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Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infingement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

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

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

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

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

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

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

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

become possible.
5. Clock signals

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

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

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

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

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

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

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



Preface

1.  About this document

This manual is generally organized into an overview of the product, descriptions of the CPU, system control functions,
peripheral functions, electrical characteristics, and usage notes. This manual describes the product specification of the
microcontroller (MCU) superset. Depending on your product, some pins, registers, or functions might not exist. Address
space that store unavailable registers are reserved.

2. Audience

This manual is written for system designers who are designing and programming applications using the Renesas
Microcontroller. The user is expected to have basic knowledge of electrical circuits, logic circuits, and the MCU.

3. Renesas Publications

Renesas provides the following documents. Before using any of these documents, visit www.renesas.com for the most
up-to-date version of the document.

Component

Document Type

Description

Microcontrollers

Data sheet

Features, overview, and electrical characteristics of the MCU

User’s Manual: Hardware

MCU specifications such as pin assignments, memory maps,
peripheral functions, electrical characteristics, timing diagrams, and
operation descriptions

Application Notes

Technical notes, board design guidelines, and software migration
information

Technical Update (TU)

Preliminary reports on product specifications such as restriction and
errata

Software

User’'s Manual: Software

API reference and programming information

Application Notes

Project files, guidelines for software programming, and application
examples to develop embedded software applications

Tools & Kits, Solutions

User’s Manual: Development Tools

User’'s Manual: Software

Quick Start Guide

User’s manual and quick start guide for developing embedded
software applications with Development Kits (DK), Starter Kits
(SK), Promotion Kits (PK), Product Examples (PE), and Application
Examples (AE)

Application Notes

Project files, guidelines for software programming, and application
examples to develop embedded software applications
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4.

Numbering Notation

The following numbering notation is used throughout this manual:

Example Description
011b Binary number. For example, the binary equivalent of the number 3 is 011b.
Ox1F Hexadecimal number. For example, the hexadecimal equivalent of the number 31 is described 0x1F. In
some cases, a hexadecimal number is shown with the suffix "h".
1234 Decimal number. A decimal number is followed by this symbol only when the possibility of confusion

exists. Decimal numbers are generally shown without a suffix.

5.

Typographic Notation

The following typographic notation is used throughout this manual:

Example

Description

AAA.BBB.CCC

Periods separated a function module symbol (AAA), register symbol (BBB), and bit field symbol
(CcC).

AAA.BBB A period separated a function module symbol (AAA) and register symbol (BBB).
BBB.DDD A period separated a register symbol (BBB) and bit field symbol (DDD).
EEE[3:0] Numbers in brackets expresses a bit number. For example, EEE[3:0] occupies bits 3 to 0.

6.

Unit and Unit Prefix

The following units and unit prefixes are sometimes misleading. Those unit prefixes are described throughout this manual

with the following meaning:

Symbol Name Description
Binary Digit Single 0 or 1

B Byte This unit is generally used for memory specification of the MCU and address
space.

k kilo- 1000 = 103. k is also used to denote 1024 (210) but this unit prefix is used to
denote 1000 (103) throughout this manual.

K Kilo- 1024 = 20, This unit prefix is used to denote 1024 (210) not 1000 (103)
throughout this manual.

7. Special Terms

The following terms have special meanings.

Term

Description

NC

Not connected pin. This pin should be left floating unless specified otherwise.

Hi-Z

High impedance.

Don't care or undefined.




8. Register Description

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

XX.X.X  {register/name} : {register/description}

Base Address: {peripheral/name} = {peripheral/baseAddress}

Offset Address: {register/addressOffset} (1 )
Bit potision: 7 6 5 4 3 2 1 0 (2)
Bit Field:| - - - - - - - {field/name}
Value after reset: 0 0 0 0 0 0 0 o —(3)
4) ®) (6)
Bit ‘Symbol ‘ ‘ Function ‘ ‘RIW ‘
0 {field/name} {field/description} {access}
0: {enumeratedValue/description}
1: {enumeratedValue/description}
71 - These bits are read as 0. The write value should be 0. R/W

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

Function module symbol, {pheripheral/name}, register symbol, {register/name}, and address assignment of this register
are generally expressed. Base Address and Offset Address mean {regiser/name} : {register/description} of {peripheral/
name} is assigned to address {peripheral/baseAddress} + {register/addressOffset}.

(2) Bit number

This number indicates the bit number. This bits are shown in order from bits 31 to 0 for 32-bit register, from bits 15 to 0
for 16-bit register, and from bits 7 to 0 for 8-bit register.

(3) Value after reset

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

0: Indicates that the value is 0 after a reset.
1: Indicates that the value is 1 after a reset.

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

(4) Symbol
{filed/name} indicates the short name of bit field. Reserved bit is expressed with a —.
(5) Function
Function indicates the full name of the bit field, {field/description}, and enumerated values.
(6) R'W
The R/W column indicates access type whether the bit field is readable or writable.
R/W: The bit field is readable and writable.

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

W: The bit field is writable only. The read value is the same as after a reset unless specified otherwise.



9. Abbreviations

Abbreviations used in this document are shown in the following table.

Abbreviation

Description

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

APB Advanced Peripheral Bus

ARC Alleged RC

BCD Binary Coded Decimal

ETB Embedded Trace Buffer

ETM Embedded Trace Macrocell

HMI Human Machine Interface

IrDA Infrared Data Association

LSB Least Significant Bit

MSB Most Significant Bit

NVIC Nested Vector Interrupt Controller
PC Program Counter

PFS Port Function Select

POR Power-on reset

PWM Pulse Width Modulation

S/H Sample and Hold

SP Stack Pointer

SWD Serial Wire Debug

SW-DP Serial Wire-Debug Port

TRNG True Random Number Generator
UART Universal Asynchronous Receiver/Transmitter
WFI Wait for interrupt




10. Proprietary Notice

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

Arm® and Cortex® are registered trademarks of Arm Limited. CoreSight™ is a trademark of Arm Limited.
CoreMark® is a registered trademark of the Embedded Microprocessor Benchmark Consortium.

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

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

11. Feedback on the product

If you have any comments or suggestions about this product, go to Contact Us.


https://www.renesas.com/us/en/contact-us

Contents

== LT == 26
T Y T 27
1.1 T T3 1T T 111 = RS 27

2 = o T I 1o | =1 o I USRS 31

(G T == 1 N[0 ] o=y oV ST PP 31

L I ¥ o Tor (o W @ o 4 gl o T= Ty T o H USSP 34

T8 PIN FUNCHONS ...ttt e e e e e e e e s bbbt ettt e e e e e e e e e sa e nnnbeneeeeeeeas 35

1.6 PN ASSIGNMENTS ...ttt ottt e e s bbb et e e s e b bttt e e s ab et e e e e e bt e e e e s anneeeeean 37

1.7 PN LiSES et an e n 40

7 03 43
Nt T O 1YY 1= USROS 43
211 O SR 43

21.2 DT o T8 Lo F OO PSP S P PRSPPI OPPPPPP 43

213 OPerating FrEQUENCY ......ouiiiii it e e e e 43

214 BIOCK DIagIram ... ..ottt e e e e e e e e e e n e as 43

2.2 Implementation OPLiONS. ........ooiii it e e e e e e e e e e e aaaaeaaaaaan 44
PR B T B B 1 (=1 o = o7 SRR 45

P S 1Y o1 T N U T o o PR PPPPN 45
2.4.1 Debug Mode Definition...........ooieiiiiiiii e 45

2.4.2 Debug MOde EffECES.....uiiiiiiiii i 45

243 Trace Control (fOr the MTB) .....coo i 46

244 CoreSight (FOr MTB) ...eeeeeiiiiiiee et e et e e e e snb e e e e eneee 46

2.5 Programmers IMOUEI ... .. . o it e e e e e e e e e et e e e e e e e e e e ereeeaeaeeeaaaan 47
2.5.1 F e [0 =TT ST o= o7 T S PSPPI 47

252 Cortex-M23 Peripheral ADdress Map .........ccviiieiiiiiiiiiiiiiieeeee e 47

253 External Debug AddreSs IMap .......coooiuiiiiiiiiiiie e 47

254 CoreSight ROM TabIe .......cueiiiieiiiee et e e e e e e e 48

255 DBGREG MOUIE ...ttt ettt ettt ettt e sa et e e st e e e sbe e e sbee e e snnee s 48

256 OCDREG MOGUIE........eieieiee ittt e et e e e s aee e e s tee e e anteeeaneeeeanneeesneeeaneeeeanees 50

TS YL I o [ 4 1= SO SR O PP PPUPPTT 53
2.7  OCD EmUItor CONNECHION .......coiiiiiiiiei ettt e et e e e sa b e e e e s abb e e e e e eanbeeeeeeanes 53
271 ID COQE ...ttt ettt e e s 53

2.7.2 [T ST 53

273 Restrictions on Connecting an OCD emulator .............coociiiiiiiiiie e 53

S T o Y (=Y =Y Lot Y SRR 55
2.9 USAGE NOES ...ttt h et e e oot e e e e a bt e e e e e b et e e e e e b ee e e e e e b bae e e e e abreeeeeaaae 55

3. 0Perating MoOAES ......couiiiiiiiriirr i ————— 56
G T0g B © 1YY T OO 56
3.2 Operating ModES TranSItiONS. ........ccuuiiiiiiiiiie et e e e et e e e e et e e e e esnbeeeeeeanbaeaeeennes 56
3.2.1 Operating Mode TranSitioNS ..........eiiiiiiiiie e e e e e 56

L S X o [ [T o - TP 57
o B N [0 | LY TSI o= (o = SRRSO 57

LT = -1 58



5.2 RegiSter DESCIIPONS ..o i e e e e e e e e e e e et et e e et e eeaa e e e e e e e e e e aaaaaaaaeaaaaana 60

5.21 RESF : Reset Status Flag RegiSter. ... ..o 60
5.2.2 PORSR : Power-On Reset Status Register ..........ccviiiiiiiii e 61
LI I O o T=T -1 1 o] o F OO UPUSUTTT 61
5.3.1 S T T T T -1 S 61
5.3.2 POWEI-ON RESEL.......ceiiiiiiiiiie et e s bt e st e e anree s 61
5.3.3 Voltage MoONITOr RESEL.......cooiiiii e 62
5.34 Independent Watchdog Timer RESEL........cccueuiiiiiiiiiiie e 63
5.35 SOfIWAIE RESEL......ciiiiiie ettt e e e e st e e e e s sst e e e s ssteeeeesanbaneaeeanes 63
(0o 1T ¢ TS Y=Y {1 e 01T L=T 4 0T 64
L0t I O 1YY TSRS 64
6.2  RegiSter DESCIIPONS ....cci it e et e e e e e e e e e et et e et e e e e ea e e e e e e e e e e aaaaaaaaeaaaaaaa 64
6.2.1 OFSO0 : Option Function Select Register O .........oooiiieiiii e 64
6.2.2 OFS1 : Option Function Select Register 1 ... 66
6.2.3 AWS : Access Window Setting REGISIEN .......coooiiiiiiiiiii e 68
6.2.4 OSIS : OCD/Serial programmer ID Setting Register............ccooiiiii e 69
6.3  Setting Option-Setting MEMOTY ...t e e e e e e e e e s e re e e e e aaeeeeaeanns 70
6.3.1 Allocation of Data in Option-Setting MemOTY ..........ccoiiiiiiiiiie e 70
6.3.2 Setting Data for Programming Option-Setting Memory.........ccccoovvviiiiiieieneeee e 70

(O U = Vo =T N (o] (= PO PPPRRTTTT 71
6.4.1 Data for Programming Reserved Areas and Reserved Bits in the Option-Setting Memory.. 71
6.4.2 NOE ON FSPR Bit.....eiiiiiiiiiiie ittt et et e e e e e annee s 71
Low Voltage Detection (LVD).......cccccciiiiiiiiiiisccsssssecereeesssssssssssssssssssssssssessssssssssssssssnssssssssssssssssssnnmssnsssnsens 72
200 B © 1YY 4T SO 72
7.2 RegiSter DESCIIPLONS ......oiiiiiiiiiie ittt ettt e e s ettt e e e s aabee e e e e sbeaeeeesanbeeeeeeanes 73
7.2.1 LVD1CR : Voltage Monitor 1 Circuit Control Register .........ccccoccuiiiiiiiiiiie e 73
7.2.2 LVD1MKR : Voltage Monitor 1 Circuit Mask Register .........cccoooiiiiii e 74
7.2.3 LVD1SR : Voltage Monitor 1 Circuit Status Register.............ccocciiiiieiiii e, 75
7.3 VCC INpUt VOIAGE MONITOT ...ttt e e sb e e s s aabaeee e e anee 75
7.31 T a1 (o] T To YT SO 75
7.3.2 Lo a1 (o] e Y P 75

7.4  Reset from Voltage MONITOr O.......ooueiiiiiiiiiie ettt e e et e e e e e rnbee e e e e e nbeeaeeenees 75
7.5 Interrupt and Reset from Voltage Monitor 1.........oooi e 76
7.6  Event Link Controller (ELC) OUIPUL.........uueiiiiieiiiiiiccceeeee e e e e e e e s e e e e e e e e e e e e 77
Clock Generation CIrCUIL .........cccciiiiiiiiirr e e s mm e e e e e 78
TRt I O 1YY 1= SRR 78
8.2 RegiSter DESCIIPONS ......oiiiiiiiiiie ettt e e e sttt e e e e aabe et e e e s bte e e e e e anbeeeeeeanee 80
8.2.1 CMC : Clock Operation Mode Control RegiSter ............cuuveiiiiiiiiiiiiicieeeee e 80
8.2.2 SOMRG : Sub-clock Oscillator Margin Check Register ... 82
8.2.3 FOCOSCR : FOCO Clock Source Control REGIStEr .........cccoeiiiiiiiiiiiiiieeee e 82
8.24 FMAINSCR : FMAIN Clock Source Control Register...........oooiiiiiiiiiiiiiiceeeeeee, 83
8.2.5 FSUBSCR : FSUB Clock Source Control REGISIEr ...........ueviiiiiiiiieiiiieee e 83
8.2.6 ICLKSCR : ICLK Clock Source Control Register ...........ccciviiiiiiiiie e 84
8.2.7 MOSCCR : Main Clock Oscillator Control Register ............cooiiiiiiee e 84
8.2.8 SOSCCR : Sub-clock Oscillator Control Register...........uuveiiviiiiiiiiiiiieeeeee e, 85

8.2.9 LOCOCR : Low-speed On-chip Oscillator Control Register..........cccooooeiiiiiiiiiiieee, 86



8.2.10 HOCOCR : High-speed On-chip Oscillator Control Register .........ccccccveeeeiiiiiiciiiieieeeeeeee, 87

8.2.11 MOCOCR : Middle-speed On-chip Oscillator Control Register..........ccccccoiiiiiiiiiiin. 87
8.2.12 OSTC : Oscillation Stabilization Time Counter Status Register...........cccccovviiiiininee e, 88
8.2.13 OSTS : Oscillation Stabilization Time Select Register...........ccoocvvieeiiiiiee e 90
8.2.14 OSCSEF : Oscillation Stabilization Flag Register ... 91
8.2.15 HOCODIV : High-speed On-chip Oscillator Frequency Select Register............cccoceveveeeeenn. 91
8.2.16 MOCODIV : Middle-speed On-chip Oscillator Frequency Select Register ............ccccceeeneee. 92
8.2.17 MOSCDIV : MOSC Clock Division ReGIStEr...........uuviiiiiiieeeiieiccciiieeeee e 92
8.2.18 OSMC : Subsystem Clock Supply Mode Control Register...........cccoevvcvieieeiiciiire e 93
8.2.19 CKSn : Clock Out Control Register N (N =0, 1)...cooiiiiiiiiiiee e 93
8.2.20 LIOTRM : Low-speed On-chip Oscillator Trimming Register ..........coccvvveeviiiene e, 94
8.2.21 MIOTRM : Middle-speed On-chip Oscillator Trimming Register ...........ccccoviiiiiiiiiniiie, 95
8.2.22 HIOTRM : High-speed On-chip Oscillator Trimming Register.........ccccccveeiiiiiiiiciiiiiieeeeeee, 96

< TRC TN |V =11 I @4 (o o3 1q @ F-Tox 1| =1 (o] (OO PRSTTR 96
8.3.1 Connecting a Crystal RESONALON .......ooiiiiiiii e 96
8.3.2 EXternal ClOCK INPUL.....eoiiii e e e e e e e e et eeaa s 97
8.3.3 Notes on External ClOCK INPUL.......coooiiiiii e 97

8.4 SUD-CIOCK OSCIIAION ........eiiiiiieitiie ettt sttt b e st e s b e e snre e s anreeees 97
8.4.1 Connecting a 32.768-kHz Crystal ReSoNator..........c..ooiiiiiiiiiiii e 97

8.5 INLEINAI CIOCK......ei ittt ettt e st e st e s n e et e e an e e e e e 98
8.5.1 SYStEM CIOCK (ICLK) ...eiiiiiiiiiee ettt ettt e e st e e e e et e e e e e sbte e e e e enntaeeeeeanbeeeeeennes 98
8.5.2 Peripheral Module Clock (PCLKB)........ooiiiiiiiieeiieee e 100
8.5.3 RTC-dedicated ClOCK (RTCCLK) ......oiiiiiiiiiie ittt 100
8.5.4 IWDT ClIOCK (IWDTCLEK) ...ttt ettt e et e e see e s mee e e e neeeemeeeeenneeeeanneas 100
8.5.5 SysTick Timer-dedicated ClIock (SYSTICCLK)......cccuuiiiiiiiiiiee e 100
8.5.6 External Pin Output ClOCK (CLKOUT) ...oiiiiiiiee et e e 100
TG I U F =T [ o] (PRSI 101
8.6.1 REGISTEI ACCESS ...ttt e e e e e e e ettt e e e e e e e e e e e s et e eeeeeeaaaeens 101
8.6.2 Notes on Clock Generation CirCUIL...........ooiiiiiiiiiiiiie e 101
8.6.3 NOLES ON RESONALON ...ttt e e e e s e e e e 101
8.6.4 NOtES ON BOAId DESIGN .....eeiiiiiiiieee et b e e 101
8.6.5 Notes on Resonator CoNNECt PiN...........cooiiiiiiiiiiiic e 102
LOW POWEE MOAES ....coooiiiiiiiiiiiicinemninnessssssssssssssmmnns s e s e s ssssss s smnmn s e e e e e s sassa s s samnnn e s e neeessanan s ssnnnmnnnnnnnssns 103
1S TRt I O 1YY 1= PR 103
9.2 RegiSter DESCIIPONS ......oiiiiiiiii ettt e e s st e e e s sb e e e e e e aabeeeeeeaas 106
9.21 SBYCR : Standby Control REGISIEN .........eeeiiiiiiiieiiecee e 106
9.2.2 MSTPCRA : Module Stop Control Register A ....... . i 107
9.2.3 MSTPCRB : Module Stop Control Register B ... 108
9.24 MSTPCRC : Module Stop Control Register C..........ccooiiiiiiiiiiiiiie e 108
9.2.5 MSTPCRD : Module Stop Control Register D..........coooiiiiiiiiiiieeee e 109
9.2.6 FLMODE : Flash Operating Mode Control Register.............ccccciiiiiiiiiice e, 110
9.2.7 FLMWRP : Flash Operating Mode Protect Register ..........cccoooiviiiiiiiie e, 111
9.2.8 PSMCR : Power Save Memory Control REGISTEr .........cccviviiiiciiiiiiieeee e 111
9.2.9 SYOCDCR : System Control OCD Control REGIStEr........c..uvvveiiiiiiie e 112
9.3  Reducing Power Consumption by Switching Clock Signals ..............cccooiiiiiiiieeees 112
9.4 ModUIE-StOP FUNCHON ... ..t e e ee et e e e e e e e e aaaaaaaeaees 112

9.5  Function for Lower Operating Power ConsSUMPLiON............ooiiiiiiiiiiiiiiiiieeeee e e 113



10.

1.

9.5.1 Setting Operating Power Control MOde .............coooiiiiiiiiiicee e 113

9.5.2 Operating RaANGE ... .. et e e et e e e e e e e e e e e e nnees 114

1S G I (=T o I Y/ [ To = PRI 116
9.6.1 Transitioning t0 SIEEP MOE.........cuuiiiiiiieiee e e e s 116
9.6.2 CanceliNg SIEEP MOTE ........ueiiiiiieiie et e e a e 116
9.7  Software Standby MOE ...........ooiiiiiii e e ————————aaaa s 117
9.7.1 Transition to Software Standby MoOde ..o 117
9.7.2 Canceling Software Standby MOdE............ceeviie i 117
9.7.3 Example of Software Standby Mode Application ...........ccccceevvciiiie i 118

1S 20 C TR T o o 7-/= 3 1V o T - SR 118
9.8.1 Transition {0 SN00ZE MOME .......ccoiiiiiiii e e e e nnaeeeas 118
9.8.2 CanceliNng SN00ZE MOGE .......cccoiiiiiiiii et e e s ee e 119
9.8.3 Returning from Snooze Mode to Software Standby Mode...........ccccevveeeiiiiiiciiiiieeeeeeeee, 120
9.84 Snooze Operation EXAmPIE ........oooeiiiiiiicicecc e 120

1S IR U F =T [ o] (PRI 121
9.91 REGISTEI ACCESS ...ttt ettt e e e e e e e e e ettt e e e e e e e e e e s et e e eeeeeaaaeens 121
9.9.2 [/O POt PiN SEAES ...eoiieeee e 122
9.9.3 Module-stop State Of DTC.........c.cuiiiiiiiiie e e e e e e e e eeaaae s 122
994 Internal INterrupt SOUIMCES ... . .. e e e e e e 122
9.9.5 Transitioning 10 LOW POWETr MOAES ...........uuviiiiiiiiieei et a e e e e e 122
9.9.6 TimIing Of W INSTIUCHION ......vviiiiiiiiee e e e e e nnaaee s 123
9.9.7 Writing to the IWDT Registers by DTC in Sleep Mode or Snooze Mode ...........ccccceeeenneen. 123
9.9.8 OsCillators in SN00ZE MOAE .........oviiiiiiiiiiee et e e e e st e e e e snnraeeaeeans 123
9.9.9 Using SAUO iN SN00ZE MOGE.......ccooiiiiiiiiiiiiiie e 123
9.9.10 Using UARTO in SN00ZE MOAE .......ouviiiiieeeiieieceeee et e e e eaaa e 123
9.9.11 Sleep-0n-eXit FUNCLON ........oooiiii e e e e e e e e e e e 123
Register Write Protection ... s 124
L0 T O =Y 1= 124
10.2 Register DESCHPIONS .....ccoiiiiieeeeeeee ettt e e e ettt et s e e e s e e e e eaeaaaaaaaaaeeeeeesssnrnrnnes 124
10.2.1 PRCR : ProteCt REGISTEN .....ocoiiiiiiei e 124
Interrupt Controller Unit (ICU) .........cccooiiiicocieiieccre e srcsme e s s sms e e s s ssme e e smn e e e s ssmn e e s s smn e e e s s smmn e e e ssssmnnnes 125
S T 1Y =Y S OSR 125
11.2  RegiSter DESCIIPLIONS .. ...ttt e e e e e e s bbbt e e e e e e e e e e e aaaannabaneeeeeaeaeens 126
11.2.1 IRQCRI : IRQ Control Register i (i = 010 7) ..ooioiiiiiiieiiieee e 126
11.2.2 NMISR : Non-maskable Interrupt Status Register ............oooooiiiiiiiiii e, 127
11.2.3 NMIER : Non-maskable Interrupt Enable Register ... 128
11.2.4 NMICLR : Non-maskable Interrupt Status Clear Register...........ccccoviiiiiiiiie i, 129
11.2.5 NMICR : NMI Pin Interrupt Control REGIStEr ........c.ueeviiiiiiiie e 130
11.2.6 DTCENSTO : DTC Enable Status Register 0 ...........coooiiiiiiiiii e 130
11.2.7 DTCENST1 : DTC Enable Status Register 1 ... 131
11.2.8 DTCENSETO : DTC Enable Set Register 0 ........ccooiiiiiiiiee e 132
11.2.9 DTCENSET1 : DTC Enable Set Register 1 .........ouviiiiiiiieiiii e 133
11.2.10 DTCENCLRO : DTC Enable Clear ReGiSter 0 .........coeiiiiiiiieiiiiiiee e eeeee e 134
11.2.11 DTCENCLR1 : DTC Enable Clear Register 1 ..........oooiiiiiiiiiieeeee e 135
11.2.12 INTFLAGO : Interrupt Request Flag Monitor Register 0.........cccccvviiiiiiieiiiiieee e 135

11.2.13 INTFLAG1 : Interrupt Request Flag Monitor Register 1., 136



12

13.

14.

11.2.14  SBYEDCRO : Software Standby/Snooze End Control Register O.............ccccccvviieeeeeeeeeennn. 137

11.2.15  SBYEDCR1 : Software Standby/Snooze End Control Register 1........ccccoccviiiiiieinnnnn. 138

LR T =Y o2 (o N =T o -SSR 140
11.3.1 [l g AU o A=Y od (o S =T o] L= PSP 140
11.3.2 EVENT INUMDET ...t e e e e e e e e e e e e e e e e e e e s seennnnreneeeeeaaaeens 143

R A ) G214 U] o) Q@ o= = 1] o PR 144
11.4.1 DeteCting INtErTUPES ..o e 145
11.5  Interrupt SELHNG PrOCEAUIE ......ceeiiiiee it e e e e e e e e e e e e e e e e e seseannbaaanereaaaees 145
11.51 Enabling Interrupt REQUESES.......... e 145
11.5.2 Disabling Interrupt REQUESTS ........oooiiiiiiii e 145
11.5.3 POIING fOr INTEITUPES ..o e e e e e e eeaa e 145
1154 Selecting Interrupt Request Destinations ..........oooooiiiiiii e 146
11.5.5 EXternal Pin INtermrUptS. ..o ————————— 146
11.6  Non-maskable Interrupt OPEration ........... oo e e e e e e e e e e e e e e e eaeeaaens 146
11.7  Return from LOW POWEE MOAES ........cooo ettt e et e e e e e e e e e s s nnnraeeneeeaeaee s 147
11.7.1 Return from SIEEP MOGE ...........euiiiiiiieeee e 147
11.7.2 Return from Software Standby Mode..........c.ooiiiiiiiii 147
11.7.3 Return from SN00ZE MOTE .........uiiiiiiiiiiie e e 147
11.8 Using the WFI Instruction with Non-maskable INterrupts ..o, 147
S T o =1 =T o T U PPRR 148
BUSES ...t r e e e e e e e s e RREEEeeeeeeeaaaaessaaamRREEEeEeeeeeaaeesasaanRRERREeeEeeeeaaaaeaaaannnnnnnneees 149
R B O 1Y o T PR 149
P B =t o o o] g T = 10 L SR 150
12.21 MAIN BUSES ...ttt et e e e e e e e e e e s 150
12.2.2 SIaVe INTEITACE ...ttt e e e e e e e 150
12.2.3 Parallel OPerations..........uuiiiiiiiie e 150
12.2.4 Restriction on ENI@nNNESS ...........eeeiiiiiiiiiiie e 150
12.2.5 Restriction 0N EXCIUSIVE ACCESS ......uuiiiiiieeeiiieie ettt e e e e e e e s s eeeeeeeeaeaeeens 150
12.3  Register DESCHIPLONS ... ..coiiieceeeeeeeee ettt s e e e s e e e e e aeaaaaaaaeeeeeeeeessnrnrnnes 151
12.3.1 BUSMCNTX : Master Bus Control Register X (x = SYS, DMA) ......ooiiiiiiiiiieee e, 151
12.3.2 BUSNERRADD : Bus Error Address Registern (N =3, 4) ...cccccviiiiiiiiieee e 151
12.3.3 BUSNERRSTAT : BUS Error Status Register n (n =3, 4) ....coooiiieiiiee e 152
12.4  Bus Error MONItoring SECHON. ......coiiiiiiiiiii it e st e e s e e e ennneeeas 152
12.41 Error Type that OCCUIs DY BUS .......uuviiiiiiiic e 152
12.4.2 Operation When @ BUS ErrOr OCCUIS .......coiiiiieiiieiiieiiiiiiee et e e e e e e e e e e e 152
12.4.3 Conditions for issuing illegal Address ACCESS EITOIS .......ccceveeeiiiiiiiiiiiiieeeee e 153
L T S =T (=Y =T o USSR 153
Flash Read Protection (FRP).........cciiiiicieiieccre e sscsce e e s sssms e e s s seme e s s s e e s e s s smm e e e e s smme e e e s mnnnes 154
LIRS TRt B O 1Y =Y SO S 154
13.1.1 =Y g To] oV {0 (= o1 1 o] o 154
13.2 USAQE NOES ...ttt e e ettt e e e et e e e e b b et e e e e b b e e e e e e b e e e e e e anreeas 155
13.2.1 Notes on the Use of @ DEDUGET .......ueiiiiie it a e e 155
13.2.2 (070) 0] o111 S T= 1] s o SR PPR PSR 155
13.2.3 Protection of OF ST ReGISIEr .......ooiiiiiiii e 155
Data Transfer Controller (DTC).......ccccuiiiiiiiniieirr e ane s 156

A B O 17T 1= YN 156



15.

