1/4
1 1 1/8

<Note>
This register is not initialized by software reset.
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5.6. APB2 Prescaler Register (APBC2_PSR)

The APBC2_PSR sets the APB2 bus clock frequency division.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field | APBC2EN | Reserved | APBC2RST] Reserved | APBC2 |
Attribute R/W - R/W - R/W
Initial value 1 - 0 - 00

B Register functions
[bit7] APBC2EN: APB2 clock enable bit

bit Description
0 Disables PCLK?2 output
1 Enables PCLK2 output [Initial value]

[bit6:5] Reserved: Reserved bits

"0b00" is read from these bits.
Set these bits to "0b00" when writing.

[bit4] APBC2RST: APB2 bus reset control bit

bit Description
0 APB?2 bus reset, inactive [Initial value]
1 APB2 bus reset, active

[bit3:2] Reserved: Reserved bits

"0b00" is read from these bits.
Set these bits to "0b00" when writing.

[bit1:0] APBC2: APB2 bus clock frequency division setting bits

bit1 bit0 Description
0 0 1/1 [Initial value]
0 1 172
1 0 1/4
1 1 1/8

<Note>
This register is not initialized by software reset.
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5.7. Software Watchdog Clock Prescaler Register
(SWC_PSR)

The SWC_PSR sets the frequency division and enables the output of the software watchdog
clock.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field | TESTB | Reserved | SWDS |
Attribute R/W - R/W
Initial value X - 00

B Register functions
[bit7] TESTB: TEST bit

bit Description
0 Setting is prohibited
1 Always written by "1".

Note: The read value of this bit is undefined.

[bit6:2] Reserved: Reserved bits

"0b00000" is read from these bits.
Set these bits to "0b00000" when writing.

[bit1:0] SWDS: Software watchdog clock frequency division ratio setting bits

bit1 | bit0 Description
0 0 Sets 1/1 frequency of PCLKO. [Initial value]
0 1 Sets 1/2 frequency of PCLKO.
1 0 Sets 1/4 frequency of PCLKO.
1 1 Sets 1/8 frequency of PCLKO.

<Notes>

- This register is not initialized by software reset.
- Be sure to set the TESTB bit to "1" when writing a value to this register.
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5.8. Trace Clock Prescaler Register (TTC_PSR)

The TTC_PSR sets the trace clock frequency division.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field | Reserved TTC |
Attribute - R/W
Initial value - 00

B Register functions

[bit7:2] Reserved: Reserved bits

"0b000000" is read from this bit.
Set these bits to "0b000000" when writing.

[bit1:0] TTC: Trace clock divide ratio setting bits

bit1 bit0 Description
0 0 1/1 [Initial value]
0 1 172
1 0 1/4
1 1 1/8

<Note>

This register is not initialized by software reset.
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5.9. Clock Stabilization Wait Time Register (CSW_TMR)

The CSW_TMR sets the stabilization wait time of the main/sub clock.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field | SOWT MOWT
Attribute R/W R/W
Initial value 0000 0000

B Register functions
[bit7:4] SOWT: Sub clock stabilization wait time setup bits

bit7 | bit6 | bit5 | bit4 Description
0 0 0 0 |2 Fcx : Approx.10.3 ms* [Initial value]
0 0 0 1 | 2"/Fere : Approx.20.5 ms *
0 0 1 0 |2 Fcpy : Approx. 4l ms *
0 0 1 1 | 2" Fere : Approx. 82 ms *
0 1 0 0 214 Fcre @ Approx. 164 ms *
0 1 0 1 25/ Fer @ Approx. 327 ms *
0 1 1 0 2% FepL Approx. 655 ms *
0 1 1 1 | 2"/Fepe : Approx.1.31s*
1 0 0 0 | 2" Fcp : Approx.2.62s *
1 0 0 1 219 Fcre @ Approx. 5.24s *
1 0 1 0 2% Fepy - Approx. 10.48s *
1 0 1 1 | 2*/Fee : Approx. 20.96s *
Other than the above Setting is prohibited.

*: When FCRLZIOO kHz
[bit3:0] MOWT: Main clock stabilization wait time setup bits

bit3 | bit2 | bit1 | bit0 Description

0 0 0 0 2/ Fern Approx. 500 ns * [Initial value]
0 0 0 1 | 2°/Feu : Approx. 8 us*
0 0 1 0 2°/Ferun @ Approx. 16 ps *
0 0 1 1 27 /Fery : Approx. 32 s *
0 1 0 0 | 2%/ Fcry : Approx. 64 ps*
0 1 0 1 | 2°/Feu : Approx. 128 ps *
0 1 1 0 2'Fcgn @ Approx. 256 ps *
0 1 1 1 | 2"/ Fery : Approx. 512 ps *
1 0 0 0 |2 Fcry : Approx. 1.0 ms*
1 0 0 1 2%/ Fepy Approx. 2.0 ms *
1 0 1 0 |2"/Fcru : Approx.4.0 ms *
1 0 1 1 215 Fcru @ Approx. 8.0 ms *
1 1 0 0 2 Fepn Approx. 33.0 ms *
1 1 0 1 |2/ Fegy : Approx. 131 ms *
1 1 1 0 | 2”/Fcgn : Approx. 524 ms *
1 1 1 1 2%/ Fcru @ Approx.2.0s*

*: When Fcry=4 MHz
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<Notes>

- Set each oscillation stabilization wait time before enabling each oscillation enable bit (SOSCE, MOSCE)
of the SCM_CTL register.
If you change MOWT or SOWT bit while waiting for oscillation stability of each oscillator, each
oscillation stabilization wait time is not guaranteed.

- This register is not initialized by software reset.
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5.10. PLL Clock Stabilization Wait Time Setup Register

(PSW_TMR)

The PSW_TMR sets the main PLL clock stabilization wait time.

B Register configuration

bit 7 6 5 4 3 2 1

Field | Reserved | PINC | Reserved | POWT
Attribute - R/W - R/W
Initial value - 0 - 000

B Register functions

[bit7:5] Reserved: Reserved bits

"0b000" is read from these bits.
Set these bits to "0b000" when writing.

[bit4] PINC: PLL input clock select bit

bit

Description

0

Selects CLKMO (main clock oscillation) [Initial value]

1

Selects CLKHC (high-speed CR clock)

Note: Setting this bit to "1" has some restrictions.

"0" is read from this bit.

See "1. Notes when high-speed CR is used for the master clock” in "B. List of Notes" of

“APPENDIXES”.
[bit3] Reserved: Reserved bit

Set this bit to "0" when writing.

[bit2:0] POWT: Main PLL clock stabilization wait time setup bits

bit2 | bit1 | bit0 Description
0 0 0 |2%Fcry : Approx. 128 ps * [Initial value]
0 0 1 2" Fepn @ Approx. 256 ps *
0 1 0 2"/Fepn : Approx. 512 us *
0 1 1 | 2" Fern : Approx. 1.02 ms *
1 0 0 213 Fcru @ Approx. 2.05 ms *
1 0 1 | 2" Feu : Approx.4.10 ms *

1

0 2"/ Fery @ Approx. 8.20 ms *

1

1

1 2"/ Fepn @ Approx. 16.40 ms *

*: When Fory=4 MHz
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<Notes>
Set each oscillation stabilization wait time before enabling the PLL oscillation enable bit (PLLE) of the
SCM_CTL.

If you change POWT bit while waiting for oscillation stability of the PLL oscillator, the oscillation
stabilization wait time is not guaranteed.
- This register is not initialized by software reset.
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5.11. PLL Control Register 1 (PLL_CTL1)

The PLL_CTL1 sets the PLL frequency division ratio.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field | PLLK | PLLM |
Attribute R/W R/W
Initial value 0000 0000

B Register functions
[bit7:4] PLLK: PLL input clock frequency division ratio setting bits

bit 7:4 Description

0000

0001

The frequency division is (PLLK value +1). (Frequency division : 1 to 16)
Example: PLLK value (0000) +1 => 1/1 frequency [Initial value]

1111

[bit3:0] PLLM: PLL VCO clock frequency division ratio setting bits

bit3:0 Description

0000

0001

The frequency division is (PLLM value +1). (Frequency division : 1 to 16)
Example: PLLM value (0000) +1 => 1/1 frequency [Initial value]

1111

<Notes>
- Set each frequency division ratio before enabling the PLL oscillation enable bit (PLLE) of the SCM_CTL

register.
- This register is not initialized by software reset.
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5.12. PLL Control Register 2 (PLL_CTL2)

The PLL_CTL2 sets the PLL frequency division ratio.

Register configuration

bit 7 6 5 4 3 2 1 0
Field | Reserved | PLLN |
Attribute - R/W
Initial value - 000000

® Register functions

[bit7:6] Reserved: Reserved bits

"0b00" is read from these bits.
Set these bits to "0b00" when writing.

[bit5:0] PLLN: PLL feedback frequency division ratio setting bits

bit5:0 Description

000000

000001

The frequency division is (PLLN value +1). (Frequency division : 1 to 64)

110001 Example: PLLN value (000000) +1 => 1/1 division [Initial value]
110010
111111
<Notes>
- Set the frequency division ratio before enabling the PLL oscillation enable bit (PLLE) of the SCM_CTL
register.

- This register is not initialized by software reset.
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5.13. Debug Break Watchdog Timer Control Register
(DBWDT_CTL)

The DBWDT_CTL sets the watchdog timer count operation for debug mode tool break.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field  |DPHWBE| Reserved | DPSWBE Reserved
Attribute R/W - R/W -
Initial value 0 - 0 -

B Register functions
[bit7] DPHWBE: HW-WDG debug mode break bit

bit Description
0 HW-WDG stops counting at the tool break [Initial value]
1 HW-WDG continues counting at the tool break

[bit6] Reserved: Reserved bit

"0" is read from this bit.
Set this bit to "0" when writing.

[bit5] DPSWBE: SW-WDG debug mode break bit

bit Description
0 SW-WDG stops counting at the tool break [Initial value]
1 SW-WDG continues counting at the tool break

[bit4:0] Reserved: Reserved bits

"0b00000" is read from these bits.
Set these bits to "0b00000" when writing.

<Note>
This register is not initialized by software reset.
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5.14. Interrupt Enable Register (INT_ENR)

The INT_ENR enables/disables interrupts.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field ‘ Reserved l FCSE Reserved PCSE SCSE MCSE
Attribute - R/W - R/W R/W R/W
Initial value - 0 - 0 0 0
B Register functions
[bit7:6] Reserved: Reserved bits
"0b00" is read from these bits.
Set these bits to "0b00" when writing.
[bit5] FCSE: Anomalous frequency detection interrupt enable bit
bit Description
0 Disables FCS interrupts
1 Enables FCS interrupts
[bit4:3] Reserved: Reserved bits
"0b00" is read from these bits.
Set these bits to "0b00" when writing.
[bit2] PCSE: PLL oscillation stabilization wait completion interrupt enable bit
bit Description
0 Disables PLL oscillation stabilization wait completion interrupts
1 Enables PLL oscillation stabilization wait completion interrupts
[bit1] SCSE: Sub clock oscillation stabilization wait completion interrupt enable bit
bit Description
0 Disables sub clock oscillation stabilization wait completion interrupts
1 Enables sub clock oscillation stabilization wait completion interrupts
[bit0] MCSE: Main clock oscillation stabilization wait completion interrupt enable bit
bit Description
0 Disables main clock oscillation stabilization wait completion interrupts
1 Enables main clock oscillation stabilization wait completion interrupts
<Note>
For "Anomalous frequency detection", see Chapter "Clock supervisor".
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5.15. Interrupt Status Register (INT_STR)

The INT_STR indicates the status of interrupts.

B Register configuration

bit
Field

Attribute
Initial value

7 6 5 4 3 2 1 0

‘ Reserved l FCSI Reserved PCSI SCSI MCSI
- R - R R R
- 0 - 0 0 0

B Register functions

[bit7:6] Reserved: Reserved bits

"0b00" is read from these bits.
Set these bits to "0b00" when writing.

[bit5] FCSI: Anomalous frequency detection interrupt status bit

bit

Description

0

No FCS interrupt has been asserted.

1

An FCS interrupt has been asserted.

[bit4:3] Reserved: Reserved bits

"0b00" is read from these bits.
Set these bits to "0b00" when writing.

[bit2] PCSI: PLL oscillation stabilization wait completion interrupt status bit

bit

Description

0

No PLL oscillation stabilization wait completion interrupt has been asserted.

1

A PLL oscillation stabilization wait completion interrupt has been asserted.

[bit1] SCSI: Sub clock oscillation stabilization wait completion interrupt status bit

bit

Description

0

No sub clock oscillation stabilization wait completion interrupt has been asserted.

1

A sub clock oscillation stabilization wait completion interrupt has been asserted.

[bit0] MCSI: Main clock oscillation stabilization wait completion interrupt status bit

bit

Description

No main clock oscillation stabilization wait completion interrupt has been
asserted.

A main clock oscillation stabilization wait completion interrupt has been asserted.

MN709-00001-1v0-E

FUJITSU SEMICONDUCTOR LIMITED 49




CHAPTER 2-1: Clock

5. Lsit of Clock Generation Unit Registers

FM4 Family

5.16. Interrupt Clear Register (INT_CLR)

The INT_CLR clears interrupt factors.

B Register configuration

bit 7 6 5 4 3 2 1 0

Field | Reserved | FCSC Reserved PCSC | scsc | mcsc
Attribute - w - W W W
Initial value - 0 - 0 0 0

B Register functions

[bit7:6] Reserved: Reserved bits

"0b00" is read from these bits.
Set these bits to "0b00" when writing.

[bit5] FCSC: Anomalous frequency detection interrupt factor clear bit

bit Description
Whgn Ois The FCS interrupt factor is not affected by the written value.
written
Whgn Lis Clears the FCS interrupt factor.
written
When read The fixed value "0" is read.

[bit4:3] Reserved: Reserved bits

"0b00" is read from these bits.
Set these bits to "0b00" when writing.

[bit2] PCSC: PLL oscillation stabilization wait completion interrupt factor clear bit

bit Description
When 0 is The PLL oscillation stabilization wait completion interrupt factor is not affected
written by the written value.
inlzielnls Clears the PLL oscillation stabilization wait completion interrupt factor.
When read The fixed value "0" is read.

[bit1] SCSC: Sub clock oscillation stabilization wait completion interrupt factor clear bit

bit Description
When 0 is The sub clock oscillation stabilization wait completion interrupt factor is not
written affected by the written value.
hen 11 I o . o
szrtltenls Clears the sub clock oscillation stabilization wait completion interrupt factor.
When read The fixed value "0" is read.
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[bit0] MCSC: Main clock oscillation stabilization wait completion interrupt factor clear bit

bit Description
When 0 is The main clock oscillation stabilization wait completion interrupt factor is not
written affected by the written value.
When 1 is . s e . .
written Clears the main clock oscillation stabilization wait completion interrupt factor.
When read The fixed value "0" is read.

<Note>

When this register is cleared, each interrupt status bit (FCSI, PCSI, SCSI, MCSI) of the INT STR register

is also cleared.
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6. Clock Generation Unit Usage Precautions

This section explains the precautions for using the clock generation unit.

- The oscillation stabilization wait time of main clock and sub clock oscillators
Because the stabilization wait time of main clock/sub clock oscillator depends on the oscillator type
(crystal, ceramic, etc.), the oscillation stabilization wait time suitable for the oscillator type must be
selected.

Changing the frequency division under stabilized PLL oscillation
When the PLL frequency division ratio is changed after stabilization of PLL oscillation, stop the PLL
oscillation once, change the frequency division ratio, and then re-enable the PLL oscillation.

- Peripherals independent of clock control by the clock generation unit
The following peripherals run independently of clock control by the clock generation unit.
For information about how to handle each operating clock, see the following chapter.

- USB operating clock generation unit : See Chapter "USB Clock Generation" in "Communication

Macro Part".
Clock supervisor : See Chapter "Clock supervisor".
- Watchdog timer : See Chapter "Watchdog Timer" in "Timer Part".
- Watch counter : See Chapter "Watch Counter" in "Timer Part".
- Real-time clock : See Chapter "REAL-TIME CLOCK" in "Timer Part".
- CAN prescaler : See Chapter "CAN Prescaler" in "Communication Macro
Part".

Setting the oscillation stabilization wait time
Set the oscillation stabilization wait time of the main clock, sub clock, and PLL oscillators with relevant
oscillation stabilization wait time setup registers, and then enable each oscillator.
Do not change the oscillation stabilization wait time while waiting for oscillation to stabilize.

Checking main clock oscillation while using the main PLL clock
It is prohibited to stop main clock oscillation while using PLL oscillation.

Switching clock modes
Clock modes can be switched by changing the RCS[2:0] bits of the SCM_CTL register.
To switch clock modes, take the following steps:

Set the oscillation stabilization wait time of each oscillator.

Set the oscillation enable bit of the desired clock (SCM_CTL:xxxE) to "1".
Check the oscillation stable bit of the desired clock (SCM_CTL:xxxRDY) to "1".
Switch SCM_CTL:RCSJ[2:0].

Wait until SCM_STR:RCM[2:0] = SCM_CTL:RCSJ[2:0].

kW=

Correlation between the clock mode switching and the oscillation stable bit
The timings when the oscillation stable bit (SCM_STR:xxxRDY) turns to "1" vary for the following
clock mode switching.

- When switching from the high-speed CR run, main run, or PLL run to another clock mode:
Setting SCM_CTL:xxxE to "1" can start the oscillation stabilization wait time. You can check that
SCM_STR:xxxRDY is "1" after the oscillation stabilization wait time has elapsed.

- When switching from the low-speed CR run or sub run to the high-speed CR run, main run, or PLL run:
Setting SCM_CTL:MOSCE (or PLLE) to 1 does not start the oscillation stabilization wait time. To
start the main clock (or high-speed CR or PLL) oscillation stabilization wait time, SCM_CTL:RCS
[2:0] must be switched. After the oscillation stabilization wait time has elapsed, you can check that
SCM_STR:xxxRDY is "1".
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If the standby mode is released by an interrupt, the device restarts in the clock mode that indicated by the
RCSJ2:0] bits in the SCM_CTL register.

If any reset occurs other than software resets, the high-speed CR clock (CLKHC) is set as a master clock.
In addition, high-speed CR clock mode is set as clock mode.

If any reset other than software resets is executed, the main clock and sub clock oscillators, and PLL
oscillation stop. If you want to use those oscillators again after the reset, enable them using the
SCM_CTL register.

- For the correlation between each clock mode and start/stop of the oscillator, see Chapter "Low Power
Consumption Mode".

- For clock stop functions for each peripheral function, see “Peripheral Clock Gating”.

- To turn off the power supply on the chip side and operate only VBAT domain, be sure to set
“WTOSCCNT.SOSCNTL="0" *“ and then turn off the power supply on the chip side.
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CHAPTER : Peripheral Clock Gating

This chapter explains the functions of Peripheral Clock Gating.

1. Peripheral Clock Gating Overview
2. Peripheral Clock Gating Configuration
3. Peripheral Clock Gating Control

4. Peripheral Clock Gating Registers

CODE: 9BFPCG FM4-E1.0
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1. Peripheral Clock Gating Overview

This section shows an overview of the Peripheral Clock Gating which stops the operation
clocks of peripheral functions individually. By using these functions, the system can reduce
the current consumption of the total system with gating the operation clocks of peripheral
functions not used.

Hm Overview of Peripheral Clock Gating
- The operation clocks of peripheral functions not used in the system operation are gated individually.
- For target clocks and units of the Peripheral Clock Gating, see "m Gating units and their initial states of

Peripheral Clock Gating".
- When a clock is gated or before a clock is supplied, the internal states of peripheral functions can be

reset.

The above peripheral clock gating and reset control are implemented by the setting of a register connecting
to APB2 bus.
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B Overview of Connection with Clock and Reset Generation Units
Figure 1-1 shows the connection between peripheral clock gating and clock generation unit or reset
generation unit. The peripheral clock gating exists between peripheral function and clock generation unit or
reset generation unit and gates clocks and controls resets in the unit of peripheral function. When the
internal bus clock supply from the reset control units are stopped, the priority is given to the settings of the
clock control unit and the operation clock supplies to peripheral functions are gated To use the peripheral
clock gating, be sure to make the settings which enable the output of APB2 bus clock (PCLK?2) in the clock

generation unit to control the rest.

Figure 1-1 Clock/Reset Connection related to Peripheral Clock Gating

Clock Generation Unit*3

Clock Generation Unit*4

Base Clock(HCLK)
HRESET

PCLK1

PRESET1

PCLK2
PRESET2

AHB Bus

--e
'

--@-

P

o

P S,

HCLK Operation

i

Gating™

Reset™

3

Peripheral
Function(01)

Gating™

)
(o]
(2]
e
N

Peripheral
Function(02)

PCLK1 Operation

(APB2 Bus)

________ -

-- +>|GLng*1‘—> Peripheral
: Function(11)
$>|GLng*1‘_> Peripheral
' Function(12)
: '
! ]
' ]
[ ]
PCLK2 Operation
.- ?% Peripheral
: Function(21)
. % Peripheral
Function(22)

Reset™

3

Peripheral Clock Gating
Control Unit

Operation Clock
Setting Reset

-

—®Clock Gating Signal™

Reset Control
Signal

*1 : Clock gating (internal bus clock gating) in the unit of peripheral function

*2: Forcible reset or bus reset (see Chapter "Reset") by peripheral function unit

*3: For details, see Chapter "Clock".
*4: For details, see Chapter "Reset".
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B Gating units and their initial states of Peripheral Clock
For gating units and their initial states of Peripheral Clock Gating, see Table 1-1.

Table 1-1 Control units and their initial states of Peripheral Clock Gating

Peripheral Functions Clock Stop Units Initial States Remarks
Multi-function Serial Interface Unit of channel Clock supply
The clock gating can be
controlled with every four
Base Timer Unit of four channels Clock supply channels "ch.0 to ch.3",

"ch.4 to ch.7", "ch.8 to
ch.11", and "ch.12 to
ch.15".

Multi-function Timer

Unit of unit

Clock supply

The clock gating can be
controlled with every four
channels "chs.0, 2, 4, and

PPG Unit of four channels Clock supply 6", "chs.8, 10, 12, and
14", "chs.16, 18, 20, and
22", and "chs.24, 26, 28,
and 30".

Quad Counter Unit of unit Clock supply

DMAC Unit of unit Clock supply
External Bus Interface Unit of unit Clock supply
CAN Controller Unit of channel Clock supply
USB (Function/Host) Unit of channel Clock stop
SD Card Interface Unit of unit Clock stop
A/D Converter Unit of unit Clock supply
For constrains at clock
I/0O Port Batch of all ports Clock supply %?ngéiﬁ}:giﬁrﬁzzlon
Usage Precautions".
<Notes>

- For types and the number of mounted peripheral functions, see "Data sheet" of the product used
- The clock control of PPG shares the setting bits with the multi-function timer. For details, see

"4.3 Peripheral Clock Control Register 1 (CKEN1)".

- For products equipped with Ethernet-MAC, execute the clock control by each unit with Ethernet
System Control Register (ETH _CLKG).
- Execute the clock control of the DSTC unit alone with "5. DSTC Register" in"DSTC."
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2. Peripheral Clock Gating Configuration

This section explains the configuration of the Peripheral Clock Gating.

B Block diagram
Figure 2-1 shows the system configuration of Peripheral Clock Gating.

Figure 2-1 Block Diagram of Peripheral Clock Gating

Clock Generation Unit/

Reset Generation Unit IﬁC_I_K_OBeTatBn_ - - - - -—-—-—-—-= —i
| - - |
Base Clock(HCLK) ' «—> E‘;’c"k’hera' Function(01) |
| 1 G019 |
J A\ I
HRESET . > .
| : RO1—>B_> Reset™ |
| FA— ; I
| : H |
| — . I
Lo . : |
' Peripheral Function(0On)
I o Colck |
| GOn-p>| I
[ . vl N .
I RON- _>‘_'*2'-> Reset” :
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. H |
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l [
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Peripheral Function(21
PCLK2 . o e
| | G219 I
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n . I ‘- T . I
Peripheral Clock Gating | ' ! |
Control Unit | ' |
Operation C lock ' " -
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0b0 : Clock Gating > : Ran-#-; - I
|
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—»G2n
]

I
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Reset Control Output —ROn
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*1 : Gates the operation clocks of peripheral functions
*2 : Resets peripheral functions
*3 : At High-level signal input: Reset enabled, At Low-level signal input: Reset released
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B Explanation on Block Diagram

® Peripheral Clock Gating Control Unit
The clock control or the reset control of each peripheral function is executed by changing the register
setting value via the APB2 bus. Be sure to rewrite this register with setting APB2 clock enable bit
(APBC2_PSR. APBC2EN) inAPB2 prescaler register (APBC2 PSR) of the clock control unit to the output
enable and permitting PCLK2 output.

The clock of each peripheral function stops when the bit field of the target function is set to "0". When the
bit field is set to "1", the clock is supplied. The initial value of a register is different by peripheral function.
For details, see Table 1-1.

The reset of each peripheral function is issued when the bit field of the target function is set to"1". When the
bit field is set to "0", the reset is released. The initial value of each register is always "0" to release the reset.

® Peripheral Clock Gating Logic
Internal bus clock (HCLK, PCLK1, PCLK?2) is supplied or gated by each specific peripheral function
according to clock gating signal from the peripheral clock gating control unit.

® Peripheral Reset Control Logic
The reset is individually controlled by each peripheral function according to the reset control signal from
the peripheral clock gating control unit. The reset control unit is the same with the peripheral clock control
unit. However, it does not exceptionally have the bit field of this reset control for I/O Port alone.
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3. Peripheral Clock Gating Control

This section explains the control of the peripheral clock gating.

The register of the peripheral clock gating becomes an initial state by bus reset (PRESET2)*. Be sure to
execute the clock control for necessary peripheral functions immediately after reset of the bus because the
bus reset (PRESET2) is generated by all reset factors.

*: For the generating condition of bus reset (PRESET?2), see Chapter "Reset".
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3.1. Peripheral Clock Control Procedures

This section explains the control procedures of supplying and stopping peripheral clocks.

B Clock supply procedures
The settings of the bus clocks and the peripheral clocks are reset to the initial values immediately after the
bus reset release. So, for the clocks of peripheral functions which have been stopped in the initial state, set
the clock supplies conforming to the procedures in Figure 3-1.

Figure 3-1 Clock Supply Procedures

[ Bus Reset Releasing ]

Bus Clock Setting

A

Supply Setting of Peripheral Clocks
(Setting Change of CKEN* Registers)

CKEN* Read Value = Written Value ?

[ Access to Target Macros Enabled. ]

*:Indicates CKENO, CKEN1, and CKEN2

1. Bus clock setting
Execute the setting of each bus clock by using the register of the clock generation part.
For the setting details, see Chapter "Clock".

2. Supply setting of peripheral clocks
Change the setting of the bit corresponding to the peripheral function to which the clock is to be
supplied for peripheral clock control registers (CKENO, CKEN1, and CKEN2) of the clock control in
the clock gating state of the initial state.

3. Set value confirmation of peripheral clock control register
The peripheral clock registers (CKENO, CKEN1, and CKEN2) updates the register value to the written
value at the step of starting the clock supply to the peripheral function to which the setting is changed.
Be sure to start the access to the peripheral function after setting a change in the above-mentioned Item
2, reading this register, and then confirming the agreement with the written value because an access to
peripheral function is invalid at clock gating.
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B Procedures of gating and resupplying clocks
Figure 3-2 explains the procedures of gating the clocks of peripheral functions and resupplying clocks to
peripheral functions.

Figure 3-2 Procedures of Gating Clocks of Peripheral Functions and Resupplying Clocks to
Peripheral Functions

Clock gating of Resupplying Clock to
peripheral Function peripheral function

[ Operation stop of peripheral functions ]

Reset control of peripheral functions which
Gating setting of peripheral clocks restart clock supply to peripheral functions.
(CKEN*" register setting change)

Reset enabled(MRST*% 0b0 -> 0b1)

A\
Reset released(MRST** 0b1 -> 0b0)

Reset Control to peripheral function
where peripheral clocks are gated.

Y

%2, i}
Reset enabled(MRST™: 0b0 -> 0b1) Supply settings of Peripheral clocks
¢ (CKEN* registar setting change)

Reset released(MRST*?: 0b1 -> 0b0)

CKEN*' read value =Written value?
Peripheral function clock gating completed

Operation restart of peripheral functions
(Access to target macros enabled)

*1: Indicates CKENO, CKEN1, and CKEN2
*2: Indicates MRSTO, MRST1, and MRST2
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® Clock gating of peripheral functions

1.

Gating setting of peripheral clocks

For the peripheral clock control registers (CKENO, CKEN1, and CKEN2), change the bit corresponding
to the peripheral function for which the clock supply is to be stopped to "0".

After gating the clock to the peripheral function to which the clock gating is instructed, the peripheral
clock control registers (CKENO, CKEN1, and CKEN2) updates the register value to the written value.

Reset control to peripheral functions whose peripheral clocks are gated
For the peripheral functions whose clocks are gated, to reset their internal state, execute the reset control
of each peripheral function according to the following procedures.

Reset enabled :
Write "1" to the target bits of peripheral function reset control registers (MRSTO, MRSTI, and
MRST?2).

Reset released:
Write "0" to the target bits of peripheral function reset control registers (MRSTO, MRST1, and
MRST2).

® Resupplying clocks to peripheral functions

1.

Reset control of peripheral functions which restart clock supply to peripheral functions

For the peripheral functions which gate the peripheral clocks, execute the reset control to each
peripheral function by using peripheral function reset control registers (MRSTO0, MRST1, and MRST2)
before restarting their operation. The procedures are the same as the above-mentioned procedures of
reset control immediately after peripheral clocks gated.

Supply settings of peripheral clocks

For the peripheral clock control registers (CKENO, CKEN1, and CKEN2), change the settings of bit
corresponding to the peripheral function for which the clock is to be resupplied.

At this time, do not set the bit where the peripheral function is not provided and the bit whose bus clock
has been gated to the values other than the initial value The reason is that the read value cannot coincide
with the written value not to get out of the processing loop at the register set value confirmation in the
following Item 3.

. Confirmation of set values of peripheral clock control registers

At the step where the clock setting change is reflected to the peripheral function whose settings are
changed, the peripheral clock control registers (CKENO, CKEN1, and CKEN2) updates the register
value to the written values.

Be sure to start the access to the peripheral function after executing the setting change of the
above-mentioned Item 2 , reading the register, and then confirming the agreement with the written value
because the access to the peripheral functions is invalid at clock gating.
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4. Peripheral Clock Gating Function Registers

This section explains each register function of the peripheral clock gating functions.

Table 4-1 shows the list of registers of peripheral clock gating functions.

Table 4-1 Registers of the Peripheral Clock Gating Functions

Abbreviated register name Register name Reference
CKENO Peripheral Function Clock Control Register 0 4.1
MRSTO Peripheral Function Reset Control Register 0 42
CKENI1 Peripheral Function Clock Control Register 1 43
MRST1 Peripheral Function Reset Control Register 1 4.4
CKEN2 Peripheral Function Clock Control Register 2 4.5
MRST?2 Peripheral Function Reset Control Register 2 4.6
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4.1. Peripheral Function Clock Control Register 0 (CKENO)

This section explains Peripheral Function Reset Clock Register 0 (CKENO).

bit 31 30 29 28 27 26 25 24
Field | Reserved | GIOCK |Reserved| EXBCK |Reserved | DMACK
Attribute - R/W - R/W - R/W
Initial ) 1 - 1 - 1
value
bit 23 22 21 20 19 18 17 16
Field Reserved ADCCK][3:0]
Attribute - R/W
Initial ) 1111
value
bit 15 14 13 12 11 10 9 8
Field MFSCK[15:8]
Attribute R/W
Initial OXFF
value
bit 7 6 5 4 3 2 1 0
Field MFSCK][7:0]
Attribute R/W
Initial OXFF
value

[bit31:29] Reserved: Reserved bits
Write "0" to these bits.

[bit28] GIOCK: Settings for operation clock supplying and gating to GPIO function

This bit controls the operation clock supplying and the gating to the I/O Port function. This bit controls all
the operation clocks to the 1/O Port functions collectively.
When this bit is set to "1", the bus clock is supplied to the I/O Port function block and the I/O Port function

can be used.

When this bit is set to "0", the bus clock input to the I/O Port function block is gated. Note that the reading
of the input level and the setting change of the output power level are disabled while the bus clock is gated.

For details, see "5. Peripheral Clock Gating Function Usage Precautions ".

bit

Description

0

The bus clock input to the I/0 Port function block is gated.

1

The bus clock is supplied to the I/O Port function block. (Initial value)
Be sure to set "1" in order to use I/O Port function.

[bit27] Reserved: Reserved bit
Write "0" to this bit.
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[bit26] EXBCK: Settings for operation clock supplying and gating of external bus interface function
This bit controls the operation clock supplying and the gating to the external bus interface functions. When
this bit is set to "1", the bus clock is supplied to the external bus interface function block, and the external
bus interface function can be used. For products to which the external bus interface is not mounted, do not

change this bit from the initial value.
When this bit is set to "0", the bus clock input to the external bus interface function is gated. While the bus
clock input is gated, the external bus interface cannot be used.

bit Description
0 The bus clock input to the external bus interface function block is gated.
1 The bus clock is supplied to the external bus interface function block. (Initial value)

[bit25] Reserved: Reserved bit
Write "0" to this bit.

[bit24] DMACK: Supplying and gating settings of DMAC operation clock
This bit controls the operation clock supplying and the gating to the DMAC function. When this bit is set
to"1", the bus clock is supplied to the DMAC block and the DMAC function can be used.
When this bit is set to "0", the bus clock input to the DMAC block is gated. While the bus clock input is
gated, the DMAC function cannot be used.

bit Description

0 The bus clock input to DMAC is gated.

1 The bus clock is supplied to DMAC. (Initial value)

[bit23:20] Reserved: Reserved bits
Write "0" to these bits.
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[bit19:16] ADCCK]3:0]: Settings for operation clock supplying and gating to A/D converter

These bits control the operation clock supplying and gating to the A/D converter. The following show the
correspondence between each bit and the A/D converter unit:

bit16 - ADCCKO : A/D converter unit 0
bitl7 - ADCCK1 : A/D converter unit 1
bit18 - ADCCK2 : A/D converter unit 2
bit19 - ADCCK3 : A/D converter unit 3

When the relevant bit is set to "1", the bus clock is supplied to the unit of the corresponding A/D converter
to enable the A/D converter function. For products to which the corresponding A/D converter is not
mounted, do not change the relevant bit from the initial value.
When the relevant bit is set to "0", the bus clock input to the corresponding A/D converter is gated. While
the bus clock input is gated, the relevant A/D converter cannot be used.

bit Description
0 The bus clock input to the A/D converter unit corresponding to the relevant bit is gated.
| The bus clock is supplied to the A/D converter unit corresponding to the relevant bit.
(Initial value)
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[bit15:0] MFSCK[15:0]: Settings for operation clock supply and gating to multi-function serial interface
These bits control the operation clock supply and gating to the multi-function serial interface. The

correspondence between each bit and the channel is shown below:

bit0 - MFSCKO :
: Multi-function serial interface channel 1
bit2 - MFSCK2 :
bit3 - MFSCK3 :
bit4 - MFSCK4 :
bit5 - MFSCKS5 :
bit6 - MFSCKG6 :
bit7 - MFSCK7 :
bit8 - MFSCKS :
bit9 - MFSCKO9 :

bitl - MFSCK1

Multi-function serial interface channel 0

Multi-function serial interface channel 2
Multi-function serial interface channel 3
Multi-function serial interface channel 4
Multi-function serial interface channel 5
Multi-function serial interface channel 6
Multi-function serial interface channel 7
Multi-function serial interface channel 8
Multi-function serial interface channel 9

bit10 - MFSCK10
bitll - MFSCK11
bit12 - MFSCK12
bit13 - MFSCK13
bit14 - MFSCK 14
bitl5 - MFSCK15

: Multi-function serial interface channel 10
: Multi-function serial interface channel 11
: Multi-function serial interface channel 12
: Multi-function serial interface channel 13
: Multi-function serial interface channel 14
: Multi-function serial interface channel 15

When the relevant bit is set to "1", the bus clock is supplied to the channel of the corresponding
multi-function serial interface to enable the function of the multi-function serial interface. For products to
which the relevant multi-function serial interface channel is not mounted, do not change the relevant bit
from the initial value.
When the relevant bit is set to "0", the bus clock input to the channel of the corresponding multi-function
serial interface is gated. While the bus clock input is gated, the multi-function serial interface function of
the corresponding channel cannot be used.

bit Description
0 The bus clock input to the multi-function serial interface channel corresponding to the
relevant bit is gated.
| The bus clock is supplied to the multi-function serial interface channel corresponding to the
relevant bit. (Initial value)
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4.2. Peripheral Reset Control Register 0 (MRSTO0)

This section explains the peripheral reset control register 0 (MRSTO0).

bit 31 30 29 28 27 26 25 24
Field | Reserved | EXBRST | Reserved | DMARST
Attribute - R/W - R/W
Initial ) 0 ) 0
value
bit 23 22 21 20 19 18 17 16
Field Reserved ADCRSTI[3:0]
Attribute - R/W
Initial ) 0000
value
bit 15 14 13 12 11 10 9 8
Field MFSRST[15:8]
Attribute R/W
Initial 0x00
value
bit 7 6 5 4 3 2 1 0
Field MFSRSTI[7:0]
Attribute R/W
Initial 0x00
value

[bit31:27] Reserved: Reserved bits
Write "0" to these bits.

[bit26] EXBRST: Reset control for external bus interface

This bit controls the reset of the external bus interface only. When this bit is set to "1", the external bus
interface is reset to disable the operation of the external bus interface. For products to which the external
bus interface is not mounted, do not change this bit from the initial value. To release the reset status, be sure
to set this bit to "0" again.

bit

Description

0

Releases the reset of the external bus interface. (Initial value)

1

Executes the external bus interface reset.

<Note>

The external bus interface reset control with the above register control cannot initialize the registers of the
external bus interface.
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[bit25] Reserved: Reserved bit
Write "0" to this bit.

[bit24] DMARST: Reset control of DMAC

This bit controls reset of the DMAC unit. If this bit is set to "1", DMAC becomes a reset state, the DMA
transfer operation stops, and all the register settings are initialized. To release the reset state, be sure to set
this bit to "0" again.

bit Description

0 Releases the DMAC reset. (Initial value)

1 Issues reset signal to DMAC.

[bit23:20] Reserved: Reserved bits
Write”0” to these bits.

[bit19:16] ADCRST[3:0]: Reset control of A/D converter

These bits control the reset of each unit of the A/D converter. The correspondence between each bit and A/D
converter unit is shown below:

bit16 - ADCRSTO : A/D converter unit 0
bitl7 - ADCRST1 : A/D converter unit 1
bit18 - ADCRST2 : A/D converter unit 2
bit19 - ADCRST3 : A/D converter unit 3

If the relevant bit is set to "1", the corresponding A/D converter unit becomes a reset state, the analog to
digital conversion operation stops, and the register settings are initialized. For products to which the
relevant A/D converter unit is not mounted, do not change the relevant bit from the initial state. To release
the reset state, be sure to set this bit to "0" again.

bit Description
0 Releases the reset of the A/D converter unit corresponding to the relevant bit. (Initial value)
1 Issues the reset to the A/D converter unit corresponding to the relevant bit.
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[bit15:0] MFSRST[15:0]: Control of software reset of multi-function serial interface

These bits control the reset of each channel of the multi-function serial interface. The correspondence
between each bit and the channel is shown below.

bit0 - MFSRSTO: Multi-function serial interface channel 0
bitl - MFSRST1: Multi-function serial interface channel 1
bit2 - MFSRST?2 : Multi-function serial interface channel 2
bit3 - MFSRST?3 : Multi-function serial interface channel 3
bit4 - MFSRST4 : Multi-function serial interface channel 4
bit5 - MFSRSTS : Multi-function serial interface channel 5
bit6 - MFSRST6 : Multi-function serial interface channel 6
bit7 - MFSRST7 : Multi-function serial interface channel 7
bit8 - MFSRSTS : Multi-function serial interface channel 8
bit9 - MFSRST9 : Multi-function serial interface channel 9
bit10 - MFSRST10 : Multi-function serial interface channel 10
bitll - MFSRST11 : Multi-function serial interface channel 11
bit12 - MFSRST12 : Multi-function serial interface channel 12
bit13 - MFSRST13 : Multi-function serial interface channel 13
bit14 - MFSRST14 : Multi-function serial interface channel 14
bitl5 - MFSRST15 : Multi-function serial interface channel 15

If the relevant bit is set to "1", the channel of the corresponding multi-function serial interface becomes a
reset state, its serial communications stop, and the register setting is initialized. For products to which the
relevant multi-function serial interface channel is not mounted, it is prohibited to set the relevant bit to "1".
To release the above-mentioned reset, be sure to set this bit to "0" again.

bit Description

Releases the reset of the multi-function serial interface channel corresponding to the
relevant bit. (Initial value)

1 Issues the reset the multi-function serial interface channel corresponding to the relevant bit.
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4.3. Peripheral Clock Control Register 1 (CKEN1)

This section explains the peripheral clock control register 1 (CKEN1).

bit 31 30 29 28 27 26 25 24
Field ‘ Reserved
Attribute -
Initial )
value
bit 23 22 21 20 19 18 17 16
Field Reserved QDUCK][3:0]
Attribute - R/W
Initial ) 1111
value
bit 15 14 13 12 11 10 9 8
Field Reserved MFTCK][3:0]
Attribute - R/W
Initial ) 1111
value
bit 7 6 5 4 3 2 1 0
Field Reserved BTMCK]3:0]
Attribute - R/W
Initial i 1111
value

[bit31:20] Reserved: Reserved bits

Write "0" to these bits.

[bit19:16] QDUCK]3:0]: Settings for operation clock supply and gating of quad counter

These bits control the operation clock supply and gating of quad counter. The correspondence between each
bit and quad counter is shown below.

bit16 - QDUCKO: Quad counter unit 0
bitl7 - QDUCK1: Quad counter unit 1
bit18 - QDUCK?2: Quad counter unit 2
bit19 - QDUCK3: Quad counter unit 3

When the relevant bit is set to "1", the bus clock is supplied to the unit of the corresponding quad counter to
use the quad counter function. For products to which the relevant quad counter unit is not mounted, do not
change the relevant bit from the initial value.

When the relevant bit is set to "0", the bus clock input to corresponding quad counter is stopped. While the
bus clock input is gated, the quad counter of the relevant unit cannot be used.

bit Description
0 Gates the bus clock input to the corresponding quad counter.
1 Supplies the bus clock to the quad counter corresponding to the relevant bit. (Initial value)
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[bit15:12] Reserved: Reserved bits
Write "0" to these bits.

