Wy

¥ CYPRESS

PERFORM

iy
\

32-Bit Microcontroller FM3 Family

Peripheral Manual

Doc. No. 002-05586 Rev. *A

Cypress Semiconductor
198 Champion Court
San Jose, CA 95134-1709

Phone (USA): 800.858.1810
Phone (Intnl): 408.943.2600
http://www.cypress.com



b

= #CvPRESS

Copyrights

Copyrights

Copyright © 2010-2015 Cypress Semiconductor Corporation. All rights reserved.

Spansion®, the Spansion logo, MirrorBit®, MirrorBit® Eclipse', ORNAND™, Easy DesignSim™, Traveo™ and
combinations thereof, are trademarks and registered trademarks of Cypress Semiconductor Corp. ARM and Cortex are the
registered trademarks of ARM Limited in the EU and other countries. All other trademarks or registered trademarks
referenced herein are the property of their respective owners.

Purchase of I°C components from Cypress or one of its sublicensed Associated Companies conveys a license under the
Philips I°C Patent Rights to use these components in an I’c system, provided that the system conforms to the I°C Standard
Specification as defined by Philips. As from October 1st, 2006 Philips Semiconductors has a new trade name - NXP
Semiconductors.

The information in this document is subject to change without notice and should not be construed as a commitment by
Cypress. While reasonable precautions have been taken, Cypress assumes no responsibility for any errors that may appear
in this document. No part of this document may be copied or reproduced in any form or by any means without the prior
written consent of Cypress.

Disclaimer

CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS MATERIAL,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. Cypress reserves the right to make changes without further notice to the materials described
herein.

Cypress does not assume any liability arising out of the application or use of any product or circuit described herein. Cypress
does not authorize its products for use as critical components in life-support systems where a malfunction or failure may
reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support systems
application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all
charges.

Flash Code Protection

Cypress products meet the specifications contained in their particular Cypress PSoC Data Sheets. Cypress believes that its
family of PSoC products is one of the most secure families of its kind on the market today, regardless of how they are used.
There may be methods, unknown to Cypress, that can breach the code protection features. Any of these methods, to our
knowledge, would be dishonest and possibly illegal. Neither Cypress nor any other semiconductor manufacturer can
guarantee the security of their code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”
Cypress is willing to work with the customer who is concerned about the integrity of their code. Code protection is constantly
evolving. We at Cypress are committed to continuously improving the code protection features of our products.
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Preface

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

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.

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

Trademark
ARM and Cortex are the registered 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.

Sample Programs and Development Environment

Cypress offers sample programs free of charge for using the peripheral functions of the FM3 family.
Cypress 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 Cypress microcontroller.

Microcontroller Support Information:
http://www.spansion.com/support/microcontrollers/

Note:

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.

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

Overall Organization of This Manual
Peripheral Manual has 15 chapters and Appendixes as shown below.

CHAPTER 1: System Overview

CHAPTER 2-1: Clock

CHAPTER 2-2: High-Speed CR Trimming
CHAPTER 2-3: Low-Speed CR Prescaler
CHAPTER 3: Clock supervisor

CHAPTER 4: Resets

CHAPTER 5-1: Low-voltage Detection Configuration
CHAPTER 5-2: Low-voltage Detection (A)
CHAPTER 5-3: Low-voltage Detection (B)
CHAPTER 5-4: Low-voltage Detection (C)
CHAPTER 6: Low Power Consumption Mode
CHAPTER 7-1: Configuration of interrupts
CHAPTER 7-2: Interrupts (A)

CHAPTER 7-3: Interrupts (B)

CHAPTER 7-4: Interrupts (C)

CHAPTER 8: External Interrupt and NMI Control Sections
CHAPTER 9: DMAC

CHAPTER 10: I/O Port
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CHAPTER 11: CRC (Cyclic Redundancy Check)
CHAPTER 12: External Bus Interface
CHAPTER 13: Debug Interface

CHAPTER 14: Flash Memory

CHAPTER 15: Unique ID Register

Appendixes
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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.

Peripheral Manual

FM3 Family Peripheral Manual (this manual)
Called "Peripheral Manual" hereafter

FM3 Family Peripheral Manual Timer Part (MN706-00022)
Called "Timer Part" hereafter

FM3 Family Peripheral Manual Analog Macro Part (MN706-00023)
Called "Analog Macro Part" hereafter

FM3 Family Peripheral Manual Communication Macro Part (MN706-00024)
Called "Communication Macro Part" hereafter

FM3 Family Peripheral Manual Ethernet Part (MN706-00015)
Called "Ethernet Part" hereafter

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

32-bit Microcontroller FM3 Family Data Sheet

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

CPU Programming Manual
For details about ARM Cortex-M3 core, see the following documents that can be obtained from
http://www.arm.com/.

Cortex-M3 Technical Reference Manual

ARMv7-M Architecture Application Level Reference Manual

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

FM3 Family Flash Programming Manual

Note:
The flash programming manual 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".

About the Chapters
Basically, this manual explains Timer Part..

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.
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 bitO

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

Hexadecimal number: "0x" 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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The target products in this manual

In this manual, the products are classified into the following groups and are described as follows.
For the descriptions such as "TYPEQ", see the relevant items of the target product in the list below.

Table 1 TYPEO Product list

Description in

Flash memory size

this manual 512 Kbytes 384 Kbytes 256 Kbytes 128 Kbytes
MB9BF506N MB9BF505N MB9BF504N
MB9BF506R MB9BF505R MB9BF504R
MB9BF506NA MB9BF505NA MB9BF504NA
MB9BF506RA MB9BF505RA MB9BF504RA .
MB9BF506NB MB9BF505NB MB9BF504NB
MB9BF506RB MB9BF505RB MB9BF504RB
MB9BF406N MB9BF405N MB9BF404N
MB9BF406R MB9BF405R MB9BF404R B
MB9BF406NA MB9BF405NA MB9BF404NA
MB9BF406RA MB9BF405RA MB9BF404RA
MB9BF306N MB9BF305N MB9BF304N
TYPEO MB9BF306R MB9BF305R MB9BF304R
MB9BF306NA MB9BF305NA MB9BF304NA
MB9BF306RA MB9BF305RA MB9BF304RA .
MB9BF306NB MB9BF305NB MB9BF304NB
MB9BF306RB MB9BF305RB MB9BF304RB
MB9BF106N MB9BF105N MB9BF104N MB9BF102N
MB9BF106R MB9BF105R MB9BF104R MB9BF102R
MB9BF106NA MB9BF105NA MB9BF104NA MB9BF102NA
MB9BF106RA MB9BF105RA MB9BF104RA MB9BF102RA
MB9AF105N MB9AF104N MBO9AF102N
MB9AF105R MB9AF104R MB9AF102R
) MB9AF105NA MB9AF104NA MB9AF102NA
MB9AF105RA MB9AF104RA MB9AF102RA
Table 2 TYPEL Product list
Description in this Flash memory size
manual 512 Kbytes 384 Kbytes 256 Kbytes 128 Kbytes 64 Kbytes
MB9AF314L MBOAF312L MB9AF311L
MB9AF316M MB9AF315M MB9AF314M MB9AF312M MB9AF311M
MB9AF316N MB9AF315N MB9AF314N MBOAF312N MBOAF311N
MBYAF316MA MBYAF315MA MBOAF314L MBOAF312LA MBYAF311LA
MBYAF316NA MBYAF315NA MBYAF314M MBOAF312MA MBOAF311MA
TYPEL MBOAF314N MBOAF312NA MBYAF311NA
MBOAF114L MBOAF112L MBOAF111L
MBYAF116M MB9AF115M MB9AF114M MB9AF112M MBYAF111M
MBOAF116N MBYAF115N MBOAF114N MBYAF112N MBOAF111N
MBOAF116MA MB9AF115MA MBOAF114LA MBOAF112LA MBOAF111LA
MBOAF116NA MBYAF115NA MBYAF114MA MBYAF112MA MBOAF111MA
MBO9AF114NA MB9AF112NA MB9AF111NA
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Table 3 TYPE2 Product list

Description in Flash memory size

this manual 1 Mbytes 768 Kbytes 512 Kbytes
MB9BFD18S MB9BFD17S MBOBFD16S

MBOBFD18T MBOBFD17T MBOBFD16T

MB9BF618S MB9BF617S MB9BF616S

MB9BF618T MB9BE617T MB9BF616T

MB9BF518S MB9BF517S MB9BF516S

MB9BF518T MB9BF517T MB9BF516T

MB9BF418S MB9BF417S MB9BF416S

TYPE2 MB9BF418T MB9BF417T MB9BF416T
MB9BF318S MB9BF317S MB9BF316S

MB9BF318T MB9BF317T MB9BF316T

MB9BF218S MB9BF217S MB9BF216S

MB9BF218T MB9BF217T MB9BF216T

MB9OBF118S MB9BF117S MB9BF116S

MB9BF118T MB9OBF117T MBOBF116T

Table 4 TYPE3 Product list

Description in Flash memory size
this manual 128 Kbytes 64 Kbytes
MB9AF132K MB9AF131K
MB9AF132L MB9AF131L
TYPE3 MB9AF132KA MB9AF131KA
MB9AF132LA MBY9AF131LA
MB9AF132KB MB9AF131KB
MB9AF132LB MB9AF131LB

Table 5 TYPE4 Product list

Description in Flash memory size
this manual 512 Kbytes 384 Kbytes 256 Kbytes 128 Kbytes
MB9BF516N MB9BF515N MB9BF514N MB9BF512N
MB9BF516R MB9BF515R MB9BF514R MB9BF512R
MB9BF416N MB9BF415N MB9BF414N MB9BF412N
MB9BF416R MB9BF415R MB9BF414R MB9BF412R
TYPE4
MB9BF316N MB9BF315N MB9BF314N MB9BF312N
MB9BF316R MB9BF315R MB9BF314R MB9BF312R
MB9BF116N MB9BF115N MB9BF114N MB9BF112N
MB9BF116R MB9BF115R MB9BF114R MB9BF112R

Table 6 TYPES Product list

Description in this Flash memory size
manual 128 Kbytes 64 Kbytes
MB9AF312K MB9AF311K
TYPES
MB9AF112K MB9AF111K

FMS3 Peripheral Manual, Doc. No. 002-05586 Rev. *A



Table 7 TYPEG6 product list

Description in

Flash memory size

this manual 256 Kbytes 128 Kbytes 64 Kbytes
MB9AFB44L MB9AFB42L MB9AFB41L
MB9AFB44M MB9AFB42M MB9AFB41M
MB9AFB44N MB9AFB42N MB9AFB41N
MB9AFB44LA MB9AFB42LA MB9AFB41LA
MB9AFB44MA MB9AFB42MA MB9AFB41MA
MB9AFB44NA MB9AFB42NA MB9AFB41NA
MB9AFB44LB MB9AFB42LB MB9AFB41LB
MB9AFB44MB MB9AFB42MB MB9AFB41MB
MB9AFB44NB MB9AFB42NB MB9AFB41NB
MB9AFA44L MB9AFA42L MB9AFA41L
MB9AFA44M MB9AFA42M MB9AFA41M
MB9AFA44N MB9AFA42N MB9AFA41IN
MBOAFA44LA MB9AFA42LA MB9AFA41LA
MBOAFA44MA MBOAFA42MA MBYAFA41MA
MB9AFA44NA MB9AFA42NA MB9AFA41NA
MB9AFA44LB MB9AFA42LB MB9AFA41LB
MB9AFA44MB MBYAFA42MB MB9AFA41MB
TYPES MBOAFA44NB MBOAFA42NB MBOAFA41NB
MB9AF344L MB9AF342L MB9AF341L
MBOAF344M MBOAF342M MB9AF341M
MB9AF344N MB9AF342N MB9AF341N
MB9AF344LA MB9AF342LA MB9AF341LA
MBOAF344MA MBYAF342MA MBYAF341MA
MB9AF344NA MB9AF342NA MB9AF341NA
MB9AF344LB MB9AF342LB MB9AF341LB
MBOAF344MB MB9AF342MB MBYAF341MB
MB9AF344NB MB9AF342NB MB9AF341NB
MB9AF144L MB9AF142L MB9AF141L
MBOAF144M MBOAF142M MB9AF141M
MB9AF144N MB9AF142N MB9AF141N
MB9AF144LA MB9AF142LA MB9AF141LA
MBYAF144MA MBY9AF142MA MBYAF141MA
MB9AF144NA MB9AF142NA MB9AF141NA
MB9AF144LB MB9AF142LB MB9AF141LB
MB9AF144MB MB9AF142MB MB9AF141MB
MB9AF144NB MB9AF142NB MB9AF141NB
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Table 8 TYPE7 product list

10

Description in Flash memory size
this manual 128 Kbytes 64 Kbytes
MB9AFA32L MB9AFA31L
MB9AFA32M MB9AFA31M
MB9AFA32N MB9AFA31N
MB9AF132M MB9AF131M
TYPE7 MBOAF132N MB9AF131N
MB9AFAA2L MB9AFAALL
MB9AFAA2M MB9AFAA1IM
MB9AFAA2N MB9AFAALN
MB9AF1A2M MB9AF1A1M
MB9AF1A2N MB9AF1A1N
Table 9 TYPES product list
Description in Flash memory size
this manual 512 Kbytes 384 Kbytes 256 Kbytes
MB9AF156M MB9AF155M MB9AF154M
MB9AF156N MB9AF155N MB9AF154N
MB9AF156R MB9AF155R MB9AF154R
MB9AF156MA MB9AF155MA MB9AF154MA
TYPES8 MB9AF156NA MB9AF155NA MB9AF154NA
MB9AF156RA MB9AF155RA MB9AF154RA
MB9AF156MB MB9AF155MB MB9AF154MB
MB9AF156NB MB9AF155NB MB9AF154NB
MB9AF156RB MB9AF155RB MB9AF154RB
Table 10 TYPE9 product list
Description in Flash memory size
this manual 256 Kbytes 128 Kbytes 64 Kbytes
MB9BF524K MB9BF522K MB9BF521K
MB9BF524L MB9BF522L MBO9BF521L
MB9BF524M MB9BF522M MB9BF521M
MB9BF324K MB9BF322K MB9BF321K
TYPE9 MB9BF324L MB9BF322L MB9BF321L
MB9BF324M MB9BF322M MB9BF321M
MB9BF124K MB9BF122K MB9BF121K
MB9BF124L MB9BF122L MB9BF121L
MB9BF124M MB9BF122M MB9BF121M
Table 11 TYPE10 product list
Description in Flash memory size
this manual 64 Kbytes
TYPE10 MB9BF121J
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Table 12 TYPE11 product list

Description in

Flash memory size

this manual 64 Kbytes
MB9AF421K

TYPE1L MB9AF421L
MB9AF121K

MB9AF121L

Table 13 TYPE12 product list

Description in

Flash memory size

this manual 1.5 Mbytes 1 Mbytes
MB9BF529S MB9BF528S
MB9BF529T MB9BF528T
MB9BF529SA MB9BF528SA
MB9BF529TA MB9BF528TA
MB9BF429S MB9BF428S
MB9BF429T MB9BF428T
MB9BF429SA MB9BF428SA
MB9BF429TA MB9BF428TA
TYPEL2 MB9BF329S MB9BF328S
MB9BF329T MB9BF328T
MB9BF329SA MB9BF328SA
MB9BF329TA MB9BF328TA
MB9BF129S MB9BF128S
MB9BF129T MB9BF128T
MB9BF129SA MB9BF128SA
MB9BF129TA MB9BF128TA
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CHAPTER 1: System Overview

CYPRESS

PERFORM

This chapter explains the system overview.

1. BusArchitecture
2. Cortex-M3 Architecture
3.  Mode

CODE: 9BFSYSTEM-E06.0
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1. Bus Architecture

This section explains the bus architecture.

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

® Master
Cortex-M3 CPU(I-code Bus, D-code Bus, System Bus)
DMAC
Ethernet

® Slave
On-chip Flash Memory (MainFlash, WorkFlash)
On-chip SRAM (SRAMO, SRAM1)
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 two separate SRAM (SRAMO and SRAM1). SRAMO is connected
to the I-Code bus and D-Code bus of the Cortex-M3 core. SRAML is connected to the System bus of the Cortex-M3
core. Also, SRAMO and SRAML1 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
APB1 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.

Supporting Read-Modify-Write (RMW) Accesses
Bit-band operation is generated RMW access.

When performing bit-band operation to the register containing the flag that is set to 1 by hardware, the flag
corresponding to the RMW access is not cleared to 0.

The corresponding flag reads 1 in read during the RMW access and ignore 1 write.

When the flag is set immediately after the read in the sequence from read to modify to write, the flag is not cleared
in the write.

For the corresponding flags and registers, it is described that "In RMW access, read value is 1".
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<Notes>

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

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

Therefore, in this case, the flag value can be read in read operation although a register supports RMW access, 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-M3 Technical Reference Manual".

® Priority Level
TYPEO products set the bus mastership as "DMAC>CPU".

According to DMAC access settings such as a case where DMAC is always accessed by a burst transfer, access to
CPU may be controlled. Please pay extra attention to DMAC transfer settings.

For products other than TYPEQ, a priority of the bus mastership is determined in round-robin scheduling.

® 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

SWJ-DP e |
< < 1< »  SRAMO
I-code bus I
g |-
|-
Cortex -M3™ < 2 |
P o| FLASH |, .| FLASH
Core
D-code bus ' v IIF 71 (Main)
i |-
System bus N D d
i I
- Lt
ETM = < ple P  SRAML
TPIU = 1
ROM table £ P .
3 ‘ 4 P a FLASH
o I al -
2 T P FLASHIIF |g—p (Work)
T
<
Ethernet bus P »
> AHEritggéHB P | Ethernet-
- »  MACO
Ll
—P| Ethernet-
APBO p MACL
DMAC bus
L .| AHBto |g
a0 [ € APB bridge | L -~ .| DMAC
Peripherals - 1—": »| USBch.0
-
q—il: $» USBch.l
. AHB
< > a| AHBtOAHB | W | Peripherals
- v bridge - v
< < P .| AHBtoAPB | APBL.
< » bridge . v APB1
Peripherals
< < P +| AHBtoAPB | APB2.
< » bridge « » APB2
Peripherals
< < P .| EXT-bus
<« > IIF
<Note>
There are some areas 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 1M-byte FLASH memory, maximum 512K-byte SRAMO area, and maximum 512K-byte SRAML1 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-M3 private peripheral area and bit-band area shown in Figure 1-2, see "Cortex-M3 Technical
Reference Manual".
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1.3. Memory Map

Figure 1-2 illustrates the memory map.

Figure 1-2 Memory Map

OXFFFF_FFFF

OxE010_0000

OxE000_0000

0x7000_0000

Reserved

Cortex-M3 Private
Peripherals

Reserved

0x6000_0000

External Device Area

0x4400_0000

Reserved

0x4200_0000

32Mbytes
Bit band alias

0x4000_0000

Peripherals Area

Reserved
0x2400_0000

32Mbytes
0x2200_0000 Bit band alias

0x200E_1000

Reserved

0x200E_0000

Flash I/F(Work)

0x200C_0000 Flash(Work)
Reserved
0x2001_8000
0x2000_0000 SRAM1
Ox1FFE_8000 SRAMO
Reserved
Flash(Work area)*
Resenved
Security/CR Trim*
Flash(Main)
0x0000_0000

\
\
i
\
\
1
[

Ox41FF_FFFF

0x4006_9000

0x4006_7000
0x4006_6000
0x4006_4000

0x4006_3000
0x4006_2000

Peripherals Area

Resenved

Ethernet-MAC1

Ethernet-Control-Reg.

Ethernet-MACO

CAN ch.1

CAN ch.0

0x4006_1000

Resened

0x4006_0000

DMAC

0x4005_0000

USB ch.1

0x4004_0000

USB ch.0

0x4003_F000

EXT-Bus I/F

0x4003_DO000

Reserved

0x4003_CO000

Low-speed CR Prescaler

0x4003_B0O00O

RTC

0x4003_A000

Watch Counter

0x4003_9000

CRC

0x4003_8000

MFS

0x4003_7000

CAN Prescaler

0x4003_6000

USB Clock

0x4003_5000

LVD/DS mode

0x4003_4000

RCEC

0x4003_3000

GPIO

0x4003_2000

LCDC

0x4003_1000

Int-Req.Read

0x4003_0000

EXTI

0x4002_F000

Reserved

0x4002_EO0O

CR Trim

0x4002_9000

Resened

0x4002_8000

D/AC

0x4002_7000

A/DC

0x4002_6000

QPRC

0x4002_5000

Base Timer

0x4002_4000

PPG

0x4002_3000

Resernved

0x4002_2000

MFT unit2

0x4002_1000

MFT unitl

0x4002_0000

MFT unitO

0x4001_6000

Resenved

0x4001_5000

Dual Timer

0x4001_3000

Resened

0x4001_2000

SW WDT

0x4001_1000

HW WDT

0x4001_0000

Clock/Reset

0x4000_1000

Resernved

0x4000_0000

Flash I/F(Main)

*: For addresses of Security/CR Trim areas and Flash (Work area), see the Data Sheet of the product used.

<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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Table 1-1 shows the peripheral address map.

