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Notice

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

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

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.

5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.

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

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

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

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

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

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

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

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

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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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 1/0 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 V,_(Max.)
and V| (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the input level
is fixed, and also in the transition period when the input level passes through the area between V,_(Max.) and Vg (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 LSl 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.



How to Use This Manual

1. Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this LSl to the target
users, i.e. those who will be using this LS| in the design of application systems. Target users are expected to
understand the fundamentals of electrical circuits, logic circuits, and microcomputers.

Thismanual is organized in the following items. an overview of the product, descriptions of the CPU, system
control functions, and peripheral functions, electrical characteristics of the device, and usage notes.

When designing an application system that includes this LSI, take all points to note into account.
Points to note are given in their contexts and at the final part of each section, and in the section giving usage notes.

The list of revisions is a summary of major points of revision or addition for earlier versions. It does not cover all
revised items. For details on the revised points, see the actual locations in the manual.

Thefollowing documents have been prepared for the RX140 Group. Before using any of the documents, please visit
our website to verify that you have the most up-to-date available version of the document.

Document Type Contents Document Title Document No.
Datasheet Overview of hardware and electrical characteristics RX140 Group Datasheet R01DS0379EJ
User's Manual: Hardware specifications (pin assignments, memory RX140 Group This User's
Hardware maps, peripheral specifications, electrical User's Manual: manual

characteristics, and timing charts) and descriptions of | Hardware

operation
User’'s Manual: Detailed descriptions of the CPU and instruction set RX Family RO1US0071EJ
Software RXv2 Instruction Set

Architecture
User’'s Manual:
Software

Application Note Notes on board design RX Family RO1AN1411EJ
Hardware Design Guide

Example for Initialize register Example for Initialize register | —
of RX140 Group

Examples of applications and sample programs — —

Renesas Technical | Preliminary report on the specifications of a product, — —
Update document, etc.




2. Description of Registers

Each register description includes a bit chart, illustrating the arrangement of bits, and atable of bits, describing the
meanings of the bit settings. The standard format and notation for bit charts and tables are described below.

X.X.X ... Register

Address(es): xxxx xxxxh

b7 b6 b5 b4 b3 b2 b1 b0

— ..[1:0] ! — — — .0
Value after reset: X 0 0 0 0 0 0 0
x: Undefined
Bit Symbol Bit Name Description R/W
— @
b0 .0 0:..... 3) @N)/
2 1:(Setting prohibited j

b3tobl — (Reserved)/ These bits are read as 0. The write value should be 0. R/W

b4 A 0:...... R
...

b6,b5 ..[1:0] ... 00:.... 3) R/(W)*1
01 ...
CSettings other than above are prohibited)

b7 — Reserved The read value is undefined. Writing to this bit has no effect. R

(1) R/W:  The bit or field is readable and writable.
R/(W): The bit or field is readable and writable. However, writing to this bit or field has some
limitations. For details on the limitations, see the description or notes of respective registers.
R: The bit or field is readable. Writing to this bit or field has no effect.

(2) Reserved.
Use the specified value when writing to this bit or field; otherwise, the correct operation is not
guaranteed.

(3) Setting prohibited. The correct operation is not guaranteed if such a setting is performed.




. List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communications Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment Bus
I/O Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connect
PLL Phase Locked Loop
PWM Pulse Width Modulation
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

All trademarks and registered trademarks are the property of their respective owners.
SuperFlash® is aregistered trademark of Silicon Storage Technology, Inc. in several countriesincluding the United
States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.




Contents

AU S ..ottt e oo oottt ettt et e e e e e e e e e e eete ettt te et re et et aeeeeennnnnb s 43
1. OVEBIVIBW ..ottt oottt ettt a2 e e oo oo e s e et ettt e et e e e ee e e e e e e anns bt beeeeeaeaaaeseeaaaneeeeeaaaeeeeaanannn 44
11 OUtling Of SPECITICALIONS .....eceicieeie et st e st e e e re e e e eaeenaesneeseennean 44
1.2 (RS o) B = 0o 1ot £ PSS 49
13 BIOCK DIGOIEIM ...ttt bbbt bbbt b et bt b et en s 52
14 PN FUNCLIONS ...ttt et et sttt et e te e e e eneeneeseenensenaeseeseenteneenaensnnenns 53
15 LIS S T 0] 101 (S S 56
151 80-PIN LIFQFP .ottt bbbt 56
15.2 64-pin LFQFP, B4-PiN LOQFP .....cuiiiiieireiete ettt st 57
153 o T I P 58
154 A8-PiN HWQORFN ..ottt ettt e st e e b e e e et e s e s e sseseseese e se e nrens 58
155 2 o 1 o 1 I PSS 59
15.6 1722t o 1 0 T LYV @ N ST 59
16 List of PINS@Nd Pin FUNCLIONS ......ccoiiiiiie ittt 60
16.1 ST oL T I S 60
16.2 64-pin LFQFP, B4-PiN LOQFP ..ottt 62
16.3 48-pin LFQFP, 48-piN HWQFN ..ottt s s 64
164 32-pin LQFP, 32-pin HWQFN ....oouiiiiiiieireeeeere et e 66

2. L4 = O PSR ESR 67
21 FFAIUIES ... .ottt ettt b et e s bt e s a bttt eeae e e a b e e sa b e e abe e nh et e Re e be e sRe e e beenhe e e beenaeennreen 67
2.2 REQISIEr SEL Of tNE CPU ...t e e et e st e e s e teeaeenreeneennas 68
221 General-Purpose RegiSters (RO t0 R15) .....coueiiiiiirinieesies e st e 69
222 L0001 0] I (=0 S = £ 69
2221 Interrupt Stack Pointer (1SP)/User Stack PoINter (USP) .....ocveeeeeeeerirece e 70
2222 Exception Table REGISIEr (EXTB) .vcveieeeeeire e sie e e e st eeenens 70
2223 Interrupt Table REGISIEr (INTB) ..ot 70
2224 Program COUNLEr (PC) ......coiiiiiiieie ettt e sbe s ee 70
2225 Processor StatuUS WOrd (PSWV) .....oueoe ettt 71
2226 2 F o U ol = O (=1 @) ISR 72
2227 BaCKUP PSW (BPSW) ..ottt ettt sttt ene s snesrenne e 73
2228 Fast Interrupt Vector REGISLEr (FINTV) oottt enens 73
2229 Floating-Point Status Word (FPSW) .......cciieiiiineeeeeeeee e 74

223 ACCUMUIBLOE ...ttt e h e bbb et e e se e e e e emeeaeebeebesbeseensenseneaneaneas 76
2.3 L 01er=> S o g1V, oo L= RS 77
231 ST 07 VK o Y, oo L= U 77
232 L0 LS 1Y oo LTSS 77
233 Privileged INSIFUCLION .....oceeiicieee ettt sae et et e et e e e e nnesneennens 77
234 Switching BEtween ProceSSOr MOUES .......cccveiririerieeceeieece et 77
24 (D= = Y/ o= SRS R ST PRRRPRN 78
24.1 1010 PP P PSPPI 78

24.2 FIOBEING-POINES ...ttt st e e e e e s e e b e s resae st et e e e e e e enenns 79



244 S ] 00 80
25 0 = TSSO 81
251 SWItChiNG thE ENAIAN ......oeeeeeceee s e st r e s 8l
252 ACCESSTO [/O REGISLEIS ..ottt s e ste e et e st s e e e e e e e e e esestesaesaestesteseennnnesteseesnens 84
253 NOteS 0N ACCESS O [/O REJISIEN'S ...vieeeiiieiiieeerie ettt 84
254 Data ATTANGEMENT ..ottt sr s e s b se et r e b n e neneas 85
2541 Data Arrangement iN REJISLENS .....cccoiiriririiirieiriee et 85
2542 Data Arrangement iN MEIMOTY ..ot st e e e e eneas 85

2.6 Y=o (o G I OSSR 86
26.1 EXCEPLiON VECION TADIE ...t et bbb 86
2.6.2 TR L= 0o AV A= vt (o] G I = TR 87
2.7 Operation Of INSIFUCLIONS ......cc.ecieiiiiiesieseee e e et e st e e e s aeesee st e testeesaesseensesseeseeneessennsansenns 88
27.1 Restrictions on RMPA and String-Manipulation INStructions ..........cccceeeveeveseeveseese e 88
27.1.1 Transfer Size and Data PrefetChing .........cccoveieiieese e 88
2712 ACCESSTO [/O REGISIEN'S ..ottt 88

28 NUMDEE OF CYCIES ...t e e e b bbbt b e e b e 89
281 Instruction and NUMDBEr Of CYCIE .....uovvvieeecece e 89
282 Numbers of Cyclesfor ReSPONSE tO INTEITUPLS .....ceevereeeirieiriereerieeree s 93

(@ 01T = 11 o TN 1Y T T [P 94
31 Operating Mode Types and SEIECHION ........oiiiiieireirieere et 94
3.2 LS o 1 el =S o ] o (o) 95
321 Mode Monitor Register (MDMONR) ........ooiiiieiiceeeee et 95
322 System Control REGIStEr 1 (SYSCRL) ...cveveeeeee e eseseeee et se e e ne e ens 96
33 Details Of OPerating MOUES .......ccciveieereee st e et e e e s e sse s e s e e e e e e enenns 97
331 S g Te LSS @ g TT 1Y o[- 97
332 (2 ToTo R\ o lo [N (S O B g1 1= 1 =) 97
333 Boot Mode (FINE INEEITACE) ....cvcuirieirieieiieieeiereese ettt 97
34 Transitions Of OPErating MOOES .......coiiiiiiiee ettt b et sae bt e e e esenesbeseeseenean 97
34.1 Mode Setting Pin Levels and Operating Mode TranSitions ..........coceveerenneenenenesenseseeeneenes 97

F N0 [0 | =TT 0= Lo = NS 98
41 AGUIESS SPBCE ....veeeieieeieseeeeeete sttt e e s et e e e seesesaesaesbesbesaens e eeseenseneeaeane et e nbeneeseentente e eneenean 98
T B =T oIS (] £ PP PPPR 100
51 JION oIS (@2 0 [1=5S =Y (o 01155 O o = o) S 102
ST £ TP UPP PP 127
6.1 L0V V= PP SR 127
6.2 REGISLEr DESCIIPLIONS ....euviiiieiieie ettt sttt et b e bbb b et e e et e e e e e e seeaesaeeaeebesbesaeseanean 129
6.2.1 Reset Status Register O (RSTSRO) ...o.coviririeierieierieie sttt et s 129
6.2.2 Reset StatuSs REGISEEr 1 (RSTSRL) ..oocvcivicieieiieierieie sttt e st et se st st seesens 130
6.2.3 Reset Status REGISLEr 2 (RSTSR2) ...cuvcviiiiieieiieierieie sttt sttt et se st neesens 131

6.2.4 SOFtWAre RESEt REGISIET (SWRR) ...eeoeeeveeeeeeeeereseseseeeeseeeseeeeeseesssseesesssssesesessesssseseesssesseesessn 132



7.

6.3 (@701 =[]0 o U 133

6.3.1 RESH PiN RESEL ...ttt ettt bbbt st b et st b bt e bbb e et 133
6.3.2 Power-On Reset and Voltage Monitoring O RESEL ..........ccveveviieeie e 133
6.3.3 Voltage Monitoring 1 Reset and Voltage Monitoring 2 RESEL ......c.ccevveceeevieve e 135
6.34 Independent Watchdog Timer RESEL .......cccccvveiiiiieiescreseereee e ste s e e snesnens 136
6.3.5 SOftWAIE RESEL ...ttt sttt st et e s e s aesbe st e eesae e ae e enenseneeseeseeneen 136
6.3.6 Determination Of COlA/WarM SEAIT .......c.cvieiriiiiereeee e 137
6.3.7 Determination of Resat GENeration SOUMCE .........ooeerererieerieririeiereeie st 138
Option-Setting MemOory (OFSM) ....ooouiiiieiiiiiiie ettt e e st re e e e s abbbeeaesans 139
7.1 OVEIVIBIW .ttt ettt sttt sttt se e e et et et et e e beeeeeheebesEeseemteneeneeneebeeb e e Rt ebe b e seeseenbeneeseaneeeeneesaeseantan 139
7.2 REGISIEr DESCITPLIONS ...ttt ettt b et b et b e b et b e e e et 140
721 Option Function Select Register 0 (OFSD) .......cevueerieerireriiirieesieesieesseessesesse e 140
722 Option Function Select REQIStEr 1 (OFSL) .......couveirieeriiiriiesieesieesiee e 142
723 Endian Select REGISIEr (MDE) ..ottt e e 143
7.3 USBOE NOLE ..ttt sttt sttt b e h ekt e et e eb e e aeesbe e e e ehe et e she e beebeen b e ebe et e eheenneene e e e saeennesnean 144
731 Setting Example of Option-Setting MEMOIY ..o s 144
Voltage Detection CirCUit (LVDAD) ....ooiiiiiiiii et 145
8.1 (@S oY PP 145
8.2 REGISIEr DESCITPLIONS ...ttt ettt bbbt bbbt b et b e 148
821 Voltage Monitoring 1 Circuit Control Register 1 (LVDICRL) ....ccooeiveininineeneeenese e 148
822 Voltage Monitoring 1 Circuit Status Register (LVDLISR) .....ccococvveniiineineeserese e 149
823 Voltage Monitoring 2 Circuit Control Register 1 (LVD2CRL1) .....coccovvririreneeneeeseee e 150
8.24 Voltage Monitoring 2 Circuit Status Register (LVD2SR) .....cocooiiiieniieiieeecenese e 151
8.25 Voltage Monitoring Circuit Control Register (LVCMPCR) ......ccooiiiiireieeeeeenene e 152
8.2.6 Voltage Detection Level Select Register (LVDLVLR) .ooeoeeececee e 153
8.2.7 Voltage Monitoring 1 Circuit Control Register 0 (LVDLICRO) .....cccovvvevievereeeeeeeseseseeseens 154
8.2.8 Voltage Monitoring 2 Circuit Control Register 0 (LVD2CRO) ......cccoovveverereeeeeeesenieseeseens 155
8.3 VCC INPUE VOITAZE MONITOT ...ttt 156
8.3.1 Kol o) T g e AN A =[S 156
832 MONITOMING VABLL ...ttt sttt b e st sa b sa b e b e b seene 156
8.3.3 Y KoTaTh (o) T gTe ANV A [ 2SO 156
8.4 Reset from Voltage MONITOE O .......coieiiiieeeeeeeeet et se b s sbe e 157
85 Interrupt and Reset from Voltage Monitoring 1 .......cccooioiiiiiieie e 158
8.6 Interrupt and Reset from Voltage MONItOring 2 ..o e 160
8.7 EVENE LINK OULPUL ...oeveieiieic ettt 162
8.7.1 Interrupt Handling and EVENt LiNKIiNG .....cccoveieeeienecece s e e ss e essensens 162

(01 [oTo) (€1 =T o 1T =Yoo B @31 (o1 U | TP RPT 163
9.1 OVEIVIBIW .ttt e b bRt R Rt e e R R st e bt e e r Rt nnnen e 163
9.2 S0 ( DT=S  o] 1]0) SS 165
921 System Clock Control Register (SCKCR) ......cevveiiieirieirieesieesieesie s 165

9.2.2 System Clock Control Register 3 (SCKCRS3) .....vcviiieie et 167



9.2.3
924
9.25
9.2.6
9.2.7
9.2.8
9.29
9.2.10
9211
9.2.12
9.2.13
9.2.14
9.2.15
9.2.16
9.2.17
9.2.18
9.2.19
9.2.20
9.3
931
932
933
934
9.4
94.1
9.4.2
9.5
951
9.5.2
9.6
9.7
9.7.1
9.7.2
9.7.3
9.74
9.7.5
9.7.6
9.7.7
9.7.8
9.8
981

PLL Control RegISter (PLLCR) ...coeiecee ettt sttt sttt ne e sne e 168
PLL Control REGISEr 2 (PLLCR2) ...c.viieeeeeeeeeeee ettt e e ss e e naeaenens 169
Main Clock Oscillator Control Register (MOSCCR) ......ccvvovvvirerererieeeeeeeeeese e e e 170
Sub-Clock Oscillator Control Register (SOSCCR) ......coveeveerieirieirieerieesieeseees e 171
Low-Speed On-Chip Oscillator Control Register (LOCOCR) ........coeveereeerieerieeneeeseeesienens 172
IWDT-Dedicated On-Chip Oscillator Control Register (ILOCOCR) .......c.cccvveerrenenenenieenn 173
High-Speed On-Chip Oscillator Control Register (HOCOCR) .......coceierereririreneniesese e 174
Oscillation Stabilization Flag Register (OSCOVFSR) ....cccovvveiriiesiesesesesiesie e se e 175
Oscillation Stop Detection Control Register (OSTDCR) ......ccvevveeeirerecese e e e seeeeeenas 177
Oscillation Stop Detection Status Register (OSTDSR) .....covvveeerieirieeriiseeseeseeseeeee e 178
Main Clock Oscillator Wait Control Register (MOSCWTCR) .....coocvveereerieerieenieeseeesienens 179
Low-Speed On-Chip Oscillator Forced Oscillation Control Register (LOFCR) ........c.ccccoveee 180
CLKOUT Output Control Register (CKOCR) ......cccveiriririririeesieesieesseesesesesesessssessesesseses 181
Main Clock Oscillator Forced Oscillation Control Register (MOFCR) ........ccoccevvecverieeeeneene. 182
L ow-Speed On-Chip Oscillator Trimming Register 2 (LOCOTRR2) ......cccovvveviveverieceeiee 183
IWDT-Dedicated On-Chip Oscillator Trimming Register (ILOCOTRR) ......cccovevvvecerieennn 183
High-Speed On-Chip Oscillator Trimming Register n (HOCOTRRN) (N =10) ....cccvvvveernenne 184
Sub-Clock Oscillator Mode Control Register (SOMCRY) .....c.coueiiieiriiinieerieesieeseese e 185
MaIN CIOCK OSCHTBLOT .....eeueeeeiieieeieeeete ettt st se et eb s bbb e b e e seeneneas 186
CONNECHING A CTYSIAl ...ttt b et b 186
EXtErNal CLOCK TNPUL ...ttt ettt sb e s se e 187
Handling of Pins When the Main Clock iSNOt USEd ........cocoviiiiiniineiereeesee e 187
Notes on the External ClOCK INPUL .........coooieiiciieeceese et 187
SUB-CIOCK OSCHTBION ....viietieeierieie sttt bbb bbb et 188
Connecting 32.768-KHZ Crystal ..........ccooieiieiineciei e esee e te st s sre e e naesreeneens 188
Handling of Pins When Sub-Clock iSNOt USEd .........ccovievereceecececese e e 188
Oscillation Stop DEteCtion FUNCLION .........ovviiiiereiereeceee s e st s sae e e e enesre e s 189
Oscillation Stop Detection and Operation after DEteCtion ........ccccveeveeeveeeesienieseses e 189
Oscillation Stop DELECtioN INTEITUPLS .....cvevveiviieieeeeeese ettt se e neas 190
I 11 o 1 S SRRRSRRR 191
T 1= 7= O o o OSSR 191
Y5 (= 1K O oo 191
Peripheral ModUIE CIOCK .....cc.cueieiieeice et e e r e s seeneenens 191
[ S 1 1 oo S 191
L@ Y O oo TSRS 192
CAN CIOCK vviveeiiteieitetiitesestesesteesteestesestesesteseeteseeteseeteseeteseesesaetesaesesaesesaetessesestesessasessesesensensns 192
RTC-DeiCAEA ClOCK .....cviiveiiiieieiieiisieiisieie ettt sttt st se st s be e sreneetesessenens 192
IWDT-DeiCAEA ClOCK ..ot 192
LOW-POWEX TIMEN CLOCK ..ottt sttt sttt s e st st st 192
USBOE NOLES ...ttt r e se e e e sae s e se e se e e nr e see e e r e em e e reeae e nneeaneene e e e sreennenneas 193
Notes on Clock GENEration CITCUIT .......cvreeerrerieerse ettt sttt seere s s nens 193



10.

11.

9.8.2 Note on Rewriting the SCKCR3 REJISLEN ........cccveviieiierti et seeste e sie sttt 193

9.8.3 NOLES ON RESONGLON ...ttt et sr e sr s nr e s m e rees e reene e e e nnennnes 193
9.84 N\ o1 0= o gl 210 o [ DTS T o RSSO 194
9.85 Noteson using alow CL Crystal UNIt ........ccoooiriiiiiinnenne e 194
9.8.6 Notes on Resonator CONNECLION PINS ........ooiiiiiiirieeieeeeeeee et s 194
9.8.7 NOLES ON SUB-CIOCK ...ttt e et neen 194
Clock Frequency Accuracy Measurement CirCUit (CAC) ..vvvvvveeeiiiiiccieiiiieeieeee e ee e 196
101 (@S oY SRR 196
10.2 REGISIEr DESCIIPIIONS ...ttt ettt bbbt ettt bt ne e e 198
10.2.1 CAC Control Register O (CACRO) ......couruieriiirieristerisieriee sttt sa et 198
10.2.2 CAC Control REGISLEr 1 (CACRL) ..cueiiirieieesirieiee sttt sttt et st s 199
10.2.3 CAC Control REGISLEr 2 (CACR2) ...ttt ettt st 200
10.24 CAC Interrupt Reguest Enable Register (CAICR) ....ooiiiiiiieerereere e 201
10.2.5 CAC Status REGISIEr (CASTR) .eouiieiiricierieie ettt 202
10.2.6 CAC Upper-Limit Value Setting Register (CAULVR) .....cvovciciie et 203
10.2.7 CAC Lower-Limit Value Setting Register (CALLVR) ..o 203
10.2.8 CAC Counter Buffer Register (CACNTBR) ....c.oociriiiieirieertesieseeesie e 203
10.3 (0] o7 = 1o o TSSOSO PSP PP 204
1031 Measuring ClOCK FIEQUENCY ......ccoeiriiirieiirieerieiesieie sttt 204
10.3.2 Digital Filtering of Signals onthe CACREF PiN ......ccoocoiiiiiiiieee e 205
104 INEEITUPE REGUESES ...ttt h et b e b e et e bt et e ebe e s e ebe e e e saeennesnean 205
105 USBOE NOLES ...t s e e s s s e e e e b e sr e e e s sae e sae e e sae s 206
105.1 [V KoTo (U1 TSRS o o U g Tox o) 0 ISy ] oo S 206
[0V IV =0TV =T g @ IS0 o] 1] o 207
111 LY== S 207
11.2 S o 1S =g 1= o ] oo S 211
11.2.1 Standby Control Register (SBY CR) ....vvcuieiiiieie e sie ettt e e as s e s snaenre e 211
11.2.2 Module Stop Control Register A (MSTPCRA) ..ovvie ettt e seenens 212
11.2.3 Module Stop Control Register B (MSTPCRB) ......ccccvviveriereeeeeresesesesee e essesessesesesessens 213
1124 Module Stop Control Register C (MSTPCRC) ......oociriririeerieeriee e 215
11.25 Module Stop Control Register D (MSTPCRD) .....couoiiiiieieereeeeereeeeese e 216
11.2.6 Operating Power Control Register (OPCCR) ......cooiuiiiieieeeieereriesies e e 217
11.2.7 Sub Operating Power Control Register (SOPCCR) .......ccccovieeieerecieseeree e 219
11.2.8 Sleep Mode Return Clock Source Switching Register (RSTCKCR) ....oocveveeveieceresece e 225
11.29 Snooze Control REGISLEr (SNZCR) ....cvcveeieie ettt s e e sre e srees 227
11210  Snooze Control REGISIEr 2 (SNZCR2) ......coiiirieirieirieeiee e 229
11.3 Reducing Power Consumption by Switching ClOCK SIgNals .........coeeeieierieeirieeeneresesese e 231
114 MOAUIE SEOP FUNCLION ...ttt bbbt 231
115 Function for Lower Operating Power CONSUMPLION .......cccocviiierieiiesieieeeseeeeeseseseesse s see e seeneas 231
1151 Setting Operating POwer Control MOOE ......c.cvevieriiinesereeee s 231

11.6 Low Power ConsumMpPtion MOGES ........ecvieiiniirieseereeiee e ee e ste e te e ste e s sae e e sressessesrestesaesannnesens 233



1161 SIEEP MOUE ...t r s 233

11.6.1.1 ENtry t0 SIEED MOE ...ttt st nne 233
11.6.1.2 EXit from SI€ED MOUE ....ocveieeceeeiee sttt sttt e s se e nne 234
11.6.1.3 Sleep Mode Return Clock Source Switching FUNCLION ........coveiieinicenenneesereee 234

11.6.2 DEED SIEED MOUE ...ttt bbbt b e 235
11.6.21 Entry t0 DeeP SI@ED MOUE ......coviiiiiieiieetereet et 235
11.6.2.2 Exit from Deep SIeep MO .......coiiuiiiiiiece et 236

11.6.3 Software StanNdDy MOGE ......ccceceiireie e et sa e e ne e e sreneas 237
11.6.3.1 Entry to Software Standby MOGE ........ccccveieeieirieeeerer e 237
11.6.3.2 Exit from Software Standby MOE ..o 238
11.6.3.3 Example of Software Standby Mode APPliCatioN ..........ccoeirrireinieeneeneeeesee s 239

11.6.4 S (070723 1Y oo L= SRR 240
11.64.1 Placing the MCU in the SN00ZE& MOUE .........coeiiiiiiiireee e 240
11.6.4.2 Return to the Software Standby Mode from the Snooze Mode ........cccccevveceevcevceeinnnenns 240
11.6.4.3 EXit from SN00ZE MOUE .........coviiiiiiceeree s 240
11.64.4 Interrupt for Release from the SN00ZE MOdE ..o 241
11.6.4.5 Operating Example of the Data Reception by the SCI5 in the Snooze Mode ................. 241
11.6.4.6 Operating Example of A/D Conversion in the Snooze Mode .........ccccoeevennennencnienenn. 244
11.6.4.7 Operating Example of CTSU Measurement in the Snooze Mode .........cccooeeeencneneennn. 247

11.7 USBOE INOLES ...ttt ettt e e e bt b e s ae e bt e ae e she et e ehe e e e s he e b e sheen b e sbe et e ebe e b e aneeneesneeneesanas 250
11.71 [/O POIE SEAEES ...ttt sttt sttt st b et st b bbb bt st e b b et se et a e e b 250
11.7.2 Module SEOP SEALE OF DTC ...ttt bbbt sbe e s seeeas 250
11.7.3 On-Chip Peripheral Module INTEITUPLS .......coviieeiecee et eaesreens 250
11.7.4 Write Accessto MSTPCRA, MSTPCRB, MSTPCRC, and MSTPCRD .........cccccovrmeriinenennas 250
11.7.5 Timing Of WAIT INSLIUCLIONS ....ccvevveiieieisieeseeeeieeeeseesese st st seesesse e snesressesneseeneeses 250
11.7.6 Rewrite the Register by DTC in SIEep MOUE .....ooveirieiiiiiiereeeereee e 250
11.7.7 DTC Transfer in the SN00ZE MOAE .......ccoiiriiiieeeeeee e 251
11.7.8 Data Reception by the SCI5 in the SN00ZE MOE ........ccoiiiiiiiiiiiee e 251
11.7.9 LPT Operations in the SN00ZE MOE ........ccveeiieceire e 251
11.7.20  A/D Conversion in the SN00ZE MOGE ..........ccrrereirrrnieiirereeese s 251
11.7.11  Measuring by the CTSU in the SN00Z& MOGE ...........covovrrerereinricerse s 251
12.  Register Write ProteCtion FUNCLION ........cccoiiiiiiiiii e e e e e e s 252
121 S o 1 = 1= o 1 o (o] 253
1211 Protect REGISLEr (PRCR) .....ocviiiiicieiesiesiee sttt et e e st e st ste et seeste e s e e esaesae e esessessesnnssenss 253
R T e =T o 1[0 g I = F= Vg Vo |1 o PRSP RUTRPR 254
131 EXCEPLION EVENES ....viiiecieeeeee et sttt sttt e e e e s e e e e e s e naeseesneneenaenaenennens 254
13.1.1 Undefined INSLruction EXCEPLION ......cc.eciiie ettt st 255
13.1.2 Privileged INStruction EXCEPLION ......ccceceiereeeeeeeee ettt e s ae e sr et seeneeneas 255
13.1.3 ACCESS EXCEDLIONS ...ttt ettt e sttt 255
13.14 Floating-PoiNt EXCEPLION ......cccieiiieiiiieiiriei ettt 255

13.1.5 RESEL e e e 255



14.