[bit11:8] MFTCK][3:0]: Settings for operation clock supply and gating of multi-function timer and PPG

These bits control the operation clock supply and gating to the multi-function timer and PPG. The
correspondence among each bit, the multi-function timer unit, and the PPG channel is shown below.

bit8 - MFTCKO : Multi-function timer unit 0 - PPG channels 0, 2, 4, 6

bit9 - MFTCK1 : Multi-function timer unit 1 - PPG channels 8, 10, 12, 14
bit10 - MFTCK2 : Multi-function timer unit 2 - PPG channels 16, 18, 20, 22
bitll - MFTCK3 : Multi-function timer unit 3 - PPG channels 24, 26, 28, 30

When the relevant bit is set to "1", the bus clock is supplied to corresponding multi-function timer unit and
PPG channel to use the multi-function timer and PPG function. For products to which the relevant
multi-function timer unit and PPG channels is not mounted, it is prohibited to change the relevant bit from
the initial value.

When the relevant bit is set to "0", the bus clock input to the corresponding multi-function timer unit and
PPG channels is gated. While the bus clock is gated, the relevant multi-function timer and PPPG function
cannot be used.

bit Description

The bus clock input to the multi-function timer unit and the PPG channel corresponding to

0 the relevant bit is gated.

The bus clock is supplied to the multi-function timer unit and the PPG channel
corresponding to the relevant bit. (Initial value)

[bit7:4] Reserved: Reserved bits
Write "0" to these bits.

[bit3:0] BTMCK]J3:0]: Settings operation clock supply and gating to base timer

These bits control the operation clock supply and gating to the base timer. The correspondence between
each bit and the base timer channel is shown below.

bit0 - BTMCKO : Base timer channel 0, 1, 2, 3

bitl - BTMCKI1 : Base timer channel 4, 5, 6, 7

bit2 - BTMCK2 : Base timer channel 8, 9, 10, 11
bit3 - BTMCK3 : Base timer channel 12, 13, 14, 15

When the relevant bit is set to "1", the bus clock is supplied to the corresponding base timer channel to use
the base timer not change the relevant bit from the initial value.

When "0" is set to the relevant bit, the bus clock input to the corresponding base timer channel is gated.
While the bus clock input is gated, the base timer function of the corresponding channel cannot be used.

bit Description

0 The bus clock input to the base timer channel corresponding to the relevant bit is gated.

The bus clock is supplied to the base timer channel corresponding to the relevant bit.

! (Initial value)
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4.4. Peripheral Function Reset Control Register 1 (MRST1)

This section explains the peripheral function reset control register 1(MRST1).

bit 31 30 29 28 27 26 25 24
Field ‘ Reserved
Attribute -
Initial )
value
bit 23 22 21 20 19 18 17 16
Field Reserved QDURST]I3:0]
Attribute - R/W
Initial ) 0000
value
bit 15 14 13 12 11 10 9 8
Field Reserved MFTRSTI[3:0]
Attribute - R/W
Initial ) 0000
value
bit 7 6 5 4 3 2 1 0
Field Reserved BTMRST[3:0]
Attribute - R/W
Initial i 0000
value

[bit31:20] Reserved: Reserved bits
Write "0" to these bits.

[bit19:16] QDURST[3:0]: Reset control of quad counter

These bits control the reset of each unit of the quad counter. The correspondence between each bit and the

quad counter unit is shown below.

bit16 - QDURST 0 : Quad counter unit 0
bit17 - QDURST 1 : Quad counter unit 1
bit18 - QDURST 2 : Quad counter unit 2
bit19 - QDURST 3 : Quad counter unit 3

If the relevant bit is set to "1", the unit of the corresponding quad counter becomes a reset state, the quad
counter operation stops, and the register settings are initialized. For products to which the relevant quad
counter is not mounted, do not change the relevant bit from the initial state. To release the reset state, be

sure to set this bit to "0" again.

bit Description
0 Releases the reset of the quad counter corresponding to the relevant bit. (Initial value )
1 Issues the reset to the quad counter unit corresponding to the relevant bit.
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[bit15:12] Reserved: Reserved bits
Write "0" to these bits.

[bit11:8] MFTRST]3:0]: Control of multi-function timer and PPG reset control

These bits control multi-function timer reset of each unit and PPG reset of every four channels. The
correspondence among each bit, quad counter unit, and the PPG channel is shown below.

bit8 - MFTRSTO: Multi-function timer unit 0 - PPG channel 0, 2, 4, 6

bit9 - MFTRST1: Multi-function timer unit 1 - PPG channel 8, 10, 12, 14
bit10 - MFTRST2: Multi-function timer unit 2 - PPG channel 16, 18, 20, 22
bitll - MFTRST3: Multi-function timer unit 3 - PPG channel 24, 26, 28, 30

If the relevant bit is set to "1", the corresponding multi-function timer unit and PPG channel become the
reset states, the multi-function timer operation stops, and the register setting is initialized. For products to
which the relevant multi-function timer unit and PPG channels are not mounted, do not change the relevant
bit from the initial value. To release the reset state, be sure to set this bit to "0" again.

bit Description
0 Release the resets of the multi-function timer unit and the PPG channel corresponding to
the relevant bit. (Initial value)
1 Issue the resets to the multi-function timer unit and the PPG channels corresponding to the

relevant bit.

[bit7:4] Reserved: Reserved bits
Write "0" to these bits.

[bit3:0] BTMRST[3:0]: Reset control of base timer

These bits control the reset for four units of the base timer. The correspondence among each bit and the base
timer channels is shown below.

bit0 - BTMRSTO: Base timer channels 0, 1, 2, 3

bitl - BTMRST1: Base timer channels 4, 5, 6, 7

bit2 - BTMRST?2: Base timer channels §, 9, 10, 11
bit3 - BTMRST3: Base timer channels 12, 13, 14, 15

If the relevant bit is set to "1", the unit of the corresponding base timer channels becomes a reset state, the
base timer operation stops, and the register setting is initialized. For products to which the relevant base
timer channels are not mounted, do not change the relevant bit from the initial value. To release the reset
state, be sure to set this bit to "0" again.

bit Description
0 Release the reset for the base timer channel corresponding to the relevant bit. (Initial value)
1 Issue the reset to the base timer channel corresponding to the relevant bit.
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This section explains the peripheral clock control register 2(CKEN2).

bit 31 30 29 28 27 26 25 24
Field ‘ Reserved
Attribute -
Initial )
value
bit 23 22 21 20 19 18 17 16
Field Reserved
Attribute -
Initial )
value
bit 15 14 13 12 11 10 9 8
Field Reserved SDCCK
Attribute - R/W
Initial R 0
value
bit 7 6 5 4 3 2 1 0
Field Reserved CANCK[1:0] | Reserved USBCK[1:0] |
Attribute - R/W* - R/W
Initial i 11* i 00
value

* : For products not mounting CAN controller, Attribute is "R" and Initial value is "00".

[bit31:9] Reserved: Reserved bits
Write "0" to these bits.

[bit8] SDCCK: Settings for operation clock supply and gating to SD card interface
This bit controls the operation clock supply and gating to the SD card interface function. When this bit is set
to "1", the bus clock is supplied to the SD card interface unit to use the SD card interface function. For
products to which the relevant SD card interface unit is not mounted, do not change the relevant bit from
the initial value.
When this bit is set to "0", the bus clock input to the SD card interface unit is gated. While the bus clock
input is gated, the functions of the SD card interface cannot be used..

bit Description
0 Gates the bus clock input to SD card interface. (Initial value)
1 Supplies the bus clock to SD card interface.

[bit7:6] Reserved: Reserved bits
Write "0" to these bits.
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[bit5:4] CANCK]1:0]: Settings for clock supply and gating to CAN controller

These bits control bus clock (base clock) supply and gating to the CAN controller. The correspondence
between each bit and the CAN controller channel is shown below.

bit4 - CANCKO: CAN controller channel 0
bit5 - CANCK1: CAN controller channel 1

When the relevant bit is set to "1", the bus clock is supplied to the corresponding CAN controller channel to
use the CAN controller function. For products to which the relevant CAN controller channel is not mounted,
do not change the relevant bit from the initial value.

When the relevant bit is set to "0", the bus clock input to the corresponding CAN controller channel is gated.
While the bus clock input is gated, the CAN controller function of the corresponding channel cannot be

used.
bit Description
0 Gates the bus clock input to the CAN controller channel corresponding to the relevant bit.
(Initial value: For products not mounting CAN controller)
1 Supplies the bus clock input to the CAN controller channel corresponding to the relevant
bit. (Initial value: For products mounting CAN controller)

[bit3:2] Reserved: Reserved bits
Write "0" to these bits.

[bit1:0] USBCK][1:0]: Settings for operation clock supply and gating of USB(function/host)

These bits control the operation clock supply and gating to USB (function/host). The correspondence
between each bit and the USB channel is shown below.

bit0 - USBCKO: USB channel 0
bitl - USBCK1: USB channel 1

When the relevant bit is set to "1", the bus clock is supplied to the corresponding USB channel to use the
USB function. For products to which the relevant USB channel is not mounted, it is prohibited to change
the relevant bit from the initial value.

When the relevant bit is set to "0", the bus clock input to the corresponding USB channel is gated. While
the bus clock input is gated, the USB function of the corresponding channel cannot be used

bit Description
0 Gates the bus clock input to the USB channel corresponding to the relevant bit. (Initial
value)
1 Supplies the bus clock to the USB channel corresponding to the relevant bit.
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4.6. Peripheral Function Reset Control Reset 2 (MRST2)

This section explains the peripheral function reset control register 2 (MRST2).

bit 31 30 29 28 27 26 25 24
Field ‘ Reserved
Attribute -
Initial )
value
bit 23 22 21 20 19 18 17 16
Field Reserved
Attribute -
Initial )
value
bit 15 14 13 12 11 10 9 8
Field Reserved SDCRST
Attribute - R/W
Initial . 0
value
bit 7 6 5 4 3 2 1 0
Field Reserved CANRST[1:0] | Reserved USBRST[1:0] |
Attribute - R/W - R/W
Initial i 00 i 00
value

[bit31:9] Reserved: Reserved bits

Write "0" to these bits.

[bit8] SDCRST: Reset control of SD card interface
This bit controls the reset of the SD card interface unit. If this bit is set to "1", the SD card interface
becomes a reset state, the operation of the SD card interface stops, and the register settings are initialized.
For products to which the SD card interface is not mounted, do not set this bit to "1". To release the
above-mentioned reset state, be sure to set this bit to "0" again.

bit Description
0 Releases the reset of SD card interface. (Initial value)
1 Issue the reset signal to SD card interface.

[bit7:6] Reserved: Reserved bits

Write "0" to these bits.
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[bit5:4] CANRST[1:0]: Reset control of CAN controller

These bits control the reset of each CAN controller's channel unit. The correspondence between each bit
and the CAN controller channel is shown below.

bit4 - CANRSTO: CAN controller channel 0
bit5 - CANRST1 : CAN controller channel 1

If the relevant bit is set to "1", the channel of the corresponding CAN controller becomes a reset state, the
CAN controller operation stops, and the register settings are initialized. For products to which the CAN
controller channel is not mounted, do not change this bit from the initial value. To release the reset state, be
sure to set this bit to "0" again.

bit Description
0 Releases the reset of CAN controller channel corresponding to the relevant bit. (Initial
value)
1 Issues the rest signal to CAN controller channel corresponding to the relevant bit.

[bit3:2] Reserved: Reserved bits
Write "0" to these bits.

[bit1:0] USBRSTI[1:0]: Reset control of USB (function/host)

These bits control the reset of each channel of USB (function/host). The correspondence between each bit
and the USB channel is shown below.

bit0 - USBRSTO : USB channel 0
bitl - USBRST1 : USB channel 1

If the relevant bit is set to "1", the channel of corresponding USB becomes a reset state, the USB operation
stops, and the register settings are initialized. For products to which the relevant USB channel is not
mounted, do not change this bit from the initial value. To release the reset state, be sure to set this bit to "0"

again.
bit Description
0 Releases the reset of USB channel corresponding to the relevant bit.(Initial value)
1 Issues the reset to USB channel corresponding to the relevant bit.
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5. Peripheral Clock Gating Function Usage Precautions

This section explains the precautions for using peripheral clock gating functions by peripheral
function.

B Overview

® Control of a peripheral function to which a clock supply is stopped
The register access to a peripheral function to which a clock supply is stopped, both read and write, is not
guaranteed. The read value is undefined, and the write operation is prohibited.
The internal state can be reset by controlling peripheral function reset control register 0 to 2 (MRSTO,
MRST1, and MRST?2) while the peripheral clock is gated.

® Combination of peripheral clock settings
Be sure to set all the target peripheral functions to the clock supply side by the peripheral clock control
registers 0 to 2 (CKENO, CKENI, and CKEN2) for the functions operated by combining two or more
peripheral functions. For example, set a relevant unit of the A/D converter used and a relevant channel of
the base timer to the clock supply side respectively by the peripheral clock control registers (CKENO and
CKENT1) when the base timer is selected for use by the timer trigger of the A/D converter.

® Initialization conditions of peripheral clock settings
The peripheral clock gating function is initialized by the following reset. After issuing the following reset,
be sure to reconfigure the peripheral clock gating function.
For details of the following resets, see Chapter "Resets".

* Power-on reset (PONR)

 Low voltage detection reset (LVDH)

* INITX pin input(INITX)

+ Software watchdog reset (SWDGR)

+ Hardware watchdog reset (HWDGR)

* Clock failure detection reset (CSVR)

+ Anomalous frequency detection reset (FCSR)
* Software reset (SRST)

+ APB2 bus reset (APBC2_PSR)

* Deep standby transition reset (DSTR)

B Multi-Function Serial Interface

® LIN Sync field detection: LSYN
Execute the setting of the operation clock supply to the corresponding multi-function timer (input capture)
separately with the setting of the peripheral clock of multi-function serial interface when the input capture
(ICU) is used in the LIN bus interface mode. For the connection between the multi-function serial interface
and the input capture, see "Extended Pin Function Setting Register (EPFR)" in Chapter of "I/O port".
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B Base Timer

® Clock setting unit of base timer
The peripheral clock control of the base timer is executed in the unit of four channels described in Table
5-1.

Table 5-1 Correspondence between Peripheral Clock Gating Setting and Base Timer
Channels

Setting bit of Peripheral Clock

Control Register (CKEN1) Target Channels

bit 0 Base Timer ch3, ch2, chl, ch0

bit 1 Base Timer ch7, ch6, ch5, ch4

bit 2 Base Timer chl1, ch10, ch9, ch8
bit 3 Base Timer chl5, ch14, ch13, ch12

B Multi-function timer

® FRT Selection register
For using the following FRT selection function, set the operation clock of the multi-function timer unit on
which source-side FRT is mounted to the supply side.

- OCU Connection FRT selection register (OCFS)
- ICU Connection FRT selection register (ICFS)
- ADC Start-up compare connection FRT selection register (ADCMP)

m PPG
® Clock Control of PPG

The control of input clock to PPG synchronizes with the settings of input clock to the multi-function timer.
For PPG channel numbers and unit numbers of multi-function timer, see Table 5-2.

Table 5-2 Multi-function Timer and PPG Input Clock Control

Unit number of multi-function timer PPG channel number
Unit 0 Channel 0 to Channel 7
Unit 1 Channel 8 to Channel 15
Unit 2 Channel 16 to Channel 23
Unit 3 Channel 24 to Channel 31
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B External bus interface

® Individual reset control of external bus interface
When the external bus interface is individually reset with bit26 (EXBRST) of the peripheral function reset
control register 0 (MRSTO), the setting of the register in the external bus interface is not initialized though
its operation stops.

B USB (Function/Host)

® Clock control target
The gating and supplying of the clock for the USB communication cannot be controlled with USBCK bit of
the peripheral clock control register 2 (CKEN2). Execute the control of the clock for the USB
communication with UCEN bit of USB clock control register (UCCR) or USB/Ethernet clock control
register (UCCR). For details, see "USB Clock Generation" in FM4 Family Peripheral Manual
Communication Macro Part.

H A/D Converter
® A/D Timer Trigger Selection

When the base timer is used as a startup trigger of the A/D converter, set the operation clock of the selected
base timer channel to the supply side.

® GPIO

® Restrictions when bus clock is gated
While the bus clock of GPIO is gated, some functions of I/O port cannot be used as shown in Table 5-3.
Be sure to confirm the using conditions and execute the bus clock control of GPIO.
For details on I/O port functions, see Chapter "I/O Port".

Table 5-3 Restrictions when GPIO clock is gated

Bus Clock Status
Restrictions
Supplied* Gated*
GPIO Function-Input level reading
_ ) Available Prohibited
(PDIR register reading)
GPIO Function-Output Level Switching and Status Confirmation
] ) - Available Prohibited
(PDOR register reading/writing)
I/O port Mode Switching
(Setting change of PFR, PCR, DDR, ADE, SPSR, EPFR, and | Available Prohibited
PZR registers)
Peripheral Function Operation (Signal Input and Output) Available Available
External Interrupt/NMI Control Available Available
Reset Input (INITX) Available Available
Return from Deep Standby Mode ) )
Available Available
(WKUP pin input)

*: Available: can be used, Prohibited: cannot be used.
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CHAPTER: High-Speed CR Trimming

This chapter explains the High-Speed CR Trimming Function.

High-Speed CR Trimming Function Overview

High-Speed CR Trimming Function Configuration and Block Diagram
High-Speed CR Trimming Function Operation

High-Speed CR Trimming Function Setup Procedure Example
High-Speed CR Trimming Function Register List

High-Speed CR Trimming Function Usage Precautions

SR W =

CODE: 9BFCRTRIM_FM4-E01.0
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1. High-Speed CR Trimming Function Overview

This section explains frequency trimming function of the high-speed CR oscillator.

The high-speed CR oscillators used for this device have fluctuation range in frequency accuracy due to
process variation. The fluctuation range of frequency accuracy due to process variation and temperature
change can be reduced by configuring the trimming function.

The high-speed CR trimming function consitsts of the frequency trimming setup unit and temperature
trimming setup unit.

The frequency trimming setup unit has the following functions:

It can be configured the high-speed CR frequency trimming by writing a trimming value to the
High-speed CR oscillation Frequency Trimming Register (MCR_FTRM).

By using ch.0 of Base Timer, the setting value to thefrequency tirmming register can be calculated from
count value of the specified period.

The temperature trimming setup unit has the following function:

It can be configured the high-speed CR temperature compensation by writing a trimming value to the
High-speed CR oscillation Temperature Trimming Register (MCR_TTRM).

For the high-speed CR frequency accuracy, see electrical characteristics described in "Data Sheet" of the
product used.
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2. High-Speed CR Trimming Function Configuration and

Block Diagram

This section explains the configuration and block diagram of high-speed CR oscillator
frequency trimming function.

Figure 2-1 shows the block diagram of high-speed CR frequency trimming function.

Figure 2-1 Block diagram of the High-speed CR Oscillator Timing Circuit

APB-Bus

High-speed CR-
OSC macro

A

CLKHC . High-speed CR

trimming

A

Control circuit /

TRD/TRT Register block

CLKHC_div

|

Base timer ch.0

B Configuration

® High-speed CR OSC macro

A macro of the high-speed CR clock outputs CLKHC (high-speed CR clock).

In addition, the frequency trimming can be performed with TRD bit of high-speed CR oscillation frequency
trimming register (MCR_FTRM) and TRT bit of high-speed CR oscillation temperature trimming register

(MCR_TTRM).

® High-speed CR Trimming Control Circuit and register block
A control circuit and registers for trimming high-speed CR.
In addition, the high-speed CR clock (CLKHC div) divided by the ratio set with CSR bit of high-speed CR
oscillation frequency division setup register (MCR PSR) is output to the base timer ch.0.

® Base timer

This block counts frequency before setting to calculate the frequency trimming data for high-speed CR.

<Note>

For the clock definition, see Chapter "Clock".
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3. High-Speed CR Trimming Function Operation

This section explains operation conducted by frequency trimming function of the high-speed
CR oscillator.

B Operation of high-speed CR oscillation frequency trimming function

® Frequency trimming setup
The setup process writes a trimming data value to the High-speed CR oscillation Frequency Trimming
Register (MCR_FTRM) to correct the misalignment of high-speed CR clock accuracy caused by process
variation.

® Temperature trimming setup
The setup process writes a trimming data value to the High-speed CR oscillation Temperature Trimming
Register (MCR_TTRM) to correct the misalignment of high-speed CR clock accuracy caused by
temperature change.

® Register lock function
Write protect function is provided for the High-speed CR oscillation Frequency Trimming Register
(MCR_FTRM) and the High-speed CR oscillation Temperature Trimming Register (MCR_TTRM), a
function that protects the register from being rewritten without authorization when the system runs out of
control.

® Trimming data acquisition
Data written to the High-speed CR oscillation Frequency Trimming Register (MCR_FTRM) can be
acquired by one of the following three methods:

Use the factory preset value stored in the "CR trimming" area inside the flash memory.

Calculate by yourself the value set to the High-speed CR oscillation Frequency Trimming Register from
the count value within a certain period by using base timer.

Output high-speed CR clock to an external pin, monitor the waveform to trim the frequency and
calculate by yourself the value set to the High-speed CR oscillation Frequency Trimming Register.

For data written to the High-speed CR oscillation Temperature Trimming Register (MCR_TTRM), use the
factory preset value stored in the "CR trimming" area inside the flash memory.

<Notes>

Erasing the flash memory also erases the "CR trimming" area inside the memory at the same time. If you
use a value in the "CR trimming" area, therefore, save the data to other area (such as RAM) before
erasing the flash memory, or only erase sectors other than in the "CR trimming" area.

For the address of the "CR trimming" area, see "FLASH PROGRAMMING MANUAL" of the product
used.
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4. High-Speed CR Trimming Function Setup Procedure

Example

This section provides an example of setting up frequency trimming function of the high-speed

CR oscillator.

B Frequency trimming setup
Take the steps shown in Figure 4-1 to set up frequency trimming.

1. Write "0x1ACCES554" to TRMLCK]31:0] bits of High-speed CR frequency Register Write Protection

register (MCR_RLR) to release the lock of Frequency Trimming Setup Register (MCR_FTRM)/

Temperature Trimming Setup Register (MCR_TTRM).

2. Set the trimming data to TRT bit of Temperature Trimming Setup Register (MCR_TTRM).

W

Figure 4-1 Frequency/Temperature trimming setup

Set TRD bit of Frequency Trimming Setup Register (MCR_FTRM).
4. Write a value other than "0x1 ACCE554" to TRMCLK[31:0] bits of High-speed CR Oscillation Register
Write Protection Register (MCR_RLR) to lock the Frequency Trimming Setup Register (MCR_FTRM)/
Temperature Trimming Setup Register (MCR_TTRM).

( Start )

v

Unlock the register

MCR_RLR:TRMLCK[31:0] = 0x1ACC_E554

A\ 4

Temperature Trimm

MCR_TTRM:TRT

ing Register settings

\ 4

Frequency Trimmin

MCR_FTRM:TRD

g Register settings

\ 4

Lock the register

MCR_RLR:TRMLCK[31:0] = 0x000_0000

\ 4

End

* Write a value other than 0x1ACC_E554
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B Frequency trimming data acquisition example
When acquiring the data from the "CR trimming" area in the flash memory;

Read the "CR trimming" area in the flash memory and get the data.
Write the acquired value to TDR bit of the High-speed CR oscillation Frequency Trimming Setup
Register (MCR_FTRM).

B How to calculate the frequency trimming data
The following explains how to calculate the trimming data of high-speed CR oscillation.

1.

10.

11.

12.

13.

15.
16.

Let Ftgt, a target oscillation frequency be 4[MHz] and Ttgt, its cycle be 250[ns](Ftgt: 4{MHz]). Let
Xtrm_coarse and Xtrm_fine be the TRD[9:5] bit values and TRD[4:0] bit values of the High-speed CR
Ocsilation Frequency Trimming Setup register at the time respectively.

Set “0b00000” to TRD[4:0] bits.

Let Xtrm_coarse be Xtrmmin_coarse w hen “0b00000” is set to TRD[4:0] bits. Let Tmax_coarse[sec]
be the cycle at this time.

Let Xtrm_coarse be Xtrmmax_coarse when “Ob11111” is set to TRD[9:5] bits. Let Tmin_coarse[sec] be
the cycle at this time.

By calculating te following expression, obtain TRD[9:5] setting value, Xtrm_coarse giving the value
more than target oscilation cycle, Ttgt.

T max_ coarse —T min_ corse
Ttgt — —T max_ coarse

31
T min_ coarse —T max_ coarse

31

Xtrm _ coarse =

6. *: Round down decimals.
Set the obtained Xtrm_coarse to TRD[9:5] bits.
Confirm that the High-speed CR clock, Fcry, after setting TRD bits is Ftgt or less. If the Fcpy exceed
Ftgt, subtract “1” from Xtrm_coarse and then return to Step 6. When the Fcry is Ftgt or less, go to Step
8.
Let the value when “0b00000” is set to TRD[4:0] be Xtrimmin_fine. Let Tmax_fine[sec] be the cycle at
this time.
Let the value when “Ob11111” is set to TRD[4:0] be Xtrimmax_fine. Let Tmin_fine[sec] be the cycle at
this time.
By calculating te following expression, obtain TRD[4:0] setting value, Xtrm_fine giving the target
oscilation cycle, Ttgt.

T max fine =T min fine !
Ttgt — = = —T max_fine
31

T min_ fine — T max_ fine
31

Xtrm _ fine =

14. *: Round down decimals.
Set the obtained Xtrm_fine to TRD[4:0] bits.
Confirm whether the High-speed CR clock, Fcry, after setting TRD bits is Ftgt or more and within the
specification value of the High-speed CR clock oscilation frequency. If Fcry exceeds the specification
value, subtract “1” from Xtrm_fine and return to Step 9. Moreover, if Fcry is less than Ftgt, add “1” to
Xtrm_fine and return to Step 11. When the value is within the specification values, the calculation of
trimming data is finished.

<Note>

For specifications of High-speed CR Clock Oscillation frequency, see “Data Sheet” of the product used.
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Figure 4-2 Method to trim high-speed CR clock

T[sec]
A

Tmax_coarse

Tmax finep———— =4 — — — — — —

Ttgt

Tminfine b ———— =4 —— — — — — —

Tmin_coarse

\4

TRD

Xtrmmin_coarse Xtrm Xtrmmax_coarse
Xtrmmin_fine Xtrmmax_fine

<Note>

For information about how to measure Tmin_coarse/fine and Tmax_coarse/fine, sec "B Example of
trimming data acquisition using base timer".
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B Example of trimming data acquisition using base timer
Figure 4-3 shows the time chart of high-speed CR oscillation and the trimming process.

Figure 4-3 Time chart of high-speed CR oscillation and the trimming process with base timer

Xtmmin Xtmmax
TRD[9:0]
Stabilization time Stabilization time
CLKHC

CLKHC_div _soopo00000 [ L [ L 00m0no] \

PCLK \H\HHHHHHHHH\HH\H\H\H\\HH\\H\H\H\H\H\H\HHHH\HHHHHHH\HHHH\\HH\H\\HH\\H\H\H\H\H\H\\HH\\H\HH\\H\H\HHHHHHHH\HH\LILMMMMMMM&M&M&MMMUMMM&MMM

DTBF(TIMERT) DTBF(TIMER2)

PWC

Run the base timer by setting the main oscillation clock (CLKMC) as the master clock (measurement
reference clock).

Activate a trigger on the rising of the high-speed CR frequency division clock (CLKHC div) when setting
Xtrmmin or Xtrmmax, read the base timer value at that time, and perform the following calculations.

Tmax = (TIMER1 X PCLK) / DIV
Tmin = (TIMER2 X PCLK) / DIV

- TIMER1, TIMER2 : Count value of base timer (PWC)

- PCLK : APBI1 bus clock

- DIV : Frequency division ratio set by CSR bit of Division Setting
Register(MCR_PSR)

Example: When PCLK =40 MHz (25 ns), frequency division ratio = 1/8, and TIMER1 = 100,

Tmax = (100 X 25ns)/8=312.5ns

<Note>

The base timer used for trimming is ch.0.
PCLK in Figure 4-3 is an APB1 bus clock.
At this time, select the the master clock as the main oscillation for PCLK.
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B Frequency trimming procedure example
Figure 4-4 shows a trimming procedure example of high-speed CR oscillation.

Figure 4-4 Trimming Procedure Example of High-speed CR Oscillation

( Start )

Y

Set the master clock as the main oscillation
clock by the SCM_CTL register

y

Unlock the MCR_FTRM register
Write 0OX1ACC_E554 to the MCR_RLR register

v

Set the Temperatnne Setup register

Set the division ratio of high-speed CR
oscillation to be input into input capture/
base timer by the MCR_PSR register

v

Set the input into base timer as CR
division clock by the Extended Function
Pin Setup Register(EPFR04).

4

Calculate Xtrm
(See an Xtrm calculation procedure example)

'

Set the calculated Xtrm
as the MCR_FTRM register

'

Lock the MCR_FTRM register
Write 0x0000_0000 to the MCR_RLR register
(Note: Write a value other than 0x1ACC_E554)

'

[ End )
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B Xtrm calculation procedure example
Figure 4-5 shows an Xtrm calculation procedure example. Perform frequency trimming in the two stages of
coarse adjustment and fine adjustment.

Figure 4-5 Xtrm Calculation Procedure Example

( Start )
v

Calculate the fine adjustment

Calculate the coarse adjustment >
(TRDJ9:5]) bit (Xtrm_coarse) (TRD[4:0]) bit (Xtrm_fine)
Set an Xtrmmin_coarse value as the MCR_FTRM Set an Xtrm_coarse value as the MCR_FTRM
(TRD=0b0000000000) (TRD[9:5]=Xtrm_coarse)
Set a trigger for base timer on the rising of Set an Xtrmmin_fine value as the MCR_FTRM

(TRD[4:0]=0b00000)

v

the divided high-speed CR clock

Base timer ch.0 Base timer ch.0
PWC timer operation PWC timer operation
Read TIMER1 value Read TIMER1 value
\ 4
Set an Xtrmmax_coarse value as the MCR_FTRM Set an Xtrmmax_fine value as the MCR_FTRM
(TRD=0b1111100000) (TRD[4:0]=0b11111)
Base timer ch.0 Base timer ch.0
PWC timer operation PWC timer operation
Read TIMER2 value Read TIMER2 value
Calculate Tmin_coarse and Tmax_coarse, Calculate Tmin_fine and Tmax_fine,
based on measured TIMER1 and TIMER2 values: based on measured TIMER1 and TIMER2 values:
Tmin_coarse = (TIMER1xPCLK)/DIV Tmin_fine = (TIMER1xPCLK)/DIV
Tmax_coarse = (TIMER2xPCLK)/DIV Tmax_fine = (TIMER2xPCLK)/DIV
Calculate Xtrm_coarse (TRD set value at Ttgt): Calculate Xtrm_fine (TRD set value at Ttgt):
Xtrm_coarse= Xtrm_fine=
{(Ttgt - (Tmax_coarse-Tmin_coarse) / 31- {(Ttgt - (Tmax_fine-Tmin_fine) / 31-
Tmax_coarse} /{(Tmin_coarse-Tmax_coarse) / 31} Tmax_fine} {(Tmin_fine-Tmax_fine) / 31}
Set an Xtrmmax_coarse value as TRD[9:5] ‘ Set an Xtrm_fine value as TRD[4:0]

Base timer ch.0

— ] Base timer ch.0 — ¢ s
PWC timer operation PWC timer operation
Read TIMER value Read TIMER value ‘

4MHz <= Fcrn <= 4.08MHz ?

No No
Set Xtrm_coarse - 1 as TRD[9:5] Set Forn < 4MHz : Xtrm_fine + 1 as TRD[4:0]

Set Fors > 4.08MHz : Xtrm_fine - 1 as TRD[4:0]
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B Procedure example of using "CR trimming" area storage data inside flash

memory

Figure 4-6 shows a procedure example of reading trimming data stored in the "CR trimming" area inside the
flash memory and setting it in the High-speed CR oscillation Frequency Trimming Register.

Figure 4-6 Procedure Example of Using "CR Trimming" Area Storage Data

Unlock the register
MCR_RL_.TRMLCK][31:0]=0x1ACC_E554

v

Read the CR trimming area
inside flash memory

!

Set the read temperature
Trimming data (TTRM) to MCR_TTRT.TRT

'

Set the read frequency trimming
Data (TTRM) to MCR_FTRM.TRD

'

Lock the register

MCR_RLR.TRMLCK[31:0]=0x0000_0000

XWrite a value other than
0x1ACC_E554

<Note>

For the address of the CR trimming area, see "FLASH PROGRAMMING MANUAL" for the product used.
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5. High-Speed CR Trimming Function Register List

The following lists and explains registers used for frequency trimming function of the
high-speed CR oscillator.

Table 5-1 lists the registers.

Table 5-1 Register list

Abbreviation Register name Reference
MCR_PSR High-speed CR oscillation Frequency Division Setup Register 5.1
MCR_FTRM High-speed CR oscillation Frequency Trimming Register 5.2
MCR_TTRM High-speed CR oscillation Temperature Trimming Register 53
MCR_RLR High-speed CR oscillation Register Write-Protect Register 54
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5.1. High-speed CR oscillation Frequency Division Setup
Register (MCR_PSR)

The MCR_PSR register sets the frequency division ratio of high-speed CR oscillation.
A divided clock can be input in base timer.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field | Reserved | CSR
Attribute - R/W
Initial value - 001

B Register functions

[bit7:3] Reserved : Reserved bits
"0b00000" is read from these bits.
Set these bits to "0b00000" when writing.

[bit2:0] CSR: High-speed CR oscillation frequency division ratio setting bits
bit2 | bit1 bit0 Description
0 0 0 1/4
0 1 1/8 [Initial value]
0 1 0 1/16
0 1 1 1/32
1 0 0 1/64
1 0 1 1/128
1 1 0 1/256
1 1 1 1/512
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5.2. High-speed CR oscillation Frequency Trimming
Register (MCR_FTRM)

The MCR_FTRM register sets the frequency trimming value.

B Register configuration

bit 31

16

Field |

Attribute
Initial value

bit 15 10 9 8 7 6 5 4 3 2 1 0
Field | Reserved | TRD[9:0]

Attribute - R/W
Initial value - 0111101111

B Register functions

[bit31:10] Reserved : Reserved bits
"0" is always read from these bits.
These bits have no effect when written.

[bit9:0] TRD[9:0] : Frequency trimming setup bits

bit9:5

Description

‘When write

These bits make fine adjustment to the high-speed CR oscillator frequency.

For values to be set, see trimming data acquisition in the operation explanation of
the frequency trimming function.

Thess bits fluctuate in frequency steps of approximately2.3% each time +1 setting
is made.

When read

A specified value is read.
As an initial value, "0b01111" is read.

bit4:0

Description

When write

Thess bits make fine adjustment to the high-speed CR oscillator frequency.

For values to be set, see trimming data acquisition in the operation explanation of
the frequency trimming function.

Thess bits fluctuate in frequency steps of approximately 0.14% each time +1
setting is made.

When read

A specified value is read.
As an initial value, "0b01111" is read.

<Notes>

This register is not initialized by software reset.
For values to be set to the TRD bits, see trimming data acquisition in the operation explanation of the
frequency trimming function.
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5.3. High-speed CR Oscilation Temperature Trimming
Setup Register (MCR_TTRM)

The MCR_TTRM register sets the temperature trimming value.

B Regsiter Configuration

bit 31 16
Field | Reserved |
Attribute -
Initial value -
bit 15 5 4 3 2 1 0
Field | Reserved | TRT[4:0] |
Attribute - R/W
Initial value - 10000
B Register functions
[bit31:5] Reserved : Reserved bits
"0" is always read from these bits.
These bits have no effect when written.
[bit4:0] TRT[4:0] : Temperature trimming setup bits
bit4:0 Description
Thess bits make adjustment to the high-speed CR oscillator frequency.
Write the value read from Temperature Trimming bit storage area in Flash
When write | Mmemory.
For Temperature Trimming bit storage area, see “FLASH PROGRAMING
MANULA?” of the product used.
A specified value is read.
When read As an initial value, 0b10000 is read.
<Notes>
This register is not initialized by software reset.
Before obtaining the frequency trimming data, be sure to set this register.
99
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5.4. High-Speed CR Oscillation Register Write-Protect
Register (MCR_RLR)

The MCR_RLR register controls the write-protect state of the frequency trimming register
(MCR_FTRM)/high-speed CR oscillation temperature trimming register (MCR_TTRM).

B Register configuration

bit 31 16
Field | TRMLCK[31:16] |
Attribute R/W
Initial value 0x0000
bit 15 0
Field | TRMLCK][15:0]
Attribute R/W
Initial value 0x0001

B Register functions
[bit31:0] TRMLCK][31:0] : Register write-protect bits

bit31:0 Description

When 0x00000000 is read, the MCR_FTRM/MCR_TTRM register is
currently unlocked.

When 0x00000001 is read, the MCR_FTRM/MCR_TTRM register is
currently locked.

When read

Writing a value other

than 0x 1 ACCE554 Locks the MCR_FTRM/MCR_TTRM register

Writing

0x1 ACCE554 Unlocks the MCR_FTRM/MCR_TTRM register

<Note>

This register is not initialized by software reset.
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6. High-Speed CR Trimming Function Usage Precautions

This section explains the precautions for using the high-speed CR trimming function.

Low-speed CR oscillator
This trimming function is only enabled for the high-speed CR oscillator.
It cannot apply to the low-speed CR oscillator.

Data stored in the "CR trimming" area
The CR trimming" area stores the factory preset frequency trimming data. For the address of the "CR
trimming" area, see "FLASH PROGRAMMING MANUAL" for the product used.
When Data in flash memory is erased, the data in “CR trimming” area is also erase at the same time. To
use the data in the “CR trimming” area, save the data in the “CR trimming” area to other area such as
RAM before erasing the data in flash memory.
Otherwise, erase the sectors other than those in “CR trimming”area.

For High-seed CR oscilatior oscilation frequency accuracy
Without setting High-speed CR oscilation temperature trimming register (MCR_TTRM) and
High-speed CR oscilation temperature trimming register (MCR_FTRM), the accuracy of the High-speed

CR oscillator described in “Data Sheet” cannot be guaranteed. So, be sure to set the above registers
before use.

How to use base timer
For information about how to use base timer, see Chapters "Base Timer" in "Timer Part" and "I/O Port".

FCS (Anomalous Frequency Detection)

For FCS function (anomalous frequency detection), see Chapter "Clock supervisor". Do not perform CR
trimming after the FCS function is enabled.
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CHAPTER: Low-speed CR Prescaler

This chapter shows the functions and operation of low-speed CR Prescaler.

Low-speed CR Prescaler Overview

Low-speed CR Prescaler Configuration

Low-speed CR Prescaler Operation and Setup Procedure Example
Low-speed CR Prescaler Register

el S

CODE:9BFLCPC-E01.0
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1. Low-speed CR Prescaler Overview

This section shows the overview of low-speed CR prescaler.

B Low-speed CR Prescaler
By setting the low-speed CR prescaler load register(LCR_PRSLD), the low-speed CR prescaler divides

low-speed CR and generates low-speed CR clock(CLKLC).
This macro can correct the accuracy of low-speed CR. For the correcting method, see the example of

correcting low-speed CR.
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2. Low-speed CR Prescaler Configuration

This section shows the block diagram of low-speed CR prescaler.

B Block diagram of low-speed CR prescaler
For the block diagram of low-speed CR prescaler, see Figure 2-1.

Figure 2-1 Block Diagram of Low-speed CR Prescaler

BUS

Low-speed CR prescaler

Reload register (LCR_PRSLD)

«—f—»| bit5 | bit4 | bit3 | bit2 | bit1 | bit0

A A 4 A A

Low-speed CR
Reload Counter Underflow

-
Low-speed } — CLKLC
CR Clock

® Low-speed CR Prescaler Load Register (LCR_PRSLD)

Sets the division ratio (reload value) of Low-speed CR Prescaler.

® Low-speed CR Reload Counter
This is the down counter which generates the Low-speed CR Division Clock (CLKLC).
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3. Low-speed CR Prescaler Operation and Setup Procedure
Example

This section explains the operation of Low-speed CR Prescaler. This section also shows the
example of setup procedures.

B Setup procedures of Low-speed CR Prescaler
The Low-speed CR is asynchronous with the peripheral clock (PCLK).
For writing to the Low-speed CR Prescaler Reload Register, the peripheral clock is used. Therefore, if the
setting change of the Low-speed CR Prescaler Load Register and the reload of the reload counter occur
simultaneously, a value reloaded to the reload counter is not guaranteed.
So, execute the rewriting of the Low-speed CR Prescaler Reload Register conforming to the following
procedures.

® For Switching the division clock

The initial value of the Low-speed CR Prescaler Reload Register(LCR-PRSLD) is “0”.
Thus, for changing the value from the initial value, these procedures are unnecessary.

1. Set "0" to the Low-speed CR Prescaler Reload Register (LCR_PRSLD).

2. Wait until the value of the Low-speed CR Prescaler Reload Register (LCR_PRSLD) is reloaded to the
reload counter.

3. The wait time is obtained by calculating the following formula:
Low-speed CR cycle (50 kHz: 20 ps) x "the set value before changed to "0" in Item 1."

4. Write new setup value to the Low-speed CR Prescaler Reload Register (LCR_PRSLD).

For wait time at setup change, see Table 3-1.

Table 3-1 Setup Wait Time

Reload Value Setup -
before Setup Value Wait Time
0 0 Not exists.
1 0 20 pus (20 ps x 1)
2 0 40 ps (20 ps x 2)
3 0 60 ps (20 ps x 3)
60 0 1200 ps (20 ps x 60)
61 0 1220 ps (20 ps x 61)
62 0 1240 ps (20 ps x 62)
63 0 1260 ps (20 ps x 63)

<Notes>

+ The division clock cannot be stopped.
+ The setting of the Low-speed CR Prescaler Reload Register (LCR_PRSLD) is executed at the underflow
of the Low-speed CR Reload Counter.
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B Operation of Low-speed CR Prescaler
For the operation of the Low-speed CR Prescaler, see Figure 3-1.

Figure 3-1 Low-speed CR Prescaler Operation

reanest et e [T [ 1T WU WU YUY YUY LU Uit

Low-speed CR Prescaler
Reload Register

Low-speed CR

Low-speed CR Reload Counter

onor 1\ A SRRRERpEEA!
e [1 LT ] UL T

(1) Sets the Low-speed CR Prescaler Load Register (LCR_PRSLD in synchronization with the peripheral
clock (PCLK)

(2) Retrieves the value of the Low-speed CR Prescaler Load Register (LCR_SLD) at the moment the
Low-speed CR Reload Counter indicates "0".

(3) Outputs the Low-speed CR (CLKLC) at the moment when the Low-speed CR Reload Counter
underflow occurs.
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B Low-speed CR Correction Example
For the correction example of the Low-speed C, see Figure 3-2.

Figure 3-2 Low-speed CR Correction Example

Set the watch counter prescaler.

Set “Clock Source” to Low-speed CR.
(SEL_IN[1:0] =“117)

Set the output clock to the value from 24 to 2"1.
(SEL_OUT[2:0] =“010")

Set the division clock to “Enable”.
(CLK_EN="1")

\ 4
Set the watch counter.

Set the watch counter reload value to 64 division.
(RLC[4:0] =“00000")

Select WCCKO.
(CS[1:0] =“00")

Set an interrupt.
(WCIE, WCEN)

Interrupt

v
Obtains the value of measurement counter
such as BASE TIMER.