14.2 Register DESCIPIONS .....ccoiiieieeeieeeee ettt e e e e e et ettt et e et ae e e seeaeeeeaaaaaaeaeeeeeeerssnrnennes 157

14.2.1 MRA : DTC Mode RegiSter A ... .. e e e e e e 157
14.2.2 MRB : DTC Mode ReGiISter B .......cooiiiiiiieeiiee e 158
14.2.3 SAR : DTC Transfer Source REGISIEN ........ccoiiiiiiiiiiiiie e 159
14.2.4 DAR : DTC Transfer Destination Register...........oocuiii e 160
14.2.5 CRA : DTC Transfer Count ReGIStEr A.......ooooeiiiiiiie e 160
14.2.6 CRB : DTC Transfer Count Register B........ooouiiiiiiiii e 161
14.2.7 DTCCR : DTC CONtrol REGISIEN .....vviiiiiiieeee ittt se e e e e e e e e e s rrereeeeaaae s 161
14.2.8 DTCVBR : DTC Vector Base REGISIEN ........c.uuiiiiiiiiiie et 161
14.2.9 DTCST : DTC Module Start REGISTEr .........ceiiiieieie e 162
14210 DTCSTS : DTC Status REGISTEr .. ..ueiiiiiiiiii i 162
LG T o 1)Y= 1110 T 10 o= 163
14.3.1 Allocating Transfer Information and DTC Vector Table ............ccceeeeveeiiiiiiiiicieeeeeeeeee, 163
LB O o =T - 11 o F USSP UUSUUPPPRPRN 165
14.4.1 Transfer Information Read SKip FUNCHON.........c...oiiiiii e 167
14.4.2 Transfer Information Write-Back Skip FUNCHON.............ccciiiiiiiii e, 167
14.4.3 Normal TranSfEr MOAE ........cooiieeee e e e e e e e s s e e aeeee s 168
14.4.4 Repeat Transfer MOAE ... e e e e e aaae s 169
14.4.5 BIOCK Transfer MOAE .......oooi oo e e e e e eeaaaeeas 170
14.4.6 Chain TraNSTEI ... .eeiiiee et e e e e 171
14.4.7 (@ ToT=T =Y oo TN T 0310V TSP UPRSOURRR 172
14.4.8 EXeCUtion CYCIES Of DTC ...coiiiiiiiei ettt et e e e 174
14.4.9 DTC Bus Mastership Release TiMiNg ........coooiiiiiiiiiiiiiiie e 175
14.5 DTC SettiNg ProCEAUIE .....ooiiiiiiiii ettt e e et e e s bbb e e e e anneee s 175
14.6 EXAMPIES OFf DTC USAQE ....uuuiiiiiiiiieeei ittt e ettt e e e e e e e e e st ae e e e e e aaeeeessessnsnbananeeeaaaeens 176
14.6.1 I\ (o] g T I =T 13 (Y SRR 176
14.6.2 L0 o= T T I = ] =) USSR 176
14.6.3 Chain Transfer When Counter = 0 ........c.ueiiiiiiiiiie e e s neee e e 177
A [ (=T (VT o) S SRR 179
14.7 1 T (=14 0] o) S Yo 10 ot =Y T USRI 179
R T VY o oGSOSR 179
14.9 Low Power Consumption FUNCHON............uuiiiiiiiiiie et a e e 179
L LR W E 7= To L= [ ] (TSSO 180
14.10.1 Transfer Information Start AdAreSS ... 180
Event Link Controller (ELC).......c.ciiiiiiiiiiriiieins s s s sams e s s mnn s 181
(ST @ =T 1= P OO PSP OP PP TPPP 181
15.2  RegiSter DESCIIPLIONS .. ...ttt et e e e e e e e e e e e eas et e e eeaaaeeeeaaaannnnnnnneeeaaaaans 182
15.2.1 ELCR : Event Link Controller REgiSter........c.uvviiiiiiiiiiii e 182
15.2.2 ELSEGRn : Event Link Software Event Generation Registern (N =0, 1)...cccccceevvveeeennnen. 182
15.2.3 ELSRn : Event Link Setting Register n (n = 18, 2310 28)......ccvviiiiiiiiiiiiee e, 183
ST O o T=T -1 i o] o [ USSP 184
15.3.1 Relation between Interrupt Handling and Event LINKiNG .........cccoveiiiiiiiiiieee e, 184
15.3.2 I 1 S T T Y=Y o1 £ PP 184
15.3.3 Example of Procedure for Linking EVENLS .........coooiiiiiiiiiie e 185
LR U 7= To =T N o) L= USRI 185
15.4.1 Setting ELSR REGISTEN ......uviiiiii ittt et e e et e e e e st e e e e s nnneeeaeeans 185

15.4.2 Linking an Event from the Same Function of the Destination ..............ccccooiiiii . 185



15.4.3 Linking DTC Transfer End Signals as EVENLS .........cccoviiiiiiiiiiiiieeeee e 185
1544 1= 1] o T @3 (o o2 < SRR 185
15.4.5 Module-Stop FUNCHON SEttNG ......ccooiiiiiiiiie e 185
15.4.6 ELC DEIAY TIME ..ttt ettt st ettt s bt e sttt e e bt e e e be e e e anbeeennneas 186
154.7 Link Availability in Sleep, Software Standby, and Snooze Mode ...........ccoovvvciiiiiiieneneeennnn. 186
T 10 T o o o 187
1B.T  OVBIVIEW ...ttt ettt h e e bt e e bt e oo a bt e e b et e e sa b et e ee bt e e s b et e et et e s ne e e e nn e e nn e e e s 187
16.2  RegiSter DESCIIPLIONS ... ...ttt ettt e e e e e e e e et s ettt e e aaaeeeesaaannnbaneeeeeaaaaens 188
16.2.1 PODRm : Pmn Output Data Register (M =01t09,n =001t0 15) ....cccciiiiiiiiiiieeiiieee e, 188
16.2.2 PDRm : Pmn Direction Register m=01t09,n=0010 15).....ccccceeiiiiiiiieiieee e 189
16.2.3 PIDRm : Pmn State Register (M =010 9, N = 0010 15)....cccoiiiiiiiiiiiiiiiiiieee e 190
16.2.4 PORRmM : Pmn Output Reset Register M =01t09,n=001t0 15) c.ccoeveeeeiiiiiiiiiiieeeeeeeeee, 190
16.2.5 POSRm : Pmn Output Set Register (m=01t09,n =0010 15) ...oeoiiiiiiiiiiiiiee, 191
16.2.6 EORRm : Pmn Event Output Reset Register m=11t02,n=001t0 15)....ccccceeviiiererrnnnen. 192
16.2.7 EOSRm : Pmn Event Output Set Register (m=1t02,n=0010 15) cc.ccoviiivreiiiiiereeeeen. 192
16.2.8 PmnPFS_A : Port mn Pin Function Select Register (m=11t09,n=00t0 15)................... 193
16.2.9 POnPFS_A : Port On Pin Function Select Register (n = 00 to 02, 08 t0 15) ........vvvvvveeeennnn. 195
16.2.10  P40nPFS_A : Port 40n Pin Function Select Register (N = 0, 1) .....occoeiiiiiiieeiiieee e, 196
16.2.11 PIONPFS_A : Port 9n Pin Function Select Register (n =13, 14) c.uvvvvveveeeeiiiiiciieeeeeee e, 196
16.2.12 PWPR : Write-Protect REQISTEr ........oooi i 197
16.2.13  CCSn : Output Current Select Register n (N =010 7) ..eveeiiiiiiiiiieieee e 197
16.2.14  CCDE : Output Current Control Enable RegiSter.........ccccuvviiiiiiiiiiiiiiie e 198
TR T oY= - o o SO 198
16.3.1 GENEIAl /O POMS ...t 198
16.3.2 Port FUNCHON SEIECT ... e e e 199
16.3.3 Port Group FUNCHON fOr ELC........ooiiiiiii et 199
16.4  Handling Of UNUSEA PiNS ......coiiiiiiiiiiiiiie ettt e et e e e sttt e e e st e e e e s enneneeeesnnnseeeas 200
L R U 7= To =T N\ o) L= PRSPPI 201
16.5.1 Procedure for Specifying the Pin FUNCHONS ...........ovviiiiiiiiiiiieee e 201
16.5.2 Port Output Data Register (PODR) SUMMAIY.........coiiiiiiiiieeiiieiee e 201
16.5.3 Notes on Register Settings and Port Pin State ..........cccccooeiiii e, 201
16.5.4 Notes on Using Analog FUNCLONS .......cooiiii i 201
16.5.5 Notes on Using Alternate FUNCHONS..........oouuiiiiii e 201
16.5.6 Notes on Communications with Devices Operating at a Different Voltage (1.8 V, 2.5V, or
3 V) by SWItching /O BUTFEIS ......eeiieiicieiee et e e e 211
16.5.7 Restriction on P206 Usage in the 32-pin Product ..o 212
16.6 Peripheral Select Settings for EQCh Product .............cooociiiiiiiiiice et 212
17. Timer Array Uit (TAU) .....ooociiiiiis s s ss s s s s e e mn s e e amn e e e a e mmn e 218
A0 T O 1Y T SRR 218
17.2  RegiSter DESCIIPHONS ... ..ttt e et e e e s ab e e e s e nnae e e e s annneeeas 225
17.2.1 TCRON : Timer Counter Register ON (N =010 7) ..ccoeiiiiiiiieeeeeeee e 225
17.2.2 TDRON/TDRO1x/TDRO3x : Timer Data RegisterOn (n=0to 7) (x =L, H) cooovvivivrirninenn. 227
17.2.3 TPSO0 : Timer Clock Select ReGIiSter O.........uuveiiiiiiieiii e 227
17.2.4 TMRON : Timer Mode Register On (N =0, 2, 4,5, 6, 7) .ooveiiiiiieee et 231
17.2.5 TMRON : Timer Mode Register On (N= 1, 3) .o 233
17.2.6 TSRON : Timer Status Register On (N =010 7) c..vviiiiiiiiiiie e 235
17.2.7 TEO : Timer Channel Enable Status Register 0 ..., 236



18.

17.2.8 TS0 : Timer Channel Start Register O ...........veeiiiiiiiiiiiieeee e 236

17.2.9 TTO : Timer Channel Stop RegiSter 0..........cooi i 237
17.2.10  TISO : Timer Input Select REGISTEr O .......oouiiiiiiiiiiee e 238
17.2.11 TIS1 : Timer Input Select REGISIEr 1 ... 238
17.2.12  TOEO : Timer Output Enable Register O ... 239
17.2.13  TOO : Timer Output REGISTEr O .....vvveiiiiieie e 239
17.2.14  TOLO : Timer Output Level RegIStEr O .........oeiiiiiiiiiii e 240
17.2.15  TOMO :Timer Output Mode RegiSter O .........cceiiiiiiiiiiiec e 240
17.2.16  ISC : Input Switch Control REGISTEN.........coiuiiiiiiiiee e 241
17.2.17  TNFEN : TAU Noise Filter Enable Register.............ooiiiiiiii e 242
17.2.18  Registers Controlling Port Functions of Pins to be Used for Timer I/O ............ccccoceveennnnen. 242
17.3 Basic Rules of TImer Array UNit...........oooiiiiii e 243
17.3.1 Basic Rules of Simultaneous Channel Operation Function ...........ccccccceeeiiiiiiiciiiiieeeeee e, 243
17.3.2 Basic Rules of 8-bit Timer Operation Function (Channels 1 and 3 only) .........c.ccccceveennnen. 244
17.4  Operations Of COUNTEIS ......cooiiiuiiiiii it e e e ettt e e s sttt e e e s neae e e e s aneaeeeesannneeeas 245
17.4.1 COUNE CIOCK (FTGLIK) ++vrveeeerrnrrreeeesmmrrreeeeiatneeeesaateeeeeeaateeeeesaaseseeessasseeeessassseeesssnssseeessanssseeassns 245
17.4.2 Timing of the Start of CoUNtING.......ooi e 247
17.4.3 Operations Of COUNTEIS ........uiiiiiiiiiii ettt e e e s e e s s snbeeeeeens 247
17.5 Channel Output (TOON Pin) CONIOl .......ociiiiiiiie et e e et aee e e s eeeae e e e s nnneeeeas 252
17.5.1 TOON Pin Output Circuit Configuration.............c.eeiiiiiiiii e 252
17.5.2 TOON Pin OULPUL SEHING ...uvvviiiiiiiieeee e e e e e e e e e e e e e s e 253
17.5.3 Cautions on Channel Output Operation ............ooooiiiiiiiiii e 254
17.5.4 Collective Manipulation of TOO.TO[N] Bit .......veiiiiiiiiiiie e 257
17.5.5 Timer Interrupts and TOOn Outputs When Counting is Started ...........cccccevevicieieeiiieen, 257
17.6  Timer INput (TION) CONIIOL ........eeeiiie et e e s e e nneeeeas 258
17.6.1 TION Input Circuit Configuration ............cccciiiiiiiiiie e 258
17.6.2 NOISE FIEEE ... e s e e 259
17.6.3 Cautions on Channel Input Operation.............ccoiiiiiiiiiiiiiieccee e 259
17.7 Independent Channel Operation Function of Timer Array Unit ..., 259
17.7.1 Operation as an Interval Timer or for Square Wave Output..........ccccooiiieiiiiiiiee e 259
17.7.2 Operation as an External Event Counter ... 263
17.7.3 Operation as a Frequency Divider (Channel 0 of Unit 0 only).........ccoooeeiiiiiiiiiiiiniiienens 266
17.7.4 Operation for Input Pulse Interval Measurement ............ccccceeeiiiiiiiiiiiiiiecce e 269
17.7.5 Operation for Input Signal High- or Low-Level Width Measurement..............ccccco e 272
17.7.6 Operation as a Delay COUNLET.........cooiiiiiiiii e e e e 276
17.8 Simultaneous Channel Operation Function of Timer Array Unit...........ccccoociiiiiiiiiiiiie e, 279
17.8.1 Operation for the One-shot Pulse Output FUNCLON ..........cceiiiiiiiii e, 279
17.8.2 Operation for the PWM FUNCHON...........uuiiiiiiiei e 285
17.8.3 Operation for the Multiple PWM Output FUNCHON .........ooiiiiiiiiiii e, 291
LS I U 7= To L= [ ] (- RSOOSR 298
17.9.1 Cautions when Using Timer OULPUL .........ooiiiiii e 298
17.9.2 Point for Caution when a Timer Output is to be Used as an Event Input for the ELC......... 298
32-bit Interval Timer (TIML32).......ccoiiie e s s ann s s nnanns 299
18T OVBIVIBW ...ttt b e e bt e b e ookt e e b et esa bt e ea b et e s b et e e abe e e s ne e e e nn e e nre e e s 299
18.2  RegiSter DESCIIPHIONS ... ..eeiiiiiiiiiiii ettt e et e e e s e b e e e aanneee s 301

18.2.1 ITLCMPON/ITLCMPON_L/ITLCMPON_H : Interval Timer Compare Registers On (n =0, 1). 301
18.2.2 ITLCAPQO : Interval Timer Capture Register 00...........cccuuvieiiiiiiieeiiiiie e 301



18.2.3 ITLCTLO : Interval Timer Control REGISIEr .........vvviiiiiiieiiiiiicceee e 302

18.2.4 ITLCSELDO : Interval Timer Clock Select Register 0 ... 303
18.2.5 ITLFDIVOO : Interval Timer Frequency Division Register 0..........ccoocoeieiiiiiineiiniiieee e, 304
18.2.6 ITLFDIVO1 : Interval Timer Frequency Division Register 1.........ccccooveiiiiiiiiiiiiiieeeeeen, 305
18.2.7 ITLCCO : Interval Timer Capture Control Register 0 ..o 306
18.2.8 ITLSO : Interval Timer Status ReGIStEr .........ccuuviiiiiiiiiiee e 306
18.2.9 ITLMKFO : Interval Timer Match Detection Mask Register...........ccocoiiiiiiiiiie, 308
RS TR T O T o= - (o o SO 308
18.3.1 Counter Mode SEttiNGS .....vvviiiiiiiiii e e e st e e e e st e e e e s anrreaaeeaa 308
18.3.2 Capture Mode SettiNGS .......veiiiiiiiiie e 310
18.3.3 TIMEr OPEIALiON ..ot e e e e e e e e e e e e et r e e e e eeaeaeeeaaaaanns 311
18.3.4 L0701 (1 {3 @] o 7Y = 111 o 1S 311
18.3.5 1 Y U o S 312
18.3.6 Interval Timer Setting ProCeaUIrES.........oooiiiiiiiiie e 314

19. Realtime CIOCK (RTC) .....ciiiiiciirrisesmrerrssssnrreresssssee e rssssmee e ssss s e e e s ssssmneesassssmeenessssaneesessssnnenesssssnnessssssnnnnes 317
RS TR B O A =T o T TP PPR 317
19.2 Register DESCHPIONS .....ccoiiieieeeeeeeee sttt ettt e e s e s e e e e e aeaaaaaaaeaeeeeeeessnrnrnnes 318
19.2.1 RTCCO : Realtime Clock Control Register 0 ...........cooiiiiiiiiiiiiiieeeee e 318
19.2.2 RTCC1 : Realtime Clock Control ReGIStEr 1 .........uvuiiviiiieiiiiieee e 319
19.2.3 SEC : Second Count REGISIEN........coiiiiiiiiiie ettt e et e e e e naeeee e 320
19.2.4 MIN : Minute CouNt REGISTEN........ooiiiiiii e 321
19.2.5 HOUR : HOur Count REGISIEI.......oiiiiiiiiie ettt e e e nree e e e 321
19.2.6 DAY : Day Count REGISIEr.....coiiiiiiiiiieiee e 322
19.2.7 WEEK : Day-of-Week Count REGISTEr ..ot 323
19.2.8 MONTH : Month Count REGISIEN .........ueiiiiiiii e 324
19.2.9 YEAR : Year Count REGISIEN ......coiiiiiiiiiiiie e e 324
19.2.10  SUBCUD : Time Error Correction REGISTEr .........c..ueiiiiiiiiiieeciee e 325
19.2.11 ALARMWNM : Alarm Minute ReGISTer.......oouuiiiiii e 326
19.2.12  ALARMWH : Alarm HOUr REQGISIEN ......coeeeeeeeeee et 326
19.2.13  ALARMWW : Alarm Day-of-Week RegiSter ...........uoiiiiiiiiiiiiiie e 326
LS TR T O T o= - o o OO P 327
19.3.1 Starting the Realtime Clock Operation ...........c..oouiiiiiiie i 327
19.3.2 Shifting to Sleep or Software Standby Mode after Starting Operation .............cccccoceeeis 328
19.3.3 Reading from and Writing to the Counters of the Realtime Clock.............cccccvveiviiiereeennnen. 329
19.34 Setting Alarm by the Realtime CIOCK...........ooiiiiiiiii e 331
19.3.5 1 Hz Output by the Realtime CIOCK ...........coooiiiiiiiiiiiee et 332
19.3.6 Example of Time Error Correction by the Realtime ClIocK...........cccooiiiiiiiii, 332

20. Independent Watchdog Timer (IWDT).......cccccurrirranrerrrssareesssssmressssssmsee s sssssmresssssssnsessssssmsesssasssnsesssnsanes 337
PO T O 1YY 1= PSSP PP TTTRR 337
20.2 RegiSter DESCIIPLONS ....cciii i e e e e e e e e e e et et et e et et e ae e e et a e e e e aaaaaaaaaaees 338
20.2.1 IWDTRR : IWDT Refresh RegISter.......cooo i 338
20.2.2 IWDTSR : IWDT Status REGISIEN ....coviieeeeie e 339
20.2.3 OFSO0 : Option Function Select Register 0 ..........cooiciiiiiiiiiiiiee e 340
PO B O o 1= - (o] o [ SRR 342
20.3.1 AULO SEArt IMOTE ...ttt et b e e enb e e nane e 342

20.3.2 REfreSh OPEratioN ... ..o it e e e e e e s eeaaae s 343



20.3.3 Y=Y (U = Vo £ PR PUR PSP 344
20.34 RESEE OUIPUL ...ttt e e e e e e e e e e eeeeeaaaaens 345
20.3.5 INEEITUPE SOUMCES ..ottt e e e et e e e e nbee e e e e enneee 345
20.3.6 Reading the Down-Counter ValUE.............oocuiiiiiiiiiiie et 345
PO W =T [ o] (= SRR 345
20.41 REfrESh OPEratioNS ....ceeiieii e e e e e e e e e s rr e eaaaee s 345
20.4.2 Clock Division Ratio SEettNg .......c.ueeeiiiiiiiiei e 346

21. Serial Array Unit (SAU) .....ccoiiiicciiirrircseressssssmsr e s ssssmse s ssssssss e s sssssmsesssssssssesssssanseessssssnsessssssnneessassansesssnsanns 347
2 T T O 1YY 1= PSPPI 347
2111 SIMPIFIEA SP....eeeii et s b e be e b e e 347
21.1.2 U SR 348
2113 SIMPHfIET 120 ... 349
21.2 Configuration of Serial Array UnNit..........oooiiiiiii e rneee e 349
21.3 RegiSter DESCIIPLIONS .......eeiiiiiiiiiiee ettt e e e e e e e e e e e et e et e e e e e e e e e aaannnbrneeeeeaaaeens 352
21.31 SPSm : Serial Clock Select Register m (m =0, 1) ..o 352
21.3.2 SMRmn : Serial Mode Register mn (mn = 00, 02, 10) .....cceeiieiiiiiieee e 354
21.3.3 SMRmn : Serial Mode Register mn (mn =01, 03, 11) ..o 355
21.3.4 SCRmO : Serial Communication Operation Setting Register m0 (m =0, 1)........ccccvvreeeee... 356
21.3.5 SCRm1 : Serial Communication Operation Setting Register m1 (m =0, 1).....cccccocieeennns 358
21.3.6 SCRO2 : Serial Communication Operation Setting Register 02 ...........ccccccovviiiiiiiinenns 360
21.3.7 SCRO3 : Serial Communication Operation Setting Register 03 ..........ccccccevviiiiiiiiiiieeeens 361
21.3.8 SDRmn : Serial Data Register mn (mn = 00, 01, 02, 03, 10, 11) .o 362
21.3.9 SIRmn : Serial Flag Clear Trigger Register mn (mn = 00, 02, 10) ......ccevveveeeeeiiiiiciiiieeeeee. 363
21.3.10  SIRmn : Serial Flag Clear Trigger Register mn (mn = 01, 03, 11).....ccooiiiiiiiiiiiiiiiieeen, 364
21.3.11 SSRmn : Serial Status Register mn (mn = 00, 02, 10)........ccoiiiiiiiieiiiieee e 364
21.3.12  SSRmn : Serial Status Register mn (mn =01, 03, 11)...coiiiiiiiieiee e 366
21.3.13  SSO0: Serial Channel Start Register 0.........coooiiiiiiii e 367
21.3.14  SS1: Serial Channel Start Register 1 ..o 368
21.3.15  STO: Serial Channel Stop RegiSter 0 ... 368
21.3.16  ST1 : Serial Channel Stop REGISIEr 1 ........uiiiiiiiiiieie e 369
21.3.17  SEO : Serial Channel Enable Status Register 0............c.cooiiiiiiiiiiii e 369
21.3.18  SE1 : Serial Channel Enable Status Register 1 ..., 370
21.3.19  SOEQ : Serial Output Enable RegiSter 0 ..........ccuuiiiiiiiiiiiic e 370
21.3.20 SOE1 : Serial Output Enable Register 1 ... 371
21.3.21 SO0 : Serial Output REGIStEr 0.t e 371
21.3.22  SO1 : Serial Output REGISTEI 1 ... 372
21.3.23  SOLO : Serial Output Level Register O ..o 372
21.3.24  SOLA1 : Serial Output Level Register 1 ........oooiiiiiiie e 373
21.3.25 SSCO : Serial Standby Control RegiSter 0 ...........ooiiiiiiiiiiiiiie e 374
21.3.26  ISC : Input Switch Control REgISter.............uuviiiiiiiiieiie e 375
21.3.27  SNFEN : SAU Noise Filter Enable RegiSter............coiiiiiiiiiiiiiiee e 375
21.3.28  ULBS : UART Loopback Select REGISTEr .........couviiieiiiiiiiieeeeeee e 376

P4 I @ o T=T = 1o TS o] o 3N 1Y/ (o To [ XSSOSR 377
21.5 Operation of SIMPIIfied SPI .......coo e 378
21.51 MaSter TraNSMISSION .....ouviiiii ittt e e 379
21.5.2 MaStEr RECEPHON .....ceiiiiiee e e e e e e 386
2153 Master Transmission and ReCEPHION.........oeviveiiiiiiiiccee e 395



2154 SIAVE TIraNSMUSSION .....ciiiiiiiiiie ettt e ettt e et e e e sttt e e e s snbee e e e e s anbeeeeeesneeeeeeaanneeeaaens 402
2155 SIAaVE RECEPHON ... et a e e e e aaaaaaaas 410
21.5.6 Slave Transmission and ReCePioN ..........cooiiiiiiiiiii e 415
21.5.7 SN00ZE MOAE FUNCHON ...ttt e e e st e e s st eee e e e snteeeaeeans 424
21.5.8 Calculating Transfer CIOCK FrEQUENCY ........ooiuiiiiiiiiiiiiii e 427
21.5.9 Procedure for Processing Errors that Occurred During Simplified SPI Communication .....429
21.6 Operation of UART COMMUNICALION .........uiiiiiiiiiiie e e e e e e e e e eae s 429
21.6.1 UART TranSMUSSION ....ccoiuviiieeiiitiiiee e eeiite e e e sttt e e e e sttt e e e ettt e e e e st e e e e snbaeeeeeannbeeeeeesnneeeeeeannees 430
21.6.2 L0 I 2 =Yo7 =T o] 1o o S 437
21.6.3 SN00ZE MOAE FUNCLION .....eiiiiiiie e e e e e e e e e e 443
21.6.4 Calculating Baud RAtE .......ccooiiiiiiii et e e 449
21.6.5 Procedure for Processing Errors that Occurred During UART Communication.................. 451
21.7 Operation of LIN ComMUNICAtION ........c..uuiiiiiiiiiiie e e e e e e e e e e e s reeeaaaee s 452
21.71 I N I = g S0 1 £ o T o OSSP 452
21.7.2 I =Te7 =T o) (o] o HO PP 455
21.8  Operation of Simplified 2C COMMUNICAHON ...........cvoveeeeeeeeeee e 458
21.81 Address Field TranSmiSSION ........... it a e e s 459
21.8.2 = L= T I =T 1= 0 113 o o OSSR 463
21.8.3 [ F= ] = TN =t = o) 4[] o 1 467
21.84 Stop Condition GENEratioN ............vviiiiiicccce e 471
21.8.5 Calculating Transfer Rate...........ocuuiiiiiiii e 472
21.8.6 Procedure for Processing Errors that Occurred during Simplified 12C Communication ......472
22, |2C BUS INtEIFACE (IICA) ....eeeeeeeceereceeeesacecssscssases s sessss e s se e s e e s e e s e s s e s sas e s sas e s sassssssasnssssnnares 474
2470 B O 1YY T U 474
22.2 RegiSter DESCIIPLONS ......oiiiiiiiiiii et e e ettt e e e ettt e e e s anbe e e e e e sneeeeeeeanbeeeeeeans 477
22.2.1 [ICAN : ICA Shift Register N (N =0, 1) oot 477
2222 SVAnN : Slave Address Register n (N =0, 1) .o e 478
22.2.3 [ICCTLNO : ICA Control Register N0 (N =0, 1) uurriiiiiieeiiee e 478
2224 [ICSn : [ICA Status Register N (N =0, 1) .o 482
22.2.5 [ICFN : [ICAFlag Register N (N =0, 1) i 486
22.2.6 [ICCTLN1 : ICA Control Register N1 (N =0, 1) .oueeiiiiiieee e 487
22.2.7 [ICWLn : lICA Low-level Width Setting Register n (N =0, 1)..ccoeveiiiiieiee e, 490
22.2.8 [ICWHNn : [ICA High-level Width Setting Registern (N =0, 1) c..oovviiiiiiieieee e, 490
22.2.9 Registers to Control the Port Function Multiplexed with the 12C 1/O Pins ........c.cccccoveueuee... 491
22.3  |2C Bus Definitions and Control METNOGS ..........coveuieeeoeeeeeeee ettt eee et e ee e e eeeeeree e 491
22.31 Pin ConfigUIration...........oiuiiiii i 491
2232 Setting Transfer Clock Using IICWLn and ICWHnN Registers........c.ccooceiiiiiiiieeiiiiiieeees 491
22.3.3 3¢ T A 0702 o [1 oo - RS PRRSURRRR 492
22.34 o Lo | =TSSR 493
22.3.5 Transfer Direction SPecification ..o 493
22.3.6 ACKNOWIEAGE (ACK) ...ttt e et e s e e e e e e b e e e e 494
22.3.7 A (o] o @7 o 11T o SRR 495
22.3.8 107 (o To2 [ (=1 o1 11 T [F RS 495
22.3.9 Release from CIOCK StretChing.......ooo i 497
22.3.10  Timing of Generation of the Interrupt Request Signal (IICAn_TXRXI) and Control of

(O3 [o Yot QRS 11 =1 (o1 11 o SR PPSRSURURR 498



23.

24.

25.