13.1.6 NON-MaSKabhl€ INEEITUPL .....evieieeiecee ettt e e e st eenre s 255

13.1.7 1010 0o S PR SU R RPRRRT 255
13.1.8 L0 aTeTo g o 1Yo g = o 255
13.2 Exception Handling PrOCEAUIE ...ttt e s 256
133 Acceptance Of EXCEPLION EVENES .......cccviiiirieiiesieseseeseeeees e e ste e seeste e steseesse e ssesesessessessessesseseens 258
1331 Acceptance Timing and SAVEd PC ValUE .......cceieieieeieeecesese st snens 258
13.3.2 Vector and Site for Saving the Valuesinthe PC and PSW .........cccocvivevevecieceneciesesese s 259
134 Hardware Processing for Accepting and Returning from EXCEPLIONS ..........cccveerernennenisennenene 260
135 HardWare Pre-PrOCESSING ....ccciovieeeieiiesesieseeseeseeseeseeeesesessestestestessessensessessessessssssssssessessessessessessensen 261
135.1 Undefined INStruCtion EXCEPLION ......c.coueivcieiciicie ettt s e e e srenan 261
135.2 Privileged INStruCtion EXCEPLION .........cccveieieeieiieesteetestee e sae e eae s e e ae s e s s 261
135.3 ACCESS EXCEPLIONS ...ttt bbb sttt sttt et 261
1354 Floating-PoiNt EXCEPLION ........coeiieiieiirieieseee sttt 261
1355 (-3, SRS SRSRR 261
13.5.6 NON-MaSKaDI € INTEITUPBL ...t bbb et neas 262
1357 1010 U o S PRSP RURRRRT 262
135.8 L0 T aTore 0T [N To o= N I o S 262
13.6 Return from Exception Handling ROULINE ........ccviiiiiiierecceecece e et 263
13.7 Priority of EXCEPON EVENES ......cooiiieeecece ettt st st sne e e nnenneas 263
Interrupt Controller (ICUD) .....veeiiiiiecec e e e s e e e e e e e e e e e e ennrenaeees 264
141 OVEIVIBIV .ttt ettt bbb e et e e et et eb e eb e e et ee e e b e s £ e e e aeeseeae e Rt ebeeb e eaesE e b e bere e b enseaeaneebesbesaeseentas 264
14.2 REGISIEr DESCITPLIONS ...ttt ettt bbbt bbbt et 266
14.2.1 Interrupt Request Register n (IRN) (n = interrupt vector NUMBEr) .......cocvvvvveveceeceneseseeens 266
1422 Interrupt Request Enable Register m (IERmM) (M = 02hto 1Fh) .....ccooeiieiinininereeei 267
14.2.3 Interrupt Source Priority Register n (IPRn) (n = interrupt vector NUMDEY) .......c.cocereieieriennens 268
1424 Fast Interrupt Set REGISEr (FIR) .ot e 269
14.2.5 Software Interrupt Generation Register (SWINTR) ....oovvveiiieeieceece e 270
14.2.6 DTC Transfer Request Enable Register n (DTCERN)
(N = INterrupt VECLOr NUIMDET) ....c.oiiieiicise ettt snennees 271
14.2.7 IRQ Control Register i (IRQCRI) (1 010 7) woveieeeeeeee s stese s e s sesae e sre s re e e 272
14.2.8 IRQ Pin Digital Filter Enable Register 0 (IRQFLTED) ....ccoovevreirieinieinieeniee e 273
14.2.9 IRQ Pin Digital Filter Setting Register 0 (IRQFLTCO) ...cc.ccvvveirieirieeseeseeseee e 274
14210  Non-Maskable Interrupt Status Register (NMISR) ..o 275
14.2.11 Non-Maskable Interrupt Enable Register (NMIER) .......ccocoviiieiiceceeeeee e 277
14.2.12 Non-Maskable Interrupt Status Clear Register (NMICLR) .....cocovvevivvvereceee s 278
14.213  NMI Pin Interrupt Control RegiSter (NMICR) ......ocvvcviieeie ettt 279
14.2.14  NMI Pin Digital Filter Enable Register (NMIFLTE) ......cvvueveeeeereeeieeeeseesesssessessessssssssensseneees 279
14.2.15 NMI Pin Digital Filter Setting Register (NMIFLTC) ...ccooveiivieiieiieeieeeesiee e 280
14.3 RV =i g 1= o TSP 281
1431 INEErTUPL VECTOr TADIE ..ot 281

14.3.2 Fast INterrupt VECIOr Tale ..ottt 287



14.3.3 Non-maskable INtETUPL VECIOr ATEA ........ccuieeeiei ittt sttt 287

14.4 Fa1e= 0o @] 1= 1o o RS 288
14.4.1 DELECHING INLEITUPLS ...eevieeieiicieie ettt sttt re e e e s aeesaesaeeaesaeentesaeensenseeneenneeaes 288
14411 Operation of Status Flags for Edge-Detected INtErTUPLS ....oveeeeveveieniese e 288
14.4.1.2 Operation of Status Flags for Level-Detected INtErrupts .......cccovvevvevievieveverecescese e, 290

14.4.2 Enabling and Disabling INtENTUPE SOUICES ......cc.euirieirieirieeriee et s 291
14.4.3 Selecting Interrupt ReqUESE DESLINGLIONS .......cccevireeeirieiirieieietiseet e 292
14.4.4 Determining PrIOMTY .....cociieiieeieirie sttt r e 293
1445 MUIEIPIE TNEEITUDES .ttt ettt bbbt bbb et eb e sbe e e nas 293
14.4.6 FASE INEEITUDL ... e e st reeb e s e et e bt e s b e e s aaesaa e s beenaeenaras 293
14.4.7 DiIGItAl FIIEN oottt 294
14.4.8 EXtErnal Pin INEETUDES oot et st sttt 294
145 Non-maskable INErTUPE OPEIaLiON .........cccireirieiieeeereeer e 295
14.6 Return from Low Power CONSUMPLION SEALES .......c.coveirieirieirieireesieesie st 296
14.6.1 Return from Sleep Mode or Deep SIeep MOE ......ccovieeveiiieeeee e 296
14.6.2 Return from Software Standby MOTe ..o 296
14.6.3 REtUrN from SNO0ZE MOE .......coiiiieee et see s 297
14.7 USBOE NOLE ... e e e s s e s h e e b e s r e e e s s 297
14.7.1 Note on WAIT Instruction Used with Non-Maskable INterrupt ...........c.cccveeneieneieneceneennes 297
BUSES it e a e 298
151 L@ a1 298
15.2 DESCIIPLION Of BUSES ......ecviiieiiiiese e ettt s ese s s sesaesbe e seeaentenae e eneesenaesaeneeneen 300
1521 CPU BUSES ...ttt ettt stttk b bbbt s eb bkt st b b e e b b s 300
15.2.2 MEMOIY BUSES .....ocueeiiceeenteceeesieeee st et e stesee e ssees e es e steeseeseeseesseeaeesseeneesseeseessennsessennsensenneensennes 300
15.2.3 INEEMNEl MEIN BUSES .....oovviiieirestereeses et n e 300
1524 INternal PEriPhEral BUSES .......cociiiciirieeriee ettt bbbttt e 301
15.25 Write Buffer Function (Internal Peripheral Bus) ........ccooiiiiiiiinie e 302
15.2.6 Parall€l OPEIrAtION .......coiiiiieieeee ettt b e b bbbt e et ae e seeeas 303
15.2.7 RESIMCLIONS ..eeveet ettt ettt r e sn et et r e n s e e enesresenrenens 303
15.3 S [ L= 1= o 1 oL o] 304
15.3.1 Bus Error Status Clear Register (BERCLR) ........ccovviiiiee ettt 304
15.3.2 Bus Error Monitoring Enable Register (BEREN) ........cccvviiiiiiise et 304
15.3.3 Bus Error Status Register 1 (BERSRL) .....cccvviiiieiere et se st sne s 305
1534 Bus Error Status Register 2 (BERSR2) ..o e 305
1535 Bus Priority Control Register (BUSPRI) ......cooeiiiireineenie et 306
154 BUS Error MONITONNG SECHION ...c..cuiieiiieeirieirietriest st 308
154.1 TYPE OF BUS EFTON ...t st 308
15411 111608 AQArESS ACCESS .....ecviiitierteisiee ettt ettt ettt b et bbbt a e s e 308
15.4.1.2 THMIEOUL ...ttt bbbt b et e bt e bt e b bt s 308

15.4.2 Operations When aBUS EITOr OCCUIS ......ocviiieiiieiieieeeeeeeee e eseesees e e saeseassessessessessessesss 308

15.4.3 Conditions Leading t0 BUS EITOFS .......cccciviiiirieriereeieesese st e st seeaeses e e sressesnestes e saesesnssnnses 309



Data Transfer Controller (DTCD) ....cccoce i a e e e e e aaaeaa e 310

16.1 (@Y T USSR 310
16.2 S [ = 1= o 1 o o] 312
16.2.1 DTC MOde REGISIEN A (MRA) ..ottt sttt st st s sae e ste e renens 312
16.2.2 DTC Mode ReGIStEr B (MRB) ...ttt 314
16.2.3 DTC Mode REGISIEr C (MRC) ..ottt sttt 316
16.2.4 DTC Transfer Source REgISLEr (SAR) ...oooviiiiiiieee e 317
16.2.5 DTC Transfer Destination Register (DAR) ..ot 317
16.2.6 DTC Transfer Count REGISIEr A (CRA) ..ottt et b bbb 318
16.2.7 DTC Transfer Count RegiSter B (CRB) .....oooiiiiiiieie st 319
16.2.8 DTC Control REGISLEr (DTCCR) ....cueveeeirieiirieierieiesieeseere sttt sse et se e ssenessesessenens 319
16.2.9 DTC Vector Base RegiSter (DTCVBR) ..ottt s ssenens 320
16,210  DTC Address Mode Register (DTCADMOD) ......oocirieiirieirieerieesie e 320
16,211  DTC Module Start REGISIEr (DTCST) ...ecuireeireeierieierieiereete e 321
16.2.12  DTC Status REGISIEr (DTCSTS) ..ecuiiririreeieieresieieiese et sesesisse e et s sessese et beseesessesenses 322
16.2.13  DTC Index Table Base ReQISLEr (DTCIBR) .....cocvvieirieirieiirieesiee s seenes 323
16.2.14  DTC Operation ReGISIEr (DTCOR) ...cccuiviruirirririeirieisieteristesese s seeesessessesesseessesessesessssessenes 324
16.2.15 DTC Sequence Transfer Enable Register (DTCSQE) .....ocveivieerieeierieceerieseese e seeee s 325
16.2.16  DTC Address Displacement RegiSter (DTCDISP) ....coviiieirieirieirieesieeseeesiees e 325
16.3 REQUESE SOUICES ...ttt sttt sttt et e e h st b bbb b e b e se e st e b e nbesneenenes 326
16.3.1 Allocating Transfer Information and DTC Vector Table .......ccoeoveiriineineirene e 326
16.4 (@] 07 = 1o [OOSR 328
16.4.1 Transfer Information Read SKip FUNCHION ........cccviiviiie i 330
16.4.2 Transfer Information Write-Back SKip FUNCLION .......cccccoviviiereseceeeee e 331
164.2.1 Write-Back SKip by FiXing AQArESSES ......cccoeirieiirieirieeree s 331
16.4.2.2 Write-Back Skip by the MRAMWBDIS Bit ....ccoccoiviienieeiseice s 331

16.4.3 NOrmMal TranSfEr MOE .......oiuiieeee b e 332
16.4.4 Repeat TranSfer MOUE ........ccuviieicece et st r e enne s 333
16.4.5 BIOCK TranSfer MOOE .......c.evuiirieiiieinieesie ettt st st st st sttt 334
16.4.6 Chain TIANSFEE ...ttt s ettt se st nesae e e 335
16.4.7 (@70l = 1Ko 0 I T 411 0o O TR T RTOPRR 336
16.4.8 Execution Cycles Of e DTC ...t see s 339
16.4.9 DTC Bus Mastership REIEASE TIMING .....coeiiiiiiiierieieie et s 339
16.4.10 SEOUENCE TIANSFEN ...ecviieieiece ettt e st et eebe e e e eaeetesneenaesreenaesteennanrenns 340
16.4.11  DTCINEX TAHIE ..ottt a et neenas 342
16.4.12 Example of SEQUENCE TIaNSFEN ......cccveieiiece st sre s 344
16.5 DTC SEtiNG PrOCEAUIE ...c.ecuiieiiieiiiei ettt sttt 350
16.6 EXAMPIES Of DTC USAQE ..cuveueeueeiiiirerie s st steste st et e e se e sesse e st ste st steste e saenaenteaesaeneenesaesanssensas 351
16.6.1 [N o= I = = TSRS 351
16.6.2 Chain Transfer When the COUNEr IS0 ........cvivirieirreeesieerie et 352

16.6.3 SEAUENCE TIANSFEN ..ttt ettt n e 353



17.

18.

16.7 INEEITUPL SOUMCE ..eviiiiieitii ittt sttt sttt st b e e aae e s b et e b e e b e sat e e abeesbe e et e e beenbeesnbeeneeneeean 354

16.8 Y | R TS 354
16.9 Low Power CONSUMPLION FUNCLION .......oiiiiiiisiiisiieesiee et 355
16.10  USBOE INOLES .....oouiieiiiitiereste sttt ettt ettt ettt e e et e et s b e bt Rt e Rt b e s b se e e e e e se et e e e senneeneerenre s 356
16.10.1  Start Address of Transfer INfOrMBaLioN .........cccorvireirrrnee s 356
16.10.2  Allocating Transfer INFOrMEatioNn ..........ccviiiininnie s 356
16.10.3  Noteson Using the SEqUENCE TraNSFEY ..o s 357
Event LinK CoNtroller (ELC) ...uuuiiiiiiiieee ettt e e e e e s s st r e e e e e e e e s e e s st baaaneeeeeaeeeeeannnnnnns 358
171 OVEIVIBIW .ttt sttt sttt s et e et e e et e e beseese e be s £ et emeeseese e Rt ebeebeebesEenbenbe e enseneeseaneebeneeseeseenean 358
17.2 REGISIEr DESCITPIIONS ...ttt ettt sttt 359
17.21 Event Link Control RegiSter (ELCR) ......ccevevieeeeeieee et ste e se e sne e sre e 359
17.2.2 Event Link Setting Register n (ELSRn)
(n=1104,7,8,10, 12, 14t0 16, 18, 20, 22, 24, 25) ....ccvevrereeerrerereririreenereseeeeeseseseeneneseseneesees 360
17.2.3 Event Link Option Setting Register A (ELOPA) ..ottt 363
17.24 Event Link Option Setting Register B (ELOPB) ......cocoiiiiiiiieeereeeee e 363
17.25 Event Link Option Setting Register C (ELOPC) ......ccooiriiiiiiirenie et 364
17.2.6 Event Link Option Setting Register D (ELOPD) .......cocveveiieiereceesteeeese et 364
17.2.7 Port Group Setting Register 1 (PGRL) ....ccvoceeiiie ettt 365
17.2.8 Port Group Control REQISLEr 1 (PGCL) ....ccoviueririereeieneeie ettt seee e 366
17.2.9 Port Buffer ReQIStEr 1 (PDBFL) ....c.cocoiiiirieiriee ettt st s 367
17.2.10 Event Link Port Setting Register m (PELM) (M = 0, 1) ...ooviiiiiiiierrereereese e 368
17.211  Event Link Software Event Generation Register (ELSEGR) ........ccooeiereirininiiencve e 369
17.3 (@707 = (o] o [PPSR 370
1731 Relation between Interrupt Handling and Event LinKing ..........cocoveriieinininnenesene e 370
17.3.2 EVENE LINKAOE ...ttt bbbt b et et et e et e e et neebesbesaeseebas 371
17.3.3 Operation of Peripheral Timer Modules When Event Signal iSInput .......ccccceeeeevevevcenieenene, 372
17.34 Operation of CTSU When Event Signal iSTNPUL ......ccveeievieeeeeeseeese e e 372
17.35 Operation of A/D and D/A Converters When Event Signal iSInput .........cccceeveeeecevencesenennns 372
17.3.6 1/O Port Operation When Event Signal is Input and Event Generation ...........c.covvennennienenn. 372
17.3.7 Example of Procedure for Linking EVENLS .........ccocooiiiiinineereeeeen e 376
174 0L T N (o] = SRR RUSP 377
1741 Setting ELSRN REGISIEL .......cviiiiieiiieiee ettt et sttt bbb s 377
17.4.2 Setting Bit-Rotating Operation of Output POrt GrOUPS .........coerereeierierere e e 377
17.4.3 Linking DTC Transfer End Signal @S EVENL .........ocveiicieei e e 377
17.4.4 (O To o QS 1] o1 377
17.45 [V KoTo (U1 TSRS (o o N U IgTox 0 g IS ] oo R 377
O POIS .. bbb 378
18.1 OVEIVIBIW .ottt et E et R Rt e E Rt E R bRt e e E bt e n s en et 378
18.2 (L@ N =T a@e 11 To U= 1 Lo o OSSR 380
18.3 REQISIEr DESCIIPLIONS .....eeeiiiciec ettt e e st e et e e re e e e sreeseesaeetesreentesresneeeesreennesnean 389

18.3.1 Port Direction REGISIEr (PDR) .....cciviirieiieeiesieinieee ettt 389



18.3.2 Port Output Data Register (PODR) ......c.ceiirrieieiriniieiee sttt 390
18.3.3 Port Input Data REQISLEr (PIDR) .....coiieieeeeeee ettt te e es e sne st st snesreen 391
18.34 Port Mode REgIStEr (PMR) ...t 392
18.3.5 Open Drain Control Register 0 (ODRO) ......cvviiiriririrerieeereee e 393
18.3.6 Open Drain Control Register 1 (ODRIL) ......ccooiiriririeiirieerieeriee s 394
18.3.7 Pull-Up Control REGISLEN (PCR) ....c.ooueueiieirieiriet ettt s 395
18.3.8 Port Switching Register A (PSRA) ..o 396
18.3.9 Port Switching RegISter B (PSRB) .....ccccoiieiiice ettt st nnas 397
18.3.10  Port Reading Wait Control Register (PRWCNTR) ....cccocvieiereeeeeriese et sie e sesre e 398
184 Initialization of the Port Direction REGIStEr (PDR) ......cccooveirieiriiiriecreese e 399
185 Handling of UNUSEA PINS ........cccoiiiiiiie ettt s e nesaesnesrenas 401
19.  Multi-Function Pin Controller (MPC) .........cccoiiiiiiiiiiii 402
19.1 OVEIVIBIW .ttt bbb bbb b et £ e bbb s e A b b ae £ b b e b e e se e bk et b bt e bt se bbb s 402
19.2 REGISIEr DESCITPLIONS ...ttt ettt b bbbt b e 410
1921 Write-Protect REgIStEr (PWPR) ....c..cuiiiiiieiieerese ettt 410
19.2.2 POn Pin Function Control Register (PONPFS) (N =3, 5, 7) wocovreiireiiereereesee e 411
19.2.3 P1n Pin Function Control Registers (PLNPFS) (N= 210 7) .ooevereiereieeesere e 412
19.2.4 P2n Pin Function Control Register (P2NPFS) (N =0, 1,6, 7) vvcevveeerieeeere e see e 414
19.2.5 P3n Pin Function Control Registers (P3NPFS) (N =0102,4,6,7) wecccvveeeeeeeiereeece e 415
19.2.6 P4n Pin Function Control Registers (PANPFS) (N=010 7) .ovveireeireiereeneese e 417
19.2.7 P5n Pin Function Control Registers (PSNPFS) (N=4,5) .o 418
19.2.8 PAN Pin Function Control Registers (PANPFS) (N =010 6) ...ccccovveririeninereeserese e 419
19.2.9 PBn Pin Function Control Registers (PBNPFS) (N =010 7) ..cccoiieiiniireieeeeeereee e 422
19.2.10 PCn Pin Function Control Registers (PCNPFS) (N =210 7) ..oocooeieieieeieeeeeeeesiesie e 424
19.2.11 PDn Pin Function Control Registers (PDNPFS) (N =010 2) ..cccccevevieiiceereeeeee e 425
19.2.12 PEnN Pin Function Control Registers (PENPFS) (N =010 5) ..vcccvveviviseereeeeese e sesesen s 426
19.2.13 PHn Pin Function Control Registers (PHNPFS) (N =010 3) ..ooooeceieee e 428
19.2.14  Pn Pin Function Control Registers (PINPFS) (N= 1, 6, 7) .ccooeereereiriee s 429
19.3 USBOE INOLES ...ttt ettt st st b e s e bt e ae e eb e e aeesbe e e e sheeaeeshe e e e sheembeebeenseabeansesneeeesaeennenanan 430
1931 Procedure for Specifying Input/Output Pin FUNCLION ..o 430
19.3.2 Notes 0N MPC REGISLEN SEHING ....c.eouieuiriiierieriere ettt s e neeneas 430
19.3.3 Note 0n USing ANAlOg FUNCLIONS .......couoiiiiiiiieieeee et e 431
19.34 Notes on Using the CTSU Function of the Capacitive Touch Sensing Unit ..........ccccceeevvvnenen. 431
20.  Multi-Function Timer Pulse Unit 2 (MTUZ2@) ....cccuuuiiiiiiiiiiiaeeeee et e e e e e e e 432
20.1 OVEIVIBIW .ttt bbbt b bt e b bt e bbbt E £ bRt £ e bbb bR et s e bbbt ettt ne e 432
20.2 RS o 1 = gl DTS o ] o o] U 437
20.2.1 Timer Control REQISLEr (TCR) ....iiiiiiiirieieeeeeteeieee sttt sre bbb e se e e e e 437
20.2.2 Timer Mode Register (TMDR) ..ot s es 440
20.2.3 Timer 1/0O Control REQISLEr (TIOR) ....ccvveee ettt sae e nresneas 442
20.2.4 Timer Compare Match Clear Register (TCNTCMPCLR) .....ccoovviveviereee e 453
20.25 Timer Interrupt Enable RegIStEr (TIER) ...cvcveiiieeiee et 454