>
<

A 4
Calculate the Low-speed CR Prescaler Load value
from a measurement count value.

v
Set the Low-speed CR Prescaler Load Value
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4. Low-speed CR Prescaler Register

This section shows the list of the Low-speed CR Prescaler Register.

B Low-speed CR Prescaler Register
Table 4-1 List of Low-speed CR Prescaler Register

Abbreviation Register name Reference

LCR PRSLD Low-speed CR Prescaler Control Register 4.1
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4.1. Low-speed CR Prescaler Control Register
(LCR_PRSLD)

The Low-speed CR Prescaler Control Register is used to set the division ratio of low-speed
CR.

bit 7 6 5 4 3 2 1 0
Field | Reserved | LCR PRSLD[5:0] |
Attribute - R/W
Initial Value 00 000000

[bit7:6] Reserved: Reserved bits
Always “0” is read.
They have no effect in write mode.

[bit5:0] LCR_PRSLD: Low-speed CR Prescaler Load

At writing, sets the division ratio of the Low-speed CR Prescaler (the reload value of a reload counter) .
At reading, the set value is read.

<Note>

This register is not initialized with software reset.
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CHAPTER: Clock supervisor

This chapter explains the clock supervisor functions.

Overview

Configurations and Block Diagrams
Explanation of Operations

Setup Procedure Examples
Operation Examples

Registers

Usage Precautions

Nk =

CODE: 9BFCSV_FM4-E01.0
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1. Overview

This section provides an overview of the clock supervisor functions.

The clock supervisor includes the following two types of functions.

® Clock failure detection (CSV: Clock failure detection by clock Supervisor)
The clock failure detection monitors the main and sub clocks. If a rising edge of the monitored clock is not
detected within the specified period, this function determines that the oscillator has failed, and outputs a
system reset request.

® Anomalous frequency detection (FCS: anomalous Frequency detection by
Clock Supervisor)
The anomalous frequency detection monitors frequency of the main clock. Within the specified period
between an edge and the next edge of the divided clock of high-speed CR, this function counts up the
internal counter value using the main clock. If the count value reaches out of the set window range, the
function determines that the main clock frequency is anomalous, and outputs an interrupt request or a
system reset request to the CPU.
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2. Configurations and Block Diagrams

This section explains the block diagram of the clock supervisor functions.

B Clock failure detection

Figure 2-1 shows the block diagram of the clock failure detection.

Figure 2-1 Clock Failure Detection Block Diagram

Main clock
counter

I

Control circuit /

register

1

Main Clock >
High-speed CR q
Sub Clock q
Low-Speed CR q

Sub clock counter

CSV_RESET
—— =

The clock failure detection consists of the following three types of blocks.

® Control circuit/register
This block includes a circuit controlling the clock failure detection,
Also includes setup registers enabling/disabling the clock failure detection.

® Main clock counter

A counter that monitors the main clock with the high-speed CR clock.

® Sub clock counter

A counter that monitors the sub clock with the low-speed CR clock.
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B Anomalous frequency detection
Figure 2-2 shows the block diagram of the anomalous frequency detection.

Figure 2-2 Anomalous Frequency Detection Block Diagram

Main Clock N
y Edge Frequenc
divider detection 9 y
Hiah-soeed CR J_ counter
igh-spee g N

T ;

Control circuit /

dl
register and h FCS—RESET
window registers FCS_INT,

The anomalous frequency detection consists of the following three types of blocks.

® Control circuit/register and window registers
This block includes a circuit controlling the anomalous frequency detection.
Also includes setup registers enabling/disabling the anomalous frequency detection.
Also includes window registers defining the frequency range for measurements.

o Frequency counter
A counter based on the main clock.

® Divider/edge detection
This block divides the high-speed CR.
Also detects rising edges of the divided clock of high-speed CR.
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3. Explanation of Operations

This section explains the operations of the clock supervisor functions.

B Clock failure detection function
The clock failure detection function monitors the main and sub clocks. If a rising edge of the monitored
clock is not detected within the specified period, this function determines that the oscillator has failed, and
outputs a system reset request.

This reset request is referred to as the CSV reset request.

CSV function monitors each of the main and sub clocks independently.

It stops monitoring when the main and sub oscillators stop oscillating.

It stops monitoring while waiting for oscillation stabilization wait time.

When the oscillation stabilization wait time of main and sub oscillators ends, CSV function is
automatically enabled.

<Notes>

Each of the main and sub clocks can be enabled/disabled independently using the CSV control register
(CSV_CTL).

The main clock is monitored with the high-speed CR clock, and the sub clock is monitored with the
low-speed CR clock. When a rising edge is not detected within 32 clocks of high-speed CR for the main
clock, or within 32 clocks of low-speed CR for the sub clock, this function determines that the oscillator
has failed.

B Anomalous frequency detection function
The anomalous frequency detection function monitors the main clock.

Within the specified period between a rising edge and the next rising edge of the divided clock of
high-speed CR, this function counts up the internal counter using the main clock. If the count value reaches
out of the set window range, the function determines that the main clock frequency is anomalous, and
outputs an interrupt request or a system reset request to the CPU.

This interrupt request is referred to as the FCS interrupt request, and reset request as the FCS reset
request.

The FCS function only monitors frequency of the main clock.

It stops monitoring when the main oscillator stops oscillating.

It stops monitoring while waiting for oscillation stabilization wait time.

The FCS function is started with software, a user program.

<Notes>

If the FCS reset is enabled:

An interrupt request occurs the first time a counter value deviates from the set window. If the interrupt
request has not been cleared, and the counter value falls out of the specified window, a system reset
request is output.

If the FCS reset is not enabled, the reset request is masked.

The counter value, if it goes out of the specified window, is stored in the frequency detection counter
register (FCSWD_CTL).
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4. Setup Procedure Examples

This section explains examples of setting up the clock supervisor functions.

B Example of clock failure detection function setup procedure

Setup Start

\ 4
Enable main and sub clock
oscillators

|

Oscillation stabilization wait time
of main and sub clocks end

v
Clock failure detection operation
of main and sub clocks starts

Failure Detected? Stop Monitoring?

Access the CSV_CTL register
Disable the enable bit

The CSV reset occurs

\ 4
End

v

<Notes>

When 32 kHz oscillation clock control linkage bit of VBAT register Sub oscillation control register
(WTOSCCNT.SOSCNTL) is changed from “1” to “0”, rewrite a register value after the sub clock
oscillation stabilization wait completion.

To operate only VBAT domain with turning off the power on CHIP side, set
WTOSCCNT.SOSCNTL="0" and then turn off the power on CHIP side. Moreover, after the power on
CHIP side is turned off, sub clock supervisor function does not operate.

For details on VBAT, see Chapter "VBAT Domain".
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B Example of Anomalous frequency detection function setup procedure

INo

Set upper frequency window

Y
Access FCSWL_CTL
Set lower frequency window

Setup Start
v
he count value out of the window?
| Yes
Y
Is the interrupt flag set?
\ 4
No
Access CSV_CTL '

Access FCSWH_CTL — 5

v v
Access CSV_CTL
Enable/disable the FCS reset

\ 4
Access INT_CLR
Clear the FCS interrupt factor

Restart interrupt handling/FCS function
\ 4
Access INT_ENR

. ) Yes
Enable/disable the FCS interrupt -

¢ The FCS reset occurs

Access CSV_CTL Turn
ON the FCS function ;
End
I [ End ]
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5. Operation Examples

This section explains examples of clock supervisor operations.

B Clock failure detection
Figure 5-1 provides an example of clock failure detection operation.

Figure 5-1 Example of clock failure detection operation

Main clock

High-speed
e N B A i oy M B

S ——
Main clock is missing
32 x CR clocks

CSV reset

Reset occurs

—_—

The main clock stops due to failure.

2. The function counts up clocks using the high-speed CR clock.

3. If the main clock keeps stopping during 32 clocks of high-speed CR, the function determines that the

clock has failed and issues the CSV reset.

Note: In case of the sub clock monitoring, the function determines that the sub clock has failed if it
keeps stopping during 32 clocks of low-speed CR.

Figure 5-2 provides an example of the clock failure detection operation in stop mode.

Figure 5-2 Example of clock failure detection operation in stop mode

Waiting for
RUN STOP oscillation RUN
stabilization

Main clock
A

A A A
H igrll?sglzilg High speed CR clock stops
(Low speed (Low speed CR clock stops) f?
CR clock)
- Stop mode o T/Vaiting for oscillation

stabilization

Clock monitoring
is active

Clock monitoring is

active Clock monitoring is disabled

1. In stop mode, the main clock and high-speed CR clock stop.
Meanwhile, the clock monitoring function also stops.

2. Upon the release of stop mode, oscillation of main clock and high-speed CR clock restart, waiting for
oscillation stabilization. Meanwhile, the clock monitoring function keeps stopping.

3. When the oscillation stabilization wait time ends, the clock monitoring restarts.
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B Anomalous frequency detection
Figure 5-3 provides an example of anomalous frequency detection function operation.

Figure 5-3 Example of anomalous frequency detection function operation

Main clock

Divided clock of B B .
High-speed CR

Count-up cycle

This function detects rising edges of the divided clock of high-speed CR.
After detecting edges, it counts up clocks using the main clock.
It keeps counting up until it detects the next rising edge of the divided clock of high-speed CR.
Let "a" be the count value with the main clock.
Also let B denote the lower window value, and A the upper window value. Compare the count value o
with those window values and if expression
B<ac<A
holds true, then the frequency is considered to be normal.
If the count value o is out of the range, i.e., either
o <B, or A< a
is true, then the frequency is considered to be anomalous, and an interrupt occurs.
If the interrupt flag has not been cleared after the interrupt and an anomalous frequency is detected
again, then the function issues a reset depending on the setting.

Ealb o e
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B Example of anomalous frequency detection function window setting
The anomalous frequency detection counts up between edges of the divided clock of high-speed CR. The
measurement interval is also affected by the accuracy of CR. When you configure the window register
value, therefore, the CR accuracy must be considered for the value.
For frequency accuracy of the CR oscillator, check the relevant "Data Sheet".

® Calculation method
The count value range of anomalous frequency detection must be added the CR accuracy, then, the window
register value is set. The count range expression must be used as follows.

Frequency of

Count value = i
Frequency of divided ( ] CR accuracy main clock

+
clock of CR 100

The count value by main clock of frequency L [Hz] can be calculated using the divide-by-Y CR oscillator
clock of 7% accuracy with frequency K [Hz].

Count value A (positive CR frequency accuracy) = 1/[ (K/Y) x (1 +Z/100)] x L
Count value B (negative CR frequency accuracy) = 1/[ (K/Y) x (1 - Z/100)] x L

Those expressions lead the count value within the range A to B added internal CR accuracy.
Set the value smaller than count value A for the lower limit of the window, and larger than count value B
for the upper limit.

The window setting is determined by the value allowed for frequency fluctuation of main oscillation
defined by the user.

® Example calculation
The count value by main clock of frequency 4 MHz is calculated using the divide-by-1024 CR oscillator
clock of +5% accuracy with frequency 4 MHz.

Count value A (positive CR frequency accuracy)

- 4x10°  « 975
Count value A = 4x10° ( 5 x x
X 1 + )
1024 100
Count value B (negative CR frequency accuracy)
1
- x o 4x10° & 1078
Count value B = 4x10° 5
e ()
1024 100

Those expressions yield the count value within the range 975 to 1078 including the high-speed CR error.
If the window setting value is 5%, window setting value is as follows.

Window lower limit =975 x 0.95(-5%) =926.25 =~ 3.43 MHz
Window upper limit = 1078 x 1.05(+5%) = 1131.9 = 4.64 MHz

Thus, you can recognize that a main clock frequency out of the 3.4 MHz to 4.6 MHz range is anomalous.
Table 5-1 provides an example of the window settings.
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Table 5-1 Example of window settings
Count value . -
Divided clock of |, . High-speed|  including | -oWer limit of | Upper limit of
. Main clock . window set | window set
High-speed CR CR error | high-speed CR
value value
error
Divide-by-1024 4 MHz +5% 975 (= 3.61 MHz) - | 926 1131
clocks of CR:4 MHz 1078 (x 442 MHz) | (= 3.43 MHz) | (= 4.64 MHz)
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6. Registers

This section explains the register list of the clock supervisor functions.

B Register list

Table 6-1 shows the register list.

Table 6-1 Register list

MN709-00001-1vO0-E FUJITSU SEMICONDUCTOR LIMITED

Abbreviation Register name Reference
CSV_CTL CSV control register 6.1
CSV_STR CSV status register 6.2
FCSWH_CTL Frequency detection window setting register (Upper) 6.3
FCSWL _CTL Frequency detection window setting register (Lower) 6.4
FCSWD_CTL Frequency detection counter register 6.5
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6.1.

CSV control register (CSV_CTL)

The CSV_CTL register configures the control of CSV function.

B Register configuration

bit 15 14 13 12 11 10 9 8
Field | Reserved | FCD Reserved | FCSRE | FCSDE |
Attribute - R/W - R/W R/W
Initial value - 111 - 0 0
bit 7 6 5 4 3 2 1 0
Field | Reserved | SCSVE | MCSVE |
Attribute - R/W R/W
Initial value - 1 1
B Register functions
[bit15] Reserved: Reserved bit
"0" is read from this bit.
Set this bit to "0" when writing.
[bit14:12] FCD: FCS count cycle setting bits
bit14:12 Description
When 000 is written
When 001 is written
When 010 is written | Setting is prohibited
When 011 is written
When 100 is written
When 101 is written | 1/256 frequency of high-speed CR oscillation
When 110 is written | 1/512 frequency of high-speed CR oscillation
When 111 is written | 1/1024 frequency of high-speed CR oscillation [Initial value]
When read The register value is read.
[bit11:10] Reserved: Reserved bits
"0b00" is read from these bits.
Set these bits to "0b00" when writing.
[bit9] FCSRE: FCS reset output enable bit
bit Description
When 0 is written The FCS reset is disabled [Initial value]
When 1 is written The FCS reset is enabled
When read The register value is read.
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[bit8] FCSDE: FCS function enable bit

bit Description

When 0 is written The FCS function is disabled [Initial value]

When 1 is written The FCS function is enabled.

When read The register value is read.

[bit7:2] Reserved: Reserved bits
"0b000000" is read from these bits.
Set these bits to "0b000000" when writing.

[bit1] SCSVE: Sub CSV function enable bit

bit Description

When 0 is written The sub CSV function is disabled

When 1 is written The sub CSV function is enabled. [Initial value]

When read The register value is read.

[bit0] MCSVE: Main CSV function enable bit

bit Description

When 0 is written The main CSV function is disabled

When 1 is written The main CSV function is enabled. [Initial value]

When read The register value is read.

<Note>

This register is not initialized by software reset.

To enable sub clock supervisor function, set sub clock oscillation enable setting of system clock mode
control register (SCM_CTL.SOSCE) to “1” and wait until the sub clock oscillation stabilization bit of

system clock mode control register (SCM_STR.SORDY) becomes “1” by stabilized.

The sub clock supervisor function does not operate only by enabling sub clock oscillation of VBAT RTC

(WTOSCCNT.SOSCEX=0).

The following setting combination is prohibited:

32 kHz oscillation stop disable bit of VBAT RTC sub clock oscillation control register

(WTOSCCNT.SOSCNTL) is “0”.

32 kHz oscillation enable bit of VBAT RTC sub clock oscillation control register

(WTOSCCNT.SOSCEX) is “1”.

Sub clock oscillation enable setting bit of system clock mode control register (SCM_CTL.SOSCE) is

“1”

Sub CSV function enable bit of CSV control register (CSV_CTL.SCSVE) = “1".

For details on VBAT RTC, see "VBAT Domain".
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6.2. CSV status register (CSV_STR)

The CSV_STR register indicates the status of CSV function.

B Register configuration

bit 7 6 5 4 3 2 1 0
Field | Reserved | SCMF | MCMF |

Attribute - R R

Initial value - 0 0

B Register functions

[bit7:2] Reserved: Reserved bits
"0b000000" is read from these bits.
Set these bits to "0b000000" when writing.

[bit1] SCMF : Sub clock failure detection flag

bit Description
When written No effect
When 0 is read No sub clock failure has been detected. [Initial value]
When 1 is read A sub clock failure has been detected.

[bit0] MCMF : Main clock failure detection flag

bit Description
When written No effect
When 0 is read No main clock failure has been detected. [Initial value]
When 1 is read A main clock failure has been detected.

<Note>
This register is cleared when being read.
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6.3. Frequency detection window setting register (Upper)
(FCSWH_CTL)

The FCSWH_CTL register configures the frequency detection window setting register
(Upper).

B Register configuration

bit 15 0
Field | FWH |
Attribute R/W
Initial value 0xFFFF

B Register functions
[bit15:0] FWH: Frequency detection window setting bits (Upper)
bit15:0 Description

When written Any value can be written to these bits.

When read The register value is read.

<Notes>

Set a value larger than the value set in FCSWL_CTL (Frequency detection window setting register

(Lower)).
This register is not initialized by software reset.

MN709-00001-1vO0-E FUJITSU SEMICONDUCTOR LIMITED 126



CHAPTER 3: Clock supervisor

6. Registers FM4 Famlly

6.4. Frequency detection window setting register (Lower)
(FCSWL_CTL)

The FCSWL_CTL register configures the frequency detection window setting register (Lower).

B Register configuration

bit 15 0
Field | FWL |
Attribute R/W
Initial value 0x0000

B Register functions
[bit15:0] FWL: Frequency detection window setting bits (Lower)

bit15:0 Description

When written Any value can be written to these bits.

When read The register value is read.

<Notes>
Set a value smaller than the value set in FCSWH_CTL (Frequency detection window setting register

(Upper)).
This register is not initialized by software reset.
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6.5. Frequency detection counter register (FCSWD_CTL)

The FCSWD_CTL register indicates the counter value of frequency detection using the main
clock.

B Register configuration

bit 15 0
Field | FWD |
Attribute R
Initial value 0x0000

B Register functions

[bit15:0] FWD: Frequency detection count data
bit15:0 Description
When written No effect on operation
When read The count value is read.

<Notes>

This register retains the count value when detecting an error.
This register is not initialized by software reset.
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7. Usage Precautions

This section explains the precautions for using the clock supervisor functions.

For details on enabling and clearing the frequency detection interrupt sources, see Chapter "Clock".

For details on clock failure detection and anomalous frequency detection reset sources, see Chapter
"Resets".

Operation after the occurrence of a reset
After the occurrence of a reset triggered by clock failure detection, clock mode returns to high-speed CR.
Do not select the faulty clock again.

The high-speed CR clock for use of the frequency detection
The frequency failure detection is affected by the frequency accuracy of high-speed CR itself.
When you configure frequency window, therefore, the accuracy of high-speed CR must be considered
for the window value. Do not trim the high-speed CR clock after the anomalous frequency detection has
been enabled.

The order of the anomalous frequency detection settings before using
Before enabling FCS (FCSDE=1), specify the count cycle (FCD), reset enable (FCSRE), and frequency
window (FWH/FWL) settings.
If you want to change any of FCD/FCSRE/FWH/FWL after FCS has been enabled, stop the FCS
function before changing the setting. Do not change the setting while FCS is enabled.

The enable settings of the anomalous frequency detection before using
Depending on the setting of the FCSRE bit in the CSV control register (CSV_CTL), operation during
anomalous frequency detection varies. Table 7-1 shows the setting list.

Table 7-1 List of the FCS function and FCSRE bit settings

FCSRE=0 FCSRE=1
FCSDE=0 | Stops FCS function Stops FCS function
FCSDE=1 | Enables FCS function Enables FCS function
Generates an interrupt upon error detection An interrupt occurs upon the first error
detection
A reset occurs upon the second error detection

Interrupt settings for the frequency detection and main timer mode
The internal bus clock stops while the clock is in main timer mode. In this mode, an interrupt does not
occur even if an error is detected while FCSRE is set to "0".
In main timer mode, therefore, do not set FCSRE bit to "0". If FCSRE bit is set to "1", a reset occurs.

The settings for CSV OFF and external reset.
When CSV function is set to OFF, the CSV reset is not generated even if the clock failure occurs, and
moreover, the external reset (INITX) is not accepted. So, it is recommended not to turn OFF the CSV
function, if you do not have special reason.
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CHAPTER 4: Resets

1. Overview FM4 Famlly
CHAPTER: Resets

This chapter explains the function and operation of the resets.

Overview

Configuration
Explanation of Operations
Register

S

CODE: 9BFRESET FM4-E01.0
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1. Overview

This family has the following reset factors and issues a reset to initialize a device upon
accepting a reset factor.

Power-on reset

INITX pin input

External power supply/low-voltage detection reset
Software watchdog reset

Hardware watchdog reset

Clock failure detection reset

Anomalous frequency detection reset

Software reset

TRSTX pin input

Deep standby transition reset

VBAT domain cannot be initialized with reset factors in this section.

For the reset of VBAT domain, see Chapter "VBAT Domain".

MN709-00001-1vO0-E FUJITSU SEMICONDUCTOR LIMITED 132



CHAPTER 4: Resets

2. Configuration

FM4 Family

2. Configuration

This section explains configuration of reset circuit.

B Block Diagram of Resets

Figure 2-1 Block Diagram of Resets

Cortex-M4F
SYSRESETREQ
SYSRESETREQ
SYSRESETn
»{ SYSRESETn
< SQ-WDG reset SW-WDG
HRESET €——
PRESET0 —
PRESET1 R
< ‘:| i < HW-WDG reset HW-WDG
PRESET2
[Reg |
L Clock failure detection reset
Reset _Anomalous frequency detection reset csv
generator
LVDH >
PONR >
INITX >
» PORESETn
TRSTX > » nTRST
Deep
standby DSTR
control block
PONR : Power-on reset
INITX : INITX pin input reset
LVDH : Low-voltage detection reset
TRSTX : TRSTX pin input reset
HRESET : AHB bus reset (a bus reset issued by all reset factors)
PRESETO, 1,2 : APBO, APBI1, APB2 bus resets (bus resets issued by all reset factors)

SW-WDG reset
HW-WDG reset
PORESETn
SYSRESETn

SYSRESETREQ :

nTRST
DSTR

Software watchdog reset

: Hardware watchdog reset
: Power-on reset that is input to Cortex-M4F

System reset that is input to Cortex-M4F
"SYSRESETREQ bit" signal of Cortex-M4F internal reset control register
SWIJ-DP reset

: Deep standby transition reset

MN709-00001-1v0-E

FUJITSU SEMICONDUCTOR LIMITED

133



CHAPTER 4: Resets .
3. Explanation of Operations FM4 Famlly

3. Explanation of Operations

This section explains the operations of the resets of this family.

3.1 Reset Factors
3.2 Resetting Inside the Device
3.3 Reset Sequence

3.4 Operations After Resets are Cleared
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3.1. Reset Factors

This section explains reset factors.

B Power-On Reset (PONR)

A reset that is generated at power-up.

Generated by | This signal is generated by detecting a rising edge of the power supply.

Cleared by This signal is automatically cleared after issuing a reset.
Initialization I . .
Initializes all register settings and hardware.
target
Flag bit0 (PONR) of reset factor register (RST STR) =1

B INITX Pin Input Reset (INITX)

A reset that is externally input from a device.

Generated by | This signal is generated by inputting a low level to INITX pin.

Cleared by This signal is cleared by inputting a high level to INITX pin.

Initializes all register settings and hardware except the debug circuit, deep standby
control block, and RTC (some registers).
Note: The following registers are not initialized.
Initialization - Reset factor register (RST STR)
target - bitl5 to bit8 of low-voltage detection voltage setting register
- Deep standby return factor registers 1 and 2 (WRFSR, WIFSR)
- Deep Standby RAM Retention Register (DSRAMR)
- Backup registers from 01 to 16 (BURO1 to BUR16)

Flag bitl (INITX) of reset factor register (RST _STR) =1

* The content of the on-chip SRAM is retained if a reset is asynchronously input from the INITX pin.
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B Low-voltage Detection Reset, External Voltage Monitoring (LVDH)
A reset that is input from a low-voltage detection circuit when a decrease in the external voltage is detected.

Generated by | This signal is generated when an external voltage is lowered than a specified level.
Cleared by This signal is cleared when an external voltage is more than a specified level.
Initialization I . .

Initializes all register settings and hardware.
target
Flag bit0 (PONR) of reset factor register (RST _STR) =1

B Software Watchdog Reset (SWDGR)

A reset that is input from the software watchdog timer.

Generated by | This signal is generated when the software watchdog timer underflows.
Cleared by This signal is automatically cleared after issuing a reset.
Initializes all register settings and hardware except the debug circuit and hardware
watchdog timer (including control registers) and deep standby control block.
Note: The following registers are not initialized.
Initialization - Reset factor register (RST STR)
target - bitl5 to bit8 of low-voltage detection voltage setting register (LVD CTL)
- Deep standby return factor registers 1 and 2 (WRFSR, WIFSR)
- Deep Standby RAM Retention Register (DSRAMR)
- Backup registers from 01 to 16 (BUROI to BUR16)
Flag bit4 (SWDT) of reset factor register (RST _STR)= 1
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B Hardware Watchdog Reset (HWDGR)

A reset that is input from the hardware watchdog timer.

Generated by | This signal is generated when the hardware watchdog timer underflows.

Cleared by This signal is automatically cleared after issuing a reset.

Initializes all register settings and hardware except the debug circuit, deep standby
control block, and RTC (some registers).
Note: The following registers are not initialized.
Initialization - Reset factor register (RST STR)
target - bitl5 to bit8 of low-voltage detection voltage setting register (LVD CTL)
- Deep standby return factor registers 1 and 2 (WRFSR, WIFSR)
- Deep Standby RAM Retention Register (DSRAMR)
- Backup registers from 01 to 16 (BUROI to BUR16)

Flag bitS (HWDT) of reset factor register (RST_STR) =1

B Clock Failure Detection Reset (CSVR)

A reset that is input when the main or sub crystal oscillator being monitored fails.

This signal is generated when a clock failure is detected in the main or sub crystal

Generated by oscillator.

Cleared by This signal is automatically cleared after issuing a reset.
Initializes all register settings and hardware except the debug circuit , clock failure
detection circuit (some registers), deep standby control block, and RTC (some
registers).

Initializati Note: The following registers are not initialized.

nitiatization - Reset factor register (RST _STR)

target —

- bitl5 to bit8 of low-voltage detection voltage setting register (LVD CTL)
- Deep standby return factor registers 1 and 2 (WRFSR, WIFSR)

- Deep Standby RAM Retention Register (DSRAMR)

- Backup registers from 01 to 16 (BUROI to BUR16)

bit6 (CSVR) of reset factor register (RST_STR) =1
Flag bitl (SCMF) or bit0 (MCMF) of CSV status register (CSV_STR) = 1
Note: For details on the CSV_STR, see Chapter "Clock supervisor".

B Anomalous Frequency Detection Reset (FCSR)
A reset that is input when an anomalous frequency is detected in the main crystal oscillator.

This signal is generated when the frequency of the main crystal oscillator is outside

Generated by of any given setting.

Cleared by This signal is automatically cleared after issuing a reset.

Initializes all register settings and hardware except the debug circuit and the

anomalous frequency detection (some registers) and deep standby control block.
Note: The following registers are not initialized.

Initialization - Reset factor register (RST _STR)

target - bitl5 to bit8 of low-voltage detection voltage setting register (LVD CTL)

- Deep standby return factor registers 1 and 2 (WRFSR, WIFSR)

- Deep Standby RAM Retention Register (DSRAMR)

- Backup registers from 01 to 16 (BUROI to BUR16)

Flag bit7 (FCSR) of reset factor register (RST_STR) =1
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B Software Reset (SRST)

A reset that is generated when an access to the reset control register occurs.

Generated by This

signal is generated by a write to the Cortex-M4 internal reset control register

(SYSRESETREQ bit).

Cleared by This

signal is automatically cleared after issuing a reset.

Initialization
target

Initializes all register settings and hardware except the following:
Functions and registers that are not initialized by a software reset

Debug circuit

Deep standby control block

Some registers of RTC

Some registers related to clock control (Peripheral clock stop register can be
initialized.)

Part of registers that control software and hardware watchdog timers

Part of registers in the clock failure detection circuit

Part of registers that detect an anomalous frequency

Part of registers for CR trimming

Reset factor register (RST _STR)

bitl5 to bit8 of low-voltage detection voltage setting register (LVD CTL)
RTC mode control register (PMD_CTL)

Deep standby return factor registers 1 and 2 (WRFSR, WIFSR)

Deep Standby RAM Retention Register (DSRAMR)

Backup registers from 01 to 16 (BURO1 to BUR16)

Flag bit8 (SRST) of reset factor register (RST STR) =1
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B Deep standby transition reset (DSTR)

This reset occurs when transiting to deep standby mode.

Generated by | This signal is generated by transiting to deep standby mode

Cleared by This signal is cleared by returning from deep standby mode

Initializes all register settings and hardware except the following:
Functions and registers that are not initialized by a deep standby transition reset.
Deep standby control block

Some registers of RTC

Some registers of GPIO
Initialization - Low-voltage detection circuit register
target - RTC mode control register (PMD_CTL)

Deep standby return factor registers 1 and 2 (WRFSR, WIFSR)
Deep standby return enable register (WIER)

WKUP pin input level register (WILVR)

Deep Standby RAM Retention Register (DSRAMR)

Backup registers from 01 to 16 (BURO1 to BUR16)

The bit of either deep standby return factor register 1 or 2 (WRFSR, WIFSR) is "1".

Flag Note: The bit that becomes "1" differs by return factors.

<Notes>

For Cortex-M4 internal reset control register (SYSRESETREQ) that controls the software reset, see
"Cortex-M4 Devices Generic User Guide ".

The reset factor register that can determine the occurrence of each reset factor is initialized only by
power-on reset.
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3.2. Resetting Inside the Device

This section explains the internal reset signals of this device.

Resets that are internally connected to the device are divided into resets that are input to the Cortex-M4 core
and resets that are input to peripheral circuits.

3.2.1 Resets to Cortex-M4

3.2.2 Resets to Peripheral Circuit
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3.2.1. Resets to Cortex-M4

The device has three reset inputs to the Cortex-M4: PORESETn, SYSRESETn, and nTRST.
The following provides reset factors for these three reset inputs.

B Power-on reset PORESETn

- Power-on reset (PONR)
Reset factors - Low-voltage detection reset (LVDH)
- Deep standby transition reset (DSTR)

B System reset SYSRESETn

- Power-on reset (PONR)

- Low-voltage detection reset (LVDH)

- INITX pin input (INITX)

- Software watchdog reset (SWDGR)

Reset factors - Hardware watchdog reset (HWDGR)

- Clock Failure Detection reset (CSVR)

- Anomalous frequency detection reset (FCSR)
- Software reset (SRST)

- Deep standby transition reset (DSTR)

B SWJ-DP Reset nTRST

- Power-on reset (PONR)

- Low-voltage detection reset (LVDH)
- TRSTX pin input (TRSTX)

- Deep standby transition reset (DSTR)

Reset factors
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3.2.2. Resets to Peripheral Circuit

The bus resets (HRESET, PRESETO, PRESET1, and PRESET2) that are input to the
peripheral circuit are basically generated by all reset factors. Resetting of PRESET1 and
PRESET2 can be controlled by register settings.

The following provides reset factors for the bus resets.
B Resets to Peripheral Circuit

® HRESET and PRESET0

- Power-on reset (PONR)
- Low-voltage detection reset (LVDH)
- INITX pin input (INITX)
- Software watchdog reset (SWDGR)
Reset factors - Hardware watchdog reset (HWDGR)
- Clock Failure Detection reset (CSVR)
- Anomalous frequency detection reset (FCSR)
- Software reset (SRST)
- Deep standby transition reset (DSTR)

® PRESET1 and PRESET2

- Power-on reset (PONR)
- Low-voltage detection reset (LVDH)
- INITX pin input (INITX)
Software watchdog reset (SWDGR)
- Hardware watchdog reset (HWDGR)
- Clock Failure Detection reset (CSVR)
- Anomalous frequency detection reset (FCSR)
- Software reset (SRST)
- APB bus resets (APBC1_PSR and APBC2 PSR)
- Deep standby transition reset (DSTR)

Reset factors

<Notes>

The peripheral circuit is essentially initialized with all reset factors. Depending on the specifications of
the peripheral circuit, there are registers that are initialized only with specific causes. For the
initialization conditions for registers, see the initialization conditions for the registers described in the
relevant chapter.

For details on APB bus resets (APBC1 PSR and APBC2 PSR), see Chapter "Clock".
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3.3. Reset Sequence

This family initiates the program and hardware operations starting with the initial state when a
reset factor is cleared.
This family of operations starting with the reset and ending with the initiation of the operations

is called a reset sequence.

The following explains a reset sequence.

B State Transition Diagram for Resets
The following diagram shows a transition of reset states. The detailed operations are given in the following
sections "3.4 Operations After Resets are Cleared".
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1. Capturing reset factors
Reset factors are captured and retained until a reset is issued to the device.

2. Issuing resets
When a reset is ready to be issued, a device internal reset is issued.

3. Clearing resets
When a reset factor is cleared, a device internal reset is extended for the amount of time required to clear
the reset (for example, a wait time required until oscillation of a high-speed CR has become stable).
When the extended period of time has expired, the reset is cleared.

4. Determining operation mode
The operation mode is determined as PONR, LVDH or INITX is cleared and notified to each piece of
the hardware. Any other reset factors do not cause the operation mode to change.

5. Reset vector fetch
After a device internal reset is cleared, the CPU starts fetching a reset vector. The CPU fetches the
obtained reset vector into the program counter and starts programmed operations.
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3.4. Operations After Resets are Cleared
B PONR, LVDH, INITX, HWDGR, SWDGR, CSVR, FCSR, DSTR

Figure 3-1 provides an example of the operation waveform after a cause of INITX pin input reset has been
cleared.

Figure 3-1 Operation Waveform After INITX Pin Input Reset has been Cleared

=

INITX —» Clear cause
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| Wait time required until oscillation of high-g
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Figure 3-2 shows an operation waveform after a software reset has been cleared.

Figure 3-2 Operation Waveform After a Software Reset has been Cleared
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4. Register

This section explains the configuration and functions of the register.

B Register list

Abbreviation Register name Reference
RST STR Reset factor register 4.1
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4.1. Reset Factor Register (RST_STR: ReSeT STatus Register)

The reset factor register shows causes of resets that have just occurred and initializes values
upon power-on.

Reading the register clears all bits.

It stores all reset factors that have been generated until after it has been read upon power-on.

bit 15 14 13 12 11 10 9 8
Field | Reserved | SRST
Attribute - R
Initial value - 0
bit 7 6 5 4 3 2 1 0
Field | FCSR | CSVR | HWDT | SWDT | Reserved | INITX | PONR |
Attribute R R R R - R R
Initial value 0 0 0 0 - 0 1
Note: The initial value is the value upon power-on.

[bit15:9] Reserved: Reserved bits
The read value is undefined.
These bits have no effect when written.

[bit8] SRST: Software reset flag
Indicates a reset that is generated by writing "1" to Cortex-M4 internal reset control register
(SYSRESETREQ bit).
When a software reset is generated, SRST is enabled (SRST = 1).

bit Description
0 A software reset has not been issued.
1 A software reset has been issued.

[bit7] FCSR: Flag for anomalous frequency detection reset
Indicates a reset when an anomalous frequency is detected in the main oscillation.
When the frequency of the main oscillation is outside of a given setting, a reset is issued and FCSR is
enabled (FCSR =1).

bit Description
0 An anomalous frequency detection reset has not been issued.
1 An anomalous frequency detection reset has been issued.
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[bit6] CSVR: Clock failure detection reset flag
Indicates a reset when a failure is detected in the main or sub oscillation.
If a stop is detected, a reset is issued and CSVR is enabled (CSVR = 1).

bit Description
0 A clock failure detection reset has not been issued.
1 A clock failure detection reset has been issued.

Note: Please refer to Chapter "Clock supervisor" for the method of judging whether the main oscillation or
the sub oscillation broke down.

[bit5] HWDT: Hardware watchdog reset flag
Indicates a reset from the hardware watchdog timer.
If the timer underflows, a reset is issued and HWDT is enabled (HWDT = 1).

bit Description
0 A hardware watchdog reset has not been issued.
1 A hardware watchdog reset has been issued.

[bit4d] SWDT: Software watchdog reset flag
Indicates a reset from the software watchdog timer.
If the timer overflows, a reset is issued and SWDT is enabled (SWDT = 1).

bit Description
0 A software watchdog reset has not been issued.
1 A software watchdog reset has been issued.

[bit3:2] Reserved: Reserved bits
The read value is undefined.
These bits have no effect when written.
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[bit1] INITX: INITX pin input reset flag
Indicates a reset that is externally input.
If a reset is externally input, INITX is enabled (INITX = 1).

bit Description
0 An INITX pin input reset has not been issued.
1 An INITX pin input reset has been issued.

[bit0] PONR: Power-on reset/low-voltage detection reset flag
Indicates a reset at power-on and when a low-voltage is detected.
If a rising edge of power supply or a low-voltage is detected, a reset is issued and PONR is enabled

(PONR =1).
bit Description
0 A power-on reset or low-voltage detection reset has not been issued.
1 A power-on reset or low-voltage detection reset has been issued.
<Note>

This register is initialized by a power-on reset or low-voltage detection reset. It is not initialized by any

other reset factors. Reading the register clears all bits.
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CHAPTER: Low-voltage Detection

This chapter explains the functions and operations of the Low-voltage Detection Circuit.

Overview

Configuration

Explanation of Operations
Setup Procedure Examples
Registers
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1. Overview

The Low-voltage Detection Circuit monitors the power supply voltage, and generates reset
and interrupt signals when the power supply voltage falls below the detection voltage.

H Overview of Low-voltage Detection Circuit

® Operations of Low-voltage Reset Circuit
- This circuit monitors the power supply voltage (VCC) and generates a reset signal when the power
supply voltage falls below the specified voltage.
This circuit always monitors the power supply voltage.
This circuit monitors the power supply voltage even in standby modes and deep standby modes.
This circuit generates a reset signal when the reduction of the power supply voltage is detected in
standby modes and deep standby modes.

[ Operatlons of Low-voltage Interrupt Circuit
This circuit monitors the power supply voltage (VCC) and generates an interrupt signal when the power
supply voltage falls below the specified voltage.
This circuit allows selection of whether to enable or disable operations. The initial value is set to disable.
This circuit allows specification of the detection voltage.
This circuit can monitor the power supply voltage even in standby modes and deep standby modes.
This circuit returns from standby modes and deep standby modes when the reduction of the power supply
voltage is detected in those modes

<Notes>

If a low-voltage detection interrupt is enabled or the detection voltage is specified for a low-voltage
detection interrupt, this circuit starts VCC voltage monitoring after the stabilization wait time of the
Low-voltage Detection Circuit has lapsed.

For the stabilization wait time of the Low-voltage Detection Circuit, see "Data Sheet" of the product
used.

This circuit does not conduct monitoring the power supply voltage if PCLK2 is gated by TIMER mode,
RTC mode, STOP mode, Deep standby RTC mode, Deep standby STOP mode, or APB2 Prescaler
Register (APBC2_PSR) while waiting for the stabilization of the Low-voltage Detection Circuit. After
the status flag is read and the stabilization wait time has lapsed, change to the desired mode.

The Low-voltage Detection Voltage Control Register (LVD_CTL) is write-protected to prevent a writing
error. To release write protection mode, write 0x1 ACCES53 to the Low-voltage Detection Voltage
Protection Register (LVD RLR).
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2. Configuration

This section shows the block diagram of the Low-voltage Detection Circuit.

B Block diagram of Low-voltage Detection Circuit

Low-voltage Detection vCe
Voltage Protection Register [ﬁ

Register Lock
Low-voltage Detection
Voltage Control Register

TDO—P Reset signal

il

VSS VSS
LVDIE l
% Low-voltage
SVHI[4:0] Detection Circuit|
Status Register

¥
Low-voltage

| | ,T_DO_,Detection Interrupt|__,,  Interrupt
g/H > C Factor Register signal

ILVDCL
Low-voltage
77 Detection Interrupt
/ /% }
VSS

Factor Clear Register
® Low-voltage Detection Voltage Control Register (LVD_CTL)
This register controls whether to enable monitoring the power supply voltage for a low-voltage detection
interrupt and specifies the detection voltage for a low-voltage detection interrupt.

® Low-voltage Detection Voltage Protection Register (LVD_RLR)

This register write-protects the Low-voltage Detection Voltage Control Register.

® Low-voltage Detection Interrupt Factor Register (LVD_STR)

This register holds a low-voltage detection interrupt factor.

® Low-voltage Detection Interrupt Factor Clear Register (LVD_CLR)

This register clears a low-voltage detection interrupt factor.

® Low-voltage Detection Circuit Status Register (LVD_STR2)

This register checks the operation status of a low-voltage detection interrupt circuit.
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B Pins of Low-voltage Detection Circuit
The following shows the pins used in the Low-voltage Detection Circuit.

VCC pin
The Low-voltage Detection Circuit monitors the power supply voltage of this pin.

VSS pin
This pin is a GND pin used as a basis to detect the power supply voltage.
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3. Explanation of Operations

This section explains the operations of the Low-Voltage Detection Reset Circuit and the
Low-voltage Detection Interrupt Circuit.

B Operations of Low-Voltage Detection Reset Circuit

® Operations
The Low-Voltage Detection Reset Circuit always enters a monitoring state after power-on. This circuit
generates a reset signal when the power supply voltage (VCC) falls below the detection voltage. A reset is
released when the power supply voltage exceeds the release voltage.

This circuit is available in standby modes (SLEEP mode, TIMER mode, RTC mode, STOP mode) and deep
standby modes (Deep standby RTC mode, Deep standby STOP mode).

Detection or release voltage
Lower limit voltage
Power supply voltage
(VCC)

Low-voltage detection
reset enable signal

(LVDRE)

Operation state of
the Low-voltage Power-on |Reset Monitoring Reset Monitoring
Detection Circuit

Low-voltage
Detection Circuit > > < > |

reset signal A A A A

(L active)

A : Low-voltage detection reset detection delay time
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B Operations of Low-voltage Detection Interrupt Circuit

® Operations
The Low-voltage Detection Interrupt Circuit monitors the power supply voltage (VCC) and generates an
interrupt signal when the power supply voltage falls below the specified voltage.

An interrupt request is enabled when "1" is set to the LVDIE bit of the Low-voltage Detection Voltage
Control Register. The initial value is set to Not Enable. The interrupt detection voltage can be set by the
SVHI bit of the Low-voltage Detection Voltage Control Register (LVD_CTL). When an interrupt request is
enabled and the interrupt detection voltage is specified, the status flag LVDIRDY bit of the Low-voltage
Detection Circuit Status Register (LVD_STR2) is set to "1" and this circuit starts monitoring the power
supply voltage after the stabilization wait time of the Low-voltage Detection Circuit has lapsed.

This circuit is available in standby modes (SLEEP mode, TIMER mode, RTC mode, STOP mode) and deep
standby modes (Deep standby RTC mode, Deep standby STOP mode). It is also applicable when the CPU
returns from those modes.