Table 1-1 Peripheral Address Map

Start Address | End Address | Bus DMAC Peripheral Register Map CHAPTER
Transfer
FLASH IF Register (Main)/ FLASH_IF/Unique *1
0x4000_0000 | 0x4000_OFFF AHB | Disabled | Unique ID Register 1D Chapter15
0x4000_1000 | Ox4000_FFFF Reserved - -
Chapter 2-1
Clock / Chapter 3
0x4001_0000 | O0x4001_OFFF Clock and Reset Control Reset Chapter 4
Chapter 6
0x4001_1000 | Ox4001_1FFF Hardware Watchdog Timer HWWDT Chapter 1 in
0x4001_2000 | 0x4001_2FFF | APBO | Disabled | Software Watchdog Timer SWWDT Timer Part
0x4001 3000 | 0x4001_4FFF Reserved - -
0x4001 5000 | 0x4001 5FFF Dual Timer Dual_Timer Chapter 2 in
_ _ - Timer Part
0x4001_6000 | Ox4001_FFFF Reserved - -
0x4002_0000 | Ox4002_OFFF Multi-function Timer unit0 MFT
. . . . Chapter 6 in
0x4002_1000 | 0x4002_1FFF Multi-function Timer unitl MFT Timer Part
0x4002_2000 | Ox4002_2FFF Multi-function Timer unit2 MFT
0x4002_3000 | 0x4002_3FFF Reserved - -
Chapter 7-2 in
0x4002_4000 | 0x4002_4FFF PPG PPG Timer Part
Chapter 5-1
. Chapter 5-2
. Base Timer/
0x4002_5000 | 0x4002_5FFF | ApB1 | Enabled | Base Timer Base Timer Selector Chapter 5-3
Chapter 5-4
in Timer Part
Chapter 8-1
0x4002_6000 | 0x4002_6FFF QPRC QPRC Chapter 8-2 in
Timer Part
Chapter 1-2
0x4002_7000 | 0x4002_7FFF AJ/D Converter A/DC Chapter 1-3 in
Analog Macro Part
Chapter 2 in
0x4002_8000 | 0x4002_8FFF D/A Converter D/AC Analog Macro Part
0x4002_9000 | 0x4002_DFFF Reserved - -
APB1 | Enabled
0x4002_E000 | 0x4002_EFFF High speed CR trimming CR Trim Chapter 2-2
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DMAC

Start Address | End Address | Bus Peripheral Register Map CHAPTER
Transfer
0x4002_F000 | 0x4002_FFFF Reserved - -
0x4003_0000 | 0x4003_OFFF External Interrupt EXTI Chapter 8
Chapter 7-2
0x4003_1000 | 0x4003_1FFF rerupt Factor Check INT-Req READ Chapter 7-3
g Chapter 7-4
Chapter 3in
0x4003_2000 | Ox4003_2FFF LCDC LCDC Analog Macro
Part
0x4003_3000 | 0x4003_3FFF GPIO GPIO Chapter 10
Chapter 6-1 in
0x4003_4000 | 0x4003_4FFF oM 'tlgr'fC’ Remote Control RCEC Communication
P Macro Part
Chapter 5-2
0x4003_5000 | 0x4003_50FF Low Voltage Detection LVD Chapter 5-3
Chapter 5-4
0x4003_5100 | 0x4003_5FFF Deep standby control block DS_Mode Chapter 6
USB clock generation block Chapter 2-2
USB/Ethernet clock Chapter 2-3 in
0x4003_6000 | 0x4003_6FFF generation block USB Clock Communication
Macro Part
APB2 | Enabled CAN Chapter 5-1 in
0x4003_7000 | 0x4003_7FFF CAN Prescaler Prescaler Communication
Macro Part
Chapter 1-2
Chapter 1-3
Chapter 1-4
0x4003 8000 | 0x4003_8FFF Multi-function serial MFS Chapter 1-5
Chapter 1-6 in
Communication
Macro Part
0x4003_9000 | 0x4003_9FFF CRC CRC Chapter 11
Chapter 3-1
0x4003_A000 | 0x4003_ AFFF Watch counter Watch Counter Chapter 3-2 in
Timer Part
Chapter 4-2
0x4003_B000 | 0x4003_BFFF Real time clock RTC Chapter 4-3
Chapter 4-4 in
Timer Part
0x4003_CO00 | 0x4003_CFFF Low-speed CR Prescaler Low-speed CR Chapter 2-3
Prescaler
0x4003_DO000 | 0x4003_EFFF Reserved - -
0x4003_F000 | 0x4003_FFFF External Bus I/F EXT-Bus I/F Chapter 12
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DMAC

Start Address | End Address | Bus Peripheral Register Map CHAPTER
Transfer
0x4004_0000 | Ox4004_FFFF USB ch.0 USB Chapter 3-1
Chapter 3-2 in
0x4005_0000 | Ox4005_FFFF USB ch.1 USB Communication
Macro Part
0x4006_0000 | 0x4006_OFFF DMAC Register DMAC Chapter 9
0x4006_1000 | Ox4006_1FFF Reserved - -
0x4006_2000 | 0x4006_2FFF | AHB | Enabled | CANch.0 CAN Chapter 5-2 _in
Communication
0x4006_3000 | Ox4006_3FFF CAN ch.1 CAN Macro Part
0x4006_4000 | 0x4006_5FFF Ethernet MACO *2 *2
0x4006_6000 | 0x4006_6FFF Ethernet System Control *2 *2
0x4006_7000 | 0x4006_8FFF Ethernet MAC1 *2 *2

0x4006_9000

OX41FF_FFFF

Reserved

*1: For the details of "FLASH IF Register™, see "Flash Programming Manual™ of the product used.

*2: For the details of "Ethernet MACO", "Ethernet system control”, and "Ethernet MACL1", refer to "Ethernet Part".

Start Address | End Address | Bus DMAC Peripheral Register Map Details
Transfer
0x200E_0000 | Ox200E_1000 | AHB | Enabled | Flash IF register (Work) "FLASH IF" *3
*3: For the details of "FLASH IF register (Work)", refer to "Flash Programming Manual" of the product used.
FMS3 Peripheral Manual, Doc. No. 002-05586 Rev. *A 29




CHAPTER 1: System Overview

2. Cortex-M3 Architecture

This section explains the core architecture used in this family.

Cortex-M3 core block architecture* used in this family is as follows:

Cortex-M3 Core
NVIC
MPU

DWT

I™

FPB

ETM
SWJ-DP
TPIU

ROM Table

*: The architecture varies depending on the products. For details, see 2.1 Option Configuration.

B Cortex-M3 Core
High-performance 32-bit processor core (ARM Cortex-M3 core) is equipped with this family.
This peripheral manual does not describe the details of Cortex-M3 core.
For the details, see "Cortex-M3 Technical Reference Manual.

Cortex-M3 Core Version
For the version of Cortex-M3 core, See "Data Sheet" of the product used.

B NVIC (Nested Vectored Interrupt Controller)
For this family, one NMI (non-maskable interrupt) and maximum 48 peripheral interrupts (IRQO to IRQ47)*" can be
used.
Also, interrupt priority register (from 0OXEOOOE400) 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 "1/O Port".

*1: "Cortex-M3 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: 0OXEOOOEO01C) 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 in the
clock control block. Therefore, it is required to calculate an appropriate interrupt timing according to
HCLK frequency.

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 [TM (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) 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-M3 optional component MPU, and maximum eight areas can be defined.

B ETM(Embedded Trace Macrocell)
This family is equipped with a Cortex-M3 optional component ETM to support instruction trace.

m 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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2.1. Option configuration

Table 2-1 and Table 2-2 shows the option configuration of this family for Cortex-M3 core.
For detail of feature, see Cortex-M3 Technical Reference Manual.

Table 2-1 Option configuration (1/2)

TYPEO TYPEL
TYPES6
Feature TYPE2
TYPE4 TYPES
TYPE12
Memory Protection Unit (MPU) Present Not present
Flash Patch and Breakpoint Unit (FPB) Present Present
Data Watchpoint and Trace Unit (DWT) Present Present
Instrumentation Trace Macrocell Unit Present Present
IT™)
Embedded Trace Macrocell (ETM) Present Present™
Advanced High-performance Bus Access Present Present
Port (AHB-AP)
AHB Trace Macrocell (HTM) interface and Not present Not present
Embedded Trace Buffer (ETB) P P
Trace Port Interface Unit (TPIU) Present Present
Wake-up Interrupt Controller (WIC) Not present Not present
Debug Port AHB-AP interface SWJ-DP SWJ-DP
Bit-banding Present Present
ROM Table Present Present
Interrupts 48 48
Interrupt priority levels 16 16
Data endianness Little-endian Little-endian
Number of watchpoint comparators 4 4
. Instruction: 6 Instruction: 6

Number of breakpoint comparators Literal: 2 Literal: 2
Reset all registers Present Present

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

32 FM3 Peripheral Manual, Doc. No. 002-05586 Rev. *A



Table 2-2 Option configuration (2/2)

CHAPTER 1: System Overview

Feature

TYPES
TYPE9
TYPE11

TYPE10

TYPE3
TYPE7Y

Memory Protection Unit (MPU)

Not present

Not present

Not present

(ITM)

Flash Patch and Breakpoint Unit (FPB) Present Present Present
Data Watchpoint and Trace Unit (DWT) Present Present Present
Instrumentation Trace Macrocell Unit

Present Present Present

Embedded Trace Macrocell (ETM)

Not present

Not present

Not present

Advanced High-performance Bus Access
Port (AHB-AP)

Present

Present

Present

AHB Trace Macrocell (HTM) interface and
Embedded Trace Buffer (ETB)

Not present

Not present

Not present

Trace Port Interface Unit (TPIU)

Not present

Not present

Not present

Wake-up Interrupt Controller (WIC)

Not present

Not present

Not present

Debug Port AHB-AP interface SWJ-DP SW-DP SWJ-DP
Bit-banding Present Present Present
ROM Table Present Present Present
Interrupts 48 48 32
Interrupt priority levels 16 16 8
Data endianness Little-endian Little-endian Little-endian
Number of watchpoint comparators 4 4 4

Number of breakpoint comparators

Instruction: 6
Literal: 2

Instruction: 6
Literal: 2

Instruction: 6
Literal: 2

Reset all registers

Present

Present

Present
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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) Startup : CPU obtains a reset vector from Flash memory and starts operations.

Serial Writer Mode
Flash serial write 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 MDO) inputs.

TYPEO products

MD Pins _
Operating Mode
MD1 MDO
0 0 User Mode Internal ROM(Flash) Startup
0 1 Serial Writer Mode
1 0 Setting is prohibited.
1 1 Setting is prohibited.
Products other than TYPEO
MD Pins _
Operating Mode
MD1 MDO
- 0 User Mode Internal ROM(Flash) Startup
0 1 Serial Writer Mode
1 1 Setting is prohibited.
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W 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, MDO). 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

For the products other than TYPEO, MD1 pin is used also as GPI1O. This pin can be continually used as GP10O after
setting a mode.
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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

ounhkhwhpE

CODE: 9BFCLOCK-E06.0
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1.

Clock Generation Unit Overview

This section provides an overview of the clock generation unit.

38

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)
- APBL1 bus clock (PCLK1)
- APB2 bus clock (PCLK2)
- TRACE clock (TPIUCLK)

In addition to source clocks, the master clock, and internal bus clocks, the following clocks are provided:
USB clock (TYPEO, TYPEL, TYPE4, TYPES, TYPE6, TYPE9 products)
USB/Ethernet clock (TYPE2 products)
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 clock
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.

<Note>

- CLKLC of TYPE12 products is the clock derived by dividing the built-in low-speed CR output clock by low speed
CR prescaler.
For detail, see chapter Low-speed CR Prescaler.

® Main PLL clock (CLKPLL)

CLKPLL is generated by multiplying the main oscillation clock or high-speed CR clock 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.
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".

<Note>

- 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)
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H 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, 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, deep standby RTC mode, and deep
standby stop mode.

® APB1 bus clock (PCLK1)

PCLK1 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, 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, 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.

For TYPEO and TYPEL1 products, the clock frequency can be set to between 1/1 and 1/2 frequency of the base clock.
Frequency divisions of the base clock from 1/1 to 1/8 can be set for the products other than TYPEO and TYPE 1.

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 output is enabled only for the products equipped with ETM.

B Clocks other than source clocks and internal bus clocks

® USB clock

40

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, 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".
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® USB/Ethernet clock

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

Also, it generates a clock for Ether-PHY.

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, 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, deep standby RTC mode, and deep standby stop
mode.

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, 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
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*1: The frequency division of TYPEO and TYPEL products is 1 or 2.

*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.

*5: Low-speed CR prescaler is equipped to TYPE12 products.
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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.

® | ow-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.
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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".

u Settlng the bus clock frequency division

44

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 "Appendixes B. List of Notes".
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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, Table 3-2, Table 3-3, Table 3-4,
Table 3-5, and Table 3-6 provide example of frequency division settings.

Table 3-1 Example of PLL multiplication ratio settings for TYPEOQ products

Input clock K PLLin N PLLout M CLKPLL
4 MHz 1 4 MHz 20 80 MHz 1 80 MHz
4 MHz 1 4 MHz 15 60 MHz 1 60 MHz
4 MHz 1 4 MHz 15 120 MHz 2 60 MHz
5 MHz 1 5 MHz 16 80 MHz 1 80 MHz
5 MHz 1 5 MHz 12 60 MHz 1 60 MHz
5 MHz 1 5 MHz 12 120 MHz 2 60 MHz
6 MHz 1 6 MHz 10 60 MHz 1 60 MHz
6 MHz 1 6 MHz 10 120 MHz 2 60 MHz
8 MHz 1 8 MHz 10 80 MHz 1 80 MHz
10 MHz 1 10 MHz 8 80 MHz 1 80 MHz
10 MHz 1 10 MHz 6 60 MHz 1 60 MHz
10 MHz 1 10 MHz 6 120 MHz 2 60 MHz
12 MHz 1 12 MHz 5 60 MHz 1 60 MHz
12 MHz 1 12 MHz 5 120 MHz 2 60 MHz
15 MHz 1 15 MHz 4 60 MHz 1 60 MHz
16 MHz 1 16 MHz 5 80 MHz 1 80 MHz
20 MHz 1 20 MHz 4 80 MHz 1 80 MHz
30 MHz 1 30 MHz 2 120 MHz 2 60 MHz
40 MHz 2 20 MHz 4 80 MHz 1 80 MHz
48 MHz 3 16 MHz 5 80 MHz 1 80 MHz
48 MHz 4 12 MHz 5 60 MHz 1 60 MHz

<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 0" 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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Table 3-2 Example of PLL multiplication ratio settings for TYPE1/TYPES products

Input clock K PLLin N PLLout M CLKPLL
4 MHz 1 4 MHz 10 | 200 MHz 5 40 MHz
5 MHz 1 5 MHz 8 200 MHz 5 40 MHz
8 MHz 1 8 MHz 5 240 MHz 6 40 MHz
8 MHz 2 4 MHz 10 | 200 MHz 5 40 MHz
10 MHz 1 10 MHz 4 200 MHz 5 40 MHz
10 MHz 1 10 MHz 4 240 MHz 6 40 MHz
10 MHz 1 10 MHz 4 280 MHz 7 40 MHz
10 MHz 2 5 MHz 8 200 MHz 5 40 MHz
12 MHz 3 4 MHz 10 | 200 MHz 5 40 MHz
16 MHz 2 8 MHz 5 240 MHz 6 40 MHz
16 MHz 4 4 MHz 10 | 200 MHz 5 40 MHz
20 MHz 2 10 MHz 4 200 MHz 5 40 MHz
20 MHz 4 5 MHz 8 200 MHz 5 40 MHz

Table 3-3 Example

of PLL multiplication ratio settings for TYPE2/TYPE4 products

Input clock K PLLin N PLLout M CLKPLL
4 MHz 4 MHz 36 288 MHz 2 144 MHz
8 MHz 2 4 MHz 36 288 MHz 2 144 MHz
8 MHz 1 8 MHz 18 288 MHz 2 144 MHz
12 MHz 3 4 MHz 36 288 MHz 2 144 MHz
12 MHz 2 6 MHz 24 288 MHz 2 144 MHz
12 MHz 1 12 MHz 12 288 MHz 2 144 MHz
16 MHz 1 16 MHz 9 288 MHz 2 144 MHz
16 MHz 2 8 MHz 18 288 MHz 2 144 MHz
16 MHz 4 4 MHz 36 288 MHz 2 144 MHz

CHAPTER 2-1: Clock

<Notes>

For PLL characteristics, see "Data Sheet" of the product used.
- Set the PLLin within the value "PLL input clock frequency: fp " shown in "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 "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 0" of "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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Table 3-4 Example of PLL multiplication ratio settings for TYPE3/TYPE7Y products

Input clock K PLLin N PLLout M CLKPLL
4 MHz 1 4 MHz 12 MHz 1 12 MHz
4 MHz 1 4 MHz 4 16 MHz 1 16 MHz
4 MHz 1 4 MHz 5 20 MHz 1 20 MHz
5 MHz 1 5 MHz 2 10 MHz 1 10 MHz
5 MHz 1 5 MHz 4 20 MHz 1 20 MHz
6 MHz 1 6 MHz 2 12 MHz 1 12 MHz
6 MHz 1 6 MHz 3 18 MHz 1 18 MHz
8 MHz 1 8 MHz 2 16 MHz 1 16 MHz
10 MHz 1 10 MHz 2 20 MHz 1 20 MHz
10 MHz 2 5 MHz 4 20 MHz 1 20 MHz
10 MHz 1 10 MHz 1 10 MHz 1 10 MHz
12 MHz 2 6 MHz 3 18 MHz 1 18 MHz

Table 3-5 Example of PLL multiplication

ratio settings for TYPE6/TYPES8/TYPE11 products

Input clock K PLLin N PLLout M CLKPLL
4 MHz 1 4 MHz 10 | 80 MHz 2 40 MHz
8 MHz 1 8 MHz 5 120 MHz 3 40 MHz
8 MHz 2 4 MHz 10 | 80 MHz 2 40 MHz
10 MHz 1 10 MHz 8 80 MHz 1 40 MHz
10 MHz 2 5 MHz 4 120 MHz 3 40 MHz
12 MHz 3 4 MHz 10 | 80 MHz 2 40 MHz
16 MHz 2 8 MHz 5 120 MHz 3 40 MHz
16 MHz 4 4 MHz 10 | 80 MHz 2 40 MHz
20 MHz 2 10 MHz 4 120 MHz 3 40 MHz
20 MHz 4 5 MHz 8 80 MHz 2 40 MHz

<Notes>

For PLL characteristics, see "Data Sheet" of the product used.

- Set the PLLin within the value "PLL input clock frequency: fp_ " shown in "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 "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 0" of "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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Table 3-6 Example of PLL multiplication ratio settings for TYPEQ/TYPE10 products

Input clock K PLLin N PLLout M CLKPLL
4 MHz 1 4 MHz 18 144 MHz 2 72 MHz
8 MHz 1 8 MHz 9 144 MHz 2 72 MHz
8 MHz 2 4 MHz 18 144 MHz 2 72 MHz
12 MHz 3 4 MHz 18 144 MHz 2 72 MHz
16 MHz 2 8 MHz 9 144 MHz 2 72 MHz
16 MHz 4 4 MHz 18 144 MHz 2 72 MHz
24 MHz 3 8 MHz 9 144 MHz 2 72 MHz

Table 3 7 Example of PLL multiplication ratio settings for TYPE12 products

Input clock K PLLin N PLLout M CLKPLL
4MHz 1 4MHz 15 120MHz 2 60MHz
8MHz 2 4MHz 15 120MHz 2 60MHz
12MHz 1 12MHz 5 120MHz 2 60MHz
12MHz 2 6MHz 10 120MHz 2 60MHz
12MHz 3 4MHz 15 120MHz 2 60MHz
16MHz 4 4MHz 15 120MHz 2 60MHz
24MHz 2 12MHz 5 120MHz 2 60MHz
24MHz 4 6MHz 10 120MHz 2 60MHz
24MHz 6 4MHz 15 120MHz 2 60MHz
<Notes>

For PLL characteristics, see "Data Sheet" of the product used.

- Set the PLLin within the value "PLL input clock frequency: fp " shown in "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 "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. o™ of "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)

* Use high-speed CR clock

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

oscillation stabilty
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
APBC2_PSR : APB2 Prescaler

Yes

Use the PLL clock?

* Only low-speed CR run
mode is selectable.

Access the Clock Stabilization Wait Time Register

TTC_PSR : Trace Clock Prescaler (CSW_TMR). Set the sub clock oscillation stabilization
wait time.
Set bus clock frequency division. Access the Interrupt Enable Register (INT_ENR).
‘ Set the oscillation stabilization wait interrupt.
Access the Interrupt Clear Register (INT_CLR). ‘

Clear the oscillation satbilization wait interrupt factor.

Enable the bus clock oscillation in the System Clock
Mode Control Register (SCM_CTL:SOSCE=1).
l Start waiting for
oscillation stability.
Check sub clock oscillation stable bit of the System
Clock Mode Status Register (SCM_STR:SORDY=1).

Use the main clock?

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

Complete waiting for
oscillation stability.

. Access the PLL Clock Stabilization Wait Time
Access the Interrupt Enable Register (INT_ENR). Register (PSW_TMR). Set the PLL oscillation
Set the oscillation stabilization wait interrupt. stabilization wait time and PLL input clock.