22.3.11 Address Match Detection Method ...........ooouniiiieiii e 499

A Tt N =4 o g I 11 (= Yo 1 (o o OO UPURRPR 499
2 Tt N b ¢ (=Y 1= o o T 7o Yo [ UPRERR 499
P Tt S N4 o] 1 (=1 (o] o PP UPUPRPPPR 500
22.3.15  WaKeUP FUNCLON . .ooiiiiiii ettt e e s e e e e s enneee s 501
22.3.16  Communication RESEIVAtION ..........coiiiiiiiiii it 502
P T A U F- = To T[] (= S PRSP RPT 505
22.3.18  CommuNICation OPEIratiONS.......ceiiiiieeeii it er et e e e e e e e s e e e e e e e e s e e asrerraaereeeaaeeasseaannns 505
22.3.19  Timing of I2C Interrupt Request Signal (IICAn_TXRXI) OCCUITENCE ...........c.cocveeeerrrererannenn. 513
S 1 a1 To T2 = o £ SRR 528
Serial Interface UARTA (UARTA).......iiiiiiiiiscccccssssmsrrseess s sssss s s ssssmssse s e e e s sessasssssssssnsssensenssansssssnnnnnnnns 543
220 TRt B O 1YY T U 543
23.2 RegiSter DESCIIPLONS .....coiiiiiiiiiie ettt e e ettt e e e e st et e e e s anbe e e e e e snbeeeeeeanbeeeeaeans 545
23.2.1 TXBAn : Transmit Buffer Register N (N =0, 1) .c.uuiiiiiiiiee e 545
23.2.2 RXBAn : Receive Buffer Register n (n =0, 1) .o 545
23.2.3 ASIMARNO : Operation Mode Setting Register n0 (N =0, 1) ..occciivieiiiiiee e 546
2324 ASIMAN1 : Operation Mode Setting Register n1 (N =0, 1) ..o, 547
23.2.5 BRGCAN : Baud Rate Generator Control Register n (N =0, 1)...uvviiiiviiieiiiiiiieeeeeeeeeen, 548
23.2.6 ASISAN : Status Register N (N =0, 1) e 548
23.2.7 ASCTAR : Status Clear Trigger Register n (N =0, 1) .o 550
23.2.8 UTAOCK : UARTA Clock Select ReGISter 0 ........cocueireeiiiiiiee e 551
23.2.9 UTA1CK : UARTA Clock Select Register 1 ... 551
23.2.10  ULBS : UART Loopback Select REQISTEN .........ccviiiiiiiiiiiitieeeeeee e 552
220 TR T © = 1 o] o T RS 553
23.3.1 Operation STOP MOUE ...ttt e e st e e s anbeeea e 553
23.3.2 UART MOGE..... ittt ettt ettt bt st et e e abb e e e b e e e e anbeeeabbeeeanbeeenneeas 553
23.3.3 Receive Data NOISE FIlter ... e e 562
23.34 Baud Rate GeNEIator.........coiiiiiiiie ettt et a e e e e 563
23,4 USAGE NOES ...ttt e e h ettt e et e e s b e et e e e e b et e e e e ab et e e e e nnneeeean 567
23.41 Port Setting for RXDAN PiN ...ttt e e e e e e e e e e e e e 567
23.4.2 Point for Caution when Selecting the UARTAN Operation CIock (fuTan).----seeeeeeeeeeeeeeeaen 567
Cyclic Redundancy ChecCk (CRC) .......cciiiiiiiiiiiicscssssscerrreesesssssssssssssssssssssssessssssssssssssssssssnsssssasssssssnnnnsnns 568
22 g B O 1YY TSP 568
24.2 RegiSter DESCIIPONS ......oiiiiiiiiiie it e et e e e s sttt e e e s aabe e e e e e abreeeeeeanbeeeeeeans 568
24.2.1 CRCCRO : CRC Control Re@IiStEr O ........ooiiiiiiiiiee ettt e e sneeeee e 568
2422 CRCDIR/CRCDIR_BY : CRC Data Input Register...........ccceioiiiiiiiiieee e 569
24.2.3 CRCDOR/CRCDOR _HA : CRC Data Output Register...........ccocoeeiiiiiiiieieieee e, 569
2 T © = 1 o] o SRS 570
24.31 BaSiC OPEratioN.........ooii it e e e e 570
P2 U = Vo =T N (o] (= PP 571
24.41 Settings for the Module-Stop State ..........oooiiiiiiii e 571
2442 NOtE ON TraNSMISSION ...ceiiiiiiiiiie ettt e e e e e e e e e e e eeeeaaaa s 571
12-bit A/ID CONVEIrter (ADCM2).....ccoiiiiiiiiiiiecccsssecereee s e s e sssssssssssssss s s e e s e e sessasssssssmssns s s e enesssssanssssssnnnnsnnnsnnsnes 573
P24 Tt B O 1YY TSP 573
25.2 Registers to Control the A/D CONVEIMET ........oiiiiiiiii e sareee e 576

25.2.1 ADMO : A/D Converter Mode Register O ..........cooiuiiiiiiiiiiee e 577



26.

27.

25.2.2 ADM1 : A/D Converter Mode ReGISter 1 ......ccuuviiiiiiiiiiee e 587

25.2.3 ADM2 : A/D Converter Mode Register 2........coooiiiiiiii e 588
25.2.4 ADCR/ADCRN: 12-bit or 10-bit A/D Conversion Result Registern (n =010 3) .................. 590
2525 ADCRH/ADCRnNH : 8-bit A/D Conversion Result Registern (n =010 3) ...cccceevvviiieeeeennen. 591
25.2.6 ADS : Analog Input Channel Specification Register .........cccoociiiiiiiiii e, 591
25.2.7 ADUL : Conversion Result Comparison Upper Limit Setting Register............ccccceeeeeneeiin. 593
25.2.8 ADLL : Conversion Result Comparison Lower Limit Setting Register ............ccoccieinnnen. 593
25.2.9 ADTES : A/D TeSt REGISIEN ...t e e e e e e e e e re e e e aaae s 594
25.3  A/D CoNVErter OPEIAtiONS ......cooiiiiiiiiiieeeeee et e e e e e e e e e et e e e e e e e e e e e e e s naabaareeeeaaaaeas 594
25.4 Input Voltage and Conversion RESUILS ..........oooiiiiiiiiiiiiie e 595
25.5 A/D Converter Operation MOAES ............uuuiiiiiiiiieie e e e e e e e e e e e e reeeeaaaeeas 596
25.5.1 Software Trigger No-wait Mode (Select Mode, Sequential Conversion Mode).................... 596
25.5.2 Software Trigger No-wait Mode (Select Mode, One-shot Conversion Mode) ..................... 597
25.5.3 Software Trigger No-wait Mode (Scan Mode, Sequential Conversion Mode).................... 598
2554 Software Trigger No-wait Mode (Scan Mode, One-shot Conversion Mode)....................... 599
2555 Software Trigger Wait Mode (Select Mode, Sequential Conversion Mode) ...........cccccc....... 600
25.5.6 Software Trigger Wait Mode (Select Mode, One-shot Conversion Mode) ...........ccccceveeeee... 601
25.5.7 Software Trigger Wait Mode (Scan Mode, Sequential Conversion Mode)..............ccuueeee... 602
25.5.8 Software Trigger Wait Mode (Scan Mode, One-shot Conversion Mode) ..........c.ccocveeeeenes 603
25.5.9 Hardware Trigger No-wait Mode (Select Mode, Sequential Conversion Mode).................. 604
25,510  Hardware Trigger No-wait Mode (Select Mode, One-shot Conversion Mode).................... 605
25.5.11 Hardware Trigger No-wait Mode (Scan Mode, Sequential Conversion Mode) ................... 606
25,512  Hardware Trigger No-wait Mode (Scan Mode, One-shot Conversion Mode)...................... 607
25.5.13  Hardware Trigger Wait Mode (Select Mode, Sequential Conversion Mode).............c........ 608
25.5.14  Hardware Trigger Wait Mode (Select Mode, One-shot Conversion Mode)......................... 609
25515  Hardware Trigger Wait Mode (Scan Mode, Sequential Conversion Mode) ........................ 610
25.5.16  Hardware Trigger Wait Mode (Scan Mode, One-shot Conversion Mode)..............ccoevuenens 611
25.6  A/D Converter SEtUP PrOCEAUIE............uuiiiiiiiiiiie ettt e e e e e e e e e e e re e e e aaaeeas 612
25.6.1 Setting up Software Trigger No-wait Mode ..o 612
25.6.2 Setting up Software Trigger Wait Mode.............coooiiiiiiiiiii e 614
25.6.3 Setting up Hardware Trigger No-wait MOde ...........ocuiiiiiiiiiiiiiii e 615
25.6.4 Setting up Hardware Trigger Wait MOde .............ooociiiiiiiieceee e 617

25.6.5 Example of Using the ADC12 when Selecting the Temperature Sensor Output Voltage or
Internal Reference Voltage, and Software Trigger No-wait Mode and One-shot

(070) 1V = T4 (o] o T 1V o o [PPSR 618

25.6.6 Setting UP TESE MO ...t et e e e e e 618
25.7  SN00ZE MOAE FUNCHON.......ci ittt e e et e e e e sttt e e e s snta e e e e snteeaeeeanreneeaeans 620
25.71 A/D Conversion by Inputting a Hardware Trigger.........ccuuiiiiiiiiiiii e 620
25.8 Testing of the A/D CONVEIET ........coo ittt e e e e e e e e e e e e e e e e e e e e e s s baeaeeeeaaaees 623
25.9 How to Read A/D Converter Characteristics Table.............cooiiiiiiiiii e 624
25,10 USAGE NOES ...ttt sttt e e s ettt e e e s b bttt e e e n bttt e e e s nne et e e e e nbr e e e e e nnneeaeean 627
Temperature SENSOr (TSN) .....coiiiiiiiiir e ne e aas 630
26.1  OVEIVIBW ...ttt ettt ettt e ekt e ekt e ekt e b et e e aa b et e e a b et e oa b et e ea b et e ea R et e e b et e e b et e e anr e e e bn e e anree s 630
26.2 Using the TEmMPErature SENSOI...........oii ittt e e rabeeee e 630
26.2.1 Preparation for Using the Temperature SENSOr..........c.cviiiiiiiiiiiiiiiiie e 630
26.2.2 Procedures for Using the Temperature SENSOr...........cocciiieeiiiiiiee e 631

Capacitive Touch Sensing Unit (CTSU2SLA) .......ccccvrreeerrrrrrssmrerrssssmreesssssmresssssssseesssssmsessssssnsessssssnnes 632



D At T @ 1Y =Y V1= R 632

27.2 RegiSter DESCIIPONS ......oiiiiiiiiiii ittt e e ab e e e s aa b e e e s sbbe e e e e e aabeneeeeans 635

27.2.1 CTSUCRA/CTSUCRAH/CTSUCRAL/CTSUCR3/CTSUCR2/CTSUCR1/CTSUCRO :

CTSU Control REGISIEr A ...ttt e e et e e e rnaeeeeeens 635
27.2.2 CTSUCRB/CTSUCRBH/CTSUCRBL/CTSUDCLKC/CTSUSST/CTSUSDPRS : CTSU

(O70) g1 o) I =T 1) LY = SRRSO 639
27.2.3 CTSUMCH/CTSUMCHH/CTSUMCHL/CTSUMFAF/CTSUMCH1/CTSUMCHO : CTSU

Measurement Channel Register ...........ooi e 641
27.2.4 CTSUCHACA/CTSUCHACAH/CTSUCHACAL/CTSUCHAC2/CTSUCHAC1/

CTSUCHACO : CTSU Channel Enable Control Register A ..........cccoviiiieieeeeeee e, 644
27.2.5 CTSUCHTRCA/CTSUCHTRCAH/CTSUCHTRCAL/CTSUCHTRC2/CTSUCHTRC1/

CTSUCHTRCO : CTSU Channel Transmit/Receive Control Register A ..........cccccooveeeeenns 644
27.2.6 CTSUSR/CTSUSRL/CTSUST/CTSUSRO : CTSU Status Register..........cccoceveviieincrenennnn 645
27.2.7 CTSUSO/CTSUSO1/CTSUSOO : CTSU Sensor Offset Register........cccceevvciieeeiiiiieenenns 647
27.2.8 CTSUSCNT/CTSUUC/CTSUSC : CTSU Sensor Counter Register ..........coccoeeeiiiieeenenns 649
27.2.9 CTSUCALIB/CTSUDBGR1/CTSUDBGRO : CTSU Calibration Register ............ccccovveeenee. 649
27210 CTSUSUCLKA/CTSUSUCLK1/CTSUSUCLKO : CTSU Sensor Unit Clock Control

REGISIET A e b e 652
27211 CTSUSUCLKB/CTSUSUCLK3/CTSUSUCLK2 : CTSU Sensor Unit Clock Control

LY 1] (= = S 653
27.212  CTSUTRIMO : CTSU Trimming RegiSter O........coooiiiiiiiiiiiiee e 654
27.213 CTSUTRIM1 : CTSU Trimming Register 1......ocuiiiiiiiee e 654
27.2.14  CTSUTRIM2 : CTSU Trimming ReGIStEr 2.........uviiiiiiiiiie et 655
27.215 CTSUTRIM3 : CTSU Trimming Register 3.......c.uuiiiiiiii e 655
27.216  CTSUOPT/CTSUOPTH/CTSUOPTL/CTSUAC/CTSUAJ/CTSUACSB : CTSU Option

SetliNG REGISIET ... .. e e e e e e e e e e 655
27.217 CTSUSCNTACT/CTSUSCNTACTH/CTSUSCNTACTL : CTSU Sensor Counter

Automatic Correction Table Access RegiSter ..........ooi i 657

27.218 CTSUMACT1/CTSUMACT1H/CTSUMACT1L/CTSUMACT2/CTSUMACT2H/
CTSUMACT2L/CTSUMACT3/CTSUMACT3H/CTSUMACTS3L : CTSU Multi-Clock

Automatic Correction Table Access REGISTEr .........cevviviiiiiiiii e, 658
27.219 CTSUAJCR/CTSUAJCRH/CTSUAJCRL/CTSUAJCR3/CTSUAJCR2/CTSUAJCR1/
CTSUAJCRO : CTSU Automatic Judgment Control Register ..........ccocccvvveviiiiieeeiiiiieeeens 658
27220 CTSUAJTHR/CTSUAJTHRH/CTSUAJTHRL : CTSU Automatic Judgment Threshold
=T ] (= PP PRRR 659
27221 CTSUAJMMAR/CTSUAJMMARH/CTSUAJMMARL : CTSU Threshold Register .............. 660
27.2.22 CTSUAJBLACT/CTSUAJBLACTH/CTSUAJBLACTL : CTSU Baseline Average
Intermediate ReSUlt REGISTEN.......cooi i 661
27.2.23 CTSUAJBLAR/CTSUAJBLARH/CTSUAJBLARL : CTSU Baseline Average Result
LY 1] (= 661
27.2.24 CTSUAJRR/CTSUAJRRL/CTSUAJRR1/CTSUAJRRO : CTSU Automatic Judgment
RESUIL REGISTEN ...ttt e ettt e e e e e e e e e e s e neeeeeaaaaens 662
TR 3 664
22 TR B O 1YY S 664
28.2 RegiSter DESCIIPLONS ....cciiii it e e e e e e e e e e e et e e et e e e e e — e e aaaaaaaaaaaaaaes 664
28.2.1 PARIOAD : SRAM Parity Error Operation After Detection Register...........cccccevviiieiiinnnnen. 664
28.2.2 SRAMPRCR : SRAM Protection RegISter...........ccccciiiiiiiiiiiiee e 664
L T T O o 1=T - (o] o F OO PR RUUUN 665

28.3.1 Parity Calculation FUNCHON .........oooiiiii e 665



28.3.2 SRAM EITOIN SOUMCES ...ttt ettt e e et e e e et e e e e e e e et e e e e s ee b e eeseeaabeeeeseeennns 667

28.3.3 ACCESS CYCIB..c. e e s 667
28.34 LOW-POWET FUNCHION ...t 668

P4 T U E = Vo =T N (o] (= PO PPRRRTT 668
28.4.1 Instruction Fetch from the SRAM Area ... 668
28.4.2 SRAM StOre BUTEI......oiiiiieiiie e e 668

e TR o B= T3 o T 11 1= .4 Lo Y PSR 669
A B T O 1YY 1= PR UR 669
20.2  MEMOIY STTUCKUIE ...ttt e e e ettt e e e e a b et e e e e aabbe e e e e e aate e e e e e snbeeeeesanbeneeaens 670
29.3  RegiSter DESCIIPHIONS .......eiiiiiiiiiiiii ittt e e e e e e e e et e e et e e e e e e e e e s nanb e e eeeeeaaaeens 671
29.3.1 DFLCTL : Data Flash Control REgISter ..........coiiiiiiiiiiiiiiiee e 671
29.3.2 FENTRYR : Flash P/E Mode Entry REgISter..........uuviiiiiiiiiiiiiiieeeee e 671
29.3.3 FPR : Protection Unlock REeGISTEr .........oiiiiiiiiiii e 672
2934 FPSR : Protection Unlock Status Register..........oocuvviiiiiiiii e 673
29.35 FPMCR : Flash P/E Mode Control REGIStEr.........c.ueiviiiiiiiiee e 673
29.3.6 FISR : Flash Initial Setting Register .........oo e 674
29.3.7 FRESETR : Flash RESEt REQISTEr .....coiiiiiieiiiiiieeee et 675
29.3.8 FASR : Flash Area Select RegiSter ... 676
29.3.9 FCR : Flash Control REGISIEN ........uviiiiiiiiiee et a e e 676
29.3.10 FEXCR: Flash Extra Area Control REgISIEr .........ccciiiiiiiiiiiiiiiie et 677
29.3.11 FSARH : Flash Processing Start Address Register H...........ocooiiiiiiiiniee e 679
29.3.12  FSARL : Flash Processing Start Address Register L.........ccccvvviviiiiiieiiiiiieie i 680
29.3.13 FEARH : Flash Processing End Address Register H..........ccccoiiiiiiiii e, 680
29.3.14 FEARL : Flash Processing End Address Register L.......cccccoeviiiiiiiiiiiiiiiiieee 680
29.3.15 FWBLO : Flash Write Buffer RegiSter LO ..........cuueiiiiiiiiiii e 681
29.3.16  FWBHO : Flash Write Buffer Register HO .........c..uoiiiiiiii e 681
29.3.17  FSTATR1 : Flash Status REGISTEr 1 ......ouuiiiiiiiiiiie et 682
29.3.18 FSTATR2 : Flash Status RegISter 2 ...........ooiiiiiiiiiiie e 682
29.3.19 FEAMH : Flash Error Address Monitor Register H..........cccooooiiiiiiiiiii, 683
29.3.20 FEAML : Flash Error Address Monitor Register L..........cccoiiiiiiiiiiiiiiii e 684
29.3.21 FSCMR : Flash Startup Setting Monitor RegISter ............coooiiiiiiiiiiiiieeee e, 684
29.3.22 FAWSMR : Flash Access Window Start Address Monitor Register...........ccccoecvivveiiiinen.n. 684
29.3.23 FAWEMR : Flash Access Window End Address Monitor Register ............ccccoocvieeeiiiinnenen. 685
29.3.24 UIDRn : Unique ID Registers N (N =010 3)..iciiiiiiiieiiiiiee e e e 685
29.3.25 PNRn: Part Numbering Register n (N = 010 3)....cooiiiiiiiiiiiiii e 685
29.3.26 MCUVER : MCU Version REGISIEN .........cccuiiiiiiiiiieie ettt e e e e e e e 686
29.4 Operating Modes Associated with the Flash Memory ........ ... 686
29.41 1 0o o L= o (o] (= Tex 1] o PR 687
29.5  OVEINVIEW OFf FUNCHONS ....eiiiiiiiiiiie ettt e e e sttt e e e e et e e e e s antaeeeessseaeaeeeantaneeeens 688
29.5.1 Configuration Area Bit Map ......ooeeiiiii e 689
29.5.2 STAMTUP A€ SEIECT ... ..eieiiiiieiie e a e e e e 690
29.5.3 Protection by ACCESS WINAOW ........coiiiiiiiiiiiiiie e e 690
29.6  Programming COMMEANGS........ccieieiiiiiiiiiiiiiiieeee e e e e e e e e et ae e e eaeaaeesesaaatebaaaeeeeaaaeeeasssannnssrssaneeeaaaees 691
29.7  SUSPENA OPEIALION........uuiiiiiiiiieiee et e e e e e e e e e e e e e et b e e e e e eeaeeeeeesaeenasbbarereeaaaaeas 691
AR S B (o] (=Tex 1] ISP 691
29.8.1 Startup Program ProteClioN.............c.cuuiiiiieieee e 691

29.8.2 YN (== W md (0] (<To3 1o o N 692



30.

31.

32.

29.9  Self-PrOgramMiNg ........ccccuiiiiiiiiie e e et e e e e e e e e e e e e e e eeaaaeeeeeaaaasaabaaaeeeeaaaaeeaeeaaaananrraaneeraaaaens 693

29.91 OVEIVIBW ...ttt ettt et e e e e e e e e e aaa e e eeeeeeeaeeeeaaaannsnbeeeeeaaaaaeaeaaaannnsnnees 693
29.9.2 Background OpPeration ...........oocuiiiiiiiiiie e 694
29.10 Programming @nd EFASUIE .........cooi ittt e e e e e e e e e e e e eeeeaeae s 694
29.10.1 SEQUENCEN MOUES ...ttt e e e bt e e s s rnbe e e e e s abbe e e e e s anbeeeeeeans 694
29.10.2  SoOftware COMMENGAS.........uiiiiiiieiiiie ettt e et e e sb e sbr e e snr e e e snneeeas 695
29.10.3  Software Command USAJE .........coouuiiiiiiiiiiiie ittt 696
29.11 Reading the FIaSh IMEMOTY ......ccciiiiiii et e e e e e e e e e e e e e e e e e e s s nanbaeaeeeeaaaeeas 707
29111 Reading the Code FIash MEMOTY .........coooiiiiiiiii i 707
29.11.2  Reading the Data FIash MemOry .........oooiiiiiiiii e s 707
29.12 USAQE NOUES ... e e e e e e e e e e e e e e e e e e e e et et e e e e e aetet e a— e aaaaaaaaaaaaaaaaaaaeaeas 708
29.121 Erase SUSPENAEA Al .......cooi ittt e e e e e e e e eeaaae s 708
29.12.2  Constraints on Additional WIS ..........eiiiiiiiiiiie e 708
29.12.3 Reset during Programming and Erasure...........c..eeiiiiiiiiiiiii e 708
29.12.4  Non-Maskable Interrupt Disabled during Programming and Erasure ............cccccccevviineeen. 708
29.12.5  Location of Interrupt Vectors during Programming and Erasure ............cccccceevvcvieeeeiinneenn. 708
29.12.6  Programming and Erasure in Subosc-speed Operating Mode .............ccccceviiiiiiieeiinineenen. 708
29.12.7  Abnormal Termination during Programming and Erasure ..............ccccceevvviviveeeeeveiiivivnninnnn, 708
29.12.8  Actions Prohibited during Programming and Erasure .............ccccoviieiiiiiiieic e, 708
29.12.9  Flash-IF clock (ICLK) during Program/Erase ............ccooicciiiiiiiiiiee e cecciivieeee e e e e e e 709
True Random Number Generator (TRNG) ... s 710
RO T O 1YY 1= PRSP 710
30.2  RegiSter DESCIIPONS ......oiiiiiiiiiie et eb et e e s s aa bt e e e s sbbe e e e e e aabeeeeeeaas 710
30.21 TRNGSDR : TRNG Seed Data REGIStEr........ccoviiiiiiiiiiicciieeeeee e 710
30.2.2 TRNGSCRO : TRNG Seed Command Register O..........cooiiiiiiiiiiiieeiieee e 710
30.2.3 TRNGSCR1 : TRNG Seed Command Register 1.........ooiiiiiiiiiiiiie e 711
O IR T O o T=T -1 1 o] o FR OO PR RUUTTS 711
30.3.1 Overall ProCessing FIOW .......cooo it e s nreeee e 711
G0 S U 1= T 1= o) (= 3SR 711
Internal Voltage RegUIALON ... s e s smm s e r e e e e e e e e s e s mnmmnnn e e e e e es 712
T T O 1YY 1= PRSI 712
K I O o 1= - 1o o [ PSPPSR 712
Electrical CharacteriStiCs. ... s s e 713
32.1 Absolute Maximum RatiNgS........cooiiiiiiiiiiiiii e e e e e et ee et an e e e e e e e aaaaaaaaaeees 713
32.1.1 LT 3 L= 1011 (Lo o R SRRSO 715
Y272 O 1-To || =1 (o] {3 @ F= 1= Tod (=Y 1 4o SRR 715
32.2.1 Main clock Oscillator CharacteriStiCs ..........ccuuiiiiiiiiieee e 715
32.2.2 Sub-clock Oscillator CharacteriStiCs. ... ... .o 715
32.2.3 On-chip Oscillators CharacteriStiCS .........uuuiiiieiiiiiiiiiiiiiee e 715

G Y2 T L O 0 o = = Tox (=Y g [53 1o= OSS 716
32.3.1 Pin CharacteriStiCs ..........iiiiiiiiiiie e e s 717
32.3.2 Operating and Standby CUIMENT .........oiiiiiii e e e s naee e e ns 722
32.3.3 Thermal CharacteriStiCs .........uuiiiiiiiii e e e e e e e e e e eanes 726
K O Oy =1 = ox (=14 S o= PR SURPPPOPRRR 727
32.4.1 RESEE THMING ...ttt e et e e e e e e e e sabbe e e e e eneee 730

324.2 LA = 1T U o T I 3 T U 732



32.5 Peripheral Function CharacteristiCs...........uuuiiiiiiiiiiiiiiceeeee e a e 735

32.5.1 Serial Array UNit (SAU) ...t 735

32.5.2 UART INterface (UARTA) .. .ceieiiee ettt ettt et e e st e e st e e e nnaeeeneeeenneeeenneens 757

32.5.3 12C BUS INtEfACE (IICA) ...t en e 758

32.6  ANAIOG CharaCteriStiCS........uuuiiiiiiiii i e e e e e e e e e e e e e eeaaaae s 759
32.6.1 A/D Converter CharacteriStiCs.........ouueiiiiiii e 759

32.6.2 CTSU CharaCteriStiCS.......eiiiuiiiiiiiie ittt 764

32.6.3 Temperature Sensor/Internal Reference Voltage Characteristics ..........ccccccviviiiiiiiiinnenn, 764

32.6.4 POR CharaCteriStiCS......ouveiiii it e 764

32.6.5 B O g == Tor (=) 4 [ OSSPSR 765

32.6.6 Power Supply Voltage Rising Slope CharacteristiCs ..o 767

32.7 RAM Data Retention CharacCteristiCs...........cuuuiiiiiiiiiiiiiiice e 767
32.8 Flash Memory Programming CharacteriStiCs ...........coiueiiiiiiiiiieiiiiieie e 767
32.9  Serial Wire DebUG (SWD).......ueiiieiiiiiiie ettt ettt e e ettt e e e s sttt e e e saabe e e e e s anbteeeeeeanbeeeeeeans 768
Appendix 1. Port States in each Processing Mode...........ccccciimiiiiiiiininninnen, 771
Appendix 2. Package DIMENSIONS ... ssms s s mms e e e e e e e s sa e mmmmnee e e e e e eas 775
Appendix 3. 1O REGISTEIS ......cooiiiie e s s e s e mmsm e e e e e e s s e nmmn e e e e e e e e s 781
3.1 Peripheral Base AQArESSES .......coii ittt e et e e s st e e e s s aa e e e e s sbeeeeeeeanbeeeeeeans 781

3.2 ACCESS CYCIES ...ttt ettt et e e e ettt e e e e et e e e e e teeee e e et tae e e e e ettt eeeeaantaeaaeearraeaaeaas 782

Appendix 4. Peripheral Variant ...........ccccooiiiiiiiirsrsr s s ssssssss s s s s s e s s s e s e e e e s nnmsmsssnssssnsssnsssaaan 783



LENESAS

Renesas RAOL1 Group
User’s Manual

Ultra low power 32 MHz Arm® Cortex®-M23 core, up to 64-KB code flash memory, 16-KB SRAM, Capacitive Sensing Unit
(CTSU2SLa), 12-bit A/D Converter, Serial interfaces and Safety features, operating temperature range up to Ta:125°C.