® Low-voltage detection interrupt request
When the power supply voltage (VCC) falls below the specified voltage while a low-voltage detection
interrupt is effective, "1" is set to the LVDIR bit of the Low-voltage Detection Interrupt Factor Register
(LVD_STR) to generate an interrupt request signal.

An interrupt request can be checked by reading the LVDIR bit.

® Canceling a low-voltage detection interrupt request
To cancel a low-voltage detection interrupt request, write "0" to the LVDCL bit of the Low-voltage
Detection Interrupt Factor Clear Register (LVD_CLR). This clears a low-voltage detection interrupt factor
and cancels a low-voltage detection interrupt request.

Even when the power supply voltage is below the specified detection voltage, an interrupt request is
canceled when "0" is written to the LVDCL bit.

Detection or release voltage

Lower limit voltage
Power supply
voltage (VCC)

Low-voltage detection
interrupt enable signal
(LVDIE)

Detection voltage Specified Specified
setting (SVHI) voltage 1 voltage 2

Operation state of Monitori Stabilization Stabilization

R onitoring wait Monitoring wait o
the LOYV vol.‘ag? Power-on stop (Monitoring sto (Monitoring Monitoring
Detection Circuit stopped) P stopped)

Low-voltage detection
interrupt status flag
(LVDIRDY)

Low-voltage A
detection interrupt y
request signal

A

Write "0" to the

A : Low-voltage detection interrupt detection delay time .
LVDCL bit.

B : Low Voltage Detection Circuit stabilization wait time
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<Note>

This circuit does not conduct monitoring the power supply voltage if PCLK?2 is gated by TIMER mode,
RTC mode, STOP mode, Deep standby RTC mode, Deep standby STOP mode, or APB2 Prescaler Register
(APBC2_PSR) while waiting for the stabilization of the Low-voltage Detection Circuit. After checking that
the Low-voltage detection interrupt status flag (LVDIRDY) of Low-voltage Detection Circuit Status
Register (LVD STR2) is set to "1", change to the desired mode.
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4. Setup Procedure Examples

This section explains the procedures to set up the Low-voltage Detection Circuit, giving
examples.

Figure 4-1 Example of Low-voltage detection interrupt setting

( Start )

\4

Clearing a low-voltage detection
interrupt factor.

l

Write 0x1ACCES553 to the
LVD_RLR Register.

Release write protection mode of the LVD_CTL Register.

v

Set the detection interrupt voltage to the
LVD_CTL Register, and also set the
operation state to enable.

v
Write 0x00000000 to the LVD_RLR
Register.

(Write a value other than Ox1ACCES553.)

Set the LVD_CTL Register to write protection mode.

P
<«
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5. Registers

This section explains the configuration and functions of the registers used in the Low-voltage
Detection Circuit.

W List of Low-voltage Detection Circuit Registers
Table 5-1 List of Low-voltage Detection Circuit Registers

Abbreviation Register name Reference
LVD CTL Low-voltage Detection Voltage Control Register 5.1
LVD_STR Low-voltage Detection Interrupt Factor Register 5.2
LVD CLR Low-voltage Detection Interrupt Factor Clear Register 53
LVD RLR Low-voltage Detection Voltage Protection Register 54
LVD STR2 Low-voltage Detection Circuit Status Register 5.5
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5.1. Low-volta
(LVD_CT

ge Detection Voltage Control Register
L)

The Low-voltage Detection Voltage Control Register (LVD_CTL) controls whether to enable
monitoring the power supply voltage for a low-voltage detection interrupt and specifies the
detection voltage for a low-voltage detection interrupt.

bit 7 6 5 4 3 2 1 0
Field | LVDIE | SVHI | Reserved
Attribute R/W R/W -
Initial value 0 00111 -

[bit7] LVDIE: Low-voltage detection interrupt enable bit
This bit is used to enable monitoring the power supply voltage of a low-voltage detection interrupt. When

not enabling monitoring

the power supply voltage, the Low-voltage Detection Interrupt Circuit is stopped.

bit

Description

0

Does not enable the generation of a low-voltage detection interrupt. [Initial value]

1

Enables the generation of a low-voltage detection interrupt.

[bit6:2] SVHI: Low-volta
These bits are used to sp

ge detection interrupt voltage setting bits
ecify the detection voltage of a low-voltage detection interrupt.

bit6:2 Description
00111 Set. the low-voltage detection interrupt voltage in the vicinity of 2.8V.
[Initial value]

0001 Set the low-voltage detection interrupt voltage in the vicinity of 3.0V.
00100 Set the low-voltage detection interrupt voltage in the vicinity of 3.2V.
01100 Set the low-voltage detection interrupt voltage in the vicinity of 3.6V.
01111 Set the low-voltage detection interrupt voltage in the vicinity of 3.7V.
01110 Set the low-voltage detection interrupt voltage in the vicinity of 4.0V.
10000 Set the low-voltage detection interrupt voltage in the vicinity of 4.1V.
11000 Set the low-voltage detection interrupt voltage in the vicinity of 4.2V.
Others Setting is prohibited.
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[bit1:0] Reserved: Reserved bits
The read value is undefined.
These bits have no effect when written.

<Notes>

The low-voltage detection interrupt enable bit (LVDIE) must be enabled after "0" was written to the
LVDCL bit of the Low-voltage Detection Interrupt Clear Register (LVD_CLR) to clear the low-voltage
detection interrupt factor bit (LVDIR).

When the low-voltage detection interrupt enable bit (LVDIE) is not enabled, the Low-voltage Detection
Circuit for detecting a low-voltage interrupt is stopped. Therefore, the low-voltage detection interrupt
factor bit (LVDIR) is not set.

The Low-voltage Detection Voltage Control Register (LVD_CTL) is write-protected in the initial state,
which makes writing invalid unless write protection mode is released. To write the LVD CTL Register,
set 0x1ACCES553 to the Low-voltage Detection Voltage Protection Register (LVD_RLR) to release write
protection mode.

This register is not initialized by the deep standby transition reset.
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5.2. Low-voltage Detection Interrupt Factor Register
(LVD_STR)

The Low-voltage Detection Interrupt Factor Register (LVD_STR) holds a low-voltage
detection interrupt factor.

bit 7 6 5 4 3 2 1
Field | LVDIR | Reserved |
Attribute R -
Initial value 0 -

[bit7] LVDIR: Low-voltage detection interrupt factor bit

bit

Description

0

A low-voltage detection interrupt request is not detected. [Initial value]

1

A low-voltage detection interrupt request has been detected.

[bit6:0] Reserved: Reserved bits
The read value is undefined.
These bits have no effect when written.

<Note>

This register is not initialized by the deep standby transition reset.
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5.3. Low-voltage Detection Interrupt Factor Clear Register
(LVD_CLR)

The Low-voltage Detection Interrupt Factor Clear Register (LVD_CLR) clears a low-voltage
detection interrupt factor.

bit 7 6 5 4 3 2 1 0
Field | LVDCL | Reserved |
Attribute R/W -
Initial value 1 -

[bit7] LVDCL: Low-voltage detection interrupt factor clear bit

bit Description
0 Clears the low-voltage detection interrupt bit (LVDIR) of the Low-voltage
Detection Interrupt Factor Register (LVD_STR) to "0".
1 Has no effect when written. [Initial value]

The read value is always "1".

[bit6:0] Reserved: Reserved bits
The read value is undefined.
These bits have no effect when written.

<Note>
This register is not initialized by the deep standby transition reset.
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5.4. Low-voltage Detection Voltage Protection Register
(LVD_RLR)

The Low-voltage Detection Voltage Protection Register (LVD_RLR) write-protects the
Low-voltage Detection Voltage Control Register (LVD_CTL).

bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Field | LVDLCK[31:16]

Attribute R/W
Initial 0x0000
value

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Field | LVDLCK][15:0]

Attribute R/W
Initial 0x0001
value

[b|t31 0] LVDLCK([31:0]: Low-voltage Detection Voltage Control Register protection bits
When "0xACCES553" is written:
Writing to the Low-voltage Detection Voltage Control Register(LVD_CTL) is enabled (releases write
protection mode).

When a value other than "0x1ACCES553" is written:
Writing to the Low-voltage Detection Voltage Control Register(LVD_CTL) is disabled(enables write
protection mode).

When the protection of the Low-voltage Detection Voltage Control Register(LVD CTL) is released:
0x00000000 is read.

When the Low-voltage Detection Voltage Control Register(LVD_CTL) is protected:
0x00000001 is read.

<Notes>

The Low-voltage Detection Voltage Control Register (LVD CTL) is write-protected in the initial state.
To write the LVD CTL Register, set 0x]1 ACCE553 to the Low-voltage Detection Voltage Protection
Register (LVD RLR) to release write protection mode.

To enable write protection mode of the LVD CTL register, set a value other than 0x]1 ACCE553 to the
Low-voltage Detection Voltage Protection Register (LVD RLR).

Once write protection mode is released for the LVD CTL Register, it remains released until a value other
than 0x1 ACCES553 is written to the LVD_RLR Register.

This register is not initialized by the deep standby transition reset.
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5.5. Low-voltage Detection Circuit Status Register
(LVD_STRZ2)

The Low-voltage Detection Circuit Status Register (LVD_STR2) checks the operation status of
a low-voltage detection interrupt.

bit 7 6 5 4 3 2 1 0
Field  |[LVDIRDY| Reserved |
Attribute R -
Initial value 0 -

[bit7] LVDIRDY : Low-voltage detection interrupt status flag

bit Description
0 Stabilization wait state or monitoring stop state [Initial value]
1 Monitoring state

This bit has no effect when written.

[bit6:0] Reserved: Reserved bits
The read value is undefined.
These bits have no effect when written.

<Note>
This register is not initialized by the deep standby transition reset.
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CHAPTER: Low Power Consumption Mode

This chapter explains the functions and operations of the low power consumption mode.

Overview of Low Power Consumption Mode

Configuration of CPU Operation Modes

Operations in Standby Modes

Examples of Procedure for Setting Standby Mode

Operations in Deep Standby Modes

Examples of Procedure for Setting Deep Standby Mode

Procedure for Determining Factor for Returning from Deep Standby Mode
List of Low Power Consumption Mode Registers

Usage Precautions

A A o e

CODE: 9BFLPMODE FM4-E01.0
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1. Overview of Low Power Consumption Mode

The system has two types of low power consumption mode, standby mode and deep standby
mode, for reducing power consumption. The standby mode consists of SLEEP mode, TIMER
mode, RTC mode and STOP mode; the deep standby mode consists of deep standby RTC
mode and deep standby STOP mode.

B Overview of CPU operation modes
The CPU operation modes consist of the following operation modes.

® Run modes
- High speed CR run mode
- Main run mode
- PLL run mode
- Low speed CR run mode
- Sub run mode

® Standby modes
- SLEEP modes
- High speed CR sleep mode
- Main sleep mode
- PLL sleep mode
- Low speed CR sleep mode
- Sub sleep mode

- TIMER modes
- High speed CR timer mode
- Main timer mode
- PLL timer mode
- Low speed CR timer mode
- Sub timer mode

- RTC mode
- STOP mode

® Deep standby modes
- Deep standby RTC mode
- Deep standby stop mode
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B Overview of RUN modes
A RUN mode is defined according to which clock is selected as the master clock. A base clock acquired by
dividing a master clock frequency is supplied to the CPU clock, the AHB bus clock and the APB bus clock
to run the CPU, buses and most peripherals.

The source clock frequency can be modified dynamically. The source clock oscillator can be stopped when
the main oscillator or the sub oscillator is not used.

Below are the five RUN modes, which are defined according to the clock selected as the master clock.

® High speed CR run mode
In this mode, the high speed CR oscillator clock is used as the master clock. The main oscillator or the sub
oscillator can be stopped when not used. The state of the PLL Multiplier Circuit changes according to the
setting of the PLLE bit. The low speed CR oscillator is always in the active state. The system transits to this
mode after a reset has been released.

® Main run mode
In this mode, the main oscillator clock is used as the master clock. The respective states of the PLL
Multiplier Circuit and the sub oscillator change according to the respective settings of the PLLE bit and the
SOSCE bit, respectively. The high speed CR oscillator and the low speed CR oscillator are always in the
active state.

® PLL run mode
In this mode, the PLL clock acquired by multiplying a PLL multiplier to the main oscillator clock or the
high speed CR oscillator clock is used as the master clock. The high speed CR oscillator and the low speed
CR oscillator are always in the active state. The respective states of the main oscillator and the sub
oscillator change according to the respective settings of the MOSCE bit and the SOSCE bit, respectively.

® Low speed CR run mode
In this mode, the low speed CR oscillator clock is used as the master clock. The state of the sub oscillator
changes according to the setting of the SOSCE bit. The main oscillator, the high speed CR oscillator and the
PLL Multiplier Circuit cannot be used.

® Sub run mode
In this mode, the sub oscillator clock is used as the master clock. The low speed CR oscillator is always in
the active state. The main oscillator, the high speed CR oscillator and the PLL Multiplier Circuit cannot be
used.
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B Overview of SLEEP modes
SLEEP mode is classified as a standby mode. In SLEEP mode, the clock supply to the CPU stops. Since the
stop of the clock supply to the CPU causes the CPU to stop, power consumption is reduced. Resources
connected to the AHB bus and the APB bus continue operating.

Below are the five SLEEP modes, which are defined according to the master clock being used at the
transition to SLEEP mode.

® High speed CR sleep mode
With the high speed CR oscillator clock selected as the master clock, the system transits to high speed CR
sleep mode when a request for transition to SLEEP mode is made. The respective states of the PLL
Multiplier Circuit, the main oscillator and the sub oscillator change according to the respective settings of
the PLLE bit, the MOSCE bit and the SOSCE bit, respectively. The low speed CR oscillator is always in the
active state.

® Main sleep mode
With the main clock selected as the master clock, the system transits to main sleep mode when a request for
transition to SLEEP mode is made. The respective states of the PLL Multiplier Circuit and the sub oscillator
change according to the respective settings of the PLLE bit and the SOSCE bit, respectively. The high speed
CR oscillator and the low speed CR oscillator are always in the active state.

® PLL sleep mode
With the PLL clock selected as the master clock, the system transits to PLL sleep mode when a request for
transition to SLEEP mode is made. The high speed CR oscillator and the low speed CR oscillator are
always in the active state. The respective states of the main oscillator and the sub oscillator change
according to the respective settings of the MOSCE bit and the SOSCE bit, respectively.

® Low speed CR sleep mode
With the low speed CR oscillator clock selected as the master clock, the system transits to low speed CR
sleep mode when a request for transition to SLEEP mode is made. The state of the sub oscillator changes
according to the setting of the SOSCE bit. The main oscillator, the high speed CR oscillator and the PLL
Multiplier Circuit cannot be used.

® Sub sleep mode
With the sub-clock selected as the master clock, the system transits to sub-sleep mode when a request for
transition to SLEEP mode is made. The high speed CR oscillator and the low speed CR oscillator are
always in the active state. The main oscillator, the high speed CR oscillator and the PLL Multiplier Circuit
cannot be used.
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B Overview of TIMER modes
TIMER mode is classified as a standby mode. In TIMER mode, the base clock supply stops. Since the stop
of the base clock supply causes the CPU clock, the AHB bus clock and all APB bus clocks to stop, power
consumption is further reduced. In TIMER mode, all functions stop operating except for the following: all
oscillators, PLL, hardware watchdog timer, watch counter, RTC, clock failure detector and Low Voltage
Detection Circuit.

Below are the five TIMER modes, which are defined according to the master clock used at the transition to
TIMER mode.

® High speed CR timer mode
With the high speed CR oscillator clock selected as the master clock, the system transits to high speed CR
timer mode when a request for transition to TIMER mode is made. The respective states of the PLL
Multiplier Circuit, the main oscillator and the sub oscillator change according to the respective settings of
the PLLE bit, the MOSCE bit and the SOSCE bit, respectively. The low speed CR oscillator is always in the
active state.

® Main timer mode
With the main clock selected as the master clock, the system transits to main timer mode when a request for
transition to TIMER mode is made. The respective states of the PLL Multiplier Circuit and the sub
oscillator change according to the respective settings of the PLLE bit and the SOSCE bit, respectively. The
high speed CR oscillator and the low speed CR oscillator are always in the active state.

® PLL timer mode
With the PLL clock selected as the master clock, the system transits to PLL timer mode when a request for
transition to TIMER mode is made. The high speed CR oscillator and the low speed CR oscillator are
always in the active state. The respective states of the main oscillator and the sub oscillator change
according to the respective settings of the MOSCE bit and the SOSCE bit, respectively.

® Low speed CR timer mode
With the low speed CR oscillator clock selected as the master clock, the system transits to low speed CR
timer mode when a request for transition to TIMER mode is made. The state of the sub oscillator changes
according to the setting of the SOSCE bit. The main oscillator, the high speed CR oscillator and the PLL
Multiplier Circuit cannot be used.

® Sub timer mode
With the sub-clock selected as the master clock, the system transits to subtimer mode when a request for
transition to TIMER mode is made. The high speed CR oscillator and the low speed CR oscillator are
always in the active state. The main oscillator, the high speed CR oscillator and the PLL Multiplier Circuit
cannot be used.

B Overview of RTC mode
RTC mode is classified as a standby mode. In RTC mode, all oscillators stop except for the sub oscillator.
All functions stop operating except for the watch counter, the RTC and the Low Voltage Detection Circuit.

B Overview of STOP mode
STOP mode is classified as a standby mode. In STOP mode, all oscillators stop. All functions stop operating
except for the Low Voltage Detection Circuit.

MN709-00001-1v0-E FUJITSU SEMICONDUCTOR LIMITED 171



CHAPTER 6: Low Power Consumption Mode
1. Overview of Low Power Consumption Mode

FM4 Family

B Overview of deep standby RTC mode
Deep standby RTC mode is classified as a deep standby mode. In deep standby RTC mode, all oscillators
stop except for the sub oscillator. All functions stop operating except for the RTC and the Low Voltage
Detection Circuit. The power supply for the RTC, the Low Voltage Detection Circuit, CPUs excluding
GPIO, on-chip Flash memory, on-chip SRAMO/1/2* and peripherals are turned off inside the chip.

B Overview of deep standby stop mode
Deep standby stop mode is classified as a deep standby mode. In deep standby stop mode, all oscillators
stop. All functions stop operating except for the Low Voltage Detection Circuit. The power supply for the
RTC, the Low Voltage Detection Circuit, CPUs excluding GPIO, on-chip Flash memory, SRAMO0/1/2* and
peripherals are turned off inside the chip.

*: Data in SRAM2 can be retained.
If the setting for retaining data in SRAM?2 is done, the power supply for SRAM2 is turned on.

B Relationship between CPU operation modes and current consumption
Figure 1-1 illustrates the relationship between CPU operation modes and current consumption.

Figure 1-1 Relationship between CPU operation modes and current consumption

Current consumption
A

PLL run mode |

PLL sleep mode

Main run mode

High speed CR
run mode

Sub run mode

Low speed CR
run mode

Main sleep
mode

PLL timer mode

High speed CR
sleep mode

Main timer mode

Sub sleep mode

High speed CR
timer mode

Low speed CR

Sub timer mode

sleep mode
r————-— -
LO.W speed CR I Deep standby mode I
timer mode

RTC mode | |
| I
STOP mode | Deep s':?g(;jé)y RTC |
_______________ |
| Deep standby stop |

| mode
- — — —_—— J

<Note>

Figure 1-1 shows only the relationship among CPU operation modes in terms of the size of current
consumption. The actual size of current consumption varies according to the oscillators used and PLL
starting conditions in a CPU operation mode, and clock configuration such as the frequency selected.
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2. Configuration of CPU Operation Modes

This section explains the configuration of CPU operation modes.

B CPU operation mode transition diagram
Figure 2-1 shows the CPU operation mode transition diagram.

Figure 2-1 CPU operation mode transition diagram
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(6)
()
(8)
9)

Power-on reset
Release of power-on reset

Power-on reset Transition to low speed CR mode (RCS = 100)
Transition to sub mode (SOSCE= 1, RCS = 101)
Transition to PLL mode (PLLE = 1, RCS = 010)
Reset (Except software reset)

High speed CR oscillation
—> stabilization wait < ©)
Low speed CR oscillation

stabilization wait

(6)

———— _— e
e High speed CR mode 5) Low speed CR mode
® 5 «— O <« ®
®) 7 @ (6)
5) (6

4) ®) ) 6)

_—
< Main mode > ) < Sub mode )

(8) 4) (8) (7)
» < PLL mode >

® High speed CR mode

In this mode, the high speed CR oscillator clock is used as the master clock.

A

® Main mode
In this mode, the main oscillator clock is used as the master clock.

® Low speed CR mode
In this mode, the low speed CR oscillator clock is used as the master clock.

® Sub mode
In this mode, the sub oscillator clock is used as the master clock.

® PLL mode

In this mode, the PLL clock is used as the master clock.
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B High speed CR mode transition diagram

In high speed CR mode, the high speed CR oscillator clock is used as the master clock.

Figure 2-2 High speed CR mode transition diagram

A-1 Transition to RUN mode A-6
Other mode (oscillation stabilized)
A-2 Start of high speed CR oscillation A7
A A-3 End of oscillation stabilization wait A-8
A-4 Software reset
A-5 Release of software reset A-9
A-1 A-2

A-11

SLEEP mode (SLEEPDEEP =0

and WFI/WFE instruction)

Interrupt

TIMER mode (SLEEPDEEP = 1, RTCE =0,
DSTM =0, STM = 00, WFI/WFE instruction)

RTC mode (SLEEPDEEP =1, RTCE =1,
DSTM =0, STM = 10, WFI/WFE instruction)

A-10 STOP mode (SLEEPDEEP =1, RTCE =0,

DSTM =0, STM = 10, WFI/WFE instruction)

A-11 Transition to other mode

-A-7
High speed CR oscillation 4—-
stabilization wait

STOP mode >

Jrs

_—

RTC mode

A-8

High speed CR run mode

A-6

/

High speed CR sleep mode
«—

=) A

< Program reset > Geep standby transition res@

E———
High speed CR timer modtD
—

Deep standby transition reset

!

!

<Deep standby RTC mode> (Deep standby stop mode>

l

Release of deep standby
transition reset

!

High speed CR oscillation
stabilization wait and low speed
CR oscillation stabilization wait in
Figure 2-1

/

A-12 Deep standby RTC mode

(SLEEPDEEP = 1, RTCE =1, DSTM =1,
STM = 10, WFI/WFE instruction)

A-13 Deep standby stop mode

(SLEEPDEEP =1, RTCE =0, DSTM =1,
STM = 10, WFI/WFE instruction)

A-14 Deep standby return factor
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B Main mode transition diagram
In main mode, the main oscillator clock is used as the master clock.

Figure 2-3 Main mode transition diagram

B-1 Transition to RUN mode (MORDY = 1) B-6 SLEEP mode (SLEEPDEEP = 0 and
Other mode WFI/WFE instruction)
< > B-2 Start of main oscillator (MORDY = 0) B-7 Interrupt
A B-3 End of oscillation stabilization wait B-8 TIMER mode (SLEEPDEEP =1, RTCE =0,
(MORDY = 1) DSTM =0, STM = 00, WFI/WFE instruction)
B-4 Software reset B-9 RTC mode (SLEEPDEEP =1, RTCE =1,

DSTM = 0, STM=10, WFI/WFE instruction)
B-10 STOP mode (SLEEPDEEP = 1, RTCE =0,

DSTM =0, STM = 10, WFI/WFE instruction)
B-1 B2 B-11 Transition to other mode

C/lam oscnlatl\:annstablllzatIOD — STOP mode >

B-5 Release of software reset

B-11

v B7
/ \ < RTC mode

Main timer mode >
< Main sleep mode >

< Program reset > Geep standby transition res9 Deep standby transition r689
<Deep standby RTC mode> <Deep standby stop mode>

el /

<Release of deep standby> B-12 Deep standby RTC mode

Main run mode

transition reset (SLEEPDEEP = 1, RTCE = 1,
DSTM = 1, STM = 10, WFI/WFE instruction)
B-13 Deep standby stop mode
(SLEEPDEEP =1, RTCE =0,
DSTM = 1, STM = 10, WFI/WFE instruction)

B-14 Deep standby return factor

High speed CR oscillation
stabilization wait and low speed
CR oscillation stabilization wait in
Figure 2-1
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B Low speed CR mode transition diagram
In low speed CR mode, the low speed CR oscillator clock is used as the master clock.

Figure 2-4 Low speed CR mode transition diagram

C-1 Transition to RUN mode C-6 SLEEP mode (SLEEPDEEP = 0, WFI/WFE instruction)
Other mode (oscillation stabilized) o C-7 Interrupt
C-2 Start of low speed CR oscillation C-8 TIMER mode (SLEEPDEEP = 1, RTCE =0,
A C-3 End of oscillation stabilization wait DSTM = 0, STM = 00, WFI/WFE instruction)
C-4 Software reset C-9 RTC mode (SLEEPDEEP = 1, RTCE = 1,

DSTM =0, STM = 10, WFI/WFE instruction)
C-10 STOP mode (SLEEPDEEP = 1, RTCE = 0,

DSTM =0, STM = 10, WFI/WFE instruction)
C-11 Transition to other mode

C-5 Release of software reset

C-1 C-2

_—
Low spegq CR oscﬂllatlon «——— STOP mode
stabilization wait

(Jr=2
/ \ C-9 RTC mode

> >
Low speed CR timer mod>
(D

<Low speed CR sleep mod

< Program reset > (eep standby transition res% Deep standby transition res@
<Deep standby RTC mode> <Deep standby stop mode>

&=n]] /

C-11

Low speed CR run mode

(SLEEPDEEP =1, RTCE = 1,

DSTM = 1, STM = 10, WFI/WFE instruction)
C-13 Deep standby stop mode

(SLEEPDEEP =1, RTCE =0,

DSTM =1, STM = 10, WFI/WFE instruction)

High speed CR oscillation C-14 Deep standby return factor
stabilization wait and low speed
CR oscillation stabilization wait in
Figure 2-1

C-12 Deep standby RTC mode
Release of deep standby
transition reset
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B Sub mode transition diagram
In sub mode, the sub oscillator clock is used as the master clock.

Figure 2-5 Sub mode transition diagram

D-1 Transition to RUN mode D-6 SLEEP mode (SLEEPDEEP = 0, WFI/WFE instruction)
Other mode (SORDY =1) D-7 Interrunt
D-2 Start of sub oscillation P
(SORDY = 0) D-8 TIMER mode (SLEEPDEEP =1, RTCE = 0,
A D-3 End of oscillation stabilization wait DSTM =0, STM = 00, WFI/WFE instruction)
(SORDY = 1) D-9 RTC mode (SLEEPDEEP =1, RTCE =1,

DSTM =0, STM = 10, WFI/WFE instruction)
D-10 STOP mode (SLEEPDEEP = 1, RTCE =0,
D-5 Release of software reset DSTM =0, STM = 10, WFI/WFE instruction)
D-11 Transition to other mode

D-4 Software reset

D-1 D-2

<Sub oscnlat:sgi tstablllza'clor> «— STOP mode >

[ D3]
}
/ \ < RTC mode

_—

D-11

e
Sub run mode Sub timer mode >

«—

\\ / < Sub sleep mode

N

< Program reset > Geep standby transition res@ Deep standby transition re39

<Deep standby RTC mode> <Deep standby stop mode>

)| /

D-12 Deep standby RTC mode
Deep standby transition reset (SLEEPDEEP = 1, RTCE = 1,
DSTM = 1, STM = 10, WFI/WFE instruction)
l D-13 Deep standby stop mode

(SLEEPDEEP =1, RTCE =0,
DSTM =1, STM = 10, WFI/WFE instruction)

D-14 Deep standby return factor

High speed CR oscillation
stabilization wait and low speed
CR oscillation stabilization wait in
Figure 2-1
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B PLL mode transition diagram
In PLL mode, the PLL clock is used as the master clock.

Figure 2-6 PLL mode transition diagram

Mai d E-1 Transition to RUN mode (PLRDY =1) E-7 Interrupt

ain mode E-2 Start of PLL oscillation (PLRDY =0) ~ E-8 TIMER mode (SLEEPDEEP = 1, RTCE =0,

E-3 End of oscillation stabilization wait DSTM =0, STM = 00, WFI/WFE instruction)
A (PLRDY = 1) E-9 RTC mode (SLEEPDEEP = 1, RTCE =1,
E-4 Software reset DSTM =0, STM = 10, WFI/WFE instruction)
E-10 STOP mode (SLEEPDEEP = 1, RTCE =0,
E-5 Release of software reset DSTM =0, STM = 10, WFI/WFE instruction)
E-6 SLEEP mode E-11 Transition to main mode
(\?VI;:I?/,\E/\'IDI?EE‘EP: Ot“ ) E-15 Interrupt (PINC = 0)
Instruction
E-1 E-16 End of oscillation stabilization wait (MORDY = 1)

E-11

E-17 Interrupt (PINC = 1)
PLL oscillation stabilization <« Main oscillation stabilization
wait ) wait
'\x [E-15 |
E-17

v | E-17 ]
/ \ =T E-15 STOP mode

>
L RTC mode >
PLL run mode E-8
E-7 PLL timer mode
—

E-6

—

\\ / PLL sleep mode >
i

| tes

< Program reset > Geep standby transition res@ Deep standby transition res%
<Deep standby RTC mode> <Deep standby stop mode>

=) /

E-12 Deep standby RTC mode
Releatrsaeng.ft%ier‘;:gndby (SLEEPDEEP = 1, RTCE = 1,
u DSTM = 1, STM = 10, WFI/WFE instruction)

E-13 Deep standby stop mode
(SLEEPDEEP = 1, RTCE =0,
DSTM =1, STM = 10, WFI/WFE instruction)

E-14 Deep standby return factor

High speed CR oscillation
stabilization wait and low speed
CR oscillation stabilization wait in
Figure 2-1

MOSCE  :MOSCE bit in System Clock Mode Control Register (SCM_CTL)
SOSCE :SOSCE bit in System Clock Mode Control Register (SCM_CTL)
PLLE :PLLE bit in System Clock Mode Control Register (SCM_CTL)
RCS :RSC bit in System Clock Mode Control Register (SCM_CTL)
MORDY :MORDY bit in System Clock Mode Status Register (SCM_STR)
SORDY  :SORDY bit in System Clock Mode Status Register (SCM_STR)
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PLRDY :PLRDY bit in System Clock Mode Status Register (SCM_STR)
PINC :PINC bit in PLL Clock Stabilization Wait Time Setup Register (PSW_TMR)

*: For details of the SCM_CTL, SCM_STR and PSW_TMR registers, see Chapter "Clock".

<Note>

The CPU automatically secures a voltage stabilization wait time (a few hundred ps) for the built-in
regulator immediately before returning from low speed CR timer mode, sub timer mode, RTC mode, stop
mode, deep standby RTC mode or deep standby stop mode. After the voltage stabilization wait time has
lapsed, the CPU returns to a RUN mode.
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3. Operations in Standby Modes

This section explains the operations in standby modes.

There are four types of standby mode: SLEEP mode (high speed CR sleep mode, main sleep
mode, PLL sleep mode, low speed CR sleep mode and sub sleep mode), TIMER mode (high
speed CR timer mode, main timer mode, PLL timer mode, low speed CR timer mode and sub

timer mode), RTC mode and STOP mode.

B Clock operation states in standby mode
The table below shows the respective states of the oscillator clocks, CPU clock, AHB bus clock and APB
bus clocks in SLEEP mode, TIMER mode, RTC mode and STOP mode.

Table 3-1 Clock operation states in SLEEP mode

SLEEP mode
High speed CR| Main sleep PLL sleep mode Low speed CR Sub sleep mode
sleep mode mode sleep mode

High speed .
CR clock Operating Stopped

The state changes The state changes

. according to the . according to the

Main clock setting of the Operating setting of the Stopped

MOSCE bit. MOSCE bit.
Main PLL | The state changes according to the .
clock setting of the PLLE bit. Operating Stopped
Low speed .
CR clock Operatingx
Sub clock | The state changes according to the setting of the SOSCE bit. Operating
USB PLL | Setting The state changes according to the Stonped
clock prohibited setting of the UPLLEN bit. pp
CPU clock Stopped
AHB bus High speed CR Main clock PLL clock Low speed CR Sub clock
clock clock clock
APBObus | High speed CR Main clock PLL clock Low speed CR Sub clock
clock clock clock

High speed CR . Low speed CR
AIPBkl bus clock Main clock PLL clock clock Sub clock
cloc

* The APBCIEN bit enables or disables the APB1 bus clock.

High speed CR . Low speed CR
AIPBkZ bus clock Main clock PLL clock clock Sub clock
cloc

* The APBC2EN bit enables or disables the APB2 bus clock.
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Table 3-2 Clock operation states in TIMER mode

APBO bus clock

APBI1 bus clock

APB?2 bus clock

TIMER mode
High s_peed Main timer PLL timer Low speed Sub timer
CR timer CR timer
mode mode mode
mode mode

High speed .
CR clock Operating Stopped

The state changes The state changes

. according to the . according to the

Main clock setting of the Operating setting of the Stopped

MOSCE bit. MOSCE bit.
Main PLL | The state changes according to the .
clock setting of the PLLE bit. Operating Stopped
Low speed .
CR clock Operating
Sub clock | The state changes according to the setting of the SOSCE bit. Operating
USB PLL
clock Stopped
CPU clock Stopped
AHB bus
clock Stopped
APBO bus
clock Stopped
APBI bus
clock Stopped
APB2 bus
clock Stopped

Table 3-3 Clock operation states in RTC mode and STOP mode
RTC mode STOP mode
High speed CR clock
Main clock St d
Main PLL clock oppe
Low speed CR clock
Sub clock Operating
USB PLL clock Stopped
CPU clock
AHB bus clock
Stopped

MOSCE
SOSCE
PLLE
UPLLEN
APBCI1EN
APBC2EN

:MOSCE bit in System Clock Mode Control Register (SCM_CTL)
:SOSCE bit in System Clock Mode Control Register (SCM_CTL)
:PLLE bit in System Clock Mode Control Register (SCM_CTL)
:UPLLEN bit in USB-PLL Control Register 1 (UPCR1)
:APBCIEN bit in APB1 Prescaler Register (APBC1_PSR)
:APBC2EN bit in APB2 Prescaler Register (APBC2_PSR)

*: For details of the SCM_CTL, APBC1_PSR and APBC2_PSR registers, see Chapter "Clock".
For details of the UPCRI1 register, refer to chapter "USB Clock Generation" in "Communication Macro

Part”.
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B Factors for returning from standby mode
Table 3-4 shows factors for returning from SLEEP, TIMER, RTC and STOP modes.

Table 3-4 Factors for returning from standby mode

SLEEP mode

TIMER mode

RTC mode

STOP mode

+ INITX pin input reset |
+ Low voltage

detection reset

INITX pin input reset | -
- Low voltage

detection reset

INITX pin input reset |
- Low voltage

detection reset

INITX pin input reset

- Low voltage

detection reset

- Low voltage

detection interrupt

- Anomalous

frequency detection
interrupt (main timer
mode, PLL timer
mode)

+ Software watchdog |+ Hardware watchdog
Reset reset reset '
return - Hardware watchdog |- Clock'fallure
factor reset ' detection reset
+ Clock failure - Anomalous
detection reset frequency detection
- Anomalous reset (main timer
frequency detection mode, PLL timer
reset mode)
- Effective interrupt - NMI interrupt + NMI interrupt - NMI interrupt
from a peripherals - External interrupt - External interrupt - External interrupt
- Hardware watchdog |+ USB wakeup - USB wakeup
timer interrupt interrupt interrupt
- USB wakeup + RTC interrupt - Low voltage
interrupt - Low voltage detection interrupt
+ Watch counter detection interrupt
Interrupt .
return 1nterrgpt
+ RTC interrupt
factor
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3.1. Operations in SLEEP Modes (High Speed CR Sleep
Mode, Main Sleep Mode, PLL Sleep Mode, Low Speed
CR Sleep Mode, Sub Sleep Mode)

SLEEP mode is classified as a standby mode. In SLEEP mode, the CPU clock stops and, in
turn, power consumption is reduced.

B Functions of SLEEP mode

® CPU and on-chip memory
In SLEEP mode, the clock being supplied to the CPU stops. The AHB bus clock continues operating. The
on-chip memory continues operating and retains data.

® Peripherals
The APBO bus clock runs even in SLEEP mode. The APBI1 bus clock is enabled or disabled by the
APBCIEN bit and the APB2 bus clock by the APBC2EN bit. Peripherals operate in their respective states
set at the transition to SLEEP mode.

® Watch counter and RTC

The watch counter and the RTC are not affected by SLEEP mode. They continue operating according to the
settings set prior to transition to SLEEP mode.

® Oscillator clocks
Table 3-1 shows the status of each oscillator clock.

® Resets and interrupts
Resets and interrupts can be used for returning from SLEEP mode.

® External bus
The external bus is still active in SLEEP mode.

® Pin state
All pin settings are held in SLEEP mode.
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B Procedure for setting SLEEP mode
Execute the following procedure to make the CPU transit to SLEEP mode.

1. Write "0" to the SLEEPDEEP bit in the Cortex-M4F System Control Register.

2. Execute the WFI instruction or the WFE instruction.
The CPU transits to a SLEEP mode corresponding to the current clock mode indicated in the RCM[2:0]
bits in the System Clock Mode Status Register (SCM_STR).

For details of the System Clock Mode Control Register (SCM_CTL), see Chapter "Clock".

B Return from SLEEP mode
The CPU returns from SLEEP mode in one of the following situations.

® Return due to reset
If a reset (INITX pin input reset, low voltage detection reset, software watchdog reset, hardware watchdog
reset, clock supervisor reset or anomalous frequency detection reset) occurs, the CPU switches to high
speed CR run mode regardless of the clock mode.

® Return due to interrupt
On receiving an effective interrupt from a peripheral in SLEEP mode, the CPU returns from SLEEP mode
and transits to a RUN mode corresponding to the clock mode indicated in the RCM[2:0] bits in the System
Clock Mode Status Register (SCM_STR).

Table 3-5 Operation mode after return from SLEEP mode due to interrupt

Status of master clock before transition to SLEEP mode

RCM = 000 RCM = 001 RCM =100
: . RCM =010 RCM = 101
(High speed (Main (PLL oscillator) (Low speed CR (Sub oscillator)
CR oscillator) | oscillator) oscillator)
Operation mode .
after return due to High speed CR Main run mode | PLL run mode Low speed CR Sub run mode
interrupt run mode run mode

RCM: RCM][2:0] bits in System Clock Mode Status Register (SCM_STR)

*: For details of the SCM_CTL and SCM_STR registers, see Chapter "Clock".

® Oscillation stabilization wait at return
On returning from SLEEP mode due to a reset, the CPU waits for the stabilization of high speed CR clock
oscillation and that of low speed CR clock oscillation. In the case of returning from SLEEP mode due to an
interrupt, the CPU does not have to wait for the oscillation to stabilize.
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3.2. Operations in TIMER Modes (High Speed CR Timer
Mode, Main Timer Mode, PLL Timer Mode, Low Speed
CR Timer Mode, Sub Timer Mode)

In TIMER mode, the base clock supply stops. Since the stop of the base clock supply causes
the CPU clock, the AHB bus clock and all APB bus clocks to stop, power consumption is
further reduced. In this mode, all functions stop operating except for the following: all
oscillators, PLL, hardware watchdog timer, watch counter, RTC, clock failure detector and
Low Voltage Detection Circuit.

B Functions of TIMER mode

® CPU and on-chip memory
In TIMER mode, the CPU clock supplied to the CPU, and the AHB bus clock supplied to the on-chip
memory and the DMA controller stop. However, data in the on-chip memory is retained. In addition, the
debug function stops.

® Peripherals
In TIMER mode, all APB bus clocks stop. Except for the hardware watchdog timer, the watch counter, the
RTC and the clock supervisor, all resources stop at their respective states they were in immediately before
the CPU transits to TIMER mode.

® Watch counter and RTC
The watch counter and the RTC are not affected by TIMER mode. They continue operating according to the
settings set prior to transition to TIMER mode.

® Oscillator clocks
Table 3-2 shows the status of each oscillator clock.

® Resets and interrupts
Resets and interrupts can be used for returning from TIMER mode.

® External bus
The external bus stops in TIMER mode.

® Pin state
The SPL bit in the Standby Mode Control Register (STB_CTL) can control whether an external pin stays at
the state it was in immediately before the CPU transits to TIMER mode or changes to high impedance state.

B Procedure for setting TIMER mode
Execute the following procedure to make the CPU transit to TIMER mode.

1. Write "0" to the RTCE bit in the RTC Mode Control Register (PMD_CTL).
2. Write "0x1ACC", "0" and "0b00" to the KEY bits, DTSM bit and STM bits in the Standby Mode
Control Register (STB_CTL) respectively. Set the state of each pin in TIMER mode by using the SPL
bit.
Write "1" to the SLEEPDEEDP bit in the Cortex-M4F System Control Register.
4. Execute the WFI instruction or the WFE instruction.
The CPU transits to a TIMER mode corresponding to the current clock mode indicated in the RCM[2:0]
bits in the System Clock Mode Status Register (SCM_STR).

w
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B Return from TIMER mode
The CPU returns from TIMER mode in one of the following situations.

® Return due to reset

If a reset (INITX pin input reset, low voltage detection reset, hardware watchdog reset, clock supervisor
reset or anomalous frequency detection reset (main timer mode or PLL timer mode)) occurs, the CPU
switches to high speed CR run mode regardless of the clock mode.

In TIMER mode, since the software watchdog reset is not available, it cannot be used to make the CPU
return from TIMER mode.

® Return due to interrupt

On receiving a request for an effective interrupt, which can be an NMI interrupt, an external interrupt, a
hardware watchdog timer interrupt, a USB wakeup interrupt, a watch counter interrupt, an RTC interrupt, a
low voltage detection interrupt or an anomalous frequency detection interrupt (main timer mode or PLL
timer mode), in TIMER mode, the CPU returns from TIMER mode and transits to a RUN mode
corresponding to the clock mode indicated in the RCM[2:0] bits in the System Clock Mode Status Register

(SCM_STR).

Table 3-6 Operation mode after return from TIMER mode due to interrupt

Status of master clock before transition to TIMER mode
RCM =000 RCM =001 _ RCM =100 _
(High speed (Main (PIT_EhéIs;iﬁ;tgr) (Low speed CR (sfﬁhfs&ﬂftlr)
CR oscillator) |  oscillator) oscillator)
Operation mode .
after return due High speed CR Main run mode | PLL run mode Low speed CR Sub run mode
. run mode run mode
to mterrupt

® Oscillation stabilization wait at return

On returning from TIMER mode due to a reset, the CPU waits for the stabilization of high speed CR clock
oscillation and that of low speed CR clock oscillation. In the case of returning from TIMER mode due to an
interrupt, the CPU does not have to wait for the oscillation to stabilize.

® Built-in regulator voltage stabilization wait at return

The CPU automatically secures a voltage stabilization wait time (a few hundred ps) for the built-in
regulator before returning from low speed CR timer mode or sub timer mode due to a reset or an interrupt.
After the voltage stabilization wait time has lapsed, the CPU executes the return operation.