+ _/ \ Access the Interrupt Enable Register (INT_ENR).
- — Set the oscillation satbilization wait interrupt. <JL
Enable the main clock oscillation in the System Clock Access the PLL control registerl, 2 (PLL_CTL1,
Mode Control Register (SCM_CTL:MOSCE=1). PLL_CTL2). Set the PLL multiplication ratio.
Start waiting for ‘
v oscillation stability.
- P - Enable the PLL oscillation in the System Clock
Check main clock oscillation stable bit of the System Mr;?iei:o:trol sticslt:r I(OSnCmM (fTL)'IIf’fITE—l?C
Clock Mode Status Register (SCM_STR:MORDY=1). 9 - —

— Start waiting for .
Complete waiting for oscillation stability.
oscillation stability.

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

Use the PLL clock?

Complete waiting for
v oscillation stability.

: A 4

Set the master clock switch control bit of 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 clock setup procedure (Low-speed CR run mode -> Desired clock run mode)

[ Low-speed CR run mode ]

Enable the sub clock oscillation in the System Clock
Mode Control Register (SCM_CTL:SOSCE=1).

Start waiting for
oscillation stability.

Select the sub run mode?

Check sub clock oscillation stable bit of the System
Clock Mode Status Register (SCM_CTL:SORDY=1).

Complete waiting for
oscillation stability.

| Main clock mode or PLL run mode |

!

Enable the main clock oscillation in the System Clock Set the master clock clock switch control bit of the
Mode Control Register (SCM_CTL:MOSCE=1). System Clock Mode Control Register (SCM_CTL:RCS)
i to a desired clock mode.

Select the main clock mode?

lNO

Enable the PLL oscillation in the System Clock
Mode Control Regsister (SCM_CTL:PLLE=1).

l 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 (SCM_STR:MORDY=1).
i 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. v v

v

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

<Notes>

Figure 4-2 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(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.

54
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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 5.3
APBCO_PSR APBO Prescaler Register 54
APBC1_PSR APBL1 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 1 511
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 RIW RIW RIW - RIW -
Initial value 000 0 0 - 0 -

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

bit7 | bité | bit5 Description
0 0 0 High-speed CR clock [Initial value]
0 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

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

[bit3] SOSCE: Sub clock oscillation enable bit

Value 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.
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[bit1] MOSCE: Main clock oscillation enable bit

Value Description
0 Disables main clock oscillation [Initial value]
1 Enables main clock oscillation

[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".
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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 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] PLRDY: PLL oscillation stable bit
Value 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

Value 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
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Value 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) 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".
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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 | bitl | bitO Description
0 0 0 1/1 [Initial value]
0 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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The APBCO_PSR sets the APBO bus clock frequency division.

B Register configuration

bit 7 6 5 4 3 2
Field | Reserved APBCO
Attribute - R/IW
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

bitl | bit0 Description
0 0 1/1 [Initial value]
0 1 1/2
1 0 1/4
1 1 1/8

<Note>
This register is not initialized by software reset.
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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 0
Field | APBCIEN | Reserved |APBC1RST| Reserved APBC1 |
Attribute RIW - RIW - RIW
Initial value 1 - 0 - 00

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

Value Description
0 Disables PCLK1 output
1 Enables PCLKZ1 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

Value Description
0 APBL1 bus reset, inactive [Initial value]
1 APBL1 bus reset, active

[bit3:2] Reserved: Reserved bits

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

[bit1:0] APBC1: APBL1 bus clock frequency division setting bits

bitl bit0 Description
0 0 1/1 [Initial value]
0 1/2
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 RIW - RIW - RIW
Initial value 1 - 0 - 00

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

Value Description
0 Disables PCLK2 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

Value Description
0 APB2 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

bitl | bitO Description
0 0 1/1 [Initial value]
0 1 1/2
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/IW - R/W
Initial value X - 00

B Register functions
[bit7] TESTB: TEST bit

Value 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

bitl | bitO 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

bitl bit0 Description
0 0 1/1 [Initial value]
1 1/2
1 0 1/4
1 1 1/8

<Note>

This register is not initialized by software reset.
Only 1 division or 2 divisions can be set for TYPEO and TYPE1 products.
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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 | Reserved | SOWT | MOWT |
Attribute - R/W R/W
Initial value - 000 0000

B Register functions
[bit7] Reserved: Reserved bit
"0b0" is read from this bit.
Set this bit to "0b0" when writing.

[bit6:4] SOWT: Sub clock stabilization wait time setup bits

bit6 | bit5 | bit4 Description

0 0 0 |[2"%Fer : Approx.10.3ms* [lnitial value]
0 0 1 | 2" Fer. : Approx.20.5ms*

0 1 0 | 2% Fcr. : Approx.41ms*

0 1 1 | 2% Fer : Approx.82ms*

1 0 0 | 2% Fcre : Approx.164 ms*

1 0 1 | 2% Fcre : Approx.327 ms*

1 1 0 | 2% Fcr. : Approx.655ms*

1 1 1 | 2Y/Fcr. : Approx.1.31s*
*: When Fcr =100 kHz

[bit3:0] MOWT: Main clock stabilization wait time setup bits

bit3 bit2 bitl bit0 Description
0 0 0 0 | 2'/Fcra : Approx. 500 ns * [Initial value]
0 0 0 1 |2°/Fcry : Approx. 8 ps*
0 0 1 0 |2°/Fcry : Approx. 16 ps*
0 0 1 1 |2'/Fcry : Approx.32ps*
0 1 0 0 |2°/Fcry : Approx. 64 ps*
0 1 0 1 |2°/Fcry : Approx. 128 ps*
0 1 1 0 |2 Fcry : Approx. 256 us *
0 1 1 1 | 2" Fery : Approx.512 ps*
1 0 0 0 | 2% Fcry : Approx.1.0ms*
1 0 0 1 | 2%/ Fern : Approx.2.0ms*
1 0 1 0 | 2% Fcry : Approx.4.0ms*
1 0 1 1 | 2"/ Fegn : Approx.8.0ms*
1 1 0 0 | 2Y/Fcry : Approx.33.0ms*
1 1 0 1 | 2"/ Feru : Approx. 131 ms*
1 1 1 0 |2 Fcry : Approx.524 ms*
1 1 1 1 | 2%/ Fern : 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 0
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

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

[bit3] Reserved: Reserved bit

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

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

bit2 | bitl | bit0 Description

0 0 0 |2%Fcrs : Approx. 128 ps * [Initial value]
0 0 1 | 2" Fcry : Approx. 256 ps *
0 1 0 |2%Fcry : Approx.512 ps*
0 1 1 | 2% Fery : Approx.1.02ms*
1 0 0 | 2% Fery : Approx.2.05ms*
1 0 1 | 2"/ Fcry : Approx. 410 ms *
1 1 0 |2 Fery : Approx.8.20 ms*
1 1 1 | 2% Fery : Approx. 16.40 ms*

*: When Fcgry=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)

PPPPPPP

The PLL_CTL1 sets the PLL frequency division ratio.

B Register configuration

bit 7 6 5 4 3 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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The PLL_CTL2 sets the PLL frequency division ratio.

B TYPEO products

® Register configuration

bit 7 6 5 4 3 2 0
Field | Reserved | PLLN |
Attribute - R/W
Initial value - 00000

® Register functions

[bit7:5] Reserved: Reserved bits

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

[bit4:0] PLLN: PLL feedback frequency division ratio setting bits

bit4:0 Description

00000
00001

11111

The frequency division is (PLLN value +1). (Frequency division : 1 to 32)
Example: PLLN value (00000) +1 => 1/1 division [Initial value]

<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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B Products other than TYPEO

® 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 50)
Example: PLLN value (000000) +1 => 1/1 division [Initial value]

110001

110010

Setting is prohibited

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

B Register configuration

bit 7 6 5 4 3 2
Field  |DPHWBE | Reserved | DPSWBE Reserved

Attribute RIW - RIW -

Initial value 0 0 0 -

B Register functions

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

Value 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

Value 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 | FCSE | Reserved PCSE | SCSE | MCsE
Attribute - R/W - R/W R/W R/IW

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

Value 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

Value Description
0 Disables PLL oscillation stabilization wait completion interrupts
1 Enables PLL oscillation stabilization wait completion interrupts

[bitl] SCSE: Sub clock oscillation stabilization wait completion interrupt enable bit

Value 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

Value 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 Fcsl | Reserved Pcsl | scsi | Mcsl
: 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

Value 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

Value Description
0 No PLL oscillation stabilization wait completion interrupt has been asserted.
1 APLL oscillation stabilization wait completion interrupt has been asserted.

[bitl] SCSI: Sub clock o

scillation stabilization wait completion interrupt status bit

Value 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

Value Description
0 No main clock oscillation stabilization wait completion interrupt has been
asserted.
1 A main clock oscillation stabilization wait completion interrupt has been asserted.
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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

Process Description
var/]reirt]té)nls The FCS interrupt factor is not affected by the written value.
When 1 is .

written Clears the FCS interrupt factor.

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

Process Description

When 0 is The PLL oscillation stabilization wait completion interrupt factor is not affected
written by the written value.

When 1 is

written Clears the PLL oscillation stabilization wait completion interrupt factor.

When read The fixed value "0" is read.

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

Process Description

When 0 is The sub clock oscillation stabilization wait completion interrupt factor is not
written affected by the written value.

var/]rﬁ?telnls 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

Process Description

When 0 is The main clock oscillation stabilization wait completion interrupt factor is not
written affected by the written value.

When 1 is

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 cloc: 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:

1. 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:RCS[2:0].

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

gk

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:
Even if SCM_CTL:MOSCE (or PLLE) set to 1, oscillation of main clock does not start. To start the main
clock (or high-speed CR or PLL) oscillation stabilization wait time, SCM_CTL:RCS [2:0] must be switched
after setting SCM_CTL:MOSCE (or PLLE) to 1. 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 RCS[2:0]
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.
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".
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CHAPTER 2-2: 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

ounhkhwhpE

CODE: 9BFCRTRIM-E04.0
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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 offset adjustment of frequency and the frequency fluctuation due to temperature can be reduced by
configuring the trimming function.

The high-speed CR trimming function consists of the frequency trimming unit and temperature trimming unit.
The frequency trimming setup has the following functions:

The frequency offset of the high-speed CR trimming can be adjusted by writing a trimming value to the
High-speed CR oscillation Frequency Trimming Register (MCR_FTRM).

It can be calculated the value set to the High-speed CR oscillation Frequency Trimming Register from the count
value within a certain period by using input capture or base timer.Depending on the product TYPE to be used, you
can use either one of input capture or base timer. For details, refer to Table 1-1.

Table 1-1 Register list

Usable Timer
Products TYPE Multi-function timer .
Base timer ch.0
(Input capture ch.3)
TYPEO to TYPE5, TYPE7Y Available Not Available
TYPESG6, TYPES Not Available Available
TYPES to TYPE12 Available Available

The temperature trimming setup has the following functions:

The frequency adjustment of the high-speed CR can be implemented by writing the trimming value to High-speed
CR oscilation Temperature Trimming Register(MCR_TTRM.
For the product TYPEs supporting frequency adjustment for temperature, see Table 1-2.

Table 1-2 Temperature Function Supporting Products

ProductTYPE Frequency Adjustment for Temperature
TYPEO to TYPE7 Not Available
TYPES8 to TYPE12 Available

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 trimming
function.

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

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

APB-Bus
A

Multi-function Timer
Input Capture ch.3

High-speed CR
CLKHC trimming CLKHC_div

Control circuit /

High-speed CR-
OSC macro <

TRD/TRT

Register block
Base timer ch.0

m Configuration

® High-speed CR OSC macro
A macro of the high-speed CR clock outputs CLKHC (high-speed CR clock).
In addition, the 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 Multi-function timer (input capture ch.3) /
base timer ch.0.

® Multi-function timer input capture/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 trimming function of the high-speed CR oscillator.

B Operation of high-speed CR oscillation 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 fluctuation.

® Register lock function
Write protect function is provided for the High-speed CR oscillation Frequency Trimming Register (MCR_FTRM)
and High-speed CR oscillation Temperature Trimming Register (MCR_TTRM).
This function 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.

The value of CR trimming area of flash memory is stored in the CR trimming data mirror register (CRTRMM)
after reset release. For the data value written to the frequency trimming setting register (MCR_FTRM), use the
TRMM bit of CR trimming data mirror register (CRTRMM).

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 input capture or 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 the data value written to High-speed CR oscillation Temperature Trimming Register (MCR_TTRM), get by the
following method.

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

The value of CR trimming area of flash memory is stored in the CR trimming data mirror register (CRTRMM)
after reset release. For the data value written to the temperture trimming setting register (MCR_TTRM), use the
TTRMM bit of CR trimming data mirror register (CRTRMM).

<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 and the CR trimming data mirror register (CRTRMM), see "Flsh
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 trimming function of the high-speed CR oscillator.

B Trimming setup
For products not supporting temperature adjustment function, take the steps shown in Figure 4-1 to set up frequency
trimming. For products supporting temperature adjustment function, take the steps in Figure 4-2.
For products supporting temperature adjustment, see Table 1-2.

B Trimming setup for priducts not supporting temperature adjustment

1. Write "Ox1ACCES554" to the TRMLCK[31:0] bits to unlock the MCR_FTRM Register.
2. Set the TRD bits of MCR_FTRM Register.
3. Write a value other than "0x1ACCES554" to the TRMLCK[31:0] bits to lock the MCR_FTRM Register.

Figure 4-1 Frequency trimming data setup

( Start )

\4
Unlock the register
MCR_RLR:TRMLCK][31:0] = 0x1ACC_E554

A\ 4
Frequency Trimming setRegister settings
MCR_FTRM:TRD

A\ 4
Lock the register
MCR_RLR:TRMLCK[31:0] = 0x000_0000

* Write a value other than 0x1IACC_E554

\ 4
End
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B Trimming setup for priducts supporting temperature adjustment

1. Write "Ox1ACCE554" to the TRMLCK]31:0] bits of High-spped CR Oscillation Register Write Protection

Register (MCR_RLR) to unlock Frequency Trimming Setting Regsiter (MCR_FTRM)/ Temperature Trimming

Setting Register( MCR_TTRM).

Set the trimming data to the TRT bits of Temperature Trimming Setting Register( MCR_TTRM).

Set the TRD bits of Frequency Trimming Setting Regsiter (MCR_FTRM)

4. Write a value other than "0x1ACCE554" to the TRMLCK]31:0] bits of High-spped CR Oscillation Register
Write Protection Register (MCR_RLR) to lock the Frequency Trimming Setting Regsiter (MCR_FTRM) and
Temperature Trimming Setting Register( MCR_TTRM).

wmn

Figure 4-2 Frequency and Temperature Trimming Data Setup

( Start )

\4
Unlock the register
MCR_RLR:TRMLCK[31:0] = 0x1ACC_E554

VL

Temperature Trimming Register settings
MCR_TTRM:TRT

A
Register settings
MCR_FTRM:TRD

v
Lock the register
MCR_RLR:TRMLCK[31:0] = 0x000_0000 | *Write a value other than OxXIACC_ES54

A\ 4
End
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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 TRMM bit of CR trimming data mirror register (CRTRMM) and get the data.
Write the acquired value to TRD bit of the High-speed CR oscillation Frequency Trimming 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.

® When input capture is used
1. LetYtgt, a target oscillation frequency be 4[MHz]. Let Xtrm be the TRD value at the time.
2. Let Xtrmmin be the "initial value of the TRD bit - 20%" value. Let Ymin[Hz] be the frequency at this time.
3. Let Xtrmmax be the "initial value of the TRD bits + 20%" value. Let Ymax[Hz] be the frequency at this time.
4. The following expressions give TRD set value Xtrm, amounting to target oscillation frequency Ytgt.

Ymax—Ymin

(Tl K= Xtrmmax — Xtrmmin
(TRD set value)Xtrm = Ytgt—KYmm + Xtrmmin

Example: TYPEL, TYPE2, TYPE4, TYPES products
When Ytgt = 4 MHz, Ymax=4.8 MHz, Ymin=3.2 MHz, Xtrmmax=150 and Xtrmmin=100, the value Xtrm
becomes as follows:

4.8M—3.2M

K= T 150-100 = 32000
4.0M—3.2M
= - 4+ =
Xtrm 32000 100 =125
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Figure 4-3 Method to trim high-speed CR oscillation

F [Hzl
A

Ymax r---- - - - - - - - - - -———— - -

40| SRR ———

Ymin L - - —_

»TRD

Xtrmmin Xtrm Xtrmmax

<Note>

For information about how to measure Ymin and Ymax, see "BMExample of frequency trimming data acquisition using
input capture™.
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® \When base timer is used
1. Let Ftgt, a target oscillation frequency be 4 MHz and let Ttgt, the frequency be 250[ns](Ftgt=4[MHZz]). Let the
TRDI[9:5] bits value of high-speed CR oscillation frequency trimming register be Xtrm_coarse, let the
TRD[4:0] bits value be Xtrm_fine and let the TRD[9:0] bits value be Xtrm at the time.
Set 0b0000O to the TRD[4:0] bits.
3. Let the value when 0b00000 is set to the TRD[9:5] bits be Xtrmmin_coarse. Let the frequency be Tmax_coarse
[sec] at the time.
4. Let the value when 0b11111 is set to the TRD[9:5] bits be Xtrmmax_coarse. Let the frequency be Tmin_coarse
[sec] at the time.
5. The following expressions give TRD[9:5] sets value Xtrm_coarse, amounting to target oscillation frequency
Ttgt or higher.

o

T max_ coarse—T min_ corse

31
T min_coarse—T max_ coarse

31

Ttgt — —T max_ coarse

Xtrm _coarse =

* Decimals are rounded off.

6. Set the given Xtrm_coarse to TRD[9:5] bits.

7. Check whether the high-speed CR clock Fcgry is not greater than Ftgt after setting TRD bit. If it is greater than
Ftgt, subtract 1 from Xtrm_coarse and return to step 6. If it is not greater than Ftgt, go to step 8.

8. Let the value when 0b0000O is set to the TRD[4:0] bits be Xtrmmin_fine. Let the frequency be Tmax_fine [sec]
at the time.

9. Let the value when 0b11111 is set to the TRD[4:0] bits be Xtrmmax_fine. Let the frequency be Tmin_fine [sec]
at the time. In addition,

10. The following expressions give TRD[4:0] set value Xtrm_fine, amounting to target oscillation frequency Ttgt.

T max_ fine —T min_ fine
31

T min_ fine =T max_ fine
31

Ttgt — —T max_ fine

Xtrm _ fine =

* Decimals are rounded up.

11. Set the given Xtrm_fine to TRD[4:0] bits.

12. Check whether the high-speed CR clock Fcry is not less than Ftgt after setting TRD bit, and also whether it is
within the standard of the oscillation frequency of the high-speed CR clock. If Fcry is greater than the standard,
subtract 1 from Xtrm_fine and return to step 11. Also, if Fcry is less than Ftgt, add 1 to Xtrm_fine and return to
step 11. If it is within the standard, the calculation of trimming data is complete.

<Note>

For details of the standard value of the high-speed CR clock oscillation frequency, see "Data Sheet" for the product
used.
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Figure 4-4 Method to trim high-speed CR oscillation

T[sec]
A

Tmax_coarse

Tmax_fine - ———— =4 — — — — — —
Ttgt

Tminfine -———— 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, see "l Example of trimming data
acquisition using base timer".
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B Example of frequency trimming data acquisition using input capture
Figure 4-5 shows the time chart of high-speed CR oscillation frequency trimming process.

Figure 4-5 Time chart of high-speed CR oscillation frequency and the trimming process

(S o e e I

CLKHC_div

SO O OO O R S O S A

TRD Xtrmmin Xtrmmax

Free run - [ 00000C0000C0E 000 D000 O0OOOo 00O a O 0000 a0 OO0 CCOOoEo OO O00000OoCO0CCOOOCECoO0aE 0000

Input Capture TIMER1 TIMER2 TIMER3 TIMER4

Run the free run timer by setting the main oscillation clock (CLKMO) or the main PLL clock (using main clock for
input clock) as the master clock (measurement reference clock).

Clear the free run timer once before measurement (to avoid overflow).

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

. DIV
Ymin =
(TIMER2 - TIMER1) x PCLK
Ymax = DIV

(TIMER4 - TIMER3) x PCLK

- TIMER1, TIMER2 : Input capture timer value at Ymin
- TIMERS3, TIMER4 : Input capture timer value at Ymax

PCLK : Cycle when main oscillation is selected for the master clock
- DIV : Frequency division ratio (CSR setting value)
- CLKHC _div : Division clock for the high-speed CR oscillation clock (CLKHC)

Example: When PCLK = 40 MHz (25 ns), frequency division ratio = 1/8, and TIMER2 - TIMER1 = 100,

8
Ymin = 5 ~ 3.2 MHz
(100 x 25 sec) x 10°

<Note>

The input capture which can be used for frequency trimming is ICU ch.3 of the multi-function timer Unit0.
PCLK in Figure 4-5 is an APB1 bus clock.
Select the main clock (CLKMO) or main PLL clock (using the main clock for input clock) to the master clock.
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B Example of trimming data acquisition using base timer

Figure 4-6 shows the time chart of high-speed CR oscillation and the trimming process.