Features
m Arm Cortex-M23 Core

e Armv8-M architecture

o Maximum operating frequency: 32 MHz

e Debug and Trace: DWT, FPB, CoreSight™ MTB-M23
o CoreSight Debug Port: SW-DP

= Memory

o Up to 64-KB code flash memory

e [-KB data flash memory (1,000,000 program/erase cycles)
e 16-KB SRAM

o Flash read protection (FRP)

® 128-bit unique ID

m Connectivity

o Serial Array Unit (SAU)
— Simplified SPI x 5
— Simplified IIC x 6
— UART x 2
— UART (LIN-bus supported) x 1
o Serial Interface UARTA (UARTA) x 2

© 12C Bus interface (IICA) x 2

m Analog

e 12-bit A/D Converter (ADC12)
o Temperature Sensor (TSN)

m Timers
® 16-bit Timer Array Unit (TAU) x 8
e 32-bit interval timer (TML32) x 1
— 1 channel in 32-bit counter mode
— 2 channels in 16-bit counter mode
— 4 channels in 8-bit counter mode

m Safety

® SRAM parity error check

o Flash area protection

o ADC self-diagnosis function

o Cyclic Redundancy Check (CRC)

o Independent Watchdog Timer (IWDT)
® GPIO readback level detection

e Register write protection

o [llegal memory access detection

m Security
o True Random Number Generator (TRNG)

m System and Power Management
o Low power modes
e Realtime Clock (RTC)
e Event Link Controller (ELC)
e Data Transfer Controller (DTC)
e Power-on reset
e Low Voltage Detection (LVD) with voltage settings

m Multiple Clock Sources

e Main clock oscillator (MOSC) (1 to 20 MHz)

o Sub-clock oscillator (SOSC) (32.768 kHz)

e High-speed on-chip oscillator (HOCO) (24/32 MHz)
o Middle-speed on-chip oscillator (MOCO) (4 MHz)
e Low-speed on-chip oscillator (LOCO) (32.768 kHz)
o Clock trim function for HOCO/MOCO/LOCO

e Clock out support

m Human Machine Interface (HMI)

o Capacitive Touch Sensing Unit (CTSU2SLa)
e Controlled current drive port x 8

m Up to 44 pins for general /O ports

® 5-V tolerance, open drain, input pull-up

m Operating Voltage
e VCC:1.6t055V

m Operating Temperature and Packages

® Ta=-40°Cto +105°C

— 48-pin LFQFP (7 mm x 7 mm, 0.5 mm pitch)

— 48-pin HWQFN (7 mm x 7 mm, 0.5 mm pitch)

— 32-pin LQFP (7 mm x 7 mm, 0.8 mm pitch)

— 32-pin HWQFN (5 mm x 5 mm, 0.5 mm pitch)

— 24-pin HWQFN (4 mm x 4 mm, 0.5 mm pitch)

— 20-pin LSSOP (4.4 mm X 6.5 mm, 0.65 mm pitch)
® Ta=-40°Cto+125°C

— 48-pin LFQFP (7 mm x 7 mm, 0.5 mm pitch)

— 48-pin HWQFN (7 mm x 7 mm, 0.5 mm pitch)

— 32-pin LQFP (7 mm x 7 mm, 0.8 mm pitch)

— 32-pin HWQFN (5§ mm X 5 mm, 0.5 mm pitch)

— 24-pin HWQFN (4 mm x 4 mm, 0.5 mm pitch)

— 20-pin LSSOP (4.4 mm X 6.5 mm, 0.65 mm pitch)
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1. Overview

1.

Overview

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

The MCU in this series incorporates an energy-efficient Arm Cortex®-M23 32-bit core, that is particularly well suited for
cost-sensitive and low-power applications, with the following features:

Up to 64-KB code flash memory
16-KB SRAM

Serial Interface (SAU, UARTA, IICA)
General Purpose Timer (TAU, TML32)

12-bit A/D Converter (ADC12)

e (apacitive Touch Sensing Unit (CTSU2SLa)
1.1 Function Outline
Table 1.1 Arm core
Feature Functional description

Arm Cortex-M23 core

e Maximum operating frequency: up to 32 MHz
e Arm Cortex-M23 core:

— Revision: r1p0-00rel0

— Armv8-M architecture profile

— Single-cycle integer multiplier

— 19-cycle integer divider
e SysTick timer:

— Driven by SYSTICCLK (LOCO) or ICLK

Table 1.2

Memory

Feature

Functional description

Code flash memory

Maximum 64-KB of code flash memory.
See section 29, Flash Memory.

Data flash memory

1-KB of data flash memory.
See section 29, Flash Memory.

Option-setting memory

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

See section 6, Option-Setting Memory.

SRAM On-chip SRAM with parity bit.
See section 28, SRAM.
Table 1.3 System (1 of 2)
Feature Functional description

Operating modes

Operating mode:
e Single-chip mode
See section 3, Operating Modes.

Resets

The MCU provides 7 resets (RES pin reset, power-on reset, independent watchdog timer reset,

voltage monitor 0/1 resets, SRAM parity error reset, software reset).
See section 5, Resets.

Low Voltage Detection (LVD)

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

voltage thresholds.
See section 7, Low Voltage Detection (LVD).
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Table 1.3 System (2 of 2)
Feature Functional description
Clocks Main clock oscillator (MOSC)

Sub-clock oscillator (SOSC)
High-speed on-chip oscillator (HOCO)
Middle-speed on-chip oscillator (MOCO)
Low-speed on-chip oscillator (LOCO)

e Clock output / Buzzer output support
See section 8, Clock Generation Circuit.

Interrupt Controller Unit (ICU)

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

See section 11, Interrupt Controller Unit (ICU).

Low power modes

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

See section 9, Low Power Modes.

Register write protection

The register write protection function protects important registers from being overwritten due to
software errors. The registers to be protected are set with the Protect Register (PRCR).
See section 10, Register Write Protection.

Flash Read Protection

The MCU incorporates the flash read protection with one secure regions that include the code
flash. The secure region can be protected from non-secure program accesses. A non-secure
program cannot access a protected region.

See section 13, Flash Read Protection (FRP).

Independent Watchdog Timer (IWDT)

The Independent Watchdog Timer (IWDT) consists of a 14-bit down counter that must be
serviced periodically to prevent counter underflow. The IWDT provides functionality to reset

the MCU or to generate a non-maskable interrupt or an underflow interrupt. Because the timer
operates with the LOCO, it is particularly useful in returning the MCU to a known state as a fail-
safe mechanism when the system runs out of control. The IWDT can be triggered automatically
by a reset, underflow, refresh error, or a refresh of the count value in the registers.

See section 20, Independent Watchdog Timer (IWDT).

Table 1.4 Event link

Feature

Functional description

Event Link Controller (ELC)

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

See section 15, Event Link Controller (ELC).

Table 1.5 Direct memory access

Feature

Functional description

Data Transfer Controller (DTC)

A Data Transfer Controller (DTC) module is provided for transferring data when activated by an
interrupt request.
See section 14, Data Transfer Controller (DTC).

Table 1.6 Timers (1 of 2)

Feature

Functional description

Timer Array Unit (TAU)

The timer array unit has eight 16-bit timers. Each 16-bit timer is called a channel and can be
used as an independent timer. In addition, two or more channels can be used to create a High
functional timer.

See section 17, Timer Array Unit (TAU).

32-bit Interval Timer (TML32)

The 32-bit interval timer is made up of four 8-bit interval timers (referred to as channels 0 to 3).
Each is capable of operating independently and in that case they all have the same functions.
Two 8-bit interval timer channels can be connected to operate as a 16-bit interval timer. Four
8-bit interval timer channels can be connected to operate as a 32-bit interval timer.

See section 18, 32-bit Interval Timer (TML32).
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Table 1.6 Timers (2 of 2)

Feature

Functional description

Realtime Clock (RTC)

The Realtime Clock (RTC) has the following features.
e Capable of counting years, months, days of the week, dates, hours, minutes, and seconds,
for up to 99 years
e Fixed-cycle interrupt (with period selectable from among 0.5 of a second, 1 second, 1
minute, 1 hour, 1 day, or 1 month)
e Alarm interrupt (alarm set by day of week, hour, and minute)
e Pin output function of 1 Hz
See section 19, Realtime Clock (RTC).

Table 1.7

Communication interfaces

Feature

Functional description

Serial Array Unit (SAU)

A Serial Array Unit (SAU) has two units. Unit 0 has four channels and Unit 1 has two channels.
Each channel can achieve simplified SPI, UART or simplified [IC. Only UART2 can support
LIN-bus.

See section 21, Serial Array Unit (SAU)).

I2C Bus Interface (IICA)

The I2C Bus Interface (IICA) has 2 channels. The IICA module conforms I2C (Inter-Integrated
Circuit) Bus Interface functions.
See section 22, 12C Bus Interface (IICA).

Serial Interface UARTA (UARTA)

The Serial Interface UARTA (UARTA) has 2 channels. UARTA performs an asynchronous
communication.
See section 23, Serial Interface UARTA (UARTA).

Table 1.8 Analog

Feature

Functional description

12-bit A/D Converter (ADC12)

A 12-bit successive approximation A/D converter is provided. Up to 13 analog input channels
are selectable. Temperature sensor output and internal reference voltage are selectable for
conversion.

See section 25, 12-bit A/D Converter (ADC12).

Temperature Sensor (TSN)

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

See section 26, Temperature Sensor (TSN).

Table 1.9

Human machine interfaces

Feature

Functional description

Capacitive Touch Sensing Unit (CTSU)

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

See section 27, Capacitive Touch Sensing Unit (CTSU2SLa).

Table 1.10 Data processing

Feature

Functional description

Cyclic Redundancy Check (CRC)
calculator

The Cyclic Redundancy Check (CRC) generates CRC codes to detect errors in the data. Two
CRC-generation polynomials (CRC-CCITT, CRC-32) are available.
See section 24, Cyclic Redundancy Check (CRC).

Table 1.11 Security

Feature

Functional description

True Random Number Generator
(TRNG)

The True Random Number Generator (TRNG) generates 32-bit random number seeds.
See section 30, True Random Number Generator (TRNG).
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Table 1.12 1/0 ports

Feature

Functional description

1/O ports

e |/O ports for the 48-pin LFQFP/HWQFN
1/0 pins: 41
— Input pins: 3
— Pull-up resistors: 26
— N-ch open-drain outputs: 28
5-V tolerance: 4
) I/O ports for the 32-pin LQFP/HWQFN
1/0O pins: 26
— Input pins: 3
— Pull-up resistors: 16
— N-ch open-drain outputs: 15
5-V tolerance: 2
) I/O ports for the 24-pin HWQFN
— /O pins: 20
— Input pins: 1
— Pull-up resistors: 12
— N-ch open-drain outputs: 11
— 5-V tolerance: 2
e |/O ports for the 20-pin LSSOP
1/0O pins: 16
— Input pins: 1
— Pull-up resistors: 12
— N-ch open-drain outputs: 9
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1.2 Block Diagram
Figure 1.1 shows a block diagram of the MCU superset. Some individual devices within the group have a subset of the
features.
Arm
Cortex-M23
Core
Data transfer controller (—>
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1KB 16 KB
Data flash SRAM (Parity)
Main clock Flash control I J
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XCOUT (ESSOSaé))I’ i Internal peripheral bus 9
Figh-speed | | ﬂ Register write Internal peripheral bus 3
gn_cﬁip H - protection K= Internal peripheral bus 7
oscillator ) L
(HOCO) Clock generation circuit
Middle-speed| Cyclic redundancy
& ppoed..
S, check (GRC) ~ [~
L(MOCO) S — True random number
%v:‘:?:?]le; ....... Ro _>_<:::> generator (TRNG)
illat "
?i%(?oo)r Ra Event link controller
Vi |
PeLBUZ Ind dent watchd
ndependent watchdog
timer (IWDT) > > P
) GPIO [+— P200, P214, P215
SCK* —»CCD*
S — Serial array unit 0 —>
e (SAU0) x 4 ch Timer array unit l—TI*
Sap > = (@AU)x8ch | 1o~
RXD*———»
oh S ) gt —> 32-bit interval timer
- —p SAU1) X 2ch H
glg,l&* < { ) S (TML32) x 1ch
RXDA* —»| Serial interface UARTA Realtime clock | —»RTCOUT
TXDA* «—|  (UARTA) x 2ch K=K (RTC)
Note: Not available on all parts
* Serial interface IICA
Note: The asterisks (*) in the signal names ggkﬁ*: (IICA) x 2ch
represent variable numbers that are
specific to each part.
<+ TS
<+ TSCAP
Figure 1.1 Block diagram
1.3 Part Numbering

Figure 1.2 shows the product part number information, including memory capacity and package type. Table 1.13 shows a
list of products.
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R7FA

Production identification code

Terminal material (Pb-free)
A: Sn (Tin) only
C: Others

Packing

B: Tray (Full carton)
C: Magazine

H: Tape and reel

U: Tray (Full Tray)

Package type

FL: LFQFP 48 pins
NE: HWQFN 48 pins
FJ: LQFP 32 pins
NH: HWQFN 32 pins
NK: HWQFN 24 pins
SC: LSSOP 20 pins

Quality Grade

Operating temperature
3:-40°Cto 105 °C
4:-40°Cto125°C

Code flash memory size
7: 64 KB
5: 32 KB

Feature set

Group name

Series name

RA Family

Flash memory

Renesas microcontroller

Note:  Check the order screen for each product on the Renesas website for valid symbols after the #.

Figure 1.2

Part numbering scheme
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Table 1.13 Product list
Operating
Product part number Package code Code flash Data flash SRAM temperature
R7FAOL1074CFL PLQP0048KB-B 64 KB 1KB 16 KB -40to +125°C
R7FAOL1074CNE PWQNO0048KC-A
R7FAOL1074CFJ PLQP0032GB-A
R7FAOL1074CNH PWQNO0032KE-A
R7FAOL1074CNK PWQN0024KG-A
R7FAOL1074CSC PLSP0020JB-A
R7FAOL1073CFL PLQP0048KB-B -40 to +105 °C
R7FAOL1073CNE PWQNO0048KC-A
R7FAOL1073CFJ PLQP0032GB-A
R7FAOL1073CNH PWQNOO032KE-A
R7FAOL1073CNK PWQN0024KG-A
R7FAOL1073CSC PLSP0020JB-A
R7FAOL1054CFL PLQP0048KB-B 32 KB 1KB 16 KB -40 to +125 °C
R7FAOL1054CNE PWQNO0048KC-A
R7FAOL1054CFJ PLQP0032GB-A
R7FAOL1054CNH PWQNO032KE-A
R7FAOL1054CNK PWQN0024KG-A
R7FAOL1054CSC PLSP0020JB-A
R7FAOL1053CFL PLQP0048KB-B -40 to +105 °C
R7FAOL1053CNE PWQNO0048KC-A
R7FAOL1053CFJ PLQP0032GB-A
R7FAOL1053CNH PWQNO0032KE-A
R7FAOL1053CNK PWQN0024KG-A
R7FAOL1053CSC PLSP0020JB-A
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14 Function Comparison
Table 1.14 Function Comparison
LLZ2Z | LLZ2 | LLZ2Z2(LWwZZ zZz zZZ n N n D
QOOOOOOOIVOOO|IVOOO (TXT) 00 00 00
TOTO (TOLTO (TOTO (STOTD <+ O < ® < o < @
MNNANMNMN LWL I MNNMNN (OO WOLW N~ N~ n w0 N~ n
OO0 O0OO0O| OO0 O0 OO0 0 (000 O [==) o o [= =] o o
A S S (B B S (B B S (B ST B T R a4 a5 a5
OO0 Oo |00 | oo (oo o o o o o o o o o
i It it bl B s s g
Il vEVE LEVEVEVEVEEVEVEVEVEEVEVEVE N NI~ NN NN NN~
Parts number ey e ey | eene o o Yo o
Pin count 48 32 24 20
Package LFQFP/HWQFN LQFP/HWQFN HWQFN LSSOP
Code flash memory 64 KB 32 KB 64 KB 32 KB 64 KB 32 KB 64 KB 32 KB
Data flash memory 1 KB 1 KB 1 KB 1 KB
SRAM (Parity) 16 KB 16 KB 16 KB 16 KB
System CPU clock 32 MHz 32 MHz 32 MHz 32 MHz
Sub-clock oscillator | Yes Yes Yes (CMC.XTSEL=1) |Yes (CMC.XTSEL=1)
ICU Yes Yes Yes Yes
Event control ELC Yes Yes Yes Yes
DMA DTC Yes Yes Yes Yes
Timers TAU 8 (PWM outputs: 7) 8 (PWM outputs: 7) 8 (PWM outputs: 7) 8 (PWM outputs: 7)
TML32 1 (32-bit counter 1 (32-bit counter 1 (32-bit counter 1 (32-bit counter
mode), 2 (16-bit mode), 2 (16-bit mode), 2 (16-bit mode), 2 (16-bit
counter mode), 4 (8- | counter mode), 4 (8- | counter mode), 4 (8- | counter mode), 4 (8-
bit counter mode) bit counter mode) bit counter mode) bit counter mode)
RTC Yes Yes Yes Yes
IWDT Yes Yes Yes Yes
Communication SAU 5 (simplified SPI), 3 (simplified SPI), 3 (simplified SPI), 3 (simplified SPI),
6 (simplified IIC), 2 4 (simplified 1IC), 2 3 (simplified IIC), 2 3 (simplified IIC), 2
(UART), 1 (UART (UART), 1 (UART (UART), 1 (UART (UART), 1 (UART
supporting LIN-bus) | supporting LIN-bus) | supporting LIN-bus) | supporting LIN-bus)
UARTA 2 2 1 1
IICA 2 2 2 2
Analog ADC12 13 10 8 6
TSN Yes Yes Yes Yes
HMI CTSU 24 14 11 9
CCD 8 6 6 4
Data processing CRC Yes Yes Yes Yes
Security TRNG TRNG TRNG TRNG
1/O ports 1/0O pins 41 26 20 16
Input pins 3 3 1 1
Pull-up resistors 26 16 12 12
N-ch open-drain 28 15 11 9
outputs
5-V tolerance 4 2 2 —
RO1UH1143EJ0110 Rev.1.10 RENESAS Page 34 of 786

July 31, 2025



RAOL1 User's Manual

1. Overview

1.5 Pin Functions

Table 1.15 Pin functions (1 of 2)
Function Signal 110 Description
Power supply VCC Input Power supply pin. Connect it to the system power supply. Connect
this pin to VSS by a 0.1-pF capacitor. Place the capacitor close to
the pin.

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

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

Clock X2 1/0 Pins for a crystal resonator. An external clock signal can be input
through the X2 pin.

X1 Input

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

XCOUT Output

PCLBUZ0, PCLBUZ1 Output Clock output / Buzzer output

EXCLK Input External clock input for the main clock

System control RES Input Reset signal input pin. The MCU enters the reset state when this
signal goes low.
On-chip debug SWDIO 110 Serial wire debug data input/output pin
SWCLK Input Serial wire clock pin
Interrupt NMI Input Non-maskable interrupt request pin
IRQO to IRQ7 Input Maskable interrupt request pins
TAU TIOO to TIO7 Input Pins for inputting an external counting clock/capture trigger to 16-bit
timers 00 to 07
TOO00 to TOO07 Output Timer output pins for 16-bit timers 00 to 07
RTC RTCOUT Output Output pin for 1-Hz clock
IICA SCLAO, SCLA1 110 Input/output pins for the clock
SDAAO, SDAA1 /0 Input/output pins for data
SAU SCKO00, SCK01, SCK10, |I/O Serial clock 1/O pins for serial interfaces SP100, SPI01, SPI10,

SCK11, SCK20 SPI11, and SPI20

SI00, SI01, SI10, SI11, Input Serial data input pins for serial interfaces SP100, SPI01, SPI10,

SI20 SPI11, and SPI120

S0O00, SO01, SO10, Output Serial data output pins for serial interfaces SP100, SP101, SPI10,

SO11, SO20 SPI11, and SPI20

SSI00 Input Chip select pin for serial interfaces SPI00

SCLO00, SCL01, SCL10, Output Serial clock output pins for serial interfaces 11C00, [1IC01, IIC10,

SCL11, SCL20, SCL21 1IC11, 11C20 and 1IC21

SDAO00, SDAO1, SDA10, |1/O Serial data I/O pins for serial interfaces 11C00, 11C01, 11IC10, IIC11,

SDA11, SDA20, SDA21 1IC20 and 1IC21

RXDO0, RXD1, RXD2 Input Serial data input pins for serial interfaces UARTO0, UART1, and
UART2

TXDO, TXD1, TXD2 Output Serial data output pins for serial interfaces UARTO, UART1, and
UART2

UARTA RXDAO, RXDA1 Input Serial data input pin for the UARTAO and UARTAA1 serial interface

TXDAO, TXDA1 Output Serial data output pin for the UARTAO and UARTA1 serial interface

Analog power supply VREFHO Input Analog reference voltage supply pin for the ADC12. Connect this pin
to external reference voltage or VCC.

VREFLO Input Analog reference ground pin for the ADC12. Connect this pin to
external reference ground voltage or VSS.
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Table 1.15 Pin functions (2 of 2)
Function Signal 110 Description
ADC12 ANO0O0O to ANO10, Input Input pins for the analog signals to be processed by the A/D
ANO021 to AN022 converter.
CTSU TS0 to TS23 1/0 Capacitive touch detection pins (touch pins)
TSCAP 1/0 Secondary power supply pin for the touch driver
CCD CCDO0 to CCD7 Output Controlled current drive port pins
1/O ports P000 to P002, PO08 to 1/0 General-purpose input/output pins
P015
P100 to P106, P108 to 1/0 General-purpose input/output pins
P112
P200 Input General-purpose input pin
P201, P206 to P208, 1/0 General-purpose input/output pins
P212, P213
P214, P215 Input General-purpose input pins
P300 to P302 110 General-purpose input/output pins
P400, P401, P407 to 1/0 General-purpose input/output pins
P409
P500 1/0 General-purpose input/output pins
P913 to P915 1/0 General-purpose input/output pins
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1.6 Pin Assignments
Figure 1.4 to Figure 1.6 show the pin assignments from the top view.
o
@]
=
@
o hy AN [0} < 7o} © N — o (o] <]
o o o o o o o ~— ~ ~ o o
L A A a o a a a o o4 oa o
HEESEEEEEENENENENEEEEEE
8 8 3 8 8 5 88 &8 & & &
P500 []| 37 24 | ] P300/SWCLK
PO15 []| 38 23 [ ] P301
PO14 [ 39 22 [] P302
PO13 [] 40 21 [ ] P200
Po12 [ 41 20 [ ] P201
P009 [] 42 19 [ ] RES
PO08 [] 43 18 [ ] P206
PO11/VREFLO [] 44 17 ] P207
PO10/VREFHO [] 45 16 [] P208
P002 [] 46 15 [ ] P913
Po01 [] 47 O 14 [ ] P94
PO00 []| 48 13 [] P915
- N ®m <+ v © ~ 0o o =2 - ¢
HERERERERERERERERERERE
S = 4d4 Z E 0O X - O 9 9 I~
S o O = Y S O o
7§ >23%23%5§FFF
5 2 b o
N S
o = X
S
N
o

Figure 1.3

Note:

The potential of the exposed die pad is recommended to design as electrically open.

Pin assignment for LFQFP / HWQFN 48-pin (top view)

For the QFN package product, solder the exposed die pad to the PCB.
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)
=)
=
n
O -~ A O N O O D
o o o o ~ ~ o o
O 0 a 0o oo a
I rririr
< [s2] N ~— o » [e0] N~
(aV] N (qV] N (aV] ~ ~— ~—
P015 [ | 25 16 ] P300/SWCLK
P014 |: 26 15 :| P200
P013 [ 27 14 [] P201
P012 |: 28 13 :| RES/P206
P009 |: 29 12 :| P207
P008 [ | 30 11 ] P208
P011/VREFLO |: 31 10 :| P913
PO10/VREFHO [| 32 O o [] P914
— (V] o < Te] [(e] [ (e o]
HEEEERREEEEERN
4 Z F 0 X = O I~
< < o
S23%2c &8 F
e % Qg7
N F N
A x
Q' o
N
o

Figure 1.4

Pin assignment for LQFP / HWQFN 32-pin (top view)

Note:  For the QFN package product, solder the exposed die pad to the PCB.

The potential of the exposed die pad is recommended to design as electrically open.
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18| P100
16 | P102

A7 P101

PO15 [1§} ——————— 2 2]
PO14 [ ' : L1,
P0O13 : exposed | {10
PO12 [%5% | diepad ! {79”
POT1/VREFLO [237 | B

PO10/VREFHO

| P300/SWCLK
| P200

| RES/P206

i i
4 N EZ0T
OwD=0<
>>0835¢2
=
S5
39
< f
w
~
N
X
™
N
o

P108/SWDIO

P201

P913

Figure 1.5 Pin assignment for HWQFN 24-pin (top view)

Note:  For the QFN package product, solder the exposed die pad to the PCB.

The potential of the exposed die pad is recommended to design as electrically open.

PO10/VREFHO 1 O 20 1 PO011/VREFLO
VCL[CI]2 19T —1P012
VSS[IT]3 18T 1pP013
P213/X2/EXCLK/XCOUT T4 17 1 P100
P212/X1/XCIN—T—|5 16 [_1_1P101
VCC[I 6 15T 1P102
RES/P206 17 14 [CT1P112
P201 1|8 13 I P110
P200—T ]9 12T 1P109
P300/SWCLK |10 11 [_T_1P108/SWDIO
Figure 1.6 Pin assignment for LSSOP 20-pin (top view)
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1.7 Pin Lists

Table 1.16 Pin list (1 of 3)

Pin number Timers Communication interfaces | Analogs | HMI
Power,
System,

48- | 32- | 24- | 20- | Clock, [l/O
pin | pin | pin | pin | Debug | ports Interrupt | TAU RTC SAU UARTA |IICA ADC CTSU CCD

1 |—= = |= |= P400  |— — — — — SCLA1_ |— — ccb7
D
2 |— |— |— |- P401  |— — — — — SDAAT_ |— — CCD6
D
3 (1 |1 |2 |voL — — — — — — — _ _ _
4 |2 |— |— [XcIN  |P215  |— — — — — — — — —
5 [3 |— |— |xXcouT |pP214 |— — — — — — _ _ _
6 (4 |2 |3 |vss — — — — — — —_ _ _ _
7 |5 |3 |4 |x2 P213  |IRQO_B |TIOO_A/ |— TXD1_A | TXDAO_ | SDAAO_ | — — —
EXCLK/ TI02_B/ / B B
XCOUT TO02_B SO11_A
*1
8 |6 |4 |5 |xu P212  |IRQ1_B |TO00_A |— RXD1_A | RXDAO_ |SCLAO_ |— — —
XCIN'! /TI03_C/ /S11_A/ |B B
TO03_C SDA11_
A

9 |7 |5 |6 |VCC — — — — — — — — — —

10 |— |— |— |— P409 IRQ6_ B |TIO3_E/ |— SCK11_ |— — — — —
TO03_E c/
SCL11_
C
" |— |— |— |[— P408 IRQ7_ B |TIO4 C/ |— — — SCLA1_ |— — —
TO04_C F
12 |8 |— |— |PCLBUZ|P407 IRQ4 C |— RTCOU |SCK11_ |— SDAA1_ |— — —
0_C TA A F3
SCL11_
A
13 |— |— |— |— P915 — — — S001_B |— — — — —
14 |9 |6 |— |— P914 — — — — — SCLAO_ |— — CCD5
A
15 (10 |7 |— |— P913 — — — — — SDAAO_ | — — CCD4
A
16 |11 |— |— |— P208 IRQ3 C |TIOO B |— SCKO1_ | TXDAO_ | SDAA1_|— — —
B3/ A A
SCLO1_
B
17 |12 |— |— |— P207 IRQ2 C |TO00 B |— SI01_B |RXDAO_|[SCLA1_|— — —
3/ A A
SDAO1_
B
18 |— |— |— |— P206 IRQO_ C |— — — — — — — —
19 [13 |8 |7 |RES P2062 |— — — — — — — — —
20 |14 |9 |8 |PCLBUZ|P201 IRQ5 B |TI0O5 B/ |RTCOU |SCK11_ |— — — — —
0A TO05 B |T_B B/
SCL11_
B/
SSI00_B
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Table 1.16 Pin list (2 of 3)

Pin number Timers Communication interfaces | Analogs | HMI
Power,
System,
48- | 32- | 24- | 20- | Clock, [l/O
pin | pin | pin | pin | Debug | ports Interrupt | TAU RTC SAU UARTA |IICA ADC CTSU CCD
21 |15 |10 |9 |— P200 IRQO_A/N |— — — — — — — —
MI
2 |— |— |— |— P302 IRQO_D TIO5_C/ |— SCL21_ | TXDA1_ | SDAA1_ |— TSO —
TO05_C A C C
2 |— |— |— |— P301 IRQ6_A TIO6_B/ |— SDA21_ | RXDA1_ |SCLA1_ |— TS1 —
TO06_B A C C
24 |16 |11 |10 |SWCLK |P300 — TIO4_B/ |— — — — — — —
TO04_B
25 |17 |12 |11 |SWDIO |P108 — TIO3_B/ |— — — — — — —
TO03_B
26 |18 |13 |12 |PCLBUZ |P109 IRQ4_B TIO2_A/ |— TXD2_A | TXDAO_ | SDAAQO_ |— TS2 CCD3
1.B TO02_A / C C
SO20_A
27 |19 |14 |13 |— P110 IRQ3_B TIOT_A/ |— RXD2_A | RXDAO_ | SCLAO_ |— TS3 CCD2
TOO1_A /SI20_A/ | C C
SDA20_
A
28 |— |— |— |— P111 IRQ1_C TIO7_B/ |— — — — — TS4 —
TO07_B
29 |20 |15 |14 |— P112 IRQ2_B TIO3_A/ |— SCK20_ |— — — TSCAP |—
TO03_A A/
SCL20_
A/
SSI00_
C
30 |— |— |— |— P106 IRQO_E — — SO10_A | TXDA1_ |— — TS5 —
B
31 |— |— |— |— P105 IRQ1_D TIO1_D/ |— SI10_A/ |RXDA1_ |— — TS6 —
TO01_D SDA10_ |B
/ A
TO00_D
32 |— |— |— |— P104 IRQ6_C TI02_D/ |— SCK10_ |— — — TS7 —
TO02_D A/
/ TI00_D SCL10_
A
3B |21 |— |— |— P103 IRQ5_A TIO5_A/ | — SSI00_A | TXDA1_ | SDAA1_ |— TS8 —
TOO05_A A B
34 |22 |16 |15 |PCLBUZ|P102 IRQ4_A TIO6_A/ |RTCOU |[SCKO0_ | RXDA1_|SCLA1_ |— TS9 —
0_B TO06_A [T_C A/ A B
/ SCL00_
TOO00_C A
35 (23 |17 |16 |— P101 IRQ3_A TIO7_A/ |— TXDO_A | TXDAO_ | SDAAO_ |ANO21 | TS10 CCD1
TOO07_A / D D/
/ TI0O_C SO00_A SDAA1_
G
36 |24 |18 |17 |— P100 IRQ2_A TIO4_A/ | — RXDO_A | RXDAQO_ | SCLAO_ |ANO22 |TS11 CCDO
TO04_A /SI00_A/ | D D/
/ SDAO00_ SCLA1_
TIO1_B/ A G
TOO01_B
37 |— |— |— |— P500 — TIO3_D/ |— — — — — TS12 —
TOO03_D
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Table 1.16 Pin list (3 of 3)

Pin number Timers Communication interfaces | Analogs | HMI
Power,
System,
48- | 32- | 24- | 20- | Clock, |l/O
pin | pin | pin | pin | Debug | ports Interrupt | TAU RTC SAU UARTA |IICA ADC CTSU CCD
38 (25 |19 |[— |— P015 IRQ1_A — — — — — AN007 |[TS13 —
39 (26 |20 |— |— P014 — — — — — — ANQ0O6 | TS14 —
40 (27 |21 |18 |— P013 — — — — — — ANOO5 |[TS15 —
41 |28 |22 |19 |— P012 — — — — — — ANO04 |[TS16 —
42 |29 |— |[— |— P009 — — — — — — AN003 [ TS17 —
43 |30 |— |— |— P008 — — — — — — ANO02 |[TS18 —
44 |31 |23 |20 |VREFLO |PO11 — — — — — — ANOO1 [ TS19 —
45 |32 (24 |1 | VREFHO |P010 — — — — — — ANO0O | TS20 —
46 |— |— |[— |— P002 IRQ7_C — — — — — ANO10 | TS21 —
47 |— |— |— |— P001 IRQ7_A — — — — — AN009 | TS22 —
48 |— |[— |[— |— P000 IRQ6_D — — — — — AN008 | TS23 —

Note 1. Available when setting CMC.XTSEL = 1 for 24-pin and 20-pin products.
Note 2. Available only in 32-pin, 24-pin, and 20-pin products.
Note 3. Available only in 48-pin products.