20.2.6 Timer StatuS REJISLEN (TSR) .viceeiieieiiecee s see st e et e st e e e sre et s e st e e se et e esaesneeneesresnean 457
20.2.7 Timer Buffer Operation Transfer Mode Register (TBTM) ...ocvvvvvvesevereereee e 458
20.2.8 Timer Input Capture Control ReGIStEr (TICCR) ..ovoveieiecceeere e 459
20.2.9 Timer A/D Conversion Start Request Control Register (TADCR) ......coovvvvinieieneieneeneeee 460
20.2.10  Timer A/D Conversion Start Request Cycle Set Register m (TADCORmM) (m=A, B) .......... 461
20.211  Timer A/D Conversion Start Request Cycle Set Buffer Register m (TADCOBRm)
(M2 A B bbb et e bbbt 462
20212  Timer COUNLEN (TONT) ouiciiiiieieieiresieteie sttt er ettt b et s e bbb bbb 462
20.2.13  Timer General Register m (TGRm) (m=A,B,C,D,E, F, U, V, W) ..o 463
20.2.14  Timer Start REGISLEIS (TSTR) ..cuecueeiiciiieciesesiesieeeesestese et se st seeae e se e enesressesreneeses 464
20.215  Timer Synchronous REGIStEr (TSYR) ..ot 465
20.216  Timer Read/Write Enable Register (TRWER) ......ccocoiiiiiiiininereerees e 466
20.2.17  Timer Output Master Enable Register (TOER) ......cccoeoiieiinieerieinieeseesie e 467
20.2.18  Timer Output Control Register 1 (TOCRIL) ....ccooiieieieieierieeeeeese et e 468
20.2.19  Timer Output Control Register 2 (TOCR2) .....ccccccevieeiesteeeeseeee e sae et nnas 470
20.2.20  Timer Output Level Buffer Register (TOLBR) .....ccovoiverrereinernieeeres e 472
20.221  Timer Gate Control REGISLEr (TGCR) ....coveuiriririeirieerieerieesie s e 473
20.222  Timer SUDCOUNLEr (TCNTS) ..ottt 474
20.223  Timer Dead Time Data RegiSter (TDDR) ....ccooviiiiriiieneirieeieei et 474
20.2.24  Timer Cycle Data RegiStEr (TCDR) ....cccoiiieirireieeie e s e eb s 475
20.2.25  Timer Cycle Buffer Register (TCBR) ......cccooiriiieieeeieicreeesie s 475
20.2.26  Timer Interrupt Skipping Set Register (TITCR) .oovcceieece e s 476
20.2.27  Timer Interrupt SKipping Counter (TITCNT) ...occvcieiievereerreee e e 477
20.2.28  Timer Buffer Transfer Set Register (TBTER) ..cccvivveiieverceeee et 478
20.229  Timer Dead Time Enable Register (TDER) ... 479
20.2.30  Timer Waveform Control Register (TWCR) ......ocoiiiiiiiieee e 480
20.2.31 Noise Filter Control RegIStErS (NFCR) .......ceiuiriiiriiiere et 481
20.2.32 BUSMaASIEN INTEITACE ....c.veeeieecte e e 483
20.3 (0] o< = 1 o o 1SS 484
2031 BaSIC FUNCLIONS .....cviiiriectcreetesee ettt s s r e s r e r e nr s sn e renen 484
20.3.2 Y 1w 010 01U Y@ o= = 1 o] o [ SR 490
20.3.3 (21011 1= @] o= = 1 oo PSSRSO 492
20.34 CaSCAOET OPEIELION .....coveeerireetereete sttt sttt b bt bbb bbb b et st ne st nesbesesee e sea 496
20.35 PUVVIM IMOOES ...ttt ettt ettt bbbt b ket b bbbt ettt 501
20.3.6 Phase COUNtING IMOTE .........oiiieiee ettt e e s bt s eeneeeeneas 505
20.3.7 Reset-Synchronized PWM MOE ........ooueiiiiiiice ettt st 511
20.3.8 Complementary PWIM IMOOE .....c.cooveieieieiesieiestese e e et sae e e seesessesnesreneen 514
20.3.9 A/D Conversion Start Request Delaying FUNCLION ..........cccovviiiiinese e 545
20.3.10 External Pulse Width MEASUrEMENT ..........cocviireiereiieeseeeeee et s nean 549
20.3.11 Dead Time COMPENSALION ......ccueviieiieiieie e eee st se s e st este et esre e e saeeaesaeeaesresnaesrenneenes 550
20312  NOISE RN oot bbb 553



204 INEEITUPL SOUMCES ....vviiieiiee ittt sttt et et sae e sa e s b e s ate e be e ssbeeaseenbe e eabeebeesabeeateenbeesbaeanteenreean 554

2041 Interrupt SOUrces and PrIOMTIES ........cccoeiiiieiiiieiiieesee et 554
20.4.2 [ O I o o= S o TU o= 555
20.4.3 A/D CONVEIEr THIQOEN SOUICE ..uveeeueeeeeeeeresiesteseestesessessessessssessessessesssssessessessessessssssssssessesessens 555
20.5 (@7 o7 = o 1 I T a1 oo 557
205.1 g1 7A@ 014 10 A T g gV 557
20.5.2 Interrupt SIgNal TIMING ..oveceeeeiie et st st e e se e e esaeseeseesessesresresrenseseens 563
20.6 USBOE NOLES ...ttt r e r e e e e e e e sae e e e sr e e e s r e e neer e e neeneennseneennennnes 566
20.6.1 Module Clock StOP MOOE SELLING ...ccvevveeeeeiecieriree et et e e ne e 566
20.6.2 Count CIOCK RESITICLIONS .....ocuvieiieisiesieseeseeeeee et sre e sre st st seensene e e nseseenen 566
20.6.3 NOLES ON CYCIE SELLING ...veeeveeiteeeteerteeet ettt ettt s eb e et st b e b b 566
20.6.4 Contention between TCNT Write and Clear Operations .........ccoeereereerieereeeneeesieeseneseenes 567
20.6.5 Contention between TCNT Write and Increment Operations ..........cccceeeeereneresiesenesnesieseennns 567
20.6.6 Contention between TGR Write Operation and Compare MatCh .........ccccevvveeevviceerniieeinniens 568
20.6.7 Contention between Buffer Register Write Operation and Compare Match .........c.ccccccevenne 568
20.6.8 Contention between Buffer Register Write and TCNT Clear Operations ..........cocccveeereeerenes 569
20.6.9 Contention between TGR Read Operation and Input Capture ............cocoveereieneieneeneeneenes 569
20.6.10  Contention between TGR Write Operation and INput Capture .........c.cccveeveierenenenesesenenens 570
20.6.11  Contention between Buffer Register Write Operation and Input Capture ..........c.ccoceeeeeereennene 571
20.6.12  Contention between MTU2.TCNT Write Operation and Overflow/Underflow
[N OIS o= o (S0 N @] o< = 1 Lo o HNUU USSR 572
20.6.13 Counter Value When Count Operation is Stopped in Complementary PWM Mode ............... 573
20.6.14  Buffer Operation Setting in Complementary PWM MOCE ......ccoevveveeieeievienn e 573
20.6.15 Buffer Operation and Compare Match Flags in Reset-Synchronized PWM Mode ................. 574
20.6.16  Overflow Flagsin Reset-Synchronized PWM MOUE ........ccoevieirinininenseneee e 575
20.6.17  Contention between Overflow/Underflow and Counter Clearing ..........ccoceeereneienieneneneeneenes 576
20.6.18  Contention between TCNT Write Operation and Overflow/Underflow ..........c.ccocoviieieenneee 576
20.6.19 Notes on Transition from Norma Mode
or PWM Mode 1 to Reset-Synchronized PWM MOAE ........ccceveeienieiiceece e 577
20.6.20  Output Level in Complementary PWM Mode or Reset-Synchronized PWM Mode ............... 577
20.6.21 Interrupts during Periods in the Module StOp SEAE .......ccccvveveniriere e 577
20.6.22  Simultaneous Input Capturein MTULTCNT and MTU2.TCNT in Cascade Connection ...... 577
20.6.23 Notes When Complementary PWM Mode Output Protection Functions are Not Used .......... 578
20.6.24  Point for Caution Regarding MTUS.TCNT and MTUS.TGR ReQIStErS ......cccovrenireneneneriennn 578
20.6.25 Points for Caution to Prevent Malfunctions in Synchronous Clearing
for Complementary PWM IMOGE .......cccoiiiiieiiieiecte ettt sttt et seesneenesnean 579
20.6.26  Continuous Output of Interrupt Signal in Response to a Compare Match ..........cccccvveveveeneene 581
20.6.27  Usage Notes on A/D Conversion Start Request Delaying Function in
Complementary PWIM IMOOE .....c..ooueieiiicese et se et srestesaeseenean 581
20.7 MTU Output Pin INItIaliZBHION .......ccoveiiiiiiiirie e 583
20.7.1 (@7 o7 1 gTe 1Y oo [ 583
20.7.2 Operation in Case of Re-Setting Due to Error during Operation ............cceeveeevevenieceneenennes 583



20.7.3 Overview of Pin Initialization Procedures and Mode Transitionsin

Case of Error during OPEration ...........ccccecieeiieseeieesecieesesiee e sae e eae e este e e sresseesaesneseessaens 584

20.8 Operations LINKEA DY thE ELC ......cvcecieece ettt sttt sne s sne s 610
20.8.1 Event Signal OUtPUt tOthE ELC .......oviceeeeeee e 610
20.8.2 MTU Operationsin Response to Receiving Event Signalsfromthe ELC .........ccccceevevvvenenee, 610
20.8.3 Notes on MTU by Event Signal Reception fromthe ELC .......ccccoveveevececeeeeececere e 611
21.  Port Output ENable 2 (POE28) ......ccooiiiiiiiiiiiiiee ettt e e e e e e e e a e aeaee s 612
211 OVEIVIBIW .ttt sttt sttt st st b et bt st se s e et s 4 et b e st Eene b e st e b et b et b et e b e st e be e e be e s be e beneeee 612
21.2 S o [1 L= =S o ] o o] 615
21.21 Input Level Control/Status Register 1 (ICSRL) ....cceviiiiiiiiereeeee e e 615
21.2.2 Output Level Control/Status Register 1 (OCSRL) ....ccceveeeeeeeenieresieseeseeeeessesesse e seeseenes 617
21.2.3 Input Level Control/Status RegISter 2 (ICSR2) .....cvccvveveieie et s 618
2124 Software Port Output Enable Register (SPOER) .......cccocvriiriiinieineeneseseee s 619
21.25 Port Output Enable Control Register 1 (POECRL) ......cccooiiiieinieiieenee e 620
21.2.6 Port Output Enable Control Register 2 (POECR2) ...t 621
21.2.7 Input Level Control/Status Register 3 (ICSR3) ....cc.eiiiiiiiieeee e 622
21.3 (@7 o< 1] o 623
2131 INput Level Detection OPEraLiON .........cccereririnerie ettt st e e sae e sbesaeseens 625
21.3.2 Output-Level CompPare OPEralion .......ccvccieierieieereseeseseeseseeeeseesseseesseseesaesseesseseessessanns 626
21.33 High-Impedance Control USING REQISLENS .......cveieierieieeiese et 627
21.34 High-Impedance Control on Detection of Stopped OsCillation ...........cccvevevviinnienniennenen. 627
21.35 Release from the High-ImpedanCe ... 627
214 L1010 0 (0] o) £ TP 628
215 LU L2 T N (] == 628
2151 Transitions to Software Standby MOAE ........ccccviviirierierecere e s 628
2152 When the POE ISINOE USEH ......oviiiiiiieiseee e sttt e e e 628
2153 Specifying Pins Corresponding to the MTU ... 628
R < = 1) O T3 = Y1 - ) PR 629
22.1 (@ o S 629
22.2 LS o 11 =g 1= o 1 o (o] 634
2221 Timer COUNLEr (TCNT) ooceieeeeeeeeeee s s e et e et e e e e e e eseeneenesresreseeseeneenennes 634
22.2.2 Time Constant REJISLEr A (TCORA) ....ociiiieeieieeceeee s st se e e se e ssesnesreseeses 635
2223 Time Constant Register B (TCORB) .......cuiiiiriirieerie et 635
2224 Timer Control REQISLEr (TCR) ....eiiiiiiiirieieieeeet ettt st see e e e e e ens 636
2225 Timer Counter Control REgISLEr (TCCR) ....ocuiieiieeeieieicre et 637
22.2.6 Timer Control/Status ReGIStEr (TCSR) ....ocuveciiciecece et 639
22.2.7 Timer Counter Start REGISLEr (TCSTR) ...vvvveieiieieeeeeieese e ese e se e se e sne e ees 641
22.3 (0] o= = 1 o 0 1SS 642
2231 L ES X @ 11 o | SOOI 642
22.3.2 External Counter RESEL INPUL ......cceiiiiiiie et e e s r et seeneenens 643

224 (@7 o7 = (1o o T T 1011 oo OO RPN 644



23.

22.4.1 LI\ 0 T8 | T 1o 644

22.4.2 Timing of Interrupt Signal Output on a Compare MatCh .........cccccvvivvieveverer e 645
2243 Timing of Timer Output Signal at Compare MatCh .........cceceieiieveniese e 645
2244 Timing of Counter Clear by Compare MatCh ..........ccoveririnnie e 646
2245 Timing of the External RESet fOr TCONT ..o 646
2246 Timing of Interrupt Signal Output 0N an OVErflOW .......ccoueieiriiie e 647
225 Operation with Cascaded CONNECLION .......cccoiriiiiiree et saebe s 648
2251 16-Bit COUNE IMOUE ...ttt ettt sttt et e e e e sne e neas 648
2252 Compare Match CoUNt IMOTE .......ccuoiuiiiieieeeeeete e bbb et eeas 648
22.6 INEEITUPDL SOUMCES ...ttt ettt sttt b st e st s b e s ate e be e s bt e e b e e s be e eab e e be e sabe et e e nbeesbeeenbeenree s 649
226.1 Interrupt Sources and DTC ACHVALTON ....cc.ooviieiiireiesiere e 649
22.7 Link Operation BY ELC .....oo oottt sttt sttt e a et neebestesnesrennn 650
2271 Event Signal OULPUL T0 ELC ...ttt s s 650
22.7.2 TMR Operation when Receiving an Event Signal from ELC ..........ccccovevinieene e, 650
22.7.3 Notes on Operating TMR According to an Event Signal fromELC ........cccccoevvevviceevv e, 651
22.8 USBOE NOLES ...ttt st r e e re e sre e e e sae e e e sr e e e sr e e nenre e nenne e e s sneennennees 652
22.8.1 MOdule SEOP SEAEE SELLING ...veeveeeieieie et st e r e re e e s e nre s 652
22.8.2 NOES ON SELING CYCIE .vieiceeee ettt st e e nne e nes 652
2283 Conflict between TCNT Write and Counter CIEAr ........ccooeeeeeerirerene e 652
2284 Conflict between TCNT Write and INCremMENt .........cooveerereieiniresesese e 653
2285 Conflict between TCORA or TCORB Write and Compare MatCh ..........ccoeveieiecccncnicneneenns 653
22.8.6 Conflict between Compare MatCheS A and B ..o 654
22.8.7 Switching of Internal Clocks and TCNT OPEration ...........cceceveeiieseereneeseseeseeseeseeseeeeseeens 654
22.8.8 Clock Source Setting with Cascaded CONNECLION ........ccccvvereierierereeeees e 656
22.8.9 Continuous Output of Compare Match Interrupt Signal ........cccceeeeve e 656
Compare MatCh TIMEr (CIMT) ..ooiiiiiiiiiee e e e e e ettt s e s e e eeaaeaeeaeeeeeeesnsnnnrnnes 657
231 OVEIVIBIW .ttt sttt sttt e et et 4t b et b e Rt b e ne e b et b et b et e b e st e b et s be e s be et eneee 657
23.2 LTS o 1 e 1= o ] o (o] 658
23.2.1 Compare Match Timer Start Register 0 (CMSTRO) ....cceoviiiieiicecr e e 658
23.2.2 Compare Match Timer Control Register (CMCR) .......ccvciriieeesere e 658
2323 Compare Match Counter (CIMOCNT) ...ovveeeeeeceetese et ete e st e e e sre e seeseenen 659
2324 Compare Match Constant Register (CMCOR) ......coevrririiirieerieesieereeese s 659
233 (@707 = (o] o [T 660
2331 Periodic CoUNt OPEIELION .......coeirieiirieierieie ettt ettt et sttt en e 660
2332 CMOCNT COUNE TIMIMNG c.vtueitiietiieetest ettt b e bbb b ne bt ns bbb s s e enas 660
234 TNEEITUPLS ...t h e bbbt R e b s e e et r e renaenrenes 661
2341 [NEEITUDE SOUICES ...ttt e er e sr e n s 661
2342 Timing of Compare Match Interrupt GENEration ..........c.oecevereriererieirieiereesesesesesees s 661
235 Link OperatioNS DY ELC ...ttt st sb e ae e eneas 662
2351 Event Signal OULPUL 0 ELC ..ottt 662

235.2 CMT Operation When Receiving an Event Signal from ELC ... 662



23.5.3 Notes on Operating CMT According to an Event Signal fromELC ........c.ccoeoveiviceve e, 662
23.6 USBGE INOLES ...ttt sttt sttt sttt ae et s bt e et e b e et e ek e e st e e be e sh b e e be e beesbeenaeesabeenbeesaneentes 663
23.6.1 Setting the Module StOP FUNCLION ........ouiiiecce ettt 663
23.6.2 Conflict between CMCNT Counter Writing and Compare MatCh ........ccccevevvevevercenescnse s 663
23.6.3 Conflict between CMCNT Counter Writing and INCrementing ........ccceeeveevevereseeseeresieseseenens 663
24, Realtime CIOCK (RTCB) .uuuuiiiiiiiii it s e e e e e e e e e et e e e e e bt s e e e e e e eaaaaaaeaaaeas 664
24.1 (@Y T USSP 664
24.2 S [ = 1= o 1 o o] 666
24.2.1 B4-HZ CoUNLEr (RBACNT) ..oviiiiieieisieiriiisiees ettt sttt s s s s s saesesaesessesensenenenns 666
24.2.2 Second Counter (RSECCNT)/Binary Counter 0 (BCNTO) .....cccvvvvvveerierereeeeeriesesee e see e 667
24.2.3 Minute Counter (RMINCNT)/Binary Counter 1 (BCNTL) ....cccovvevirinerieieeeeeeeesesesee s 668
2424 Hour Counter (RHRCNT)/Binary Counter 2 (BCNT2) .....ccovririrerererrenesenesie e 669
2425 Day-of-Week Counter (RWKCNT)/Binary Counter 3 (BCNT3) ....ccooeereereerieenieneereenneens 670
24.2.6 Date CouNter (RDAY CNT) veiiiieiterieieseete sttt sttt sttt st st b e st 671
24.2.7 Month Counter (RMONGCNT) ...cuiieeiieiiiieiesiee st see e see st se st et et seetesessesessesessesensesens 672
24.2.8 Year COUNEr (RYRCNT) ..ottt ettt et 673
24.29 Second Alarm Register (RSECAR)/Binary Counter O Alarm Register (BCNTOAR) ............. 674
24.2.10 Minute Alarm Register (RMINAR)/Binary Counter 1 Alarm Register (BCNT1AR) ............. 675
24211 Hour Alarm Register (RHRAR)/Binary Counter 2 Alarm Register (BCNT2AR) .......ccccue... 676
24.2.12 Day-of-Week Alarm Register (RWKAR)/Binary Counter 3 Alarm Register (BCNT3AR) ....677
24.2.13 Date Alarm Register (RDAY AR)/Binary Counter O Alarm Enable Register (BCNTOAER) ..678
24214  Month Alarm Register (RMONAR)/Binary Counter 1 Alarm Enable Register
(BCNTILAER) ..ooueieieieieteie ettt sttt eese st se st as et et b e e st e s e s esansesesaesenaesensesensenensenis 679
24215  Year Alarm Register (RYRAR)/Binary Counter 2 Alarm Enable Register
(BCNTZ2AER) ...cueitieiteisieiete st sttt sttt se et et et et et et e e b e s e beseebente s e besesenenannas 680
24216  Year Alarm Enable Register (RY RAREN)/Binary Counter 3 Alarm Enable Register
(BCNTBAER) ..ttt sttt sttt sttt ettt bbb st bt b e bbb neneens 681
24.2.17 RTC Control REGISLEr 1 (RCRL) ...vecveieeeeeieeeeetesese st s e ste e esteeeseeseeaeessessessessessesseseeseenees 682
24218  RTC Control REGIStEr 2 (RCR2) .....cooeirieiiriiirieesieesie ettt 683
24219  TimeError Adjustment Register (RADUJ) ....co.oouiiiiireeerereriese et 685
24.3 (@707 = (o] o [PPSR 686
2431 Outline of Initial Settings of Registers after POWEr ON .........cccooeieiriereneee e 686
24.3.2 Clock and Count Mode Setting ProCeAUNE ..........ooeieeiieiieirene et 687
24.3.3 SELING TN TIME .. e et e st e ae e stesreetesreenee e 688
2434 TS = ol o AN o U = 688
24.35 Reading 64-Hz Counter and TIME ......ccucoiieeeeese ettt s e ne e e eneenas 689
24.3.6 W =g gl U o (o) o PSRRI 690
24.3.7 Procedure for Disabling Alarm INLEITUPL .........ccoeieeie i 691
24.3.8 Time Error AduStMENt FUNCLION ........cooiiiieiecee ettt s 691
24.38.1 AULOMEEIC AQJUSIMENT ..ottt e e e e neene et e nreens 691
24.38.2 AdIUSEMENE DY SOFtWEIE ...ttt e 692
24383 Procedure for Changing the Mode of AdjUSIMEN ..o 693



25.

26.