Figure 4-6 Time chart of high-speed CR oscillation and the trimming process with base timer

Xtrmmin Xtrmmax
TRDI[9:0]
Stabilization time Stabilization time
———————» ——————
CLKHC

CLKHC_div _soeooe000 1 [ L0000 \

PCLK \H\HHHHHHHHH\HH\HHHH\HHHHHHH\HH\HH\H\HHHH\HHHHHHHH\\HHHH\\HH\HHHHHHHHH\H\\HH\\H\HH\\H\H\HHHHHHHH\HHWIMMMMMMMMM&MMMM&MM&M&M&MMM

DTBF(TIMER2)

DTBF(TIMERL)

PWC

Run the base run timer by setting the main oscillation clock (CLKMO) or the main PLL clock (using the main clock

for input clock) 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 input capture timer value at that time, and perform the following calculations.

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

- TIMERZ1, TIMER2 : Count value of base timer (PWC)

- PCLK : APB1 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 channel that can be used for frequency trimming is ch.0.

PCLK in Figure 4-6 is an APB1 bus clock.
Select the main clock (CLKMO) or main PLL clock (using the main clock for input clock) to the master clock.
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B Frequency trimming procedure example
Figure 4-7 shows a frequency trimming procedure example of high-speed CR oscillation.

Figure 4-7 Frequency Trimming Procedure Example of High-speed CR Oscillation

CHAPTER 2-2: High-Speed CR Trimming

( Start )

A 4

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

A 4

Unlock the MCR_FTRM register
Write 0x1IACC_E554 to the MCR_RLR register

A 4

Set the temperature trimming setup register
MCR_TTRM.TRT

* Only for products supporting
temperature adjustment function

Y

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

When the input capture is used.

A4 A 4

When the base timer is used.

Set the input into input capture as the CR
division clock by the Extended Function Pin
Setup Register (EPFRO1).

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

Y

Calculate Xtrm
(see an Xtrm calculation procedure example)

A 4

Set the calculated Xtrm
as the MCR_FTRM register

A 4

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

A 4

( End )
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B Xtrm calculation procedure example (TYPEO, TYPE3, TYPE7 products)
Figure 4-8 shows an Xtrm calculation procedure example for TYPEO, TYPE3, and TYPE7 products. Perform
frequency trimming in the two stages of coarse adjustment and fine adjustment.

Figure 4-8 Xtrm Calculation Procedure Example (TYPEO, TYPES3, TYPE7 products)

[ Start ]
v

Calculate Xtrm_coarse of the coarse
adjustment (TRD[9:5]) bit

Set an Xtrmmin_coarse value as the MCR_FTRM
(value of the "initial value of the TRD bit - 20%")

v

Free run timer operation
Free run timer clear

v

Set a trigger for input capture on the rising of
the high-speed CR oscillation division clock

v

| Read TIMER1 and TIMER2 values |

Set an Xtrmmax_coarse value as the MCR_FTRM
(value of the "initial value of the TRD bit + 20%")

v

Free run timer operation
Free run timer clear

Y
Set a trigger for input capture on the rising of
the high-speed CR oscillation division clock

v

Read TIMER3 and TIMER4 values

v

Calculate Ymin_coarse and Ymax_coarse,
based on measured TIMERL1 to TIMER4 values:

- Ymin_coarse = DIVA(TIMER2 - TIMER1) x PCLK}
- Ymax_coarse = DIV/{(TIMER4 - TIMER3) x PCLK}

Calculate Xtrm of the fine adjustment
(TRD[4:0]) bit

Set an Xtrmmin_fine value as the MCR_FTRM
Xtrmmin_fine[9:5] = Xtrm_coarse[9:5]
Xtrmmin_fine[4:0] =5b00000
Xtrm_coarse[9:5] is a value calculated from

Free run timer operation
Free run timer clear

\ 4

Set a trigger for input capture on the rising of
the high-speed CR oscillation division clock

v

Read TIMER1 and TIMER?2 values

Set an Xtrmmax_fine value as the MCR_FTRM
Xtrmmax_fine[9:5] = Xtrm_coarse[9:5]
Xtrmmax_fine[4:0] = 5b11111
Xtrm_coarse [9:5] is a value calculated from

v

Free run timer operation
Free run timer clear

\ 4

Set a trigger for input capture on the rising of
the high-speed CR oscillation division clock

v

Read TIMER3 and TIMER4 values

v

Calculate Ymin_fine and Ymax_fine,
based on measured TIMER1 to TIMER4 values:

- Ymin_fine = DIV/(TIMER2 - TIMER1) x PCLK}
- Ymax_fine = DIVA(TIMER4 - TIMER3) x PCLK}

Calculate Xtrm_coarse (TRD set value at Ytgt):

- K_coarse = (Ymax_coarse - Ymin_coarse)/

(Xtrmmax_coarse - Xtrmmin_coarse)

- Xtrm_coarse = {(Ytgt - Ymin_coarse)/K_coarse } +

Xtrmmin_coarse

Calculate Xtrm (TRD set value at Ytgt):

- K= (Ymax_fine - Ymin_fine)/

(Xtrmmax_fine - Xtrmmin_fine)

- Xtrm = {(Ytgt - Ymin_fine)/K} +Xtrmmin_fine

v
)
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B Xtrm calculation procedure example (TYPEL, TYPE2, TYPE4, and TYPES products)
Figure 4-9 shows an Xtrm calculation procedure example for TYPE1, TYPE2, TYPE4, and TYPES products.
Figure 4-9 Xtrm Calculation Procedure Example (TYPEL, TYPE2, TYPE4, and TYPES products)

)
v

Set an Xtrmmin value as the MCR_FTRM
(value of the "initial value of the TRD bit - 20%")

v

Free run timer operation
Free run timer clear

'

Set a trigger for input capture on the rising of
the high-speed CR oscillation division clock

'

Read TIMER1 and TIMER2 values

'

Set an Xtrmmax value as the MCR_FTRM
(value of the "initial value of the TRD bit + 20%")

v

Free run timer operation
Free run timer clear

v

Set a trigger for input capture on the rising of
the high-speed CR oscillation division clock

'

Read TIMER3 and TIMER4 values

'

Calculate Ymin and Ymax, based on
measured values of TIMER1 to TIMER4
Ymin = DIV/{(TIMER2 - TIMER1) x PCLK}
Ymax = DIVA(TIMER4 - TIMER3) x PCLK}

Calculate Xtrm (TRD set value at Ytgt):
K = (Ymax - Ymin)/(Xtrmmax - Xtrmmin)
Xtrm = {(Ytgt - Ymin)/K} + Xtrmmin

v
e )
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B Xtrm calculation procedure example (TYPE6, TYPES8 to TYPE12 products)

Figure 4-10 Xtrm Calculation Procedure Example (TYPEG6, TYPES8 to TYPE12 products)

e

e

=4 CYPRESS

PERFORM

Figure 4-10 shows an Xtrm calculation procedure example for TYPE®6, TYPES8 to TYPE12 products. Perform
frequency trimming in the two stages of coarse adjustment and fine adjustment.

( Start )
v

Calculate the coarse adjustment
(TRDI9:5]) bit (Xtrm_coarse)

v

Set an Xtrmmin_coarse value as the MCR_FTRM
(TRD=0b0000000000)

v

Set a trigger for base timer on the rising of
the divided high-speed CR clock

v

Base timer ch.0
PWC timer operation

v

Read TIMERL1 value

v

Set an Xtrmmax_coarse value as the MCR_FTRM
(TRD=0b1111100000)

v

Base timer ch.0
PWC timer operation

v

Read TIMER?2 value

v

Calculate Tmin_coarse and Tmax_coarse,
based on measured TIMER1 and TIMER2 values:

Tmin_coarse = (TIMER1xPCLK)/DIV
Tmax_coarse = (TIMER2xPCLK)/DIV

v

Xtrm_coarse=

Calculate Xtrm_coarse (TRD set value at Ttgt):

{Ttgt - (Tmax_coarse-Tmin_coarse) / 31-
Tmax_coarse} /{(Tmin_coarse-Tmax_coarse) / 31}

| Set an Xtrmmax_coarse value as TRD[9:5] |

v

Base timer ch.0
PWC timer operation

v

Read TIMER value

No
Set Xtrm_coarse - 1 as TRD[9:5] |

_ Calculate the fine adjustment

(TRDI[4:0]) bit (Xtrm_fine)

v

Set an Xtrm_coarse value as the MCR_FTRM
(TRDI[9:5]=Xtrm_coarse)

v

Set an Xtrmmin_fine value as the MCR_FTRM
(TRD[4:0]=0b00000)

v

Base timer ch.0
PWC timer operation

v

Read TIMERL1 value

v

Set an Xtrmmax_fine value as the MCR_FTRM
(TRD[4:0]=0b11111)

v

Base timer ch.0
PWC timer operation

v

Read TIMER2 value

v

Calculate Tmin_fine and Tmax_fine,
based on measured TIMER1 and TIMER2 values:

Tmin_fine = (TIMER1xPCLK)/DIV
Tmax_fine = (TIMER2xPCLK)/DIV

v

Calculate Xtrm_fine (TRD set value at Ttgt):

Xtrm_fine=
{Ttgt - (Tmax_fine-Tmin_fine) / 31-
Tmax_fine} {(Tmin_fine-Tmax_fine) / 31}

v

| Set an Xtrm_fine value as TRD[4:0] |

v

Base timer ch.0
PWC timer operation

v

Read TIMER value |

4MHz <= F_,, <= 4.008MHz ?

Set F,, < 4MHz : Xtrm_fine + 1 as TRD[4:0]
Set F,, > 4.008MHz : Xtrm_fine - 1 as TRD[4:0]
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CHAPTER 2-2: High-Speed CR Trimming

B Procedure example of using "CR trimming" area storage data inside flash memory
Figure 4-11 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 4-11 Procedure Example of Using "CR Trimming" Area Storage Data

Unlock the MCR_FTRM register
Write OxIACC_E554 to the MCR_RLR

v

Read the "CR trimming" area inside flash
memory

v

Set the read temperature trimming data (TTRM) | * Only for products supporting
to MCR_TTRM.TRT temperature adjustment function

v

Set the read frequency trimming data (TRMM) to
MCR_FTRM.TRD

v

Lock the MCR_FTRM register
Write 0x0000_0000 to the MCR_RLR
(Note: Write a value other than Ox1IACC_E554)

End

<Note>

For the address of the CR trimming area and the CR trimming data mirror register (CRTRMM), 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 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 5.3
MCR_RLR High-speed CR oscillation Register Write-Protect Register 5.4
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CHAPTER 2-2: High-Speed CR Trimming

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 into input capture.
The functions of this register vary depending on the product TYPE.

B Products other than TYPE3, TYPE7

® Register configuration

bit 7 6 5 4 3 2 1 0
Field | Reserved | CSR |
Attribute - R/W
Initial value - 01

® Register functions

[bit7:2] Reserved: Reserved bits
"0b000000" is read from these bits.
Set these bits to "0b000000" when writing.

[bit1:0] CSR: High-speed CR oscillation frequency division ratio setting bits
bitl | bitO0 Description
0 0 1/4
0 1 1/8 [Initial value]
1 0 1/16
1 1 1/32
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B TYPE3, TYPE7 products

® Register configuration
6

bit
Field
Attribute

7

| CSR |

Initial value

® Register functions

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

[bit2:0] CSR: Hi

R/W
001

h-speed CR oscillation frequency division ratio setting bits

bit2 | bitl | bitO Description

0 0 0 1/4

0 0 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

100
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5.2. High-speed CR oscillation Frequency Trimming Register

CHAPTER 2-2: High-Speed CR Trimming

(MCR_FTRM)

The MCR_FTRM register sets the frequency trimming value.
This section explains register configuration and register functions.
The functions of this register vary depending on product TYPE.

B TYPEO products

® Register configuration

bit 31 16
Field | Reserved
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 - 0110000000

® 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 coarse adjustment to the high-speed CR oscillator frequency.
For values to be set, see "m How to calculate the frequency trimming data™ in "4.
High-Speed CR Trimming Function Setup Procedure Example".

The frequency fluctuates in steps of approximately 6% each time +1 setting is
made.

When read

A specified value is read.
As an initial value, "0b01100" is read.

bit4:0

Description

When write

These bit smake fine adjustment to the high-speed CR oscillator frequency.

For values to be set, see "m How to calculate the frequency trimming data™ in "4.
High-Speed CR Trimming Function Setup Procedure Example".

The frequency fluctuates in steps of approximately 0.2% each time +1 setting is
made.

When read

A specified value is read.
As an initial value, "0b00000" is read.

<Notes>

This register is not initialized by software reset.

For values to be set to the TRD bits, see "m How to calculate the frequency trimming data" in "4. High-Speed CR

Trimming Function Setup Procedure Example".
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CHAPTER 2-2: High-Speed CR Trimming

B TYPE3, TYPE7 products

® Register configuration

bit 31 16
Field | Reserved |
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 - 0110001110

® 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

These bits make coarse adjustment to the high-speed CR oscillator frequency.
For values to be set, see "m How to calculate the frequency trimming data” in "4.
When write | High-Speed CR Trimming Function Setup Procedure Example™.

The frequency fluctuates in steps of approximately 6% each time £1 setting is
made.

A specified value is read.

Whenread | xs an initial value, "0b01100" is read.

bit4:0 Description

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

For values to be set, see "m How to calculate the frequency trimming data™ in "4.
When write | High-Speed CR Trimming Function Setup Procedure Example".

The frequency fluctuates in steps of approximately 0.4% each time 1 setting is
made.

A specified value is read.

When read As an initial value, "0b01110" is read.

<Notes>

This register is not initialized by software reset.
For values to be set to the TRD bits, see "m How to calculate the frequency trimming data" in "4. High-Speed CR
Trimming Function Setup Procedure Example".
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CHAPTER 2-2: High-Speed CR Trimming

B TYPEL, TYPE2, TYPE4, TYPES products

® Register configuration

bit 31 16
Field | Reserved |
Attribute -
Initial value -
bit 15 8 7 6 5 4 3 2 1 0
Field | Reserved | TRD[7:0] |
Attribute - R/W
Initial value - 01111111

® Register functions

[bit31:8] Reserved: Reserved bits
"0" is always read from these bits.
These bits have no effect when written.

[bit7:0] TRD[7:0]: Frequency trimming setup bits

bit7:0 Description

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

For values to be set, see "m How to calculate the frequency trimming data” in "4.
When write | High-Speed CR Trimming Function Setup Procedure Example™.

The frequency fluctuates in steps of approximately 0.4% each time £1 setting is
made.

A specified value is read.

Whenread | s an initial value, 0601111111 is read.

<Notes>

This register is not initialized by software reset.
For values to be set to the TRD bits, see "m How to calculate the frequency trimming data" in "4. High-Speed CR
Trimming Function Setup Procedure Example".
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B TYPEG6, TYPES8 to TYPE12 products

® Register configuration

bit 31 16
Field | Reserved |
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 - 1000000000

® 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

These bits makes coarse adjustment to the high-speed CR oscillator frequency.
For values to be set, see "m How to calculate the frequency trimming data” in "4.

When write High-Speed CR Trimming Function Setup Procedure Example™.
The period fluctuates in steps of approximately 1% each time %1 setting is made.
A specified value is read.
When read As an initial value, 0b10000 is read.
bit4:0 Description

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

For values to be set, see "m How to calculate the frequency trimming data™ in "4.
When write | High-Speed CR Trimming Function Setup Procedure Example".

The period fluctuates in steps of approximately 0.2% each time +1 setting is
made.

A specified value is read.

Whenread | A< an initial value, 0600000 is read.

<Notes>

This register is not initialized by software reset.
For values to be set to the TRD bits, see "m How to calculate the frequency trimming data" in "4. High-Speed CR
Trimming Function Setup Procedure Example".
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5.3. High-Speed CR Oscillation Temperature Trimming Register
(MCR_TTRM)

The MCR_TTRM register sets the temperature trimming value.

This section explains register configuration and register functions.

This register is provided only for product TYPESs supporting temperature adjustment.
For the supporting product TYPES, see Table 1-2.

® Register configuration

bit 31 16
Field | Reserved |
Attribute -
Initial value -
bit 15 0
Field | Reserved TRT[4:0] |
Attribute - R/W
Initial value - 01111
® 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
These bits make adjustment to the high-speed CR oscillator frequency fluctuation
due to temperature.
When write For values to be set, see the values in the TTRMM bit of the CR trimming data
mirror register (CRTRMM).
For the CR trimming data mirror register (CRTRMM), see “FLASH
PROGRAMMING MANUAL” of product used.
A specified value is read.
When read As an initial value, 0b01111 is read.

<Notes>

This register is not initialized by software reset.

Before obtaining the frequency trimming data, be sure to set this register.
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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)/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] TRMLCKJ31:0] : Register write-protect bits

bit31:0 Description

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

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

When read

Writing a value other

than 0x1ACCE554 Locks the MCR_FTRM/MCR_TTRM registers.

Writing

Ox1ACCES54 Unlocks the MCR_FTRM/MCR_TTRM registers.

<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/temperature trimming data. For the address of the
"CR trimming" area, see "Flash Programming Manual" for the product used.

When erasing flash memory, the “CR trimming” area is also erased at the same time. To preserve the data in the
"CR trimming" area, save the data in the "CR trimming" area to the different device (ex. RAM) before erasing the
flash memory.

Or, erase the data in area other than the "CR trimming" area.

Oscilation frequency accuracy of High-speed CR Oscilator supporting temperature adjustment

For the products supporting temperature adjustment, the accuracy of High-speed CR oscillator cannot be
guarrnteed if the settings of High-speed CR Oscillation Temperature Trimming Register (MCR_TTRM) and
High-speed CR Oscillation Frequency Trimming Register (MCR_TTRM) are not implemented.

So, be sure to make the settings of the registers.

How to use input capture
For information about how to use input capture, see Chapters "Multi-Function Timer" in "Timer Part" and "1/O
Port".

How to use base timer
For information about how to use base timer, see Chapters "Base Timer" in "Timer Part" and "1/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 2-3: 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 R

CODE: 9BFLCPC-E01.0

FMS3 Peripheral Manual, Doc. No. 002-05586 Rev. *A 109



CHAPTER 2-3: Low-Speed CR Prescaler

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)

<—1—®| bit5]|bit4]bit3|bit2]bit1]|bit0

Low-speed CR
Reload Counter Underflow

_»
Low-speed - —»CIKIC

CR Clock

® Low-speed CR Prescaler Load Register (LCR_PRSLD)
Sets the division ratio (reload value) of Low-speed CR Prescaler.

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

3. 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 before Setup Setup Value Wait Time
0 0 Not exists.
1 0 20 ps (20 ps x 1)
2 0 40 ps (20 s 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

pene cik ey [ LTI U UU U UL

Low-speed CR Prescaler 0 5 0 2

e | LU U U U UYL UL

Low-speed CR Reload Counter __0 ﬂnaﬂﬂnﬂﬂﬂﬂn_ﬂnnﬂn 0A_2A L
Underflow \ /_\ m

CLKLC I_I |—| |—|_

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_PRSLD) 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] = “11”)

Set the output clock to the value from 2”4 to 2"1.
(SEL_OUT[2:0] = “010”)

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

v
Set the watch counter. *1

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

Select WCCKO.
(CS[1:0] = “00”)

Set an interrupt.
(WCIE, WCEN)

Watch counter interrupt

Stop dual timer (TimerEn="0")
Obtain the value of measurement

count from dual timer
v

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

v
| Set the Low-speed CR Prescaler Load Value |

*1 : Above is the example by using dual timer. It is possible to measure by using Base timer or MFT.
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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

41
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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.

® Register configuration

bit 7 6 5 4 3 2 1 0
Field | Reserved | LCR_PRSLD[5:0] |
Attribute - R/IW
Initial value - 000000

® Register functions
[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 3: 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

Nogak~wdpRE

CODE: 9BFCSV-E02.4
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CHAPTER 3: Clock supervisor

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 to the CPU or a system reset request.
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2. Configurations and Block Diagrams

This section explains the block diagrams 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 .
> Main clock

q counter

I

Control circuit /
register

Sub clock counter

High-speed CR

CSV_RESET
—— >

Sub Clock

Low-Speed CR

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 Edge Frequenc
divider detection . y
o 4R J_ counter
igh-spee g g »
A
Control circuit, P
register and B FCS_RESET
windows 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.

® 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 clock failure detection function 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

Y
Enable main and sub clock
oscillators

|

Oscillation stabilization wait time
of main and sub clocks end

\4
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

v
End

v
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B Example of Anomalous frequency detection function setup procedure

Access FCSWH_CTL > INo

Set upper frequency window

Setup Start

A 4
| Yes

A\ 4
Access FCSWL_CTL
Set lower frequency window

Is the interrupt flag set to “1"?

\ 4
Access CSV_CTL

\ 4 Y
Access CSV_CTL
Enable/disable the FCS reset

Restart interrupt handling/FCS function

Is the FCS reset enabled?

Yes

A

\ 4
Access INT_CLR
Clear the FCS interrupt factor

A
Access INT_ENR
Enable/disable the FCS interrupt

Jv The FCS reset occurs
Access CSV_CTL Turn
ON the FCS function A 4
End

\'4
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5. Operation Examples

S
o
7

==7# CYPRESS

PERFORM

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

High-speed
CR clock

CSV reset

Main clock

A A

-l | .