Note:  Some signal names have _A, B, _C, D, _E, _F, or _G suffixes, but these suffixes can be ignored when assigning
functionality, except for SAU and IICA. For SAU and IICA, only signals, except for SCK11, SCL11 and SSI00,
bearing the same suffix can be selected. Assigning the same function to two or more pins simultaneously is
prohibited.
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2. CPU

The MCU is based on the Arm® Cortex®-M23 core.
2.1 Overview

211 CPU

e Arm Cortex-M23
— Revision: r1p0-00rel0
— Armv8-M architecture profile
— Main Extension is not implemented
— Single-cycle integer multiplier
— 19-cycle integer divider
e SysTick timer
— Driven by SYSTICCLK (LOCO) or ICLK

See reference 1. and reference 2. in section 2.8. References for details.

21.2 Debug

e Arm® CoreSight™ MTB-M23

— Revision: r0p0-00rel0

— Buffer size: 1 KB of 16-KB MTB SRAM
Data Watchpoint Unit (DWT)

— 2 comparators for watchpoints
Flash Patch and Break point Unit (FPB)

— 4 instruction comparators
CoreSight Debug Access Port (DAP)

— Serial Wire-Debug Port (SW-DP)
Debug Register Module (DBGREG)

— Reset control

— Halt control
See reference 1. and reference 2. in section 2.8. References for details.

213 Operating Frequency

The operating frequencies for the MCU are as follows:
e CPU: maximum 32 MHz
e Scrial Wire Debug (SWD) interface: maximum 12.5 MHz

214 Block Diagram
Figure 2.1 shows a block diagram of the Cortex-M23 core.
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—> OCD Emulator Access
= Trace/debug data

From: OCD Emulator (SWD) From: System bus
(" Cortex®-M23 integration A
v 4 N\
SWJ-DP Cortex-M23
CM23 core v
el <1l nwvic > MTB
APB-AP DWT SRAM
¢> DBGREG
|OCDREG| [DBGREG |
To: System control
FPB > ROM Table
\ 4
> AHB-AP ——> Bus matrix |
I
. J
o J
v
To: System bus

Figure 2.1 Cortex-M23 block diagram

2.2 Implementation Options

Table 2.1 shows the implementation options of the MCU.

Table 2.1 Implementation options (1 of 2)

Option Implementation
Non-secure MPU Not included
Secure MPU Not included
Security extension Not included
Single-cycle multiplier Included
Divider Included, 19 cycles
Number of interrupts 64™1
Number of Wakeup Interrupt Controllers | Not included
(WIC)
Cross Trigger Interface (CTI) Not included
Micro Trace Buffer (MTB) Included
Embedded Trace Macrocell (ETM) Not included
Multi-drop support for serial wire Not supported
Sleep mode power saving Sleep mode and other low power modes are supported. For more details, see section 9, Low
Power Modes.
Note: = SCB.SCR.SLEEPDEEP is ignored.
Endianness Little-endian
SysTick timer Included
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Table 2.1 Implementation options (2 of 2)
Option Implementation
SYST_CALIB register (0x4000_0147) Bit[31]=0 Reference clock provided
Bit [30] =1 TENMS value is inexact
Bits [29:24] = 0x00 Reserved

Bits [23:0] = 0x000147 TENMS: (32768 x 10 ms) - 1/32.768 kHz
= 326.66 decimal
= 327 with skew

= 0x000147
Event input/output Not implemented
System reset request output The SYSRESETREQ bit in Application Interrupt and Reset Control Register causes a CPU reset
Auxiliary fault inputs (AUXFAULT) Not implemented

Note 1. Some of them are reserved. For the detail of the interrupt sources, section 11.3.1. Interrupt Vector Table

2.3 SWD Interface
Table 2.2 shows the SWD pins.

Table 2.2 SWD pins

What to do when not in
Name 110 Function use
SWCLK Input Serial wire clock pin Pull-up
SWDIO 1/0 Serial wire data 1/O pin Pull-up

24 Debug Function

241 Debug Mode Definition
Table 2.3 shows the CPU debug modes and usage conditions.

Table 2.3 CPU debug mode and conditions

Conditions Mode

OCD connect™ SWD authentication Debug mode Debug authentication?
Not connected — User mode Disabled

Connected Failed User mode Disabled

Connected Passed OCD mode Enabled

Note:  When CSYSPWRUPREQ bit is set, OFS1.PORTSELB value is masked and fixed to the RES input.

Note: Do not use on-chip debugging with products designated as part of mass production, because using this function may cause the
guaranteed number of times the flash memory is rewritten to be exceeded, and product reliability therefore cannot be guaranteed.

Note 1. OCD connect is determined by the CDBGPWRUPREQ bit and CSYSPWRUPREQ bit output in the SWJ-DP register. The bit can
only be written by the OCD.
However, the level of the bit can be confirmed by reading the DBGSTR.CDBGPWRUPREQ bit.

Note 2. Debug authentication is defined by the Armv8-M Architecture. Enabled means that both invasive and non-invasive CPU debugging
are permitted. Disabled means that both are not permitted.

242 Debug Mode Effects

This section describes the effects of debug mode, which occur both internally and externally to the CPU.

24.21 Low power mode

All CoreSight debug components can retain the register settings even when the CPU enters Software Standby, or Snooze
mode. However, AHB-AP cannot respond to On-Chip Debug (OCD) emulator access in these low power modes. The OCD
emulator must wait for cancellation of the low power mode to access the CoreSight debug components. To request low
power mode cancellation, the OCD emulator can set the DBIRQ bit in the MCUCTRL register. For details, see section
2.5.6.3. MCUCTRL : MCU Control Register.
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2422 Reset
In OCD mode, some resets depend on the CPU status and the DBGSTOPCR register setting.

Table 2.4 Reset or interrupt and mode setting

Control in On-Chip Debug (OCD) mode
Reset or interrupt name OCD break mode | OCD run mode
RES pin reset Same as user mode
Power-on reset Same as user mode
Independent watchdog timer reset/interrupt Does not occur’! | Depends on DBGSTOPCR setting
Voltage monitor reset/interrupt Depends on DBGSTOPCR setting
SRAM parity error reset/interrupt Depends on DBGSTOPCR setting
Software reset Same as user mode

Note:  In OCD break mode, the CPU is halted. In OCD run mode, the CPU is in OCD mode and the CPU is not halted.
Note 1. The IWDT always stop in this mode.

243 Trace Control (for the MTB)

The Micro Trace Buffer (MTB) has programmable registers to control the behavior of the trace features and the POSITION,
MASTER, FLOW, and BASE registers. Table 2.5 shows the registers in offset order from the base address.

Table 2.5 Address of MTB registers

Address Register Value on reset
MTB_BASE + 0x000 MTB_POSITION Bits [31:0] = UNKNOWN
MTB_BASE + 0x004 MTB_MASTER Bits [31] = 0, Bits [30:10] = UNKNOWN,

Bits [9:8] = 0, Bits [7] = 1, Bits [6:5] = 0,
Bits [4:0] = UNKNOWN

MTB_BASE + 0x008 MTB_FLOW Bits [31:2] = UNKNOWN, Bits [1:0] = 0
MTB_BASE + 0x00C MTB_BASE Bits [31:0] = 0x2000_4000

Note:  MTB_BASE = 0x4001_9000

For more information on these registers, see the ARM® CoreSight"" MTB-M23 Technical Reference Manual (ARM DDI
0564C).

Note: Do not attempt to access reserved or unused address locations.

The MTB for trace is limited from 0x2000_4000 to 0x2000_7FFF.

244  CoreSight™ (for MTB)

See the ARM® CoreSight™ Architecture Specification for more information about the registers and access types. Table 2.6
shows the registers in offset order from the base address.

Table 2.6 Address of CoreSight

Address Register

MTB_BASE + OxFFO to OxFFC Component ID

MTB_BASE + 0xFEO to 0xFDC Peripheral ID

MTB_BASE + 0xFCC Device Type Identifier

MTB_BASE + OxFC8 Device Configuration

MTB_BASE + 0xFBC Device Architecture

MTB_BASE + 0xFB8 Authentication Status

MTB_BASE + 0xFB4 Lock Status

MTB_BASE + 0xFBO Lock Access
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Note:  MTB_BASE = 0x4001_9000

For more information on these registers, see the ARM® CoreSight™ MTB-M23 Technical Reference Manual (ARM DDI
0564C).

Note: Do not attempt to access reserved or unused address locations.
2.5 Programmers Model

2.51 Address Spaces
The MCU debug system includes two CoreSight Access Ports (AP):

o AHB-AP, which is connected to the CPU bus matrix and has the same access to the system address space as the CPU
o APB-AP, which has a dedicated address space (OCD address space) and is connected to the OCDREG registers.

Figure 2.2 shows a block diagram of the AP connection and address spaces.

________________________

i

1

SWD Port 0 |
g———> SWJ-DP |—> ——>| AHB-AP |—
1

| TP ——

DAP
IC /

Figure 2.2 SWD authentication block diagram

For debugging purposes, there are two register modules, DBGREG and OCDREG. DBGREG is located in the system
address space and can be accessed from the OCD emulator, the CPU, and other bus masters in the MCU. OCDREG is
located in the OCD address space and can only be accessed from the OCD tool. The CPU and other bus masters cannot
access OCDREG.

2.5.2 Cortex-M23 Peripheral Address Map

In the system address space, the Cortex-M23 core has a Private Peripheral Bus (PPB) that can only be accessed from the
CPU and OCD emulator. Table 2.7 shows the address map of the MCU.

Table 2.7 Cortex-M23 peripheral address map

Component name Start address End address Note

DWT 0xE000_1000 0xE000_1FFF See reference 2. in section 2.8. References
FPB 0xE000_2000 0xEO000_2FFF See reference 2. in section 2.8. References
SCS 0xE000_EO000 0xEO000_EFFF See reference 2. in section 2.8. References

253 External Debug Address Map

In the system address space, the Cortex-M23 core has external debug components. These components can be accessed from
the CPU and other bus masters through the system bus. Table 2.8 shows the address map of the Cortex-M23 external debug
components.
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Table 2.8

External debug address map

Component name

Start address

End address

Note

MTB (SRAM area)

0x2000_4000

0x2000_7FFF

MTB uses up to 1 KB as trace buffer
See reference 6. in section 2.8. References.

MTB (SFR area)

0x4001_9000

0x4001_9FFF

See reference 6. in section 2.8. References.

ROM Table

0x4001_A000

0x4001_AFFF

See reference 6. in section 2.8. References.

254 CoreSight ROM Table

The MCU contains one CoreSight ROM Table, which lists all components implemented in the user area.

2541

ROM entries

Table 2.9 shows the ROM entries. The OCD emulator can use the ROM entries to determine which components are
implemented in a system. See reference 4. in section 2.8. References for details.

Table 2.9 ROM entries

# Address Access size R/W Value Target module pointer
0 0x4001_A000 32 bits R 0x9FFF4003 SCS

1 0x4001_A004 32 bits R O0x9FFE7003 DWT

2 0x4001_A008 32 bits R 0x9FFE8003 FPB

3 0x4001_A00C 32 bits R OxFFFFF003 MTB

4 0x4001_A010 32 bits R 0x00000000 End of entries
2542 CoreSight component registers

The CoreSight ROM Table lists the CoreSight component registers defined in the Arm CoreSight architecture.

Table 2.10 shows the registers. See reference 5. in section 2.8. References for details of each register.

Table 2.10 CoreSight component registers in the CoreSight ROM Table
Name Address Access size R/W Initial value
MEMTYPE 0x4001_AFCC 32 bits R 0x00000001
PIDR4 0x4001_AFDO 32 bits R 0x00000004
PIDR5 0x4001_AFD4 32 bits R 0x00000000
PIDR6 0x4001_AFD8 32 bits R 0x00000000
PIDR7 0x4001_AFDC 32 bits R 0x00000000
PIDRO 0x4001_AFEO 32 bits R 0x0000006E
PIDR1 0x4001_AFE4 32 bits R 0x00000030
PIDR2 0x4001_AFES8 32 bits R 0x0000000A
PIDR3 0x4001_AFEC 32 bits R 0x00000000
CIDRO 0x4001_AFFO 32 bits R 0x0000000D
CIDR1 0x4001_AFF4 32 bits R 0x00000010
CIDR2 0x4001_AFF8 32 bits R 0x00000005
CIDR3 0x4001_AFFC 32 bits R 0x000000B1

255 DBGREG Module

The DBGREG module controls the debug functionalities and is implemented as a CoreSight-compliant component.

Table 2.11 shows the DBGREG registers other than the CoreSight component registers.
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Table 2.11 Non-CoreSight DBGREG registers
Name DAP port Address Access size R/W
Debug Status Register DBGSTR Port 0 0x4001_B000 32 bits R
Debug Stop Control Register DBGSTOPCR Port 0 0x4001_B010 32 bits R/W
2551 DBGSTR : Debug Status Register
Base address: DBG = 0x4001_B000
Offset address: 0x0000
Bit position: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CDBG | CDBG
Bit field: | — — |PWRU|[PWRU| — — — — — — — — _ _ _ _
PACK | PREQ
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit position: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Bit field: — — — — — — — — — — — — — — — —
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
27:0 — These bits are read as 0. R
28 CDBGPWRUPREQ | Debug Power-up Request R
0: OCD emulator is not requesting debug power up
1: OCD emulator is requesting debug power up
29 CDBGPWRUPACK | Debug Power-up Acknowledge R
0: Debug power-up request is not acknowledged
1: Debug power-up request is acknowledged
31:30 — These bits are read as 0. R

The DBGSTR register is a status register which indicates the state of the debug power-up request to the MCU from the

emulator.

2552

Base address:

DBGSTOPCR : Debug Stop Control Register

DBG = 0x4001_B000

Offset address: 0x0010
Bit position: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DBGS DBGS | DBGS
Bit field: | — — — — — — — | TOP_ | — — — — — — | TOP_L|TOP_L
RPER VD1 VDO
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit position: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DBGS | DBGS DBGS
Bit field: | TOP_ | TOP_ | — — — — — — — — — — — — — | TOP_I
SIR TIM WDT
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Bit Symbol Function R/W
0 DBGSTOP_IWDT Mask Bit for IWDT Reset/Interrupt in the OCD Run Mode R/W
In the OCD break mode, the reset/interrupt is masked and IWDT counter is stopped,
regardless of this bit value.
0: Enable IWDT reset/interrupt
1: Mask IWDT reset/interrupt and stop IWDT counter
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Bit Symbol Function R/W
1 — This bit is read as 1. The write value should be 1. R/W
13:2 — These bits are read as 0. The write value should be 0. R/W
14 DBGSTOP_TIM Mask Bit for RTC, TAU, TML32 Reset/Interrupt in the OCD brake mode. In the OCD break | R/W

mode, the reset/interrupt is masked and each operation is stopped.

0: Enable RTC, TAU, TML32 reset/interrupt
1: Mask RTC, TAU, TML32 reset/interrupt

15 DBGSTOP_SIR Mask Bit for SAU, IICA, UARTA, PORT_IRQO-7 Reset/Interrupt in the OCD brake mode. In | R/W
the OCD break mode, the reset/interrupt is masked and each operation is stopped.

0: Enable SAU, IICA, UARTA, PORT_IRQO to 7 reset/interrupt
1: Mask SAU, IICA, UARTA, PORT_IRQO to 7 reset/interrupt

16 DBGSTOP_LVDO Mask Bit for LVDO Reset R/wW

0: Enable LVDO reset
1: Mask LVDO reset

17 DBGSTOP_LVD1 Mask Bit for LVD1 Reset/Interrupt R/W

0: Enable LVD1 reset/interrupt
1: Mask LVD1 reset/interrupt

23:18 — These bits are read as 0. The write value should be 0. R/W

24 DBGSTOP_RPER Mask Bit for SRAM Parity Error Reset/Interrupt R/W

0: Enable SRAM parity error reset/interrupt
1: Mask SRAM parity error reset/interrupt

31:25 — These bits are read as 0. The write value should be 0. R/W

The Debug Stop Control Register (DBGSTOPCR) controls the functional stop in OCD mode. All bits in the register are
regarded as 0 when the MCU is not in OCD mode. In OCD break mode, the states of the CPU and peripheral functions may
deviate. Also, when released OCD break mode and run the program again, the state of the CPU and peripheral functions
may be different and the program may be executed.

2553 DBGREG CoreSight component registers
The DBGREG module provides the CoreSight component registers defined in the Arm CoreSight architecture.

Table 2.12 shows the registers. See reference 4. in section 2.8. References for details of each register.

Table 2.12 DBGREG CoreSight component registers

Name Address Access size R/W Initial value
PIDR4 0x4001_BFDO 32 bits R 0x00000004
PIDR5 0x4001_BFD4 32 bits R 0x00000000
PIDR6 0x4001_BFD8 32 bits R 0x00000000
PIDR7 0x4001_BFDC 32 bits R 0x00000000
PIDRO 0x4001_BFEO 32 bits R 0x00000005
PIDR1 0x4001_BFE4 32 bits R 0x00000030
PIDR2 0x4001_BFES8 32 bits R 0x0000001A
PIDR3 0x4001_BFEC 32 bits R 0x00000000
CIDRO 0x4001_BFFO 32 bits R 0x0000000D
CIDR1 0x4001_BFF4 32 bits R 0x000000F0
CIDR2 0x4001_BFF8 32 bits R 0x00000005
CIDR3 0x4001_BFFC 32 bits R 0x000000B1

2.5.6 OCDREG Module

The OCDREG module are only accessible by the On-Chip Debug (OCD) emulator. OCDREG is implemented as a
CoreSight-compliant component.

Table 2.13 lists the OCDREG registers.
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Table 2.13 OCDRERG registers
Name DAP port Address Access size RIW
ID Authentication Code Register 0 IAUTHO Port 1 0x8000_0000 32 bits w
ID Authentication Code Register 1 IAUTH1 Port 1 0x8000_0100 32 bits w
ID Authentication Code Register 2 IAUTH2 Port 1 0x8000_0200 32 bits w
ID Authentication Code Register 3 IAUTH3 Port 1 0x8000_0300 32 bits w
MCU Status Register MCUSTAT Port 1 0x8000_0400 32 bits R
MCU Control Register MCUCTRL Port 1 0x8000_0410 32 bits R/IW

Note:

section 2.5.2. Cortex-M23 Peripheral Address Map.

2.5.6.1

IAUTHN : ID Authentication Code Register (n = 0 to 3)

OCDRERG is located in the dedicated OCD address space. This address map is independent of the system address map. See

Four authentication registers are provided for writing the 128-bit key. These registers must be written in sequential order

from IAUTHn (n =0 to 3).

The initial value of the registers is all OXFFFFFFFF. This means that SWD access is initially permitted when the ID code in

the OSIS register has the initial value. See section 2.7.1. ID Code.

Base address:

Offset address: 0x0000 + 0x100 x n

Bit position: 31

CPU_OCD = 0x8000_0000

Bit field:

IAUTHn: AID (32+32xn -1) to (32xn) bits

Value afterreset: 1 1 1 1 1 1

256.2 MCUSTAT : MCU Status Register
Base address: CPU_OCD = 0x8000_0000
Offset address: 0x0400
Bit position: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit field: | — — — — — — — — — — — — — — — —
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit position: 15 14 13 12 1" 10 9 8 7 6 4 3 2 1 0
CPUS
Bit field: | — — — — — — — — — — — — — | Torc | CBYS | authH
LEEP
LK
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 x'1 x'1 0
Bit Symbol Function R/W
0 AUTH Authentication Status R
0: Authentication failed
1: Authentication succeeded
1 CPUSLEEP Sleep Mode Status R
0: CPUis notin Sleep mode
1: CPU in Sleep mode
2 CPUSTOPCLK CPU Clock Status R
0: CPU clock is not stopped.
The MCU is in neither Software Standby nor Snooze mode.
1: CPU clock is stopped.
The MCU is in Software Standby or Snooze mode.
31:3 — These bits are read as 0. R
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Note 1. Depends on the MCU status.

256.3 MCUCTRL : MCU Control Register

Base address: CPU_OCD = 0x8000_0000
Offset address: 0x0410

Bit position: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit field: | — — — — — — — — — — — — — — — —
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit position: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. EDBG
Bit field: — — — — — — — DBIRQ — — — — — — — RQ
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
0 EDBGRQ External Debug Request R/W

Writing 1 to the bit causes a CPU halt. When the EDBGRQ bit is set to 0 or the CPU is
halted, the EDBGRAQ bit is cleared.

0: Debug event not requested

1: Debug event requested

71 — These bits are read as 0. The write value should be 0. R/W
8 DBIRQ Debug Interrupt Request R/W

Writing 1 to the bit wakes up the MCU from low power mode. The condition can be cleared
by writing 0 to the DBIRQ bit.

0: Debug interrupt not requested
1: Debug interrupt requested

31:9 — These bits are read as 0. The write value should be 0. R/W
Note:  Set DBIRQ and EDBGRAQ to the same value.

2564 OCDREG CoreSight component registers
The OCDREG module provides the CoreSight component registers defined in the Arm CoreSight architecture.

Table 2.14 shows the registers. See reference 4. in section 2.8. References for details of each register.

Table 2.14 OCDREG CoreSight component registers

Name Address Access size R/W Initial value
PIDR4 0x8000_OFDO 32 bits R 0x00000004
PIDR5 0x8000_O0FD4 32 bits R 0x00000000
PIDR6 0x8000_0FD8 32 bits R 0x00000000
PIDR7 0x8000_OFDC 32 bits R 0x00000000
PIDRO 0x8000_OFEO 32 bits R 0x00000004
PIDR1 0x8000_OFE4 32 bits R 0x00000030
PIDR2 0x8000_OFE8 32 bits R 0x0000000A
PIDR3 0x8000_OFEC 32 bits R 0x00000000
CIDRO 0x8000_O0FFO 32 bits R 0x0000000D
CIDR1 0x8000_OFF4 32 bits R 0x000000F0
CIDR2 0x8000_OFF8 32 bits R 0x00000005
CIDR3 0x8000_OFFC 32 bits R 0x000000B1
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2.6 SysTick Timer

The SysTick timer provides a simple 24-bit down counter. The reference clock for the timer can be selected as the CPU
clock (ICLK) or SysTick timer clock (SYSTICCLK). See section 8, Clock Generation Circuit and reference 1. in section
2.8. References for details.

2.7 OCD Emulator Connection

A SWD authentication mechanism checks access permission for debug and MCU resources. To obtain full debug
functionality, a pass result of the authentication mechanism is required.

Figure 2.3 shows a block diagram of the authentication mechanism.

)
Emulator
host PC
- N
1 To: CPU bus To: CPU debug
ocD /“\Jf—>sw+DP—> > AHB-AP —————» 3
emulator ,
—— // T
SWD
-» APB-AP - OCDREG : > D
1
| | comparator i
Option-setting [T " i
' 1
— memoY _ |hAUTHoutput |
1 .
ID code Compare result
(debug enable)
9 J

Figure 2.3 SWD authentication mechanism block diagram

An ID comparator is available in the MCU for authentication. The comparator compares the 128-bit IAUTH output from
the OCDREG and the 128-bit ID code from the option-setting memory. When the two outputs are identical, the CPU debug
functions and system bus access from the OCD emulator are permitted.

After the OCD emulator gets access permission, the OCD emulator must set the DBGEN bit in the System Control OCD
Control Register (SYOCDCR). In addition, the OCD emulator must clear the DBGEN bit before disconnecting. See section
9.2.9. SYOCDCR : System Control OCD Control Register.

2.7 1 ID Code

The ID code is used for checking permission for debug and access to on-chip resources. If the ID code matches the 128-bit
data written in the ID Authentication Code Registers 0 to 3, the SWD debugger obtains access permission. ID code is
written in the OCD/Serial Programmer ID Setting Register (OSIS) in the option-setting memory. The initial value of the ID
code is all 1s (OxFFFFFFFF_FFFFFFFF _FFFFFFFF FFFFFFFF). See section 6, Option-Setting Memory for details.

2.7.2 DBGEN

After the OCD emulator gets access permission, the OCD emulator must set the DBGEN bit in the System Control OCD
Control Register (SYOCDCR). In addition, the OCD emulator must clear the DBGEN bit before disconnecting it. See
section 9, Low Power Modes for details.

2.7.3 Restrictions on Connecting an OCD emulator

This section describes the restrictions on emulator access.
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2.7.3.1 Starting connection while in low power mode

When starting a SWD connection from an OCD emulator, the MCU must be in Normal or Sleep mode. If the MCU is in
Software Standby or Snooze mode, the OCD emulator can cause the MCU to hang.

2.7.3.2 Changing low power mode while in OCD mode

When the MCU is in OCD mode, the low power mode can be changed. However, system bus access from AHB-AP is
prohibited in Software Standby or Snooze mode. Only SWJ-DP, APB-AP, and OCDREG can be accessed from the OCD
emulator in these modes. Table 2.15 shows the restrictions.

Table 2.15 Restrictions by mode

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

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

2.7.3.3 Modify the ID code in OSIS

After modifying the ID code in the OSIS, the OCD emulator must reset the MCU by asserting the RES pin or setting the
SYSRESETREQ bit of the Application Interrupt and Reset Control Register in the system control block to 1. The modified
ID code is reflected after reset. For the system control block, see reference 2. listed in section 2.8. References.

The emulator must set the modified ID code in the IAUTHO to IAUTH3 registers immediately before the MCU is placed
in the reset state. When the IAUTHO to IAUTH3 registers have been overwritten, writing to the SYSRESETREQ bit is not
possible. Place the MCU in the reset state by asserting the signal on the RES pin.

2734 Connecting sequence and SWD authentication

Because the OCD emulator is protected by the SWD authentication mechanism, the OCD might be required to input the
ID code to the SWD authentication registers. The OSIS value in the option-setting memory determines whether the code is
required. After negation of the RES pin, a wait time is required before comparing the OSIS value at cold start. See section
32.4.1. Reset Timing. The SWD authentication process is described in detail below.

(1) When MSB of the OSIS register is 0 (bit [127] = 0)
The ID code is always a mismatch and connection to the OCD is prohibited.

(2) When bits in the OSIS register is all 1s (initial value)

ID authentication is not required and the OCD can use the AHB-AP without authentication. For details of the settings for
using the AHB-AP, see reference 4. in section 2.8. References.

1. Connect the OCD emulator to the MCU through the SWD interface.

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

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

(3) When OSIS[127:126] = 10b

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

1. Connect the OCD debugger to the MCU through the SWD interface.
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2. Setup SWIJ-DP to access the DAP bus. In the setup, the OCD emulator must assert CDBGPWRUPREQ in SWJ-DP
Control Status Register, then wait until CDBGPWRUPACK in the same register is asserted.

Set up the APB-AP to access OCDREG. The APB-AP is connected to the DAP bus port 1.
4. Write the 128-bit ID code to IAUTH registers 0 to 3 in OCDREG using the APB-AP.

5. If the 128-bit ID code matches the OSIS value, the AHB-AP is authorized to issue an AHB transaction. The
authorization result can be confirmed by the AUTH bit in the MCUSTAT Register or the DbgStatus bit in the AHB-AP
Control Status Word Register.

e When the DbgStatus bit is 1, the 128-bit ID code is a match with the OSIS value. AHB transfers are permitted.