24.3.8.4 Procedure for Stopping AQIUSIMENT ..........ooe e 693

244 INEEITUPE SOUICES ...ttt ettt b e et ebe e sa b e e bt e saee s nbeebeesae e snbeenneennnas 694
24.5 L0 ES-=T0 Lo N (0] =S TR 696
2451 Register Writing during COUNING .......c..cereireerieereeesete ettt ere s sreseere s seene e 696
2452 USE Of PeriodiC INTEITUPLS ..ottt et sb e s se s 696
2453 RTCOUT (1-Hz/64-HZ) CIOCK OULPUL .....cvvreieereereieieseree s nenee e 696
245.4 Transitionsto Low Power Consumption Modes after Setting RegiSters ......covovvvvveveeceeeceneenn 697
2455 Notes on Writing to and Reading from REQISIErS ..ot 697
245.6 Changing the COUNE IMOUTE ..ottt 697
2457 Initialization Procedure When the Realtime Clock isNot to be Used .........ccoeovvvivncniniene 698
LOW-POWET TIMEI (LPTA) oiiiiiiiiiei ittt ettt e et e e e st e e e e s snbbe e e e enees 699
251 OVEIVIBIW .ttt ettt sttt sttt s et et e e et ebe e b e s et se e £e s £ e e e meeseese e Rt eheebeebesEenben b e e ensenenseaneebenbeseeseentan 699
25.2 REGISIEr DESCITPIIONS ...ttt ittt bbbt bbbttt e 701
2521 Low-Power Timer Control Register 1 (LPTCRL) ..o 701
25.2.2 Low-Power Timer Control Register 2 (LPTCR2) .....cooiiiiiiiiieeeesees e 703
2523 Low-Power Timer Control Register 3 (LPTCRS3) ..o 704
2524 Low-Power Timer Period Setting Register (LPTPRD) ......ccccoiiiiiiiinieeceeeesese e 705
25.2.5 Low-Power Timer Compare Register 0 (LPCMRO) ......cccoeivvivcee e 709
25.2.6 Low-Power Timer Compare Register 1 (LPCMRL) ......ooveiiiiie e 709
25.2.7 Low-Power Timer Standby Wakeup Enable Register (LPWUCR) .......cccoeoiveiinniennenree 710
253 (@] 07 = 1o [PPSR 711
25.3.1 Periodic Counting OPEIation .........cccceueeeeereriesesieseseseeseseeseesseseeseeeesessessessessessessessesseseensesens 711
25.3.2 PWIM OPEIBLION ....cuveeeeeeeeeeeisiesee e e ste st e e seeseese s e ssessessessesaestessesseeensesseneesessessessessensensesennsenens 713
2533 Count Timing of LOW-Power Timer COUNLET .........cooviiririeerieeseeteneere et 715
25.34 Clearing Timing of LOw-Power Timer COUNLES .........cooeierrieierineriere st 715
254 INEEITUDE SOUMCES ..ottt ettt sttt bt et b st e s bt e e e ebeeae e sae e e e she e st e sbeeaeesbeebeansesaeeneesaeennens 716
255 Event Link FUNCEION (OULPUL) ...c.oiuiiiiie ettt sbe sttt see e 716
25.6 Requesting Transition t0 SN00ZE MOUE ..o e 716
25.7 Wakeup from Software Standby Mode by an Interrupt through the Event Link Controller (ELC) .. 716
25.8 L L2 T N (0] == 716
25.8.1 Notes on Transition to Software Standby MOdE ........ccceeveiieiiciceceece e 716
Independent Watchdog TimMer (IWDTA) .....eeeeiieiaaaaiiiiiiiieite et e e e e et e e e e e e e e e e e e e e ennneeeeeees 717
26.1 OVEIVIBIW .ttt et b e bk s e bbb e E b bRt £ bbb e e e e bbbt b bbbt st bbb 717
26.2 RS o 1 = DTS o ] o o] USRS 719
26.2.1 IWDT Refresh Register (IWDTRR) ..ottt st s 719
26.2.2 IWDT Control Register (IWDTCR) ....coucueuiriirieiee st se sttt s bsas e sssssse e s sssenesesens 720
26.2.3 IWDT Status Register (IWDTSR) ...t 723
26.2.4 IWDT Reset Control Register (IWDTRCR) .....ccooviieinireienessereseses s 724
26.2.5 IWDT Count Stop Control Register IWDTCSTPR) .....cccoeieereiesesesieeeeeeesese e ese e 725
26.2.6 Option Function Select Register O (OFS0) .......cevveerieeerirerieirieesieesieesie e 725

26.3 OPEBEION ..ttt ettt h et b et b et b et b e e b e e e b e e b e sE e b e se e b e ne e b e e eb e e e Rt ne e Rt ee b et b et bt b e b 726



26.3.1 Count Operation in Each Start MOE .......cc.oceeiiieice e 726
26.3.1.1 S o 1S (= S = i 1Y oo 726
26.3.1.2 AULO-SEAIT MOUE ...ttt sttt st 728

26.3.2 Control over Writing to the IWDTCR, IWDTRCR, and IWDTCSTPR Registers .................. 730

26.3.3 REFIESN OPEIALION ....evecvieceiieeee ettt bbbt b e b b s e renea 731

26.34 SEAEUS FIAOS ...ttt b bbbt e bt et b e n s 733

26.3.5 LSS = A 1111 o 11 | TSRS 733

26.3.6 INEEITUPE SOUMCES .....eiiiictee ittt sttt b e e b et e st s be e s abe e b e e ssbe e nbeenatesbaeebeenree s 733

26.3.7 Reading the COUNLEr VAIUE ........oeeieecece ettt et 734

26.3.8 Correspondence between Option Function Select Register 0 (OFS0) and IWDT Registers ... 735

264 USAOE NOLES ...ttt ettt r bt e R b e e e n e e e r e nn e eren s 735

2641 REFIESN OPEFALIONS .....viietiieeriee ettt sttt b et se et 735

26.4.2 Clock DiVide RO SELLING ....cvevvevireeeiieciirieiereet e 735

27.  Serial Communications Interface (SClg, SCIK, SCIN) .....uuiiiiiiiiiei e 736
27.1 L@ oV U R 736
27.2 REGISIEr DESCIIPLIONS ...ttt bbbt bbbttt e e e 745

2721 Receive Shift REGISIEr (RSR) ...oiveiiieirieirieiserrie sttt st s senens 745

27.2.2 Receive Data REQISLEr (RDR) ......ceiuiiriiirieiiieirieesie sttt st s s be s see e s seenens 745

27.2.3 Receive Data Register H, L, HL (RDRH, RDRL, RDRHL) .....cooiiiiieeeeieee e 746

2724 Transmit Data REFISIEr (TDR) ..o s 747

27.25 Transmit Data Register H, L, HL (TDRH, TDRL, TDRHL) ..ccoccvoiviiviiirieeeesesie e 748

27.2.6 Transmit Shift Register (TSR) ..o e e e 748

27.2.7 Serial Mode REGISIEr (SMR) ..ottt 749

27.2.8 Serial Control REGISLEN (SCR) ...civiveereereeeeee e seseesee e seeeeseese et e st sae e e ae e esessessesnesrenss 753

27.2.9 Serial StatUS REGISIEr (SSR) ...ecuvcviriiiireirerereeeeese s et se e re b snesre e aeneenesrenen 757

27210  Smart Card Mode RegISter (SCMR) ....oviiiiiiiirierieer e e e 762

27211  Bit Rat@ REQISLEr (BRR) ....cccciiieeirieeiriiisieirieisieses ettt et sassessssenees 764

27.2.12 Modulation Duty Register (MDDR) .....cc.couiiiiiierere et s 774

27213  Serial Extended Mode RegiSter (SEMR) ......coviiieireininiree e 776

27.214  Noise Filter Setting RegISter (SNFR) .....ociiiieieseeree ettt s 779

27.215  12C M0ode REGISIEr 1 (SIMRL) ..ooveiriiecieiiiriseecie sttt sttt s 780

27216  12CMOde REGISEN 2 (SIMR2) .....coiieiiieieieiiieissie s sssse st ssnsesas 781

27.217  12CMode ReGIStEr 3 (SIMR3) ....ciuiiiiieiieieieceece ettt sttt bbb bbb 782

27.218  12C StAUS REGISIEN (SISR) ..ecveviieiritetiiiercieieisesesete ettt bss bbb ss e bbb es bbb ss et b san s 784

27219  SPI Mode ReGISIEr (SPIMR) ..ottt 785

27220  Comparison Data RegiSter (CDR) ......ccovueiririiiriireeireres ettt 786

27.221  Data Comparison Control ReGISter (DCCR) .....ccoovirieerieirieenieesiesese e 787

27222  Serial Port REQISIEr (SPTR) ....cuiiiiiieieiirisie ettt s 788

27.223  Transmit/Receive Timing Select Register (TMGR) ......ooovieeieviee e 790

27.224  Extended Serial Module Enable Register (ESMER) .......coveirieinenineesecseses e 792

27225  Control REGISLEr O (CRO) ..ecieueeiirieieisieiereeseesesese e e e te e se e ese e s e saestesteseesa e s e e eneeseneensees 792



27.2.26 Control REGISLEN 1 (CRL) ....oeiueeeiieie et teee sttt ae e st s e s te e e te e st e sbesneesseeneesaesneennesrenns 793

27227  Control REGISLEr 2 (CR2) ....cvcueeiiriiiiisiesesteseeees e st e e st te e saese e e se s e s stestesressasaesaeneesessenseses 794
27228  Control REGISLEr 3 (CR3) ..uecieuieiiriiiiisiesesteseeeees e s e s te et te e st e e e s e s e esesbestesressaseseeseesessenseses 795
27.229  Port Control REGISIEr (PCR) .....oiiiiiriiirieerie ettt 795
27.2.30 Interrupt Control REJISIEr (ICR) ..ot 796
27.2.31  StAUS REGISLEN (STR) ..veciieiiietiiieiirieisteisieestee e e e e s ss ettt se st s be e te e te e s reneees 797
27.2.32  Status Clear REGISIEr (STCR) ...cvveiriiirieirieiriees ettt enes 798
27.233  Control Field O Data Register (CFODR) .......cuvueirieirieisieesieesie sttt 798
27.2.34  Control Field 0 Compare Enable Register (CFOCR) .....ccccceeiveresiseseneesee e 799
27.235  Control Field O Receive Data Register (CFORR) .....oovviiiiiinirieirree e 799
27.2.36 Primary Control Field 1 Data Register (PCFIDR) ........ccoooiienieinine st 799
27.2.37  Secondary Control Field 1 Data Register (SCFLDR) .......oeovriririinerenieeniseie e 800
27.2.38  Control Field 1 Compare Enable Register (CFLCR) ......ccccorireririine e 800
27.2.39 Control Field 1 Receive Data Register (CFLRR) ......ocvvieciiiieie e 800
27240  Timer Control REJISIEr (TCR) ...ooiiiieiiciieese ettt see e e et te st a e re e e seesreeneesnean 801
27241 Timer Mode RegiStEr (TMR) ..ot 801
27242  Timer Prescaler REQISIEr (TPRE) ..ottt e 802
27243  Timer Count REGISIEr (TCNT) ...ooicirieirieirieieriei ettt 802
27.3 Operation iN ASYNCAIONOUS IMOOE .......c.oiuiiiiiiiieieeeeeieeiee ettt et sbe e 803
2731 Serial Data Transfer FOMEL .........cocoiiiirinereeeeee et ne e see e 803
27.3.2 Receive Data Sampling Timing and Reception Margin in Asynchronous Maode .................... 805
27321 Receive Data Sampling Timing AdjUSEMENE .......c.ccoiiiriiinere e 806
27.3.2.2 Transmit Data Transition Timing AdjUSIMENt .........cccccevviierierie e 807
27.3.3 ClOCK vttt ettt b ekt b et b e stk e ke ek ek se ke e b e b e bt et b e e e 808
27.34 Double-Speed Mode and Divide-by-6 MOTE ........cccocvvevererererereseeeeeeees e 808
27.35 CTSaND RTS FUNCLIONS ....veitiieiiiiiesie ettt st e se s sre et seesente e e e esessesseseenses 809
27.3.6 Data MatCh DELECHION ..ottt ettt se e e bbb bt be e e e eneas 810
27.3.7 SCI Initialization (ASyNChronOUS MOOE) ........c.coeeereriririnerere e e e 813
27.3.8 Serial Data Transmission (ASynchronOUS MOTE) .......ccvceeveieereiecie e se s 815
27.3.9 Serial Data Reception (ASynchronOUS MOTE) ........ccecvvveieiriiesese e 819
274 Multi-Processor CommunicationS FUNCLION .........cuoiiiriinniineeeseesee e 823
274.1 Multi-Processor Serial Data TranSMiSSION ......cccceveireireeriererieeseee st sesseessesesesessenens 824
27.4.2 Multi-Processor Serial Data RECEPLION ......ccueveeeeerireeesese e e et es 825
275 Operation in Clock SyNChronOUS MOE .........cociiiiiririerieieieeie ettt e 828
2751 1 oo S 828
2752 CTSaNA RTS FUNCHIONS ..ottt sttt sttt sbe bbb st st e e e e e seeneas 829
2753 SCI Initialization (Clock SynchronOUS MOME) ..........coceeceiiiiierieciese e 830
2754 Serial Data Transmission (Clock Synchronous MOde) .........ccccveieeieceneccee s 831
2755 Serial Data Reception (Clock Synchronous MOAE) ........ccccvveieniievienereeeeeeerese e 835
27.5.6 Simultaneous Serial Data Transmission and Reception (Clock Synchronous Mode) .............. 838

27.6 Operation in Smart Card INterface MOUE ........ccoiieirreeeir e 839



27.6.1 SAMPIE CONNECLION ...ttt s e s e b e eae e teere e beaneesaeeaeesaesnnensenrnens 839

27.6.2 Data Format (Except in Block Transfer MOE) ........ccvcvvereieiesireseseeseeeseee et nee s 840
276.3 BIOCK TransSfer MOUE ......cccoviveriririiirciie et 841
2764 Receive Data Sampling Timing and Reception Margin .........cccoeceveerenneieneneneneseseee e 842
27.6.5 SCI Initialization (Smart Card INterface MOdE) ........ccovveereirieirireese s 843
27.6.6 Serial Data Transmission (Except in Block Transfer Mode) .........coecvieviineineinieneenenes 845
27.6.7 Serial Data Reception (Except in Block Transfer Mode) ..........ccooeveiiieieneicinieneneeene e 848
27.6.8 (@1 oo Q@ 011011 8100 o1 1 (o) 850
277 Operation in SIMPIEIZC MO .......coeveveeeeeeeeeeeeeeeeee ettt e eetee et ee s s e s enen s s enen e s s s s en s s s s e s nenes 851
2771 Generation of Start, Restart, and Stop CoNAIitioNS .........cccvcvvirererieieeirere e e 852
27.7.2 (O3 ToTe1 @S/ 01 a1 1002 1 o o IR 854
27.7.3 SSDA OULPUL DEIGY ..ottt ettt 855
2774 SCI Initialization (SIMPIE 12C MOUE) ....covurereririiieieirireeee et nseeens 856
2775 Operation in Master Transmission (SIMple 12C MOE) .......ceuvveeerererreeeirereiseieseseeseseessseessseens 857
27.7.6 Master Reception (SIMPIE 12C MOUE) .......ccvveeeeeeeeeeseeeeeeeeeeeseee et eeeeee s s sseres s sessnensas s sen e 859
27.7.7 Recovery from BUS HaNG-UD .....covevieieieieecc ettt st st s nn e s 861
27.8 Operation iN SIMPIE SPI MOE .....cooviicese ettt st aene e sreen 862
278.1 States of Pinsin Master and Slave MOOES ..o s 863
27.8.2 SSFUNCLION IN MBSLEr MOUE ...t 863
2783 SS FUNCLION IN SIAVE MOTE ...t ere e srenen 863
2784 Relationship between Clock and Transmit/ReCEiVE Data ..........ccvvveereerieeneneneereneee e 864
2785 SCI Initialization (SIMPIE SPl MOUE) ......ccvcuirieirieirieiieere e 865
27.8.6 Transmission and Reception of Serial Data (Simple SPl M0OdE) ........ccoeveienrieiirenceene 865
279 Bit Rate Modulation FUNCLION ...........coiiriiiieireee e 865
2710  Extended Serial Mode Control Section: Description of Operation ...........ccocevevereneneienieniene e 866
27.10.1  Serial Transfer PrOtOCOI ......cooioiiiiiieese ettt se e e e 866
27.10.2  Transmitting & St FIaME ......cooiiiiiiiee et et b e seesee e 867
27.10.3 ReCEIVING 8 SEAMT FIAME ....oeiiieeieiee et e et be b b e 870
27.10.3.1 Priority INEEITUPL Bit ......oeoeeieeee et et nre e 875
27.10.4 Detection of BUS COlISIONS .....ccieieerieiereeeeesese s eeesee e ettt s seesaesesseseesseneen 876
27.105  Digita Filter for Input on the RXDX12 PiN ..ot 877
27.10.6 Bit RAE MEBSUMEIMENT .....eiiiieeiee ettt ee st et see st e e ne e e saeseeneas 878
27.10.7  Selectable Timing for Sampling Data Received through RXDX12 ..o 879
27.00.8  THITIEN eiiiieieeeee ettt ettt b et se bbb et e e bRt £ e e b b e e e bbb et e b b et e bbb e 880
2711 Noise Cancellation FUNCHION ........ccoioiiiriiieeeeere e s 882
27.12  INEEITUPDE SOUICES ....eivieuiitieeeete ettt eeesaeeseesbeebesbeeseease e s e sae e e e saeeaeesheese b e eabeebe e s e abeeasesaeeeeseeenseseeennanes 883
27.12.1 Buffer Operations for TXI and RXI TNEEITUPLS ......cooeriiiririiiseereereeie e 883
27.12.2 Interruptsin Asynchronous Mode, Clock Synchronous Mode, and Simple SPI Mode ........... 883
27.12.3 Interruptsin Smart Card INterfaCe MO .........cocvvveece e 884
27.12.4  InterruptSin SIMPIE IZC MOTE ....c.vveveiiecieieirisecie sttt 885

27.12.5 Interrupt Requests from the Extended Serial Mode Control Section ........c.ccccoeevenveneniecnnn 886



0 T V7= o | g o S 887

2704 USBOEINOLES ...ttt d et b bt bRt n e r e e et r e nre s 888
27141  Setting the Module SEOP FUNCLION ........c.iiiiiiiiiicee e 888
27.14.2 Break Detection and PrOCESSING .......ccceerererieierierereereseere sttt seere st e e sre e snese s e srenens 888
27.14.3 Mark State and Sending Breaks ..o e s 888
27.14.4  Receive Error Flags and Transmit Operations

(Clock Synchronous Mode and Simple SPI MOGE) .......cccovvveeieneie e 888
27145  Writing Datato the TDR REQISIEN ...cvcvciieiiric et st see s 888
27146  Restrictionson Clock Synchronous Transmission
(Clock Synchronous Mode and Simple SPI MOGE) ......c..cvvririeinieiriiereseeseeseee s 889
27.14.7 Restrictions 0N USING DTC ..ottt st s e 890
27.14.8  NOteS 0N SArting TrANSFEN ......oueiieiiriiiriier e 890
27.149  SCI Operations during Low Power COnNSUMPLION SEALE .........ccocererenerienierienee e 890
27.14.10 Externa Clock Input in Clock Synchronous Mode and Simple SPI Mode..........cccccvveceeveenen. 893
27.14.11 Limitations on SIMPIe SPI MOE ......cooviiuieiicice et 894
27.14.12 Limitation 1 on Usage of the Extended Serial Mode Control Section ..........cccocevvenrencnienenn 895
27.14.13 Limitation 2 on Usage of the Extended Serial Mode Control Section ..........ccccoeevenenenenienenn. 895
27.14.14 Note on Transmit ENable Bit (TE BiL) ....cccoeoveireirieinieirieereeereeesie e 896
27.14.15 Note on Stopping Reception When Using the RTS Function in Asynchronous Mode............. 896
28.  12C-bUS INEITACE (RIICA) ...viiviiiereiieieitie st etie st este st e steesteetaesteesbe s e e steesressaesteasbesseesteesseeseesreensensens 897

28.1 OVEIVIBIW .ttt bbbkt E b bt s E b bt E b b e bt e e e bk et et b b b et e bbbt s 897

28.2 RS o [ = g DTS o ] o o] =R 900
28.2.1 12C-bus Control REGIStEr 1 (ICCRL) ...ccuvvieeieeriiireieisissreiete et sssesessssssess s sssssessssssesesssnses 900
28.2.2 12C-bus Control REGISEr 2 (ICCR2) .....veuieeeiieiieieiieieissee e sssse s ssssessesesssesas 902
28.2.3 12C-bus Mode REGISLEr 1 (ICMRL) ..ottt 906
2824 12C-bus Mode REGISLEr 2 (ICMR2) .....ovuriieeiiirieieieieeeie et 907
28.25 12C-bus Mode REGISLEr 3 (ICMR3) ....cvieririerirririeirieieesesese e sesesnsesns 909
28.2.6 12C-bus Function Enable RegIStEr (ICFER) ........ccccviiieeiririeeciesisseete s ssssssesessssnes 911
28.2.7 12C-bus Status Enable REGISEr (ICSER) .....ccovvierieriieieeriseseieisssesssessssssssssss s ssssssssesssssss 913
2828 12C-bus Interrupt Enable REGISLEr (ICIER) .....coviiveiieeiieeieieiseeiseie s ssssesssse s 915
28.2.9 12C-bus Status REGISET 1 (ICSRL) ..ucvvueeieeeieeireieiseseiseseessse e isesseessssssssesssessssssessssssessssesnsnns 917
28210  12C-bus StatuS REGISIEr 2 (ICSR2) ...ecvvueeiieiriieieieireieisie st s ssssessssessssessssesssssssssessssssnsans 920
28211  Slave Address Register LY (SARLY) (Y S 01t02) coovooviciieniie et 923
28212  Slave Address Register Uy (SARUY) (Y T 010 2) c.oveirieiirieiieirieesieesie e 924
28213  12C-busBit Rate Low-Level RegIStEr (ICBRL) ....c.ccceuririiicesiseeieie et sssesssnnas 925
28.2.14  12C-busBit Rate High-Level Regiter (ICBRH) .......ccovivriiiniceieieieie e 926
28215  12C-bus Transmit Data REGIStEr (ICDRT) ...occuvieeirieirieieeeeeeseesessisessssessseesssessssessssessssessssesanens 928
28216  12C-bus Receive Data REGIStEr (ICDRR) ....c.cceuviririieinieiniseiniseeeeseesssesesesse s ssssenans 928
28217  12C-bus Shift REGISLEN (ICDRS) .....cuiieeiieeiieireieeseseeseieesesstsessssesessssesssse s ssesessssessssessesessssesnes 928

28.3 (@] 07 = 1o OSSO PRSP 929
28.3.1 CommUNICatioN DAa FOIMMEL ........cceviireriereiresreee e s 929
28.3.2 INITTA]L SEHEINGS ..ttt ettt ettt 930



28.3.3 Master Transmit OPEIatiON ........ccvceeciiieie ettt sae e e e s ae e etesreeneenneenes 931

28.34 Master RECEIVE OPEIGLION ......cecvererierieriesesteseeseeseeseeeeseseseesestessessestessessessassessessesessessesssssenses 934
28.35 Slave TranSMit OPEFAtiON ......cceivereeeeeriesesese st et e e et se et tesr e e e see e eseesessensesresaeseensen 940
28.3.6 SlaVe RECEIVE OPEIAHION ......ciieiiieiisieieiere ettt bbb nn s 943
284 SCL SynchroniZation CIFCUIT ........c.ueerieuirieireee ettt se et b e e e s e b e 945
285 SDA Output Delay FUNCLION ......ccoiuiiiiiieenienesie ettt 946
28.6 DKo ] = I N Lo TES T (= £ 947
28.7 AdAress MatCh DELECHION .......cccvviiiriririiririerieeris ettt sa b s e enan 948
28.7.1 Slave-Address MatCh DELECHION .........coeeieeuiriiiiieirie e e e 948
28.7.2 Detection of the General Call AAArESS ........ccoovviiiiiinieree e e 950
28.7.3 Device-ID AdAreSS DELECLION ........cieiuirierieieeeee ettt sttt bbb b e sre s 951
28.7.4 [ (01 QN0 0[S DL (= o o o S 953
28.8 Automatic Low-Hold FUNCEION FOF SCL ....cuiiiieieeeeeere et 954
28.8.1 Function to Prevent Wrong Transmission of Transmit Data .........ccccceeeevveeneseneseseeneeseeneeneens 954
28.8.2 NACK Reception Transfer SUSPension FUNCLION ... 955
28.8.3 Function to Prevent Failure to RECEIVE DL ..........ccceveevirireerieeirieereeeseeereeesieesre e 956
28.9 Arbitration-Lost Detection FUNCLIONS ..........ooiiiiiieeeecsese et s 958
289.1 Master Arbitration-Lost Detection (MALE Bit) ....cccoooieiniiiineee e 958
28.9.2 NACK Transmission Arbitration-Lost Detection Function (NALE Bit) ......cccccorvniennicnenns 960
28.9.3 Slave Arbitration-Lost Detection (SALE Bit) .....ccooiiiirinireeee e 961
28.10  Start Condition/Restart Condition/Stop Condition Generating FUNCLION ........cccccovcevievceevececieceee 962
28.10.1  Generating a Start CONMITION .......c.couoiiiiiieie et b e sr e e 962
28.10.2 Generating a Restart CONITION .........ccviuieiiiiiiese e eeaesre e 962
28.10.3  Generating aStop CONAItION .......cceceviiieiereeieeeee e et se e e e e ere e s 963
22 T N R = 11 Y o =T 1 o P 964
22 50 St R T 41 o U G T o 1 o o SR 964
28.11.2  Additional SCL OULPUL FUNCLION ......ceiiiiiiieiesiesieiees et see e s et sne s e eneens 966
28.11.3 RIIC Reset and INterNal RESEL .......coveieveieeeeeeee ettt ne e e e 967
28.12  SMBUS OPEIELION ....cueiviiiieieiiiiteeet ettt sttt re bt b e bt e bt se bt e bt e bt e bt s bt se e bt b st b b s st nrens 968
28121  SMBUS TimEOUt MEASUMEMENT ......eoviieiieieereeieieeeeeeseseeste e seeseeee e e e esesteseeseesseseeseenenneeseeneses 968
28.12.2  Packet Error COUE (PEC) ..ottt ettt 969
28.12.3  SMBusHost Naotification Protocol (Notify ARP Master Command) ...........ccccoveverenencnenieenn 969
28.13  INEEITUPL SOUICES ....coiviiteeterieeteeteete st ettt ettt se e s bt e s b e esbeesseeb e e e e saeeaeesaesaeesheeae et e eseenbesreenesneeneanis 970
28.13.1  Buffer Operation for TXI and RXI INLETUPLS .....ccevveerieiriiiriieseeses e 970
28.14  Initialization of Registers and Functions When a Reset is Applied or a Condition is Detected ....... 971
28.15  Event Link FUNCLION (OULPUL) .....oviieeiieieetieierie et b s s s e sr e e 972
28.15.1 Interrupt Handling and EVENnt LinKiNG .......cccoooeeirieeie e ae e 972
28.16 L0 ES-=T0 (o (0] L= SRR 973
28.16.1  Setting Module StOP FUNCLION .....c.couiiiiiiiiiiiee et e e 973

28.16.2 NOtES 0N Starting TrANSFEr ......ccuiivieiccee e e e e re s 973



29, CAN MOAUIE (RSCAND) .ettiiiiiieiie ettt ettt e et e e et e e e et e e s e aan et e e s e e e e nnnes 974