Main clock is missing
32 x CR clocks

| %ijﬁﬁ

Reset oci

Ccurs

1. The main clock stops due to failure.

N

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

Main clock

High speed
CR clock
(Low speed
CR clock)

RUN

Waiting for
oscillation
stabilization

STOP

RUN

(Sub clock)
A

L

Main (Sub) clock stops

A

High speed CR clock stops
(Low speed CR clock stops)

L

oty uuyyy

A

|

Y

Stop mode ‘\Naiting for oscill

stabilization

ation

Clock monitoring is
active

Clock monitoring is disabled

Clock monitoring
is active

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

venced T Uiy Uy

Divided clock of B e :
High-speed CR N

\J

Count-up cycle

el AN

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 "o be the count value with the main clock.
Also let A denote the lower window value, and B the upper window value. Compare the count value o with those
window values and if expression
A<a<B
holds true, then the frequency is considered to be normal.
If the count value a is out of the range, i.e., either
a <A orB<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.
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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.

1
Frequency of

Countvalue = — !
Frequency of divided ( 1+ w) 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
+Z% 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)

1
6
Count value A = 4x10° 5 x 4x10 ~ 975
— x (1)
1024 100
Count value B (negative CR frequency accuracy)
1
6
Count value B = 4x10° 5 X 4x10 ~ 1078
S (1)
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 Lower limit of | Upper limit of
Divided clock of , High-speed including : PP
. 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 (~ 4.42 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

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 0 111 00 0 0
bit 7 6 5 4 3 2 1 0
Field | Reserved | SCSVE | MCSVE |
Attribute - R/IW R/IW
Initial value 000000 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
Process 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
Process

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

Process

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.

[bitl] SCSVE: Sub CSV function enable bit

Process

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

Process

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.
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The CSV_STR register indicates the status of CSV function.

B Register configuration

bit 7 6 5 4 3 1 0

Field | Reserved SCMF | MCMF |
Attribute - R R
Initial value 000000 0 0

B Register functions

[bit7:2] Reserved : Reserved bits
"0b000000" is read from these bits.
Set these bits to "0b000000" when writing.

[bitl] SCMF : Sub clock failure detection flag

Process 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

Process 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 OXFFFF

B Register functions

[bit15:0] FWH: Frequency detection window setting bits (Upper)
Process 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.
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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)
Process 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
Process 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 mode 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 upon the
second error detection.

The settings for CSV OFF and external reset.
When CSV function is set to OFF, the CSV reset is not generated if the clock failure occurs. The external reset
(INITX) is not also accepted if the clock failure occurs. So, it is recommended not to turn OFF the CSV function,
if you do not have special reason.
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This chapter explains the function and operation of the resets.

Overview

Configuration
Explanation of Operations
Register

RN =

CODE: 9BFRESET-E03.2
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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
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2. Configuration

This section explains configuration of reset circuit.

B Block Diagram of Resets
Figure 2-1 Block Diagram of Resets

Cortex-M3
SYSRESETREQ SYSRESETREQ
SYSRESETn »| SYSRESETn
P SQ-WDG reset SW-WDG
HRESET <«
PRESETO «
PRESET1 C—] -
4—(( < HW-WDG reset HW-WDG
PRESET2 «——|= — |
Clock failure detection reset
Reset | Anomalous frequency detection reset csv
LVDH generator
PONR »
INITX P>
» PORESETN
TRSTX » » NTRST
Deep DSTR
standby >
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: APBO0, APB1, APB2 bus resets (bus resets issued by all reset factors)
SW-WDG reset:  Software watchdog reset
HW-WDG reset: Hardware watchdog reset

CSV reset: Clock failure detection reset
FCS reset: Anomalous frequency detection reset
PORESETN: Power-on reset that is input to Cortex-M3

SYSRESETN: System reset that is input to Cortex-M3

SYSRESETREQ: "SYSRESETREQ bit" signal of Cortex-M3 internal reset control register
NTRST: SWJ-DP reset

DSTR: Deep standby transition reset
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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)
Areset 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.
:gr';glzatlon Initializes all register settings and hardware.

Flag bit0 (PONR) of reset factor register (RST_STR) =1

B INITX Pin Input Reset (INITX)
Areset 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 and deep
standby control block.

Note: The following registers are not initialized.

- Reset factor register (RST_STR)
Initialization - bit15 to bit8 of low-voltage detection voltage setting register (LVD_CTL)
target (TYPES3, TYPEG6, TYPE7, TYPES8 to TYPE12 products)
- Deep standby return factor register 1 and 2 (WRFSR, WIFSR)

Deep Standby RAM Retention Register (DSRAMR)
- Backup registers from 01 to 16 (BURO1 to BUR16)
- The part of RTC register

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)

Areset that is input from a low-voltage detection circuit when a decrease in the external voltage is detected.

® Products other than TYPE3, TYPE7

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 Initializes all register settings and hardware.

target

Flag bit0 (PONR) of reset factor register (RST_STR) =1

® TYPE3, TYPE7 products

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
target

When SVHR = 0001
Initializes all register settings and hardware.
When SVHR = 0100
Initializes all register settings and hardware.
Note:  The following registers are not initialized.
bitl5 to bit8 of low-voltage detection voltage setting register (LVD_CTL)
Deep standby return factor register 1 and 2 (WRFSR, WIFSR)
Backup registers from 01 to 16 (BURO1 to BUR16)

Flag

When SVHR = 0001

bit0 (PONR) of reset factor register (RST_STR) =1
When SVHR = 0100

bit3 (LVDH) of reset factor register (RST_STR) =1

B Software Watchdog Reset (SWDGR)

142

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.

Initialization
target

Initializes all register settings and hardware except the debug circuit, hardware
watchdog timer (including control registers), deep standby control block, and RTC
(some registers).
Note: The following registers are not initialized.
Reset factor register (RST_STR)
bit15 to bit8 of low-voltage detection voltage setting register (LVD_CTL)
(TYPE3, TYPESG, TYPE7, TYPES to TYPE12 products)
Deep standby return factor register 1 and 2 (WRFSR, WIFSR)
Deep Standby RAM Retention Register (DSRAMR)
- Backup registers from 01 to 16 (BURO1 to BUR16)
- The part of RTC register

Flag

bit4 (SWDT) of reset factor register (RST_STR)=1
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B Hardware Watchdog Reset (HWDGR)
Areset 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 and deep
standby control block.

Note: The following registers are not initialized.

- Reset factor register (RST_STR)
Initialization - bitl5 to bit8 of low-voltage detection voltage setting register (LVD_CTL)
target (TYPE3, TYPES6, TYPE7, TYPES8 to TYPE12 products)

- Deep standby return factor register 1 and 2 (WRFSR, WIFSR)

Deep Standby RAM Retention Register (DSRAMR)
- Backup registers from 01 to 16 (BURO1 to BUR16)
- The part of RTC register

Flag bit5 (HWDT) of reset factor register (RST_STR) =1

B Clock Failure Detection Reset (CSVR)
Areset 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 and clock
failure detection circuit (some registers) and deep standby control block.

Note: The following registers are not initialized.

- Reset factor register (RST_STR)
Initialization - bit15 to bit8 of low-voltage detection voltage setting register (LVD_CTL)
target (TYPE3, TYPEG, TYPE7, TYPES to TYPE12 products)

- Deep standby return factor register 1 and 2 (WRFSR, WIFSR)

Deep Standby RAM Retention Register (DSRAMR)
- Backup registers from 01 to 16 (BURO1 to BUR16)
- The part of RTC register

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".
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B Anomalous Frequency Detection Reset (FCSR)
Areset that is input when an anomalous frequency is detected in the main crystal oscillator.

Generated by

This signal is generated when the frequency of the main crystal oscillator is outside
of any given setting.

Cleared by

This signal is automatically cleared after issuing a reset.

Initialization
target

Initializes all register settings and hardware except the debug circuit, anomalous
frequency detection (some registers), deep standby control block, and RTC (some
registers).
Note: The following registers are not initialized.
- Reset factor register (RST_STR)
bit15 to bit8 of low-voltage detection voltage setting register (LVD_CTL)
(TYPE3, TYPESG, TYPE7, TYPES8 to TYPE12 products)
Deep standby return factor register 1 and 2 (WRFSR, WIFSR)
Deep Standby RAM Retention Register (DSRAMR)
- Backup registers from 01 to 16 (BURO1 to BUR16)
- The part of RTC register

Flag

bit7 (FCSR) of reset factor register (RST_STR) =1

B Software Reset (SRST)
Areset that is generated when an access to the reset control register occurs.

144

Generated by

This signal is generated by a write to the Cortex-M3 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
RTC
All registers related to clock control
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)
bit15 to bit8 of low-voltage detection voltage setting register (LVD_CTL)
(TYPES3, TYPEG6, TYPE7, TYPES8 to TYPE12 products)
RTC mode control register (PMD_CTL)
Deep standby return factor register 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.

CHAPTER 4: Resets

Generated by | This signal is generated by transiting to deep standby mode

Cleared by This signal is cleared by returning from deep standby mode

Deep standby control block

RTC

HDMI-CEC/ Remote Control Reception
Some registers of GPI1O

Low-voltage detection circuit register
RTC mode control register (PMD_CTL)

Initialization
target

Deep standby return permit register (WIER)
WKUP pin input level register (WILVR)

Initializes all register settings and hardware except the following:
Functions and registers that are not initialized by a deep standby transition reset.

Deep standby return factor register 1 and 2 (WRFSR, WIFSR)

Deep Standby RAM Retention Register (DSRAMR)
Backup registers from 01 to 16 (BURO1 to BUR16)

Flag

The bit of either deep standby return factor register 1 or 2 (WRFSR, WIFSR) is "1".
Note: The bit that becomes "1" differs by return factors.

<Notes>

For Cortex-M3 internal reset control register (SYSRESETREQ) that controls the software reset, see "Chapter 3,

System Control", in "Cortex-M3 Technical Reference Manual".

The reset factor register that can determine the occurrence of each reset factor is initialized only by power-on reset.
For the details on initialize target of RTC, see the chapter "REAL-TIME CLOCK" in "Timer Part".
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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-M3 core and
resets that are input to peripheral circuits.

3.2.1 Resets to Cortex-M3

3.2.2 Resets to Peripheral Circuit
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The device has three reset inputs to the Cortex-M3: PORESETn, SYSRESETnN, 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)

W 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 PRESET?2) 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 PRESETO

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".

< Power on ) ( Run mode >

) 4 v JV ) 4
Generate reset Generate reset Generate reset factor Generate reset
factor factor SWDGR, HWDGR, factor
PONR INITX, LVDH CSVR, FCSR, DSTR SRST

\ 4 \ 4 l \ 4

Issue device internal reset

) 4 v v \ 4
Initialize all circuits Initialize the range of Initialize the range of Initialize the range of
reset for each reset reset for each reset reset for each reset
factor factor factor
) 4 \ 4 JV v
Clear reset factor Clear reset factor Clear reset factor Clear reset factor
PONR
INITX, LVDH SWDGR, HWDGR SRST
CSVR, FCSR, DSTR

Determinie operation mode

\ 4 A\ 4

Wait time required until oscillation of high-speed CR has become stable, etc.

\ 4 \ 4

Clear device.internal reset

\ 4

Reset vector fetch

A 4

< Start program >
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1. Capturing reset factors
Reset factors are captured and retained until a reset is issued to the device.

2. lssuing 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 defined by MDO and MD1 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 Example after INITX Pin Input Reset has been Cleared

=~

INITX —>» Clear cause

Oscillation of
low-speed CR

Wait time required until oscillation of high-é
p Spe! H

ed CR has become stable H

Dozens cycle
»

< »

Oscillation of
high-speed CR

N
Internal reset d

s
Start operation

B SRST
Figure 3-2 shows an example of the operation waveform after a software reset has been cleared.

Figure 3-2 Operation Waveform Example after a Software Reset has been Cleared

Clear
SRST —> Cause )

\\

Dozens cycle

5 <
Internal reset d

—
Start operation
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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 41
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4.1. Reset Factor Register (RST_STR)

The reset factor register shows causes of resets that have just occurred. All bits of the RST_STR are
initialized by a power-on reset, a low-voltage detection reset or a deep standby transition reset. It is
not initialized by any other reset. All bits of the RST_STR are cleared to “0” by reading this register.
After initializing, until it has been read, this register stores all reset factors that have been generated.

W Products other than TYPE3, TYPE7

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 | SwWDT | Reserved | INITX | PONR |
Attribute R R R R - R R
Initial value 0 0 0 0 - 0 1

Note: The initial value shows the value is initialized by a power-on reset, a low-voltage detection reset or a deep
standby transition reset.

BTYPES3, TYPE7Y products

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 | LVDH [ Reserved | INITX | PONR |
Attribute R R R R R - R R
Initial value 0 0 0 0 0 - 0 1

Note: The initial value shows the value is initialized by a power-on reset, a low-voltage detection reset or a deep
standby transition reset.

[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-M3 internal reset control register (SYSRESETREQ bit).

When a software reset is generated, SRST is enabled (SRST = 1).

Value Description
0 A software reset has not been issued.
1 A software reset has been issued.
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[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).
Value Description
0 An anomalous frequency detection reset has not been issued.
1 An anomalous frequency detection reset has been issued.

[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).

Value Description
0 A clock failure detection reset has not been issued.
1 A clock failure detection reset has been issued.

Note: Please refer to another 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).

Value Description
0 A hardware watchdog reset has not been issued.
1 A hardware watchdog reset has been issued.

[bit4] 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).

Value Description
0 A software watchdog reset has not been issued.
1 A software watchdog reset has been issued.

® Products other than TYPE3, TYPE7

[bit3] Reserved: Reserved bit
The read value is undefined.
This bit has no effect when written.
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® TYPE3, TYPE7 products

[bit3] LVDH: Low-voltage detection reset flag
Indicates a reset in low-voltage detection (when SVHR = 0100).

If low-voltage is detected, a reset is issued and LVDH is enabled (LVDH = 1).

Value Description
0 A low-voltage detection reset (when SVHR = 0100) has not been issued.
1 A low-voltage detection reset (when SVHR = 0100) has been issued.

® All products
[bit2] Reserved: Reserved bit

The read value is undefined.
This bit has no effect when written.

[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).

Value Description
0 An INITX pin input reset has not been issued.
1 An INITX pin input reset has been issued.

® TYPEO to TYPE2, TYPE4, TYPES products

[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).

Value 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.

® TYPEG, TYPES8 to TYPE12 products

[bitO] PONR: Power-on reset/low-voltage detection reset flag
Indicates a reset when the power supply is turned on and when low voltage is detected and deep standby transition
reset.
If the power is on, low voltage is detected, or transition is made to deep standby mode, a reset is issued and PONR is
enabled (PONR = 1).

Value Description
0 Power-on reset, low-voltage reset, or deep standby transition reset has not been
issued.
1 Power-on reset, low-voltage reset, or deep standby transition reset has been

issued.
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® TYPE3, TYPE7 products
[bit0] PONR: Power-on reset/low-voltage detection reset flag

Indicates a reset (SVHR = 0001) when the power supply is turned on and when low voltage is detected and deep

standby transition reset.
If the power is on, low voltage is detected, or transition is made to deep standby mode, a reset is issued and PONR is
enabled (PONR =1).

Value Description
0 Power-on reset, low-voltage reset (when SVHR = 0001), or deep standby
transition reset has not been issued.
1 Power-on reset, low-voltage reset (when SVHR = 0001), or deep standby

transition reset has been issued.

<Notes>

TYPEO to TYPE2, TYPE4, TYPES products
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.

TYPESG6, TYPES to TYPE12 products
This register is initialized by Power-on reset, low-voltage detection reset, and deep standby transition reset. It
is not initialized by other reset factors. Also, reading the register clears all bits.

TYPE3, TYPE7 products
This register is initialized by Power-on reset, low-voltage detection reset (when SVHR = 0001), and deep
standby transition reset. It is not initialized by other reset factors. Also, reading the register clears all bits.

Determine whether it is a return from deep standby mode or not by deep standby return factor registers 1 and 2
(WRFSR and WIFSR). For details, see "8.5 Deep standby return factor register 1(WRFSR)" and "8.6 Deep standby
return factor register 2(WIFSR)" in Chapter "Low Power Consumption Mode™".
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This chapter describes the configuration for low-voltage detection.

1. Configuration

CODE: 9xFLVDTOP-E02.0
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CHAPTER 5-1: Low-voltage Detection Configuration

1. Configuration

For the configuration of low-voltage detection, see the descriptions of related chapters shown below.

B Reference chapter of the Low-voltage detection

Table 1-1 Correspondence table for Low-voltage detection chapter

Product TYPE

Reference

TYPEO to TYPEZ2,
TYPE4, TYPES

Chapter "Low-voltage Detection Configuration (A)"

TYPE3, TYPE7

Chapter "Low-voltage Detection Configuration (B)"

TYPEG6, TYPES8 to TYPE12

Chapter "Low-voltage Detection Configuration (C)"
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PERFORM

This chapter explains the functions and operations of the Low-voltage Detection Circuit (A).

Overview

Configuration

Explanation of Operations
Setup Procedure Examples
Registers

grwdpE

CODE: 9BFLVD_A-E01.0
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CHAPTER 5-2: Low-voltage Detection (A)

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.

W 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.

o 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 stop 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 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 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 OXLACCES53 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 vee
Voltage Protection Register
l Register Lock
Low-voltage Detection
Voltage Control Register
i—‘>@—> Reset signal
VSS VSS
LVDIE

Low-voltage
Detection Circuit
Status Register

Low-voltage
,T%Detection Interrupt | Interrupt
P — Factor Register signal
ILVDCL
Low-voltage

77 Detection Interrupt
VSS Factor Clear Register

SVHI[3:0]

g/H
77

VSS

® 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.

® L ow-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.

® L ow-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
(VCQC)

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 > e > < > A <«
reset signal A A
(L active)
A : Low-voltage detection reset detection delay time
<Note>

For the hysteresis of detection / release voltage of the Low-voltage Detection Circuit, see "Data Sheet" of the product
used.
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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. When an interrupt request is enabled and the interrupt detection
voltage is specified, the status flag LVDIRDY bit 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 rel voltage
Lower limit voltage
Power supply
voltage (VCC)

Low-voltage detection
interrupt enable signal
(LVDIE)

Detection voltage
setting (SVHI)

Specified
voltage 1

Specified
voltage 2

Operation state of
the Low-voltage
Detection Circuit

Power-on

Monitoring
stop

Stabilization L
wait Monitoring
(Monitoring
stopped) X StOp

Stabilization
wait
(Monitoring
stopped)

Monitoring

Low-voltage detection
interrupt status flag
(LVDIRDY)

» i

B |

—— >
B

Low-voltage
detection interrupt
request signal

A : Low-voltage detection interrupt detection delay time
B : Low Voltage Detection Circuit stabilization wait time

A

Write "0" to the
LVDCL bit.
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<Note>

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 checking that the status flag
LVDIRDY is set to "1", change to the desired mode.

For the hysteresis of detection / release voltage of the Low-voltage Detection Circuit, see Data Sheet of the product
used.

FMS3 Peripheral Manual, Doc. No. 002-05586 Rev. *A 165



CHAPTER 5-2: Low-voltage Detection (A) BT

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 OX1IACCES53 to the
LVD_RLR Register.

Release write protection mode of the LVD_CTL Register.
\4
Set the detection interrupt voltage to the
LVD_CTL Register, and also set the
operation state to enable.

A
Write 0x00000000 to the LVD_RLR
Register.

(Write a value other than OxX1IACCES553.)

Set the LVD_CTL Register to write protection mode.

P
<«

Y

LVDIRDY=1 ?

End
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5. Registers

This section explains the configuration and functions of the registers used in the Low-voltage
Detection Circuit.

B 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 51
LVD_STR Low-voltage Detection Interrupt Factor Register 5.2
LvD_CLR Low-voltage Detection Interrupt Factor Clear Register 5.3
LVD_RLR Low-voltage Detection Voltage Protection Register 5.4
LVD_STR2 Low-voltage Detection Circuit Status Register 5.5
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5.1. Low-voltage Detection Voltage Control Register (LVD_CTL)

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 | Reserved | SVHI | Reserved |
Attribute R/W - R/W -
Initial value 0 1 0000 00

[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.

Value 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] Reserved: Reserved bit
The read value is undefined.
Set "1" to this bit.

[bit5:2] SVHI: Low-voltage detection interrupt voltage setting bits
These bits are used to specify the detection voltage of a low-voltage detection interrupt.

Value Description
0000 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.
0010 Set the low-voltage detection interrupt voltage in the vicinity of 3.2V.
0011 Set the low-voltage detection interrupt voltage in the vicinity of 3.6V.
0100 Set the low-voltage detection interrupt voltage in the vicinity of 3.7V.
0101 Setting is prohibited.
0110 Setting is prohibited.
0111 Set the low-voltage detection interrupt voltage in the vicinity of 4.0V.
1000 Set the low-voltage detection interrupt voltage in the vicinity of 4.1V.
1001 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 always "0".
These bits have no effect in write mode.

<Notes>

The low-voltage detection interrupt enable bit (LVDIE) must be enabled after "0" was written to the L\VDCL bit of
the Low-voltage Detection Interrupt Clear Register (LVD_CLR) to clear the low-voltage detection interrupt factor
(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 0xX1LACCE553
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.

In the case of disabling the CPU returning from a deep standby mode due to the low-voltage detection interrupt, set
the WLVDE bit of the Deep Standby Return Enable Register (WIER) and the low-voltage detection interrupt
enable bit (LVDIE) to 0, respectively.