<Notes>

- If the priority of an interrupt used for making the CPU return from TIMER mode is not set to a level for
making the CPU return from TIMER mode, after an interrupt has been generated, the clock returns from
TIMER mode, but the CPU does not return from TIMER mode and continues stopping. Therefore,
always set the priority of an interrupt used for making the CPU return from TIMER mode to a level that
can make the CPU return from TIMER mode.

- Before making the CPU transit to TIMER mode, ensure that no factor for returning from TIMER mode
shown in Table 3-4 has been set. If such factor has been set, clear that factor.

- If the CPU transits to TIMER mode during debugging, as the clock supply to the CPU stops, the CPU
cannot return to a RUN mode by using the ICE. Use a reset or an interrupt to make the CPU return to a
RUN mode.

- Before making the CPU transit to low speed CR timer mode or sub timer mode, ensure that the Flash
memory automatic algorithm has terminated.
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3.3. Operations in RTC Mode

In RTC mode, all oscillators stop except for the sub oscillator. All functions stop operating
except for the watch counter, the RTC and the Low Voltage Detection Circuit.

B Functions of RTC mode

® CPU and on-chip memory
In RTC mode, the CPU clock supplied to the CPU, and the AHB bus clock supplied to the on-chip memory
and the DMA controller stop. However, data in the on-chip memory is retained. In addition, the debug
function stops.

® Peripherals
In RTC mode, all APB bus clocks stop. Except for the watch counter, the RTC and the Low Voltage
Detection Circuit, all resources stop at their respective states they were in immediately before the CPU
transits to RTC mode.

® Watch counter and RTC
The counting operation of the watch counter is not affected by the transition to RTC mode and the watch
counter continues its operation according to the settings set prior to the transition. But, the watch counter
cannot return to from the RTC mode due to the watch counter interrupt. The RTC is not affected by RTC
mode transition. The RTC continues its operation according to the settings set prior to transition to RTC
mode.

® Oscillator clocks
Table 3-3 shows the status of each oscillator clock.

® Resets and interrupts
Resets and interrupts can be used for returning from RTC mode.

® External bus
The external bus stops in RTC mode.

® Pin state
The SPL bit in the Standby Mode Control Register (STB_CTL) can control whether an external pin stays at
the state it was in immediately before the CPU transits to RTC mode or changes to high impedance state.

B Procedure for setting RTC mode
Execute the following procedure to make the CPU transit to RTC mode.

1. With "1" written to the SORDY bit in the System Clock Mode Status Register (SCM_STR), write "1" to
the RTCE bit in the RTC Mode Control Register (PMD_ CTL).

2. Write "0x1ACC", "0" and "0b10" to the KEY bits, DTSM bit and STM bits in the Standby Mode

Control Register (STB_CTL) respectively. Set the state of each pin in RTC mode by using the SPL bit.

Write "1" to the SLEEPDEEP bit in the Cortex-M4F System Control Register.

4. Execute the WFI instruction or the WFE instruction.

W
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B Return from RTC mode

The CPU returns from RTC mode in one of the following situations.

® Return due to reset

If a reset (INITX pin input reset or low voltage detection reset) occurs, the CPU switches to high speed CR
run mode regardless of the clock mode.

In RTC mode, since the software watchdog reset, the hardware watchdog reset, the clock supervisor reset
and the anomalous frequency detection reset are not available, these resets cannot be used to make the CPU
return from RTC mode.

® Return due to interrupt

On receiving a request for an effective interrupt, which can be an NMI interrupt, an external interrupt, a
USB wakeup interrupt, an RTC interrupt or a low voltage detection interrupt, in RTC mode, the CPU
returns from RTC mode and transits to a RUN mode corresponding to the clock mode indicated in the
RCM][2:0] bits in the System Clock Mode Status Register (SCM_STR)

Table 3-7 Operation mode after return from RTC mode due to interrupt

Status of master clock before transition to RTC mode

RCM =000 RCM = 001 RCM =100
: . RCM =010 RCM =101

(High speed (Main (PLL oscillator) (Low speed CR (Sub oscillator)
CR oscillator) |  oscillator) oscillator)

Operation mode .

after return due High speed CR Main run mode | PLL run mode Low speed CR Sub run mode

. run mode run mode
to mterrupt

® Oscillation stabilization wait at return

On returning from RTC mode due to a reset, the CPU waits for the stabilization of high speed CR clock
oscillation and that of low speed CR clock oscillation. If the CPU returns from RTC mode due to an
interrupt, the oscillation stabilization wait changes according to the master clock that had been used before
the CPU transited to RTC mode. Table 3-8 shows the relationship between the oscillation stabilization wait
and the master clock.

Table 3-8 Oscillation stabilization wait at return from RTC mode due to interrupt

Status of master clock before transition to RTC mode
RCM =000 _ _ RCM =100 RCM =101
(High speed CR RCM = 001 RCM = 010 (Low speed CR (Sub
. (Main oscillator) | (PLL oscillator) . :
oscillator) oscillator) oscillator)
o High
& | speed CR | Yes No
g clock
| Main MOSCE =0 : Yes PINC =0 : Yes
Yes No
e 2 | clock MOSCE =1 : No PINC=1:No
(¢}
o .
g £: | Main _q.
5§ | PLL No PLLE=0:No | v No
& & | clock PLLE=1: Yes
=
=
S £ | Low
i" speed CR | Yes Yes Yes Yes Yes
g clock
=
3 (S:E)t;k No No No No No

MN709-00001-1vO0-E FUJITSU SEMICONDUCTOR LIMITED 188



CHAPTER 6: Low Power Consumption Mode .
3. Operations in Standby Modes FM4 Fam"y

® Built-in regulator voltage stabilization wait at return
The CPU automatically secures a voltage stabilization wait time (a few hundred ps) for the built-in
regulator before returning from RTC mode. After the voltage stabilization wait time has lapsed, the CPU
executes the return operation.

<Notes>

- If the priority of an interrupt used for making the CPU return from RTC mode is not set to a level for
making the CPU return from RTC mode, after an interrupt has been generated, the clock returns from
RTC mode, but the CPU does not return from RTC mode and continues stopping. Therefore, always set
the priority of an interrupt used for making the CPU return from RTC mode to a level that can make the
CPU return from RTC mode.

- Before making the CPU transit to RTC mode, ensure that no factor for returning from RTC mode shown
in Table 3-4 has been set. If such factor has been set, clear that factor.

- If the CPU transits to RTC mode during debugging, as the clock supply to the CPU stops, the CPU
cannot return to a RUN mode by using the ICE. Use a reset or an interrupt to make the CPU return to a
RUN mode.

- Before making the CPU transit to RTC mode, ensure that the Flash memory automatic algorithm has
terminated.
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3.4. Operations in STOP Mode

In STOP mode, all oscillators stop. All functions stop operating except for the Low Voltage
Detection Circuit.

B Functions of STOP mode

® CPU and on-chip memory
In STOP mode, the CPU clock supplied to the CPU, and the AHB bus clock supplied to the on-chip
memory and the DMA controller stop. However, data in the on-chip memory is retained. In addition, the
debug function stops.

® Peripherals
In STOP mode, all APB bus clocks stop. Except for the Low Voltage Detection Circuit, all resources stop at
their respective states they were in immediately before the CPU transits to STOP mode.

® Oscillator clocks
All oscillator clocks stop.

® Resets and interrupts
Resets and interrupts can be used for returning from STOP mode.

® External bus
The external bus stops in STOP mode.

® Pin state
The SPL bit in the Standby Mode Control Register (STB_CTL) can control whether an external pin stays at
the state it was in immediately before the CPU transits to STOP mode or changes to high impedance state.

B Procedure for setting STOP mode
Execute the following procedure to make the CPU transit to STOP mode.

1. Write "0" to the RTCE bit in the RTC Mode Control Register (PMD_CTL).

2. Write "0x1ACC", "0" and "0b10" to the KEY bits, DTSM bit and STM bits in the Standby Mode
Control Register (STB_CTL) respectively. Set the state of each pin in STOP mode by using the SPL bit

3. Write "1" to the SLEEPDEERP bit in the Cortex-M4F System Control Register.

4. Execute the WFI instruction or the WFE instruction.
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B Return from STOP mode

The CPU returns from STOP mode in one of the following situations.

® Return due to reset

If a reset (INITX pin input reset or low voltage detection reset) occurs, the CPU switches to high speed CR
run mode regardless of the clock mode.

In STOP mode, since the software watchdog reset, the hardware watchdog reset, the clock supervisor reset
and the anomalous frequency detection reset are not available, these resets cannot be used to make the CPU
return from STOP mode.

® Return due to interrupt

On receiving a request for an effective interrupt, which can be an NMI interrupt, an external interrupt, a
USB wakeup interrupt, a watch counter interrupt or a low voltage detection interrupt, in STOP mode, the
CPU returns from STOP mode and transits to a RUN mode corresponding to the clock mode indicated in
the RCM[2:0] bits in the System Clock Mode Status Register (SCM_STR).

Table 3-9 Operation mode after return from STOP mode due to interrupt

Status of master clock before transition to STOP mode
RCM =000 RCM =001 _ RCM =100 _
(High speed (Main (PIT_EhéIs;iﬁ;tgr) (Low speed CR (sfﬁhfs&ﬂftlr)
CR oscillator) |  oscillator) oscillator)
Operation mode .
after return due High speed CR Main run mode | PLL run mode Low speed CR Sub run mode
. run mode run mode
to mterrupt

® Oscillation stabilization wait at return

On returning from STOP mode due to a reset, the CPU waits for the stabilization of high speed CR clock
oscillation and that of low speed CR clock oscillation. If the CPU returns from STOP mode due to an
interrupt, the oscillation stabilization wait changes according to the master clock that had been used before
the CPU transited to STOP mode. Table 3-10 shows the relationship between the oscillation stabilization
wait and the master clock.

Table 3-10 Oscillation stabilization wait at return from STOP mode due to interrupt

Status of master clock before transition to STOP mode
RCM = 000 RCM = 001 RCM = 010 RCM =100 | RCM =101
(High speed CR| 1y oscillator)| (PLL oscillator) | (- SPeed CR| - (Sub
oscillator) oscillator) oscillator)
o High
& | speed CR | Yes No
5 | clock
é' Main MOSCE =0: Yes Yes PINC=0: Yes No
=2 g | clock MOSCE =1 : No PINC=1:No
(¢} o ;
g =: | Main _
R PLLE =0 : No
= & |PLL No PLLE=1:Yes | ' No
5 g | clock
=
= £ | Low
S| speed CR | Yes
g clock
g Sub clock SOSCE=0:No |[SOSCE=0:No |SOSCE=0:No |[SOSCE=0:No Yes
SOSCE=1:Yes |[SOSCE=1:Yes | SOSCE=1:Yes | SOSCE=1: Yes
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® Built-in regulator voltage stabilization wait at return
The CPU automatically secures a voltage stabilization wait time (a few hundred ps) for the built-in
regulator before returning from STOP mode. After the voltage stabilization wait time has lapsed, the CPU
executes the return operation.

<Notes>

- If the priority of an interrupt used for making the CPU return from STOP mode is not set to a level for
making the CPU return from STOP mode, after an interrupt has been generated, the clock returns from
STOP mode, but the CPU does not return from STOP mode and continues stopping. Therefore, always
set the priority of an interrupt used for making the CPU return from STOP mode to a level that can make
the CPU return from STOP mode.

- Before making the CPU transit to STOP mode, ensure that no factor for returning from STOP mode
shown in Table 3-4 has been set. If such factor has been set, clear that factor.

- If the CPU transits to STOP mode during debugging, as the clock supply to the CPU stops, the CPU
cannot return to a RUN mode by using the ICE. Use a reset or an interrupt to make the CPU return to a
RUN mode.

- Before making the CPU transit to STOP mode, ensure that the Flash memory automatic algorithm has
terminated.
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4. Examples of Procedure for Setting Standby Mode

This section provides examples of procedure for setting a standby mode.

Figure 4-1 Example of procedure for setting main timer mode

Write "0" to RTCE in PMD_CTL
register.

A
Write "0x1ACC" to KEY, "0" to
DSTM, "0b00" to STM in STB_CTL
register together.

\ 4

Write "1" to SLEEPDEEP.

USB is used?

Write "0" SUSPIE in UDCIE register,
"1" to USTP in UDCC register,
"0" to UCEN in UCCR register.

|

No

»|Yes

No

Yes

Write "1" to Initin CTRLR register.

»
»

\4
Execute WFI instruction or WFE
instruction.

CPU transits to main timer mode.

y
End
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Figure 4-2 Procedure for setting RTC mode (with main clock selected as master clock)

( Start )

\4
Write "1" to RTCE in PMD_CTL
register.

|

Write "0x1ACC" to KEY, "0" to
DSTM, "0b10" to STM in STB_CTL
register together.

v
Write "1" to SLEEPDEEP.

USB is used?
Yes

Write "0" SUSPIE in UDCIE register,
"1" to USTP in UDCC register,
"0" to UCEN in UCCR register.

l
|

R

»|Yes

No

lYes

Write "1" to Init in CTRLR register.

»
»

\ 4
Execute WFI instruction or WFE
instruction.

CPU transits to RTC mode.

v
End
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<Notes>
- Before making the CPU transit to RTC mode, ensure that the Flash memory automatic algorithm has
terminated.

- Writing "1" to the RTCE bit in the RTC Mode Control Register (PMD_CTL) is effective only if the
SORDY bit in the System Clock Mode Status Register (SCM_STR) is "1".
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Figure 4-3 Procedure for setting STOP mode (with main clock selected as master clock)

Write "0" to RTCE in PMD_CTL
register.

A\ 4

Write "0x1ACC" to KEY, "0" to
DSTM, "0b10" to STM in STB_CTL
register together.

A\ 4

Write "1" to SLEEPDEEP.

USB is used?

Write "0" SUSPIE in UDCIE register,
"1" to USTP in UDCC register,
"0" to UCEN in UCCR register.

|

No

»|Yes

No

Yes

Write "1" to Init in CTRLR register.

»
»

A 4

Execute WFI instruction or WFE
instruction.

A\ 4

CPU transits to STOP mode.

v
End

<Note>

Before making the CPU transit to STOP mode, ensure that the Flash memory automatic algorithm has

terminated.
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5. Operations in Deep Standby Modes

This section explains the operations in deep standby modes.
There are two deep standby modes: deep standby RTC mode and deep standby stop mode.

B Clock operation states in deep standby mode
The table below shows the respective states of the oscillator clocks, CPU clock, AHB bus clock and APB
bus clocks in deep standby RTC mode and deep standby stop mode.

Table 5-1 Clock operation states in deep standby mode

Deep standby RTC mode

Deep standby stop mode

High speed CR clock

Main clock

Main PLL clock

Stopped

Low speed CR clock

Sub clock

Operating

USB PLL clock

CPU clock

AHB bus clock

APBO bus clock

Stopped

APBI1 bus clock

APB2 bus clock

Stopped

B Factors for returning from deep standby mode
This section shows factors for returning from deep standby RTC mode and deep standby stop mode.

Table 5-2 Factors for returning from deep standby mode

Deep standby RTC mode

Deep standby stop mode

Factor for returning from
deep standby mode

+ INITX pin input reset
- Low voltage detection reset

+ INITX pin input reset
- Low voltage detection reset

- Low voltage detection interrupt
+ RTC interrupt

- Low voltage detection interrupt

+ WKUP pin input

+ WKUP pin input

<Note>

After the CPU has returned from a deep standby mode, the interrupt factor is retained. However, since
NVIC is initialized by the deep standby transition reset, no interrupt processing is to be executed.
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B Internal power supply status and reset status in deep standby mode
This section shows the power supply status of each function in deep standby mode and the reset status on a
deep standby transition reset.

Table 5-3 Internal power supply status and reset status in deep standby mode

Power supply status Reset status
CPU Off Initialized
On-chip Flash memory Off *1
SRAMO/1 Off Data not retained
SRAM?2 Off *2 *3
RTC On Not initialized
Low voltage detection circuit On Not initialized
GPIO On Partly initialized *4
Deep standby control block On Not initialized
Peripherals other the above Off Initialize

*1: Data in the on-chip Flash memory is retained.
*2: Data in SRAM2 can be retained.
If the setting for retaining data in on-chip SRAM is done, the power supply for SRAM2 is turned on.
*3: If the power supply is turned off, data in SRAM?2 is not retained.
If the setting for retaining data in SRAM2 is done, data in SRAM?2 is retained.
*4:  All bits in the PFRx registers are initialized except for bit4:0 in the PFRO register.  bit4:0 in the PFRO
register, PCRx, DPDRx, PDIRx, PDORx, ADE, EPFRx, SPSR and PZRx registers are not initialized.
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5.1. Operations in Deep Standby RTC Mode

In deep standby RTC mode, all oscillators stop except for the sub oscillator. All functions stop
operating except for the RTC and the Low Voltage Detection Circuit. The power supply for the
RTC, the Low Voltage Detection Circuit, CPUs excluding GPIO, on-chip Flash memory,
SRAMO /1/2* and peripherals are turned off inside the chip.

B Functions of deep standby RTC mode

® CPU and on-chip memory
In deep standby RTC mode, the CPU clock supplied to the CPU, the AHB bus clock supplied to the on-chip
memory and the DMA controller stop, and the power supply for the CPU, the on-chip Flash memory and
SRAMO/1/2* is turned off. Data in the registers of the CPU and that in SRAMO/1/2 is not retained*. Data in
the on-chip memory is retained. In addition, the debug function stops and its power supply is turned off.

*:Data in SRAM2 can be retained.
If the setting for retaining data in SRAM?2 is done, the power supply for SRAM?2 is turned on.

® Peripherals
In deep standby RTC mode, all APB bus clocks stop, and the power supply for all resources, except for the
RTC, the Low Voltage Detection Circuit and the GPIO, is turned off.

® RTC

The RTC is not affected by deep standby RTC mode. It continues operating according to the settings set
prior to transition to deep standby RTC mode.

® Oscillator clocks
Table 5-1 shows the status of each oscillator clock.

® Resets, interrupts and WKUP pin input
Resets, interrupts and WKUP pin input can be used for returning from deep standby RTC mode.

® Pin state
The SPL bit in the Standby Mode Control Register (STB_CTL) can control whether an external pin
switches to a GPIO in deep standby RTC mode or changes to high impedance state.

B Procedure for setting deep standby RTC mode
Execute the following procedure to make the CPU transit to deep standby RTC mode.

1. With "1" written to the SORDY bit in the System Clock Mode Status Register (SCM_STR), write "1" to
the RTCE bit in the RTC Mode Control Register (PMD_CTL).

2. Write "0x1ACC", "1" and "0b10" to the KEY bits, DTSM bit and STM bits in the Standby Mode
Control Register (STB_CTL) respectively. Set the state of each pin in deep standby RTC mode by using
the SPL bit.

3. Write "1" to the SLEEPDEERP bit in the Cortex-M4F System Control Register.

4. Execute the WFI instruction or the WFE instruction.

B Return from deep standby RTC mode
The CPU returns from deep standby RTC mode in one of the following situations.

® Return due to resets, interrupts and WKUP pin input
If a reset (INITX pin input reset or low voltage detection reset) occurs, or the CPU receives a request for an
effective RTC interrupt, for an effective low voltage detection interrupt or for WKUP pin input, the CPU
returns from deep standby RTC mode, and regardless of the clock mode, switches to high speed CR run
mode on a deep standby transition reset.

In deep standby RTC mode, since the software watchdog reset, the hardware watchdog reset, the clock
supervisor reset and the anomalous frequency detection reset are not available, these resets cannot be used
to make the CPU return from deep standby RTC mode.
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® Oscillation stabilization wait at return
On returning from deep standby RTC mode, regardless of the return factor, the CPU waits for the
stabilization of high speed CR clock oscillation and that of low speed CR clock oscillation.

® Built-in regulator voltage stabilization wait at return
The CPU automatically secures a voltage stabilization wait time (a few hundred ps) for the built-in
regulator before returning from deep standby RTC mode. After the voltage stabilization wait time has
lapsed, the CPU executes the return operation.

<Notes>

- Before making the CPU transit to deep standby RTC mode, ensure that no factor for returning from deep
standby RTC mode shown in Table 5-2 has been set. If such factor has been set, clear that factor.

- If the CPU transits to deep standby RTC mode during debugging, as the clock supply to the CPU stops,
the CPU cannot return to a RUN mode by using the ICE. Use a reset, an interrupt or WKUP pin input to
make the CPU return to a RUN mode.

- Before making the CPU transit to deep standby RTC mode, ensure that the Flash memory automatic
algorithm has terminated.
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5.2. Operations in Deep Standby Stop Mode

In deep standby stop mode, all oscillators stop. All functions stop operating except for the Low
Voltage Detection Circuit. The power supply for the RTC, the Low Voltage Detection Circuit,
CPUs excluding GPIO, on-chip Flash memory, SRAMO0/1/2* and peripherals are turned off
inside the chip.

B Functions of deep standby stop mode

® CPU and on-chip memory
In deep standby stop mode, the CPU clock supplied to the CPU, the AHB bus clock supplied to the on-chip
memory and the DMA controller stop, and the power supply for the CPU, the on-chip Flash memory and
SRAMO/1/2* is turned off. Data in the registers of the CPU and that in SRAMO0/1/2 is not retained*. Data in
the on-chip memory is retained. In addition, the debug function stops and its power supply is turned off.

*: Data in SRAM2 can be retained.
If the setting for retaining data in SRAM?2 is done, the power supply for SRAM?2 is turned on.

® Peripherals
In deep standby stop mode, all APB bus clocks stop, and the power supply for all resources, except for the
RTC, the Low Voltage Detection Circuit and the GPIO, is turned off.

® Oscillator clocks
All oscillator clocks stop.

® Resets and WKUP pin input
Resets and WKUP pin input can be used for returning from deep standby stop mode.

® Pin state
The SPL bit in the Standby Mode Control Register (STB_CTL) can control whether an external pin
switches to a GPIO in deep standby stop mode or changes to high impedance state.

B Procedure for setting deep standby stop mode
Execute the following procedure to make the CPU transit to deep standby stop mode.

1. Write "0" to the RTCE bit in the RTC Mode Control Register (PMD_CTL).

2. Write "0x1ACC", "1" and "0b10" to the KEY bits, DTSM bit and STM bits in the Standby Mode
Control Register (STB_CTL) respectively. Set the state of each pin in deep standby stop mode by using
the SPL bit.

Write "1" to the SLEEPDEEP bit in the Cortex-M4F System Control Register.

4. Execute the WFI instruction or the WFE instruction.

W
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B Return from deep standby stop mode
The CPU returns from deep standby stop mode in one of the following situations.

® Return due to resets, interrupts and WKUP pin input
If a reset (INITX pin input reset or low voltage detection reset) occurs, or the CPU receives a request for an
effective low voltage detection interrupt or for WKUP pin input, the CPU returns from deep standby stop
mode, and regardless of the clock mode, switches to high speed CR run mode on a deep standby transition
reset.

In deep standby stop mode, since the software watchdog reset, the hardware watchdog reset, the clock
supervisor reset and the anomalous frequency detection reset are not available, these resets cannot be used
to make the CPU return from deep standby stop mode.

® Oscillation stabilization wait at return
On returning from deep standby RTC mode, regardless of the return factor, the CPU waits for the
stabilization of high speed CR clock oscillation and that of low speed CR clock oscillation.

® Built-in regulator voltage stabilization wait at return
The CPU automatically secures a voltage stabilization wait time (a few hundred ps) for the built-in
regulator before returning from deep standby stop mode. After the voltage stabilization wait time has lapsed,
the CPU executes the return operation.

<Notes>

- Before making the CPU transit to deep standby stop mode, ensure that no factor for returning from deep
standby stop mode shown in Table 5-2 has been set. If such factor has been set, clear that factor.

- If the CPU transits to deep standby stop mode during debugging, as the clock supply to the CPU stops,
the CPU cannot return to a RUN mode by using the ICE. Use a reset, an interrupt or WKUP pin input to
make the CPU return to a RUN mode.

- Before making the CPU transit to deep standby stop mode, ensure that the Flash memory automatic
algorithm has terminated.
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6. Examples of Procedure for Setting Deep Standby Mode

This section provides examples of procedure for setting a deep standby mode.

Figure 6-1 Example of procedure for setting deep standby RTC mode

( Start )

A 4
Write "1" to RTCE in PMD_CTL
register.

\4
Write "0x1ACC" to KEY, "1" to
DSTM, "0b10" to STM in STB_CTL
register together.

A 4
Write "1" to SLEEPDEEP.

A\ 4
Execute WFI instruction or WFE
instruction.

\ 4
CPU transits to deep standby RTC
mode.

\ 4

End

<Notes>

- Before making the CPU transit to deep standby RTC mode, ensure that the Flash memory automatic
algorithm has terminated.

- Writing "1" to the RTCE bit in the RTC Mode Control Register (PMD_ CTL) is effective only if the
SORDY bit in the System Clock Mode Status Register (SCM_STR) is "1".
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Figure 6-2 Example of procedure for setting deep standby stop mode

( Start )

\ 4
Write "0" to RTCE in PMD_CTL
register.

\4
Write "0x1ACC" to KEY, "1" to
DSTM, "0b10" to STM in STB_CTL
register together.

v
Write "1" to SLEEPDEEP.

v
Execute WFI instruction or WFE
instruction.

A 4
CPU transits to deep standby stop
mode.

End

<Note>

Before making the CPU transit to deep standby stop mode, ensure that the Flash memory automatic
algorithm has terminated.
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Standby Mode

7. Procedure for Determining Factor for Returning from
Deep Standby Mode

Figure 7-1 shows an example of procedure for determining the factor for returning from a
deep standby mode.

Figure 7-1 Procedure for determining the factor for returning from a deep standby mode

Reset release

Is any bit in deep standby
return factor registers 1

and 2 (WRFSR, WIFSR)
II1 II?

\ 4

Determine factor with
reset factor register
(RST_STR).

CPU returns from
from deep standby
mode.

<Note>
After the CPU has transited to a deep standby mode, the power supply for the CPU is turned off on a deep
standby transition reset. Therefore, after the CPU has returned from a deep standby mode, the value of the
reset factor register (RST STR) becomes invalid.
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8. List of Low Power Consumption Mode Registers

This section explains the configuration and functions of registers used in low power
consumption mode.

B List of low power consumption mode registers

Abbreviation Register name Reference

STB_CTL Standby Mode Control Register 8.1

® Registers of deep standby control block

Abbreviation Register name Reference
RCK CTL Sub Clock Supply Control Register 8.2
PMD CTL RTC Mode Control Register 8.3
WRFSR Deep Standby Return Factor Register 1 8.4
WIFSR Deep Standby Return Factor Register 2 8.5
WIER Deep Standby Return Enable Register 8.6
WILVR WKUP Pin Input Level Register 8.7
DSRAMR Deep Standby RAM Retention Register 8.8
BUROI to 16 Backup Register 01 to 16 8.9

<Notes>

- For details of the System Clock Mode Control Register (SCM_CTL), see Chapter "Clock".
- The power supply for registers of the deep standby control block is not turned off in any deep standby
mode.
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8.1. Standby Mode Control Register (STB_CTL)

The Standby Mode Control Register controls standby modes and deep standby modes. The
value of the SPL bit, DSTM bit or STM bit is effective only when it is written at the same time
as "0x1ACC" is written to the KEY bits.

bit 31 16 15 8
Field | KEY | Reserved
Attribute R/W -

Initial 0x0000 0x00
value

bit 7 6 5 4 3 2 1 0
Field | Reserved | SPL | Reserved | DSTM | STM
Attribute - R/W - R/W R/W

Initial 000 0 0 0 00
value

[bit31:16] KEY: Standby mode control write control bits
These bits release the write control of the SPL bit, DSTM bit and STM bit.

- When "0x1ACC" is written to these bits
Writing to the SPL bit, DSTM bit or STM bit is effective.

- When a value other than "0x1ACC" is written to these bits
Writing tothe SPL bit, DSTM bit or STM bit is not effective.

- These bits always read "0x0000".

[bit15:5] Reserved: Reserved bits

These bits always read "0x00".
Writing a value to these bits has no effect on operation.

[bit4] SPL: Standby pin level setting bit

This bit sets the state of a pin in TIMER mode, RTC mode, STOP mode, deep standby RTC mode, deep
standby stop mode.

bit Description

Holds the state of a pin in TIMER mode, RTC mode and STOP mode, and
0 switches a pin to a GPIO in deep standby RTC mode and deep standby stop mode.
[initial value]

Sets the state of a pin to high impedance in TIMER mode, RTC mode, STOP
mode, deep standby RTC mode, deep standby stop mode.
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[bit3] Reserved: Reserved bit

This bit always reads "0".
Writing a value to this bit has no effect on operation.

[bit2] DSTM: Deep standby mode select bit
This bit selects whether the CPU transits to a standby mode or a deep standby mode.

[bit1:0] STM: Standby mode select bits

These bits, together with the DSTM bit in this register and the RTCE bit in the RTC Mode Control Register
(PMD_CTL), select a standby mode to which the CPU transits from one of the following modes: TIMER
mode, RTC mode, STOP mode, deep standby RTC mode or deep standby stop mode.

STM
DSTM PMRDT—CCETL: Description
bit1 bit0
0 0 0 0 TIMER mode [initial value]
0 0 0 1 Setting is prohibited.
0 0 1 0 Setting is prohibited.
0 0 1 1 Setting is prohibited.
0 1 0 0 STOP mode
0 1 0 1 RTC mode
0 1 1 0 Setting is prohibited.
0 1 1 1 Setting is prohibited.
1 0 0 0 Setting is prohibited.
1 0 0 1 Setting is prohibited.
1 0 1 0 Setting is prohibited.
1 0 1 1 Setting is prohibited.
1 1 0 0 Deep standby stop mode
1 1 0 1 Deep standby RTC mode
1 1 1 0 Setting is prohibited.
1 1 1 1 Setting is prohibited.

<Note>

The value of the SPL bit, DSTM bit or STM bit is effective only when it is written at the same time as
"0x1ACC" is written to the KEY bits. If a value other than "0x1ACC" is written to the KEY bits, the values
written to the SPL bit, DSTM bit and STM bit become ineffective.
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8.2. Sub Clock Supply Control Register (RCK_CTL)

FM4 Family

The Sub Clock Supply Control Register controls clock supply to the RTC.
Power consumption can be reduced by stopping the clock supply to the RTC if it is not in use.

bit 7 6 5 4 3 2 1 0
Field | Reserved | RTCCKE |
Attribute - R/W
Initial 0000000 |
value

[bit7:1] Reserved: Reserved bits

These bits always read "0b000000".
Writing a value to these bits has no effect on operation.

[bit0] RTCCKE: RTC clock control bit
This bit controls the sub clock supplied to the RTC macro.

bit Description

0 The sub clock is not supplied to the RTC macro.

1 The sub clock is supplied to the RTC macro. [initial value]
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8.3. RTC Mode Control Register (PMD_CTL)

The RTC Mode Control Register selects whether the CPU transits to either RTC mode or
STOP mode, or to either deep standby RTC mode or deep standby stop mode.

bit 7 6 5 4 3 2 1 0
Field | Reserved | RTCE |
Attribute - R/W
Initial 0000000 0
value

[bit7:1] Reserved: Reserved bits

These bits always read "0b0000000".
Writing a value to these bits has no effect on operation.

[bit0] RTCE: RTC mode control bit
This bit selects whether the CPU transits to STOP mode, deep standby stop mode, or to RTC mode, deep

standby RTC mode.
bit Description
0 STOP mode or deep standby stop mode [initial value]
1 RTC mode or deep standby RTC mode

Standby mode is selected when DSTM bit is "0" and deep standby mode is selected when DSTM bit is "1".

<Notes>

- This register is not initialized by the software reset or the deep standby transition reset.

- Writing "1" to the RTCE bit is effective only if the SORDY bit in the System Clock Mode Status Register
(SCM_STR) is "1".

- If the RTCE bit is "1", the sub oscillator is enabled, regardless of the setting of the SOSCE bit in the
System Clock Mode Control Register (SCM_CTL) and that of the SORDY bit in the System Clock Mode
Status Register (SCM_STR).
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8.4. Deep Standby Return Factor Register 1 (WRFSR)

The Deep Standby Return Factor Register 1 indicates the return factors of the low voltage
detection reset and the INITX pin input reset that have occurred in a deep standby mode.

bit 7 6 5 4 3 2 1 0
Field | Reserved | WLVDH | WINITX |
Attribute - R R
Initial 000000 0 0
value

[bit7:2] Reserved: Reserved bits

These bits always read "0b000000".
Writing a value to these bits has no effect on operation.

[bit1] WLVHD: Low voltage detection reset return bit
This bit indicates the CPU has returned from a deep standby mode due to the low voltage detection reset.

bit Description

The CPU has not returned from a deep standby mode due to the low voltage detection
reset. [initial value]

1 The CPU has returned from a deep standby mode due to the low voltage detection reset.

[bit0] WINITX: INITX pin input reset return bit
This bit indicates the CPU has returned from a deep standby mode due to the INITX pin input reset.

bit Description

The CPU has not returned from a deep standby mode due to the INITX pin input reset.
[initial value]

1 The CPU has returned from a deep standby mode due to the INITX pin input reset.

<Notes>
- This register is initialized by the power-on reset and the low voltage detection reset. It is not initialized by
any reset other than the two mentioned before. In addition, reading this register clears all its bits.
- This register can be set only in a deep standby mode.
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8.5. Deep Standby Return Factor Register 2 (WIFSR)

The Deep Standby Return Factor Register 2 indicates the return factors of the WKUPXx pin
input, the low voltage detection (LVD) interrupt and the RTC interrupt that have occurred in a
deep standby mode.

bit 15 14 13 12 11 10 9 8
Field | Reserved |
Attribute -

Initial 0x00

value

bit 7 6 5 4 3 2 1 0
Field | wuis | wui4 | wulBd | wurR | wull [ wulo | WLVDI | WRTCI |
Attribute R R R R R R R R
Initial 0 0 0 0 0 0 0 0
value

[bit15:8] Reserved: Reserved bits

These bits always read "0x00".
Writing a value to these bits has no effect on operation.

[bit7:2] WUI5 to WUIO: WKUPX pin input return bits
These bits indicate the CPU has returned from a deep standby mode due to the WKUPx pin input.

bit Description

The CPU has not returned from a deep standby mode due to the WKUPX pin input. [initial
value]

1 The CPU has returned from a deep standby mode due to the WKUPx pin input.

[bit1] WLVDI: LVD interrupt return bit
This bit indicates the CPU has returned from a deep standby mode due to the LVD interrupt.

bit Description

The CPU has not returned from a deep standby mode due to the LVD interrupt. [initial
value]

1 The CPU has returned from a deep standby mode due to the LVD interrupt.
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[bit0] WRTCI: RTC interrupt return bit
This bit indicates the CPU has returned from a deep standby mode due to the RTC interrupt.

bit Description

The CPU has not returned from a deep standby mode due to the RTC interrupt. [initial
value]

1 The CPU has returned from a deep standby mode due to the RTC interrupt.

<Notes>

- This register is initialized by the power-on reset and the low voltage detection reset. It is not initialized by
any reset other than the two mentioned before. In addition, reading this register clears all its bits.
- This register can be set only in a deep standby mode.
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8.6. Deep Standby Return Enable Register (WIER)

The Deep Standby Return Enable Register enables the CPU to return from a deep standby
mode due to the WKUPXx pin input, the low voltage detection (LVD) interrupt and the RTC
interrupt that have occurred in a deep standby mode.

bit 15 14 13 12 11 10 9 8
Field | Reserved |
Attribute -

Initial 0x00

value

bit 7 6 5 4 3 2 1 0
Field | WUISE | WUME | WUBE | WURE | WUIE | Reserved | WLVDE | WRTCE |
Attribute  R/W R/W R/W R/W R/W - R/W R/W
Initial 0 0 0 0 0 0 0 0
value

[bit15:8] Reserved: Reserved bits

These bits always read "0x00".
Writing a value to these bits has no effect on operation.

[bit7:3] WUISE to WUIME: WKUPX pin input return enable bits
These bits disable or enable the CPU to return from a deep standby mode due to the WKUPx pin input.

bit Description

0 Disables the CPU to return from a deep standby mode due to the WKUPx pin input.
[initial value]

1 Enables the CPU to return from a deep standby mode due to the WKUPX pin input.

[bit2] Reserved: Reserved bit

This bit always reads "0".
Writing a value to this bit has no effect on operation.

[bit1] WLVDE: LVD interrupt return enable bit
This bit disables or enables the CPU to return from a deep standby mode due to the LVD interrupt.

bit Description
0 Disables the CPU to return from a deep standby mode due to the LVD interrupt. [initial
value]
1 Enables the CPU to return from a deep standby mode due to the LVD interrupt.
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[bit0] WRTCE: RTC interrupt return enable bit
This bit disables or enables the CPU to return from a deep standby mode due to the RTC interrupt.

bit Description
0 Disables the CPU to return from a deep standby mode due to the RTC interrupt. [initial
value]
1 Enables the CPU to return from a deep standby mode due to the RTC interrupt.

<Notes>

- The CPU returning from a deep standby mode due to the WKUPO pin input is always enabled.
- This register is not initialized by the deep standby transition reset.
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8.7. WKUP Pin Input Level Register (WILVR)

The WKUP Pin Input Level Register selects the respective valid levels for the WKUP1 to
WKUPS5 pin inputs having occurred in a deep standby mode.

bit 7 6 5 4 3 2 1 0
Field | Reserved | WUMLV | WUBLV | WUIRLV | WUIILV |
Attribute - R/W R/W R/W R/W
Initial 0000 0 0 0 0
value

[bit7:4] Reserved: Reserved bits

These bits always read "0b000".
Writing a value to these bits has no effect on operation.

[bit3:0] WUI4LV to WUIMTLV: WKUPX pin input level select bits
These bits select the respective valid levels for the WKUPx pin inputs.

bit Description
0 A return request is made if the WKUPx pin input is "L" level. [initial value]
1 A return request is made if the WKUPX pin input is "H" level.

<Notes>
- "L" level is the only valid level of the WKUPO pin input for making a return request.
For example, with the WUIILV bit set to "0", if "L" level is input to the WKUP1 pin, as soon as the
CPU transits to a deep standby mode, it returns to a RUN mode.
- This register is not initialized by the deep standby transition reset.
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8.8. Deep Standby RAM Retention Register (DSRAMR)

The Deep Standby RAM Retention Register controls the retention of data in SRAMZ2 in a deep
standby mode.

bit 7 6 5 4 3 2 1 0
Field | Reserved | SRAMR |
Attribute - R/W
Initial 000000 00
value

[bit7:2] Reserved: Reserved bits

These bits always read "0b000000".
Writing a value to these bits has no effect on operation.

[bit1:0] SRAMR: SRAM2 retention control bits
These bits control the retention of data in SRAM?2 in a deep standby mode.

bit1 bit0 Description
0 0 Data in SRAM2 is not retained in a deep standby mode. [initial value]
0 1 Setting is prohibited.
1 0 Setting is prohibited.
1 1 Data in SRAM2 is retained in a deep standby mode.
<Note>

This register is initialized by the power-on reset and the low voltage detection reset. It is not initialized by
any reset other than the two mentioned before.
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8.9. Backup Registers 01 to 16 (BUR01 to BUR16)

The Backup Registers are general-purpose registers retaining values in a deep standby
mode.

bit 31 24 23 16 15 8 7 0
Field | BUR04 | BURO3 | BURO2 | BUROI |
Attribute R/W R/W R/W R/W

Initial 0x00 0x00 0x00 0x00

value

bit 31 24 23 16 15 8 7 0
Field | BUROS | BURO7 | BURO06 | BURO5 |
Attribute R/W R/W R/W R/W

Initial 0x00 0x00 0x00 0x00

value

bit 31 24 23 16 15 8 7 0
Field | BURI2 BURII BURI10 BURO09
Attribute R/W R/W R/W R/W

Initial 0x00 0x00 0x00 0x00

value

bit 31 24 23 16 15 8 7 0
Field | BURI6 | BURIS | BUR14 | BURI3 |
Attribute R/W R/W R/W R/W

Initial 0x00 0x00 0x00 0x00

value
<Note>

This register is initialized by the power-on reset and the low voltage detection reset. It is not initialized by
any reset other than the two mentioned before.
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9. Usage Precautions

Note the following when using the low power consumption mode

For a pin shared between analog input and WKUP, if the ADE bit in the Analog Input Setting Register
(ADE) is set to "1", the WKUPx pin input is blocked, even when the CPU returning from a deep standby
mode due to the WKUPx pin input is enabled. To enable the CPU to return from a deep standby mode due
to the WKUPx pin input, write "0" to the ADE bit in the Analog Input Setting Register (ADE) before
making the CPU transit to a deep standby mode.
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CHAPTER: VBAT Domain

This chapter explains the functions and operations of the VBAT power domain.

Overview of VBAT Domain
Configuration of VBAT Domain
Chip Power Supply Control
Hibernation Control

Procedure for Setting 32 kHz Clock
Registers

Usage Precautions

Nk B

CODE: 9BFVBATPD-EO01.0
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1. Overview of VBAT Domain

The power consumed while the RTC is in operation can be reduced by using the VBAT power
supply pin, which provides independent power supply for the RTC (calendar circuit) and the
32 kHz oscillator.

B Configuration of power supply domain
This family consists of the following three power supply domains.

® CPU Domain
This domain consists of the following circuits.
- CPU
- On-chip Flash memory
- On-chip SRAM*
- Peripheral functions

This domain receives power supply from the VCC power supply pin. The power supply is cut off in deep

standby RTC mode and deep standby stop mode.
*: SRAMO, SRAM1, and SRAM2 are provided and SRAM2 can be set to keep data.

® Always-ON Domain
This domain consists of the following circuits.
On-chip regulator
- Power management circuit
- Port circuit
- Main oscillation circuit and 1/0 Port

This domain receives power supply from the VCC power supply pin.
The VCC power supply pin receives power from the system power supply (on-board regulator).

® VBAT Domain
This domain consists of the following circuits.
- RTC
32 kHz oscillation circuit
Power-on circuit
- Backup registers
- Port circuit

This domain always receives power supply from the VBAT power supply pin.
The VBAT power supply pin receives power from a backup power supply (such as a cell) and the system

power supply.
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B On-chip power gating
In deep standby RTC mode and deep standby stop mode, this family cuts off the power supply for the CPU
Domain by using the power switch function built in the chip.
The Always-ON Domain keeps the power supply on even in deep standby RTC mode and deep standby
stop mode.
For details of deep standby RTC mode and deep standby stop mode, see Chapter "Low Power Consumption
Mode".

B Off-chip power gating
If the system power supply supplying power to the VCC pin of this family is cut off, the power supply for
the CPU Domain and that for the Always-on Domain are cut off.
In this situation, the power supply for the VBAT Domain can remain on if a backup power supply supplies
power to the VBAT Domain.
The on-board regulator, which controls the system power supply with an alarm time set in the RTC or with
a signal input from an external pin, can be turned on or off.

Figure 1-1 Power supply configuration of FM4 Family
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2. Configuration of VBAT Domain

This section explains the internal configuration of the VBAT Domain.