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

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

(4) When OSIS[127:126] = 11b

OCD authentication is required and the OCD emulator must write the ID code to the IAUTH registers 0 to 3 in OCDREG.
The connection sequence is the same when OSIS[127:126] is 10b except for “ALeRASE” capability.

When IATUH registers 0 to 3 are “ALeRASE” in ASCII code, the contents of the code flash, data flash, and configuration
area are erased at once. See section 29, Flash Memory for details.

The ALeRASE sequence is as follows:
1. Connect the OCD debugger to the MCU through the SWD interface.

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

Set up the APB-AP to access OCDREG. The APB-AP is connected to the DAP bus port 1.
4. Write the 128-bit ID code to IAUTH registers 0 to 3 in OCDREG using the APB-AP.

5. If the 128-bit ID code is “ALeRASE” in ASCII code (0x414C_6552_4153_45FF _FFFF_FFFF_FFFF_FFFF), the
contents of the code flash, data flash, and configuration area are erased. Thereafter, the MCU transitions to Sleep mode.

2.8 References

1. ARM®vS8-M Architecture Reference Manual (ARM DDI 0553B.a)

2. ARM® Cortex®-M23 Processor Technical Reference Manual (ARM DDI 0550C)
3. ARM® Cortex®-M23 Device Generic User Guide (ARM DUI 1095A)

4. ARM® CoreSight™ SoC-400 Technical Reference Manual (ARM DDI 0480G)

5. ARM® CoreSight™ Architecture Specification (ARM THI 0029E)

6. ARM® CoreSight™ MTB-M23 Technical Reference Manual (ARM DDI 0564C)

29 Usage Notes

In TBLOFF field of the Vector Table Offset Register (VTOR), TBLOFF[31:8] are valid and writing 1 to TBLOFF[7] bit is
ignored. For the detail of Vector Table Offset Register, see reference 3. listed in section 2.8. References.
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3. Operating Modes

3.1 Overview

The MCU starts in single-chip mode and the on-chip flash is enabled when a reset is released. In single-chip mode, all I/O
pins are available for use as input or output port, inputs or outputs for peripheral functions, or as interrupt inputs.

3.2 Operating Modes Transitions

3.2.1 Operating Mode Transitions

Figure 3.1 shows operating mode transitions.

RES pin or
POR occurs

Release RES pin
and release POR

Single-chip mode

Figure 3.1 Operating mode
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4. Address Space

4.1 Address Space

The MCU supports a 4-GB linear address space ranging from 0x0000 0000 to OxFFFF_FFFF that can contain both program
and data. Figure 4.1 shows the memory map of a 64-KB/32-KB flash product.

Product Address

64 KB | 0x0001_0000
32 KB | 0x0000_8000

Note 1. Do not access reserved areas.

Memory.

Register for details.

OXFFFF_FFFF

0xE000_0000

0x4080_0000
0x407E_0000

0x4010_0400

0x4010_0000

0x4000_0000

0x2000_8000

0x2000_4000

0x0101_0034
0x0101_0010
0x0100_1091

0x0100_1070
< See the table on the left

0x0000_0000

System for Cortex®-M23

Reserved area™

Flash I/O registers

Reserved area™

On-chip flash (data flash)

Peripheral 1/0 registers

Reserved area™

On-chip SRAM

Reserved area™

On-chip flash (option-setting memory)

Reserved area™

On-chip flash (factory flash)‘3

Reserved area’

On-chip flash (code flash)
(read only)™

Note 2. Some regions are reserved for the option-setting memory. For details on the regions, see section 6, Option-Setting

Note 3. Factory Flash includes UIDRn, PNRn, and MCUVER registers. See section 29.3.24. UIDRn : Unique ID Registers n (n =
0 to 3), section 29.3.25. PNRn : Part Numbering Register n (n = 0 to 3), and section 29.3.26. MCUVER : MCU Version

Figure 4.1 Memory map
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5. Resets

51 Overview

The MCU provides 7 resets. Table 5.1 lists the reset names and sources.

Table 5.1 Reset names and sources

Reset name

Source

RES pin reset

Voltage input to the RES pin is driven low

Power-on reset

VCC rise (voltage detection VpoRr)"!

Independent watchdog timer reset

IWDT underflow or refresh error

Voltage monitor O reset

VCC fall (voltage detection Vgeig) !

Voltage monitor 1 reset

VCC fall (voltage detection Vgetq)™ !

SRAM parity error reset

SRAM parity error detection

Software reset

Register setting (use the Arm® software reset bit AIRCR.SYSRESETREQ)

Note 1. For details on the voltages to be monitored (VpoR, Vdeto, and Vget1), See section 7, Low Voltage Detection (LVD) and section 32,

Electrical Characteristics.

The internal state and pins are initialized by a reset. Table 5.2 and Table 5.3 list the targets initialized by resets.

Table 5.2 Reset detect flags initialized by each reset source (1 of 2)
Reset source
Voltage Independent
Power-on monitor 0 watchdog
Flags to be initialized RES pin reset | reset reset timer reset
Power-On Reset Detect Flag (PORSR.PORF) — v — —
Voltage Monitor 0/1 Reset Detect Flag v v — —
(RESF.LVIRF)
Independent Watchdog Timer Reset Detect Flag v v — —
(RESF.IWDTRF)
Software Reset Detect Flag (RESF.SWRF) v v — —
SRAM Parity Error Reset Detect Flag v v — —
(RESF.RPERF)
Table 5.2 Reset detect flags initialized by each reset source (2 of 2)
Reset source
Voltage
monitor 1 SRAM parity
Flags to be initialized reset Software reset | error reset
Power-On Reset Detect Flag (PORSR.PORF) — — —
Voltage Monitor 0/1 Reset Detect Flag — — —
(RESF.LVIRF)
Independent Watchdog Timer Reset Detect Flag — — —
(RESF.IWDTRF)
Software Reset Detect Flag (RESF.SWRF) — — —
SRAM Parity Error Reset Detect Flag — — —
(RESF.RPERF)
Note: v : Initialized to 0
— : Not initialized
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Table 5.3 Module-related registers initialized by each reset source (1 of 2)
Reset source
Voltage Independent
Power-on monitor 0 watchdog
Registers to be initialized RES pin reset | reset reset timer reset
Registers related to the IWDTRR, IWDTSR v v v v
IWDT
Registers related to the LVD1CR, LVD1MKR, |V v v v
voltage monitor function 1 | LVD1SR
Register related to the SOSCCR — v — —
SOSC
SOMRG v v v v
CMC.SOSEL, — v — —
CMC.XTSEL,
CMC.SODRV[1:0]
Register related to the RTCCO, RTCC1, — v — —
RTC SUBCUD
Other than above — — — —
Pin state (except XCIN/XCOUT pin) v v v v
Pin state (XCIN/XCOUT pin) — v — —
Registers other than those shown, CPU, and v v v v
internal state
Table 5.3 Module-related registers initialized by each reset source (2 of 2)
Reset source
Voltage
monitor 1 SRAM parity
Registers to be initialized reset Software reset | error reset
Registers related to the IWDTRR, IWDTSR 4 v v
IWDT
Registers related to the LVD1CR, LVD1MKR, |V v v
voltage monitor function 1 | LVD1SR
Register related to the SOSCCR — — —
SOSC
SOMRG v v v
CMC.SOSEL, — — —
CMC.XTSEL,
CMC.SODRV[1:0]
Register related to the RTCCO, RTCC1, — — —
RTC SUBCUD
Other than above — — —
Pin state (except XCIN/XCOUT pin) v v v
Pin state (XCIN/XCOUT pin) — — —
Registers other than those shown, CPU, and v v v
internal state
Note: v : Initialized
— : Not initialized
SOSC and LOCO can be selected as the clock sources of the RTC.
Table 5.4 and Table 5.5 show the states of SOSC and LOCO when a reset occurs.
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Table 5.4 States of SOSC when a reset occurs
Reset source
POR Other
SOSC Enable or disable Initialized to disable Continue with the state that was selected before the
reset occurred
Drive capability Initialized to low power mode 1 Continue with the state that was selected before the
reset occurred
XCIN/XCOUT Initialized to general-purpose input | Continue with the state that was selected before the
pins reset occurred
Table 5.5 States of LOCO when a reset occurs
Reset source
POR/LVDO/LVD1 Other
LOCO Enable or disable Ir}itiegiéed to disable. However, during IWDT operation, LOCO oscillates regardless of the value
of LCSTP.

When a reset is canceled, reset exception handling starts.

Table 5.6 lists the pin related to the reset function.

Table 5.6 Pin related to reset
Pin name 110 Function
RES Input Reset pin
52 Register Descriptions
5.2.1 RESF : Reset Status Flag Register

Base address: SYSC = 0x4001_EO000

Offset address: 0x0830

Bit position: 7 6 5 4 3 2 1 0
Bitfied: | — | — |swee| "WOT| — [REERD_liyRe
Value after reset: 0 0 x1 x1 0 X1 0 X1
Bit Symbol Function R/W
0 LVIRF Internal Reset Request by Voltage Detector (LVDO or LVD1) R
0: Internal reset request is not generated, or the RESF register is cleared.
1: Internal reset request is generated.
1 — This bit is read as 0.
2 RPERF Internal Reset Request by RAM Parity Error
0: Internal reset request is not generated, or the RESF register is cleared.
1: Internal reset request is generated.
3 — This bit is read as 0.
4 IWDTRF Internal Reset Request by Independent Watchdog Timer (IWDT)
0: Internal reset request is not generated, or the RESF register is cleared.
1: Internal reset request is generated.
5 SWRF Internal Reset Request by Software Reset R
0: Internal reset request is not generated, or the RESF register is cleared.
1: Internal reset request is generated.
7:6 — These bits are read as 0. R
Note 1. The value after reset varies depending on the reset source.
The RESF register indicates which reset source generated the reset request.
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This register is cleared after it is read, in addition to when a reset occurs as described in Table 5.2.

522 PORSR : Power-On Reset Status Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0831

Bit position: 7 6 5 4 3 2 1 0
Bit field: | — — — — — — — | PORF
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
0 PORF Checking Occurrence of Power-on Reset R/W

0: A value 1 has not been written, or a power-on reset has occurred
1. No power-on reset has occurred!

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

Note 1. If the POREF bit is set to 1, it guarantees that no power-on reset has occurred, but it does not guarantee that the RAM value is
retained.

The PORSR register is used to check the occurrence of a power-on reset.

This register is reset only by a power-on reset and retains the value when a reset caused by another source occurs.

PORF bit (Checking Occurrence of Power-on Reset)
The PORF bit indicates whether a power-on reset has occurred.
This bit is valid only when writing 1. Writing 0 is invalid.

When checking whether a power-on reset has occurred, write 1 to this bit in advance.
53 Operation

5.31 RES Pin Reset

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

When the RES pin is driven high from low, the internal reset is canceled after the post-RES cancellation wait time (tRpswT,
treswT2) €lapses. The CPU then starts the reset exception handling.

For details, see section 32, Electrical Characteristics.

53.2 Power-On Reset

The power-on reset (POR) is an internal reset generated by the power-on reset circuit. A power-on reset is generated under
the following conditions.

1. Ifthe RES pin is in a high level state when power is supplied
2. If'the RES pin is in a high level state when VCC is below Vpor

After VCC exceeds Vpopr and the specified power-on reset time (tpor) elapses, the CPU starts the reset exception handling.
The power-on reset time is a stabilization period of the external power supply and the MCU circuit.

After a power-on reset is generated, the PORF flag in the PORSR is clear to 0. When VCC falls below Vpgg, a power-on
reset state is occurred.

Figure 5.1 shows example of operations during a power-on reset.
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Supply voltage (VCC)

Vdeto
Lower limit voltage for guaranteed operation N\ /
Veor, Veor
ov
Wait for oscillation Wait for oscillation
accuracy stabilization accuracy stabilization
- -
HOCO
Starting oscillation Starting oscillation
f is specified by software fis specified by software
MoSC ! V'Lﬂ.ﬂ_l-l_l-l_l-l_n
(when X1 oscillation is selected) N .
. Normal operation Reset period Normal operation Reset period
i (ICLK = HOCO) (oscillation (ICLK = HOCO) (oscillation
. : stop) \ stop)
CPU Operation stops I LVD reset processing :
i time !
Voltage stabilization wait + POR bVD reset processing
ime

Internal reset signal

Figure 5.1 Example of operations during a power-on reset

5.3.3 Voltage Monitor Reset

The voltage monitor i (i = 0, 1) reset is an internal reset generated by the voltage monitor i circuit. If the Voltage Detection

0 Circuit Start (LVDAS) bit in the Option Function Select Register 1 (OFS1) is 0 (voltage monitor O reset is enabled after
areset) and VCC falls below V 410, the RESF.LVIRF flag becomes 1 and the voltage detection circuit generates voltage
monitor 0 reset. Clear the OFS1.LVDAS bit to 0 if the voltage monitor 0 reset is to be used. After VCC exceeds Vet

and the voltage monitor 0 reset time (t;ypg) elapses, the internal reset is canceled and the CPU starts the reset exception
handling.

When the Enabling Operation of LVDI1 bit (LVD1EN) is set to 1 (enabling generation of a reset or interrupt by the voltage
detection circuit) and the LVD1 Operation Mode Select bit (LVD1SEL) is set to 1 (selecting generation of a reset in
response to detection of a low voltage) in Voltage Monitor 1 Circuit Control register (LVD1CR), the RESF.LVIRF flag is set

to 1 and the voltage detection circuit generates a voltage monitor 1 reset if VCC falls to or below Ve -

If operation of LVDI is enabled while VCC is lower than the voltage detection level (V4et1), it generates an internal reset at
the time its operation is enabled.

Detection levels V4e; can be changed in the LVDICR.LVD1V][4:0] bit.
Note 1. The LVD1MKR.MK bit should be 0. (If MK =1, reset and interrupt generation by LVD1 are masked.)

Figure 5.2 shows example of operation during voltage monitor 1 reset. For details on the voltage monitor 1 reset, see section
7, Low Voltage Detection (LVD).
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LVD reset Delay for Delay for Delay for
processing time detection detection detection
H JIN bt P oM
Supply voltage (VCC) : : |
/ \}
Vett+
Veetot
Lower limit of operating voltage \

VPoR, VPDR*2

Time
LVD1MKR.MK |_|
LVD1CR.LVD1EN |_L m
LVD1SR.MON |_| |_|
Clear
RESF.LVIRF |

1
|

Cleared by software

LVD reset signal ”

POR reset signal

Internal reset signal ” [

Note: For details on the electrical characteristics, see section 32, Electrical Characteristics.

Note 1. V4eto indicates the detection level of voltage monitor O reset and Vet indicates the detection level of voltage monitor 0
reset.

Note 2. VpoR indicates the detection level of power-on reset at power supply rise, VppR indicates the detection level of power-on
reset at power supply fall, and VdetO indicates the detection level of voltage monitor O reset.

Figure 5.2 Example of operation during voltage monitor 1 reset

5.34 Independent Watchdog Timer Reset

The independent watchdog timer reset is an internal reset generated from the Independent Watchdog Timer (IWDT). Output
of the reset from the IWDT can be selected in the Option Function Select Register 0 (OFS0).

When output of the independent watchdog timer reset is selected, the reset is generated if the IWDT underflows, or if data
is written when refresh operation is disabled. When the internal reset time (trpswo) elapses after the independent watchdog

timer reset is generated, the internal reset is canceled and the CPU starts the reset exception handling.

For details on the independent watchdog timer reset, see section 20, Independent Watchdog Timer (IWDT).

535 Software Reset

The software reset is an internal reset generated by a software setting of the SYSRESETREQ bit in the AIRCR register in
the Arm core. When the SYSRESETREQ bit is set to 1, a software reset is generated. When the internal reset time (tRgsw?2)

elapses after the software reset is generated, the internal reset is canceled and the CPU starts the reset exception handling.

For details on the SYSRESETREQ bit, see the ARM® Cortex®-M23 Technical Reference Manual.
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6. Option-Setting Memory

6.1 Overview

The option-setting memory determines the state of the MCU after a reset. The Option-setting memory is allocated to the
configuration setting area and the code flash area of the flash memory. The available methods of setting are different for the
two areas.

Figure 6.1 shows the option-setting memory area.

Address”™

OCD/Serial Programmer 1D

0x0101_0018 to 0x0101_0033 Setting Register (OSIS)

Configuration setting area

Access Window Setting Register

0x0101_0010 to 0x0101_0013 (AWS)

- =

Option Function Select Register 1

*2
0x0000_0404 to 0x0000_0407 (OFS1)

Code flash area

0x0000 0400 to 0x0000 0403 *2 | Option Function Select Register 0
- (OFS0)

Note 1. The option-setting memory must be allocated to the user area of the flash memory.
Note 2. The address of these registers will be changed when the boot swap is set. See section 6.2.1. OFSO0 : Option Function
Select Register 0 and section 6.2.2. OFS1 : Option Function Select Register 1 for details.

Figure 6.1 Option-setting memory area
6.2 Register Descriptions

6.2.1 OFSO0 : Option Function Select Register 0

Address:  0x0000_0400 and 0x0000_2400"!

Bit position: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit field: — — — — — — — — — — — — — — — —
Value after reset: The value set by the user™
Bit position: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
IWDT IWDT IWDT
Bit field: — STPC — RSTIR | IWDTRPSS[1:0] | IWDTRPES[1:0] IWDTCKSI[3:0] IWDTTOPSJ[1:0] STRT —
TL Qs
Value after reset: The value set by the user™
Bit Symbol Function R/W
0 — When read, this bit returns the written value.
1 IWDTSTRT IWDT Start Mode Select

0: Automatically activates IWDT after a reset (auto start mode)
1: Disables IWDT after a reset

3:2 IWDTTOPS[1:0] IWDT Timeout Period Select R

00: 128 cycles (0x007F)
0 1: 512 cycles (0x01FF)
10: 1024 cycles (0x03FF)
11: 2048 cycles (0x07FF)
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Bit Symbol Function R/W
74 IWDTCKSJ[3:0] IWDT Clock Frequency Division Ratio Select R
0x0: x1
0x2: x 1/16
0x3: x 1/32
0x4: x 1/64
OxF: x 1/128
0x5: x 1/256
Others: Setting prohibited
9:8 IWDTRPES[1:0] IWDT Window End Position Select R
00: 75%
01: 50%
10: 25%
11: 0% (no window end position setting)
11:10 IWDTRPSS[1:0] IWDT Window Start Position Select R
00: 25%
01: 50%
10: 75%
11: 100% (no window start position setting)
12 IWDTRSTIRQS IWDT Reset Interrupt Request Select R
0: Non-maskable interrupt or maskable interrupt
1: Reset
13 — When read, this bit returns the written value.
14 IWDTSTPCTL IWDT Stop Control
0: Continue counting
1: Stop counting when in Sleep, Snooze, or Software Standby mode
31:15 — When read, these bits return the written value. R

Note 1. When the boot swap is set, the address of this register changes. Therefore, set 0x0000_2400 and 0x0000_0400 to the same value
if boot swap is used.
Note 2. The value in a blank product is OXFFFFFFFF. It can be set with a flash writer or self-programming.

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

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

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

For details, see section 20, Independent Watchdog Timer (IWDT).

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

The IWDTCKSJ3:0] bits specify the division ratio of the prescaler for dividing the frequency of the clock for the IWDT
as 1/1, 1/16, 1/32, 1/64, 1/128, and 1/256. Using this setting combined with the IWDTTOPS[1:0] bits setting, the IWDT
counting period can be set from 128 to 524288 IWDT clock cycles.

For details, see section 20, Independent Watchdog Timer (IWDT).

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

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

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

For details, see section 20, Independent Watchdog Timer (IWDT).
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IWDTRPSS[1:0] bits (IWDT Window Start Position Select)

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

For details, see section 20, Independent Watchdog Timer (IWDT).
IWDTRSTIRQS bit (IWDT Reset Interrupt Request Select)

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

For details, see section 20, Independent Watchdog Timer (IWDT).

IWDTSTPCTL bit (IWDT Stop Control)

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

Table 6.1 shows the count stop control by the IWDTSTPCTL bit.

Table 6.1 Count stop control by the IWDTSTPCTL bit

IWDTSTPCTL Mode Counting of IWDT
0 Sleep/Snooze/Software Standby mode Continue counting
1 Sleep/Snooze/Software Standby mode Stop counting

For details, see section 20, Independent Watchdog Timer (IWDT).

6.2.2 OFS1 : Option Function Select Register 1

Address:  0x0000_0404 and 0x0000_2404"1

Bit position: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit field: | — — — FRg ol FRPE[5:0] FRPS[5:0]
Value after reset: The value set by the user™
Bit position: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
.o | PORT . . LVDA
Bit field: | < o HOCOFRQ1[2:0] — — — — — — VDSELO0[2:0] s — —
Value after reset: The value set by the user™?
Bit Symbol Function R/W
1:0 — When read, these bits return the written value. R
2 LVDAS Voltage Detection 0 Circuit Start R

0: Enables voltage monitor O reset after a reset
1: Disables voltage monitor O reset after a reset

5:3 VDSELO[2:0] Voltage Detection 0 Level Select™ R

010: VdetO_O

011 Vgeto_1

100: Vdet0_2

101: Vdet0_3

110 Vgeto_4

111: VdetO_S

Others: Setting prohibited

11:6 — When read, these bits return the written value. R
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Bit Symbol Function R/IW
14:12 HOCOFRQ1[2:0] HOCO Frequency Setting 1 R
000: 24 MHz
010: 32MHz
Others: Setting prohibited
15 PORTSELB™ P206/RES Terminal Selection R

0: Port (P206)

1: RES input (internal pull-up register is always active)
21:16 FRPS[5:0] Flash Read Protection Starting Address R
FRPSI[5:0] specify bits [16:11] of the starting address of a protected region.
Bits [31:17] and bits [10:0] of the starting address are filled with Os.

The value range of FRPS[5:0] is from 0x01 to 0x3F, excluding reserved areas.

27:22 FRPE[5:0] Flash Read Protection Ending Address R
FRPE[5:0] specify bits [16:11] of the ending address of a protected region.

Bits [31:17] of the ending address are filled with Os and bits [10:0] of the ending address are
filled with 1s.

The value range of FRPE[5:0] is from 0x01 to Ox1F, excluding reserved areas.

28 FRPDIS Flash Read Protection Disable R

0: Enables flash read protection
1: Disables flash read protection

31:29 — When read, these bits return the written value. R

Note 1. When the boot swap is set, the address of this register changes. Therefore, set 0x0000_2404 and 0x0000_0404 to the same value
if boot swap is used.

Note 2. The value in a blank product is OXFFFFFFFF. It can be set with a flash writer or self-programming.

Note 3. See section 32, Electrical Characteristics for the voltage levels to be detected. Set to 010b if LVDO is not used.

Note 4. Only 32-pin, 24-pin, or 20-pin product.

LVDAS bit (Voltage Detection 0 Circuit Start)
The LVDAS bit selects whether the voltage monitor O reset is enabled or disabled after a reset.

VDSELO0[2:0] bits (Voltage Detection 0 Level Select)
The VDSELO[2:0] bits select the voltage detection level of the voltage detection 0 circuit.

HOCOFRQ1[2:0] bits (HOCO Frequency Setting 1)
The HOCOFRQ1[2:0] bits select the HOCO frequency after a reset as 24 or 32 MHz.

PORTSELB bit (P206/RES Terminal Selection)
In the 32-pin, 24-pin, or 20-pin product, the PORTSELB bit defines whether this port operates as port (P206) or reset.

FRPS[5:0] bits (Flash Read Protection Starting Address)

FRPE[5:0] bits (Flash Read Protection Ending Address)

The FRPS[5:0] and FRPE[5:0] bits specify the starting and ending address of a protected region of the Flash Read
Protection (FRP). Figure 6.2 shows the starting and ending address of a protected region. Both the starting and ending
address are included in a protected region (starting address < protected region < ending address). When the FRP is enabled,
the memory space defined by the FRPS[5:0] and FRPE[5:0] bits is accessible only by instruction fetch. Since a protected
region is not readable, it is prohibited that a protected region includes a vector table. Therefore, do not set FRPS[5:0] to
0x00 when using the FRP. Setting the FRPS[5:0] bits to 0x00 causes a protected region to include the initial vector table.

For details of the FRP, see section 13, Flash Read Protection (FRP).

FRPDIS bit (Flash Read Protection Disable)

The FRPDIS bit enables or disables the FRP. To enable the FRP, FRPDIS must be set to 0. To disable the FRP, FRPDIS
must be set to 1.

For details of the FRP, see section 13, Flash Read Protection (FRP).
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Starting address of a protected region
Bit position 31 16 " 0
Bit filed [0 0000000000000 O] FRPS[5:0] [0 0000000000
Ending address of a protected region
Bit position 31 16 11 0
Bit filed [0 0000000000000 0] FRPE[5:0] [ 1 11111111 1]
Figure 6.2 Starting and ending address of a protected
6.2.3 AWS : Access Window Setting Register
Address: 0x0101_0010
Bit position: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Bit field: BTGFL — — — — FAWE[10:0]
Value after reset: The value set by the user
Bit position: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Bit field: | FSPR | — — — — FAWS[10:0]
Value after reset: The value set by the user
Bit Symbol Function R/W
10:0 FAWS[10:0] Access Window Start Block Address R
These bits specify the start block address for the access window. They do not represent the
block number of the access window. The access window is only valid in the code flash area.
The block address specifies the first address of the block and consists of the address bits
[21:11].
14:11 — When read, these bits return the written value.
15 FSPR Protection of Access Window and Startup Area Select Function
This bit controls the programming of the write/erase protection for the access window, the
Startup Area Select Flag (BTFLG), and the temporary boot swap control with Startup Area
Select (FISR.SAS[1:0] bits). When this bit is set to 0, it cannot be changed to 1.
0: Executing the configuration setting command for programming the access window
(FAWE[10:0], FAWS[10:0]) and the Startup Area Select Flag (BTFLG) is invalid
1: Executing the configuration setting command for programming the access window
(FAWE[10:0], FAWS[10:0]) and the Startup Area Select Flag (BTFLG) is valid
26:16 FAWE[10:0] Access Window End Block Address R
These bits specify the end block address for the access window.
They do not represent the block number of the access window.
The access window is only valid in the code flash area. The end block address for the
access window is the next block to the acceptable programming and erasure region defined
by the access window. The block address specifies the first address of the block and
consists of the address bits [21:11].
30:27 — When read, these bits return the written value.
31 BTFLG Startup Area Select Flag
This bit specifies whether the address of the startup area is exchanged for the boot swap
function.
0: First 8-KB area (0x0000_0000 to 0x0000_1FFF) and second 8-KB area
(0x0000_2000 to 0x0000_3FFF) are exchanged
1: First 8-KB area (0x0000_0000 to 0x0000_1FFF) and second 8-KB area
(0x0000_2000 to 0x0000_3FFF) are not exchanged

Issuing the program or erase command to an area outside the access window causes a command-locked state. The access
window is only valid in the code flash area. The access window provides protection in self-programming mode and on-chip
debug mode. The access window can be locked by the FSPR bit.
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The access window is specified in both the FAWS[10:0] bits and the FAWE[10:0] bits. The settings for the FAWS[10:0] and
FAWE[10:0] bits are as follows:

FAWE[10:0] = FAWS[10:0]: The P/E command is allowed to execute in the full code flash area.

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

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

Address P/E

Protected
area

Block 7
(FAWE[10:00] = 0x007) Y

Block 6

Access Non-protected
window Block 5 area

Block 4
(FAWS[10:0] = 0x004)

»lad

Block 3

Block 2
Protected
area

Block 1

Block 0

Figure 6.3 Access window overview

6.2.4 OSIS : OCD/Serial programmer ID Setting Register

The OSIS register stores the ID for ID code protection of the OCD emulator/serial programmer. When connecting the OCD
emulator/serial programmer, write values so that the MCU can determine whether to permit the connection. Use this register
to check whether a code transmitted from the OCD emulator/serial programmer matches the ID code in the option-setting
memory. When the ID code matches, connection with the OCD emulator/serial programmer is permitted, if not, connection
with the OCD emulator/serial programmer is not possible. The OSIS register must be set in 32-bit words.

Address: 0x0101_0018, 0x0101_0020, 0x0101_0028, 0x0101_0030

Bit position: 31 0

Bit field:

Value after reset: The value set by the user

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

ID code bits [127] and [126] on the 32-bit word at the address 0x0101 0018 determine whether the ID code protection is
enabled, and the authentication method. Table 6.2 shows how the ID code determines the authentication method.
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Table 6.2 Specifications for ID code protection

Operating mode on Operations on connection to programmer or on-
boot up ID code State of protection chip debugger

On-chip debug mode OxFF, ..., OxFF (all bytes are | Protection disabled The ID code is not checked, the ID code always
(SWD boot mode) OxFF) matches, and the connection to the on-chip debugger

or serial programmer is permitted.

Bit [127] = 1, bit [126] = 1, Protection enabled Matching ID code indicates that authentication is

and at least one of the 16 complete and connection to the on-chip debugger or
bytes is not OxFF serial programmer is permitted.

Mismatching ID code indicates transition to the ID code
protection wait state.

When the ID code sent from the on-chip debugger

or serial programmer is ALeRASE in ASCII code
(0x414C_6552_4153_45FF_FFFF_FFFF_FFFF_FFFF),
the content of the user flash area is erased and all bits
in the OSIS register are 1.

However, when the AWS.FSPR bit is 0, the content of
the user flash area is not erased.

Bit [127] = 1 and bit [126] = | Protection enabled Matching ID code indicates that authentication is

0 complete and connection to the on-chip debugger or
serial programmer is permitted.