29.1 OVEIVIBIW .ottt e e bt e R R Rt e bRt pr e e ren s 974
29.2 S [ =g 1= o 1 o o] 977
29.2.1 Bit Configuration Register L (CFGL) ....occveieiiceceeeeeet ettt 977
29.2.2 Bit Configuration RegiSter H (CFGH) .....c.covoieeciee et 978
29.2.3 Control REGISLEr L (CTRL) .oviieieeeeieeeseete e seseesee s e sseste e ste st e e sa e e e e s esassessessesseseeseeneen 979
2924 Control REGISLEr H (CTRH) .ottt 981
29.25 SEAUS REGISIEN L (STSL) .evuiuirerieieiee sttt sttt sttt ettt sttt st s 983
29.2.6 StatUS REGISIEr H (STSH) ettt bbb bbb s 984
29.2.7 Error Flag RegISter L (ERFLL) ...oouiiiiiiiie ettt e 985
29.2.8 Error Flag Register H (ERFLH) ....ooviiiee et 987
29.2.9 Global Configuration REQISLEr L (GCFGL) ..ccccveeeeeeececeee et e e e e sre e seeneas 988
29.210  CGlobal Configuration Register H (GCFGH) .....c.ooiiriiiiieiecee e 989
29211  Global Control REGISIEr L (GCTRL) ....cviueiieiirieerieesieisi ettt 990
29.212  Global Control Register H (GCTRH) ......ooiiiiiiiiesieeee et 991
29213  Global StatuS REGISIEN (GSTS) ...cverierieiiiriririeiesesesieieiere st ses bbb s sn s 991
29.2.14 Global Error Flag Register (GERFLL) .......cocviieieieceseee et nreens 992
29.2.15 Global Transmit Interrupt Status Register (GTINTSTS) ...ooccvecvveeeseee e 993
29216  Timestamp REGISIEr (GTSC) .ouiciririiririiririinirteriete ettt ettt a e es 994
29.2.17 Receive Rule Number Configuration Register (GAFLCFG) .....covoiiriivnireevee s 994
29.2.18 Receive Rule Entry Register JAL (GAFLIDL]) (j =010 15) oo 995
29.2.19 Receive Rule Entry Register jAH (GAFLIDH;)) (j =010 15) .ioooiiiiieeeeeeeeeseeeeese e 996
29.2.20  Receive Rule Entry Register jBL (GAFLML)) (j =010 15) .ooceiiiirieiiiinere e 997
29.221  Receive Rule Entry Register jBH (GAFLMH]) (j = 0t0 15) .oovviieiirreeerereeeeeseeeceens 998
29.2.22 Receive Rule Entry Register JCL (GAFLPL]) ( =010 15) .ivvvecevereeeeereeeeese e see e 999
29.2.23  Receive Rule Entry Register JCH (GAFLPH]) (j = 0t015) .ivovvivveverereeeeeece e 1000
29.224  Receive Buffer Number Configuration Register (RMNB) ..o 1001
29.2.25  Receive Buffer Receive Complete Flag Register (RMNDO) .......cooiiriniiinene e 1001
29.2.26  Receive Buffer Register NAL (RMIDLN) (N =010 15) .eoiiiiiniiiienie e 1002
29.2.27 Receive Buffer Register NnAH (RMIDHN) (N =010 15) cvcveieececece e 1003
29.2.28 Receive Buffer Register nBL (RMTSN) (N =010 15) .ovoiiieiriiiriiirereereeeeeee e 1004
29.2.29 Receive Buffer Register nBH (RMPTRN) (N =010 15) ...oviiiiiiniiiriereereeceeee e 1005
29.2.30 Receive Buffer Register N"CL (RMDFON) (N =010 15) ...coeovviiirieirieireiseeseeeeee e 1006
29.2.31 Receive Buffer Register N"CH (RMDF1N) (N= 010 15) .ocvoiivieiicieeeee e 1006
29.2.32 Receive Buffer Register nDL (RMDF2N) (N =010 15) ..ovoveiieiiicieeeee e 1007
29.2.33 Receive Buffer Register NnDH (RMDF3n) (N =010 15) .uocvveeceiereve e 1007
29.234  Receive FIFO Control Register m (RFCCmM) (M =10, 1) ..coovinrinirinieiieeneeeseeesee e 1008
29.2.35 Receive FIFO Status Register m (RFSTSM) (M =10, 1) ...ooeiviinirireseeeeee e 1009
29.2.36 Receive FIFO Pointer Control Register m (RFPCTRM) (M =10, 1) ...ccooevivieiniinenenerieee 1010
29.2.37  Receive FIFO Access Register mAL (RFIDLM) (M =10, 1) cccoovreeiiinirenieenerese e 1011
29.2.38  Receive FIFO Access Register mMAH (RFIDHM) (M =0, 1) .oooivieiiiinrneenereeeeeesiseeiees 1011



29.2.39
29.2.40
29.2.41
29.2.42
29.2.43
29.2.44
29.2.45
29.2.46
29.2.47
29.2.48
29.2.49
29.2.50
29.251
29.2.52
29.2.53
29.2.54
29.2.55
29.2.56
29.2.57
29.2.58
29.2.59
29.2.60
29.2.61
29.2.62
29.2.63
29.2.64
29.2.65
29.2.66
29.2.67
29.2.68
29.2.69
29.2.70
29.2.71
29.2.72
29.2.73
29.2.74
29.2.75
29.2.76
29.2.77
29.2.78
29.2.79

Receive FIFO Access Register mBL (RFTSM) (M =10, 1) ..ccooeiveieiieeee e seeie s 1012

Receive FIFO Access Register mBH (RFPTRM) (M =0, 1) .oocovcvvvvevireereereeeeeeeeese e 1012
Receive FIFO Access Register mCL (RFDFOM) (M =10, 1) oocvvvvevevereereereeeseee e 1013
Receive FIFO Access Register mCH (RFDFIM) (M =0, 1) ...ccveeveiereeneereesieeee e 1013
Receive FIFO Access Register mDL (RFDF2m) (M =0, 1) ..vccvviineireeneeseeseeseseseee 1014
Receive FIFO Access Register mDH (RFDF3mM) (M =10, 1) ..o 1014
Transmit/Receive FIFO Control Register OL (CFCCLO) ....covveveeveee et 1015
Transmit/Receive FIFO Control Register OH (CFCCHO) .....occvvovvvvive e 1017
Transmit/Receive FIFO Status Register 0 (CFSTS0) ....cvvvvevereriereseeeseseeeeese e seeeas 1018
Transmit/Receive FIFO Pointer Control Register 0 (CFPCTRO) .....ooviveivieieveenerecnenes 1020
Transmit/Receive FIFO Access Register OAL (CFIDLO) ....covvveviieenicerieereeereeeseeeseeesees 1021
Transmit/Receive FIFO Access Register OAH (CFIDHO) .......coeviiiriiinieenereeeseeceees 1022
Transmit/Receive FIFO Access Register OBL (CFTS0) ...cecveinierieeiienirenisereresisieeeseseeieies 1023
Transmit/Receive FIFO Access Register OBH (CFPTRO) ....c.occeevvveeveciese e 1024
Transmit/Receive FIFO Access Register OCL (CFDFO0) .....ccoecveveeceeieeie e 1025
Transmit/Receive FIFO Access Register OCH (CFDF10) ......ccveeveinieeriienenesieesieseseeeees 1025
Transmit/Receive FIFO Access Register ODL (CFDF20) ......cccoeeveeniiirieneneseesieseseeeees 1026
Transmit/Receive FIFO Access Register ODH (CFDF30) ......cccoeerierieirieiseresieeseseseeseees 1026
Receive FIFO Message Lost Status Register (RFMSTS) ..o 1027
Transmit/Receive FIFO Message Lost Status Register (CFMSTS) ..o 1027
Receive FIFO Interrupt Status Register (RFISTS) ..o 1028
Transmit/Receive FIFO Receive Interrupt Status Register (CFISTS) ....coovvvvvvinecniccnine, 1028
Transmit Buffer Control Register p (TMCP) (P =010 3) .ooveiiiiriirrereereeree e 1029
Transmit Buffer Status Register p (TMSTSP) (P =010 3) .oeeveeririrrieeeeeeres e 1030
Transmit Buffer Transmit Request Status Register (TMTRSTS) ..o, 1031
Transmit Buffer Transmit Complete Status Register (TMTCSTS) ...ovoveveiieieneeeeeeeee e 1032
Transmit Buffer Transmit Abort Status Register (TMTASTS) ...oovevvcieeeveeeeeece e 1033
Transmit Buffer Interrupt Enable Register (TMIEC) ... 1034
Transmit Buffer Register pAL (TMIDLP) (P =010 3) .ooveirririrririereeerese e 1034
Transmit Buffer Register pAH (TMIDHP) (D =010 3) ..oovooiiiiriieeeeeeeeeereeeseeeeee s 1035
Transmit Buffer Register pBH (TMPTRP) (P =010 3) ..oooiiiriiiienere e 1036
Transmit Buffer Register pCL (TMDFOP) (P =010 3) ..eoeiiiririrereeieee e 1037
Transmit Buffer Register pCH (TMDF1P) (=010 3) .ocvcceevviee e 1037
Transmit Buffer Register pDL (TMDF2P) (D =010 3) ..oouiiivriririeriereeeerese e 1038
Transmit Buffer Register pDH (TMDF3P) (D =010 3) .oovviiiirriieeneeeeenieesee e 1038
Transmit History Buffer Control Register (THLCCO) .....cooeirieinieireirieesieeseeeseeesieeseens 1039
Transmit History Buffer Status Register (THLSTS0) ...ocvecvviieieceeee e 1040
Transmit History Buffer Access Register (THLACCO) ....ccooeeveieereceese e 1041
Transmit History Buffer Pointer Control Register (THLPCTRO) ......ccoovvvvieveveeieeeseeeeeeen 1042
Global RAM Window Control Register (GRWCR) ........ccovireirieireerieesieesieesee e 1043

Global Test Configuration Register (GTSTCFG) .....ceveirrerieerieineesieesie s 1044



30.

29.280  CGlobal Test Control Register (GTSTCTRL) ...coviiiireiieniieeiesereseeeree s 1044

29.2.81  Globa Test Protection Unlock Register (GLOCKK) ....coovvvreieiesineseseeseseeeee e 1045
29.282 RAM Test Register r (RPGACCI) (F = 010 127) ..ovvevieereerierieeeeesiesesie e 1045
29.3 L@ V1Y T 1= ST 1046
29.3.1 GlODA MOUES ...ttt ettt ettt et st seebene et e seebenea 1046
29.3.2 ChanNEl MOOES ........oouiiiieiise ettt se st e saeseesbesteseenae e nsennnnnnns 1048
294 RECEDLION FUNCLION ...ttt bbbttt b et 1052
294.1 Data Processing Using the Receive RUle TaDIE ..o 1052
29.4.2 L1 = 0] o SRS S 1054
295 TranSMiSSION FUNCLIONS ......ccuoiiiiiiieieieiee ettt sttt sttt e et et eneebesseeaesbeseees 1055
2951 Transmit Priority DeterMination ..o 1055
29.5.2 Transmission Using Transmit BUFFErS .........oociiiiiiii s 1056
2953 Transmission USiNg FIFO BUFFEIS ..o 1056
29.54 Transmit HiStOry FUNCLION .......ocueeiece et 1059
29.6 TESE FUNCLION ...ttt ettt b e b bt se b b se e e s et et eb e e b e e aeebenb e b e 1060
29.6.1 StaNAArd TESE IMOUE ....o.eoveeeieieee ettt sttt sb et esbe e 1060
29.6.2 LiStEN-ONIY MO .....oiiieieieecie sttt st sttt ettt sttt 1060
29.6.3 Self-Test Mode (LoophaCk MOOE) .......coeeeeeeeesire et nnens 1061
29.6.4 L Y - SRR 1061
29.7 L1010 (Vo O P TR 1062
29.8 TN 1Y VLY T 0T (o PSSR 1065
29.9 LT = S 111 o R 1066
29.9.1 (01 oot 1S 1 ] o 1067
29.9.2 2T T g T o TS = o 1067
29.9.3 CommuniCation SPEEA SELING .....ccvevieieiire e nne s 1068
2994 RECEIVE RUIE SEIIING ...ttt et s 1069
29.9.5 [0 = S ] oo SRS 1070
20.10  RECEPLION PrOCEAUIE ........eeieeieee ettt sttt ste s ae e ae s e tesae et e ena et e enaanseeanenneeneenrennnas 1071
29.10.1 Receive Buffer Reading PrOoCEAUNE .........cceiiioiciceceerr ettt 1071
29.10.2 FIFO Buffer Reading ProCEAUE ...........covieeiiiee ettt a e st nnas 1073
29.11  TranSMISSION PrOCEAUIE ......cc.cirieiirieierietesisiesestese st ses st se st st seebesaebesaebesaebeseebeseenesbenesbeestenesseneas 1075
29.11.1 Procedure for Transmission from Transmit BUFFErs ... 1075
29.11.2  Procedure for Transmission from Transmit/Receive FIFO BUFfers .......c.ccccovvvevvcccneccnine, 1078
29.11.3  Transmit History Buffer Reading ProCeAUIE ... 1081
2012 TESE SEINGS eovireetirieieieeie ettt b bbbt b et b et b et b et ben ettt et benea 1082
29121  Self-Test Mode Setting ProCEAUIE ..........coueiriiiiinriireeee et 1082
20.12.2 Protection UNIOCK PrOCEAUIE .........cieieieese i oo seeeeee e e ste st e sennsesae e eneesessessessenseses 1083
29.12.3  RAM Test SEttiNGg PrOCEAUIE ........ooveuiietiietieetereet et 1084
29.13  NOteSON the CAN MOAUIE ...ttt et s s st e e sae b e 1085
Serial Peripheral Interface (RSPIC) ......ooviiiiiieeiiiees ettt e e e e e e e e e e eeeeaeane 1086

30.1 OVEIVIBIV ettt et e e et e e ettt e et ee s st e e e easeeesasaeesasseesaateesaseessaseeseaseeesansesesseessareesansesesanseesasenesan 1086



30.2 REQISIEr DESCIIPLIONS ...ttt ettt te s s te b e e s e et e eae et e saeesaesseenaesteeneenseereenes 1090

30.2.1 RSPl Control REGISIEr (SPCR) ..ottt e s 1090
30.2.2 RSPI Slave Select Polarity RegISter (SSLP) ....ccvevv e 1092
30.2.3 RSPI Pin Control REGISLEr (SPPCR) ......cieiieieiereeeeeeieee e e e ste st see s e e esesse e snessessesns 1093
30.24 RSPl StatUS REJISIEr (SPSR) ...eeuererereiesereesrsieieeresiere s sess s sssssssessesesenennes 1094
30.2.5 RSPI Data REGISIEr (SPDR) .....cveoveeeeereeesensesssesisssessssssssssssssssssssssssssssssssssssssssssssssssssnssns 1097
30.2.6 RSPI Sequence Control Register (SPSCR) .....c.ooveirieirieirierieees e 1101
30.2.7 RSPI Sequence Status Register (SPSSR) .....cccviieirieirieirieerereese e 1102
30.2.8 RSPl Bit Rate REGIStEr (SPBR) .....ccvueieiiiiririeieeirise ettt 1103
30.2.9 RSPI Data Control Register (SPDCR) .....covovvieerireriereiesesre s s sseseenesnns 1104
30.2.10  RSPI Clock Delay RegiSter (SPCKD) ...occoivereirirrrrereereresereesesseeree s nenesssenes 1106
30.211 RSPl Slave Select Negation Delay Register (SSLND) ...oovvvveiriinirenrieeseneeseeeseeesesne s 1107
30.2.12 RSPl Next-Access Delay RegiSter (SPND) ..o 1108
30.213 RSPl Control RegiSter 2 (SPCR2) ......coiuiiiririiieierieieneeie ettt 1109
30.2.14 RSPl Command Register m (SPCMDM) (M =010 7) .ecceererieriririsiene e 1110
30.2.15 RSPl Data Control Register 2 (SPDCR2) .......cccovviirieieiririeieirenesieieesesesiere e sssnenese s 1113
30.3 (@7 o< 1o o SRS 1114
30.3.1 Overview Of RSPl OPErELIONS .....c.ccveviieeieiisie s eses e et esae e saeseesresseestesaesreeseesseensesseenns 1114
30.3.2 Controlling RSPI PINS .....oiieiiceeeees ettt et e e eae e stesne e e s seeeenseenes 1115
30.3.3 RSPI System Configuration EXAMPIES ........ccceiereriereeirese s sieseeseeseeseeeesese e sresee s ssensenes 1116
30.3.3.1 Single Master/Single Slave (with ThisMCU Acting asMaster) .....ccccceveeeveecenieinnnnns 1116
30.3.3.2 Single Master/Single Slave (with ThisMCU Acting as Slave) .......c.ccccveeneienencnienenn 1117
30.3.3.3 Single Master/Multi-Slave (with ThisMCU Acting as Master) .......cccceoviveienineneene 1118
30.3.34 Single Master/Multi-Slave (with ThisMCU Acting as Slave) ......ccccceeeererienenienieneens 1119
30.3.35 Multi-Master/Multi-Slave (with ThisMCU Acting as Master) ........cccovevvvveveneennene. 1120

30.3.3.6 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation)
(With ThiSMCU ACtING @S MESLEY) ....coviireiiriiirieeeteeieeet e 1121

30.3.3.7 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation)
(With ThiSMCU ACHING 8S SIAVE) ....ceeeieiieiiieriere et 1121
30.34 (D=t 0 0 7= USROS 1122
30.34.1 When Parity is Disabled (SPCR2.SPPE = 0) .....ccovririeiinerieeieerriese s 1123
30.34.2 When Parity is Enabled (SPCR2.SPPE = 1) ....cccviiiiirinceerese e 1127
30.34.3 Byte SWap TranSMISSION ....cc.ccvevieeeeeiesiesteseseeseesaeseeseeesressessesresteseeseesessessesssssssessenns 1131
30.34.4 Byte SWap RECEDLION ....ovieiiiiiitietese ettt 1132
30.3.5 B =05 0 2 1133
30.35.1 CPHA S0 ettt bbb e 1133
30.35.2 CPHA S 1 ettt b et 1134
30.3.6 Communications OPerating MOTE ..........ccoiiiiiiinire et e ene e 1135
30.36.1 Full-Duplex Communications (SPCR.TXMD = 0) ..ccccvevviieie e 1135
30.3.6.2 Transmit-only Simplex Communications (SPCR.TXMD = 1) ...cccoceeiveineiineienieenene 1136
30.3.7 Transmit Buffer Empty/Receive Buffer FUull INLETUPES ........ovvevireirereneeeeceecens 1137

30.3.8 [AIE TNEEITUDL ...ttt bbbttt b e 1138



31.

32.

30.3.9 [ (0T R DL (= o 110 o R 1139

30.39.1 OVEITUN EITOT .o e 1140
30.3.9.2 L Y = S 1142
30.3.9.3 MOTE FAUIT EITOF ...ttt ettt ettt ebe e 1143
30.394 UNGEITUN EFTOF oottt s b bbb sr e nn b 1143
30.3.10  INItIElIZING RSP ..ottt sttt b s 1144
30.3.10.1 Initialization by Clearing the SPE Bit ........ccccco oo 1144
30.3.10.2 SYSIEM RESEL ... 1144

30.3. 11 SPlOPEIALION ..ovvceiereriereeeresesres et r e s e n e n s 1145
30.3.11.1 MaSter MOOE OPEIELION .......coveueririiriiteriete ettt b et see b e seebe e 1145
30.3.11.2 SIAVE MOUE OPEIGLHON .....cviecvieeiirieteseet ettt 1155
30.3.12  Clock SynchronoUS OPEFEION .........cceoerueirueiriiiriiiseesess st s s s s seesenes 1159
30.3.12.1 MaSter MOOE OPEIGLION ......c.covrereereiireririeieie sttt b ettt 1159
30.3.12.2 S = VSR Koo (X @ o = (] o S 1163
30.3.13 [ T0] 0102 ox Q1Y oo (= S 1165
30.3.14  Self-Diagnosis of Parity Bit FUNCLION .........cccoiiiiriiinniieieeeeseeee e 1166
30.3.15 INEEITUDE SOUICES ...ttt sttt r e e r e e n e s 1167
304 USBOE NOLES ...t e e s s e e e sn e 1168
304.1 Setting Module SEOP FUNCLION ......covoiiiiiiiirieirieesees e 1168
30.4.2 Note on Low Power Consumption FUNCLIONS .........c..ecireirieinieinieeseesie e 1168
304.3 NOtES ON SEATING TrANSFEY ..o 1168
304.4 Notes on the SPRF anNd SPTEF flags .......cccieiiiirieeeeerere e 1168
CRC CalCUIAtOr (CREC) ....eiiiiieiiiiiiee ettt ettt e e e sttt e e s s ettt e e s s nbbe e e e s snnneee s 1169
311 (@ oV OSSPSR 1169
31.2 RS o[ = g DTS o ] o o] =PTSRS 1170
3121 CRC Control RegiSter (CRCCR) ....c.coviririiiriieeie sttt sne e sne e 1170
31.2.2 CRC Data lnput Register (CRCDIR) ......cccciviiriiririieenesisie et 1170
31.2.3 CRC Data Output Register (CRCDOR) ......ccourueuiiririeieeneresisie st sssssseseses 1171
313 (@70 1< =[]0 o S 1172
314 USBOE INOLES ...ttt sttt sttt e s ae et e sb e et e e he e s e ehe e e e sae e ee e eaeebesaeesbesanenbesaeanbesnnanes 1175
3141 Module StOp FUNCLION SEHING .....coteteieeiiieirie e s 1175
31.4.2 N[0 L= X0 g T = 1 4TSS o o TSR 1175
Capacitive Touch Sensing Unit (CTSUZ2SL, CTSUZL) ..cccoiiiiiieeiiiiiiie et 1176
321 (@ oV SRR 1177
32.2 REQISIEr DESCIIPLIONS ...ttt st e e e et e eae et e saeesaesaeenaesteeneenseeneenes 1180
3221 CTSU Control Register A (CTSUCRA) ..ottt 1180
3222 CTSU Control Register B (CTSUCRB) ......cccouriruiinirinirieneresieiesesesesie s sesssseseses 1186
3223 CTSU Measurement Channel Register (CTSUMCH) ..o 1188
32.2.4 CTSU Channel Enable Control Register A (CTSUCHACA) ..o 1190
32.25 CTSU Channel Enable Control Register B (CTSUCHACB) ......ccccoiviivineneereenieesieenieens 1191

32.2.6 CTSU Channel Transmit/Receive Control Register A (CTSUCHTRCA) ....ccvevvvierienenienens 1192



32.2.7 CTSU Channel Transmit/Receive Control Register B (CTSUCHTRCB) ......cccccccvvveevenee. 1193
3228 CTSU Status RegiSter (CTSUSR) ..ot eees 1194
3229 CTSU Sensor Offset Register (CTSUSO) ...ccvvvrerieirerreiereeresereseesrsresesesnereesesssseseesnenesesenes 1196
32210  CTSU Sensor Counter (CTSUSCNT) ..voveevirieirieierieerieiesieiesieeseee s ssee e 1198
32211  CTSU Cdlibration Register (CTSUCALIB) .....ooueiiiiriereereseeresi s 1199
32212  CTSU Sensor Unit Clock Control Register A (CTSUSUCLKA) ..o 1202
32213  CTSU Sensor Unit Clock Control Register B (CTSUSUCLKB) ....c.covveieenrinicenenenieieeens 1203
32214  CTSU Trimming Register A (CTSUTRIMA) ..ot 1204
32215  CTSU Trimming Register B (CTSUTRIMB) ..o 1205
32216  CTSU Option Setting RegiSter (CTSUOPT) ....c.coiiiiriiriiesieesiesesiesesie s seenes 1206
32.2.17 CTSU Sensor Counter Automatic Correction Table Access Register (CTSUSCNTACT) ...1208
32218  CTSU Automatic Judgment Control Register (CTSUAJICR) ......oovirererieineineenieeseeenienes 1209
32219  CTSU Threshold Register (CTSUAJITHR) ....ooviiiiiiiieiiirrieiee e 1210
32220 CTSU Moving Average Result Register (CTSUAIMMAR) .....oovvviviinrnieeinneeeneseeneees 1211
32.2.21 CTSU Baseline Average Intermediate Result Register (CTSUAJIBLACT) ...oovvecvvvcvennenne, 1212
32222  CTSU Baseline Average Result Register (CTSUAJIBLAR) ..o 1212
32223  CTSU Automatic Judgment Result Register (CTSUAJIRR) .....ooveerieirireniireneneescseseeeees 1213
32.224  CTSU A/D Converter Connection Control Register (CTSUADCC) .....cccovverenieenieenieenienes 1214
323 (0] o< = 1o o USSR 1215
3231 Principles of Measurement OPEration ...........ccoeueereireneneneneesie e e 1215
32.3.2 MEBSUMEIMENT SEBLE .......coveiiiriiirisesie et et 1217
3233 MEASUIEMENT MOUES .......coviieie ettt 1218
3234 110 U0 £SO P PP PROPRRON 1219
32341 Register Setting Request Interrupt (CTSUWR) ..o 1219
32.34.2 Measurement Data Read Request Interrupt (CTSURD) .....ccvveeveeneneneenicesieesieens 1220
32.34.3 Measurement End Interrupt (CTSUFN) ......coooiiiiiineereereereeseeesee e 1220
324 L0 E-=T0 (S N (0] =S PRSI 1221
324.1 Measurement Result Data (CTSUSC RESISLE) ......ccuvirieirieirieirieesie et 1221
324.2 S0 LA L I T o = PO USSR 1221
3243 EXEEINE] THIGOEN -tviuiirteteieirer ettt et ekttt bbbt st b bbbt nnas 1221
324.4 Constraints 0N FOIrCEA SEOPS ......ccvvvieiiiieiieieieeeees s e e se e sre e s aesrestesaeseeneenens 1221
3245 LIS 7 2 = = 1o T 1222
32.4.6 Setting of the Sampling Cycle on Spread SPECIrUM ..o 1222
32.4.7 Notes on Measurement Operation (CTSUCRA.STRT Bit = 1) ....cccoevviirennenieeeeneeee 1222
3248 Transmit Pin in Self-Capacitance Method ..o 1222
1 T Y S 1223
B4, RN GA Lt E e Rt R et e Rt b e n e s 1224
35.  12-Bit A/ID CONVEItEr (SL2ADE) .....ueiiiiiiiiiieiii ettt e e e e e e s b e aeas 1225
35.1 OVEIVIBIW .ttt Rt e bRt e R bt e b bt b bt ben b s 1225
35.2 RS o[ = g DS o ] o o] USSR 1229
35.2.1 A/D Data Registersy (ADDRYy) (y =0to0 8, 16 to 21, 24 to 26),