B Internal configuration of VBAT Domain
Figure 2-1 shows the internal configuration of the VBAT Domain and the connection between the VBAT
Domain and the Always-on Domain.

Figure 2-1 Internal configuration of VBAT Domain and connection between VBAT Domain and
Always-on Domain
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® RTC

This is a calendar circuit with the frequency compensation function.

® 32 kHz oscillation circuit (32K OSC)

This is an oscillation circuit that can be connected to a (32768 Hz) crystal oscillator for clocks.

® Power-on circuit (PON)
This detects the power-on of the VBAT Domain and generates the circuit initialization signal.

©® Backup register
This 32-byte register retains data while power is being supplied to the VBAT power supply pin.

® VBAT 1/O ports (P46 to 49, Port Control)
They are I/0O ports driven by power supplied from the VBAT power supply pin.
The control circuit for the VBAT 1/O ports is independent of the control circuit for other than I/O ports
except P46 to P49.
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2.1. Interfacing with Always-on Domain

This section explains the methods of interfacing the VBAT Domain withe the Always-on
Domain.

B Overview of interfacing
The VBAT Domain is driven by the 32 kHz oscillation circuit or a clock divided from PCLK.
Therefore, if an internal bus is directly connected to a register belonging to the VBAT Domain, a bus master
such as the CPU is made to wait when accessing such register.
The FM4 Family has the following two mechanisms to prevent an access from being made to wait.
- A buffer is built in the Always-on Domain. An access from an internal bus is directed to that buffer.
- Data is transferred between the buffer of the Always-on Domain and the register of the VBAT Domain.

In the documents of the FM4 Family, data transfer operations between the buffer of the Always-on Domain
and the register of the VBAT Domain are called as stated below.
- Recall: data transfer from the register of the VBAT Domain to the buffer of the Always-on Domain

Save: data transfer from the buffer of the Always-on Domain to the register of the VBAT Domain

Since data written to the buffer is erased if the VCC power supply is off, save the data in the register of the
VBAT Domain while the VCC power supply is on.

Immediately after the VCC power supply is turned on, the buffer is initialized by the reset signal of the
Always-on Domain.

Therefore, before reading data from the buffer, execute a recall operation to restore data retained in the
register while the VBAT power supply (backup power supply) was on to the buffer.

The calendar data of the RTC in the buffer is not automatically updated.

Before reading the time data from the buffer, execute the recall operation to transfer the time data saved in
the register of the VBAT Domain to the buffer.
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B Types of interface circuit
There are three types of interface circuit as shown in Table 2-1.

Table 2-1 Types of interface circuit

Circuit Always-on VBAT Transfer Figure
type Domain Domain clock number
Type 1 FF available FF unavailable | - Figure 2-2
Type 2 FF available FF available 32 kHz Figure 2-3
Type 3 FF available FF available P(?LK2 Figure 2-4
(divided)

A signal sent from the Always-on Domain to the VBAT Domain is clipped to the VSS by the level shifter
and the isolator when the Always-on Domain is powered off.

This function enables the following operations to be executed when the Always-on Domain is powered off:
continuing the operation of the calendar function, alarm function and timer function of the RTC, holding the
pin states of the VBAT I/O ports, retaining data in the backup registers.

® Interface circuit type 1
Figure 2-2 Configuration of interface circuit type 1
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Use this circuit type if the register does not have to retain data when the VCC power supply is off.

Table 2-2 Behavior of register of interface circuit type 1

Behavior of register

Initialization of T . . .
z Initialization of register by the reset signal of the Always-on Domain

register

Bus read The? state of'the 'control circuit (Always-on Domgin) and that of the
peripheral circuit (VBAT Domain) can be read directly.

Bus write The register directly affects the operations of the control circuit (Always-on

Domain) and those of the peripheral circuit (VBAT Domain).
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® Interface circuit type 2
Figure 2-3 Configuration of interface circuit type 2
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Use this circuit type if the register has to retain data even when the VCC power supply is off.

Table 2-3 Behavior of register of interface circuit type 2

Behavior of register/buffer
i:;;;l;fatlon of Initialization of register by the power-on signal of the VBAT Domain
Initialization of L . . .
bt:;:rlzatlon ° Initialization of register by the reset signal of the Always-on Domain
Bus read Data in the buffer is read to the bus.
Bus write Data is written to the buffer.
Recall operation Data is transferred from the register to the buffer.
Save operation Data is transferred from the buffer to the register.

® Interface circuit type 3
Figure 2-4 Configuration of interface circuit type 3
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Use this circuit type if the register has to retain data even when the VCC power supply is off.

Table 2-4 Behavior of register of interface circuit type 3

Behavior of register/buffer
i:g;:tlelfatlon of Initialization of register by the power-on signal of the VBAT Domain
{::g:ilzauon of Initialization of register by the reset signal of the Always-on Domain
Bus read Data in the buffer is read to the bus.
Bus write Data is written to the buffer.
Recall operation Data is transferred from the register to the buffer.
Save operation Data is transferred from the buffer to the register.

The difference between Type 2 Circuit and Type 3 Circuit is the clock for the recall operation and save
operation.
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B Circuit connected to interface circuit

The major circuits in the VBAT Domain are the RTC, the VBAT port and the buffer register.
The VBAT Domain executes the save operation or the recall operation on the buffer and registers of each
circuit together.
(For details of the function of the WTCR20 Register in the following explanation, see "7.5 Control Register
(WTCR20)" in chapter "RTC Count Block" in "Timer Part".

® RTC

The registers of the RTC consist of those listed in Table 2-5.

Table 2-5 Register List of RTC

No. | Register name Reference No.| Register name Reference
1 |WTSR [RTCCAL] 2 |WTMIR [RTCCAL]
3 |WTHR [RTCCAL] 4 |WTDR [RTCCAL]
5 |WTDW [RTCCAL] 6 |WTMOR [RTCCAL]
7 |WTYR [RTCCAL] 8 |ALMIR [RTCCAL]
9 |ALHR [RTCCAL] 10 |ALDR [RTCCAL]
11 |ALMOR [RTCCAL] 12 |ALYR [RTCCAL]
13 |WTTRO [RTCCAL] 14 | WTTRI1 [RTCCAL]
15 |WTTR2 [RTCCAL] 16 |WTCRI1 [RTCCAL]
17 |WTCR10 [RTCCAL] 18 |WTCR21 [RTCCAL]

For the function of each register, see [RTCCAL], which stands for Chapter "RTC Count Block" in "Timer
Part".

The interface circuit type for registers No.1 to No.18 is type 2.

A save operation is started if "1" is written to bitl in the WTCR20 Register. This save operation is called a
CWRITE operation.

A recall operation is started if "1" is written to bit0 in the WTCR20 Register. This recall operation is called
a CREAD operation.

The subclock is used as the transfer clock.

The RTC transfers 1 byte of data for one transfer clock.

In one CREAD/CWRITE operation, the RTC transfers data of registers in sequence from No.l to No.18
shown in Table 2-5.

When the transfer in the CREAD operation ends, bit0 in the WTCR20 Register returns to "0". When the
transfer in the CWRITE operation ends, bitl in the WTCR20 Register returns to "0".

Since the registers are 18 bytes in total, the data transfer ends as 18 transfer clocks elapse.
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- CWRITE operation waveform

Transfer clock |

Save data X >( >(

The save data is output from the buffer at a falling edge of the transfer clock and is written to the register at
a rising edge of the transfer clock.

Three transfer clocks are required for preprocessing before the start of a transfer and three transfer clocks
are also required for postprocessing after the end of a transfer.

- CREAD operation waveform

Transfer clock |
Recall data x X X

The recall data is output from the register at a rising edge of the transfer clock and is written to the buffer at
a falling edge of the transfer clock.

Three transfer clocks are required for preprocessing before the start of a transfer and three transfer clocks
are also required for postprocessing after the end of a transfer.
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® VBAT port circuit (VB_PORT)
The registers of the VBAT port circuit consist of those listed in Table 2-6.

Table 2-6 Register list of VBAT port circuit

No. Register name Reference No. Register name Reference
1 |WTCALO [RTCCLK] 2 |WTCALI [RTCCLK]
3 |WTCALEN [RTCCLK] 4 |WTDIV [RTCCLK]
5 |WTDIVEN [RTCCLK] 6 |WTCALPRD [RTCCLK]
7 |WTCOSEL [RTCCLK] 8 |CCS 2.3 32 kHz Oscillation Circuit
9 |CCB 2.3 32 kHz Oscillation Circuit | 10 |Reserved
11 [BOOST 2.3 32 kHz Oscillation Circuit | 12 |[WTOSCCNT 2.3 32 kHz Oscillation Circuit
13 |VBPFR 2.6 VBAT 1/O Ports 14 |VBPCR 2.6 VBAT 1/O Ports
15 |VBDDR 2.6 VBAT /O Ports 16 |VBPZR 2.6 VBAT I/O Ports
17 |VBDOR 2.6 VBAT /O Ports 18 |VB CLKDIV 2.3 32 kHz Oscillation Circuit
19 |VDET 2.3 32 kHz Oscillation Circuit | 20 |[EWKUP 2.3 32 kHz Oscillation Circuit
21 |HIBRST 2.3 32 kHz Oscillation Circuit | 22 |[VBDIR 2.6 VBAT 1/O Ports

For the function of each register, see [RTCCLK], which stands for Chapter "RTC Clock Control Block" in
"Timer Part", and "2.6 VBAT I/O Ports" and "2.3 32 kHz Oscillation Circuit" in this chapter.

The interface circuit type for registers No.l to No.17 of the VBAT port circuit is type 3, and that for
registers No.18 to No.22 of the VBAT port circuit is type 1.

A save operation is started if "1" is written to bit5 in the WTCR20 Register. This save operation is called a
PWRITE operation.

A recall operation is started if "1" is written to bit4 in the WTCR20 Register. This recall operation is called
a PREAD operation.

The transfer clock is created by dividing PCLK2 by the value of the VB CLKDIV Register.

The RTC transfers 1 byte of data for one transfer clock.

In one PREAD/PWRITE operation, the RTC transfers data of registers in sequence from No.l to No.18
shown in Table 2-6.

When the transfer in the PREAD operation ends, bit4 in the WTCR20 Register returns to "0". When the
transfer in the PWRITE operation ends, bit5 in the WTCR20 Register returns to "0".

Since the registers of the VBAT port circuit are 17 bytes in size, the data transfer ends as 17 transfer clocks
elapse.

PWRITE operation waveform

Transfer clock

Save data X >( >(

The save data is output from the buffer at a falling edge of the transfer clock and is written to the register at
a rising edge of the transfer clock.
One transfer clock is required for preprocessing before the start of a transfer.

PREAD operation waveform

Transfer clock |

Recall data X X X

The recall data is output from the register at a rising edge of the transfer clock and is written to the buffer at
a falling edge of the transfer clock.

One transfer clock is required for preprocessing before the start of a transfer and one transfer clock is also
required for postprocessing after the end of a transfer.
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® Backup registers
The backup registers refer to the 32-byte register area from BREG00 to BREGIF.
For the functions of the backup registers, see "2.5 Backup Registers".
The interface circuit type for the backup registers is type 3.
A save operation is started if "1" is written to bit3 in the WTCR20 Register. This save operation is called a
BWRITE operation.
A recall operation is started if "1" is written to bit2 in the WTCR20 Register. This recall operation is called
a BREAD operation.
The transfer clock is created by dividing PCLK?2 by the value of the VB_ CLKDIV Register.
The RTC transfers 1 byte of data for one transfer clock.
In one BREAD/BWRITE operation, the RTC transfers data of registers in sequence from BREGO0 to
BREGIFE
The RTC starts the transfer from BREGO00. The transfer destination or the transfer source is shifted to the
next register whenever one transfer clock elapses.
Since the backup register of the FM4 Family is 32 bytes in size, the data transfer ends as 32 transfer clocks
elapse.

BWRITE operation waveform

Transfer clock

Save data X >( >(

The save data is output from the buffer at a falling edge of the transfer clock and is written to the register at
a rising edge of the transfer clock.
One transfer clock is required for preprocessing before the start of a transfer.

BREAD operation waveform

Transfer clock |
Recall data X X X

The recall data is output from the register at a rising edge of the transfer clock and is written to the buffer at
a falling edge of the transfer clock.

One transfer clock is required for preprocessing before the start of a transfer and one transfer clock is also
required for postprocessing after the end of a transfer.
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® Allowed transfer combination
Though it should be checked that the TRANS bit in the WTCRO Register is "0" before the start of a recall
operation or of a save operation, the transfers in a combination with the "o" mark in the following table can
be executed simultaneously.

CREAD | CWRITE | PREAD | PWRITE | BREAD | BWRITE
CREAD X X X 0 0
CWRITE X x X 0 0
PREAD X X X 0 0
PWRITE X X X 0 0
BREAD 0 0 0 0 X
BWRITE 0 0 0 0 X

"o" indicates that the transfers in that combination can be executed simultaneously.
"x" indicates that the transfers in that combination cannot be executed simultaneously.

® Notes on description
In the peripheral manuals of the FM4 Family, a read access and a write access to a register of interface
circuit "type 2" or of interface circuit "type 3" are defined as follows.
Read access: A recall operation is executed and then data in the buffer is read.
Write access: A recall operation is executed to update the entire buffer. Afterward, the part in the buffer
corresponding to the data of the write access is replaced with such data, and then a save operation is
executed.

® Usage Precautions

- Execute CREAD/CWRITE under the following frequency condition: PCLK2 (APB2 bus clock) > 1 MHz

- Do not access the buffer during a save operation or a recall operation. It is not possible to identify
whether correct data has been saved while accessing the buffer during a save operation, neither is it
possible to identify whether correct data has been read while accessing the buffer during a recall
operation.
Set the VB_CLKDIV Register to a value that makes the transfer clock for PREAD, PWRITE, BREAD
and BWRITE generated by dividing PCLK2 become 1 MHz or below.
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2.2. RTC

The RTC of the FM4 Family is a calendar circuit with a 32 kHz frequency compensation
function.

B Overview of RTC functions
The RTC has the following functions.
- Clock function
- Alarm function
- Timer function
- Frequency compensation function

B Configuration of RTC
For details of the functions of the RTC, see Chapter "RTC Count Block" in "Timer Part".
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2.3. 32 kHz Oscillation Circuit

The 32 kHz oscillation circuit is an oscillation circuit exclusively for the crystal oscillator for the
clock, and creates the subclock.

B Overview of functions of 32 kHz oscillation circuit
The 32 kHz oscillation circuit has the following functions.
Oscillation current switch function
Oscillation boost function
Clock generator cooperative operation function

® Oscillation current switch function
The amplifier circuit of the 32 kHz oscillation circuit is driven by a constant current source.
The current value of the constant current source can be controlled by the value of the CCS Register.

® Oscillation boost function
In the case of the crystal oscillator for the clock, it takes longer time for the oscillation frequency to
stabilize.
The oscillation stabilization time can be shortened by increasing the current supplied to the amplifier circuit
for a certain period of time after the start of oscillation.
During the period from the start of oscillation to the end of the oscillation boost time set in the BOOST
Register, the current the constant current source supplies is the current value set in the CCB Register. After
the above period has elapsed, the current the constant current source supplies switches to the current value
set in the CCS Register.
If a current value larger than the one set in the CCS Register is set in the CCB Register, the oscillation boost
function can work effectively.
If not using the oscillation boost function, set in the CCB Register a value same as the one set in the CCS
Register.

® Clock generator cooperative operation function
The SOSCNTL bit in the WTOSCCNT Register enables or disables the cooperative operation between the
32 kHz oscillation circuit and the clock generator belonging to the CPU Domain.
With the cooperative operation enabled, the 32 kHz oscillation of this circuit stops when the CPU transits to
stop mode or deep standby stop mode.
If the cooperative operation is disabled, the 32 kHz oscillation of this circuit does not stop regardless of the
operation mode of the CPU.

<Notes>

- The 32 kHz oscillation circuit in the VBAT Domain does not have the oscillation stabilization wait
function or the clock failure detection function. Enable the clock cooperative function and use the clock
failure detection function of the CPU Domain.

- The appropriate amount of current flowing to the amplifier circuit varies depending on the characteristic
(ESR) and load capacitance (CL) of the oscillator connected to the VBAT Domain. Select an appropriate
amount of current by performing a matching evaluation between the VBAT Domain and the crystal
oscillator.

- If using the RTC with a backup power supply for the VBAT Domain instead of the VCC power supply,
disable the cooperative operation with the clock generator.

- After the 32 kHz oscillation of this circuit has started, do not update the CCB Register or the CCS
Register.
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B Application of 32 kHz oscillation circuit
See "5 Procedure for Setting 32 kHz Clock" for details of application.

B Registers used for 32 kHz oscillation circuit

bit 31-24 23-16 15-8 7-0 Initial value Attribute
Reserved | Reserved | Reserved | VB CLKDIV | 0x00000007 R/W
Reserved | Reserved | Reserved | WTOSCCNT 0x00000001 R/W
Reserved | Reserved | Reserved | CCS 0x00000008 R/W
Reserved | Reserved | Reserved | CCB 0x00000010 R/W
Reserved | Reserved | Reserved | BOOST 0x00000003 R/W
Reserved | Reserved | Reserved | EWKUP 0x00000000 R/W
Reserved | Reserved | Reserved | VDET 0x00000080 R/W
Reserved | Reserved | Reserved | HIBRST 0x00000000 R/W

The interface circuit types for the above registers are type 1 and type 3.
The save operation and recall operation of the 32 kHz oscillation circuit are PWRITE and PREAD
respectively.
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2.4. Power-on circuit

The FM4 Family has a power-on circuit independent of the VCC power supply pin detecting
the power-on of the VBAT Domain.

B Overview of function of power-on circuit
The power-on circuit in the VBAT Domain has the following function.
VBAT power supply pin rising edge detection function

While the power-on circuit is outputting the power-on signal, bit7 in the VDET Register reads "1".

The power-on signal keeps being asserted until "0" is written to bit7 in the VDET Register.

The power-on signal and the value of bit7 in the VDET Register are not affected by turning on and off of
the VCC power supply.

If the power-on circuit in the VBAT Domain is initialized according to the following flow, while a
peripheral function is initialized at a VCC rising edge, the initialization of the VBAT Domain that is in
operation is skipped and the RTC continues running.

Figure 2-5 Flow of Power-on Judgment and Initialization of VBAT Power Domain

VBAT Init

Write "0" to VDET:PON

Initialization of VBAT Domain

A

End

<Notes>

- The power-on circuit in the VBAT Domain does not have the VBAT power supply pin low voltage
detection function. (The FM4 Family does not have the VBAT power supply pin low voltage detection
function.)

- While the power-on signal is being asserted, the values of the registers of the VBAT Domain (RTC, 32
kHz oscillation circuit, VBAT I/O port control circuit, backup registers) are fixed at their respective
initial values. Before setting these circuits, write "0" to bit7 in the VDET Register to clear the power-on
signal.
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2.5. Backup Registers

The FM4 Family has 32-byte backup registers retaining data with the VBAT power supply.

B Overview of function of backup registers
A backup register retains values written to it while power is being supplied to the VBAT power supply pin.
The backup register is reset by the power-on circuit immediately after the VBAT power supply has been
turned on.
As the application of the VBAT power supply can be checked by reading the value of bit7 in the VDET
Register, initialize the backup register with a program whenever necessary.

B Configuration of backup register and method of accessing backup register
The interface circuit type for the backup register is type 3.
For details, see "2.1 Interfacing with Always-on Domain".
The data transfer between a backup register and a data retention register is a batch transfer of data of all
areas.
Update data according to the following procedure.
1. Setthe VB_CLKDIV Register to a value that makes the transfer clock become 1 MHz or below.
2. Recall (BREAD) data from the data retention register to the buffer register.
If "1" is written to bit2 in the WTCR20 Register, the recall operation starts and bit7 in the WTCR10
Register becomes "1".
If the recall operation ends, bit7 in the WTCR10 becomes "0".
3. Modify the content of the buffer register.
The buffer register allows random read access and random write access.
4. Save data in the buffer register to the data retention register.
If "1" is written to bit3 in the WTCR20 Register, the save operation starts and bit7 in the WTCR10
Register becomes "1".
If the save (BWRITE) operation ends, bit7 becomes "0".

* If the power supply of the Always-on Domain is turned off, data of the buffer register is lost. Therefore,
always transfer data retained in the buffer register to the data retention register by executing a save
(BWRITE) operation.

* While transferring data to the data retention register (bit7 in the WTCR10 Register is "1"), do not access
the buffer register.

* If the Always-on Domain has been reset during the data transfer or the VCC power supply is turned off,
the integrity of the data of the data retention register cannot be guaranteed.
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B Details of backup registers

® List of backup registers

bit 31-24 23-16 15-8 7-0
BREGO03 | BREG02 | BREGOl | BREGOO
BREGO7 | BREG06 | BREGO5 | BREG04
BREGOB | BREGOA | BREG09 | BREGOS
BREGOF | BREGOE | BREGOD | BREGOC
BREGI13 | BREG12 | BREGI11 | BREGI0
BREG17 | BREG16 | BREG15 | BREG14
BREGIB | BREGIA | BREG19 | BREGIS
BREGIF | BREGIE | BREGID | BREGIC

The interface circuit type for the above registers is type 3.

The save operation and recall operation of the backup registers are BWRITE and BREAD respectively.

Initial value Attribute

0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000

The backup registers retain data with the VBAT pin power supply.
They can be accessed by byte access, halfword access and word access.

R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
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2.6. VBATI/O Ports

The FM4 Family has four 1/O ports assigned to the VBAT Domain. These I/O ports (VBAT 1/O
ports) are controlled by the port control circuit (VBAT port control circuit) of the VBAT Domain,
and continues operating even when the VCC power supply is turned off. The VBAT port
control circuit is independent of the port control circuit explained in "CHAPTER 1/O Port" in
"FM4 Family PERIPHERAL MANUAL". The addresses of registers of the VBAT port control
circuit are mapped to an area different the one to which the addresses of registers of the port
control circuit are mapped.

B Overview of function of VBAT I/O ports
The VBAT I/O ports keep operating as long as the VBAT power supply is turned on, even when the VCC
power supply is turned off.
The VBAT 1/0 ports do not have the relocate function.

B Configuration of VBAT 1/O ports
The registers of the VBAT port control circuit select the I/O direction, and the function of an 1/O port
between GPIO port and peripheral function I/O pin.
For the configuration of the VBAT 1/O ports, see Figure 2-1 in chapter "I/O Port". (For registers having the
same function, substitute an actual register name for the one used in Figure 2-1.)
Table 2-7 shows a register list and explains the function of each register.

Table 2-7 Register list and register function

Register Function
name
VBPFR[5:4] This is a register setting whether to use a VBAT 1/O port as a special pin (for oscillation) or as a
digital I/O pin.

VBPFR][3:0] This is a register setting whether to use a VBAT 1/O port as a GPIO port or as a peripheral function

1/O pin.

VBPCRJ3:0] With a VBAT 1/O port used as a digital input pin or as a digital bidirectional pin, this is a register
setting whether to connect or disconnect the pull-up resistor of a VBAT I/O port.

VBDDR[3:0] | With a VBAT I/O port used as a GPIO port, this is a register setting whether to use that GPIO port as

an input pin or as an output pin.
(Note) If a VBAT 1/O port is used as a peripheral function I/O pin, the setting of this register
becomes invalid.

VBDIR[3:0] This is a register reading the level of a VBAT 1/O port.

If a VBAT I/O port is used as a digital input pin, this register reads the input level.
If a VBAT I/O port is used as a digital output pin, this register reads the output level.
If a VBAT I/O port is used as a special pin, this register always reads "0".

VBDOR[3:0] | With a VBAT I/O port used as a GPIO output pin, this is a register setting the output level.
If a bit in VBDOR[3:0] is set to "0", a GPIO output pin outputs "L" level.
If a bit in VBDOR[3:0] is set to "1", a GPIO output pin outputs "H" level.

of this register becomes invalid.

(Note) If a VBAT 1/O port is used as a GPIO input pin or as a peripheral function I/O pin, the setting

VBPZR[1:0] This is a register controlling the open drain of a VBAT 1/O port.
If a VBAT I/O port outputs "L" level, I/O Port is set to "L" level output. (The pull-up resistor is
disconnected regardless of the setting of the PCR Register.)

pseudo manner. (The pull-up resistor is disconnected regardless of the setting of the PCR
Register.)
- If a VBAT I/O port is used as an input port, I/O Port is set to “Hi-Z”, and their I/O direction

PCR Register.)

-+ If a VBAT I/O port outputs "H" level, I/O Port is set to “Hi-Z”, and the open drain is controlled in

changes to the input direction. (The pull-up resistor is disconnected regardless of the setting of the

The interface circuit type of the VBDIR Register is type 1. The interface circuit type of the other registers is
type 3.
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The save operation and recall operation of the 32 kHz oscillation circuit are PWRITE and PREAD
respectively. (register of interface circuit type 3)

<Note>
The settings of the I/0 Port Control Registers (PFR4[6:9], PCR4[6:9], DDR4[6:9], DIR4[6:9], DOR4[6:9],
PZR4[6:9]) have no effect on the operations of the VBAT 1/O ports.

W Initial settings of VBAT 1/O ports
Table 2-8 shows the respective initial states of the VBAT 1/O ports.

Table 2-8 Initial states of VBAT I/O ports.

No. Pin Initially selected function
1 P46/X0A This pin can be used as an oscillation pin. (The oscillation has stopped.)
The digital input has been cut off and "0" has been input to this pin.
2 | P47/X1A This pin can be used as an oscillation pin. (The oscillation has stopped.)

The digital input has been cut off and "0" has been input to this pin.
3 | P48/VREGCTL This is a digital input pin. The output is open drain.
4 | P49/'VWAKEUP This is a digital input pin. The output is open drain.

The VBAT 1/O ports remain in their respective states described in Table 2-8 while the VBAT power-on
circuit is resetting the VBAT Domain.

B Procedure for setting VBAT /O ports

® In the case of using 32 kHz oscillation circuit
See "5 Procedure for Setting 32 kHz Clock" for different setting procedures.

® In the case of controlling hibernation
See "4 Hibernation Control" for the setting procedure as well as the procedure for setting 1/0.

® In the case of using VBAT 1/O port as GPIO port
For the setting method, refer to "CHAPTER 1/0 Port" in "FM4 Family PERIPHERAL MANUAL".
(For registers having the same function, substitute an actual register name for the one used in that chapter.)
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B Registers of VBAT 1/O ports

® List of registers of VBAT 1/O ports

bit 31-24 23-16 15-8 7-0 Initial value Attribute
Reserved | Reserved | Reserved | VBPFR 0x0000001C R/W
Reserved | Reserved | Reserved | VBPCR 0x00000000 R/W
Reserved | Reserved | Reserved | VBDDR 0x00000000 R/W
Reserved | Reserved | Reserved | VBDIR 0x000000XX R/W
Reserved | Reserved | Reserved | VBDOR 0x0000000F R/W
Reserved | Reserved | Reserved | VBPZR 0x00000003 R/W

B Configuration of registers of VBAT I/O ports and method of accessing those

registers
The interface circuit type for the VBAT 1/O port registers is type 3.
For details, see "2.1 Interfacing with Always-on Domain".
The data transfer between a buffer register and a VBAT I/O port register is a batch transfer of data of all
areas.
Update data according to the following procedure.

1.
2.

Set the VB_CLKDIV Register to a value that makes the transfer clock become 1 MHz or below.

Recall data from the VBAT I/O port retention register to the buffer register.

If "1" is written to bit4 in the WTCR20 Register, the recall operation starts and bit7 in the WTCR10
Register becomes "1".

If the recall operation ends, the TRANS bit becomes "0".

. Modify the content of the buffer register.

The buffer register allows random read access and random write access.

Save data in the buffer register to the VBAT I/O port register.

If "1" is written to bit5 in the WTCR20 Register, the save operation starts and bit7 in the WTCR10
Register becomes "1".

If the save operation ends, bit7 becomes "0".

- Modifying new data in the buffer register alone does not change the state of a VBAT 1/O port pin.

To change a VBAT I/O port register value (pin state), execute a save operation to transfer data in a buffer
register corresponding to that VBAT 1/O port register to that VBAT I/O port register.

- While transferring data to the data retention register (bit7 in the WTCR10 Register is "1"), do not access

the buffer register.

- If the Always-on Domain has been reset during the data transfer or the VCC power supply is turned off,

the integrity of the data of the data retention register cannot be guaranteed.
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3. Chip Power Supply Control

This section explains details of applying and cutting off chip power supply.

B Table of combinations of VCC power supply and VBAT power supply
Table 3-1 shows the respective states of the VCC power supply and the VBAT power supply.

Table 3-1 Combination of VCC power supply state and VBAT power supply state

VBAT power supply on VBAT power supply off
VCC power supply on Normal operation This combination is prohibited.
Only the VBAT Domain continues .
VCC power supply off operating, Stop of operation

B Driving VBAT power supply and VCC power supply with same power supply

® Transition of power supply state

If the VBAT power supply and the VCC power supply are driven by the same power supply, the chip power
supply state transits between "normal operation" and "stop of operation" shown in .Table 3-1.
When driving the VBAT power supply and the VCC power supply with the same power supply, initialize

the VBAT Domain whenever applying the VCC power supply.

Figure 3-1 Example of driving VBAT power supply with VCC power supply

On-board regulator vVCC /‘ On-chip regulator
VBAT >1 "i ------ ;
Always-on i Power switch

Qo s H D i 1
| VBAT Domain |} oA I
H I | I ——— I
! i 1y cru
1 i (- Domain i
! i H i
L ------------ A ———————— - —I B o s - -

If not using the backup power supply for the VBAT power supply, connect the VBAT power supply pin

directly to the VCC power supply pin inside the chip.

If the VBAT power supply pin is directly connected to the VCC power supply pin, the prohibited
combination of "VCC power supply on and VBAT power supply off" can be avoided.
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B Driving VBAT power supply with cell

® Transition of power supply state
Figure 3-2 shows how the state of power supply transits when a cell is used as the VBAT power supply.
Figure 3-3 shows the respective waveforms of circuits.
bit7 in the VDET Register indicates whether the system power supply has been turned on for the first time.
If the system power supply has been turned on for the first time, do the settings of the circuits in the VBAT

Domain.

Figure 3-2 Transition of states with cell used as VBAT power supply

6 Removal of cell C

3 System power supply off
5 System power supply off

Stop of operation

1 Insertion of cell

Only the VBAT Domain continues

operating.

2 System power supply on

(1st time)

Normal operation

4 System power supply on
(2nd time and later)

Figure 3-3 Example of waveforms for using cell

! 1 Insertion of cell I

VBAT / E6 Removal of cellj\
VBAT e , .
Off Initializin Setting Operatin Off
Domain < < £ X P £ < >
2 System power supply on (1st time) I
VDET:PON
/ |\4$ystem power supply on (2nd time and later) I
VCC /
Always-on)
Y off X @ X Operating ) ot XX operaing X__off )
Domain
PON
Always-on)
LVD / //\
(Always-on)
3 System power supply off I:S System power supply off
(1) Starting from the CPU reset vector
(2) Setting of the VBAT Domain
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® Examples of power supply configuration

Figure 3-4 Example of using primary cell as backup power supply

On-board regulator »| VCC ) »1  On-chip regulator
» VBAT === J'------. —
! Always-on : Power switch
1 it ' I Domai i
=2 | VBAT Domain | | o v
I [ | Immm e ——— 1
! i ! | CPU Domain |
! i i i
L e | I I J
Figure 3-5 Example of using secondary cell as backup power supply
On-board regulator » VCC /‘ On-chip regulator

<4

> VBAT it } """ : .
N Always-on Power switch

i
i
Domain : —l
| IR AN ——
1
1
1
1
1

1
: CPU Domain
1
1
1

~

1
1
1
1
1
1
1
1
1
1
[
r
1
1
1
1
1
1
1
1
1
1
1
L

The diode and resistor inside the dotted line box trickle charges the secondary cell.

When setting the resistance, check whether the secondary cell used can be trickle charged, and the
maximum current of trickle charging.

If the secondary cell used cannot be trickle charged, use it the same as a primary cell.

<Notes>

- Turn off the system power supply before inserting or removing a cell.
- Ifa primary cell is used as the backup power supply, it is not recommended to connect the system power
supply to the backup power supply through a diode.
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4. Hibernation Control

This section shows an example of circuit configuration for controlling off-chip power gating
through the microcontroller and an example of the sequence of controlling off-chip gating
through the microcontroller.

B Overview of hibernation control
Hibernation control turns on or off the VCC power supply (for both Always-on Domain and CPU Domain)
through the VBAT Domain by controlling the standby function of the on-board regulator through the VBAT
Domain.
To execute hibernation control, supply the VBAT pin with a backup power supply other than the VCC
power supply (system power supply).
Below are the two sources for making the microcontroller return from the hibernation state.
- Alarm interrupt of the RTC
- Wakeup request to the P49/VWAKEUP pin (A request is made at a rising edge.)

To use the alarm interrupt of the RTC to make the microcontroller return from the hibernation state, keep
the 32 kHz oscillation operating even when the VCC power supply is off.

If the wakeup request is used to make the microcontroller return from the hibernation state, the 32 kHz
oscillation can be stopped while the VCC power supply is off.

B External connection examples of FM4 Family

Figure 4-1 Example of external connection with input voltage (VI) of on-board regulator lower
than 5.5V

VI VO
On-board regulator

STBY ————————————— -
—* VBAT >—": VBAT Domain
1
SYS l 1

1
1

1

i

/ 1 1

STBY N P48/ VREGCTL ><—|—I RTC I
1

1

1

1

1

1

\ 4

vCcC On-chip regulator

Open collector buffer | !
(Example: 74LS07) < P49/VWAKEUP >—Lb

Many on-board regulators enter the standby state when their "STBY" input is "L" level.

The P48/VREGCNTL pin of the VBAT 1/O ports is 5 V tolerant and is a pseudo-open drain pin.

Connect the PA8/VREGCNTL to the "STBY" input of the on-board regulator, and connect a pull-up resistor
to the input voltage (VI) of the on-board regulator

Table 4-1 shows how the on-board regulator operates when the standby signal of the system is buffered by
an open collector buffer, and the buffered standby signal and the P4A8/VREGCNTL are connected by a
wired OR logic circuit.
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Table 4-1 Operation of on-board regulator
SYS_STBY VREGCTL ="L" VREGCTL = "H"
"L" Standby mode Standby mode

e Standby mode Normal operation
mode

Figure 4-2 Example of external connection with input voltage (VI) of on-board regulator higher
than 5.5V

VI VO » VCC On-chip regulator
On-board regulator

STBY VBuf L oo .

VBAT : VBAT Domain
SYS STBY l i

1
1

1

i

> ! 1

P48/VREGCTL RTIC 1
1 1

1

1

1

1

1

[

Open collector buffer | H
(Example: 74LS07) < P49VWAKEUP >—ib

VBuf: power supply of open collector buffer (5.5 V or below)

If the input voltage of the on-board regulator is higher than 5.5 V, the standby pin of the on-board regulator
cannot be directly controlled by the P48/VREGCNTL pin.

Execute buffering with an open collector buffer whose voltage resistance is higher than the input voltage of
the on-board regulator.
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B Block configuration of hibernation controller
The hibernation controller is part of the RTC circuit. Figure 4-3 shows the configuration of the hibernation
controller.

Figure 4-3 Hibernation controller

ittt ittty 1 mmmmmmmmmmmmm—— e 5
! VBAT Domain H ! Always-on Domain !

1 1
I | CALENDAR L |
1 (alarm i i
! interrupt) »——> I
1 L 1
1 L 1
1 L 1
<P49/VWAKEUP >—:—> EWKUP[0] * I g !
|| 1 : 1 bs 1
1 1 8 1
1 : 1 = 1
< P48/VREGCTL i == 1
l L = |
1 : 1 m 1
i o > i
: | ! :
! le L HIBRST[0] 1
1 I :
1 L 1
L e - J

B Example of hibernation operation flow
Figure 4-4 shows the hibernation operation flow.
Figure 4-4 Example of hibernation operation flow
Stop of operation Initialization
Normal operation
Return to normal
operation Hibernation state Start of hibernation
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® |nitial settings of hibernation operation
Below are the initial settings required for the hibernation operation.
- Alarm setting and software reset of the RTC
After setting the alarm, execute the software reset.
For the method of setting the alarm, refer to "CHAPTER: RTC Count Block" in "FM4 Family
PERIPHERAL MANUAL Timer Part".

Setting of the P49/VWAKEUP pin

Write "1" to the VPFRO bit in the VBPFR Register.
Setting of the P48/VREGCNTL pin

Write "1" to the VPFR1 bit in the VBPFR Register.

The CPU core can transit to the hibernation state even when the alarm setting of the RTC and the setting of
the P49/WAKEUP pin are not done.

If the CPU core transits to the hibernation state with both settings not done, it cannot return to the normal
operation state.

® Setting of hibernation start
With both alarm interrupt of the RTC and wakeup (P49/VWAKEUP pin) cleared, if "1" is written to bit0 in
the HIBRST Register, the P48/VREGCNTL pin becomes "0", the on-board regulator transits to the standby
state and the VCC power supply is turned off.

® Judging return from hibernation state and operations after return from
hibernation state
If an alarm interrupt of the RTC or a wakeup request occurs, the P48/VREGCNTL pin becomes "1", the
on-board regulator returns from the standby state and the VCC power supply is turned on.
If the VCC power supply is turned on, the CPU core executes the normal power-on operation.
To judge whether the CPU core has returned from the hibernation state, check whether the following three
conditions are met.
- The VBAT Domain has been powered on (VDET[7]).
- The alarm interrupt of the RTC has occurred (WTCR12 Register).
- A wakeup up request has been made (EWKUP[0]).

<Notes>

- The P48/VREGCNTL pin becomes "0" immediately after "1" has been written to bit0 in the HIBRST
Register.
Complete all operations for turning off the VCC power supply before witting "1" to bit0 in the HIBRST
Register.

- Even if the alarm of RTC is not set, execute the software reset.

- In the hibernation operation, the VCC power supply is assumed to be tuned off with the control of
P48/VREGCNTL pin.
When the on-board regulator is not directly controlled with P48/VREGCNTL pin at debugging, turn off
the VCC power supply once by manual operation.
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5. Procedure for Setting 32 kHz Clock

This section explains recommended sequences of setting the 32 kHz oscillation circuit when
using the RTC.

B Features of 32 kHz oscillation circuit in VBAT Domain
With the 32 kHz oscillation circuit incorporated in the VBAT Domain, even when the CPU Domain and the
Always-on Domain are turned off, the 32 kHz oscillation circuit can continue operating and the RTC can
continue counting the time.

B Linking with clock oscillation circuit
If the 32 kHz oscillation circuit in the VBAT Domain is linked with the clock control circuit is executed, the
VBAT Domain becomes compatible with the FM3 Family.
In addition, with the 32 kHz oscillation circuit in the VBAT Domain linked with the clock control circuit
and the VCC power supply turned off, if the CPU transits to deep standby mode or deep standby stop mode
as the VCC power supply is turned on, the 32 kHz oscillation automatically stops.
If the 32 kHz clock is only used as the clock for subrun mode, power consumption of the backup power
supply can be reduced by linking the 32 kHz oscillation circuit with the clock control circuit.

® Example of setting procedure
(1) Set VBAT I/O Port to use the 32k oscillation circuit.
(2) Set an appropriate current value for the current that is to flow to the oscillation amplifier circuit.
(3) Set the oscillation boost time.
(4) Enable the cooperative operation with the clock control circuit.
In addition, enable the oscillation.

32K_Init

(1) Write "11" to VBPFR[5:4].

v
(2) Write "Data" to CCB.
Write "Data" to CCS.

v
(3) Write "Data" to VB_CLKDIV.
Write "Data" to BOOST.

v

(4) Write "10" to WTOSCCNTI[ 1:0].

v
End
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® Examples of operation
- No backup power supply is used.

vear | \ / \

e W W

«—>
Oscillation boost time Oscillation boost time

- The backup power supply is used, and the 32 kHz oscillation circuit is linked with the clock control
circuit.

VBAT

vee / \ / \

32KHz 1\
—_—

+—> < >
Oscillation boost time

Stop mode or deep standby stop mode
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B Not linking with clock oscillation circuit
If always using the backup power supply to keep the RTC operating, do not link the 32 kHz oscillation
circuit with the clock oscillation circuit.
The average power consumption of the entire system can be reduced by executing the following operations:
keep only the VBAT operating with the backup power supply, and use the hibernation control of the VBAT
Domain or the external circuit to turn off the VCC power supply while processes by the CPU are not
necessary.

® Example of setting procedure
(1) Set the Register of VBAT 1I/O Port to use the 32 kHz oscillation circuit.
(2) Set an appropriate current value for the current that is to flow to the oscillation amplifier circuit.
(3) Set the oscillation boost time.
(4) Disable the cooperative operation with the clock control circuit.
In addition, enable the oscillation.

32K_Init

(1) Write “11” to VBPFR[5:4].

v
(2) Write “Data” to CCB.
Write “Data” to CCS.

v
(3) Write “Data” to VB_CLKDIV.
Write “Data” to BOOST.

v

(4) Write “00” to WTOSCCNT[1:0].

\ 4
End

® Examples of operation

ot |
vee | \_/ -

<+—>
Oscillation boost time
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B Not linking with clock control circuit but waiting for oscillation stabilization
It is necessary to not link the 32 kHz oscillation circuit with the clock oscillation circuit when always using
the backup power supply to keep the RTC operating. Nonetheless, the 32 kHz oscillation circuit and RTC in
the VBAT Domain do not have the oscillation stabilization wait function.
When the 32 kHz clock is used only for the RTC, a software timer can be used to count the oscillation
stabilization wait time. However, if the 32 kHz clock is also used in subrun mode, the clock oscillation
stabilization wait function becomes necessary.
In the above situation, follow the procedure below to enable the oscillation stabilization wait function only
at the start of oscillation.

® Example of setting procedure
Enable the cooperative operation with the clock control circuit and start the oscillation.
After the oscillation stabilization wait time has elapsed, disable the cooperative operation with the clock
control circuit.

(1) Set the Register of VBAT I/O Port to use the 32 kHz oscillation circuit.

(2) Set an appropriate current value for the current that is to flow to the oscillation amplifier circuit.

(3) Set the oscillation boost time.

(4) Enable the cooperative operation with the clock control circuit. In addition, enable the oscillation.

(5) Wait for the stabilization of the 32 kHz oscillation.

(6) Disable the cooperative operation with the clock control circuit. (The oscillation keeps being enabled.)

32K_Init

(1) Write "11" to VBPFR[5:4].

v
(2) Write "Data" to CCB.
Write "Data" to CCS.

\ 4
(3) Write "Data" to VB_CLKDIV.
Write "Data" to BOOST.

\ 4
(4) Write "10" to WTOSCCNTT[ 1:0].

A 4
(5) Wait for the 32 kHz oscillation to stabilize.

\ 4
(6) Write "00" to WTOSCCNTT[1:0].

) 4
End
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6. Registers

This section explains the register list of the VBAT Domain unit.

Table 6-1 shows the registers of the VBAT Domain unit.

Table 6-1 Registers of VBAT Domain unit.