Mismatching ID code indicates transition to the ID code
protection wait state.

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

6.3 Setting Option-Setting Memory

6.3.1 Allocation of Data in Option-Setting Memory

Programming data is allocated to the addresses in the option-setting memory shown in Figure 6.1. The allocated data is used
by tools such as a flash programming software or an on-chip debugger.

Note:  Programming formats vary depending on the compiler. See the compiler manual for details.

6.3.2 Setting Data for Programming Option-Setting Memory

Allocating data according to the procedure described in section 6.3.1. Allocation of Data in Option-Setting Memory, alone
does not actually write the data to the option-setting memory. You must also follow one of the actions described in this
section.

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

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

For details of the programming command, the configuration setting command, and the startup area select function, see
section 29, Flash Memory.

(2) Debugging through an OCD or programming by a flash writer

This procedure depends on the tool in use, see the tool manual for details.
The MCU provides two setting procedures:

e Recad the data allocated as described in section 6.3.1. Allocation of Data in Option-Setting Memory, from an object file
or Motorola S-format file generated by the compiler, and write the data to the MCU

e Use the GUI interface of the tool to program the same data as allocated in section 6.3.1. Allocation of Data in
Option-Setting Memory.
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6.4 Usage Notes

6.4.1 Data for Programming Reserved Areas and Reserved Bits in the Option-Setting
Memory

When reserved areas and reserved bits in the option-setting memory are within the scope of programming, write 1 to all bits
of reserved areas and all reserved bits. If 0 is written to these bits, normal operation cannot be guaranteed.

6.4.2 Note on FSPR Bit

The AWS.FSPR bit cannot be changed to 1 once it is set to 0. At that time, access window and startup area selection cannot
be set again.
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7. Low Voltage Detection (LVD)

7.1 Overview

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

changes at various voltage thresholds.

Voltage monitor registers are used to configure the LVD to trigger an interrupt, event link output, or reset when the

thresholds are crossed.

Table 7.1 lists the LVD specifications. Figure 7.1 shows a block diagram of the voltage monitor O reset generation circuit
and Figure 7.2 shows a block diagram of the voltage monitor 1 interrupt and reset circuit.

Table 7.1 LVD specifications

Parameter

Voltage monitor 0

Voltage monitor 1

Means for setting up operation

OFS1 register

Registers

Target for monitoring

VCC pin input voltage

VCC pin input voltage

Monitored voltage

Vdeto

Vet

Detected event

Voltage falls past Vgeto

Voltage rises or falls past Vget1

Detection voltage

Selectable from 6 different levels in the
OFS1.VDSELO[2:0] bits

Selectable from 18 different levels in the
LVD1CR.LVD1V[4:0] bits

Monitoring flag

None

LVD1SR.MON flag: Monitors whether voltage is
higher or lower than Vget1

LVD1SR.DET flag: V4et1 passage detection

Process on voltage | Reset

detection

Voltage monitor O reset

Voltage monitor 1 reset

Deasserts an internal reset signal on
detecting VCC 2 Vetg. Generates an
internal reset on detecting VCC < Vgeto
and retains the reset state until VCC 2
Vgeto is detected.

Deasserts an internal reset signal on detecting VCC
= Vyet1. Generates an internal reset on detecting
VCC < Vget1 and retains the reset. The reset is
deasserted after specified time.

Interrupt

No interrupt

Voltage monitor 1 interrupt

Non-maskable or maskable interrupt selectable

Interrupt request is issued when VCC crosses Vget1

Event link function

None

Available
Output of event signals on detection of Vet
crossings
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Internal reset signal 0

Vdeto Internal reset signal

Internal reset signal 1

Voltage detection
level selector

Reference
voltage source

Jh
OFS1.VDSELO0[2:0] bits

OFS1.LVDAS bit

Note:  For details of OFS1.LVDAS and OFS1.VDSELO0[2:0], see section 6, Option-Setting Memory.

Figure 7.1 Block diagram of voltage monitor 0 reset generation circuit

Internal reset signal 1

c
25 Internal reset signal
o o i

2 g s LVD1SR Internal reset signal 0
% ] Vdett S | Internal interrupt signal 1 Voltage monitor 1
% o o ’ non-maskable interrupt signal
>

Reference Voltage monitor 1

voltage source maskable interrupt signal
T Detector
Event
[
[wvoren [ iraset Jwprset [worvisor | el The setting of the LVD1SR.DET bitiis 0
LVD1CR LVD1MKR i is wri i
LVD1SR if 0 (undetected) is written in the program

Figure 7.2 Block diagram of voltage monitor 1 interrupt and reset circuit
7.2 Register Descriptions

7.2.1 LVD1CR : Voltage Monitor 1 Circuit Control Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0840

Bit position: 7 6 5 4 3 2 1 0
Bit field: LVB1 E LVI?JS IRCIJ_SE LVD1V[4:0]
Value after reset: 0 0 0 1 1 0 0 1
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Bit Symbol Function R/W

4.0 LVD1V[4:0] Voltage Detection 1 Level Select™ ™2 R/W

O0xOE: Vde“_o
OxOF: Vdet1_1
0x10: Vdet1_2
0x11: Vdet1_3
0x12: Vdet1_4
0x13: Vdet1_5
0x14: Vdet1_6
0x15: Vdet1_7
0x16: Vdet1_8
0x17: Vdet1_9
0x18: Vdet1_A
0x19: VdetLB
Ox1A: VdetLC
0x1B: VdetLD
0x1C: Vdet1_E
0x1D: Vdet1_F
OX1E: Vget1_10
Ox1F: Vget1_11
Others: Setting prohibited

5 IRQSEL Voltage Monitor 1 Interrupt Type Select R/W

0: Non-maskable interrupt
1: Maskable interrupt

6 LVD1SEL Operation mode of LVD1 R/W

0: Interrupt mode
1: Reset mode

7 LVD1EN Enabling Operation of LVD1 R/W
When using voltage detection 1 interrupt/reset or the LVD1SR.MON flag, set the LVD1EN
bit to 1. The voltage detection 1 circuit starts when LVD1 operation stabilization time (tyE.a))
elapses after the LVD1EN bit value is changed from 0 to 1. For details on tyE.a), see
section 32, Electrical Characteristics.

0: Operation stopped
1: Operation enabled

Note: e Set the PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
e Set the LVD1MKR.MK bit to 1 (write enabled) before rewriting this register.
Note 1. See section 32, Electrical Characteristics for the voltage levels to be detected.
Note 2. When using LVDO, set the detection voltage of LVD1 higher than the detection voltage of LVDO.

7.2.2 LVD1MKR : Voltage Monitor 1 Circuit Mask Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0841

Bit position: 7 6 5 4 3 2 1 0
Bit field: — — — — —_ — — MK
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
0 MK Specification of Whether to Enable or Disable Rewriting the LVD1CR Register R/W

The MK bit enables or disables the rewriting of the Voltage Monitor 1 Circuit Control
Register (LVD1CR). While the MK bit is 1, the reset and interrupt generation by LVD1 are
masked. Therefore, clear the MK bit to O after having written a new value to the LVD1CR
register.
0: Rewriting of the LVD1CR register is disabled.
1: Rewriting of the LVD1CR register is enabled (reset and interrupt generation by
LVD1 are masked)

71 — These bits are read as 0. The write value should be 0. R/W
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Note:  Set the PRCR.PRCS bit to 1 (write enabled) before rewriting this register.

7.2.3 LVD1SR : Voltage Monitor 1 Circuit Status Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0843

Bit position: 7 6 5 4 3 2 1 0
Bit field: | — — — — — — MON | DET"
Value after reset: 0 0 0 0 0 0 1 0
Bit Symbol Function R/W
0 DET Voltage Monitor 1 Voltage Variation Detection Flag R/W™2

0: Not detected
1: Vget1 crossing is detected

1 MON Voltage Monitor 1 Signal Monitor Flag R

0: VCC < Vet
1: VCC 2= Vget1 or MON is disabled

7:2 — These bits are read as 0. The write value should be 0. R/W

Note:  Set the PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
Note 1. The DET bit is invalid when reset mode is selected.
Note 2. Only 0 can be written to this bit.

DET flag (Voltage Monitor 1 Voltage Variation Detection Flag)

The DET flag is enabled when LVDICR.LVDI1EN = 1 (LVDI1 operation enabled) and LVDICR.LVDISEL = 0 (LVDI1 is set
to interrupt mode).

MON flag (Voltage Monitor 1 Signal Monitor Flag)
The MON flag is enabled when LVD1CR.LVDI1EN = 1 (LVDI operation enabled).
7.3 VCC Input Voltage Monitor

7.3.1 Monitoring Vgeto

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

7.3.2 Monitoring Vet1

Table 7.2 shows the procedures to set up monitoring against V4.t. After the settings are complete, the comparison results
from voltage monitor 1 can be monitored with the LVD1SR.MON flag.

Table 7.2 Procedures to set up monitoring against Vet

Step | Monitoring the comparison results from voltage monitor 1

1 | Set the LVD1MKR.MK bit to 1 to enable writing to the LVD1CR register.

2 | LVD1CR register setting
e Set LVD1V[4:0] bits to set the LVD1 detection voltage
e Set LVD1EN bit = 1 to enable LVD1 operation

3 |LVD1is enabled after tye.a) elapses as stability wait time.

4 | Set the LVDMKR.MK bit to 0 to disable writing to the LVD1CR register.

7.4 Reset from Voltage Monitor O

When using the reset from voltage monitor 0, clear the OFS1.LVDAS bit to 0 to enable the voltage monitor 0 reset after a
reset.

Figure 7.3 shows the timing of the internal reset signal generated in the LVDO reset mode.
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LVD reset Delay for Delay for Delay for
processing time detection detection detection
Supply voltage (VCC) :» M\ :» 30 iﬁ
Vdeto'r ; } | \4}
Lower limit of operating voltage \

Vpor, Veor'!

Time
Clear

RESF.LVIRF

LVD reset signal

Cleared by software

POR reset signal

Internal reset signal

Note:  For details of the electrical characteristics, see section 32, Electrical Characteristics.
Note 1. VpoR indicates the detection level of power-on reset at power supply rise, VppRr indicates the detection level of power-on
reset at power supply fall, and Vgetg indicates the detection level of voltage monitor O reset.

Figure 7.3 Timing of LVDO internal reset signal generation

7.5 Interrupt and Reset from Voltage Monitor 1

An interrupt or reset can be generated in response to the comparison results from the voltage monitor 1 circuit.

Table 7.3 shows the procedures for setting bits related to the voltage monitor 1 interrupt/reset so that voltage monitoring
occurs. Table 7.4 shows the procedures for setting bits related to the voltage monitor 1 interrupt/reset so that voltage
monitoring stops. Figure 7.4 shows an example of operations for a voltage monitor 1 interrupt. For the operation of the
voltage monitor 1 reset, see Figure 5.2 in section 5, Resets.

Table 7.3 Procedures for setting bits related to voltage monitor 1 interrupt and voltage monitor 1 reset so that
voltage monitoring occurs

Voltage monitor 1 interrupt (voltage monitor 1 ELC event
Step | output) Voltage monitor 1 reset

1 | Set the LVD1MKR.MK bit to 1 to enable writing to the LVD1CR register.

2 | LVD1CR register setting LVD1CR register setting
e Set LVD1V[4:0] bits to set the LVD1 detection voltage e Set LVD1V[4:0] bits to set the LVD1 detection voltage
e Select the interrupt request condition in the IRQSEL bit e Set LVD1SEL = 1 to set LVD1 operation mode to reset
e Set LVD1SEL =0 to set LVD1 operation mode to interrupt mode
mode e SetLVD1EN = 1 to enable LVD1 operation

e SetLVD1EN = 1 to enable LVD1 operation

3 |LVD1is enabled after tye.a) elapses as stability wait time.

4 | Set the LVD1MKR.MK bit to O to disable writing to the LVD1CR register.

Table 7.4 Procedures for setting bits related to voltage monitor 1 interrupt and voltage monitor 1 reset so that
voltage monitoring stops

Step | Voltage monitor 1 interrupt (voltage monitor 1 ELC event output), voltage monitor 1 reset

1 | Set the LVD1MKR.MK bit to 1 to enable writing to the LVD1CR register.
2 | Set LVD1CR.LVD1EN = 0 to disable LVD1 operation.

3 | Set the LVD1MKR.MK bit to 0 to disable writing to the LVD1CR register.

Figure 7.4 shows the timing of the interrupt request signal generated in the LVD1 interrupt mode.
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LVD reset Delay for Delay for Delay for
processing time detection detection detection
Supply voltage (VCC) H Moo 4 b Moo
Vet /
Vdeto

Lower limit of operating voltage

VPOR, VPDR

LVD1MKR.MK |_|

Time

LVD1CR.LVD1EN | |

LVD1SR.MON

\

|

|

T

|

!

|

|
Voltage monitor 1 interrupt
request(LVD_LVD1)

LVD1SR.DET

Cleared by software

LVD reset signal

POR reset signal

Internal reset signal

Figure 7.4 Timing of LVD1 interrupt request signal generation

Note:  If operation of LVD1 is enabled while VCC is lower than the voltage detection level (Vget1), it generates an interrupt
request signal (LVD_LVD1) at the time its operation is enabled.

7.6 Event Link Controller (ELC) Output
The LVD can output the event signals to the Event Link Controller (ELC).
(1)  Vget1 Crossing Detection Event

The LVD outputs the event signal when it detects that the voltage has passed the V4¢; voltage while the LVD1 interrupt
mode is selected.

When enabling the event link output function of the LVD, you must enable the LVD before enabling the LVD event link
function of the ELC. To stop the event link output function of the LVD, you must stop the LVD before disabling the LVD
event link function of the ELC.
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8.

8.1 Overview

Clock Generation Circuit

The MCU provides a clock generation circuit. Table 8.1 and Table 8.2 list the clock generation circuit specifications. Figure
8.1 and Figure 8.2 show a block diagram, and Table 8.3 lists the I/O pins.

Table 8.1

Clock generation circuit specifications for the clock sources

Clock source

Description

Specification

Main clock oscillator (MOSC)

Resonator frequency

1 MHz to 20 MHz

External clock input frequency

Up to 20 MHz

External resonator or additional circuit

ceramic resonator, crystal

Connection pins

X1, X2/EXCLK

Drive capability switching

Available

Sub-clock oscillator (SOSC)

Resonator frequency

32.768 kHz

External resonator or additional circuit

crystal resonator

Connection pins XCIN, XCOUT
Drive capability switching Available
High-speed on-chip oscillator (HOCO) | Oscillation frequency 24/32 MHz
User trimming Available
Middle-speed on-chip oscillator Oscillation frequency 4 MHz
(Moco) User trimming Available
Low-speed on-chip oscillator (LOCO) | Oscillation frequency 32.768 kHz
User trimming Available

External clock input for SWD
(SWCLK)

Input clock frequency

Up to 12.5 MHz

Table 8.2 Clock generation circuit specifications for the internal clocks
Item Clock source Clock supply Specification
System clock (ICLK) MOSC*1/SOSC/HOCO/ CPU, DTC, FLASH, Flash-IF, SRAM | Up to 32 MHz
MOCO/ LOCO 1 MHz to 32 MHz (P/E)

Peripheral module clock MOSC*1/SOSC/ HOCO/ Peripheral modules Up to 32 MHz

(PCLKB) MOCO/LOCO

RTC clock (RTCCLK) SOSC/LOCO RTC 32.768 kHz,
128 Hz (SOSC/256)

IWDT clock (IWDTCLK) LOCO IWDT 16.384 kHz (LOCO/2)

SysTick timer clock LOCO SysTick timer 32.768 kHz

(SYSTICCLK)

Clock/buzzer output MOSC*1/SOSC/ HOCO/ PCLBUZn pin (n =0, 1) Up to 16 MHz

(CLKOUT) MOCO/LOCO Division ratios:
1/2/4/8/16/2048/4096/8192
(MOSC/MOCO/HOCO)
1/2/4/8/16/32/64/128
(SOSC/LOCO)

Serial wire clock (SWCLK) SWCLK pin OCD Up to 12.5 MHz

Note 1. Using MOSC as a clock source in the Low-speed mode is prohibited.
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Figure 8.1

Clock generation circuit block diagram (48- and 32-pin)
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Note 1. This is used as timer input of TAU channel 5.

System clock (ICLK)
To CPU, Flash, SRAM, Flash-IF

Peripheral module clock (PCLKB)
To Peripheral modules

Clock/Buzzer output
(PCLBUZN)
To PCLBUZn pin (n =0, 1)

SysTicktimer clock (SYSTICCLK)

IWDT clock (IWDTCLK)
To IWDT

To TAU™

To UARTA, TML32

RTC clock (RTCCLK)
To RTC

Serial wire clock (SWCLK)
To TAP controller

Figure 8.2 Clock generation circuit block diagram (24- and 20-pin)
Table 8.3 Clock generation circuit input/output pins

Pin name 110 Description

X1 Qutput These pins are used to connect a crystal resonator. The EXCLK pin can also be used to
X2/EXCLK Input input an external clock. For details, see section 8.3.2. External Clock Input.

XCIN Input These pins are used to connect a 32.768-kHz crystal resonator

XCOUT Qutput

PCLBUZn (n =0, 1) Output This pin is used to output the CLKOUT/BUZZER clock

SWCLK Input This pin is used to input from the SWD

8.2
8.2.1

Base address:

Register Descriptions

SYSC = 0x4001_EO000

Offset address: 0x0800
Bit position: 7 6 5 3 2 1 0
Bitfield: | MOSEL[1:0] — SOLSE XTSEL | sopRv[1:0] M?/DR
Value after reset: 0 0 0 0 0 0 0 0

CMC : Clock Operation Mode Control Register
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Bit Symbol Function R/W
0 MODRV Main Clock Oscillator Drive Capability Switching R/W
0: 1 MHz to 10 MHz
1: 10 MHz to 20 MHz
21 SODRV/[1:0] Sub-clock Oscillator Drive Capability Switching R/W
0 0: Low Power Mode 1
0 1: Normal Mode
10: Low Power Mode 2
11: Low Power Mode 3
3 XTSEL Selecting Clock Oscillator R/W
0: Select MOSEL Contents"
1: Select SOSEL Contents
4 SOSEL Sub-clock Oscillator Switching R/W
0: Port mode
1: Resonator
5 — This bit is read as 0. The write value should be 0. R/W
7:6 MOSEL[1:0] Main Clock Oscillator Switching R/W
0 1: Resonator
11: External clock input mode
Others: Port mode
Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
Note:  The CMC register can be written only once after release from the reset state.
Note 1. The setting is fixed to O for products with 32 or more pins.
Note 2. Using the main clock oscillator as a clock source in Low-speed mode is prohibited.

MODRYV bit (Main Clock Oscillator Drive Capability Switching)
The MODRY bit switches the drive capability of the main clock oscillator.

SODRV[1:0] bits (Sub-clock Oscillator Drive Capability Switching)

The SODRV[1:0] bits switch the drive capability of the sub-clock oscillator. The relationship between the drive capability
and the setting value is as follows:

Normal Mode > Low Power Mode 1 > Low Power Mode 2 > Low Power Mode 3

XTSEL bit (Selecting Clock Oscillator)

Switches between X1-X2/XCIN-XCOUT in 24- and 20-pin products. For 32-pin or above products, XTSEL setting is
ignored and treated as O internally. See Table 8.4 for setting combinations.

SOSEL bit (Sub-clock Oscillator Switching)
The SOSEL bit switches the source for the sub-clock oscillator.

MOSEL[1:0] bits (Main Clock Oscillator Switching)
The MOSEL[1:0] bits switch the source for the main clock oscillator.

Table 8.4 Products with 20 to 24 pins
XTSEL MOSEL[1:0] SOSEL System clock pin operation mode | X1/P212 X2/P213
0 00b 0 Port mode Port Port
0 01b 0 MOSC oscillation mode Crystal/ceramic resonator connection
0 11b 0 MOSC External clock input mode Port External clock
EXCLK input
1 00b 0 Port mode Port Port
1 00b 1 SOSC oscillation mode Crystal resonator connection
Other setting prohibit
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8.2.2 SOMRG : Sub-clock Oscillator Margin Check Register

Base address: SYSC = 0x4001_E000
Offset address: 0x0803

Bit position: 7 6 5 4 3 2 1 0
Bit field: | — — — — — — | SOSCMRG[1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
1:0 SOSCMRG[1:0] Sub-clock Oscillator Margin Check Switching R/W
0 0: Normal Current
0 1: Lower Margin check
1 0: Upper Margin check
1 1: Setting prohibited
7:2 — These bits are read as 0. The write value should be 0. R/W
Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
SOSCMRG]1:0] bits (Sub-clock Oscillator Margin Check Switching)
The SOSCMRG][1:0] bits control amp current in the SOSC for oscillation margin check.
8.2.3 FOCOSCR : FOCO Clock Source Control Register
Base address: SYSC = 0x4001_EO000
Offset address: 0x0820
Bit position: 7 6 5 4 3 2 1 0
Bitfied: | — | — | — | — | — | — |ckst |CNSE
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/IW
0 CKSEL FOCO Clock Source Select R/W
0: HOCO
1: MOCO
1 CKST FOCO Clock Source Status R
0: HOCO
1: MOCO
7:2 — These bits are read as 0. The write value should be 0. R/W
Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
The FOCOSCR register selects the clock source for the Main on-chip oscillator clock (FOCO).
CKSEL bit (FOCO Clock Source Select)
The CKSEL bit selects the source for the following clock:
e Main on-chip oscillator clock (FOCO)
The bit selects one of the following sources:
o Middle-speed on-chip oscillator (MOCO)
e High-speed on-chip oscillator (HOCO)
CKST bit (FOCO Clock Source Status)
The CKST flag indicates the source for the following clock:
e Main on-chip oscillator clock (FOCO)
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8.2.4 FMAINSCR : FMAIN Clock Source Control Register

Base address: SYSC = 0x4001_E000
Offset address: 0x0821

Bit position: 7 6 5 4 3 2 1 0

Bit field: | — — — — — — | cKsT CKLSE

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

Bit Symbol Function

0 CKSEL FMAIN Clock Source Select
0: FOCO
1: Mosc™

R/W

1 CKST FMAIN Clock Source Status

0: FOCO
1. MOSC

7:2 — These bits are read as 0. The write value should be 0.

R/W

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

Note 1. Using MOSC as the FMAIN clock source (CKSEL = 1) in Low-speed mode is prohibited.
The FMAINSCR register selects the clock source for the Main System clock (FMAIN).

CKSEL bit (FMAIN Clock Source Select)
The CKSEL bit selects the source for the following clock:
o Main System clock (FMAIN)

The bit selects one of the following sources:
e Main on-chip oscillator clock (FOCO)
e Main clock oscillator (MOSC)

CKST bit (FMAIN Clock Source Status)
The CKST flag indicates the source for the following clock:
e Main System clock (FMAIN)

8.2.5 FSUBSCR : FSUB Clock Source Control Register

Base address: SYSC = 0x4001_E000
Offset address: 0x0822

Bit position: 7 6 5 4 3 2 1 0

Bit field: | — — — _ _ _ . CKLSE

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

Bit Symbol Function

0 CKSEL FSUB Clock Source Select

0: SOSC
1: LOCO

R/W

71 — These bits are read as 0. The write value should be 0.

R/wW

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

CKSEL bit (FSUB Clock Source Select)
The CKSEL bit selects the source for the following clock:
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e Sub System clock (FSUB)

Writing to FSUBSCR.CKSEL is prohibited while MCU is under the following conditions:

1. ICLKSCR.CKSEL =1
2. ICLKSCR.CKST =1

The bit selects one of the following sources:
e Sub-clock oscillator (SOSC)
e [ow-speed on-chip oscillator clock (LOCO)

8.2.6 ICLKSCR : ICLK Clock Source Control Register

Base address: SYSC = 0x4001_EOQ00
Offset address: 0x0823

Bit position: 7 6 5 4 3 2 1 0
Bit field: — — — — — — CKST CKLSE
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
0 CKSEL ICLK Clock Source Select R/W
0: FMAIN
1: FSUB
1 CKST ICLK Clock Source Status R
0: FMAIN
1: FSUB
72 — These bits are read as 0. The write value should be 0. R/W
Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
The ICLKSCR register selects the clock source for the system clock.
CKSEL bit (ICLK Clock Source Select)
The CKSEL bit selects the source for the following clock:
e System clock (ICLK)
The bit selects one of the following sources:
e Main System clock (FMAIN)
e Sub System clock (FSUB)
CKST bit (ICLK Clock Source Status)
The CKST flag indicates the source for the following clock:
e System clock (ICLK)
8.2.7 MOSCCR : Main Clock Oscillator Control Register
Base address: SYSC = 0x4001_E000
Offset address: 0x080B
Bit position: 7 6 5 4 3 2 1 0
Bit field: — — — — — — — M?DST
Value after reset: 0 0 0 0 0 0 0 1
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Bit Symbol Function R/W

0 MOSTP Main Clock Oscillator Stop R/W

0: Operate the main clock oscillator"!
1: Stop the main clock oscillator

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

Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
Note 1. CMC register must be set before setting MOSTP to 0.

The MOSCCR register controls the main clock oscillator.

MOSTP bit (Main Clock Oscillator Stop)
The MOSTP bit starts or stops the main clock oscillator.

When changing the value of the MOSTP bit, execute subsequent instructions only after reading the bit to check that the
value is updated.

When using the main clock, the Clock operation mode Control Register (CMC) and the Oscillation stabilization time select
register (OSTS) must be set before setting MOSTP to 0. When the MOSCCR.MOSTP bit is modified for the main clock to
run, only use the main clock after confirming that the OSTS register.

A fixed stabilization wait time is required after setting the main clock oscillator to start operation. A fixed wait time is also
required for oscillation to stop after stopping the main clock oscillator.

Writing 1 to MOSTP is prohibited under the following condition:
o FMAINSCR.CKST = 1b and ICLKSCR.CKST = 0b (system clock source = MOSC).

Operation of the main clock oscillator (MOSTP = 0) is prohibited in the Low-speed mode.

8.2.8 SOSCCR : Sub-clock Oscillator Control Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x080C

Bit position: 7 6 5 4 3 2 1 0
Bitfield: | — | — | — | — | — | — | — [597
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Function R/W
0 SOSTP Sub-clock Oscillator Stop R/W

0: Operate the sub-clock oscillator™!
1: Stop the sub-clock oscillator

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

Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
Note 1. The CMC register must be set before setting SOSTP to 0.

The SOSCCR register controls the sub-clock oscillator.

SOSTP bit (Sub-clock Oscillator Stop)

The SOSTP bit starts or stops the sub-clock oscillator. When changing the value of the SOSTP bit, only execute subsequent
instructions after reading the bit to check that the value is updated. Use the SOSTP bit when using the sub-clock oscillator
as the source for a peripheral module, for example the RTC. When using the sub-clock oscillator, set the Clock Operation
Mode Control Register (CMC) before setting SOSTP to 0.

After setting SOSTP to 0, only use the sub-clock oscillator after the sub-clock oscillation stabilization wait time elapses. A
fixed stabilization wait time is required after selecting the sub-clock operation with the SOSTP bit. A fixed wait time is also
required for oscillation to stop after setting the SOSTP bit.

The following restrictions apply when starting and stopping the operation:

e After stopping the sub-clock oscillator, allow a stop interval of at least 5 SOSC clock cycles before restarting it
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e Confirm that the sub-clock oscillator is stable when stopping the sub-clock oscillator

e Regardless of whether the sub-clock oscillator is selected as the system clock, confirm that the sub-clock oscillation is
stable before executing a WFI instruction to place the MCU in Software Standby mode

o When a transition to Software Standby mode is to follow the setting to stop the sub-clock oscillator, wait for at least 3
SOSC clock cycles before executing the WFI instruction.

Writing 1 to SOSTP is prohibited under the following condition:
o FSUBSCR.CKSEL = 0 and ICLKSCR.CKST =1 (system clock source = SOSC).

8.2.9 LOCOCR : Low-speed On-chip Oscillator Control Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x080A

Bit position: 7 6 5 4 3 2 1 0
Bitfiels: | — | — | — | — | — | — | = [*T
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Function R/W
0 LCSTP LOCO Stop R/W

0: Operate the LOCO clock
1: Stop the LOCO clock

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

Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
The LOCOCR register controls the LOCO clock.

LCSTP bit (LOCO Stop)
The LCSTP bit starts or stops the LOCO clock.

After setting the LCSTP bit to 0 to start the LOCO clock, only use the clock after the LOCO clock-oscillation stabilization
wait time (tp oco) elapses. A fixed stabilization wait time is required after setting the LOCO clock to start operation. A fixed

wait time is also required after setting the LOCO clock to stop.

The following restrictions apply when starting and stopping operation:
e After stopping the LOCO clock, allow a stop interval of at least 5 LOCO clock cycles before restarting it
e Confirm that LOCO oscillation is stable before stopping the LOCO clock

e Regardless of whether the LOCO is selected as the system clock, confirm that LOCO oscillation is stable before
executing a WFI instruction to place the MCU in Software Standby mode

o When a transition to Software Standby mode is to follow the setting to stop the LOCO clock, wait for at least 3 LOCO
cycles before executing the WFTI instruction.

Writing 1 to LCSTP is prohibited under the following condition:
e FSUBSCR.CKSEL =1 (Sub system clock source = LOCO).