35.2.2
35.2.3
3524
35.2.5
35.2.6
35.2.7
35.2.8
35.2.9
35.2.10
35211
35.2.12
35.2.13
35.2.14
35.2.15
35.2.16
35.2.17
35.2.18
35.2.19
35.2.20
35.2.21
35.2.22

35.2.23

35.2.24

35.2.25
35.2.26
35.2.27
35.2.28
35.2.29

35.2.30

35.2.31
35.2.32
35.2.33
35.2.34
35.2.35
35.2.36

A/D Data Duplication Register (ADDBLDR),
A/D Temperature Sensor Data Register (ADTSDR),

A/D Internal Reference Voltage Data Register (ADOCDR) ......c.ocveviviieviiieese e 1229
A/D Self-Diagnosis Data RegiSter (ADRD) ......ccevueieieirecesese e e se e se e sne e 1231
A/D Control ReGIStEr (ADCSR) .....cceiieieieiee ettt stese st e ettt ne e ne e e 1232
A/D Channel Select Register AO (ADANSAD) ..ot 1236
A/D Channel Select Register AL (ADANSAL) ..ottt 1237
A/D Channel Select Register BO (ADANSBO) .....ccooiviririiiriririeiereresisieee s 1238
A/D Channel Select Register BL (ADANSBL) ....cooviriiirieeseeee e 1239
A/D-Converted Value Addition/Average Function Select Register 0 (ADADSO) ................ 1240
A/D-Converted Value Addition/Average Function Select Register 1 (ADADS]) ................ 1241
A/D-Converted Vaue Addition/Average Count Select Register (ADADC) ....cccocevveerienene 1243
A/D Control Extended Register (ADCER) .......ccoiiiiiriiieireeneesees st 1244
A/D Conversion Start Trigger Select Register (ADSTRGR) .....ccoovveinieineeneesieesee e 1246
A/D Conversion Extended Input Control Register (ADEXICR) .....ccooceiiiieneneieneneeenienee 1248
A/D Sampling State Register n (ADSSTRN) (Nn=0t08,L, T, O) veoevveceeveeeceee e 1250
A/D Disconnection Detection Control Register (ADDISCR) ......ocvevvvveevvcieere e seeieseens 1251
A/D Event Link Control Register (ADELCCR) .....cccoiriiiiriirieeee st 1252
A/D Group Scan Priority Control Register (ADGSPCR) ......cccoveirieireireeseesiesesesesie s 1253
A/D Compare Function Control Register (ADCMPCR) .......cccviririnieineneeseesie e 1254
A/D Compare Function Window A Channel Select Register 0 (ADCMPANSRQO) ............... 1256
A/D Compare Function Window A Channel Select Register 1 (ADCMPANSRY) ............... 1257
A/D Compare Function Window A Extended Input Select Register (ADCMPANSER) ...... 1258
A/D Compare Function Window A Comparison Condition Setting Register O

(ADCMPLRO) ..oooveoeeeeeeeeeeeeeee s essesee s sss s es s sessesssessssesssesssessssesssesseas s sessaessenanns 1259
A/D Compare Function Window A Comparison Condition Setting Register 1

(ADCMPLRLY) ..ooocveeeeeeeseeeeeese s eesessesse s ssessssssessses s snssssses s ssnsssassssesssnssses s snssanssnnsnns 1261
A/D Compare Function Window A Extended Input Comparison Condition Setting Register
(ADCMPLER) ....cviiiiicte sttt st sttt sttt sa et e sa et e s e be et snebesaenenans 1262
A/D Compare Function Window A Lower-Side Level Setting Register (ADCMPDRO) ...... 1263
A/D Compare Function Window A Upper-Side Level Setting Register ADCMPDRY) ...... 1265
A/D Compare Function Window A Channel Status Register 0 (ADCMPSRO) .........ccccevenee. 1267
A/D Compare Function Window A Channel Status Register 1 (ADCMPSRY) .........ccccceue.e. 1268
A/D Compare Function Window A Extended Input Channel Status Register

(ADCMPSER) ...oovooveeeeeeseeeeeeseseeesessessessesssssssssssssssssssssssesssessssesssesssssssssessessssssssssanssnssnns 1269
A/D High-Potential/L ow-Potential Reference Voltage Control Register

(ADHVREFCNT) ..oooooeeeeoeeeeee e es e ssessseesassessses s sssess s ssesesassssessses s ssaesesensens 1270
A/D Compare Function Window A/B Status Monitor Register (ADWINMON) .................. 1271
A/D Compare Function Window B Channel Select Register (ADCMPBNSR) ..........ccc...... 1272
A/D Compare Function Window B Lower-Side Level Setting Register (ADWINLLB) ...... 1274
A/D Compare Function Window B Upper-Side Level Setting Register (ADWINULB) ...... 1276
A/D Compare Function Window B Channel Status Register (ADCMPBSR) ......ccccccoeeneee 1277

A/D Data Storage Buffer Register n (ADBUFN) (N = 010 15) ...c.ccviviinieineireeseereesieee 1278



35.2.37  A/D Data Storage Buffer Enable Register (ADBUFEN) .......ccocoeiieiiiicce e 1279

35.2.38  A/D Data Storage Buffer Pointer Register (ADBUFPTR) ......ccovovvivieve v 1280
35.2.39  A/D Convert Cycle Control Register (ADCCR) .....ccvoveveeeeeieeeesteseseeste e saesesaesae e e sneens 1281
35.3 (@] 07 = 1o OSSOSO 1282
3531 o 0 o H T @ o 1= - 1 o o TSN 1282
35.3.2 SINGIE SCAN MOUE ...cvitiieie e bbbttt sttt b et ebe e 1283
35321 BaSIC OPEIALION ....cveeeviieeteieeteriet ettt sttt ettt b e e bt se bt se bt e et b e b e b e ere e 1283
35.3.2.2 Channel Selection and SElf-DiagnoSiS .......cccueeeirriireeireirieeseereeeree s 1284
35323 A/D Conversion of Temperature Sensor Output/Internal Reference Voltage................ 1285
35.3.24 A/D Conversion in Double Trigger MOGE ......cc.ccveveerecinese e 1286

35.3.3 CONtINUOUS SCAN MO .....cviniiiieie sttt st st st se b e 1287
35331 BaSIC OPEIELION ....cveeetirieieriete sttt sttt sttt se b e b et b et et ne b 1287
35.3.3.2 Channel Selection and SElf-DiagnoSiS ........ccoerrirrineireereeeneereeeree s 1288

35.34 GrOUP SCAN IMOOE ...ttt sttt se bt e et b et sb e sb e ebe e 1289
35.34.1 S F ST @ o = = (o] o [ USSR 1289
35.34.2 A/D Conversion in Double Trigger MOOE ........cccecvieeeeieereseee e 1290
35.34.3 Operation under Group-A Priority COntrol .........cccveceeieieseeece e 1291

35.35 Compare Function (Window A, WIindow B) .........ccoeerirrneerenerese e 1301
35.35.1 Compare FUNCLiON WINAOW A/B .......oiiiiineeee e 1301
35.35.2 ELC Output of COMPEAre FUNCLION .......cccoiieiiriiirieie et 1303
35.35.3 USING DAta BUFFEIS ...t et 1305
35.354 Restrictions for Compare FUNCLION .........cooeiiririienee e e e 1306

35.3.6 Analog Input Sampling Time and Scan ConNVErsion TIiME .......cccvcvvvrievenesene e 1306
35.3.7 Usage Example of A/D Data Register Automatic Clearing FUNCtion ............cccovverveennenn 1308
35.3.8 A/D-Converted Value Addition/Average MOE ..o 1309
35.3.9 Disconnection Detection ASSISt FUNCLION .........ooeiiiieiieee e 1309
35.3.10 Starting A/D Conversion with ASynchronous THQOEr ......ccecveiereecieiecie e 1311
35.3.11 Starting A/D Conversion with Synchronous Trigger from Peripheral Module....................... 1311
354 Interrupt Sources and DTC Transfer REQUESES .......ccveveeeireriesese e seeessese e es e s sesesaesseessesseens 1311
354.1 INEEITUPE REQUESES ...ttt bbbt se e sae e e e saesneerenreen 1311
35.5 EVENt LINK FUNCLION ..ueitiiiitiictiisteetee ettt sttt neens 1312
355.1 Event OULPUE tO tNE ELC ...ttt e 1312
35.5.2 12-Bit A/D Converter Operation by Event fromthe ELC ..........cccovivv i 1312
35.5.3 Note on 12-Bit A/D Converter When an Event Is Input fromthe ELC ..o 1312
35.6 Selecting REFErENCE VOILAgE ......ooveirieirieiie bbb bbb 1312
35.7 Allowable Impedance of SIgNal SOUMCE ........ccoeiieiriiieere et 1313
35.8 L0 E-=T0 (<l N[0 =SSOSR 1314
35.8.1 Notes on Reading Data REQISLEN'S ......coceiiiiiiiereieee e 1314
35.8.2 Notes on StoppiNg A/D CONVEISION .....cccceeiiieeieseeieseesesreeseeseeseesseestesseessesseessesseessesssenses 1314
35.8.3 A/D Conversion Restarting Timing and Termination TiMiNG .......ccccoevvererererenresiesieseseenens 1315

35.84 Notes on Scan End Interrupt Handling ........ccoovvereverecieeieece s 1315



36.

37.

38.

35.8.5 Module StOP FUNCLION SELING ...ccvveieiiieie et nas 1315

35.8.6 Notes on Entering Low Power Consumption SEAteS ........ccccevvevrerenenieseseeseseeseeseeeseseeens 1315
35.8.7 Notes on Canceling Software Standby MOGE ........ccccvreeeeiiniere e 1315
35.8.8 Pin Setting when the 12-bit A/D Converter iSUSEd ... 1315
35.8.9 Error in Absolute Accuracy When Disconnection Detection Assistanceisin Use................ 1315
35.8.10  ADHSC Bit REWItING PrOCEAUIE .......c.oouiiieiiiiieeereetesesi ettt 1316
35.8.11  Voltage Range of Analog Power SUPPLY PINS ..o 1317
35.8.12 [N o) (=S gl 21T o D T= S o o 1318
35.8.13  NOteS 0N NOISE PrEVENLION ....ocecviieiirieiirieierietiriee ettt ettt neens 1318
D/A CONVEIEE (DAG) .ottt ettt e e e e e e e e et e ettt e e e e e e e e s aaaaabbbbaeaeeeeaeeeasaannnnes 1319
36.1 (@Y = SR 1319
36.2 (LS o 11 L= 1= o 1] o) o) S 1320
36.2.1 D/A Data Register m (DADRM) (M =0, 1) .oovvviviirirerisiieesieesieesee e 1320
36.2.2 D/A Control REGISIEr (DACR) ..ottt sttt sttt et e 1321
36.2.3 Data Register Format Select Register (DADPR) .....c.vcveiececece e 1321
36.2.4 D/A A/D Synchronous Start Control Register (DAADSCR) .....cooovveinenenenerenese e 1322
36.3 (07 o7 1] o o TSSOSO U PSPPSR P 1323
36.3.1 Measure against Interference between D/A and A/D CONVErSION ......ccoeveveeeveeienenesesennennes 1324
36.4 Event Link Operation Setting PrOCEAUIE ..........ccooeuiriiirieireeireeeeete et 1326
36.5 Usage Notes on Event Link OPEration ..........cccovereiereirieeneinsiesieesieesee s ssssessenes 1326
36.6 USBOE INOLES ..ottt sttt ettt s et e e ba e s abe e be e sa e e sbe e sabe et e e s seesabeesaeeeabeesbeesbennbee e 1327
36.6.1 Module SEOP FUNCLION SEING .....eiviieiieiereeeeeeee e s 1327
36.6.2 Operation of the D/A Converter in Module StOp State ........cccovveveveevevecre e 1327
36.6.3 Operation of the D/A Converter in Software Standby Mode ..........cccceveeevevccnnie e 1327
36.6.4 Note on Usage When Measure against I nterference between D/A
and A/D Conversion iSENADIEA ..o 1327
Temperature SENSOr (TEMPSA) ..ot e e e e e e e e e e e e e e e ae e s e s 1328
37.1 (@< a1 1328
37.2 REGISIEr DESCITPLIONS ...ttt bbbt b bbbt e b e s 1329
37.2.1 Temperature Sensor Calibration Data Register (TSCDR) .....ccoovvevivreveriereseeseeeeesese e 1329
37.3 USING the TEMPEIEIUIE SENSOT .....c.eiieiirieririeierieesiet et seese sttt se e e bbb b s s sb e b e beseseenes 1330
37.31 Before Using the TEMPEraLUre SENSOT .......cccccviieiererieieereeeeesestesresteseeseesseaessesssessessessesseses 1330
37.3.2 Setting the 12-Bit A/D CONVEITEY ......cccouiiiiiireeerieierieie sttt st s sbe s sbeseene e 1331
CompAarator B (CIMPBRA) ......cooiiiiiiiiiiiiie ittt ettt e e e e e e e ettt e e e e e e e e e e s e e aabbbbeeeeaaaeeas 1332
38.1 (@ o1 S 1332
38.2 (LS o 11 L= 1= o ] o) o) 1335
38.2.1 Comparator B Control Register 1 (CPBCNTL) ..o 1335
38.2.2 Comparator B Control Register 2 (CPBCNT2) .....ccveieeeeceresese e seeseesie s e ssesese e see e snens 1335
38.2.3 Comparator B Flag Register (CPBFLG) ....oovciviiiieniecnesete ettt 1336
38.24 Comparator B Interrupt Control Register (CPBINT) ...c.ccooviirnineenee e 1337

38.25 Comparator B Filter Select Register (CPBF) ..ot 1338



39.

40.

41.

38.2.6 Comparator B Mode Select Register (CPBMD) .......ocveiiiieecece e 1338

38.2.7 Comparator B Reference Input Voltage Select Register (CPBREF) .......cocoovvveivivccnnienens 1339
38.2.8 Comparator B Output Control Register (CPBOCR) .......ccoveivieinieenieesierese e 1340
38.3 (@ o7 - 1o o S 1341
38.3.1 Comparator Bn Digital FIlter (N =0, 1) cccooeiieireireereeree sttt 1345
38.3.2 Comparator Bn Output FUNCLION (N'= 0, 1) woviviieereieeeeeeeeeeee et s e e enens 1346
38.3.3 Example of Using Comparator B to Exit Software Standby Mode ..........cccovevevriecccncnnne 1346
384 Comparator BO and Comparator BL INLEITUPLS ....cvecveriereirieieieeeceeere et eve e 1347
38.5 BEVENE LINK OULPUL ... .ottt sttt sttt sttt b e b b et e se et et eneeneenenbeneeee 1347
385.1 Relationship between Interrupt Handling and Event Linking ........cccccoevvvvievernseeneeneeeeneneens 1347
38.6 USBGE INOLE ...ttt ettt et e h e e et e be e s b e e bt e sa et e abeeeae e e b e e smeesaneesmneenneesbeeennenneesn 1347
38.6.1 [V KoTo (V1 TSRS o o ) U g Tox o) g = ] oo S 1347
Data Operation CirCUIt (DOC) ...cciiiii et e e e e e e e e e e e e e s e e e e aaaaaeas 1348
39.1 (@ a1 1348
39.2 REQISIEr DESCIIPLIONS ...ttt sttt e s e e re e seeere et e sneeseesreeaesenneenseereenes 1349
39.2.1 DOC Control RegIiSter (DOCR) .....cuviieirieiiriee ettt st 1349
39.2.2 DOC Data Input Register (DODIR) .....cccoeieierirenirieiseesiese ettt 1350
39.2.3 DOC Data Setting Register (DODSR) ......coueiiriiiriiinireriieesieeniee et 1350
39.3 (@] 07 = 1o OSSO P RO 1351
39.3.1 Data CompariSON MOE .........coeierierieicireeie sttt sre e e ae e e e eseesesnesreneenes 1351
39.3.2 Data AdAitioN MOTE .....c.ooveiiieiieieee ettt sttt et s 1352
39.33 Data SUBLFACtiON IMOE ......coevuiieiieiiese ettt ene e ees 1353
394 INEEITUPE REGUESES ...ttt bttt b e a e bt e e ebe et e sbe s e sbesb e e b e saeenneereenes 1353
39.5 EVENE LINK OULPUL ..ottt sttt nn b e n e ens 1354
39.5.1 Interrupt Handling and EVENt LiNKiNG .....ccccovoieiiiieiisese s s 1354
39.6 USBOE NOLE ...ttt e e e e e s e e s e b s e n e s se e r e e nne s 1354
39.6.1 [V KoTo (V1 TCRS o o L U g Tox o) A S ] oo RS 1354
A PRSPPI 1355
40.1 OVEIVIBIW .ttt bbb bt d bbb st b s e e st b et b et s b et b et et e e e be et e e e 1355
40.2 (@7 o7 = 1o o TS 1355
40.2.1 Low Power Consumption FUNCLION .........cccoiiiiieieeiiesiece et eae e 1355
Flash Memory (FLASH) .....ocoiiiiiiiii 1356
411 (@Y Y= ST 1356
41.2 ROM Areaand BIOCk CONfiQUIELioN ..........c.ccocueiiiiieiiciesie ettt e 1357
41.3 E2 DataFlash Areaand BIock Configuration ...........cccceevieineieese s s 1358
41.4 REGISIEr DESCITPIIONS ...ttt b e b e bbbttt e bbb nn s 1359
41.4.1 E2 DataFlash Control RegiSter (DFLCTL) ..ocviriririeirieerieerieerie et 1359
41.4.2 Flash P/E Mode Entry Register (FENTRYR) ..coiiiiiiciccecsee e 1360
41.4.3 Memory Wait Cycle Setting Register (MEMWAITR) ....ooveiieineieiceese e 1361
41.4.4 Data Flash Wait Cycle Setting Register (DFLWAITR) ...oocooveiiiirensenesee e 1362

41.4.5 Protection Unlock RegISter (FPR) .....ccvcueiiiiice sttt 1363



41.4.6 Protection Unlock Status Register (FPSR) ......ooeeiiiece e 1363

41.4.7 Flash P/E Mode Control Register (FPMCR) ......cccceiieiieeeieese et 1364
41.4.8 Flash Initial Setting REGISLEr (FISR) ...covoveveieririceererereees e 1365
41.4.9 Flash Reset ReGIiSter (FRESETR) ........ovuureereeeeeeeseeseesesssessesessessssssssssssessssssssesssssssssssnssn. 1367
41410  Flash Area Select REgIStEr (FASR) ..ottt e s 1367
41.4.11 Flash Control REGISLEr (FCR) ......coviviiiieirece ittt st e 1368
41.4.12 Flash Extra Area Control Register (FEXCR) ....c.ooeeiiieeiecee ettt 1370
41.4.13 Flash Processing Start Address Register H (FSARH) ......oovviiivicn e 1371
41.4.14  Flash Processing Start Address Register L (FSARL) ....covevevve v 1371
41.4.15 Flash Processing End Address Register H (FEARH) ..o 1372
41.4.16 Flash Processing End Address Register L (FEARL) ......coveirieiniciineereeseere e 1372
41.4.17 Flash Write Buffer Register n (FWBN) (N =010 3) ...ocviiririieeeeieeie e 1373
41418  Flash Status Register 0 (FSTATRO) ....cueiriiiriciirrieie ettt 1374
41419  Flash Status Register 1 (FSTATRIL) ...cocviviiiciirerieeeees e 1376
41.4.20 Flash Error Address Monitor Register H (FEAMH) ..o 1377
41.4.21 Flash Error Address Monitor Register L (FEAML) ..o 1377
41.4.22 Flash Start-Up Setting Monitor Register (FSCMR) .......coviirieiniereee e 1378
41.4.23 Flash Access Window Start Address Monitor Register (FAWSMR) ... 1378
41424  Flash Access Window End Address Monitor Register (FAWEMR) .......ccccooeiiiiininiencnenn 1379
41.4.25  UniquelD Register N (UIDRN) (N =010 3) .eoiiiiiiiiieeeie et 1379
415 Start-Up Program ProtECLION ........c.oovicieieeierieieseeeee et e e e re e s e seenesneeseesesneens 1380
41.6 F N == U 011 o o] o TSRS 1381
41.7 Programming N0 EFBSUME .........cciiiiiiierieieie ettt se et sbesbe bbb e s et e e e snesee b es 1382
41.7.1 SEOUENCET MOUES ...ttt bbbttt ettt b et b et et b e e sbe e 1382
41.7.11 E2 DataFlash Access Disabled MOGE .........cceverinieiienirincerseseiee e 1382
41.7.1.2 REBO MOUE ...ttt bbbttt 1383
41.7.1.3 PIE MOUES ..ottt 1383
41.7.2 Koo L= I = 1S 1 (o 1383
41.7.2.1 Transition from E2 DataFlash Access Disable Mode to Read Mode ..........cccocccevvennnee. 1383
41.7.2.2 Transition from Read Mode to PIE MOCE .......ccooiiiininiiicee s 1384
41.7.2.3 Transition from P/E Mode to Read MOE ........ccoeviirerinirreneneeeere e 1386
41.7.3 SOFtWEre COMIMANGS ......cveeerireeiereeee ettt r e r e s b s en e er e sne e 1387
41.7.4 Software CommEaNG USBOE .....c.evverieiieieeieeeese e e ste st e e se e e s e st saesee e e seenaeneenesnesnens 1388
41.74.1 [ 076 =1 0 PSPPSR 1388
41.7.4.2 BIOCK EFBSE ....oviieieeiei ettt s en e eae et s e e e e e e enennenneens 1390
41.7.4.3 AQ-BIOCK EFESE ..vviiiietiteeres ettt sttt bbb et 1392
41.7.4.4 BIANK CHECK ...ttt 1394
41.7.45 Start-Up Area Information Program/Access Window Protection/
Access Window Information Program ... 1396
41.7.4.6 Forced Stop of Software CoOmMMaNAS .........ccceveeiiiirie s 1397

4175 INEEITUDE .ot r e s e r e e s r e esn e eneeaeesreenenrennnens 1397



41.8 (57070181, Lo o [ 1398

41.8.1 B0t MOde (SCI INLEITACE) ..ot 1399
418.1.1 Operating Conditionsin Boot Mode (SCI Interface) ........ccccveveeeeeveiieeveseeseseeciesiens 1399
41.8.1.2 Starting Up in Boot Mode (SCI INterface) ......ccccvvveveeerieeecese e e 1400

41.8.2 2 ToTo l Y o To N LN S 1= =) 1401
418.2.1 Operating Conditionsin Boot Mode (FINE INterface) ........ccccoevvevnenninneneneneneenne 1401

41.9 FIash MemOry ProtECLION ........coocireiirieiirietiseetesiet ettt 1402

4191 T Il L= = (o]1="ox o] o 1402
419.1.1 Boot Mode ID Code ProteCtion ..........ccoeereereereinieeniee et ere e 1403
419.1.2 On-Chip Debugging Emulator ID Code ProteCtion ..........c.ccccveevennennenseseeseeeee 1404

41.10  COMMUNICALION PrOIOCOI ......civeuiieeiiriieiiteiise sttt 1405

41101  State Transition in Boot Mode (SCI INEIfACE) ......ccvirriririieeee e 1405

41.10.2  Command and Response CONfigUIaLioN ..........ccccceroeeeririeneniene st e 1406

41.10.3 Response to Undefined COMMANGS .........cccveieiirieiiciiseee et 1406

41.10.4 BOOt MOAE SEALUS INQUITY ....vveeeeee ettt ettt st e e stessaenteeneennesneeneesnees 1407

41.10.5 [NQUITY COMIMENGS ......evinieiiiiiieeetese ettt sttt s b st b et e 1408
41.105.1 SUPPOrted DEVICE INQUITY .....veieeiieiiieerieee et 1408
41.105.2 Data Area Availability INQUITY ...oooueriiiiiiiierieee et 1409
41.105.3 User Area Information INQUITY ........ooe oo e 1409
41.1054 Data Area Information INQUITY ........cooieerieieneieeeree e 1410
41.10.5.5 Block INfOrmation INQUITY .......cccueierieirie et s 1410

41.10.6  SEtting COMMENGS .....c.cevirieuirieririetirteiertee sttt sb bbb ettt be st be e b e 1411
41.10.6.1 =Y <ot S 1411
41.10.6.2 Operating FrequENCY SEIECT ......oo.ciiiiieeee e 1412
41.10.6.3 Program/Erase Host Command Wait State TranSition .........ccccceeeceevecceesecveeseccee e, 1413

41.10.7 ID Code Authentication COMMANG .........covierrrerneene e e 1414
41.10.7.1 ID COAE ChECK ...t 1414

41.10.8  Program/Erase COMMANAS .........cccereirieirieierieirieesieesieesie s bt se s sese e e 1415
41.108.1 User/Data Area Program Preparation ...........ocoeeeveeeneenseneeseeesee s eseenes 1415
41.10.8.2 PIOGIAIM ..t 1416
41.10.8.3 Data ATEAPIOGIAIM ..ottt sttt ettt bbb 1417
41.10.84 Erase PrEparation ........ccooeueueeririeieie sttt ettt sttt 1418
41.10.8.5 BIOCK EFBSE ....oveeieieieere ettt 1418

41.109 Rea0d-CheCk COMMBNGS .......eiirierierieieieieeie s se e es e ssessesressesaessen e nseeenensensenes 1419
41.109.1 MEMOTY REAA ...ttt sttt et ettt 1419
41.10.9.2 USer Ar€a CECKSUM ...t 1420
41.10.9.3 Data Area ChECKSUM .......oouieieeee e e e 1421
41.10.9.4 User AreaBlank CheCK ... 1421
41.10.9.5 Data AreaBlank CheCK ... 1422
41.10.9.6 Access Window Information Program ... 1422

41.10.9.7 ACCESS WINUOW REAA ...ttt e et e e et e s et e s st e s sab e e e seareeseeeessaneen 1423



42.