For the accuracy of detection / release voltage of the Low-voltage Detection Circuit, see Data Sheet of the product
used.
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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 0
Field [ LVDIR | Reserved |
Attribute R -
Initial value 0 0000000

[bit7] LVDIR: Low-voltage detection interrupt factor bit

Value 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 always "0".
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/IW -
Initial value 1 0000000

[bit7] LVDCL: Low-voltage detection interrupt factor clear bit

Value Description

0 Clears the low-voltage detection interrupt bit of the Low-voltage Detection
Interrupt Factor Register (LVD_STR) to "0".

1 Has no effect in write mode. [Initial value]

"1" is always set in read mode.

[bit6:0] Reserved: Reserved bits
The read value is always "0".
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
Setting 0xXLACCES53 enables writing the Low-voltage Detection Voltage Control Register (releases write
protection mode).
Setting a value other than 0xXLACCES53 disables writing the Low-voltage Detection Voltage Control Register
(enables write protection mode).
When the Low-voltage Detection Voltage Control Register is not set in write protection mode, 000000000 is read.
When the Low-voltage Detection Voltage Control Register is set in write protection mode, 000000001 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 0XLACCES553 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 0OXLACCES553 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
O0x1ACCE553 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_STR?2)

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

Value Description
0 Stabilization wait state or monitoring stop state [Initial value]
1 Monitoring state

This bit has no effect in write mode.

[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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This chapter explains the functions and operations of the Low-voltage Detection Circuit.

Overview
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Explanation of Operations
Setup Procedure Examples
Registers

Usage Precautions
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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.

W 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 value.
This circuit allows selection of whether to enable or stop operations. The initial state is operating.
This circuit allows specification of the detection 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.

o 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 value.
This circuit allows selection of whether to enable or stop operations. The initial state is set to disable.
This circuit allows specification of the detection voltage.
This circuit can be set to low-power mode.
This circuit can monitor the power supply voltage even in standby modes and deep standby modes.
This circuit returns from standby mode and deep standby modes when the reduction of the power supply voltage is
detected in the standby mode and deep standby 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, refer to "Data Sheet" of the product used.
This circuit does not conduct monitoring the power supply voltage if PCLK2 is stopped 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 0Ox1IACCES553 to the Low-voltage Detection Voltage Protection Register
(LVD_RLR).
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This section shows the block diagram of the Low-voltage Detection Circuit.

B Block diagram of Low-voltage Detection Circuit
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Voltage Protection Register

l Register Lock
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Voltage Control Register
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Low-voltage
Detection Interrupt
Factor Clear Register

Interrupt
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® | ow-voltage Detection Voltage Control Register (LVD_CTL)
This register controls whether to enable monitoring the power supply voltage for a low-voltage detection reset and

low-voltage detection interrupt, specifies the detection voltage for a low-voltage detection reset and low-voltage

detection interrupt, and sets the low-power mode of 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.

® L ow-voltage Detection Interrupt Factor Clear Register (LVD_CLR)
This register clears a low-voltage detection interrupt factor.
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® Low-voltage Detection Circuit Status Register (LVD_STR2)
This register checks the operation status of a low-voltage detection interrupt circuit.

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.
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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.

W Operations of Low-Voltage Detection Reset Circuit

® Explanation of Circuit Operation
The Low-\oltage Detection Reset Circuit enters a monitoring state after power-on. This circuit generates a reset
signal when the specified power supply voltage (VCC) falls below the detection voltage. A reset is released when the
power supply voltage exceeds the release voltage.

Reset operation is valid only when LVDRE bit of Low-voltage Detection Voltage Control Register (LVD_CTL) is
"1". Detection voltage of the reset can be set by SVHR bit of Low-voltage Detection Voltage Control Register
(LVD_CTL). When reset enable and reset detection voltage are set, Low-voltage detection reset status flag
(LVDRRDY) of Low-voltage Detection Circuit Status Register (LVD_STR2) becomes "1" and starts power supply
voltage monitoring after the stabilization wait period for the low-voltage detection circuit lapses.

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).

If low-voltage detection interrupt is valid (LVDIE = 1) and it is in low power mode (LVDIM = 1), the operation of
low-voltage detection reset stops while in low speed CR timer mode, sub timer mode, RTC mode, stop mode, deep
standby RTC mode, and deep standby stop mode.

Detection or release voltage
Lower limit voltage
Power supply
voltage (VCC)

Low-voltage detection
reset enable signal
(LVDRE)

Detection voltage Specified Specified
setting (SVHR) voltage 1 voltage 2

Operation state of L L Stabilization wait| o
the Low-voltage Power-on Reset]| Monitoring Rese! Monitoring (Monitoring Monitoring
Detection Circuit stopped)

Low-voltage detection
reset status flag
(LVDRRDY)

Low-voltage Detection > e > e > e 5 € > |
Circuit reset signal A A A A A
(L active)

B

A: Low-voltage detection delay time (T vpoL)
B: Low-voltage Detection Circuit stabilization wait time (T.vow)
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<Note>

For the hysteresis of detection / release voltage of the Low-voltage Detection Circuit, see "Data Sheet" of the product
used.
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B Operations of Low-voltage Detection Interrupt Circuit

® Explanation of Circuit Operation

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 value.

An interrupt request is enabled when "1" is set to the LVDIE bit of the Low-voltage Detection Voltage Control
Register (LVD_CTL). The initial value is set to Not Enable ("0"). 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 and the low-power mode selection are specified, Low-voltage detection interrupt
status flag (LVDIRDY) of Low-voltage Detection Circuit Status Register (LVD_STR?2) 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, TIMER, RTC, and STOP modes and deep standby modes: deep
standby RTC mode and deep standby stop mode. It is also applicable when the CPU returns from standby mode and
deep standby mode.

® 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

Low power mode
setting (LVDIM)

Operation state of Monitori Stabilization Stabilization
onitorin wait Monitorin wait o
the Low-voltage Power-on sto g (Monitoring ) 9 | ontoring Monitoring
Detection Circuit p stopped) stop stopped)
B B
Low-voltage detection
interrupt status flag
(LVDIRDY)
>
Low-voltage A
detection interrupt

A

request signal

Write "0" to the

A : Low-voltage detection delay time (T vppL) LVDCL bit

B : Low-voltage Detection Circuit stabilization wait time (T.vow)
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® Low Power Mode
In low-speed CR timer mode, sub-timer mode, RCT mode, STOP mode, Deep standby DTC mode, and Deep standby
STOP mode, the operation voltage of Low-voltage Detection interrupt can be reduced by selecting the Low-power
mode. In other modes, the operation voltage is the same as that in Normal mode even by selecting the Low-power
mode.

When LVDIE=1 and LVDIM=1o0f the Low-voltage Detection Voltage Control Register (LVD_CTL), in low-speed CR
timer mode, sub-timer mode, RCT mode, STOP mode, Deep standby DTC mode, and Deep standby STOP mode, the
operation of Low-voltage detection reset is disabled.

For the setting combination of Low-voltage detection reset and Low-voltage detection interrupt, see Table 3-1.

Table 3-1 Setting Combination of Low-voltage Detection Reset and Low-voltage Detection Interrupt

Low-voltage Low-voltage
Operation Mode LVDRE | LVDIE | LVDIM Detection Detection
Reset Interrupt
1 0 - Enabled Disabled
Low-speed CR timer mode Normal mode
;lg)-l-—time(; mg_?%P ; 1 1 0 Enabled operation
mode mode
, ' . Normal mode
Deep standby RTC mode 0 1 0 Disabled operation
Deep standby STOP mode L
. ow-power
- 1 1 Disabled .
mode operation
1 0 - Enabled Disabled
1 1 0 Enabled Norme}l mode
operation
. Normal mode
Modes other than the above 0 1 0 Disabled operation
1 1 1 | Enabled Low-power
mode operation*
0 1 1 | Disabled Low-power
mode operation*

*: The operation voltage is the same as that in Normal mode.

<Note>

This circuit does not conduct monitoring the power supply voltage if PCLK2 is stopped by TIMER mode, RTC
mode, STOP mode, Deep standby RTC mode, Deep standby STOP modes or APB2 Prescaler Register
(APB2_PSR) while waiting for the stabilization of the Low-voltage Detection Circuit. After checking that
Low-voltage detection interrupt status flag (LVDIRDY) of Low-voltage Detection Circuit Status Register
(LVD_STR?2) is set to "1", change to the desired mode.

For the hysteresis of detection / release voltage of the Low-voltage Detection Circuit, see Data Sheet of the product
used.
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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 Setting procedure example for low-voltage detection reset

( Start )

v
Write OX1IACCES53 to the
LVD_RLR Reqgister.

l Release write protection mode of the LVD_CTL register.

Write the operation stop setting in
the LVD_CTL Register.

v
Set the detection reset voltage (SVHR) to the
LVD_CTL Register, and also set the
operation state to enable.

\ 4
Write 0x00000000 to the LVD_RLR
Register.

(Write value other than Ox1ACCES53.)

Set the LVD_CTL Register to write protection mode.

P
<

LVDRRDY=1 ?

End
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Figure 4-2 Setting procedure example for low-voltage detection interrupt

( Start )

\ 4

Clearing a low-voltage detection
interrupt factor.

l

Write 0XIACCES53 to the
LVD_RLR Register.

Release write protection mode of the LVD_CTL Register.
\4

Set the detection interrupt voltage(SVHI) to
the LVD_CTL Register, and also set the
operation state to enable.

A 4

Write 0x00000000 to the LVD_RLR
Register.
(Write value other than 0xX1IACCES553.)

Set the LVD_CTL Register to write protection mode.

&
<
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5. Registers

This section explains the configuration and functions of the registers used in the Low-voltage
Detection Circuit.

B List of Low-voltage Detection Circuit Registers
Table 5-1 List of Low-voltage Detection Circuit Register

Abbreviation Register name Reference
LvD_CTL Low-voltage Detection Voltage Control Register 51
LVD_STR Low-voltage Detection Interrupt Factor Register 5.2
LvD_CLR Low-voltage Detection Interrupt Factor Clear Register 5.3
LVD_RLR Low-voltage Detection Voltage Protection Register 5.4
LVD_STR2 Low-voltage Detection Circuit Status Register 55
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5.1. Low-voltage Detection Voltage Control Register (LVD_CTL)

The Low-voltage Detection Voltage Control Register (LVD_CTL) controls whether to enable
monitoring the power supply voltage for low-voltage detection reset and a low-voltage detection
interrupt and specifies the detection voltage for low-voltage detection reset and a low-voltage
detection interrupt and selects the mode of low voltage detection interrupt.

bit 15 14 13 12 11 10 9 8
Field | LVDRE | Reserved | SVHR | Reserved |
Attribute R/W - R/W -
Initial value 1 0 0001 00
bit 7 6 5 4 3 2 1 0
Field | LVDIE | Reserved | SVHI | LVDIM | Reserved |
Attribute RIW - RIW RIW -
Initial value 0 0 0000 0 0

[bit15] LVDRE: Low-voltage detection reset operation enable bit
This bit enables operation of power supply voltage monitoring of low-voltage detection reset.  If it is not enabled,
the low-voltage detection reset circuit stops operating.

Value Description
0 Generation of low-voltage detection reset is not enabled.
1 Generation of low-voltage detection reset is enabled. [initial value]

[bit14] Reserved: Reserved bit
The read value is always "0".
This bit has no effect on the operation when written.

[bit13:10] SVHR: Low-voltage detection reset voltage setting bits
These bits set detection voltage of low-voltage detection reset.

Value Description
0001 The voltage of low-voltage detection reset is set around 1.53 V. [Initial value]
0100 The voltage of low-voltage detection reset is set around 1.93 V.

Other than the

above Setting is prohibited.

[bit9:8] Reserved: Reserved bits
The read value is always "0".
These bits have no effect on the operation when written.
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[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.

Value 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] Reserved: Reserved bit
The read value is undefined.
This bit has no effect on the operation when written.

[bit5:2] SVHI: Low-voltage detection interrupt voltage setting bits
These bits are used to specify the detection voltage of a low-voltage detection interrupt.

Value Description
0000 Set_ t_he low-voltage detection interrupt voltage in the vicinity of 2.0 V.
[Initial value]

0001 Set the low-voltage detection interrupt voltage in the vicinity of 2.1 V.
0010 Set the low-voltage detection interrupt voltage in the vicinity of 2.2 V.
0011 Set the low-voltage detection interrupt voltage in the vicinity of 2.3 V.
0100 Set the low-voltage detection interrupt voltage in the vicinity of 2.4 V.
0101 Set the low-voltage detection interrupt voltage in the vicinity of 2.5 V.
0110 Set the low-voltage detection interrupt voltage in the vicinity of 2.6 V.
0111 Set the low-voltage detection interrupt voltage in the vicinity of 2.8 V.
1000 Set the low-voltage detection interrupt voltage in the vicinity of 3.0 V.
1001 Set the low-voltage detection interrupt voltage in the vicinity of 3.2 V.
1010 Set the low-voltage detection interrupt voltage in the vicinity of 3.6 V.
1011 Set the low-voltage detection interrupt voltage in the vicinity of 3.7 V.
1100 Set the low-voltage detection interrupt voltage in the vicinity of 4.0 V.
1101 Set the low-voltage detection interrupt voltage in the vicinity of 4.1 V.
1110 Set the low-voltage detection interrupt voltage in the vicinity of 4.2 V.
1111 Setting is prohibited.
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[bit1] LVDIM: Low-voltage detection interrupt low power mode select bit
This bit selects low-voltage detection interrupt mode.

Value Description
0 Normal mode [Initial value]
1 Low power mode

[bit0] Reserved: Reserved bit
The read value is always "0".
Set "0" to this bit.

<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 Factor 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 Low-voltage Detection Voltage
Control Register (LVD_CTL), set 0X1IACCE553 to the Low-voltage Detection Voltage Protection Register
(LVD_RLR) to release write protection mode.

If the LVDIE bitis "1" and LVDIM is "1", operation of low-voltage detection reset stops while in low speed CR
timer mode, sub timer mode, RTC mode, STOP mode, deep standby RTC mode, and deep standby STOP mode.
bit15:8 of this register are initialized by power-on reset. They are not initialized by reset factors other than these
resets.

For the details on low-voltage detection interrupt, low-voltage detection reset detection, and release voltage, see
the Data Sheet of product used.

This register is not initialized by deep standby transition reset.

In the case of disabling the CPU returning from a deep standby mode due to the low-voltage detection interrupt, set
the WLVDE bit of the Deep Standby Return Enable Register (WIER) and the low-voltage detection interrupt
enable bit (LVDIE) to 0, respectively.

For the accuracy of detection / release voltage of the Low-voltage Detection Circuit, see Data Sheet of the product
used.
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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 0000000

[bit7] LVDIR: Low-voltage detection interrupt factor bit

Value 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 always "0".
These bits have no effect on the operation when written.

<Note>

This register is not initialized by 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/IW -
Initial value 1 0000000

[bit7] LVDCL: Low-voltage detection interrupt factor clear bit

Value Description

0 Clears the low-voltage detection interrupt factor bit (LVDIR) of the Low-voltage
Detection Interrupt Factor Register (LVD_STR) to "0".

1 Has no effect on the operation in write mode. [Initial value]

"1" is always set in read mode.

[bit6:0] Reserved: Reserved bits
The read value is always "0".
These bits have no effect on the operation when written.

<Note>
This register is not initialized by 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
Setting 0OXLACCES53 enables writing the Low-voltage Detection Voltage Control Register (LVD_CTL) (releases
write protection mode).
Setting a value other than Ox1ACCE553 disables writing the Low-voltage Detection Voltage Control Register
(LVD_CTL) (enables write protection mode).
When the Low-voltage Detection Voltage Control Register (LVD_CTL) is not set in write protection mode,
0x00000000 is read.
When the Low-voltage Detection Voltage Control Register (LVD_CTL) is set in write protection mode,
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 0xX1IACCE553 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 0OXLACCES53 to the LVD_RLR
register.

Once write protection mode is released for the LVD_CTL Register, it remains released until a value other than
0x1ACCES553 is written to the LVD_RLR Register.

This register is not initialized by deep standby transition reset.
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5.5. Low-voltage Detection Circuit Status Register (LVD_STR2)

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|LVDRRDY] Reserved |
Attribute R R -
Initial value 0 1 000000

[bit7] LVDIRDY: Low-voltage detection interrupt status flag

Value Description
0 Stabilization wait state or monitoring stop state [Initial value]
1 Monitoring state

This bit has no effect on the operation in write mode.

[bit6] LVDRRDY: Low-voltage detection reset status flag

Value Description
0 Stabilization wait state or monitoring stop state
1 Monitoring state [Initial value]

This bit has no effect on the operation in write mode.

[bit5:0] Reserved: Reserved bits
The read value is always "0".
These bits have no effect on the operation in write mode.

<Note>
This register is not initialized by deep standby transition reset.
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6. Usage Precautions

This section explains the precautions for using the low-voltage detection circuit.

Low-voltage detection interrupt factor bit at Standby mode transition.
After clearing low-voltage detection interrupt factor bit (LVD_STR:LVDR), even if the power supply voltage
is lower than the detection voltage, an interrupt factor is not generated unless the power supply voltage
becomes higher than the release voltage once.
But, after releasing LVDIR, the low-voltage detection circuit is sure to compare the voltage at the transition to
Standby mode (timer mode, STOP mode, RTC mode, and Deep standby STOP mode) while the voltage is
lower than the detection voltage.
Therefore, by the standby mode transition, the low-voltage detection interrupt factor is set again, and the
transit to the interrupt routine may be executed.

For example, in the routine of low-voltage detection interrupt process, the interrupt factor is cleared and the
interrupt routine is exited. Then, after transited to Stop mode, the low-voltage interrupt factor bit is set to
execute the voltage comparison again. So, the repetition of interrupt process routine after exiting from STOP
mode may be executed.

When the power supply voltage is lower than the detection voltage after low-voltage interrupt detection,
disable the low-voltage detection interrupt enable bit (LVDIE) and exit the interrupt routine to prevent the
repeated occurrence of interrupts.

FMS3 Peripheral Manual, Doc. No. 002-05586 Rev. *A 193



CHAPTER 5-3: Low-voltage Detection (B)

194 FMS3 Peripheral Manual, Doc. No. 002-05586 Rev. *A



CHAPTER 5-4: Low-voltage Detection (C)

PERFORM

This chapter explains the functions and operations of the Low-voltage Detection Circuit(C).

Overview

Configuration

Explanation of Operations
Setup Procedure Examples
Registers

Usage Precautions
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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.

W 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 value.
This circuit allows selection of whether to enable or stop operations. The initial state is operating.
This circuit allows specification of the detection voltage. However, when the low-voltage reset is generated, the set
value is initialized. So, the release voltage becomes the initial value. If the power supply voltage is higher than the
release voltage, the reset is released.
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.

o 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 value.
This circuit allows selection of whether to enable or stop operations. The initial state 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 mode and deep standby modes when the reduction of the power supply voltage is
detected in the standby mode and deep standby 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, refer to "Data Sheet" of the product used.
This circuit does not conduct monitoring the power supply voltage if PCLK2 is stopped 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 0OXLACCES53 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
Voltage Protection Register

Register Lock

Low-voltage Detection
Voltage Cont‘rol Register

LVDRE

SVHRI[3:0]
1 TDO—> Reset signal

/
VSS
] Low-voltage
SVHI[3:0] Detection Circuit
Status Register
L -
I ow- voltage Interrupt
T{>@_> Detection Interrupt —» signal
Factor Register

LVDCL
Low-voltage
ST

Detection Interrupt
VSS Factor Clear Register

VSS

® Low-voltage Detection Voltage Control Register (LVD_CTL)
This register controls whether to enable monitoring the power supply voltage for a low-voltage detection reset and
low-voltage detection interrupt, and specifies the detection voltage for a low-voltage detection reset and low-voltage

detection interrupt.

® | ow-voltage Detection Voltage Protection Register (LVD_RLR)
This register write-protects the Low-voltage Detection Voltage Control Register.

® L ow-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.
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® Low-voltage Detection Circuit Status Register (LVD_STR2)
This register checks the operation status of a low-voltage detection interrupt circuit.

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.
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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

® Explanation of Circuit Operation
The Low-\oltage Detection Reset Circuit enters a monitoring state after power-on. This circuit generates a reset
signal when the specified power supply voltage (VCC) falls below the detection voltage. A reset is released when the
power supply voltage exceeds the release voltage.

Reset operation is valid only when LVDRE bit of Low-voltage Detection Voltage Control Register (LVD_CTL) is
"1". Detection voltage of the reset can be set by SVHR bit of Low-voltage Detection Voltage Control Register
(LVD_CTL). However, SVHR bit is initialized by the low-voltage detection reset.  So, the release voltage becomes
the initial value. If the power supply voltage is higher than the release voltage, the reset is released. When reset enable
and reset detection voltage are set, Low-voltage detection reset status flag (LVDRRDY) of Low-voltage Detection
Circuit Status Register (LVD_STR2) becomes "1" and starts power supply voltage monitoring after the stabilization
wait period for the low-voltage detection circuit lapses.