Abbreviation Register name Reference
VB CLKDIV VB CLKDIV Register 6.1
WTOSCCNT WTOSCCNT Register 6.2
CCS/CCB CCS/CCB Register 6.3
BOOST BOOST Register 6.4
EWKUP EWKUP Register 6.5
HIBRST HIBRST Register 6.6
VDET VEDT Register 6.7
VBPFR Port Function Set Register 6.8
VBPCR Pull-up Set Register 6.9
VBDDR Port I/O Direction Set Register 6.10
VBDIR Port I/O Data Register 6.11
VBDOR Port Output Data Register 6.12
VBPZR Port Pseudo-Open Drain Set Register 6.13
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6.1. VB_CLKDIV Register

VB_CLKDIV register set the frequency of transfer clock when the buck-up register and port
register are transferred simultaneously.

bit 7 6 5 4 3 2 1 0
Field | DIV7 | DIV6 | DIV5S | DIV4 | DIV3 | DIV2 | DIVI | DIVO |
Attribute  R/W R'W RW RW RW  RW R/W R/W
Initial 0 0 0 0 0 1 1 1
value

The interface circuit type for this register is type 3.

[bit7:0] DIV[7:0]: Transfer clock set bits for PREAD, PWRITE, BREAD, BWRITE

These bits set the transfer clock cycle used in the batch transfer of the backup register and of the port
register.

Equation of computing the register value: transfer clock = PCLK / (VB_CLKDIV + 2)

(Set these bits to a value that makes the frequency of the transfer clock used in BREAD/BWRITE and
PREAD/PWRITE 1 MHz or below.)

*:Do not set the DIV7 to DIVO bits to "0x00".
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6.2. WTOSCCNT Register

WTOSCCNT Register specifies the operation of 32 kHz Oscillation circuit.

bit 7 6 5 4 3 2 1 0
Field | Reserved | SOSCNTL | SOSCEX |
Attribute - R/W R/W
Initial - 0 1
value

The interface circuit type for this register is type 3.

[bit7:2] Reserved: Reserved bits

These bits read "0b000000".
In a write access to these bits, write "0b000000" to them.

[bit1] SOSCNTL: Cooperative operation control bit
This bit enables or disables the cooperative operation between the 32 kHz oscillation circuit and the clock
control circuit.

bit Description

Reading A read access reads the value of this bit.

The 32 kHz oscillation circuit operates independently as VBAT Dmain. (Initial

Writing value)

1 | The 32 kHz oscillation circuit is linked with the clock oscillation circuit.

[bit0] SOSCEX: Oscillation enable bit
This bit enables or disables the operation of the oscillation circuit when the 32 kHz oscillation circuit

operates independently as VBAT Domain.
If the 32 kHz oscillation circuit is linked with the clock oscillation circuit, this bit cannot control the

operation of the oscillation circuit.
bit Description

Reading A read access reads the value of this bit.

0 | Starts the oscillation.

Writing

1 | Stops the oscillation. (Initial value)
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6.3. CCS/CCB Register

CCS Register sets the current value when the oscillation sustains.

CCB Register sets the boost current at the oscillation start.

bit 7 6 5 4 3 2 0
Field | CCS |
Attribute R/W
Initial 00001000
value
The interface circuit type for this register is type 3.
[bit7:0] CCS: Oscillation sustain current set bits
These bits set the value of current for sustaining oscillation.
bit 7 6 5 4 3 2 0
Field | CCB |
Attribute R/W
Initial 00010000
value

The interface circuit type for this register is type 3.

[bit7:0] CCB: Oscillation boost current set bits

These bits set the value of boost current at the start of oscillation.

Table 6-2 shows the relationship between the settings of the CCS/CCB Register and the current values.

Table 6-2 Relationship between settings of CCS/CCB Register and current values.

ccsiccp | Current value Remark
(Type)
00000000 (0 nA) Setting the CCS/CCB Register
to this value is prohibited if the
32 kHz oscillation is enabled.
00000001 Undefined Setting prohibited
0000001x Undefined Setting prohibited
000001xx 385nA
00001xxx 445 nA (Initial value of CCS Register)
0001xxxx 510 nA (Initial value of CCB Register)
Undefined Setting prohibited
01xxxxxX Undefined Setting prohibited
I XXXXXXX Undefined Setting prohibited
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6.4. BOOST Register

BOOST Register sets the clock value of oscillation boost.

bit 7 6 5 4 3 1 0
Field | Reserved | BOOST! | BOOSTO |
Attribute - R/W R/W
Initial - 1 1
value

The interface circuit type for this register is type 3.

[bit7:2] Reserved: Reserved bits

These bits read "0b000000".
In a write access to these bits, write "0b000000" to them.

[bit1:0] BOOST1, BOOSTO: Oscillation boost time set bits
These bits set the number of clocks for oscillation boost.

Table 6-3 Settings of oscillation boost time

BOOST1 | BOOSTO Oscillation boost time
1 1 500 ms [Initial value]
1 0 250 ms
0 1 125 ms
0 0 62.5 ms
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6.5. EWKUP Register

EWKUP Register displays and clears the request state of the wakeup.

bit 7 6 5 4 3 2 1 0
Field | Reserved | WUPO |
Attribute - R/W
Initial - 0
value

The interface circuit type for this register is type 3.

[bit7:1] Reserved: Reserved bits

These bits read "0b0000000".
In a write access to these bits, write "0b0000000" to them.

[bit0] WUPO: Wakeup request bit

bit Description
0 | The VBAT Domain has accepted no wakeup request.
Reading
1 | The VBAT Domain has accepted a wakeup request.
0 | The VBAT Domain clears a wakeup request.
Writing
1 | Writing "1" to this bit has no effect on operation.

The wakeup request function is enabled if VPFRO in VBPFR register is set to "1".

With the wakeup request function enabled, if the VBAT Domains detects a rising edge of the
P49/VWAKEUP pin, it accepts a wakeup request and makes an RTC interrupt to the interrupt control
circuit.

The wakeup request can be accepted at the 7" PCLK cycle from the wakeup request clear or later. To clear a
register in VBAT Domain, 7 PCLK cycles are required. So, if the standby mode is entered before 7 PCLK
cycles have elapsed, the wakeup request is not accepted because PCLK is stopped.
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6.6. HIBRST Register

HIBRST Register sets the hibernation start.

bit 7 6 5 4 3 2 1 0
Field | Reserved | HIBRST |
Attribute - R/W
Initial - 0
value

The interface circuit type for this register is type 1.

[bit7:1] Reserved: Reserved bits

These bits read "0b0000000".
In a write access to these bits, write "0b0000000" to them.

[bit0] HIBRST: Hibernation start bit

bit Description

Reading This bit reads "0".

0 | Writing "0" to this bit has no effect on operation.

Writing
1 | Starts the hibernation.

The hibernation can be started if VPFRO bit in Port Function Setup Register (VBPFR) is set to "1".
If VPFRO bit in Port Function Setup Register (VBPFR) is set to "0", the access to this bit has no effect on

operation.
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6.7. VDET Register

VDET Register indicates the state of power-on circuit and clears the power-on signal.

bit 7 5 4 3 2 1 0
Field | PON | Reserved
Attribute R/W -
Initial 1 -
value

The interface circuit type for this register is type 1.

[bit7] PON: Power-on bit

This bit indicates the state of the power-on circuit and clears the power-on signal.

bit Description
0 | Indicates that the initialization signal of the power-on circuit has been cleared.
Reading
1 | Indicates that the power-on circuit has output the initialization signal.
. 0 | Clears the power-on signal.
Writing — -
1 | Writing "1" to this bit has no effect on operation.

[bit6:0] Reserved: Reserved bits

These bits read "0b0000000".

In a write access to these bits, write "0b0000000" to them.
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6.8. Port Function Set Register (VBPFR)

VBPFR Register selects the usage of pins.

bit 7 6 5 4 3 2 1 0
Field | Reserved | SPSR1 | SPSRO | VPFR3 | VPFR2 | VPFR1 | VPFRO |
Attribute - R/W RW RW RW RW  RW
Initial - 0 1 1 1 0 0
value

The interface circuit type for this register is type 3.

[bit7:6] Reserved: Reserved bits

These bits read "0b00".
In a write access to these bits, write "0b00" to them.

[bit5:4] SPSR1, SPSRO: Oscillation pin function set bits

bitd bit4 Function
0 0 The P46 and P47 pins are used as digital (GPIO) pins.
0 1 The P46 and P47 pins are used as 32 kHz oscillation pins. [Initial value]
1 0 The P46 and P47 pins are used as digital (GPIO) pins.
1 | The P46 p%n %s used as an .ex.ternal clock ipput pin.
The P47 pin is used as a digital (GPIO) pin.

[bit3] VPFR3: Port function of P46/X0A pin set bit
[bit2] VPFR2: Port function of P47/X1A pin set bit

bit Description

Reading A read access reads the value of this bit.

0 | The pin corresponding to the VPFR3 bit or to the VPFR2 bit is used as a GPIO port.

Writing The pin corresponding to the VPFR3 bit or to the VPFR2 bit is used as an I/O pin of a
peripheral function. (Initial value)

[bit1] VPFR1: Port function of P49/VWAKEUP pin set bit
[bit0] VPFRO: Port function of P48/VREGCTL pin set bit

bit Description

Reading A read access reads the value of this bit.

0 | The pin corresponding to the VPFR1/VPFRO bit is used as a GPIO port. [Initial value]

Writing The pin corresponding to the VPFR1/VPFRO bit is used as an I/O pin of a peripheral
function.
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6.9. Pull-up Set Register (VBPCR)

VBPCR Register sets the pull-up of pins.

bit 7 6 5 4 3 2 1 0
Field | Reserved | VPCR3 | VPCR2 | VPCR1 | VPCRO |
Attribute - RW RW RW RW
Initial - 0 0 0 0
value

The interface circuit type for this register is type 3.

[bit7:4] Reserved: Reserved bits
These bits read "0b0000".

In a write access to these bits, write "0b0000" to them.
[bit3] VPCRS3: P46/X0A pin pull-up set bit
[bit2] VPCR2: P47/X1A pin pull-up set bit
[bit1] VPCR1: P49/VWAKEUP pin pull-up set bit
[bit0] VPCRO: P48/VREGCTL pin pull-up set bit

bit Description

Reading A read access reads the value of this bit. (Initial value = 0)

The pull-up resistor of the pin corresponding to the
VPCR3/VPCR2/VPCR1/VPCRO bit is disconnected from the pin.

- If the pin corresponding to the VPCR3/VPCR2/VPCR1/VPCRO bit is in the
Writing input state (either GPIO function or peripheral function), the pull-up resistor is
1 | connected to the pin.

If the pin corresponding to the VPCR3/VPCR2/VPCR1/VPCRO bit is in the
output state, the pull-up resistor is disconnected from the pin.
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6.10. Port I/O Direction Set Register (VBDDR)

VBDDR Register sets the I/O direction of pins.

bit 7 6 5 4 3 2 1 0
Field | Reserved | VDDR3 | VDDR2 | VDDRI | VDDRO |
Attribute - R/W R/W R/W R/W
Initial - 0 0 0 0
value

The interface circuit type for this register is type 3.

[bit7:4] Reserved: Reserved bits

These bits read "0b0000".
In a write access to these bits, write "0b0000" to them.

[bit3] VDDR3: Port direction of P46/X0A pin set bit

[bit2] VDDR2: Port direction of P47/X1A pin set bit

[bit1] VDDR1: Port direction of P49/VWAKEUP pin set bit

[bit0] VDDRO: Port direction of P48/VREGCTL pin set bit

bit

Description

Reading

A read access reads the value of this bit. [Initial value = 0]

Writing

The GPIO port is used as an input port.

If the pin corresponding to the VDDR3/VDDR2/VDDR1/VDDRO bit is used as
an I/O pin of a peripheral function, the setting of the
VDDR3/VDDR2/VDDR1/VDDRO bit becomes invalid.

The GPIO port is used as an output port.

If the pin corresponding to the VDDR3/VDDR2/VDDR1/VDDRO bit is used as
an I/O pin of a peripheral function, the setting of the
VDDR3/VDDR2/VDDR1/VDDRO bit becomes invalid.
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6.11. Port Input Data Register (VBDIR)

VBDIR Register indicates the input data of pins.

bit 7 6 5 4 3 2 1 0
Field | Reserved | VDIR3 | VDIR2 | VDIRI | VDIRO |
Attribute - RW RW RW RW
Initial - X X X X
value

The interface circuit type for this register is type 1.

[bit7:4] Reserved: Reserved bits
These bits read "0b0000".

In a write access to these bits, write "0b0000" to them.
[bit3] VDIR3: Port input data of P46/X0A pin bit
[bit2] VDIR2: Port input data of P47/X1A pin bit
[bit1] VDIR1: Port input data of P49/VWAKEUP pin bit
[bit0] VDIRO: Port input data of P48/VREGCTL pin bit

bit Description

Regardless of the pin function settings (VBPFR[3:0], VBDDR and VBDOR
Registers), this bit indicates that the pin is in the "L" level input state or the "L"
0 | level output state. If the P46 and P47 pins are used as special function pins

' according to the settings of the SPSR1 and SPSRO( bit[5:4]) in the VBPFR
Reading Register, this bit always reads "0" as the input is blocked.

Regardless of the pin function settings (VBPFR[3:0], VBDDR and VBDOR
1 | Registers), this bit indicates that the pin is in the "H" level input state or the "H"
level output state.

Writing Writing a value to this bit has no effect on operation.
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6.12. Port Output Data Register (VBDOR)

VBDOR Register sets the data output to pins.

bit 7 6 5 4 3 2 1 0
Field | Reserved | VDOR3 | VDOR2 | VDORI | VDORO |
Attribute - R/W R/W R/W R/W
Initial - 1 1 1 1
value

The interface circuit type for this register is type 3.

[bit7:4] Reserved: Reserved bits
These bits read "0b0000".

In a write access to these bits, write "0b0000" to them.
[bit3] VDORS3: Port output data of P46/X0A pin bit
[bit2] VDOR2: Port output data of P47/X1A pin bit
[bit1] VDORA1: Port output data of P49/VWAKEUP pin bit
[bit0] VDORGO: Port output data of P48/VREGCTL pin bit

bit Description

Reading A read access reads the value of this bit. (Initial value = 1)

Outputs "L" level to the GPIO port.
0 | If the pin is used as an input pin or as a peripheral function I/O pin, the setting of
this bit becomes invalid.

Writing
Outputs "H" level to the GPIO port.
1 | If the pin is used as an input pin or as a peripheral function I/O pin, the setting of

this bit becomes invalid.
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6.13. Port Pseudo-Open Drain Set Register (VBPZR)

VBPZR Register sets the port pseudo-open drain of a pin.

bit 7 6 5 4 3 2 1 0
Field | Reserved | VPZR1 | VPZRO |

Attribute - R/W R/W
Initial - 1 1
value

The interface circuit type for this register is type 3.

[bit7:2] Reserved: Reserved bits

These bits read "0b000000".
In a write access to these bits, write "0b000000" to them.

[bit1] VPZR1: P49/VWAKEUP pin pseudo-open drain set bit
[bit0] VPZRO: P48/VREGCTL pin pseudo-open drain set bit

bit Description
Reading A read access reads the value of this bit. [Initial value = 1]
0 If digital "H" level is output from a GPIO port or a peripheral macro, the pin
becomes "H" level.
Writing If digital "H" level is output from a GPIO port or a peripheral macro, the pin
1 | becomes "Hi-Z". The pull-up resistor is disconnected regardless of the setting
of the PCR Register.
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7. Usage Precautions

Note the following when using the backup power supply.

- Charging a primary cell or overcharging a secondary cell may cause cell leakage or fire. Check the
features of the cell to be used before deciding the configuration of the circuit around the cell.

- The hibernation control function cannot be used if the on-board regulator has no standby pin. To control
the hibernation, select a product that has a standby pin.
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CHAPTER: Interrupts

This chapter explains details of the interrupt controller.

1. Overview
2. Lists of Interrupts
3. Registers
4. Usage Precautions

CODE: 9BFIRQC B FM4-E01.0

MN709-00001-1vO0-E FUJITSU SEMICONDUCTOR LIMITED 269



CHAPTER 8: Interrupts

1. Overview FM4 Family

1. Overview

The Cortex-M4 CPU core is equipped with the Nested Vectored Interrupt Controller (NVIC)
inside the core. The NVIC supports reserved system exceptions and 128 peripheral interrupts,
and can set the priority order of 16 interrupts (with a built-in 4-bit register). This section
explains interrupt signals from peripheral functions installed in the microcontroller and the
connection between the NVIC and the interrupt signals.

B Configuration

Figure 1-1 Connection between interrupt signals and NVIC
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Figure 1-1 illustrates how the NVIC is connected to the interrupt signals input from peripheral functions,
the DMAC and the DSTC. Details of the connection are explained below.

m NVIC

The NVIC supports reserved system exceptions and 128 peripheral interrupts. For details of the NVIC, refer
to "Cortex-M4 Technical Reference Manual". In "Cortex-M4 Technical Reference Manual", an exception
other than the reserved system exceptions is defined as "external interrupt (IRQ)". In this document, the
external interrupt (IRQ) is called a peripheral interrupt to differentiate the external interrupt (IRQ) from the
external interrupt from a microcontroller external input pin.

The interrupt priority register of the NVIC has a 4-bit configuration and can set 16 interrupt priority levels.

The respective priorities of exception no. 4 to no. 15 can be set by using the System Handler Priority
Registers (addresses: 0xEOOOED18, 0xEOOOED1C, 0xE000ED20) installed in the NVIC.

The respective priorities of peripheral interrupts of exception no. 16 to no. 143 can be set by using the IRQ
Priority Registers (addresses: 0OXEOOOE400 to 0OxEOO0E42C) installed in the NVIC.

The NVIC supports non-maskable interrupt (NMI) input.

H Interrupt aggregation and batch read registers
Interrupt signals to be input from all peripheral functions ("Interrupt signals from peripheral functions in
Figure 1-1) are aggregated by the logic OR circuit in the figure. The aggregated interrupt signals are then
connected to one of the 128 peripheral interrupts of the NVIC. See Table 2-1 to check to which peripheral
function interrupt signal an interrupt output of the NVIC is assigned.

Since interrupt signals are aggregated by the logical OR circuit, one interrupt of the NVIC is generated by
multiple sources. When an interrupt is generated, the source that caused that interrupt can be identified by
reading Interrupt Batch Read Registers (IRQxxxMON Register in Figure 1-1). The Interrupt Batch Read
Registers (IRQO0OOMON to IRQ127MON) cover all interrupt inputs of the NVIC.

The non-maskable interrupt signals (NMI) from the external interrupt and NMI controllers, and the interrupt
signal (HW-Watchdog) from the hardware watchdog timer are aggregated by a logic OR circuit and then
connected to the input of exception no. 2 of the NVIC. When an interrupt of exception no. 2 is generated,
the source of the interrupt, which is either external interrupt and NMI controllers or hardware watchdog
timer, can be identified by reading the EXC02MON Register.

The NMI pin of the microcontroller is shared with a general-purpose port. After a reset has been released,
the initial function of the pin is general-purpose port, and NMI input is masked. To use the NMI function,
enable the NMI function using the I/O port setting. For details, see Chapter "I/O Port". The NMI input
signals are input to the NVIC via the external interrupt and NMI controllers.

B Interrupt relocate function
When an interrupt whose source is aggregated with other sources is generated, the interrupt source is
identified by the software. The identification of the interrupt source can be avoided by using the interrupt
relocate function (Interrupt relocation in Figure 1-1).

Select the interrupt that needs to be relocated with the Relocate Interrupt Select Register (IRQxxxSEL in
Figure 1-1). The interrupt signal selected is to be generated not at its original position but as a relocate
interrupt. As the interrupt signal selected is separated from the logical OR circuit and is input to the NVIC
independently of other interrupt signals, it can be processed by another interrupt vector. Since it is no longer
necessary to identify an interrupt source, the NVIC can execute interrupt processing more efficiently. There
are eight relocate interrupts, IRQ003 to IRQ010, available in the NVIC.

B DMAC transfer request connection selection
Certain interrupt signals from peripheral functions can be used as DMA transfer request signals to the
DMAC. The output selector circuit (SEL in Figure 1-1) determines whether such interrupt signals are
connected to the NVIC or are connected to the DMAC as DMA transfer request signals (IDREQ to DMAC
in Figure 1-1). Change the SEL1 setting with the DRQSEL Register. For details of the DMAC, see chapter
"DMAC".
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If an interrupt signal is connected to the DMAC by the SEL1, the DMA transfer of the DMAC can be
started. In this situation, the signal to the NVIC is fixed at "Low" level. The bit corresponding to that
interrupt signal in the IRQxxxMON Register reads "0" and no interrupt is generated to the NVIC. In
addition, no transfer request notification is sent to the DSTC.

B DSTC transfer end notification selection
Certain interrupt signals from peripheral functions can be used as DMA transfer request signals to the
DSTC. The interrupt signal from a peripheral function can be identified as a DMA transfer request,
depending on the setting of the DREQENB[n] Register of the DSTC. For details, see Chapter "DSTC".

The selector circuit (SEL in Figure 1-1) determines whether the interrupt signal to be input to the NVIC is
connected to the DMA transfer end notification signal to be output from the DSTC (HWINT[n] from DSTC
in Figure 1-1) or connected to the interrupt signal from a peripheral function. The function of SEL2 is
changed according to the setting of the DREQENB|[n] Register of the DSTC.

If the DMA transfer by the DSTC is used, the transfer end interrupt of from the DSTC is generated instead
of the interrupt from a peripheral function. According to the circuit configuration shown in Figure 1-1, the
generation of a transfer end interrupt from the DSTC can be checked by reading the corresponding to that
transfer end interrupt in the IRQxxxMON Register. In addition, the interrupt relocate function can be
applied to the transfer end interrupt from the DSTC.

B DMA transfer acceptance signal connection
There are peripheral function blocks for which transfer request signals (interrupt signals) have to be cleared
after the DMA transfer to those peripherals has ended. The transfer request signals for such peripheral
functions are to be cleared by the DMAC or the DSTC. If the DMA transfer by the DMAC is selected in
SEL1 or the DMA transfer by the DSTC is selected in SEL2, which is not illustrated in Figure 1-1, the
DMA transfer acknowledge signal from the DMA or the DSTC is connected to a peripheral function.

B DMA transfer stop signal connection
The DMA transfer stop request signal is output from the multi-function serial unit (to be called MFS later in
this document). According to the selection made in SEL1 and SEL2, which is not illustrated in Figure 1-1,
the MFS is connected to the DMAC or the DSTC as explained below.

If the connection between the DMAC and the MFS is selected in SEL1, the DMAC stops a transfer
operation according to the transfer stop request signal. The DMAC cannot execute the transfer operation
until the transfer stop request signal from the MFS is negated.

If the connection between the DSTC and the MFS is selected in SEL2, the DSTC stops a transfer operation
according to the transfer stop request signal. The DSTC cannot execute the transfer operation until the
transfer stop request signal from the MFS is negated. The transfer stop request signal from the MFS is
aggregated with the transfer end interrupt (HWINT[n] signal) of the DSTC by logical OR, and is notified to
the NVIC as an interrupt signal.
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2. Lists of Interrupts

This section shows a list of sources of exceptions and interrupt sources input to the NVIC, a
list of interrupts that can be transferred by the DMA transfer by the DMAC, and a list of
interrupts that can be transferred by the DMA transfer by the DSTC.

B List of exceptions and interrupts
Table 2-1 shows a list of sources of exceptions and interrupt to be input to the NVIC. Below are details of
columns in the table.

Exc no.: NVIC exception number
IRQ no.: Peripheral interrupt number (number = Exc no. - 16)
Vector offset: Storage offset address of the vector that an interrupt refers to

bit: This indicates the number of a bit in a Batch Read Register IRQxxxMON or EXC02MON) from which
an interrupt source is read out. In the case of a single IRQ having multiple bit numbers. multiple sources are
aggregated by logical OR, and a source can be read output from its corresponding bit. In the case of a single
IRQ having only bit number "0", no multiple sources are aggregated by logical OR. "-" in this column
indicates that there is no Batch Read Register for that exception or interrupt.

DMAC: This indicates the bit number in the DRQSEL Register corresponding to an interrupt signal for the
DMA transfer by the DMAC. "-" in this column indicates that interrupt signal cannot be used in the DMA
transfer by the DMAC. The connection in SEL1 in Figure 1-1 changes according to the setting of the bit
corresponding to that interrupt signal in the DRQSEL Register.

DSTC: This indicates the bit number in the DREQENB[n] Register corresponding to an interrupt signal for
the DMA transfer by the DSTC. "-" in this column indicates that interrupt signal cannot be used in the DMA
transfer by the DSTC. The connection in SEL2 in Figure 1-1 changes according to the setting of the bit
corresponding to that interrupt signal in the DREQENB[n] Register of the DSTC.

Exception source and interrupt source: This column contains exception sources and interrupt sources. Some
interrupts have multiple sources. Such interrupt sources of a peripheral function are aggregated by logical
OR. Even if only one interrupt source from a peripheral source is shown, such peripheral function may have
multiple interrupt sources aggregated by logical OR. For details, refer to the respective details of peripheral
functions.
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Table 2-1 List of exception sources and interrupt sources

Exc. | IRQ | Vector

bit |DMAC | DSTC Exception and interrupt source

no. | no. | offset

0 - 0x000 - - - (Stack pointer initial value)

- 0x004 - - - Reset
0 - - Non-maskable interrupt (NMI)
2 - 0x008 . :
- - Hardware watchdog timer interrupt

3 - 0x00C - - - Hard fault

4 - 0x010 - - - Mem manage fault

5 - 0x014 - - - Bus fault

6 - 0x018 - - - Usage fault

7 0x01C

| - \ - - - Reserved

10 0x02B

11 - 0x02C - - - SVCall (supervisor call)

12 - 0x030 - - - Debug monitor

13 - 0x034 - - - Reserved

14 - 0x038 - - - PendSV

15 - 0x03C - - - SysTick

16 0 0x040 0 ) ) Clock supervisor anomalous frequency detection

interrupt (FCS)
17 1 0x044 0 - - Software watchdog timer interrupt
18 2 0x048 0 - - Low-voltage detection (LVD) interrupt

Relocate interrupt

19 3 0x04C | 7-0 ) ) (selected by the IRQO03SEL Register)

Relocate interrupt

20 4 0x050 1 7-0 ) ) (selected by the IRQO04SEL Register)

Relocate interrupt

2 > 0x054 | 7-0 ) ) (selected by the IRQO04SEL Register)

Relocate interrupt

2 6 | 0x058 | 7-0 - © |(selected by the IRQOO4SEL Register)

Relocate interrupt

2| T x03C 70 - " | (selected by the IRQOO4SEL Register)

Relocate interrupt

24 8 0x060 | 7-0 ) ) (selected by the IRQO04SEL Register)

Relocate interrupt

25 ? 0x064 ) 7-0 ) ) (selected by the IRQO04SEL Register)
26 | 10| 0x068 | 7-0 - - ﬁ?ﬁéﬁ?ﬁi gl;et;rgll);{QOMSEL Register)
27 11 0x06C 0 28 0 External pin interrupt ch.0
28 12 0x070 0 29 1 External pin interrupt ch.1
29 13 0x074 0 30 2 External pin interrupt ch.2
30 14 0x078 0 31 3 External pin interrupt ch.3
31 15 0x07C 0 - 4 External pin interrupt ch.4
32 16 0x080 0 - 5 External pin interrupt ch.5
33 17 0x084 0 - 6 External pin interrupt ch.6
34 18 0x088 0 - 7 External pin interrupt ch.7

MN709-00001-1vO0-E FUJITSU SEMICONDUCTOR LIMITED 274



CHAPTER 8: Interrupts

2. Lists of Interrupts

FM4 Family

Exc. | IRQ | Vector bit | DMAC | DSTC Exception and interrupt source
no. | no. | offset
5 - 81 QPRC ch.0 PC match & RC match interrupt
4 - 80 QPRC ch.0 out-of-range interrupt
3 - 79 QPRC ch.0 count inversion interrupt
35 19 0x08C QPRC ch.0 overflow iqtenupt
- 78 QPRC ch.0 underflow interrupt
QPRC ch.0 zero index interrupt
1 - 77 QPRC ch.0 PC & RC match interrupt
0 - 76 QPRC ch.0 PC match interrupt
5 - 87 QPRC ch.1 PC match & RC match interrupt
4 - 86 QPRC ch.1 out-of-range interrupt
3 - 85 QPRC ch.1 count inversion interrupt
36 20 0x090 QPRC ch.1 overflow igterrupt
2 - 84 QPRC ch.1 underflow interrupt
QPRC ch.1 zero index interrupt
1 - 83 QPRC ch.1 PC & RC match interrupt
0 - 82 QPRC ch.1 PC match interrupt
3 - 34 MEFT unit 0 WFG timer 54 interrupt
2 - 33 MFT unit 0 WFG timer 32 interrupt
37 21 0x094 ; . .
1 - 32 MFT unit 0 WFG timer 10 interrupt
0 - - MEFT unit 0 DTIF (motor emergency stop) interrupt
3 - 53 MEFT unit 1 WFG timer 54 interrupt
2 - 52 MFT unit 1 WFG timer 32 interrupt
38 22 0x098 - ; ;
1 - 51 MFT unit 1 WFG timer 10 interrupt
0 - - MEFT unit 1 DTIF (motor emergency stop) interrupt
3 - 162 | MFT unit 2 WFG timer 54 interrupt
2 - 161  |MFT unit 2 WFG timer 32 interrupt
39 23 | 0x09C . : .
1 - 160 | MFT unit 2 WFG timer 10 interrupt
0 - - MEFT unit 2 DTIF (motor emergency stop) interrupt
2 - 37 MEFT unit 0 FRT ch.2 peak value detection interrupt
40 24 | 0x0A0 1 - 36 MFT unit 0 FRT ch.1 peak value detection interrupt
0 - 35 MEFT unit 0 FRT ch.0 peak value detection interrupt
2 - 40 MFT unit 0 FRT ch.2 zero detection interrupt
41 25 0x0A4 1 - 39 MEFT unit 0 FRT ch.1 zero detection interrupt
0 - 38 MFT unit 0 FRT ch.0 zero detection interrupt
3 - 44 MFT unit 0 ICU ch.3 input edge detection interrupt
2 - 43 MFT unit 0 ICU ch.2 input edge detection interrupt
42 26 | O0x0AS8 ; . .
1 - 42 MEFT unit 0 ICU ch.1 input edge detection interrupt
0 - 41 MFT unit 0 ICU ch.0 input edge detection interrupt
5 - 50 MFT unit 0 OCU ch.5 match detection interrupt
4 - 49 MEFT unit 0 OCU ch.4 match detection interrupt
3 - 48 MEFT unit 0 OCU ch.3 match detection interrupt
43 27 | 0x0AC - —
2 - 47 MFT unit 0 OCU ch.2 match detection interrupt
1 - 46 MFT unit 0 OCU ch.1 match detection interrupt
0 - 45 MFT unit 0 OCU ch.0 match detection interrupt

MN709-00001-1v0-E

FUJITSU SEMICONDUCTOR LIMITED

275




CHAPTER 8: Interrupts

2. Lists of Interrupts

FM4 Family

E]):)C IEOQ. \(/)(?fc;tgtr bit | DMAC | DSTC Exception and interrupt source
2 - 56 MFT unit 1 FRT ch.2 peak value detection interrupt
44 28 0x0B0 1 - 55 MFT unit 1 FRT ch.1 peak value detection interrupt
0 - 54 MFT unit 1 FRT ch.0 peak value detection interrupt
2 - 59 MEFT unit 1 FRT ch.2 zero detection interrupt
45 29 0x0B4 1 - 58 MFT unit 1 FRT ch.1 zero detection interrupt
0 - 57 MFT unit 1 FRT ch.0 zero detection interrupt
3 - 63 MFT unit 1 ICU ch.3 input edge detection interrupt
2 - 62 MEFT unit 1 ICU ch.2 input edge detection interrupt
46 30 | 0xOB8 - - —
1 - 61 MEFT unit 1 ICU ch.1 input edge detection interrupt
0 - 60 MFT unit 1 ICU ch.0 input edge detection interrupt
5 - 69 MFT unit 1 OCU ch.5 match detection interrupt
4 - 68 MEFT unit 1 OCU ch.4 match detection interrupt
47 31 0x0BC 3 - 67 MFT un?t 1 OCU ch.3 match detect?on %nterrupt
2 - 66 MFT unit 1 OCU ch.2 match detection interrupt
1 - 65 MFT unit 1 OCU ch.1 match detection interrupt
0 - 64 MEFT unit 1 OCU ch.0 match detection interrupt
2 - 165 |MFT unit 2 FRT ch.2 peak value detection interrupt
48 32 0x0CO0 1 - 164  |MFT unit 2 FRT ch.1 peak value detection interrupt
0 - 163  |MFT unit 2 FRT ch.0 peak value detection interrupt
2 - 168 |MFT unit 2 FRT ch.2 zero detection interrupt
49 33 0x0C4 1 - 167 |MFT unit 2 FRT ch.1 zero detection interrupt
0 - 166 | MFT unit 2 FRT ch.0 zero detection interrupt
3 - 172 |MFT unit 2 ICU ch.3 input edge detection interrupt
2 - 171 |MFT unit 2 ICU ch.2 input edge detection interrupt
50 34 | 0x0C8 - - —
1 - 170 |MFT unit 2 ICU ch.1 input edge detection interrupt
0 - 169  |MFT unit 2 ICU ch.0 input edge detection interrupt
5 - 178  |MFT unit 2 OCU ch.5 match detection interrupt
4 - 177  |MFT unit 2 OCU ch.4 match detection interrupt
3 - 176 | MFT unit 2 OCU ch.3 match detection interrupt
51 35 | 0x0CC ; .
2 - 175  |MFT unit 2 OCU ch.2 match detection interrupt
1 - 174 | MFT unit 2 OCU ch.1 match detection interrupt
0 - 173 |MFT unit 2 OCU ch.0 match detection interrupt
2 - 72 PPG ch.4 interrupt
52 36 | 0x0DO 1 - 71 PPG ch.2 interrupt
0 - 70 PPG ch.0 interrupt
2 - 75 PPG ch.12 interrupt
53 37 | 0x0D4 1 - 74 PPG ch.10 interrupt
0 - 73 PPG ch.8 interrupt
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Exc. | IRQ | Vector bit | DMAC | DSTC Exception and interrupt source
no. | no. | offset
2 - 181 | PPG ch.20 interrupt
54 38 | 0x0DS8 1 - 180 | PPG ch.18 interrupt
0 - 179 | PPG ch.16 interrupt
1 - 17 Base timer ch.0 source 1 (IRQ1) interrupt
55 39 | 0x0DC - -
0 8 16 Base timer ch.0 source 0 (IRQO) interrupt
1 - 19 Base timer ch.1 source 1 (IRQ1) interrupt
56 40 0x0EO - -
0 - 18 Base timer ch.1 source 0 (IRQO) interrupt
1 - 21 Base timer ch.2 source 1 (IRQ1) interrupt
57 41 0x0E4 . .
0 9 20 Base timer ch.2 source 0 (IRQO) interrupt
1 - 23 Base timer ch.3 source 1 (IRQ1) interrupt
58 42 0x0E8 - -
0 - 22 Base timer ch.3 source 0 (IRQO) interrupt
1 - 25 Base timer ch.4 source 1 (IRQ1) interrupt
59 43 | OxOEC - -
0 10 24 Base timer ch.4 source 0 (IRQO) interrupt
1 - 27 Base timer ch.5 source 1 (IRQ1) interrupt
60 44 0x0FO0 - -
0 - 26 Base timer ch.5 source 0 (IRQO) interrupt
1 - 29 Base timer ch.6 source 1 (IRQ1) interrupt
61 45 0x0F4 - -
0 11 28 Base timer ch.6 source 0 (IRQO) interrupt
1 - 31 Base timer ch.7 source 1 (IRQ1) interrupt
62 46 0x0F8 - -
0 - 30 Base timer ch.7 source 0 (IRQO) interrupt
1 - - Dual timer ch.2 interrupt
63 47 | 0xOFC - -
0 - - Dual timer ch.1 interrupt
64 48 0x100 0 - 88 Watch counter interrupt
65 49 0x104 0 - - External bus error output interrupt
66 50 0x108 0 - - Real timer counter interrupt
67 51 0x10C 0 - 8 External pin interrupt ch.8
68 52 0x110 0 - 9 External pin interrupt ch.9
69 53 Ox114 0 - 10 External pin interrupt ch.10
70 54 0x118 0 - 11 External pin interrupt ch.11
71 55 0x11C 0 - 12 External pin interrupt ch.12
72 56 0x120 0 - 13 External pin interrupt ch.13
73 57 0x124 0 - 14 External pin interrupt ch.14
74 58 0x128 0 - 15 External pin interrupt ch.15
3 ) ) PLL of USB / Ethernet oscillation stabilization wait
completion interrupt
) i i Main PLL oscillation stabilization wait completion
interrupt
75 59 | 0x12C . I . .
1 ) ) Sub clock oscillation stabilization wait completion
interrupt
0 ) ) Main clock oscillation stabilization wait completion
interrupt
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Exc. | IRQ | Vector bit | DMAC | DSTC Exception and interrupt source
no. | no. | offset

76 60 0x130 12 89 MEFS ch.0 reception interrupt

- - MEFS ch.0 status interrupt
77 61 0x134 .

13 90 MEFS ch.0 transmission interrupt
78 62 0x138 14 91 MES ch.1 reception interrupt

- - MES ch.1 status interrupt
79 63 0x13C .

15 92 MEFS ch.1 transmission interrupt
80 64 0x140 16 93 MEFS ch.2 reception interrupt

- - MEFS ch.2 status interrupt
81 65 0x144 .

17 94 MES ch.2 transmission interrupt
82 66 0x148 18 95 MEFS ch.3 reception interrupt

- - MEFS ch.3 status interrupt

&3 67 | 0x14C

19 96 MES ch.3 transmission interrupt
84 68 0x150 20 97 MES ch.4 reception interrupt

- - MEFS ch.4 status interrupt
85 69 0x154 — .

21 98 MEFS ch.4 transmission interrupt
86 70 0x158 22 99 MES ch.5 reception interrupt

- - MES ch.5 status interrupt
87 71 0x15C .

23 100 | MFS ch.5 transmission interrupt
88 72 0x160 24 101 | MFS ch.6 reception interrupt

- - MEFS ch.6 status interrupt
&9 73 0x164 .

25 102 | MFS ch.6 transmission interrupt
90 74 0x168 26 103 | MFS ch.7 reception interrupt

- - MES ch.7 status interrupt
91 75 0x16C .

27 104 | MFS ch.7 transmission interrupt

Lo RN o el Rl Bl el Ko N Ll =R K= Rl K= Kl I el el Bt el el Bl [Xen i (e BN Il )

- - A/D converter unit 0 range comparison result interrupt

A/D converter unit 0 conversion result comparison

3 ) ) interrupt
92 76 0x170 2 - - A/D converter unit 0 FIFO overrun interrupt
1 5 111 A/D converter unit 0 scan conversion interrupt
0 - 110 | A/D converter unit O priority conversion interrupt
4 - - A/D converter unit 1 range comparison result interrupt
3 i i A/D converter unit 1 conversion result comparison
interrupt
93 77 Ox174 2 - - A/D converter unit 1 FIFO overrun interrupt
1 6 113 A/D converter unit 1 scan conversion interrupt
0 - 112 | A/D converter unit 1 priority conversion interrupt
4 4 109 | USB ch.0 function endpoint 5 DRQ interrupt
3 3 108 | USB ch.0 function endpoint 4 DRQ interrupt
94 78 0x178 2 2 107 | USB ch.0 function endpoint 3 DRQ interrupt
1 1 106 | USB ch.0 function endpoint 2 DRQ interrupt
0 0 105 | USB ch.0 function endpoint 1 DRQ interrupt
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Exc. | IRQ
no. | no.