41.10.9.8 ACCESS WINAOW PrOLECLION ...ttt et s e s st ere e e s srnee s 1424

41.10.9.9 Access Window Protection Flag REa .......ccccoeveveveececieece s 1424

41.11  Seria Programmer Operation in Boot Mode (SCI INterface) ......ccccvevvvvvvievesesererseeee e 1425
41.11.1  Bit Rate AUtOMAELiC AIUSIMENT .....c.eoviieiiiccce ettt 1426
41.11.2  Receivethe MCU INFOrMELION ......cccoeueriiiriiiriiireieesese et 1427
41.11.3  Select the Device and Changethe Bit RaLe .........ccovoiiviinnienererese e 1428
41114  Enter the Program/Erase Host Command Wait SEae ..........cccoeerieiinieninieiinenneeseeesesie e 1429
41115 Unlock Boot Mode ID Code PrOtECHION ........coeveeiieeririeere et 1430
41.11.6 Erasethe User Areaand Dala ATEa ......c..ovuiiueiiieeeeeriere ettt 1431
41.11.7 Program the User Areaand Dat@ ATEa .......cccevveveeveeieeeee st steeie et 1432
41.11.8  Check Datain the USEr AT .......cevuiiiiiiiirierieses et 1433
41.11.9 Check Datain the DEIAATEA .......cceieieireeeeeceeeeee s ss e et srenae e e enesnens 1434
41.11.10 Setthe Access WIindow inthe USEr AFEa .........cceeeeieieieiieeee et 1435
41.11.11  Protect the ACCESS WINAOW SELIINGS .....c.covrueueriiiriiisieesienieeie et 1436
41.12  Rewriting by Self-Programming .........ccoooeooe et e 1437
41.12.1 L@ oV TSP 1437
41.13 USBOE NOLES ...ttt ettt et bbbt e b e b e et e e bt e s e eb e e aeesaeeeesheemeesheebesbe e besreennenreenes 1438
7 W === o =] N (o) (= 1 g =0 1 1Y/ oo L= S 1439
Electrical CharaCteriSTICS ........cceiiiiiiii ettt e e e e e e e e e e e e e e sabbe s b e e eeeeeeeeaaannnes 1440
42.1 ADSOIULE MBXIMUM RELINGS ...ttt sttt see e et neas 1440
422 Recommended Operating CONGItIONS .........cccvieeieieerie e sre s 1441
42.3 DO @47 = o = 11 (o= USRS 1442
2.4 Normal 1/0 Pin Output CharaCteriStiCS ........couroeiiririerie ittt 1466
42.5 E Y O O 4= T o = K (oS 1468
425.1 (@1 oo QI T 211 oo RSN 1468
42.5.2 S-S A I T 0T oo SR 1474
42.5.3 Timing of Recovery from Low Power Consumption MOGES .........cccooevereeiecienneneeene e 1475
4254 (00110 IS Lo I T 01 oo [T RRTRRN 1479
4255 Timing of On-Chip Peripheral MOAUIES ..........ccoeieiiieece e 1480
4255.1 (L@ 0 T o 10 I T 41 oo 1480
42552 IMTUZ ettt ettt b s et b et bt e st et et e st bese et e e be e ebe e 1480
4255.3 O S 1481
42554 LI S ST SSP 1483
42555 S TSRS 1484
42.55.6 RITC ettt sttt s e st s b et st e e b et et e ne et e neebeneebene et e e ebeneere e 1491
42.55.7 S RO RTSSPRRPN 1493
42558 AID CONVEITES THOUEN oottt ettt et s b e b e s be e e 1497
42559 O L TR 1497
42.5.5.10 CLIKOUT ittt sttt e bt b et e s et e e b e s senensenes 1498

42.6 A/D CONVErsion CharaCtefiStiCS ........courerirerierieriisie s st sbe bbb st se s e e e aesse e 1499

42.7 D/A CONVErSION CharaCLEIIStICS ....ccveiiiiiieeeeiicettie e stee s et s se s s sba e e s et e s s saee s sabaessssbessssssessbesssssenesans 1507



42.8 Temperature SENSOr CharaCleriSliCS ....ccuviiiiiieiiiicie et et tesneene e 1508
42.9 CompParator ChAraCLENISHICS .....civeeiueireeiirteiirt ettt 1508
4210  CTSU ChalaCteriStCS ...ceiveveuerererirtesereresieteiesesesiesesesesessesesesestssesesessssssesesessssesesesessssasenssessssssasesesssnns 1510
4211  Power-On Reset Circuit and Voltage Detection Circuit CharaCteristics ........covvveereinecneeninnes 1510
42.12  Oscillation Stop DELECHION TIMING ..ccoveeeeieiiresereeieeee e e s eere e sr s e e e e e enesreneenes 1514
42.13 ROM (Flash Memory for Code Storage) CharaCteristiCs ........cccevvvvvereseriesesesieseereeeeee e 1515
42.14  E2 DataFlash Characteristics (Flash Memory for Data Storage) .........cceceveverenerieneseneneneseeniee 1517
42.15  USAOENOLES ..ottt e e e et r e R R et r R e e e r e 1519
42151  Connecting VCL Capacitor and Bypass CapaCitors ...........ccccueerererenenienesenesienesesese e 1519
Appendix 1. Port States in Each Processing MOAE .........cooiiiiiiiiiii i e e ee e 1524
Appendix 2. Package DIMENSIONS .......ooiiiiiiiiiiiiiit ettt e e e e e e e e e e e ee e e e e e e e e e s e annnbbeeeeeas 1526

REVISION HISTORY ittt ettt et e e e e e e e e et e te e e e e e s e rnre e et e e e e e aeenne 1533
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RX140 Group RO1UH0905EJ0110
Renesas MCUs por Egv.zlo.;g

48-MHz, 32-bit RX MCUs, on-chip FPU, 204 Coremark, up to 256-KB flash memory,
up to 36 pins capacitive touch sensing unit, up to 9 comms channels, 12-bit A/D, D/A, RTC,
IEC60730 compliance, 1.8-V to 5.5-V single supply, Encryption functions (optional)

Features

m 32-bit RXv2 CPU core
e Max. operating frequency: 48 MHz
Capable of 204 Coremark in operation at 48 MHz
Enhanced DSP instructions: 32-bit multiply-accumulate instructions,
and 16-bit multiply-subtract instructions are supported.
e On-chip FPU: 32-bit single-precision floating point compliant with
|EEE-754

e On-chip divider that operated at the fastest of two clock cycles
e Fast interrupt

e CISC Harvard architecture with 5-stage pipeline

o Variable-length instructions, ultra-compact code

e On-chip debugging circuit

ow power design and architecture

mL
o Operation from asingle 1.8-V to 5.5-V supply
e Four low power consumption modes

e Low power timer (LPT) that operates during the software standby state
o Supply current

High-speed operating mode: 58 pA/MHz

Supply current in software standby mode: 0.25 pA (typ.) (T, = 25°C)
Recovery time from software standby mode: 6.2 ps (typ.) (Clock
Source: HOCO 32 MHz, T, = 25°C)

m On-chip flash memory for code

* 64 K/128 K/256 Kbytes size capacities

e User code is programmable by on-board programming.
e Programmableat 1.8V

e For instructions and operands

m On-chip data flash memory

o 4K/8 Kbytes (1,000,000 program/erase cycles (typ.))
e BGO (Background Operation)

m On-chip SRAM, no wait states
e 16 K/32 K/64 Kbytes size capacities

m DTC
o Fivetransfer modes

mELC
* Module operation can be initiated by event signals without using
interrupts.
o Linked operation between modulesis possible while the CPU is deeping.

m Reset and supply management
e Seven types of reset, including the power-on reset (POR)
o Low voltage detection (LV D) with voltage settings

m Clock functions

External clock input frequency: Up to 20 MHz

Main clock oscillator frequency: 1 to 20 MHz

Sub clock oscillator frequency: 32.768 kHz

PLL circuit input: 4 MHz to 12 MHz

Low-speed on-chip oscillator: 4 MHz

High-speed on-chip oscillator: 24/32/48 MHz + 1%
IWDT-dedicated on-chip oscillator: 15 kHz

Generate a 32.768 kHz clock for the real-time clock

On-chip clock frequency accuracy measurement circuit (CAC)

m Realtime clock

o Adjustment functions (30 seconds, leap year, and error)
e Calendar count mode or binary count mode selectable

m Independent watchdog timer
e 15-kHz on-chip oscillator produces a dedicated clock signal to drive
IWDT operation.

m Useful functions for IEC60730 compliance
o Self-diagnostic and disconnection-detection assistance functions for
the A/D converter, clock frequency accuracy measurement circuit,
independent watchdog timer, RAM test assi stance functions using the
DOC, etc.

PLQP0O080KB-B 12 x 12mm, 0.5mm pitch
PLQPO064GA-A 14 x 14mm, 0.8mm pitch
PLQP0064KB-C 10 x 10mm, 0.5mm pitch
PLQPO0048KB-B 7 x 7mm, 0.5mm pitch
PLQP0032GB-A 7 x 7mm, 0.8mm pitch

PWQNO0048KC-A 7 x 7mm, 0.5mm pitch
PWQNO0032KE-A 5 x 5mm, 0.5mm pitch

m MPC
o Input/output functions selectable from multiple pins

m Up to 9 communication functions

e One channel of CAN module compliant with 1SO11898-1: Transfer at
up to 1 Mbps

o SCI with many useful functions (up to 6 channels)
Asynchronous mode (Fine adjustable baud rate: 0 to 255/255), clock
synchronous mode, smart card interface mode

o 12C businterface: Transfer at up to 400 kbps, capable of SMBus
operation (one channel)

o RSPI (one channel): Transfer at up to 16 Mbps

m Up to 12 extended-function timers
e 16-bit MTU: input capture, output compare, complementary PWM
output, phase counting mode (six channels)
e 8-bit TMR (four channels)
e 16-bit compare-match timers (two channels)

m 12-bit A/D converter
o Capable of conversion within 0.67 s
17 (externa pin input) +1 (internal input) channels
Sampling time can be set for each channel
Conversion results compare features
Self-diagnostic function and anal og input disconnection detection
assistance function
e Doubletrigger (data duplication) function for motor control

m D/A converter
e Two channels

m Capacitive touch sensing unit
* Self-capacitance method: A single pin configures asingle key,
supporting up to 36 keys
e Mutual capacitance method: Matrix configuration with 8 x 8, supporting
up to 64 keys
m Comparator B
e Two channels

m General I/O ports

e 5-V tolerant, open drain, input pull-up
m Encryption functions (optional)

o AES (key lengths: 128 and 256 hits)

e RNG (True random number generator)
m Temperature sensor

m Unique ID
e 32-byte D code for the MCU

m Operating temperature range
o —40t0 +85°C
e —40to +105°C

m Applications
e Genera industrial and consumer equipment

RO1UHO0905EJ0110 Rev.1.10
Apr 20, 2022
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RX140 Group 1. Overview

1. Overview

1.1 Outline of Specifications

Table 1.1 lists the specifications, and Table 1.2 gives a comparison of the functions of the productsin different
packages.

Table 1.1 isfor products with the greatest number of functions, so the number of peripheral modules and channels will
differ in accordance with the package type. For details, see Table 1.2, Comparison of Functions for Different
Packages in the RX140 Group.

Table 1.1 Outline of Specifications (1/4)

Classification Module/Function Description
CPU CPU

Maximum operating frequency: 48 MHz

32-bit RX CPU (RX v2)

Minimum instruction execution time: One instruction per clock cycle
Address space: 4-Gbyte linear

Register set

General purpose: Sixteen 32-bit registers

Control: Ten 32-bit registers

Accumulator: Two 72-bit registers

Basic instructions: 75 (variable-length instruction format)
Floating point instructions: 11

DSP instructions: 23

Addressing modes: 11

Data arrangement

Instructions: Little endian

Data: Selectable as little endian or big endian

On-chip 32-bit multiplier: 32-bit x 32-bit — 64-bit
On-chip divider: 32-bit + 32-bit — 32 bits

Barrel shifter: 32 bits

FPU

Single precision (32-bit) floating point

Data types and exceptions in conformance with the IEEE754 standard
Capacity: 64 K/128 K/256 Kbytes

32 MHz <: No-wait cycle access

32 MHz to 48 MHz: One-wait cycle access

Programming/erasing method:

Serial programming (asynchronous serial communication), self-programming

Capacity: 16 K/32 K/64 Kbytes
No-wait memory access

Capacity: 4 K/8 Kbytes
Number of erase/write cycles: 1,000,000 (typ.)

Memory ROM

RAM

E2 DataFlash

MCU operating mode Single-chip mode

Clock Clock generation circuit e Main clock oscillator, sub-clock oscillator, low-speed on-chip oscillator, high-speed on-chip oscillator,
PLL frequency synthesizer, and IWDT-dedicated on-chip oscillator

Oscillation stop detection: Available

Clock frequency accuracy measurement circuit (CAC)

Independent settings for the system clock (ICLK), peripheral module clock (PCLK), and FlashIF clock
(FCLK)

The CPU and system sections such as other bus masters run in synchronization with the system
clock (ICLK): 48 MHz (at max.)

Peripheral modules run in synchronization with the PCLKB: 32 MHz (at max.)

The flash peripheral circuit runs in synchronization with the FCLK: 48 MHz (at max.)

ADCLK in the S12AD runs in synchronization with PCLKD: Up to 48 MHz

e The ICLK frequency can only be set to FCLK, PCLKB, or PCLKD multiplied by n (n: 1, 2, 4, 8, 16, 32,

64)
Resets RES# pin reset, power-on reset, voltage monitoring reset, independent watchdog timer reset, and
software reset
Voltage detection Voltage detection circuit * When the voltage on VCC falls below the voltage detection level, an internal reset or internal interrupt
(LVDADb) is generated.

Voltage detection circuit 0 is capable of selecting the detection voltage from 4 levels
Voltage detection circuit 1 is capable of selecting the detection voltage from 14 levels
Voltage detection circuit 2 is capable of selecting the detection voltage from 4 levels

RO1UHO905EJ0110 Rev.1.10 RENESAS Page 44 of 1536
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RX140 Group

1. Overview

Table 1.1 Outline of Specifications (2/4)

Classification Module/Function Description
Low power Low power consumption e Module stop function
consumption functions e Four low power consumption modes

Sleep mode, deep sleep mode, software standby mode, and snooze mode

Function for lower operating
power consumption

e Operating power control modes
High-speed operating mode, middle-speed operating mode, middle-speed operating mode 2 and low-
speed operating mode

Interrupt Interrupt controller (ICUb)

Interrupt vectors: 256

External interrupts: 9 (NMI, IRQO to IRQ7 pins)

Non-maskable interrupts: 5 (The NMI pin, oscillation stop detection interrupt, voltage monitoring 1
interrupt, voltage monitoring 2 interrupt, and IWDT interrupt)

16 levels specifiable for the order of priority

DMA Data transfer controller
(DTCb)

* Transfer modes: Normal transfer, repeat transfer, and block transfer
e Activation sources: Interrupts
e Sequence transfer

1/0 ports General /O ports

80-pin/64-pin (ROM capacity: product with 128 Kbytes or more)/64-pins (ROM capacity: product with 64
Kbytes)/48-pin/32-pin

e |/O: 69/53/53/39/23

e Input: 3/3/1/1/1

o Pull-up resistors: 69/53/53/39/23

e Open-drain outputs: 47/35/35/27/20

e 5-V tolerance: 4/2/2/2/2

Event link controller (ELC)

e Event signals of 48 types can be directly connected to the module
e Operations of timer modules are selectable at event input
e Capable of event link operation for port B

Multi-function pin controller (MPC)

Capable of selecting the input/output function from multiple pins

Timers Multi-function timer pulse
unit 2 (MTU2a)

e (16 bits x 6 channels) x 1 unit

e Up to 16 pulse-input/output lines and three pulse-input lines are available based on the six 16-bit
timer channels

Select from among eight or seven counter-input clock signals for each channel (PCLK/1, PCLK/4,
PCLK/16, PCLK/64, PCLK/256, PCLK/1024, MTCLKA, MTCLKB, MTCLKC, MTCLKD) other than
channel 5, for which only four signals are available.

Input capture function

21 output compare/input capture registers

Pulse output mode

e Complementary PWM output mode

Reset synchronous PWM mode

e Phase-counting mode

e Capable of generating conversion start triggers for the A/D converter

Port output enable 2

Controls the high-impedance state of the MTU’s waveform output pins

(POE2a)
Compare match timer e (16 bits x 2 channels) x 1 unit
(CMT) e Select from among four clock signals (PCLK/8, PCLK/32, PCLK/128, PCLK/512)

Independent watchdog
timer (IWDTa)

e 14 bits x 1 channel
Count clock: Dedicated low-speed clock for the IWDT
Frequency divided by 1, 16, 32, 64, 128, or 256

Realtime clock (RTCB)

e Clock source: Sub-clock
Calendar count mode or binary count mode selectable
Interrupts: Alarm interrupt, periodic interrupt, and carry interrupt

Low power timer (LPTa)

e 16 bits x 1 channel

e Clock source: Sub-clock, LOCO clock divided by 4, or dedicated low-speed clock for the IWDT
selectable

e Clock division ratio: Frequency divided by 1, 2, 4, 8, 16, or 32 selectable

e PWM output mode

8-bit timer (TMRa)

* (8 bits x 2 channels) x 2 units

Seven internal clocks (PCLK/1, PCLK/2, PCLK/8, PCLK/32, PCLK/64, PCLK/1024, and PCLK/8192)
and an external clock can be selected

Pulse output and PWM output with any duty cycle are available

e Two channels can be cascaded and used as a 16-bit timer

RO1UHO905EJ0110 Rev.1.10
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1. Overview

Table 1.1 Outline of Specifications (3/4)

Description

Classification Module/Function

Communication Serial communications

functions interfaces (SClg, SCih,
SCIk)

6 channels (channel 1, 5: SCIk, 6, 8, 9: SClg, channel 12: SCIh)

SClg

Serial communications modes: Asynchronous, clock synchronous, and smart-card interface
On-chip baud rate generator allows selection of the desired bit rate

Choice of LSB-first or MSB-first transfer

Average transfer rate clock can be input from TMR timers for SCI5, SCI6, and SCI12
Start-bit detection: Level or edge detection is selectable.

Simple 12C

Simple SPI

7, 8, or 9-bit transfer mode

Bit rate modulation

Event linking by the ELC (only on SCI5)

SCIk (the following functions are added)

Data matching detection

Adjustment function of the asynchronous RXD sampling

SCIlh (the following functions are added to SCIg)

Supports the serial communications protocol, which contains the start frame and information frame
Supports the LIN format

12C bus interface (RIICa)

1 channel

Communications formats: 12C bus format/SMBus format
Master mode or slave mode selectable

Supports fast mode

Communication Serial peripheral interface
functions (RSPIc)

1 channel

Transfer facility

Using the MOSI (master out, slave in), MISO (master in, slave out), SSL (slave select), and RSPCK
(RSPI clock) signals enables serial transfer through SPI operation (four lines) or
clock-synchronous operation (three lines)

Capable of handling serial transfer as a master or slave

Data formats

Choice of LSB-first or MSB-first transfer

The number of bits in each transfer can be changed to 8, 9, 10, 11, 12, 13, 14, 15, 16, 20, 24, or
32 bits.

128-bit buffers for transmission and reception

Up to four frames can be transmitted or received in a single transfer operation (with each frame
having up to 32 bits)

Transit/receive data can be swapped in byte units

e Double buffers for both transmission and reception

RSPCK can be stopped with the receive buffer full for master reception.

CAN module (RSCAN)

1 channel
Compliance with the 1SO11898-1 specification (standard frame and extended frame)
16 mailboxes

12-bit A/D converter (S12ADE)

12 bits (18 channels x 1 unit*1)

12-bit resolution

Minimum conversion time: 0.67 us per channel when the ADCLK is operating at 48 MHz
Operating modes

Scan mode (single scan mode, continuous scan mode, and group scan mode)
Group A priority control (only for group scan mode)

Sampling variable

Sampling time can be set up for each channel.

Self-diagnostic function

Double trigger mode (A/D conversion data duplicated)

Detection of analog input disconnection

Conversion results compare features

A/D conversion start conditions

A software trigger, a trigger from a timer (MTU), an external trigger signal, or ELC
Event linking by the ELC

Temperature sensor (TEMPSA)

1 channel
The voltage output from the temperature sensor is converted into a digital value by the 12-bit A/D
converter.

D/A converter (DA)

2 channels
8-bit resolution
Output voltage: OV to AVCCO

CRC calculator (CRC)

CRC code generation for arbitrary amounts of data in 8-bit units

Select any of three generating polynomials:

X8+ X2+ X+1, X164+ X154+ X2+ 1, or X16 + X12 + X5+ 1

Generation of CRC codes for use with LSB-first or MSB-first communications is selectable.