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 voltage(Setting change value)

Detection or release voltage(Initial value)

Power supply
voltage (VCC)

Low-voltage detection
reset enable signal

(LVDRE)

Setting voltage

Detection voltage
etting change value)

setting (SVHR) Initial value

Initial value

—
(7))

Operation state of the Stabilization
1 it
Low-voltage Detection Power-on | Reset Monitoring Reset Monitoring M°2“;°p”"g (Monitoring |  Monitoring | Reset Monitoring
Circuit stopped)

Low-voltage
Detection Circuit
reset signal A A A B A A
(L active)

A : Low-voltage detection delay time (T vopL)
B : Low Voltage Detection Circuit stabilization wait time (T vow)

<Note>
For the hysteresis of detection / release voltage of the Low-voltage Detection Circuit, see "Data Sheet" of the product

used.
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B Operations of Low-voltage Detection Interrupt Circuit

® Explanation of Circuit Operation
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 value.
An interrupt request is enabled when "1" is set to the LVDIE bit of the Low-voltage Detection Voltage Control
Register (LVD_CTL). The initial value is set to Not Enable ("0"). 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, Low-voltage detection interrupt status flag (L\VDIRDY) of
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 (L\VD_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
(Setting change value)

Detection or release voltage(Initial value)

Power supply
voltage (VCC)

Low-voltage detection
interrupt enable signal
(LVDIE)

Detection voltage

setting (SVHI) Initial value

Setting voltage(Setting change value)

Operation state of
the Low-voltage
Detection Circuit

Stabilization

Monitoring wait
stop (Monitoring

stopped)

Stabilization
Monitoring

Power-on stop Monitoring

(Monitoring
stopped)

B B

Low-voltage
detection interrupt
status flag
(LVDIRDY)

Low-voltage
detection interrupt
request signal

A : Low-voltage detection delay time (T yppL)
B : Low Voltage Detection Circuit stabilization wait time (TLvpw)

Write "0" to the
LVDCL bit.

200

FMS3 Peripheral Manual, Doc. No. 002-05586 Rev. *A




CHAPTER 5-4: Low-voltage Detection (C)

<Note>

This circuit does not conduct monitoring the power supply voltage if PCLK2 is stopped by TIMER mode, RTC
mode, STOP mode, Deep standby RTC mode, Deep standby STOP mode or APB2 Prescaler Register (APB2_PSR)
while waiting for the stabilization of the Low-voltage Detection Circuit. After checking that 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.

For the hysteresis of detection / release voltage of the Low-voltage Detection Circuit, see Data Sheet of the product
used.
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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 Setting procedure example for low-voltage detection reset

( Start )

v
Write OXIACCES53 to the
LVD_RLR Register.

l Release write protection mode of the LVD_CTL register.

Write the operation stop setting in
the LVD_CTL Register.

\4
Set the detection reset voltage(SVHR) to the
LVD_CTL Register, and also set the
operation state to enable.

A
Write 0x00000000 to the LVD_RLR
Register.

(Write value other than 0xX1IACCES553.)

Set the LVD_CTL Register to write protection mode.

P
<«

Y

LVDRRDY=1 ?

End
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)

=7 CYPRESS

Figure 4-2 Setting procedure example for low-voltage detection interrupt
( Start )

v
Clearing a low-voltage detection
interrupt factor.

l

Write OxLACCES553 to the
LVD_RLR Register.
Release write protection mode of the LVD_CTL Register.

i

v
rrupt voltage(SVHI) to

Set the detection inte
the LVD_CTL Register, and also set the
operation state to enable.

\ 4
Write 0x00000000 to the LVD_RLR

Register.
(Write value other than 0xXIACCES553.)
Set the LVD_CTL Register to write protection mode.

&
<«
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5. Registers

This section explains the configuration and functions of the registers used in the Low-voltage
Detection Circuit.

B List of Low-voltage Detection Circuit Registers
Table 5-1 List of Low-voltage Detection Circuit Register

Abbreviation Register name Reference
LvD_CTL Low-voltage Detection Voltage Control Register 51
LVD_STR Low-voltage Detection Interrupt Factor Register 5.2
LvD_CLR Low-voltage Detection Interrupt Factor Clear Register 5.3
LVD_RLR Low-voltage Detection Voltage Protection Register 5.4
LVD_STR2 Low-voltage Detection Circuit Status Register 5.5
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5.1. Low-voltage Detection Voltage Control Register (LVD_CTL)

The Low-voltage Detection Voltage Control Register (LVD_CTL) controls whether to enable
monitoring the power supply voltage for low-voltage detection reset and a low-voltage detection
interrupt and specifies the detection voltage for low-voltage detection reset and a low-voltage
detection interrupt. The setting of SVHR and SHVI differ by product TYPE.

B TYPEG6 and TYPES8 products

bit 15 14 13 12 11 10 9 8
Field | LVDRE | SVHR | Reserved |
Attribute R/IW R/W -
Initial value 1 00000 00
bit 7 6 5 4 3 2 1 0
Field [ LVDIE | SVHI | Reserved |
Attribute R/W R/W -
Initial value 0 00100 00

B TYPE9 to TYPE12 products

bit 15 14 13 12 11 10 9 8
Field | LVDRE | SVHR | Reserved |
Attribute R/IW R/W -
Initial value 1 00000 00
bit 7 6 5 4 3 2 1 0
Field [ LVDIE | SVHI | Reserved |
Attribute R/W R/W -
Initial value 0 00011 00

[bit15] LVDRE: Low-voltage detection reset operation enable bit
This bit enables operation of power supply voltage monitoring of low-voltage detection reset. If it is not enabled,
the low-voltage detection reset circuit stops operating.

Value Description
0 Generation of low-voltage detection reset is not enabled.
1 Generation of low-voltage detection reset is enabled. [initial value]
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[bit14:10] SVHR: Low-voltage detection reset voltage setting bits

These bits set detection voltage of low-voltage detection reset.

206

TYPE6 and TYPES products
Value Description
00000 Set the low-voltage detection reset voltage in the vicinity of 1.50 V. [Initial value]
00001 Set the low-voltage detection reset voltage in the vicinity of 1.55 V.
00010 Set the low-voltage detection reset voltage in the vicinity of 1.60 V.
00011 Set the low-voltage detection reset voltage in the vicinity of 1.65 V.
00100 Set the low-voltage detection reset voltage in the vicinity of 1.70 V.
00101 Set the low-voltage detection reset voltage in the vicinity of 1.75 V.
00110 Set the low-voltage detection reset voltage in the vicinity of 1.80 V.
00111 Set the low-voltage detection reset voltage in the vicinity of 1.85 V.
01000 Set the low-voltage detection reset voltage in the vicinity of 1.90 V.
01001 Set the low-voltage detection reset voltage in the vicinity of 1.95 V.
01010 Set the low-voltage detection reset voltage in the vicinity of 2.00 V.
01011 Set the low-voltage detection reset voltage in the vicinity of 2.05 V.
01100 Set the low-voltage detection reset voltage in the vicinity of 2.50 V.
01101 Set the low-voltage detection reset voltage in the vicinity of 2.60 V.
01110 Set the low-voltage detection reset voltage in the vicinity of 2.70 V.
01111 Set the low-voltage detection reset voltage in the vicinity of 2.80 V.
10000 Set the low-voltage detection reset voltage in the vicinity of 2.90 V.
10001 Set the low-voltage detection reset voltage in the vicinity of 3.00 V.
10010 Set the low-voltage detection reset voltage in the vicinity of 3.10 V.
10011 Set the low-voltage detection reset voltage in the vicinity of 3.20 V.
Others Setting is prohibited.

TYPEY to TYPE12 products

Value Description

00000 Set the low-voltage detection reset voltage in the vicinity of 2.45 V. [Initial value]
00001 Set the low-voltage detection reset voltage in the vicinity of 2.60 V.
00010 Set the low-voltage detection reset voltage in the vicinity of 2.70 V.
00011 Set the low-voltage detection reset voltage in the vicinity of 2.80 V.
00100 Set the low-voltage detection reset voltage in the vicinity of 3.00 V.
00101 Set the low-voltage detection reset voltage in the vicinity of 3.20 V.
00110 Set the low-voltage detection reset voltage in the vicinity of 3.60 V.
00111 Set the low-voltage detection reset voltage in the vicinity of 3.70 V.
01000 Set the low-voltage detection reset voltage in the vicinity of 4.00 V.
01001 Set the low-voltage detection reset voltage in the vicinity of 4.10 V.
01010 Set the low-voltage detection reset voltage in the vicinity of 4.20 V.
Others Setting is prohibited.
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[bit9:8] Reserved: Reserved bits
The read value is always "0".
These bits have no effect on the operation when written.

[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.

Value Description
0 Does not enable the aeneration of a low-voltaae detection interrupt. [nitial valuel
1 Enables the aeneration of a low-voltaoe detection interrupt.

[bit6:2] SVHI: Low-voltage detection interrupt voltage setting bits
These bits are used to specify the detection voltage of a low-voltage detection interrupt.

TYPEG6 and TYPES products

Value Description

00100 Set the low-voltage detection interrupt voltage in the vicinity of 1.70 V. [Initial value]
00101 Set the low-voltage detection interrupt voltage in the vicinity of 1.75 V.

00110 Set the low-voltage detection interrupt voltage in the vicinity of 1.80 V.

00111 Set the low-voltage detection interrupt voltage in the vicinity of 1.85 V.

01000 Set the low-voltage detection interrupt voltage in the vicinity of 1.90 V.

01001 Set the low-voltage detection interrupt voltage in the vicinity of 1.95 V.

01010 Set the low-voltage detection interrupt voltage in the vicinity of 2.00 V.

01011 Set the low-voltage detection interrupt voltage in the vicinity of 2.05 V.

01100 Set the low-voltage detection interrupt voltage in the vicinity of 2.50 V.

01101 Set the low-voltage detection interrupt voltage in the vicinity of 2.60 V.

01110 Set the low-voltage detection interrupt voltage in the vicinity of 2.70 V.
01111 Set the low-voltage detection interrupt voltage in the vicinity of 2.80 V.
10000 Set the low-voltage detection interrupt voltage in the vicinity of 2.90 V.
10001 Set the low-voltage detection interrupt voltage in the vicinity of 3.00 V.
10010 Set the low-voltage detection interrupt voltage in the vicinity of 3.10 V.
10011 Set the low-voltage detection interrupt voltage in the vicinity of 3.20 V.
Others Setting is prohibited.

TYPEY to TYPE12 products

Value Description

00011 Set the low-voltage detection interrupt voltage in the vicinity of 2.80 V. [Initial value]
00100 Set the low-voltage detection interrupt voltage in the vicinity of 3.00 V.

00101 Set the low-voltage detection interrupt voltage in the vicinity of 3.20 V.

00110 Set the low-voltage detection interrupt voltage in the vicinity of 3.60 V.

00111 Set the low-voltage detection interrupt voltage in the vicinity of 3.70 V.

01000 Set the low-voltage detection interrupt voltage in the vicinity of 4.00 V.

01001 Set the low-voltage detection interrupt voltage in the vicinity of 4.10 V.

01010 Set the low-voltage detection interrupt voltage in the vicinity of 4.20 V.
Others Setting is prohibited.
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[bit1:0] Reserved: Reserved bits

The read value is always "0".
These bits have no effect on the operation when written.

<Notes>

The low-voltage detection interrupt enable bit (LVDIE) must be enabled after "0" was written to the L\VDCL bit of
the Low-voltage Detection Interrupt Factor 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 Low-voltage Detection Voltage
Control Register (LVD_CTL), set 0xX1ACCE553 to the Low-voltage Detection Voltage Protection Register
(LVD_RLR) to release write protection mode.

This register is initialized by power-on reset and low-voltage detection reset. It is not initialized by reset factor
other than these resets.

After the setting value of low-voltage detection reset voltage is changed, as the setting value is initialized by the
low-voltage detection reset, the released voltage becomes the initial value. At that time, if the power supply voltage
is higher than the released voltage, the reset is released. For the initial values of the detection voltage and the
released voltage, see the data sheet of the product used.

This register is not initialized by deep standby transition reset.

In the case of disabling the CPU returning from a deep standby mode due to the low-voltage detection interrupt, set
the WLVDE bit of the Deep Standby Return Enable Register (WIER) and the low-voltage detection interrupt
enable bit (LVDIE) to 0, respectively.

For the accuracy of detection / release voltage of the Low-voltage Detection Circuit, see Data Sheet of the product
used.
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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 0000000

[bit7] LVDIR: Low-voltage detection interrupt factor bit

Value 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 always "0".
These bits have no effect on the operation when written.

<Note>

This register is not initialized by 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/IW -
Initial value 1 0000000

[bit7] LVDCL: Low-voltage detection interrupt factor clear bit

Value Description

0 Clears the low-voltage detection interrupt factor bit (LVDIR) of the Low-voltage
Detection Interrupt Factor Register (LVD_STR) to "0".

1 Has no effect on the operation in write mode. [Initial value]

"1" is always set in read mode.

[bit6:0] Reserved: Reserved bits
The read value is always "0".
These bits have no effect on the operation when written.

<Note>
This register is not initialized by 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 RIW
Initial value 0x0000

bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field | LVDLCK[15:0] |
Attribute R/W
Initial value 0x0001

[b|t31 0] LVDLCK[31:0]: Low-voltage Detection Voltage Control Register protection bits
Setting 0OXLACCES53 enables writing the Low-voltage Detection Voltage Control Register (LVD_CTL) (releases
write protection mode).
Setting a value other than 0Ox1ACCES553 disables writing the Low-voltage Detection Voltage Control Register
(LVD_CTL) (enables write protection mode).
When the Low-voltage Detection Voltage Control Register (LVD_CTL) is not set in write protection mode,
0x00000000 is read.
When the Low-voltage Detection Voltage Control Register (LVD_CTL) is set in write protection mode,
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 0xX1IACCE553 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 0OXLACCES53 to the LVD_RLR
register.

Once write protection mode is released for the LVD_CTL Register, it remains released until a value other than
0x1ACCES553 is written to the LVD_RLR Register.

This register is not initialized by deep standby transition reset.
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5.5. Low-voltage Detection Circuit Status Register (LVD_STR?2)

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|LVDRRDY] Reserved |
Attribute R R -
Initial value 0 1 000000

[bit7] LVDIRDY: Low-voltage detection interrupt status flag

Value Description
0 Stabilization wait state or monitoring stop state [Initial value]
1 Monitoring state

This bit has no effect on the operation in write mode.

[bit6] LVDRRDY: Low-voltage detection reset status flag

Value Description
0 Stabilization wait state or monitoring stop state
1 Monitoring state [Initial value]

This bit has no effect on the operation in write mode.

[bit5:0] Reserved: Reserved bits
The read value is always "0".
These bits have no effect on the operation when written.

<Note>
This register is not initialized by deep standby transition reset.
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6. Usage Precautions

This section explains the precautions for using Low-voltage Detection Circuit.

Low-voltage detection interrupt factor bit at STOP mode transition

Even if the power supply voltage is not greater than the detection voltage after clearing the Low-voltage Detection
Interrupt factor bit (LVD_STRLVDIR), the interrupt factor will not be enabled again unless the power supply voltage
becomes greater than the released voltage once.

But, the voltage comparison is executed by the Low-voltage Detection Circuit without fail when the transition to the
STOP mode is executed while the power supply voltage is not greater than the detection voltage after clearing LVDIR.
So, the Low-voltage detection interrupt factor is set again by the transition to STOP mode and the process could go to
the interrupt routine.

For example, in case of the transition to STOP mode in the interrupt routine of the Low-voltage detection, after
clearing the interrupt factor and finishing the interrupt routine, the interrupt factor bit is set soon again and the
interrupt routine might be repeated.

To prevent the occurrence of repeated interrupts when the voltage is not greater than the detection voltage after the
detection of the low-voltage interrupt, disable the Low-voltage detection interrupt enable bit (L\VDIE) and get out of
the routine.

Setup of Detection Voltage of Low-voltage Detection Reset
When the Low-voltage detection reset is generated after setting the detection voltage of Low-voltage detection reset
voltage, the detection voltage setting value is initialized. When the power supply voltage is higher than the initial
setup value as in the case where the power supply voltage lowers slowly, the reset is released. But, as the program is
returned to the beginning by the reset, set the detection voltage again. As the power supply voltage is already lower
than the detection voltage, the Low-voltage detection reset is set again.

That is to say, the loop of the detection voltage change, reset, initialization (returned to the beginning), the detection
voltage change, and reset could be repeated according to the power supply voltage change and program description.

The following measures can be taken to prevent the loop of the Low-voltage detection reset when the power supply
voltage is not greater than the detection voltage:

For the setting value of the Low-voltage detection reset, only the initial value is used.

Set the Low-voltage detection interrupt before the Low-voltage detection reset. Confirm whether an interrupt
flag is set at the beginning of the program and change the setting value of the Low-voltage reset detection
voltage, if required.
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CHAPTER 6: Low Power Consumption Mode

This chapter explains the functions and operations of low power consumption mode.

Overview of Low Power Consumption Mode
Configuration of CPU Operation Modes

Operations of Standby Modes

Standby Mode Setting Procedure Examples
Description of Deep Standby Mode Operation

Deep Standby Mode Setting Procedure Examples
Deep Standby Return Factor Determination Procedure
List of Low Power Consumption Mode Registers
Usage Precautions
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1. Overview of Low Power Consumption Mode

To reduce the power consumption, the system provides low power consumption mode, which enables
the use of the standby mode of SLEEP, TIMER, RTC and STOP modes and the deep standby mode
of deep standby RTC and deep standby STOP modes.

B Overview of CPU operation modes
CPU operation modes are classified into the following types.

® 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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W Table of low power consumption modes equipped in each TYPE
Table 1-1 Table of Low Power Consumption Mode

TYPES5,
TYPEO to TYPES, TYPESG, TYPE10,
TYPEZ, TYPE7 TYPES, TYPE11l
TYPE4 TYPE9
TYPE12
SLEEP modes O O O O
TIMER mode O O O O
Standby modes RTC mode - 5 5 5
STOP mode O O O O
Deep standby RTC mode - O O -
Deep standby RTC mode
(On-chip SRAM - - O -
Deep standby retention)
modes
Deep standby STOP mode - O O -
Deep standby STOP mode i i i
(On-chip SRAM retention)
Table 1-2 Table of Low Power Consumption Registers
TYPESG6, TYPES to
TYPEO to TYPES TYPEL2 TYPE7
Sub oscillation circuit voltage i o i
control register (REG_CTL)
Sub clock control register
(RCK_CTL) - © ©
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B Overview of RUN mode

RUN mode is defined with a clock selected as a master clock. The base clocks, which are obtained by dividing the
master clock frequency, are supplied to CPU clock, AHB bus clock, and APB bus clock to run the CPU, buses, and
most peripherals.

The source clock frequency can be changed dynamically. When not using the main clock or sub clock, the oscillator
of main clock or sub clock can be stopped.

RUN mode is divided into the following modes depending on the clock selected as a master clock.

® High speed CR run mode

In this mode, the high speed CR clock is used as a master clock. The status of main PLL clock or main clock or sub
clock varies depending on the setting of the PLLE or MOSCE or SOSCE bit. The low speed CR oscillator is always
set to the active state. It changes to this mode after a reset has been released.

® Main run mode

In this mode, the main clock is used as a master clock. The status of the main PLL clock or sub clock varies
depending on the setting of the PLLE or SOSCE bit. The high and low speed CR oscillators are always set to the
active state.

® PLL run mode

In this mode, the main PLL clock obtained by multiplying the main clock or high speed CR clock is used as a master
clock. The status of the main clock or sub clock varies depending on the setting of the MOSCE or SOSCE bit. The
high and low speed CR oscillators are always set to the active state.

® Low speed CR run mode

In this mode, the low speed CR clock is used as a master clock. The status of the sub clock varies depending on the
setting of the SOSCE bit. The high speed CR oscillator is stopped. The high speed CR clock and main clock, and
main PLL clock are not available in this mode.

® Sub run mode

218

In this mode, the sub clock is used as a master clock. The low speed CR oscillator is always set to the active state. The
high speed CR oscillator is stopped. The high speed CR clock and main clock, and main PLL clock are not available
in this mode.
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B Overview of SLEEP mode

SLEEP mode is classified as one of standby modes. SLEEP mode is used to stop CPU clocks. This causes the CPU to
be stopped, reducing the power consumption. The resources connected to the AHB and APB bus clocks continue
operations.

SLEEP mode is divided into the following modes depending on a master clock at the transition to SLEEP mode.

® High speed CR sleep mode

When the high speed CR clock is selected as a master clock, the system changes to high speed CR sleep mode if the
transition to SLEEP mode is requested. The status of the main PLL clock, main clock or sub clock varies depending
on the setting of the PLLE, MOSCE or SOSCE bit. The low speed CR oscillator is always set to the active state.

® Main sleep mode

When the main clock is selected as a master clock, the system changes to main sleep mode if the transition to SLEEP
mode is requested. The status of the main PLL clock or sub clock varies depending on the setting of the PLLE or
SOSCE bit. The high speed CR oscillator and low speed CR oscillator are always set to the active state.

® PLL sleep mode

When the main PLL clock is selected as a master clock, the system changes to PLL sleep mode if the transition to
SLEEP mode is requested. The status of the main clock or sub clock varies depending on the setting of the MOSCE
or SOSCE bit. The high speed CR oscillator and low speed CR oscillator are always set to the active state.

® | ow speed CR sleep mode

When the low speed CR clock is selected as a master clock, the system changes to low speed CR sleep mode if the
transition to SLEEP mode is requested. The status of the sub clock varies depending on the setting of the SOSCE bit.
The high speed CR oscillator is stopped. The high speed CR clock and main clock, and main PLL clock are not
available in this mode.