Vector
offset

bit

DMAC

DSTC

Exception and interrupt source

95 79 | 0x17C

USB ch.0 host SOFIRQ interrupt
USB ch.0 host CMPIRQ interrupt

USB ch.0 host DIRQ interrupt
USB ch.0 host URIRQ interrupt
USB ch.0 host RWKIRQ interrupt
USB ch.0 host CNNIRQ interrupt

USB ch.0 function SPK interrupt

USB ch.0 function SUSP interrupt
USB ch.0 function SOF interrupt
USB ch.0 function BRST interrupt
USB ch.0 function CONF interrupt
USB ch.0 function WKUP interrupt

USB ch.0 function endpoint 0 DRQO interrupt

USB ch.0 function endpoint 0 DRQI interrupt

96 80 0x180

CAN ch.0 interrupt

97 81 0x184

CAN ch.1 interrupt

98 82 0x188

Ethernet ch.0 SBD interrupt

Ethernet ch.0 PMT interrupt

Ethernet ch.0 LPI interrupt

99 83 0x18C

DMAC ch.0 interrupt

100 84 0x190

DMAC ch.1 interrupt

101 85 0x194

DMAC ch.2 interrupt

102 86 0x198

DMAC ch.3 interrupt

103 87 | 0x19C

DMAC ch.4 interrupt

104 88 0x1A0

DMAC ch.5 interrupt

105 89 | O0x1A4

DMAC ch.6 interrupt

106 90 | Ox1AS8

DMAC ch.7 interrupt

107 91 | OxIAC

DSTC ERINT interrupt

DSTC SWINT interrupt

108 92 | 0x1BO

131

External pin interrupt ch.19

130

External pin interrupt ch.18

129

External pin interrupt ch.17

128

External pin interrupt ch.16

109 93 0x1B4

135

External pin interrupt ch.23

134

External pin interrupt ch.22

133

External pin interrupt ch.21

132

External pin interrupt ch.20

110 94 0x1B8

139

External pin interrupt ch.27

138

External pin interrupt ch.26

137

External pin interrupt ch.25

136

External pin interrupt ch.24

111 95 | 0x1BC

143

External pin interrupt ch.31

142

External pin interrupt ch.30

141

External pin interrupt ch.29

S| = [N W[ISD[—=[[N|W ||~ |ND|W|O|—[INDNWIO—|O|C|C|C || |||~ IOl

140

External pin interrupt ch.28

MN709-00001-1v0-E

FUJITSU SEMICONDUCTOR LIMITED

279




CHAPTER 8: Interrupts

2. Lists of Interrupts FM4 Family

Exc. | IRQ | Vector bit | DMAC | DSTC Exception and interrupt source

no. | no. | offset
5 - 187 | QPRC ch.2 PC match & RC match interrupt

- 186 | QPRC ch.2 out-of-range interrupt
3 - 185 | QPRC ch.2 count inversion interrupt
112 9 0x1CO QPRC ch.2 overflow ir%terrupt

2 - 184 | QPRC ch.2 underflow interrupt

QPRC ch.2 zero index interrupt

1 - 183 |QPRC ch.2 PC & RC match interrupt
0 - 182  |QPRC ch.2 PC match interrupt
5 - 193 |QPRC ch.3 PC match & RC match interrupt
4 - 192 | QPRC ch.3 out-of-range interrupt
3 - 191  |QPRC ch.3 count inversion interrupt
113 97 0x1C4 QPRC ch.3 overflow igterrupt
2 - 190 | QPRC ch.3 underflow interrupt

QPRC ch.3 zero index interrupt

- 189  |QPRC ch.3 PC & RC match interrupt

- 188 | QPRC ch.3 PC match interrupt

- 145 | Base timer ch.8 source 1 (IRQ1) interrupt

114 98 0x1C8 ) .
- 144  |Base timer ch.8 source 0 (IRQO) interrupt

- 147  |Base timer ch.9 source 1 (IRQ1) interrupt

115 99 | 0x1CC ; :
- 146 |Base timer ch.9 source 0 (IRQO) interrupt

- 149 | Base timer ch.10 source 1 (IRQ1) interrupt

116 100 | 0x1DO - -
- 148  |Base timer ch.10 source 0 (IRQO) interrupt

- 151 Base timer ch.11 source 1 (IRQ1) interrupt

117 | 101 | Ox1D4 - ;
- 150 |Base timer ch.11 source 0 (IRQO) interrupt

- 159  |Base timer ch.15 source 1 (IRQ1) interrupt

- 158  |Base timer ch.15 source 0 (IRQO) interrupt

- 157 |Base timer ch.14 source 1 (IRQ1) interrupt

- 156 | Base timer ch.14 source 0 (IRQO) interrupt

118 | 102 | 0x1DS8 5 X
- 155 |Base timer ch.13 source 1 (IRQ1) interrupt

154  |Base timer ch.13 source 0 (IRQO) interrupt

- 153  |Base timer ch.12 source 1 (IRQ1) interrupt

- 152 | Base timer ch.12 source 0 (IRQO) interrupt

119 103 | 0x1DC - 194 | MFS ch.8 reception interrupt

- - MEFS ch.8 status interrupt

120 | 104 | Ox1EO .
- 195 | MFS ch.8 transmission interrupt

121 105 | Ox1E4 - 196 | MFS ch.9 reception interrupt

- - MEFS ch.9 status interrupt

122 | 106 | Ox1ES8 —
- 197 | MFS ch.9 transmission interrupt

123 107 | O0x1EC - 198 | MFS ch.10 reception interrupt

- - MEFS ch.10 status interrupt

124 | 108 | O0x1FO .
- 199 | MFS ch.10 transmission interrupt

125 109 | 0x1F4 - 200 |MFS ch.11 reception interrupt

- - MFS ch.11 status interrupt

126 | 110 | Ox1F8

o=l ||| || ||| =N W|IAlUOION|IN|O|—m OO~ ||~
1

- 201 | MFS ch.11 transmission interrupt
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E]):)C IEOQ. \(/)(?fc;tgtr bit | DMAC | DSTC Exception and interrupt source
4 - - A/D converter unit 2 range comparison result interrupt
3 ) ) A/D converter unit 2 conversion result comparison
interrupt
127 HL ) OxIFC 2 - - A/D converter unit 2 FIFO overrun interrupt
1 7 115 | A/D converter unit 2 scan conversion interrupt
0 - 114 | A/D converter unit 2 priority conversion interrupt
128 112 | 0x200 0 - - Reserved
4 - 206 |USB ch.1 function endpoint 5 DRQ interrupt
3 - 205 | USB ch.1 function endpoint 4 DRQ interrupt
129 113 | 0x204 2 - 204 | USB ch.I function endpoint 3 DRQ interrupt
1 - 203 | USB ch.1 function endpoint 2 DRQ interrupt
0 - 202 |USB ch.1 function endpoint 1 DRQ interrupt
5 ) ) USB ch.1 host SOFIRQ interrupt
USB ch.1 host CMPIRQ interrupt
USB ch.1 host DIRQ interrupt
4 ) ) USB ch.1 host URIRQ interrupt

USB ch.1 host RWKIRQ interrupt
USB ch.1 host CNNIRQ interrupt

3 - - USB ch.0 function SPK interrupt

130 | 114 | 0x208 - -
USB ch.1 function SUSP interrupt

USB ch.1 function SOF interrupt

2 - - USB ch.1 function BRST interrupt

USB ch.1 function CONF interrupt
USB ch.1 function WKUP interrupt

- - USB ch.1 function endpoint 0 DRQO interrupt
- - USB ch.1 function endpoint 0 DRQI interrupt
131 115 | 0x20C - - Reserved
132 116 | 0x210 - - Reserved
133 117 | 0x214 - - Reserved

- - SD card interrupt

134 | 118 | 0x218 - -
- - Aggregation of all SD I/F interrupt sources

135 119 | 0x21C - - Flash I/F

136 | 120 | 0x220 - 209 | MFS ch.12 reception interrupt

MEFS ch.12 status interrupt

137 | 121 | 0x224 .
- 210 |MFS ch.12 transmission interrupt

138 122 | 0x228 - 211 MEFS ch.13 reception interrupt

- - MEFS ch.13 status interrupt

139 123 | 0x22C .
- 212 |MFS ch.13 transmission interrupt

140 124 | 0x230 - 213 |MFS ch.14 reception interrupt

- - MEFS ch.14 status interrupt

141 125 | 0x234 .
- 214 | MFS ch.14 transmission interrupt

142 126 | 0x238 - 215 | MFS ch.15 reception interrupt

- - MEFS ch.15 status interrupt

143 127 | 0x23C

=Rl =l el = R=h E_N EKeN Nk B R Keh Ko il Kol e R =1 K=k
1
1

- 216 | MFS ch.15 transmission interrupt
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2. Lists of Interrupts

FM4 Family

B Interrupt signals input to DMAC
Table 2-2 shows interrupt signals input as transfer request signals to the DMAC. Numbers in the table
correspond to the bit numbers of the DRQSEL Register (IDREQ numbers of the DMAC).

Table 2-2 List of interrupt signals input to DMAC

Number Interrupt signal name
0 USB ch.0 function endpoint 1 DRQ interrupt
1 USB ch.0 function endpoint 2 DRQ interrupt
2 USB ch.0 function endpoint 3 DRQ interrupt
3 USB ch.0 function endpoint 4 DRQ interrupt
4 USB ch.0 function endpoint 5 DRQ interrupt
5 A/D converter unit 0 scan conversion interrupt
6 A/D converter unit 1 scan conversion interrupt
7 A/D converter unit 2 scan conversion interrupt
8 Base timer ch.0 source 0 (IRQO) interrupt
9 Base timer ch.2 source 0 (IRQO) interrupt
10 Base timer ch.4 source 0 (IRQO) interrupt
11 Base timer ch.6 source 0 (IRQO) interrupt
12 MES ch.0 reception interrupt
13 MEFS ch.0 transmission interrupt
14 MEFS ch.1 reception interrupt
15 MES ch.1 transmission interrupt
16 MES ch.2 reception interrupt
17 MES ch.2 transmission interrupt
18 MEFS ch.3 reception interrupt
19 MES ch.3 transmission interrupt
20 MEFS ch.4 reception interrupt
21 MEFS ch.4 transmission interrupt
22 MEFS ch.5 reception interrupt
23 MEFS ch.5 transmission interrupt
24 MES ch.6 reception interrupt
25 MES ch.6 transmission interrupt
26 MEFS ch.7 reception interrupt
27 MEFS ch.7 transmission interrupt
28 External pin interrupt ch.0
29 External pin interrupt ch. 1
30 External pin interrupt ch.2
31 External pin interrupt ch.3
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2. Lists of Interrupts

FM4 Family

B Interrupt signals input to DSTC
Table 2-3 shows interrupt signals input as transfer request signals to the DSTC. Numbers in the table
correspond to the numbers of the DREQENB[n] Registers of the DSTC.

Table 2-3 List of interrupt signals input to DSTC

Number Interrupt signal name
0 External pin interrupt ch.0
| External pin interrupt ch.1
2 External pin interrupt ch.2
3 External pin interrupt ch.3
4 External pin interrupt ch.4
5 External pin interrupt ch.5
6 External pin interrupt ch.6
7 External pin interrupt ch.7
8 External pin interrupt ch.8
9 External pin interrupt ch.9
10 External pin interrupt ch.10
11 External pin interrupt ch.11
12 External pin interrupt ch.12
13 External pin interrupt ch.13
14 External pin interrupt ch.14
15 External pin interrupt ch.15
16 Base timer ch.0 source 0 (IRQO) interrupt
17 Base timer ch.0 source 1 (IRQ1) interrupt
18 Base timer ch.1 source 0 (IRQO) interrupt
19 Base timer ch.1 source 1 (IRQ1) interrupt
20 Base timer ch.2 source 0 (IRQO) interrupt
21 Base timer ch.2 source 1 (IRQ1) interrupt
22 Base timer ch.3 source 0 (IRQO) interrupt
23 Base timer ch.3 source 1 (IRQ1) interrupt
24 Base timer ch.4 source 0 (IRQO) interrupt
25 Base timer ch.4 source 1 (IRQ1) interrupt
26 Base timer ch.5 source 0 (IRQO) interrupt
27 Base timer ch.5 source 1 (IRQ1) interrupt
28 Base timer ch.6 source 0 (IRQO) interrupt
29 Base timer ch.6 source 1 (IRQ1) interrupt
30 Base timer ch.7 source 0 (IRQO) interrupt
31 Base timer ch.7 source 1 (IRQ1) interrupt
32 MEFT unit 0 WFG timer 10 interrupt
33 MEFT unit 0 WFG timer 32 interrupt
34 MFT unit 0 WFG timer 54 interrupt
35 MFT unit 0 FRT ch.0 peak value detection interrupt
36 MFT unit 0 FRT ch.1 peak value detection interrupt
37 MEFT unit 0 FRT ch.2 peak value detection interrupt
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FM4 Family

Number Interrupt signal name
38 MFT unit 0 FRT ch.0 zero detection interrupt
39 MEFT unit 0 FRT ch.1 zero detection interrupt
40 MFT unit 0 FRT ch.2 zero detection interrupt
41 MFT unit 0 ICU ch.0 input edge detection interrupt
42 MFT unit 0 ICU ch.1 input edge detection interrupt
43 MEFT unit 0 ICU ch.2 input edge detection interrupt
44 MEFT unit 0 ICU ch.3 input edge detection interrupt
45 MFT unit 0 OCU ch.0 match detection interrupt
46 MFT unit 0 OCU ch.1 match detection interrupt
47 MEFT unit 0 OCU ch.2 match detection interrupt
48 MEFT unit 0 OCU ch.3 match detection interrupt
49 MFT unit 0 OCU ch.4 match detection interrupt
50 MFT unit 0 OCU ch.5 match detection interrupt
51 MEFT unit 1 WFG timer 10 interrupt
52 MEFT unit 1 WFG timer 32 interrupt
53 MFT unit 1 WFG timer 54 interrupt
54 MFT unit 1 FRT ch.0 peak value detection interrupt
55 MEFT unit 1 FRT ch.1 peak value detection interrupt
56 MFT unit 1 FRT ch.2 peak value detection interrupt
57 MFT unit 1 FRT ch.0 zero detection interrupt
58 MFT unit 1 FRT ch.1 zero detection interrupt
59 MFT unit 1 FRT ch.2 zero detection interrupt
60 MEFT unit 1 ICU ch.0 input edge detection interrupt
61 MFT unit 1 ICU ch.1 input edge detection interrupt
62 MFT unit 1 ICU ch.2 input edge detection interrupt
63 MFT unit 1 ICU ch.3 input edge detection interrupt
64 MFT unit 1 OCU ch.0 match detection interrupt
65 MFT unit 1 OCU ch.1 match detection interrupt
66 MFT unit 1 OCU ch.2 match detection interrupt
67 MEFT unit 1 OCU ch.3 match detection interrupt
68 MFT unit 1 OCU ch.4 match detection interrupt
69 MFT unit 1 OCU ch.5 match detection interrupt
70 PPG ch.0 interrupt
71 PPG ch.2 interrupt
72 PPG ch.4 interrupt
73 PPG ch.8 interrupt
74 PPG ch.10 interrupt
75 PPG ch.12 interrupt
76 QPRC ch.0 PC match interrupt
77 QPRC ch.0 PC & RC match interrupt
78 QPRC ch.0 overflow / underflow / zero index interrupt
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FM4 Family

Number Interrupt signal name

79 QPRC ch.0 count inversion interrupt

80 QPRC ch.0 out-of-range interrupt

81 QPRC ch.0 PC match & RC match interrupt

82 QPRC ch.1 PC match interrupt

83 QPRC ch.1 PC & RC match interrupt

84 QPRC ch.1 overflow / underflow / zero index interrupt

85 QPRC ch.1 count inversion interrupt

86 QPRC ch.1 out-of-range interrupt

87 QPRC ch.1 PC match & RC match interrupt

88 Watch counter interrupt

89 MES ch.0 reception interrupt

90 MEFS ch.0 transmission interrupt

91 MES ch.1 reception interrupt

92 MES ch.1 transmission interrupt

93 MES ch.2 reception interrupt

94 MEFS ch.2 transmission interrupt

95 MES ch.3 reception interrupt

96 MES ch.3 transmission interrupt

97 MES ch.4 reception interrupt

98 MEFS ch.4 transmission interrupt

99 MES ch.5 reception interrupt

100 MES ch.5 transmission interrupt

101 MES ch.6 reception interrupt

102 MEFS ch.6 transmission interrupt

103 MES ch.7 reception interrupt

104 MES ch.7 transmission interrupt

105 USB ch.0 function endpoint 1 DRQ interrupt

106 USB ch.0 function endpoint 2 DRQ interrupt

107 USB ch.0 function endpoint 3 DRQ interrupt

108 USB ch.0 function endpoint 4 DRQ interrupt

109 USB ch.0 function endpoint 5 DRQ interrupt

110 A/D converter unit 0 priority conversion interrupt

111 A/D converter unit 0 scan conversion interrupt

112 A/D converter unit 1 priority conversion interrupt

113 A/D converter unit 1 scan conversion interrupt

114 A/D converter unit 2 priority conversion interrupt

115 A/D converter unit 2 scan conversion interrupt
116 to 127 | Reserved

128 External pin interrupt ch.16

129 External pin interrupt ch.17

130 External pin interrupt ch.18
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2. Lists of Interrupts

FM4 Family

Number Interrupt signal name
131 External pin interrupt ch.19
132 External pin interrupt ch.20
133 External pin interrupt ch.21
134 External pin interrupt ch.22
135 External pin interrupt ch.23
136 External pin interrupt ch.24
137 External pin interrupt ch.25
138 External pin interrupt ch.26
139 External pin interrupt ch.27
140 External pin interrupt ch.28
141 External pin interrupt ch.29
142 External pin interrupt ch.30
143 External pin interrupt ch.31
144 Base timer ch.8 source 0 (IRQO) interrupt
145 Base timer ch.8 source 1 (IRQ1) interrupt
146 Base timer ch.9 source 0 (IRQO) interrupt
147 Base timer ch.9 source 1 (IRQ1) interrupt
148 Base timer ch.10 source 0 (IRQO) interrupt
149 Base timer ch.10 source 1 (IRQ1) interrupt
150 Base timer ch.11 source 0 (IRQO) interrupt
151 Base timer ch.11 source 1 (IRQ1) interrupt
152 Base timer ch.12 source 0 (IRQO) interrupt
153 Base timer ch.12 source 1 (IRQ1) interrupt
154 Base timer ch.13 source 0 (IRQO) interrupt
155 Base timer ch.13 source 1 (IRQ1) interrupt
156 Base timer ch.14 source 0 (IRQO) interrupt
157 Base timer ch.14 source 1 (IRQ1) interrupt
158 Base timer ch.15 source 0 (IRQO) interrupt
159 Base timer ch.15 source 1 (IRQ1) interrupt
160 MEFT unit 2 WFG timer 10 interrupt
161 MEFT unit 2 WFG timer 32 interrupt
162 MFT unit 2 WFG timer 54 interrupt
163 MFT unit 2 FRT ch.0 peak value detection interrupt
164 MEFT unit 2 FRT ch.1 peak value detection interrupt
165 MEFT unit 2 FRT ch.2 peak value detection interrupt
166 MFT unit 2 FRT ch.0 zero detection interrupt
167 MFT unit 2 FRT ch.1 zero detection interrupt
168 MFT unit 2 FRT ch.2 zero detection interrupt
169 MEFT unit 2 ICU ch.0 input edge detection interrupt
170 MFT unit 2 ICU ch.1 input edge detection interrupt
171 MEFT unit 2 ICU ch.2 input edge detection interrupt
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FM4 Family

Number Interrupt signal name
172 MFT unit 2 ICU ch.3 input edge detection interrupt
173 MEFT unit 2 OCU ch.0 match detection interrupt
174 MFT unit 2 OCU ch.1 match detection interrupt
175 MFT unit 2 OCU ch.2 match detection interrupt
176 MFT unit 2 OCU ch.3 match detection interrupt
177 MEFT unit 2 OCU ch.4 match detection interrupt
178 MEFT unit 2 OCU ch.5 match detection interrupt
179 PPG ch.16 interrupt
180 PPG ch.18 interrupt
181 PPG ch.20 interrupt
182 QPRC ch.2 PC match interrupt
183 QPRC ch.2 PC & RC match interrupt
184 QPRC ch.2 overflow / underflow / zero index interrupt
185 QPRC ch.2 count inversion interrupt
186 QPRC ch.2 out-of-range interrupt
187 QPRC ch.2 PC match & RC match interrupt
188 QPRC ch.3 PC match interrupt
189 QPRC ch.3 PC & RC match interrupt
190 QPRC ch.3 overflow / underflow / zero index interrupt
191 QPRC ch.3 count inversion interrupt
192 QPRC ch.3 out-of-range interrupt
193 QPRC ch.3 PC match & RC match interrupt
194 MES ch.8 reception interrupt
195 MEFS ch.8 transmission interrupt
196 MES ch.9 reception interrupt
197 MES ch.9 transmission interrupt
198 MES ch.10 reception interrupt
199 MEFS ch.10 transmission interrupt
200 MEFS ch.11 reception interrupt
201 MEFS ch.11 transmission interrupt
202 USB ch.1 function endpoint 1 DRQ interrupt
203 USB ch.1 function endpoint 2 DRQ interrupt
204 USB ch.1 function endpoint 3 DRQ interrupt
205 USB ch.1 function endpoint 4 DRQ interrupt
206 USB ch.1 function endpoint 5 DRQ interrupt

207 to 208 | Reserved
209 MFS ch.12 reception interrupt
210 MFS ch.12 transmission interrupt
211 MEFS ch.13 reception interrupt
212 MEFS ch.13 transmission interrupt
213 MEFS ch.14 reception interrupt
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Number Interrupt signal name
214 MFS ch.14 transmission interrupt
215 MES ch.15 reception interrupt
216 MEFS ch.15 transmission interrupt
217 t0 255 | Reserved
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CHAPTER 8: Interrupts

3. Registers

FM4 Family

3. Registers

This section explains the respective details of registers.

B Register list

Abbreviation Register name Reference
DRQSEL DMAC DMA Request Selection Register 3.1
IRQO03SEL Relocate Interrupt Selection Register 32
IRQO04SEL Relocate Interrupt Selection Register 3.2
IRQOOSSEL Relocate Interrupt Selection Register 3.2
IRQO06SEL Relocate Interrupt Selection Register 32
IRQO07SEL Relocate Interrupt Selection Register 3.2
IRQOO8SEL Relocate Interrupt Selection Register 3.2
IRQO09SEL Relocate Interrupt Selection Register 32
IRQO10SEL Relocate Interrupt Selection Register 3.2
EXC02MON EXCO02 Batch Read Register 33
IRQO0OMON IRQO000 Batch Read Register 34
IRQO0IMON IRQO01 Batch Read Register 3.5
IRQO02MON IRQO002 Batch Read Register 3.6
IRQO03MON IRQO003 Batch Read Register
IRQ004MON IRQO004 Batch Read Register
IRQO0SMON IRQO05 Batch Read Register
IRQO06MON IRQO006 Batch Read Register
IRQO07MON IRQO007 Batch Read Register >
IRQO0OEMON IRQO08 Batch Read Register
IRQO09MON IRQO009 Batch Read Register
IRQO10MON IRQO10 Batch Read Register
IRQOI1TMON IRQO11 Batch Read Register
IRQO12MON IRQO012 Batch Read Register
IRQO13MON IRQO013 Batch Read Register
IRQO14MON IRQO014 Batch Read Register
IRQO15MON IRQO15 Batch Read Register 38
IRQO16MON IRQO16 Batch Read Register
IRQO17MON IRQO17 Batch Read Register
IRQ018MON IRQO18 Batch Read Register
IRQO19MON IRQO019 Batch Read Register 3.9
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Abbreviation Register name Reference
IRQ020MON IRQ020 Batch Read Register 3.9
IRQ021MON IRQO021 Batch Read Register
IRQ022MON IRQO022 Batch Read Register 3.10
IRQ023MON IRQ023 Batch Read Register
IRQ024MON IRQO024 Batch Read Register 3.11
IRQ025MON IRQO025 Batch Read Register 3.12
IRQ026MON IRQ026 Batch Read Register 3.13
IRQ027MON IRQO027 Batch Read Register 3.14
IRQ028MON IRQO028 Batch Read Register 3.11
IRQ029MON IRQ029 Batch Read Register 3.12
IRQO30MON IRQO030 Batch Read Register 3.13
IRQO31MON IRQO31 Batch Read Register 3.14
IRQ032MON IRQ032 Batch Read Register 3.11
IRQO033MON IRQO033 Batch Read Register 3.12
IRQ034MON IRQO034 Batch Read Register 3.13
IRQ035MON IRQO035 Batch Read Register 3.14
IRQ036MON IRQO036 Batch Read Register
IRQO37MON IRQO037 Batch Read Register 3.15
IRQ038MON IRQ038 Batch Read Register
IRQ039MON IRQO039 Batch Read Register
IRQ040MON IRQO040 Batch Read Register
IRQ041MON IRQO041 Batch Read Register
IRQ042MON IRQO042 Batch Read Register
IRQ043MON IRQO043 Batch Read Register 10
IRQ044MON IRQ044 Batch Read Register
IRQ045MON IRQO045 Batch Read Register
IRQ046MON IRQO046 Batch Read Register
IRQ047MON IRQ047 Batch Read Register 3.17
IRQ048MON IRQO048 Batch Read Register 3.18
IRQ049MON IRQO049 Batch Read Register 3.19
IRQO50MON IRQO050 Batch Read Register 3.20
IRQO51MON IRQO51 Batch Read Register
IRQ052MON IRQO052 Batch Read Register
IRQO53MON IRQO53 Batch Read Register >
IRQ054MON IRQO054 Batch Read Register
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IRQO55MON IRQO055 Batch Read Register

IRQO56MON IRQO056 Batch Read Register

IRQO57MON IRQO57 Batch Read Register 38
IRQ058MON IRQO058 Batch Read Register

IRQO59MON IRQO059 Batch Read Register 3.21
IRQO60MON IRQO60 Batch Read Register 3.22
IRQO61MON IRQO061 Batch Read Register 3.23
IRQ062MON IRQO062 Batch Read Register 3.22
IRQ063MON IRQO063 Batch Read Register 3.23
IRQ064MON IRQO064 Batch Read Register 322
IRQO65MON IRQO065 Batch Read Register 3.23
IRQO66MON IRQO66 Batch Read Register 3.22
IRQO67MON IRQO067 Batch Read Register 3.23
IRQO68MON IRQO068 Batch Read Register 3.22
IRQO69MON IRQO069 Batch Read Register 3.23
IRQ070MON IRQO070 Batch Read Register 3.22
IRQO71IMON IRQO71 Batch Read Register 3.23
IRQO72MON IRQO072 Batch Read Register 3.22
IRQ073MON IRQO073 Batch Read Register 3.23
IRQ074MON IRQO074 Batch Read Register 3.22
IRQO75MON IRQO75 Batch Read Register 3.23
IRQO76MON IRQO076 Batch Read Register 3.24
IRQO77MON IRQO077 Batch Read Register 3.24
IRQO78MON IRQO78 Batch Read Register 3.25
IRQ079MON IRQO079 Batch Read Register 3.26
IRQO8OMON IRQO080 Batch Read Register 3.27
IRQO81MON IRQO81 Batch Read Register 3.27
IRQ082MON IRQO082 Batch Read Register 3.28
IRQO83MON IRQO083 Batch Read Register

IRQO84MON IRQO084 Batch Read Register

IRQO85MON IRQO85 Batch Read Register

IRQO86MON IRQO086 Batch Read Register 3.29
IRQO87MON IRQO87 Batch Read Register

IRQO88MON IRQO088 Batch Read Register

IRQO89MON IRQO089 Batch Read Register
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IRQ090MON IRQ090 Batch Read Register 3.29
IRQO91MON IRQ091 Batch Read Register 3.30
IRQ092MON IRQ092 Batch Read Register

IRQ093MON IRQ093 Batch Read Register

IRQ094MON IRQ094 Batch Read Register 331
IRQO95SMON IRQO095 Batch Read Register

IRQ096MON IRQ096 Batch Read Register

IRQO97MON IRQ097 Batch Read Register >
IRQO98MON IRQO098 Batch Read Register

IRQ099MON IRQ099 Batch Read Register

IRQ1I00MON IRQ100 Batch Read Register o
IRQ101MON IRQ101 Batch Read Register

IRQ102MON IRQ102 Batch Read Register 3.32
IRQ103MON IRQ103 Batch Read Register 3.22
IRQ104MON IRQ104 Batch Read Register 3.23
IRQ105MON IRQ105 Batch Read Register 322
IRQ106MON IRQ106 Batch Read Register 3.23
IRQ107MON IRQ107 Batch Read Register 3.22
IRQ108MON IRQ108 Batch Read Register 3.23
IRQ109MON IRQ109 Batch Read Register 3.22
IRQ110MON IRQ110 Batch Read Register 3.23
IRQIIIMON IRQ111 Batch Read Register 3.24
IRQ112MON IRQ112 Batch Read Register 3.35
IRQ113MON IRQ113 Batch Read Register 3.25
IRQ114MON IRQ114 Batch Read Register 3.26
IRQ115MON IRQ115 Batch Read Register

IRQ116MON IRQ116 Batch Read Register 3.35
IRQ117MON IRQ117 Batch Read Register

IRQ118MON IRQ118 Batch Read Register 3.33
IRQ119MON IRQ119 Batch Read Register 3.34
IRQ120MON IRQ120 Batch Read Register 3.22
IRQI21MON IRQ121 Batch Read Register 3.23
IRQ122MON IRQ122 Batch Read Register 3.22
IRQ123MON IRQ123 Batch Read Register 3.23
IRQ124MON IRQ124 Batch Read Register 3.22
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Abbreviation Register name Reference
IRQI125MON IRQ125 Batch Read Register 3.23
IRQ126MON IRQ126 Batch Read Register 3.22
IRQ127MON IRQ127 Batch Read Register 3.23
ODDPKS USB ch.0 Odd Packet Size DMA Enable Register 3.36
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3. Registers FM4 Family

3.1. DMAC DMA Request Selection Register (DRQSEL)

The DMA Request Selection Register (DRQSEL) enables using an interrupt signal from a
peripheral function as a transfer request to the DMAC. Such interrupt signal can be
transferred through the DMA transfer by the DMAC.

B Register configuration

bit 31 0
Field DRQSEL[31:0]
Attribute R/W
I\?;ltiael 0x00000000

B Register function
[bit31:0] DRQSEL[31:0]
The connection in the SEL1 selector in Figure 1-1 changes according to the setting of a bit in the DRQSEL
Register. If the setting of a bit is "1", an interrupt signal is connected to the SEL1 selector as a transfer
request signal to the DMAC. If the setting of a bit is "0", an interrupt signal is connected to the SEL1
selector as an interrupt signal to the NVIC or as a transfer request signal to the DSTC.

bit Corresponding interrupt signal name
31 External pin interrupt ch.3

30 External pin interrupt ch.2

29 External pin interrupt ch.1

28 External pin interrupt ch.0

27 MEFS ch.7 transmission interrupt

26 MES ch.7 reception interrupt

25 MEFS ch.6 transmission interrupt

24 MEFS ch.6 reception interrupt

23 MES ch.5 transmission interrupt

22 MES ch.5 reception interrupt

21 MEFS ch.4 transmission interrupt

20 MEFS ch.4 reception interrupt

19 MEFS ch.3 transmission interrupt

18 MES ch.3 reception interrupt

17 MES ch.2 transmission interrupt

16 MEFS ch.2 reception interrupt

15 MES ch.1 transmission interrupt

14 MES ch.1 reception interrupt

13 MEFS ch.0 transmission interrupt

12 MEFS ch.0 reception interrupt

11 Base timer ch.6 source 0 (IRQO) interrupt

10 Base timer ch.4 source 0 (IRQO) interrupt

9 Base timer ch.2 source 0 (IRQO) interrupt

8 Base timer ch.0 source 0 (IRQO) interrupt

7 A/D converter unit 2 scan conversion interrupt
6 A/D converter unit 1 scan conversion interrupt
5 A/D converter unit 0 scan conversion interrupt
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bit Corresponding interrupt signal name
4 USB ch.0 function endpoint 5 DRQ interrupt
3 USB ch.0 function endpoint 4 DRQ interrupt
2 USB ch.0 function endpoint 3 DRQ interrupt
1 USB ch.0 function endpoint 2 DRQ interrupt
0 USB ch.0 function endpoint 1 DRQ interrupt
<Notes>

+ If an interrupt signal is selected as a transfer request to the DMAC, the read value of the bit in the
interrupt request batch read register (IRQxxxMON, xxx = 000 to 127) corresponding to that interrupt
signal is "0", regardless of whether the interrupt of that interrupt signal occurs.

* Before modifying the settings of DRQSEL, clear the interrupt request signals from the peripheral
functions related to the settings to be modified.

+ The DMA transfer of an interrupt signal not included in the settings of DRQSEL cannot be started by the
hardware start by the DMAC.

* If an interrupt signal is connected to the DMAC according to the settings of DRQSEL, it cannot be
connected to the DSTC.
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3.2. Relocate Interrupt Selection Register (IRQxxxSEL)

The Relocate Interrupt Selection Register (IRQxxxSEL) is a register selecting a relocate
interrupt to be input to one of the exceptions between exception no. 19 and exception no. 24
(IRQO03 to IRQ010). There are eight Relocate Interrupt Selection Registers, IRQO03SEL to
IRQO10SEL. The IRQO03SEL to IRQO10SEL Registers select the interrupts to be input to
IRQO03 to IRQO10 respectively.

B Register configuration

bit 31 24 23 16 15 8 7 0
Field Reserved SELBIT[7:0] Reserved SELIRQ[7:0]
Attribute R R/W R R/'W
Ivnglt;ael 0x00 0x00 0x00 0x00

B Register function

[bit31:24] Reserved: Reserved bits
A reserved bit reads "0".

[bit23:16] SELBIT[7:0]
A bit in SELBIT[7:0] specifies the bit position to which one of the interrupt sources aggregated by logical
OR is moved to the relocate interrupt. The peripheral interrupt to be generated by those interrupt sources is
specified in SELIRQ[7:0].

bit Value Description
0 Bit7 of the interrupt source is not moved to the relocate interrupt.
! 1 Bit7 of the interrupt source is moved to bit7 of the relocate interrupt.
0 Bit6 of the interrupt source is not moved to the relocate interrupt.
6 1 Bit6 of the interrupt source is moved to bit6 of the relocate interrupt.
0 Bit5 of the interrupt source is not moved to the relocate interrupt.
> 1 Bit5 of the interrupt source is moved to bit5 of the relocate interrupt.
4 0 Bit4 of the interrupt source is not moved to the relocate interrupt.
1 Bit4 of the interrupt source is moved to bit4 of the relocate interrupt.
0 Bit3 of the interrupt source is not moved to the relocate interrupt.
3 1 Bit3 of the interrupt source is moved to bit3 of the relocate interrupt.
) 0 Bit2 of the interrupt source is not moved to the relocate interrupt.
1 Bit2 of the interrupt source is moved to bit2 of the relocate interrupt.
0 Bitl of the interrupt source is not moved to the relocate interrupt.
! 1 Bitl of the interrupt source is moved to bitl of the relocate interrupt.
0 Bit0 of the interrupt source is not moved to the relocate interrupt.
0 1 Bit0 of the interrupt source is moved to bit0 of the relocate interrupt.

[bit15:8] Reserved: Reserved bits
A reserved bit reads "0".
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[bit7:0] SELIRQ[7:0]
The SELIRQ[7:0] bits specify the IRQ no. of a peripheral interrupt to be relocated.

Value Description

0x0B to 0x3F | IRQ no. of a peripheral interrupt to be relocated

0x00 No peripheral interrupt to be relocated

Value other
than the above

Setting prohibited

B Examples of and notes on setting
For instance, the SELIRQ[7:0] bits and the SELBIT[7:0] bits in the IRQO03SEL Register are set to "25"
and "0b00000010" respectively. According to these settings, the interrupt (MFT unit 0 FRT ch.1 zero
detection interrupt) assigned to bitl in the IRQ025MON Register is relocated to bitl in the IRQO03MON
Register. If an MFT unit 0 FRT ch.1 zero detection interrupt is generated, an IRQO003 interrupt is generated
and "1" can be read out from bitl in the IRQO03MON Register. From the original interrupt position (bitl in
the IRQ025MON Register), no interrupt is generated any more. From bitl in the IRQ025MON Register, "0"
is always read out.

On the other hand, the interrupt (MFT unit 0 FRT ch.0 zero detection interrupt) can still be received from
bit0 in the IRQO25MON Register, to which the interrupt is assigned. Therefore, the two interrupt sources
aggregated by logical OR to bit0 and bitl in the IRQ025MON Register can be received from the
IRQO03MON Register and the IRQ025MON Register respectively.

The same IRQ no. can be specified in the SELIRQ[7:0] bits in more than one Relocate Interrupt Selection
Register from IRQO03SEL to IRQO10SEL. For instance, in addition to the settings of the IRQO03SEL
Register mentioned above, if the SELIRQ[7:0] bits and the SELBIT[7:0] bits in the IRQO03SEL Register
are set to "25" and "0b00000100" respectively, the interrupt (MFT unit 0 FRT ch.2 zero detection interrupt)
assigned to bit2 in the IRQO25MON Register can be received from bit2 in the IRQO04MON Register.
Therefore, the three interrupt sources aggregated by logical OR to bit0, bitl and bit2 in the IRQ025MON
Register can be received from the IRQO03MON Register, the IRQO04MON Register and the IRQ025MON
Register respectively.

However, one interrupt source cannot be selected for different relocate interrupts. (If the same IRQ no. is
specified in the SELIRQ[7:0] bits in different Relocate Interrupt Selection Registers, their respective
settings of the SELBIT[7:0] bits cannot be the same.)

If more than one bit of the SELBIT[7:0] bits are set to "1", multiple interrupt sources selected are
aggregated by logical OR to become a relocate interrupt.

A bus reset initializes the settings of all Relocate Interrupt Selection Registers (IRQQO03SEL to
IRQO10SEL). After the relocate interrupt selection settings in the IRQO03SEL to IRQO10SEL Registers
have been initialized, the IRQ003 to IRQO010 interrupts are no longer generated.

Before modifying the settings of any of the IRQO03SEL to IRQO10SEL Registers, ensure that no interrupt
signal has been asserted.
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3.3. EXCO02 Batch Read Register (EXC02MON)

The EXCO02 Batch Read Register (EXC02MON) can read out at once all interrupts (NMI and

hardware watchdog interrupt) assigned to exception no. 2.

B Register configuration

bit 31 8
Field Reserved
Attribute R
IV“S:‘CI 0000000
bit 7 6 5 4 3 2 1 0
Field Reserved HWINT NMI
Attribute R R R
IVIZEE 000000 0 0
B Register function
[bit31:2] Reserved: Reserved bits
A reserved bit reads "0".
[bit1] HWINT
Value Description
0 There is no interrupt request of the hardware watchdog timer.
1 An interrupt request of the hardware watchdog timer has been made.
[bit0] NMI
Value Description
0 There is no interrupt request of the NMIX external pin.
1 An interrupt request of the NMIX external pin has been made.
298
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3.4. IRQ000 Batch Read Register IRQO00MON)

The IRQO00 Batch Read Register (IRQO0O0OMON) can read out the interrupt (clock supervisor
anomalous frequency detection interrupt) assigned to exception no. 16.

B Register configuration

bit 31 8
Field Reserved
Attribute R
letl‘lael 0x000000
bit 7 6 5 4 3 2 1 0
Field Reserved FCSINT
Attribute R R
IVIZEE 0000000 0

B Register function

[bit31:1] Reserved: Reserved bits
A reserved bit reads "0".

[bit0] FCSINT
Value Description

0 There is no interrupt request of the anomalous frequency detected by the CSV.

An interrupt request of the anomalous frequency detected by the CSV has been

! made.
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3.5. IRQ001 Batch Read Register (IRQ001MON)

The IRQO001 Batch Read Register (IRQO01MON) can read out the interrupt (software
watchdog interrupt) assigned to exception no. 17.

B Register configuration
bit 31

Field

Reserved

Attribute
Initial
value

bit 7 6

R
0x000000

4 3 2

0

Field

Reserved

SWWDTI
NT

Attribute
Initial
value
B Register function

[bit31:1] Reserved: Reserved bits
A reserved bit reads "0".

[bit0] SWWDTINT

R
0000000

R
0

Value

Description

0 There is no interrupt request of the software watchdog timer.

1 An interrupt request of the software watchdog timer has been made.
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3.6. IRQ002 Batch Read Register (IRQ002MON)

The IRQ002 Batch Read Register (IRQ002MON) can read out the interrupt (low-voltage
detection interrupt) assigned to exception no. 18.

B Register configuration

bit 31 8
Field Reserved
Attribute R
letl‘lael 0x000000
bit 7 6 5 4 3 2 1 0
Field Reserved LVDINT
Attribute R R
IVIZEE 0000000 0

B Register function

[bit31:1] Reserved: Reserved bits
A reserved bit reads "0".

[bit0] LVDINT

Value Description
0 There is no low-voltage detection (LVD) interrupt request.
1 A low-voltage detection (LVD) interrupt request has been made.
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3.7. IRQ003/004/005/006/007/008/009/010 Batch Read
Register (IRQxxxMON)

The IRQO03MON to IRQMONO10 Registers can read out at once the interrupts (relocate
interrupts) assigned to exception no. 19 to no. 26 respectively.

B Register configuration

bit 31 8
Field Reserved
Attribute R
Ivngltlllael 0x000000
bit 7 6 5 4 3 2 1 0
Field IRQBIT[7:0]
Attribute R
Ivrzlt;'“‘el 0X000000

B Register function

[bit31:8] Reserved: Reserved bits
A reserved bit reads "0".

[bit7:0] IRQBIT[7:0]
Each of the IRQBIT[7:0] bits indicates the status of the relocate interrupt selected in the corresponding bit
in the IRQxxxSEL Register.

Value Description

There is no interrupt request of the interrupt selected in the corresponding bit in the
IRQxxxSEL Register.

An interrupt request of the interrupt selected in the corresponding bit in the
IRQxxxSEL Register has been made.

0
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3.8. IRQ011/012/013/014/015/016/017/018/051/052/053/054/0
55/056/057/058 Batch Read Register (IRQxxxMON)

The IRQ011MON to IRQ018MON Registers can read out at once the interrupts (external pin
interrupt ch.0 to ch.7) assigned to exception no. 27 to no. 34 respectively.

The IRQ051MON to IRQ058MON Registers can read out at once the interrupts (external pin
interrupt ch.8 to ch.15) assigned to exception no. 67 to no. 74 respectively.

B Register configuration
bit 31 8
Field Reserved

Attribute R
Initial
value

0x000000

bit 7 6 5 4 3 2 1 0
Field Reserved EXTINT
Attribute R R

Initial 0000000 0
value

B Register function
[bit31:1] Reserved: Reserved bits
A reserved bit reads "0".
[bit0] EXTINT
Value Description

0 There is no interrupt request of the external pin interrupt channel corresponding to
the IRQxxxMON Register.

An interrupt request of the external pin interrupt channel corresponding to the
IRQxxxMON Register has been made.

See Table 2-1 for the relationship between exception no. and interrupt.
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3.9. IRQ019/020/096/097 Batch Read Register
(IRQxxxMON)

The IRQ019MON, IRQ020MON, IRQ096MON and IRQ097MON Registers can read out at
once the interrupts (QPRC ch.0 to ch.3) assigned to exception no. 35, no. 36, no. 112 and no.
113 respectively.

B Register configuration
bit 31 8

Field Reserved
Attribute R

Initial 0x000000
value

bit 7 6 5 4 3 2 1 0
Field Reserved QUDINT
Attribute R R

Initial 00 000000
value

B Register function

[bit31:6] Reserved: Reserved bits
A reserved bit reads "0".

[bit5:0] QUDINT

bit Value Description

There is no PC match & RC match interrupt request of a QPRC
channel corresponding to the IRQxxxMON Register.

A PC match & RC match interrupt request of a QPRC channel
corresponding to the IRQxxxMON Register has been made.
There is no out-of-range interrupt request of a QPRC channel
corresponding to the IRQxxxMON Register.

0

An out-of-range interrupt request of a QPRC channel corresponding to
the IRQxxxMON Register has been made.

There is no count inversion interrupt request of a QPRC channel
corresponding to the IRQxxxMON Register.

A count inversion interrupt request of a QPRC channel corresponding
to the IRQxxxMON Register has been made.

There is no overflow / underflow / zero index interrupt request of a
QPRC channel corresponding to the IRQxxxMON Register.

An overflow / underflow / zero index interrupt request of a QPRC
channel corresponding to the IRQxxxMON Register has been made.

There is no PC & RC match interrupt request of a QPRC channel
corresponding to the IRQxxxMON Register.

A PC & RC match interrupt request of a QPRC channel corresponding
to the IRQxxxMON Register has been made.

There is no PC match interrupt request of a QPRC channel
corresponding to the IRQxxxMON Register.

A PC match interrupt request of a QPRC channel corresponding to the
IRQxxxMON Register has been made.

See Table 2-1 for the relationship between exception no. and interrupt.
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3.10. IRQ021/022/023 Batch Read Register (IRQxxxMON)

The IRQ021MON to IRQ023MON Registers can read out at once the interrupts (WFG timer
interrupts and DTIF interrupts of MFT unit 0 to MFT unit 2) assigned to exception no. 37 to no.
39 respectively.

W Register configuration
bit 31 8

Field Reserved
Attribute R

Initial 0x000000
value

bit 7 6 5 4 3 2 1 0
Field Reserved WAVEINT
Attribute R R

Initial 0000 0000
value

B Register function

[bit31:4] Reserved: Reserved bits
A reserved bit reads "0".

[bit3:0] WAVEINT
bit Value Description

There is no interrupt request of WFG timer 54 of the MFT unit
corresponding to the IRQxxxMON Register.

0

An interrupt request of WFG timer 54 of the MFT unit corresponding
to the IRQxxxMON Register has been made.

There is no interrupt request of WFG timer 32 of the MFT unit
corresponding to the IRQxxxMON Register.

An interrupt request of WFG timer 32 of the MFT unit corresponding
to the IRQxxxMON Register has been made.

There is no interrupt request of WFG timer 10 of the MFT unit
correspond