During IWDT operation, LOCO oscillates regardless of the value of LCSTP.
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8.2.10 HOCOCR : High-speed On-chip Oscillator Control Register

Base address: SYSC = 0x4001_E000
Offset address: 0x0808

Bit position: 7 6 5 4 3 2 1 0
Bit field: — — — — — — — H(;,ST
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
0 HCSTP HOCO Stop R/W

0: Operate the HOCO clock
1: Stop the HOCO clock

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

Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
The HOCOCR register controls the HOCO clock.

HCSTP bit (HOCO Stop)
The HCSTP bit starts or stops the HOCO clock.

After setting the HCSTP bit to 0 to start the HOCO clock, confirm that the OSCSF.HOCOSF is set to 1 before using the
clock. When OFS1.HOCOEN is set to 1, confirm that OSCSF.HOCOSF is also set to 1 before using the HOCO clock. A
fixed stabilization wait time is required after setting the HOCO clock to start operation. A fixed wait time is also required
after setting the HOCO clock to stop.

The following limitations apply when starting and stopping operation:
e After stopping the HOCO clock, confirm that the OSCSF.HOCOSF bit is 0 before restarting the HOCO clock.
e Confirm that the HOCO clock operates and that the OSCSF.HOCOSF bit is 1 before stopping the HOCO clock.

e Regardless of whether the HOCO clock is selected as the system clock, confirm that the OSCSF.HOCOSF bit is set to 1
before executing a WFI instruction to place the MCU in Software Standby mode after setting HOCO operation with the
HCSTP bit.

o When a transition to Software Standby mode is to follow the setting of the HOCO clock to stop, confirm that the
OSCSF.HOCOSEF bit is set to 0 after setting the HOCO clock and before executing the WFI instruction.

Writing 1 to HCSTP is prohibited under the following condition:
e FOCOSCR.CKST =0, FMAINSCR.CKST = 0 and ICLKSCR.CKST = 0 (system clock source = HOCO).

During On chip Debug operation, HOCO oscillates regardless of the value of HCSTP.

8.2.11 MOCOCR : Middle-speed On-chip Oscillator Control Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0809

Bit position: 7 6 5 4 3 2 1 0
Bit field: — — — — — — — M(':DST
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Function R/W
0 MCSTP MOCO Stop R/W

0: MOCO clock is operating
1: MOCO clock is stopped

71 — These bits are read as 0. The write value should be 0. R/W
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Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
The MOCOCR register controls the MOCO clock.

MCSTP bit (MOCO Stop)
The MCSTP bit starts or stops the MOCO clock.

After setting MCSTP to 0, use the MOCO clock only after the MOCO clock oscillation stabilization time (tyoco) elapses.
A fixed stabilization wait time is required after setting the MOCO clock to start operation. A fixed wait time is also required
for oscillation to stop after setting the MOCO clock to stop operation.

The following restrictions apply when starting and stopping the oscillator:
e After stopping the MOCO clock, allow a stop interval of at least 5 MOCO clock cycles before restarting it
e Confirm that MOCO clock oscillation is stable before stopping the MOCO clock

e Regardless of whether the MOCO clock is selected as the system clock, confirm that MOCO clock oscillation is stable
before executing a WFI instruction to place the MCU in Software Standby mode

o When a transition to Software Standby mode is to follow the setting to stop the MOCO clock, wait for at least 3 MOCO
clock cycles before executing the WFI instruction.

Writing 1 to MCSTP is prohibited under the following condition:
e FOCOSCR.CKST =1, FMAINSCR.CKST = 0 and ICLKSCR.CKST = 0 (system clock source = MOCO).

8.2.12 OSTC : Oscillation Stabilization Time Counter Status Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0810

Bit position: 7 6 5 4 3 2 1 0
Bit field: MOST[7:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
7:0 MOST[7:0] Selection of the Oscillation Stabilization Time R

0x00: Less than 28/fMOSC

0x80: 28/fMOSC min

0xCO: 29/f|\/|osc min

OxEO: 210/fMOSC min

OxFO: 211/fMOSC min

OxF8: 213/f|v|osc min

OxFC: 215/fMOSC min

OxFE: 217/fMOSC min

OxFF: 218/fMOSC min

Note:  After the above time has elapsed, the bits are set to 1 in order from the MOST[7] bit and remain 1.

Note:  The value counted by the OSTC register will only have reached the oscillation stabilization time setting in the oscillation stabilization
time select register (OSTS).

Note:  Set the oscillation stabilization time of the OSTS register to the value greater than the counter value which is to be checked by using
the OSTC register.

Note:  Note that the value counted by the OSTC register will only have reached the oscillation stabilization time setting in the OSTS

register after release from the Software Standby mode.
Note:  The MOSC clock oscillation stabilization time does not include the time until clock oscillation starts (see a in Figure 8.3).

RO1UH1143EJ0110 Rev.1.10 RENESAS Page 88 of 786
July 31, 2025



RAOL1 User's Manual 8. Clock Generation Circuit

Release from the Software Standby mode

s

Figure 8.3 Initial oscillation image
Note:  fmosc: MOSC clock oscillation frequency

Voltage waveform | l
on the X1 pin

This register indicates the counter value by the MOSC clock oscillation stabilization time counter.
The MOSC clock oscillation stabilization time can be checked in the following cases:

o [fthe MOSC clock starts oscillation while the main on-chip oscillator clock or subsystem clock is in use as the CPU
clock.

e Ifentry to and then release from the Software Standby mode proceed while the main on-chip oscillator clock is in use as
the CPU clock and the MOSC clock is oscillating.
The OSTC register can be read by an 8-bit memory manipulation instruction.

The value of this register is 0x00 following a reset, WFI instruction on SBYCR.SSBY = 1, or the MOSCCR.MOSTP bit to
L.

Note:  The oscillation stabilization time counter starts counting in the following cases.
e When oscillation of the MOSC clock starts (MOSEL[1:0] = 01b — MOSTP = 0)
e When the Software Standby mode is released

MOST[7:0] bits (Selection of the Oscillation Stabilization Time)
The clock oscillation stabilization time when fyjgsc = 10 MHz and fyjgsc = 20 MHz is shown in Table 8.5.

Table 8.5 Example clock oscillation stabilization time (MOST)

State of the oscillation stabilization time

MOSTI[7:0] fmosc = 10 MHz fmosc = 20 MHz

0x00 Less than 28/fMOSC Less than 25.6 us Less than 12.8 us

0x80 28/fmosc min. 25.6 ps min. 12.8 ys min.

0xCO 2%fmosc min. 51.2 ps min. 25.6 Ps min.

0xEO 2'%fy0sc min. 102 ys min. 51.2 pys min.

0xFO 211/fMOSC min. 204 ps min. 102 ps min.

0xF8 23/f\osc min. 819 ps min. 409 ys min.

OxFC 2'5/f\o0sc min. 3.27 ms min. 1.63 ms min.

OxFE 27 /fvosc min. 13.1 ms min. 6.55 ms min.

OxFF 2'8/f\10sc min. 26.2 ms min. 13.1 ms min.
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8.2.13 OSTS : Oscillation Stabilization Time Select Register

Base address: SYSC = 0x4001_E000
Offset address: 0x0811

Bit position: 7 6 5 4 3 2 1 0
Bit field: | — — — — — OSTSB([2:0]
Value after reset: 0 0 0 0 0 1 1 1
Bit Symbol Function R/W
2:0 OSTSBJ2:0] Selection of the Oscillation Stabilization Time R/W

000: 28fyosc
001: 2%osc
010: 21%%f05c
011: 2"fyosc
100: 2'3/fy0sc
101 2%5/fy0sc
110 27/vosc
111 2'8/fy0sc

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

Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
This register is used to select the MOSC clock oscillation stabilization time.

When the MOSC clock is made to oscillate by clearing the MOSTP bit to start operation of the MOSC oscillator, actual
operation is automatically delayed for the time set in the OSTS register.

Use the oscillation stabilization time counter status register (OSTC) to confirm that the specified oscillation stabilization
time has elapsed when the CPU clock is switched from the main on-chip oscillator clock or the subsystem clock to the
MOSC clock or entry to and then release from the Software Standby mode proceed while the main on-chip oscillator clock
is in use as the CPU clock and the MOSC clock is oscillating. The OSTC register can be used to check the counter value
when counting has reached the time set beforehand in the OSTS register.

The OSTS register can be set by an 8-bit memory manipulation instruction.
The value of this register is 0x07 following a reset.

The clock oscillation stabilization time when fyjgsc = 10 MHz and fy;ggc = 20 MHz is shown in Table 8.6.

Table 8.6 Example clock oscillation stabilization time (OSTS)

Selection of the oscillation stabilization time

OSTS[2:0] fmosc = 10 MHz fmosc = 20 MHz
000b 28/fmosc 25.6 us 12.8 us

001b 2%fmosc 51.2 us 25.6 us

010b 2% osc 102 us 51.2 us

011b 2" fvosc 204 ps 102 ps

100b 23fmosc 819 us 409 us

101b 2'5/fvosc 3.27 ms 1.63 ms

110b 217/fMOSC 13.1 ms 6.55 ms

111b 2'8/fv0sc 26.2 ms 13.1 ms
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8.2.14 OSCSF : Oscillation Stabilization Flag Register

Base address: SYSC = 0x4001_E000
Offset address: 0x0812

Bit position: 7 6 5 4 3 2 1 0
Bit field: — — — — — — — H(;l(:)O
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Function R/W
0 HOCOSF HOCO Clock Oscillation Stabilization Flag R

0: The HOCO clock is being started at high speed and waiting for the precision of its
oscillation to become stable is in progress.
1: The HOCO clock is operating with high precision.

71 — These bits are read as 0. R

The OSCSF register contains flags to indicate the operating status of the counters in the oscillation stabilization wait circuits
for the individual oscillators. After oscillation starts, these counters measure the wait time until each oscillator output clock

is supplied to the internal circuits. An overflow of a counter indicates that the clock supply is stable and available for the
associated circuit.

HOCOSF flag (HOCO Clock Oscillation Stabilization Flag)

The HOCOSF flag indicates the operating status of the counter that measures the wait time for the high-speed clock
oscillator (HOCO).

[Setting condition]

o When the HOCO oscillation stabilization time count is completed after the HOCOCR.HCSTP bit becomes 0 while
HOCO is stopped. For the HOCO oscillation stabilization time, see section 32, Electrical Characteristics.

o When the HOCO oscillation stabilization time has been counted after Software Standby mode is released.

[Clearing condition]
e When the HOCO clock is operating and then is deactivated because the HOCOCR.HCSTP bit is set tol.
o When the MCU enters Software Standby mode due to the WFT instruction.

8.2.15 HOCODIV : High-speed On-chip Oscillator Frequency Select Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0818

Bit position: 7 6 5 4 3 2 1 0
Bit field: | — — — — — DIV[2:0]

Value after reset: 0 0 0 0 0 0 1 1

Bit Symbol Function R/W

2:0 DIV[2:0] High-speed On-chip Oscillator Clock Division Ratio R/W
000: x1/1
001: x1/2
010: x1/4
011: x1/8

100: x1/16™1
101: x1/32"
Others: Setting prohibited

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

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

RO1UH1143EJ0110 Rev.1.10 RENESAS Page 91 of 786

July 31, 2025



RAOL1 User's Manual 8. Clock Generation Circuit

Note 1. Setting prohibited when OFS1.HOCOFRQ1[2:0] = 000b

8.2.16 MOCODIV : Middle-speed On-chip Oscillator Frequency Select Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0819

Bit position: 7 6 5 4 3 2 1 0
Bit field: | — — — — — — DIV[1:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
1:0 DIV[1:0] Selection of the Middle-speed On-chip Oscillator Clock Frequency R/W
00: x11
01: x1/2
10: x1/4
Others: Setting prohibited
7:2 — These bits are read as 0. The write value should be 0. R/W

Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
Note:  Set the MOCODIV register while ensuring that the voltage is within the usable range for the flash operation mode set in the flash
operating mode select register (FLMODE) both before and after the frequency change.

The MOCODIV register is used to select the frequency of the middle-speed on-chip oscillator.
The MOCODIV register can be set by an 8-bit memory manipulation instruction.

The value of this register is 0x00 following a reset.

8.2.17 MOSCDIV : MOSC Clock Division Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x081A

Bit position: 7 6 5 4 3 2 1 0
Bit field: | — — — — — DIV[2:0]
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
2:0 DIV[2:0] Selection Division Ratio for the MOSC Clock R/W
000: x1/1
001: x1/2
010: x1/4
011: x1/8
100: x1/16
Others: Setting prohibited
73 — These bits are read as 0. The write value should be 0. R/W

Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
Note:  Setthe MOSCDIV register while ensuring that the voltage is within the usable range for the flash operation mode set in the flash
operating mode select register (FLMODE) both before and after the frequency change.

This register is used to select the division ratio of the MOSC clock.

The MOSCDIV register can be set by an 8-bit memory manipulation instruction. The value of this register is 0x00 following
a reset.

DIV[2:0] bits (Selection Division Ratio for the MOSC Clock)

The clock division ratio when fyjogc =20 MHz is shown in Table 8.7.
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Table 8.7 Example division ratio for the MOSC clock (MOSCDIV)

DIV[2:0] Selected division ratio for the MOSC clock fmosc =20 MHz
000b fmosc x 1/1 20 MHz
001b fmosc * 1/2 10 MHz
010b fumosc x 1/4 5 MHz
011b fmosc * 1/8 2.5 MHz
100b fmosc * 1/16 1.25 MHz
Other than above Setting prohibited
8.2.18 OSMC : Subsystem Clock Supply Mode Control Register
Base address: SYSC = 0x4001_EO000
Offset address: 0x0824
Bit position: 7 6 5 4 3 2 1 0
. WUTM
Bit field: — — — MCKO — — — _
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
3:.0 — These bits are read as 0. The write value should be 0. R/W
4 WUTMMCKO Selection of the operating clock source for the realtime clock, 32-bit interval timer, serial R/W
interface UARTA
0: SOSC
1: Loco™ 2
75 — These bits are read as 0. The write value should be 0. R/W

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

Note 1. After stopping SOSC, the clock source can be changed from SOSC to LOCO.

Note 2. Switching between SOSC and LOCO clock can be enabled by the WUTMMCKO bit only when all the realtime clock, 32-bit interval

timer, and serial interface UARTA are stopped.

8.2.19 CKSn : Clock Out Control Registern (n =0, 1)

Base address: PCLBUZ = 0x400A_3B00
Offset address: 0x0001 + Ox1 x n

Bit position: 7 6 5 4 3 2 1 0
Bit field: PCELO — — — | csEL cesp2:0]
Value after reset: 0 0 0 0 0 0 0 0
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Bit Symbol Function R/W

2:0 CCS|2:0] Clock Out Divide Select R/W

00 0: Value after reset
FMAIN (When CKSn.CSEL = 0)
FSUB (When CKSn.CSEL = 1)
001: FMAIN x 1/2 (When CKSn.CSEL = 0)
FSUB x 1/2 (When CKSn.CSEL = 1)
010: FMAIN x 1/22 (When CKSn.CSEL = 0)
FSUB x 1/22 (When CKSn.CSEL = 1)
011: FMAIN x 1/23 (When CKSn.CSEL = 0)
FSUB x 1/23 (When CKSn.CSEL = 1)
100: FMAIN x 1/24 (When CKSn.CSEL = 0)
FSUB x 1/24 (When CKSn.CSEL = 1)
10 1: FMAIN x 1/2'! (When CKSn.CSEL = 0)
FSUB x 1/25 (When CKSn.CSEL = 1)
110: FMAIN 1/2'2 (When CKSn.CSEL = 0)
FSUB x 1/28 (When CKSn.CSEL = 1)
111: FMAIN x 1/2'3 (When CKSn.CSEL = 0)
FSUB x 1/27 (When CKSn.CSEL = 1)

3 CSEL Clock Out Select R/W
0: FMAIN
1: FSUB
6:4 — These bits are read as 0. The write value should be 0. R/W
7 PCLOE Clock Out Enable R/W

0: Disables clock out
1: Enables clock out

CCS[2:0] bits (Clock Out Divide Select)

The CCS[2:0] bits specify the clock division ratio. Set the PCLOE bit to 0 when changing the division ratio. The division
ratio of the output clock frequency must be set to a value no higher than the characteristics of the PCLBUZn pin output
frequency. For details on the characteristics of the PCLBUZn pin, see section 32, Electrical Characteristics.

CSEL bit (Clock Out Select)

The CSEL bit selects the source of the clock to be output from the PCLBUZn pin. When changing the clock source, set the
PCLOE bit to 0.

PCLOE bit (Clock Out Enable)

The PCLOE enables output from the PCLBUZn pin.

When this bit is set to 1, the selected clock is output. When this bit is set to 0, low is output. When changing this bit,
confirm that the clock out source clock selected in the CSEL and CCS[2:0] bits is stable. Otherwise, a glitch might be
generated in the output.

Clear this bit before entering Software Standby mode if the selecting clock out source clock is stopped in that mode.

8.2.20 LIOTRM : Low-speed On-chip Oscillator Trimming Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0805

Bit position: 7 6 5 4 3 2 1 0
Bit field: LIOTRM[7:0]
Value after reset: 1 0 0 0 0 0 0 0
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Bit Symbol Function R/W
7:0 LIOTRM[7:0] LOCO User Trimming R/W
0x00: Minimum speed

0x01:
0x80 Initial value

OxFE:
OxFF: Maximum speed

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

The frequency of the low-speed on-chip oscillator can be trimmed by setting the LIOTRM register. When the LIOTRM
register is modified, the frequency stabilization time corresponds to the frequency stabilization time at the start of the MCU
operation. For details on the resolution of frequency trimming and the stabilization time of the low-speed on-chip oscillator
clock, see Table 32.6.

The frequency of the low-speed oscillator can be verified using a timer (such as a Timer Array Unit or a 32-bit interval
timer) with a high-accuracy external clock input, or by other means.

Note:  The frequency of the oscillator may vary due to changes in temperature and power supply voltage after frequency
trimming. In such cases, regular trimming is essential, especially when high-frequency accuracy is required.

8.2.21 MIOTRM : Middle-speed On-chip Oscillator Trimming Register

Base address: SYSC = 0x4001_EO000
Offset address: 0x0804

Bit position: 7 6 5 4 3 2 1 0
Bit field: MIOTRM[7:0]
Value after reset: 1 0 0 1 0 0 0 0
Bit Symbol Function R/W
7:0 MIOTRM[7:0] MOCO User Trimming R/W
0x00: Minimum speed

0x01:

0x90: Initial value

OxFE:

OxFF: Maximum speed

Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
The frequency of the middle-speed on-chip oscillator can be trimmed by setting the MIOTRM register. When the MIOTRM
register is modified, the frequency stabilization time corresponds to the frequency stabilization time at the start of the

MCU operation. For details on the resolution of frequency trimming and the stabilization time of the middle-speed on-chip
oscillator clock, see Table 32.6.

The frequency of the middle-speed oscillator can be verified using a timer (such as a Timer Array Unit or a 32-bit interval
timer) with a high-accuracy external clock input, or by other means.

Note:  The frequency of the oscillator may vary due to changes in temperature and power supply voltage after frequency
trimming. In such cases, regular trimming is essential, especially when high-frequency accuracy is required.
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8.2.22 HIOTRM : High-speed On-chip Oscillator Trimming Register

Base address: FLCN = 0x407E_C000
Offset address: 0x0200

Bit position: 7 6 5 4 3 2 1 0
Bit field: | — — HIOTRM[5:0]
Value after reset: 0 0 X X X X X X
Bit Symbol Function R/W
5:0 HIOTRM[5:0] HOCO User Trimming R/W

0x00: Minimum speed

0x3f: Maximum speed
76 — These bits are read as 0. The write value should be 0. R/W

Note:  The original HOCO trimming data is set in the HHOTRM register at the time of shipment.
Note:  After a reset, the HIOTRM register is initialized to the original HOCO trimming data.

The frequency of the high-speed on-chip oscillator can be trimmed by setting the HIOTRM register. When the HIOTRM
register is modified, the frequency stabilization time corresponds to the frequency stabilization time at the start of the MCU
operation. For details on the resolution of frequency trimming and the stabilization time of the high-speed on-chip oscillator
clock, see Table 32.6.

The frequency of the high-speed oscillator can be verified using a timer (such as a Timer Array Unit or a 32-bit interval

timer) with a high-accuracy external clock input, or by other means.

Note:  The frequency of the oscillator may vary due to changes in temperature and power supply voltage after frequency
trimming. In such cases, regular trimming is essential, especially when high-frequency accuracy is required.

8.3 Main Clock Oscillator

To supply the clock signal to the main clock oscillator, use one of the following ways:
e Connect an oscillator

e Connect the input of an external clock signal.

8.3.1 Connecting a Crystal Resonator

Figure 8.4 shows an example of connecting a crystal resonator. A damping resistor (Rd) can be added, if required.

Because the resistor values vary according to the resonator and the oscillation drive capability, use values recommended by
the resonator manufacturer. If the manufacturer recommends using an external feedback resistor (Rf), insert an Rf between
X1 and X2 by following the instructions.

When connecting a resonator to supply the clock, the frequency of the resonator must be in the frequency range of the
resonator for the main clock oscillator as described in Table 8.1.

Cu1
. | |
X1 _L || ﬁT
Rt —
X2 A—&M T | |
[
R4 Cr2 7%_
Figure 8.4 Example of crystal resonator connection
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Figure 8.5 shows an equivalent circuit of the crystal resonator.

X1 -— > X2

Figure 8.5 Equivalent circuit of the crystal resonator

8.3.2 External Clock Input

Figure 8.6 shows an example of connecting an external clock input. To operate the oscillator with an external clock signal,
set the CMC.MOSEL bit to 11b. The X1 pin can be used as an I/O port.

X2/EXCLK M External clock input

X1/P212 I/0 port

Figure 8.6 Equivalent circuit for external clock

8.3.3 Notes on External Clock Input

The frequency of the external clock input can only be changed when the main clock oscillator is stopped. Do not change the
frequency of the external clock input when the setting of the Main Clock Oscillator Stop bit (MOSCCR.MOSTP) is 0.

84 Sub-clock Oscillator

The only way of supplying a clock signal to the sub-clock oscillator is by connecting a crystal oscillator.

8.4.1 Connecting a 32.768-kHz Crystal Resonator

To supply a clock to the sub-clock oscillator, connect a 32.768-kHz crystal resonator as shown in Figure 8.7. A damping
resistor (Rd) can be added, if necessary. Because the resistor values vary according to the resonator and the oscillation drive
capability, use values recommended by the resonator manufacturer. If the resonator manufacturer recommends the use of an
external feedback resistor (Rf), insert an Rf between XCIN and XCOUT by following the instructions. When connecting

a resonator to supply the clock, the frequency of the resonator must be in the frequency range of the resonator for the
sub-clock oscillator as described in Table 8.1.
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XCIN gﬁ }—77|T
XCOUT J—MR@ e H =

Cc2

Figure 8.7 Connection example of 32.768-kHz crystal resonator

Figure 8.8 shows an equivalent circuit for the 32.768-kHz crystal resonator.

Ls Rs
XCIN -9 «— XCOUT

Figure 8.8 Equivalent circuit for the 32.768-kHz crystal resonator

8.5 Internal Clock

Clock sources for the internal clock signals include:
e Main clock oscillator
e Sub-clock oscillator
e HOCO clock
e MOCO clock
e [ OCO clock

The following internal clocks are produced from these sources.

e Operating clock of the CPU, DTC, Flash, Flash-IF, and SRAM — system clock (ICLK)

e Operating clock for peripheral modules — Peripheral module clock (PCLKB)

e Operating clock for the RTC clock — RTCCLK

e Operating clock for the IWDT — IWDTCLK

e Clock for external pin output — CLKOUT
For details of the registers used to set the frequencies of the internal clocks, see section 8.5.1. System Clock (ICLK) to
section 8.5.6. External Pin Output Clock (CLKOUT).

If the value of these bits is changed, subsequent operation is at the frequency determined by the new value.

8.5.1 System Clock (ICLK)
The system clock, ICLK, is the operating clock for the CPU, DTC, Flash, Flash-IF, SRAM, and the peripheral modules.

The frequency of the given clock is specified in the following bits:

RO1UH1143EJ0110 Rev.1.10 RENESAS Page 98 of 786
July 31, 2025



RAOL1 User's Manual 8. Clock Generation Circuit

e HOCOFRQI[2:0] in OFSI
e DIV[2:0] in HOCODIV
e DIV[2:0] in MOCODIV
e DIV[2:0] in MOSCDIV
e CKSEL in FOCOSCR

e CKSEL in FMAINSCR
e CKSEL in FSUBSCR

e CKSEL in ICLKSCR

When the clock source of ICLK is being switched, the duration of ICLK clock cycle become longer during the clock source
transition period. See Figure 8.9 and Figure 8.10.

HOCODIV |DIV[2:0]
Frequency
divider
11
1/2
HOCO e FOCOSCR | CKSEL
i y
S
MOCODIV | DIV[1:0] S FMAINSCR | CKSEL
3 Y,
U n
Frequency .
divider 5 ICLKSCR | CKSEL
(6]
" S Y
MOCO 12 3
S
2 ICLK
MOSCDIV [DIV[2:0] 3
Frequency
divider
11
i
MOSC 11/18
e CKSEL
FSUBSCR
Y,
SOSC §
[&]
o
[0
LOCO ()
Figure 8.9 Block diagram of clock source selector
RO1UH1143EJ0110 Rev.1.10 .ZENESAS Page 99 of 786

July 31, 2025



RAOL1 User's Manual 8. Clock Generation Circuit

CKSEL Source A (Low speed) Source B (High speed) Source A (Low speed)

CKST Source A (Low speed) X Source B (High speed) X Source A (Low speed)

ta to

Selected clock _I_,—‘ mw
Clock source A _I—,—\ | | | | | | |

o

Figure 8.10 Timing of clock source switching

e Maximum Number of Clock Cycles Required for HOCO < MOCO
ty : 2 cycles
tp - 2 X (source A frequency) / (source B frequency) cycles

e Maximum Number of Clock Cycles Required for FOCO < MOSC
t, : 2 cycles
tp : 2 X (source A frequency) / (source B frequency) cycles

e Maximum Number of Clock Cycles Required for SOSC «» LOCO
t, : 0 cycle
ty : 0 cycle

e Maximum Number of Clock Cycles Required for FMAIN < FSUB
ty : 3 cycles
tp : 1 +2 X (FMAIN frequency) / (FSUB frequency) cycles

8.5.2 Peripheral Module Clock (PCLKB)

The peripheral module clock (PCLKB) is the operating clock for the peripheral modules.
The peripheral module clock (PCLKB) is equal to the system clock (ICLK) in this microcontroller.

8.5.3 RTC-dedicated Clock (RTCCLK)

The RTC-dedicated clocks, RTCCLK, are the operating clocks for the RTC. RTCCLK is generated by the sub-clock
oscillator or LOCO clock.

8.5.4 IWDT Clock (IWDTCLK)
The IWDT clock IWDTCLK)) is the operating clock for the IWDT. IWDTCLK is internally generated by the LOCO clock.

8.5.5 SysTick Timer-dedicated Clock (SYSTICCLK)

The SysTick timer-dedicated clock, SYSTICCLK, is the operating clock for the SysTick timer. SYSTICCLK is generated
by the LOCO clock.

8.5.6 External Pin Output Clock (CLKOUT)

The CLKOUT is output externally for the clock or buzzer output. CLKOUT is output to the PCLBUZn pin (n =0, 1) when
CKSn.PCLOE is set to 1. Only change the value in the CSEL or CCS[2:0] bits in CKSn when the CKSn.PCLOE bit is 0.

The CLKOUT clock frequency is specified in the following bits:
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e CSEL or CCS[2:0] in CKSn
e HOCOFRQI1[2:0] in OFS1
e DIV[2:0] in HOCODIV

e DIV[2:0] in MOCODIV

e DIV[2:0] in MOSCDIV

e CKSEL in FOCOSCR

e CKSEL in FMAINSCR

e CKSEL in FSUBSCR

8.6 Usage Notes

8.6.1 Register Access

1. Do not write to registers listed in this section for the following condition:
[Registers]

e FOCOSCR, FMAINSCR, FSUBSCR, HOCODIV

[Condition]
e ICLKSCR.CKSEL =1 (ICLK = LOCO or SOSC)

2. Do not write to registers listed in this section for the following condition:
[Registers]

e FOCOSCR, HOCODIV

[Condition]
e FMAINSCR.CKSEL =1 (FMAIN = MOSC)

3. Do not write to registers listed in this section for the following condition:
[Registers]

e HOCODIV

[Condition]
e FOCOSCR.CKSEL =1 (FOCO = MOCO)

86.2 Notes on Clock Generation Circuit

To ensure correct processing after the clock frequency changes, first modify to the relevant Clock Control register to change
the frequency, then read the value from the register, and finally perform the subsequent processing.

8.6.3 Notes on Resonator

Because various resonator characteristics relate closely to your board design, adequate evaluation is required before use.
See the resonator connection example in Figure 8.7. The circuit constants for the resonator depend on the resonator to be
used and the stray capacitance of the mounting circuit. Therefore, consult the resonator manufacturer when determining the
circuit constants. The voltage to be applied between the resonator pins must be within the absolute maximum rating.

8.6.4 Notes on Board Design

When using a crystal resonator, place the resonator and its load capacitors as close to the X1 and X2 pins as possible. Other
signal lines should be routed away from the oscillation circuit as shown in Figure 8.11 to prevent electromagnetic induction
from interfering with correct oscillation. Figure 8.11 shows the case which the main clock oscillator is used. In case of
sub-clock oscillator, it is also same as Figure 8.11.
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Prohibited— > Signal A

Signal B <—