® Sub sleep mode

When the sub clock is selected as a master clock, the system changes to sub sleep mode if the transition to SLEEP
mode is requested. In this mode, the low speed CR oscillator is always set to the active state. The high speed CR
oscillator is stopped. The high speed CR oscillator and main clock, and main PLL clock are not available in this
mode.
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B Overview of TIMER mode

TIMER mode is classified as one of standby modes. TIMER mode is used to stop supplying a base clock. This causes
the CPU clock, AHB bus clock, and all APB bus clocks to be stopped, reducing the power consumption. In this case,
all functions are stopped, excluding the oscillators, PLL, hardware watchdog timer, watch counter, RTC, clock failure
detector, and Low Voltage Detection Circuit.

TIMER mode is divided into the following modes depending on a master clock at the transition to TIMER mode.

® High speed CR timer mode

When the high speed CR clock is selected as a master clock, the system changes to high speed CR timer mode if the
transition to TIMER mode is requested. The status of the main PLL clock, main clock or sub clock varies depending
on the setting of the PLLE, MOSCE or SOSCE bit. The low speed CR oscillator is always set to the active state.

® Main timer mode

When the main clock is selected as a master clock, the system changes to main timer mode if the transition to TIMER
mode is requested. The statuses of the main PLL clock and sub clock varies depending on the setting of the PLLE and
SOSCE bit respectively. The high speed CR oscillator and low speed CR oscillator are always set to the active state.

® PLL timer mode

When the main PLL clock is selected as a master clock, the system changes to PLL timer mode if the transition to
TIMER mode is requested. The status of the main clock or sub clock varies depending on the setting of the MOSCE
or SOSCE bit. The high speed CR oscillator and low speed CR oscillator are always set to the active state.

® | ow speed CR timer mode

When the low speed CR clock is selected as a master clock, the system changes to low speed CR timer mode if the
transition to TIMER mode is requested. The status of the sub clock varies depending on the setting of the SOSCE bit.
The high speed CR oscillator is stopped. The high speed CR clock and main clock, and main PLL clock are not
available in this mode.

® Sub timer mode

When the sub clock is selected as a master clock, the system changes to sub timer mode if the transition to TIMER
mode is requested. The sub clock and low speed CR clock are always set to the active state. The high speed CR
oscillator is stopped. The high speed CR oscillator and main clock, and main PLL clock are not available in this
mode.

B Overview of RTC mode

RTC mode is classified as one of the standby modes. RTC mode stops oscillation other than that of the sub clock. All
the functions except for watch counter, RTC, and low voltage detection circuit will be stopped.

W Overview of STOP mode

STOP mode is classified as one of standby modes. STOP mode is used to stop all oscillating operations. Enabling this
mode stops all functions, excluding the Low Voltage Detection Circuit.

B Overview of deep standby RTC mode

220

Deep standby RTC mode is classified as one of the deep standby modes. Deep standby RTC mode stops oscillation
other than that of the sub clock. All the functions except for the RTC and low voltage detection circuit will be stopped.
It turns off RTC, low voltage detection circuit, CPUs other than GP1O, on-chip Flash memory, on-chip SRAM*, and
peripheral functions inside the chip.
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W Overview of deep standby stop mode
Deep standby stop mode is classified as one of the deep standby modes. Deep standby stop mode stops all oscillations.
All the functions except for the low voltage detection circuit will be stopped. It turns off RTC, low voltage detection
circuit, CPUs other than GPIO, on-chip Flash memory, on-chip SRAM*, and peripheral functions inside the chip.
*: Some product TYPE can retain the data in on-chip SRAM even in the deep standby modes.
In the setting to retain on-chip SRAM data, the power of on-chip SRAM is ON.
For the corresponding product TYPE, see Table 1-1.

B Relationships between CPU operation modes and consumption current values
Figure 1-1 shows the relationships between CPU operation modes and consumption current values.

Figure 1-1 Relationships between CPU operation modes and consumption current values

Consumption current
A

PLL run mode

Standby mode

PLL sleep mode

Main run mode

Main sleep

High speed CR mode
run mode

PLL timer mode

High speed CR
sleep mode

Main timer mode
Sub run mode

Sub sleep mode | | '9h speed CR
Low speed CR timer mode
run mode

Low speed CR Sub timer mode reT T a

Deep standby
STOP mode

sleep mode | |
| Deep standby |

Low speed CR I mode I
timer mode RTC mode | |

| |

I'| Deep standby | |

sToPmode ||| | “eiEin Yl

| |

| |

| |

| |

<Note>
Figure 1-1 shows only an overview of the magnitude relationship among consumption currents of each mode. The
actual consumption current values vary depending on the oscillator and PLL starting conditions in each mode or the
clock configuration of the selected frequency and other elements.
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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

Power-on (1) Power-on reset
(2) Release power-on reset.
@) (3) End oscillation stabilization waiting.
¢ (4) Transition to main mode (MOSCE=1, RCS=001)
(5) Transition to high speed CR mode (RCS=000)
Initialization power-on reset (6) Transition to low speed CR mode (RCS=100)
(7) Transition to sub mode (SOSCE=1, RCS=101)
(8) Transition to PLL mode (PLLE=1, RCS=010)
¢ (2 (9) Reset (Excluding software reset)
High speed CR oscillation
(9) - stabilization waiting o (9)
4 Low speed CR oscillation ~
stabilization waiting
¢ 3
(6) !
*r—————— _— > EEE—
e — High speed CR mode Low speed CR mode
® > ( ) —O ( <
®)
o @
5) 6
4 ®) (M (6)
7
¢ 0 3
Main mode @) Sub mode
“—
®) @) ®) !
<
» PLL mode

® High speed CR mode
In this mode, the high speed CR clock is used as a master clock.

® Main mode
In this mode, the main clock is used as a master clock.

® Low speed CR mode
In this mode, the low speed CR clock is used as a master clock.

® Sub mode
In this mode, the sub clock is used as a master clock.
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® PLL mode
In this mode, the main PLL clock is used as a master clock.

B High speed CR mode transition diagram
In high speed CR mode, the high speed CR clock is used as a master clock.

Figure 2-2 High speed CR mode transition diagram

A-1 Transition to RUN mode A-6 SLEEP mode (WFI or WFE instruction at SLEEPDEEP=0
Other mode (Osculla_tnon stabilization) o A-7 Interrupt
A-2 Start high speed CR oscillation. A-8 TIMER mode (WFI or WFE instruction at SLEEPDEEP=1,
A A-3 Complete oscillation stabilization RTCE=0,DSTM=0 and STM=00)
wating. A-9 RTC mode (WFI or WFE instruction at SLEEPDEEP=1,
A-4 Software reset RTCE=1,DSTM=0 and STM=10)
A-5 Release software reset. A-10 STOP mode (WFI or WFE instruction at SLEEPDEEP=1
RTCE=0,DSTM=0 and STM=10)
A-11 Transition to other mode
A-11
High spg_ed .CR osqllatlon — STOP mode
stabilization waiting
|
/ A-9 RTC mode >
—_—
High speed CR run mode High speed CR timer mo@
«—
—>
\\ High speed CR sleep mode

A-4
EERI A (=n -\‘\A
< Program reset > <Deep starrlgggttransnmn Deep Star:glsnélttransition>
Geep standby RTC mod9 Geep standby STOP mode
A-14 l /-

A-12 Deep standby RTC mode

Deep standby transition Execute WFI/WFE instruction if
reset reiease SLEEPDEEP=1, RTCE=1, DSTM=1,
and STM=10)
A-13 Deep standby STOP mode
Execute WFI/WFE instruction if

SLEEPDEEP=1, RTCE=0, DSTM=1,
and STM=10)

A-14 Deep standby return factor

Figure 2-1
High speed CR oscillation
stabilization waiting
Low speed CR oscillation
stabilization waiting

<Note>
There are products that do not equip RTC mode, deep standby RTC mode, and deep standby STOP mode. See
Table 1-1 (table of low power consumption modes).
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B Main mode transition diagram
In main mode, the main clock is used as a master clock.

Figure 2-3 Main mode transition diagram

B-1 Transition to RUN mode B-6 SLEEP mode (WFl or WFE instruction at SLEEPDEEP=0)
Other mode (MORDY=1) B-7 Interrupt
B-2 Start main oscillation.(MORDY=0)  g.g TIMER mode (WFIor WFE instruction at SLEEPDEEP=1,
A B-3 Complete oscillation stabilization RTCE=0,DSTM=0 and STM=00)
wating. (MORDY=1) B-9 RTC mode (WFIor WFE instruction at SLEEPDEEP=1,
B-4 Software reset RTCE=1,DSTM=0 and STM=10)

B-10 STOP mode (WFlor WFE instruction at SLEEPDEEP=1,

B-5 Release software reset. RTCE=0,DSTM=0 and STM=10)

B-11 Transition to other mode

B-1 B-2

B-11
- — — B-7
Main oscillation satbilization\ g—— STOP mode
waiting
| e
v
a < RTC mode >
_—
Main run mode Main timer mode >

B-4
]t

Program reset Deep standby transition Deep standby transition
reset reset
<Deep standby RTC mode) (Deep standby STOP m09

=] /

B-12 Deep standby RTC mode

—_—
\\ B-7 Main sleep mode >
—

Deep standby transition Execute WFI/WFE instruction if
reset release SLEEPDEEP=1, RTCE=1, DSTM=1,
and STM=10)
B-13 Deep standby STOP mode
Execute WFI/WFE instruction if

SLEEPDEEP=1, RTCE=0, DSTM=1,
and STM=10)

B-14 Deep standby return factor

Figure 2-1
High speed CR oscillation
stabilization waiting
Low speed CR oscillation
stabilization waiting

<Note>
There are products that do not equip RTC mode, deep standby RTC mode, and deep standby STOP mode. See
Table 1-1 (table of low power consumption modes).
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B Low speed CR mode transition diagram
In low speed CR mode, the low speed CR clock is used as a master clock.

Figure 2-4 Low speed CR mode transition diagram

Other mode C-1 Transition to RUN mode C-6 SLEEP mode (WFI or WFE instruction at SLEEPDEEP=0
(Oscillation stabilization) C-7 Interrupt
C-8 TIMER mode (WFI or WFE instruction at SLEEPDEEP=1,
A C-3 Complete oscillation stabilization RTCE=0,DSTM=0 and STM=00)
wating. C-9 RTC mode (WFI or WFE instruction at SLEEPDEEP=1,
C-4 Software reset RTCE=1,DSTM=0 and STM=10)

C-10 STOP mode (WFI or WFE instruction at SLEEPDEEP=1
RTCE=0,DSTM=0 and STM=10)

C-1 C-11 Transition to other mode

C-5 Release software reset.

C-11

C-7
Low speed CR oscillation '\ «
< stabilization waiting STOP mode >

-C-3
jres

< RTC mode >
== >
C-8
E—
Low speed CR run mode Low speed CR timer mo@
—
C-6

e —

Low speed CR sleep mo@
—
el Ares

Program reset Deep standby transition Deep standby transition
reset reset
Geep standby RTC mode> Geep standby STOP mod§

=] /

Execute WFI/WFE instruction if
SLEEPDEEP=1, RTCE=1, DSTM=1,
l and STM=10)

. C-12 Deep standby RTC mode
Deep standby transition P y
reset release

C-13 Deep standby STOP mode
Execute WFI/WFE instruction if
SLEEPDEEP=1, RTCE=0, DSTM=1,
and STM=10)

C-14 Deep standby return factor

Figure 2-1
High speed CR oscillation
stabilization waiting
Low speed CR oscillation
stabilization waiting

<Note>
There are products that do not equip RTC mode, deep standby RTC mode, and deep standby STOP mode. See
Table 1-1 (table of low power consumption modes).
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B Sub mode transition diagram
In sub mode, the sub clock is used as a master clock.

Figure 2-5 Sub mode transition diagram

Sub sleep mode

- y
ol fes)  aN

Program reset Deep standby transition
reset
Geep standby RTC mode) Geep standby STOP mocD

D14 l [D-14]

reset

D-1 Transition to RUN mode D-6 SLEEP mode (WFI or WFE instruction at SLEEPDEEP=0
Other mode (SORDY=1 D-7 Interrupt
D-2 Start sub oscillation.(SORDY=0)  p_g T|MER mode (WFI or WFE instruction at SLEEPDEEP=1,
A D-3 Complete oscillation stabilization RTCE=0,DSTM=0 and STM=00)
wating. (SORDY=1) D-9 RTC mode (WFI or WFE instruction at SLEEPDEEP=1,
D-4 Software reset RTCE=1,DSTM=0 and STM=10)
D-10 STOP mode (WFI or WFE instruction at SLEEPDEEP=1
D-5 Release software reset. RTCE=0,DSTM=0 and STM=10)
D-11 Transition to other mode
D1
D-11
o o D-7
Sub oscillation stabilization STOP mode
waiting
|
v [0-10] [07]
/ \ RTC mode >
Sub run mode Sub timer mode )
«—

Cjeep standby transition

Deep standby transition D-12
reset release
l D-13

Figure 2-1
High speed CR oscillation
stabilization waiting

D-14

Deep standby RTC mode

Execute WFI/WFE instruction if
SLEEPDEEP=1, RTCE=1, DSTM=1,
and STM=10)

Deep standby STOP mode

Execute WFI/WFE instruction if
SLEEPDEEP=1, RTCE=0, DSTM=1,
and STM=10)

Deep standby return factor

Low speed CR oscillation
stabilization waiting

<Note>
There are products that do not equip RTC mode, deep standby RTC mode, and deep standby STOP mode.
Table 1-1 (table of low power consumption modes).

See

226 FM3 Peripheral Manual, Doc. No. 002-05586 Rev. *A




CHAPTER 6: Low Power Consumption Mode

B PLL mode transition diagram
In PLL mode, the main PLL clock is used as a master clock.

Figure 2-6 PLL mode transition diagram

E-1Transition to RUN mode(PLRDY=1) E-6 SLEEP mode. )
Main mode E-2 Start PLL oscillation(PLRDY=0) (WFI or WFE instruction at SLEEPDEEP=0)
- i E-7 Interrupt
E- I I | A )
3 e B R stabilization & g TIMER mode (WFI or WFE instruction at SLEEPDEEP=1,
A E-4 Sofyware reset RTCE=0, DSTM=0, and STM=00)
E-9 RTC mode (WFI or WFE instruction at SLEEPDEEP=1,
E-5 Release software reset RTCE=1, DSTM=0, and STM=10)
E-10 STOP mode (WFI or WFE instruction at SLEEPDEEP=1,
Main oscillation stabilization RTCE=0, DSTM=0, and STM=10)
waiting E-11 Transition to main mode
-E—2 E-15 Interrupt (PINC=0)
E1l ¥ \5-15 E-16 Completeoscillation stabilization waiting(MORDY=1)
E-17 Interrupt (PINC=1
PLL oscillation stabilization Pt )
waiting
STOP mode
|re=
E-15
(9]
—— 5 RTC mode
=2
e
PLL run mode PLL timer mode >
—
E-6
E—
\\ / E-7 PLL sleep mode >
E-4 E-13
| s
Program reset Deep standby transition Deep standby transition
reset reset

(Deep standby RTC mo@ Geep standby STOP mo@

= /

E-12 Deep standby RTC mode

<Deep standby transition (Execute WFI/WFE instruction if
reset release SLEEPDEEP=1, RTCE=1, DSTM=1,
and STM=10)
l E-13 Deep standby STOP mode
(Execute WFI/WFE instruction if

SLEEPDEEP=1, RTCE=0, DSTM=1,
and STM=10)

E-14 Deep standby retrun factor

Figure 2-1
High speed CR oscillation
stabilization waiting
Low speed CR oscillation
stabilization waiting

<Note>

There are products that do not equip RTC mode, deep standby RTC mode, and deep standby STOP mode. See
Table 1-1 (table of low power consumption modes).
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MOSCE: MOSCE bit of System Clock Mode Control Register (SCM_CTL)

SOSCE: SOSCE bit of System Clock Mode Control Register (SCM_CTL)

PLLE: PLLE bit of System Clock Mode Control Register (SCM_CTL)

RCS: RCS bit of System Clock Mode Control Register (SCM_CTL)

MORDY: MORDY bit of System Clock Mode Status Register (SCM_STR)

SORDY: SORDY bit of System Clock Mode Status Register (SCM_STR)

PLRDY: PLRDY bit of System Clock Mode Status Register (SCM_STR)

PINC: PINC bit of PLL Clock Stabilization Wait Time Setup Register (PSW_TMR)

* For the SCM_CTL, SCM_STR and PSW_TMR Registers, refer to Chapter "Clock".

<Note>
To return from low speed CR timer mode, sub timer mode, RTC mode, STOP mode, Deep standby RTC mode, or
Deep standby STOP mode, the voltage stabilization wait time (a few hundred ps) for the operation mode transition of
the built-in regulator is ensured. After the wait time has lapsed, the system performs operations to return to each RUN
mode.
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CHAPTER 6: Low Power Consumption Mode

This section explains operations of standby modes.
Standby modes are classified into four types: SLEEP modes (high speed CR sleep, main sleep, PLL
sleep, low speed CR sleep, and sub sleep), TIMER modes (high speed CR timer, main timer, PLL
timer, low speed CR timer, and sub timer), RTC mode and STOP mode.

B Clock operation states in standby modes
The table below shows the states of the oscillator clock, CPU clock, AHB bus clock, and APB bus clock in SLEEP,
TIMER, RTC and STOP modes.

Table 3-1 Clock operation states in SLEEP modes

SLEEP modes
High speed CR Main PLL Low speed CR Sub
sleep mode sleep mode sleep mode sleep mode sleep mode
High speed . . .
CR clock Operating Operating Operating Stopped Stopped
Varies depending ;/r?rtlﬁg g:tpt)fnndg}g
Main clock | on the setting of | Operating h g¢ Stopped Stopped
the MOSCE bit the MOSCE bit
' and the PINC bit.
Varies depending . .
Main PLL | on the setting of Varies dep_endmg .
X on the setting of | Operating Stopped Stopped
clock the MOSCE bit the PLLE bit
and the PLLE bit. '
Low speed . . . . .
CR clock Operating Operating Operating Operating Operating
Varies depending | Varies depending | Varies depending | Varies depending
Sub clock | on the setting of | on the setting of | on the setting of | on the setting of | Operating
the SOSCE bit. | the SOSCE bit. | the SOSCE bit. | the SOSCE bit.
Varies depending
USB PLL on the setting of | Varies depending | Varies depending
clock the MOSCE bit | on the setting of | on the setting of | Stopped Stopped
and the UPLLEN | the UPLLEN bit. | the UPLLEN bit.
bit.
CPU clock Stopped
AHB bus High speed CR Main clock PLL clock Low speed CR Sub clock
clock clock clock
APBO bus | High speed CR Main clock PLL clock Low speed CR sub clock
clock clock clock
High speed CR . Low speed CR
stkl bus clock Main clock PLL clock clock Sub clock
* Whether or not operation is enabled is determined depending on the setting of the APBC1EN bit.
High speed CR . Low speed CR
QES(Z bus clock Main clock PLL clock clock Sub clock
* Whether or not operation is enabled is determined depending on the setting of the APBC2EN bit.
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Table 3-2 Clock operation states in TIMER modes

TIMER modes
High speed CR timer Main PLL Low speed CR Sub
mode timer mode timer mode timer mode timer mode
Z:)gct:(speed CR Operating Operating Operating Stopped Stopped
_ Varies depending on _ Xﬁ?ﬁz g:trt)fnngdg]lg
Main clock the settmg_of the Operating the MOSCE bit Stopped Stopped
MOSCE bit. .
and the PINC bit.
Varies depending on | Varies
Main PLL clock m%ssgg%iﬁgtnzeth e ?ﬁf 523:23 g? Operating Stopped Stopped
PLLE bit. the PLLE bit.
(I;I%\’CVkSpGEd CR Operating Operating Operating Operating Operating
Varies depending on Xsr:aer?din on Varies depending | Varies depending
Sub clock the setting of the thfsetting of | On the setting of | on the setting of Operating
SOSCE bit. the SOSCE bit. the SOSCE bit. | the SOSCE bit.
USB PLL clock | Stopped Stopped Stopped Stopped Stopped
CPU clock Stopped
AHB bus clock Stopped
APBO bus clock Stopped
APB1 bus clock Stopped
APB?2 bus clock Stopped
Table 3-3 Clock operation state in RTC mode and STOP mode
RTC mode STOP mode
High speed CR clock
Main clock
Main PLL clock Stopped
Low speed CR clock
Sub clock Operating
USB PLL clock Stopped
CPU clock
AHB bus clock
APBO bus clock Stopped
APB1 bus clock
APB?2 bus clock

MOSCE: MOSCE bit of System Clock Mode Control Register (SCM_CTL)
SOSCE:  SOSCE bit of System Clock Mode Control Register (SCM_CTL)
PLLE: PLLE bit of System Clock Mode Control Register (SCM_CTL)

UPLLEN: UPLLEN bit of USB-PLL Control Registerl (UPCR1)
APBC1EN:APBCL1EN bit of Peripheral Bus Clock Frequency Division Register (APBC1_PSR)
APBC2EN:APBCZ2EN bit of Peripheral Bus Clock Frequency Division Register (APBC2_PSR)

*: For the SCM_CTL, APBC1_PSR, and APBC2_PSR Registers, refer to Chapter "Clock™.
For the UPCR1 Registers, refer to Chapter 