Comparator B (CMPBa)

2 channels
Function to compare the reference voltage and the analog input voltage
Window comparator operation or standard comparator operation is selectable

RO1UHO905EJ0110 Rev.1.10
Apr 20, 2022
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1. Overview

Table 1.1 Outline of Specifications (4/4)

Classification Module/Function

Description

Capacitive touch sensing unit
(CTSU2SL, CTSU2L)

e CTSU2L
Self-capacitance method: A single pin configures a single key, supporting up to 36 keys
Mutual capacitance method: Matrix configuration with 8 x 8, supporting up to 64 keys
e CTSU2SL (The following functions are added to CTSU2L)
Automatic correction
Automatic judgment

Data operation circuit (DOC)

Comparison, addition, and subtraction of 16-bit data

Unique ID 32-byte ID code for the MCU
Encryption Advanced encryption e Key lengths: 128 and 256 bits
function standard hardware e Support for ECB, CBC, and CTR operating modes

accelerator (AESA)

e Speed of calculations:

128-bit key length in 176 cycles
256-bit key length in 240 cycles
Compliant with FIPS PUB 197

True random number
generator (RNGA)

Length of random numbers: 32 bits
e Generation of random-number-generated interrupts after a number is generated

Power supply voltages/Operating frequencies

VCC=1.81t05.5V: 48 MHz

Operating temperature range

D version: —40 to +85°C, G version: =40 to +105°C

Packages

80-pin LFQFP (PLQPO080KB-B) 12 x 12 mm, 0.5 mm pitch
64-pin LFQFP (PLQP0064KB-C) 10 x 10 mm, 0.5 mm pitch
64-pin LQFP (PLQPO064GA-A) 14 x 14 mm, 0.8 mm pitch
48-pin LFQFP (PLQP0048KB-B) 7 x 7 mm, 0.5 mm pitch
48-pin HWQFN (PWQNO0048KC-A) 7 x 7 mm, 0.5 mm pitch
32-pin LQFP (PLQP0032GB-A) 7 x 7 mm, 0.8 mm pitch
32-pin HWQFN (PWQNO0032KE-A) 5 x 5 mm, 0.5 mm pitch

Debugging interfaces

FINE interface

Note 1. The 12-bit A/D converter has 17 external input channels and a single internal input channel. For details, refer to section 35, 12-

Bit A/D Converter (S12ADE).
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Table 1.2

Comparison of Functions for Different Packages in the RX140 Group

Products with 128-Kbyte or larger ROM

Products with 64-Kbyte ROM

Module/Functions 80 Pins 64 Pins 48 Pins 64 Pins 48 Pins 32 Pins
Interrupts External interrupts NMI, NMI, NMI, NMI, NMI, NMI,
IRQO to IRQ7 |IRQOto IRQ2, |IRQOtoIRQ2, | IRQOto IRQ2, | IRQOto IRQ2, | IRQOto IRQ2,
IRQ4 to IRQ7 | IRQ4 to IRQ7 | IRQ4 to IRQ7 | IRQ4 to IRQ7 | IRQ5 to IRQ7
DTC Data transfer controller Available Available
Timers Multi-function timer pulse unit 2 6 channels 6 channels
Port output enable 2 POEO# to POE3#, POE8# POEO# to POE3#, POE8# POEO#,
POES8#
8-bit timer 2 channels x 2 units 2 channels x 2 units
Compare match timer 2 channels x 1 unit 2 channels x 1 unit
Low power timer 1 channel 1 channel
Realtime clock Available Not supported Available Not supported
Independent watchdog timer Available Available
Communicat | Serial communications interfaces 2 channels 2 channels
ion functions | (SCIk) (SCI1, 5) (SCI1, 5)
Serial communications interfaces 3 channels 2 channels Not supported
(SClg) (SCl6, 8, 9) (SCle, 8)
Serial communications interfaces 1 channel 1 channel
(SClh) (SCl12) (SCl12)
Communicat | 12C bus interface 1 channel 1 channel
ion functions - - -
Serial peripheral interface 1 channel 1 channel
CAN module 1 channel Not supported
Capacitive touch sensing unit (CTSU2SL) 36 channels 32 channels 24 channels Not supported
Capacitive touch sensing unit (CTSU2L) Not supported 12 channels 12 channels 12 channels
12-bit A/D converter 18 channels 15 channels 11 channels 15 channels 11 channels 8 channels
*1 *1 *1 *1 *1 *1
Temperature sensor Available Available
D/A converter 2 channels Not supported | 2 channels Not supported
CRC calculator Available Available
Event link controller Available Available
Comparator B 2 channels 2 channels
Encryption Advanced encryption standard Available/Not supported Not supported
function hardware accelerator (AESA)
True random number generator Available/Not supported Not supported
(RNGA)
Packages 80-pin LFQFP | 64-pin LQFP | 48-pin LFQFP | 64-pin LQFP | 48-pin LFQFP | 32-pin LQFP
(0.5 mm) (0.8 mm) (0.5 mm) (0.8 mm) (0.5 mm) (0.8 mm)
64-pin LFQFP 48-pin 64-pin LFQFP 48-pin 32-pin
(0.5 mm) HWQFN (0.5 mm) HWQFN HWQFN
(0.5 mm) (0.5 mm) (0.5 mm)

Note 1. This number includes a single internal input channel. For details, refer to section 35, 12-Bit A/D Converter (S12ADE).
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1.2 List of Products
Table 1.3 isalists of products, and Figure 1.1 shows how to read the product part no., memory capacity, and package
type.
Table 1.3 List of Products (1/2)
Operating
ROM RAM E2 Frequency | Encryption | Operating
Group | Part No. Part No. (for Orders) | Package Capacity | Capacity | DataFlash | (Max.) Module Temperature
RX140 | R5F51406ADFN | R5F51406ADFN#30 | PLQPO0SOKB-B
R5F51406ADFM | R5F51406ADFM#30 | PLQP0064KB-C
R5F51406ADFK | R5F51406ADFK#30 | PLQPO064GA-A —40 to +85°C
R5F51406ADFL | R5F51406ADFL#30 | PLQP0048KB-B
R5F51406ADNE | R5F51406ADNE#30 | PWQNOO48KC-A | 56 64
R5F51406AGFN | RSF51406AGFN#30 | PLQP008OKB-B | Kbytes Kbytes
R5F51406AGFM | R5F51406AGFM#30 | PLQP0064KB-C
R5F51406AGFK | R5F51406AGFK#30 | PLQPO064GA-A —40 to +105°C
R5F51406AGFL | R5F51406AGFL#30 | PLQP0048KB-B
R5F51406AGNE | R5F51406AGNE#30 | PWQNO048KC-A
R5F51405ADFN | R5F51405ADFN#30 | PLQP00SOKB-B 8 Kbytes
R5F51405ADFM | R5F51405ADFM#30 | PLQP0064KB-C
R5F51405ADFK | R5F51405ADFK#30 | PLQPO064GA-A —40 to +85°C
R5F51405ADFL | R5F51405ADFL#30 | PLQP0048KB-B
R5F51405ADNE | R5F51405ADNE#30 | PWQNOO48KC-A | 109 32
R5F51405AGFN | R5F51405AGFN#30 | PLQPO08OKB-B | Kbytes | Kbytes Not
R5F51405AGFM | R5F51405AGFM#30 | PLQP0064KB-C 48 Mz supported
R5F51405AGFK | R5F51405AGFK#30 | PLQPO064GA-A —40 to +105°C
R5F51405AGFL | R5F51405AGFL#30 | PLQP0048KB-B
R5F51405AGNE | R5F51405AGNE#30 | PWQNO048KC-A
R5F51403ADFM | R5F51403ADFM#30 | PLQP0064KB-C
R5F51403ADFK | R5F51403ADFK#30 | PLQPO064GA-A
R5F51403ADFL | R5F51403ADFL#30 | PLQP0048KB-B
—40 to +85°C
R5F51403ADNE | R5F51403ADNE#30 | PWQNO048KC-A
R5F51403ADFJ | R5F51403ADFJ#30 | PLQP0032GB-A
R5F51403ADNH | R5F51403ADNH#30 | PWQNO032KE-A | g, 16 4 Kbytes
R5F51403AGFM | RSF51403AGFM#30 | PLQP0OO64KB-C | Kbytes Kbytes
R5F51403AGFK | R5F51403AGFK#30 | PLQPO064GA-A
R5F51403AGFL | R5F51403AGFL#30 | PLQP0048KB-B
—40 to +105°C
R5F51403AGNE | R5F51403AGNE#30 | PWQNO048KC-A
R5F51403AGFJ | R5F51403AGFJ#30 | PLQP0032GB-A
R5F51403AGNH | R5F51403AGNH#30 | PWQNO032KE-A
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Table 1.3 List of Products (2/2)
Operating
ROM RAM E2 Frequency | Encryption | Operating
Group | Part No. Part No. (for Orders) | Package Capacity | Capacity | DataFlash | (Max.) Module Temperature
RX140 | R5F51406BDFN | R5F51406BDFN#30 | PLQPOOS8OKB-B
R5F51406BDFM | R5F51406BDFM#30 | PLQP0064KB-C
R5F51406BDFK | R5F51406BDFK#30 | PLQPO064GA-A —40 to +85°C
R5F51406BDFL | R5F51406BDFL#30 | PLQP0048KB-B
R5F51406BDNE | R5F51406BDNE#30 | PWQNO048KC-A | &g 64
R5F51406BGFN | RSF51406BGFN#30 | PLQP008OKB-B | Kbytes Kbytes
R5F51406BGFM | R5F51406BGFM#30 | PLQP0064KB-C
R5F51406BGFK | R5F51406BGFK#30 | PLQPO064GA-A —40 to +105°C
R5F51406BGFL | R5F51406BGFL#30 | PLQP0048KB-B
R5F51406BGNE | R5F51406BGNE#30 | PWQNO0048KC-A
8 Kbytes | 48 MHz Available
R5F51405BDFN | R5F51405BDFN#30 | PLQPOOSOKB-B
R5F51405BDFM | R5F51405BDFM#30 | PLQP0064KB-C
R5F51405BDFK | R5F51405BDFK#30 | PLQPO064GA-A —40 to +85°C
R5F51405BDFL | R5F51405BDFL#30 | PLQPO0048KB-B
R5F51405BDNE | R5F51405BDNE#30 | PWQNO048KC-A | 1og 32
RSF51405BGFN | R5F51405BGFN#30 | PLQP008OKB-B | Kbytes Kbytes
R5F51405BGFM | R5F51405BGFM#30 | PLQP0064KB-C
R5F51405BGFK | R5F51405BGFK#30 | PLQPO064GA-A —40 to +105°C
R5F51405BGFL | R5F51405BGFL#30 | PLQP0048KB-B
R5F51405BGNE | R5F51405BGNE#30 | PWQNO048KC-A
Note:  The part numbers for orders above are used for products in mass production or under development when this manual is issued.

Refer to the Renesas Electronics Corporation website for the latest part numbers.

RO1UHO905EJ0110 Rev.1.10
Apr 20, 2022

RENESAS

Page 50 of 1536



RX140 Group

1. Overview

51 40 FM #

3 0
—[ Production identification code

Packing
#1, #3: Tray (LFQFP, LQFP, HWQFN)
#5: Embossed Tape (LFQFP, LQFP, HWQFN)

Package type, number of pins, and pin pitch
FN: LFQFP/80/0.50

FM: LFQFP/64/0.50

FK: LQFP/64/0.80

FL: LFQFP/48/0.50

NE: HWQFN/48/0.50

FJ: LFQFP/32/0.80

NH: HWQFN/32/0.50

A: Encryption module not included
B: Encryption module included

ROM, RAM, and E2 DataFlash capacity
6: 256 Kbytes/64 Kbytes/8 Kbytes

5: 128 Kbytes/32 Kbytes/8 Kbytes

3: 64 Kbytes/16 Kbytes/4 Kbytes

Group name
40: RX140 Group

Series name
RX100 Series

Type of memory
F: Flash memory version

Renesas MCU

Renesas semiconductor product

D: Operating ambient temperature (—40°C to +85°C)
G: Operating ambient temperature (—40°C to +105°C)

Figure 1.1 How to Read the Product Part Number
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1.3 Block Diagram
Figure 1.2 shows ablock diagram.

E2 DataFlash

IWDTa

| AESA |C CRC

SCIk x 2 channels

RNGA <
| | SClg x 3 channels

SClh x 1 channel

RSPIc x 1 channel

RIICa x 1 channel

MTU2a x 6 channels

POE2a

TMRa x 2 channels (Unit 0)

TMRa x 2 channels (Unit 1)

CMT x 2 channels (Unit 0)

Internal peripheral buses 1 to 6

UOUUUOUTDUTOUUUDUTOUUDUTT

RTCB x 1 channel
12-bit A/D converter x 18 channels
Temperature sensor Port 2
8-bit D/A converter x 2 channels
AN Port 3
™ ICUb [ poc
~ Comparator B
K—] Port 5
@ . — pTcb kK CAC
=3
N PP N CTSU2SL, CTSuU2L
2l l<c %)
RAM K |2[]s 3
i P
— g ° 3 ELC [ Portc |
@ ]
c ~~ | S
£ c LPTa
1 D ‘;‘) I g D
RX CPU ~ =N RSCAN
-
NS ]
1S -Port G
Clock g
oc S
generation g N
circuit -
-
ICUb: Interrupt controller DOC: Data operation circuit
DTCb: Data transfer controller CAC: Clock frequency accuracy measurement circuit
IWDTa: Independent watchdog timer CTSU2SL,
ELC: Event link controller CTSU2L: Capacitive touch sensing unit
CRC: CRC (cyclic redundancy check) calculator TMRa: 8-bit timer
SCIk, SClg, LPTa: Low power timer
SClh: Serial communications interface RSCAN:  CAN module
RSPIc: Serial peripheral interface AESA: Advanced encryption standard hardware
RlICa: I2C bus interface accelerator
MTU2a: Multi-function timer pulse unit 2 RNGA: True-random number generator
POE2a: Port output enable 2
RTCB: Realtime clock Note:  Available functions depend on the product.
Figure 1.2 Block Diagram
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14 Pin Functions
Table 1.4 liststhe pin functions.

Table 1.4 Pin Functions (1/3)

Classifications  Pin Name 1/0 Description
Power supply VCC Input Power supply pin. Connect it to the system power supply.
VCL — Connect this pin to the VSS pin via the 4.7 uF smoothing capacitor used to
stabilize the internal power supply. Place the capacitor close to the pin.
VSS Input Ground pin. Connect it to the system power supply (0 V).
Clock XTAL Output  Pins for connecting a crystal. An external clock can be input through the
EXTAL input  EXTALpIn.
XCIN Input Input/output pins for the sub-clock oscillator. Connect a crystal between
XCOUT Output XCIN and XCOUT.
CLKOUT Output  Clock output pin.
Operating mode MD Input Pin for setting the operating mode. For usage, refer to section 3.1,
control Operating Mode Types and Selection.
System control RES# Input Reset pin. This MCU enters the reset state when this signal goes low.
Voltage CMPA2 Input Detection target voltage pin for voltage detection 2.
detection circuit
Clock frequency CACREF Input Input pin for the clock frequency accuracy measurement circuit.
accuracy
measurement
circuit
On-chip FINED 1/0 FINE interface pin.
emulator
Interrupts NMI Input Non-maskable interrupt request pin.
IRQO to IRQ7 Input Interrupt request pins.
Multi-function MTIOCOA, MTIOCOB, 110 The TGRAO to TGRDO input capture input/output compare output/PWM
timer pulse unit2 MTIOCOC, MTIOCOD output pins.
MTIOC1A, MTIOC1B 1/0 The TGRA1 and TGRBL1 input capture input/output compare output/PWM
output pins.
MTIOC2A, MTIOC2B 1/0 The TGRA2 and TGRB2 input capture input/output compare output/PWM
output pins.
MTIOC3A, MTIOC3B, 1/0 The TGRA3 to TGRD3 input capture input/output compare output/PWM
MTIOC3C, MTIOC3D output pins.
MTIOC4A, MTIOC4B, 110 The TGRA4 to TGRD4 input capture input/output compare output/PWM
MTIOC4C, MTIOC4D output pins.
MTIC5U, MTIC5V, MTIC5W  Input The TGRUS5, TGRV5, and TGRWS5 input capture input/external pulse input
pins.
MTCLKA, MTCLKB, Input Input pins for the external clock.
MTCLKC, MTCLKD
Port output POEO# to POE3#, POES8# Input Input pins for request signals to place the MTU pins in the high impedance
enable 2 state.
Realtime clock RTCOUT Output  Output pin for the 1-Hz/64-Hz clock.
8-bit timer TMOO to TMO3 Output Compare match output pins.
TMCIO to TMCI3 Input Input pins for the external clock to be input to the counter.
TMRIO to TMRI3 Input Counter reset input pins.
Low power timer LPTO Output  PWM output pin
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Table 1.4 Pin Functions (2/3)

Classifications  Pin Name 1/0 Description

Serial e Asynchronous mode/clock synchronous mode
communications

SCK1, SCK5, SCK6, SCK8, 1/0 Input/output pins for the clock.
interface (SClg, oo nput/output pins for the cloc
SCIk)
RXD1, RXD5, RXD6, RXD8, Input Input pins for received data.
RXD9
TXD1, TXD5, TXD6, TXD8, Output Output pins for transmitted data.
TXD9
CTS1#, CTS5#, CTS6#, Input Input pins for controlling the start of transmission and reception.
CTS8#, CTS9#
RTS1#, RTS5#, RTS6#, Output  Output pins for controlling the start of transmission and reception.
RTS8#, RTSO#
e Simple 12C mode
SSCL1, SSCL5, SSCL6, 110 Input/output pins for the 12C clock.
SSCL8, SSCL9
SSDA1, SSDA5, SSDAG, 110 Input/output pins for the 12C data.
SSDAS8, SSDA9
e Simple SPI mode
SCK1, SCK5, SCK6, SCK8, 1/0 Input/output pins for the clock.
SCK9
SMISO1, SMISO5, SMIS06, /0 Input/output pins for slave transmit data.
SMISO8, SMISO9
SMOSI1, SMOSI5, SMOSI6, /0 Input/output pins for master transmit data.
SMOSI8, SMOSI9
SS1#, SS5#, SS6#, SS8#, Input Slave-select input pins.
SSo#
Serial e Asynchronous mode/clock synchronous mode
communications -
SCK12 lfe} Input/output pin for the clock.
interface (SClh) NPULoUTpUE pin Tor the cloc
RXD12 Input Input pin for receiving data.
TXD12 Output  Output pin for transmitting data.
CTS12# Input Input pin for controlling the start of transmission and reception.
RTS12# Output  Output pin for controlling the start of transmission and reception.

e Simple 12C mode

SSCL12 110 Input/output pin for the 12C clock.

SSDA12 1/0 Input/output pin for the 12C data.

e Simple SPI mode

SCK12 1/0 Input/output pin for the clock.

SMISO12 1/0 Input/output pin for slave transmit data.

SMOSI12 /0 Input/output pin for master transmit data.

SS12# Input Slave-select input pin.

e Extended serial mode

RXDX12 Input Input pin for data reception by SCIf.

TXDX12 Output  Output pin for data transmission by SCIf.

SI0X12 1/0 Input/output pin for data reception or transmission by SCIf.
12C bus interface SCLO 1/0 Input/output pin for I2C bus interface clocks. Bus can be directly driven by

the N-channel open drain output.

SDAO 1/0 Input/output pin for 12C bus interface data. Bus can be directly driven by
the N-channel open drain output.
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Table 1.4 Pin Functions (3/3)
Classifications  Pin Name 1/0 Description
Serial peripheral RSPCKA 110 Input/output pin for the RSPI clock.
interface MOSIA 1/0 Input/output pin for transmitting data from the RSPl master.
MISOA /10 Input/output pin for transmitting data from the RSPI slave.
SSLAO 1/0 Input/output pin to select the slave for the RSPI.
SSLA1 to SSLA3 Output  Output pins to select the slave for the RSPI.
CAN module CRXDO Input Input pin
CTXDO Output  Output pin
12-bit A/ID ANOO0O to AN0O7, Input Input pins for the analog signals to be processed by the A/D converter.
converter ANO016 to ANO21, ANO24 to
ANO026
ADTRGO# Input Input pin for the external trigger signal that start the A/D conversion.
D/A converter DAO, DAl Output  Analog output pins of the D/A converter.
Comparator B CMPBO, CMPB1 Input Input pin for the analog signal to be processed by comparator B.
CVREFBO, CVREFB1 Input Analog reference voltage supply pin for comparator B.
CMPOBO, CMPOB1 Output  Output pin for comparator B.
Capacitive touch TS0 to TS35 110 Electrostatic capacitance measurement pins (touch pins).
sensing unit TSCAP — Connect to the VSS via a decoupling capacitor (10 nF) for stabilizing the
internal voltage
Analog power AVCCO Input Analog voltage supply pin for the 12-bit A/D converter and D/A converter.
supply Connect this pin to VCC when not using the 12-bit A/D converter and D/A
converter.
AVSSO Input Analog ground pin for the 12-bit A/D converter and D/A converter. Connect
this pin to VSS when not using the 12-bit A/D converter and D/A converter.
VREFHO Input Analog reference voltage supply pin for the 12-bit A/D converter.
VREFLO Input Analog reference ground pin for the 12-bit A/D converter.
1/0 ports P03 to P07 110 5-bit input/output pins.
P12 to P17 110 6-bit input/output pins.
P20, P21, P26, P27 110 4-bit input/output pins.
P30 to P32, P34 to P37 /0 7-bit input/output pins (P35 input pin).
P40 to P47 1/0 8-bit input/output pins.
P54, P55 110 2-bit input/output pins.
PAO to PA6 110 7-bit input/output pins.
PBO to PB7 1/0 8-bit input/output pins.
PC2 to PC7 110 6-bit input/output pins.
PDO to PD2 1/0 3-bit input/output pins.
PEO to PE5 1/0 6-bit input/output pins.
PG7 1/0 1-bit input/output pin.
PHO to PH3, PH6*1, PH7*1 /O 6-bit input/output pins (PH6, PH7: input pins).
PJ1, PJ6, PJ7 1/0 3-bit input/output pins.

Note 1. This is not supported by products with 64 Kbytes of ROM.
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15 Pin Assignments

1.5.1 80-pin LFQFP
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Note:  This figure indicates the power supply pins and /O ports.
For the pin configuration, see the table “List of Pins and Pin Functions (80-Pin LFQFP)".
Figure 1.3 Pin Assignments of the 80-Pin LFQFP
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1.5.2 64-pin LFQFP, 64-pin LQFP
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Note: This figure indicates the power supply pins and 1/O ports.
For the pin configuration, see the table “List of Pins and Pin Functions (64-Pin LFQFP, 64-Pin LQFP)".
Note 1. This is not supported by products with 64 Kbytes of ROM.
Figure 1.4 Pin Assignments of the 64-Pin LFQFP, 64-Pin LQFP
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1.5.3 48-pin LFQFP
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Note:  This figure indicates the power supply pins and O ports.
For the pin configuration, see the table “List of Pins and Pin Functions (48-Pin LFQFP, 48-Pin HWQFN)".
Figure 1.5 Pin Assignments of the 48-Pin LQFP
154 48-pin HWQFN
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Note: It is recommended to connect an exposed die pad to VSS.
Note:  This figure indicates the power supply pins and /O ports.
For the pin configuration, see the table “List of Pins and Pin Functions (48-Pin LFQFP, 48-Pin HWQFN)".
Figure 1.6 Pin Assignments of the 48-Pin HWQFN
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1.5.5 32-pin LQFP

Note:  This figure indicates the power supply pins and /O ports.
For the pin configuration, see the table “List of Pins and Pin Functions (32-Pin LQFP, 32-Pin HWQFN)".
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Figure 1.7 Pin Assignments of the 32-Pin LQFP

156 32-pin HWQFN
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Note:  Itis recommended to connect an exposed die pad to VSS.

Note:  This figure indicates the power supply pins and /O ports.
For the pin configuration, see the table “List of Pins and Pin Functions (32-Pin LQFP, 32-Pin LQFPHWQFN)".

PC4
PC5
PC6
PC7
P16
P17
P26
P27

Figure 1.8 Pin Assignments of the 32-Pin HWQFN
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1.6 List of Pins and Pin Functions
16.1 80-pin LFQFP
Table 1.5 List of Pins and Pin Functions (80-Pin LFQFP) (1/2)
Communications
Pin | Power Supply, Clock, Timers (SClg, SCih, SClk, RSPI, RIIC, Touch
No. | System Control 1/0 Port | (MTU, TMR, POE, LPT) RSCAN) sensing | Others
1 P06*1
2 P03*1 DAO
3 P04*1
4 VCL
5 PJ1 MTIOC3A
6 MD PG7 FINED
7 XCIN PH7
8 XCOUT PH6
9 RES#
10 XTAL P37 IRQ4
11 VSS
12 EXTAL P36 IRQ2
13 VvCC
14 P35 NMI
15 P34 MTIOCOA/TMCI3/POE2# SCK6 IRQ4
16 P32 MTIOCOC/TMO3 TXD6/SMOSI6/SSDA6 TSO IRQ2/RTCOUT
17 P31 MTIOC4D/TMCI2 CTS1#/RTS1#/SS1# TS1 IRQ1
18 P30 MTIOC4B/TMRI3/POES8# RXD1/SMISO1/SSCL1 TS2 IRQO
19 P27 MTIOC2B/TMCI3 SCK1 TS3
20 P26 MTIOC2A/TMO1/LPTO TXD1/SMOSI1/SSDA1 TS4
21 P21 MTIOC1B/TMCIO
22 P20 MTIOC1A/TMRIO
23 (5V tolerant) P17 MTIOC3A/MTIOC3B/TMO1/ | SCK1/MISOA/SDAO IRQ7
POES8#
24 (5V tolerant) P16 MTIOC3C/MTIOC3D/TMO2 | TXD1/SMOSI1/SSDA1/MOSIA/SCLO IRQ6/RTCOUT/
ADTRGO#
25 P15 MTIOCOB/MTCLKB/TMCI2 RXD1/SMISO1/SSCL1/CRXDO TS5 IRQ5
26 P14 MTIOC3A/MTCLKA/TMRI2 | CTS1#/RTS1#/SS1#/CTXDO TS6 IRQ4
27 (5V tolerant) P13 MTIOCOB/TMO3 SDAO IRQ3
28 | (5V tolerant) P12 TMCI1 SCLO IRQ2
29 PH3 MTIOC4D/TMCIO TS7
30 PH2 MTIOC4C/TMRIO TS8 IRQ1
31 PH1 MTIOC3D/TMOO TS9 IRQO
32 PHO MTIOC3B TS10 CACREF
33 P55 MTIOC4A/MTIOC4D/TMO3 | CRXDO TS11
34 P54 MTIOC4B/TMCI1 CTXDO TS12
35 PC7 MTCLKB/MTIOC3A/TMO2/ | MISOA/TXD8/SMOSI8/SSDA8 TS13 CACREF
LPTO
36 PC6 MTIOC3C/MTCLKA/TMCI2 MOSIA/RXD8/SMISO8/SSCL8 TS14
37 PC5 MTIOCOC/MTIOC3B/ RSPCKA/SCK8 TS15
MTCLKD/TMRI2
38 PC4 MTIOCOA/MTIOC3D/ SCK5/CTS8#/RTS8#/SS8#/SSLAO TSCAP
MTCLKC/TMCI1/POEO#
39 PC3 MTIOC4D TXD5/SMOSI5/SSDA5S TS16
40 PC2 MTIOC4B RXD5/SMISO5/SSCL5/SSLA3 TS17
41 PB7/ MTIOC3B TXD9/SMOSI9/SSDA9 TS18
PC1*2
42 PB6/ MTIOC3D RXD9/SMIS0O9/SSCL9 TS19
PCO*2
43 PB5 MTIOC2A/MTIOC1B/TMRI1/ | SCK9 TS20
POE1#
44 PB4 CTS9#/RTS9#/SS9# TS21
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Table 1.5

List of Pins and Pin Functions (80-Pin LFQFP) (2/2)

Communications

Pin | Power Supply, Clock, Timers (SClg, SClh, SCIk, RSPI, RIIC, Touch

No. | System Control 1/0 Port | (MTU, TMR, POE, LPT) RSCAN) sensing | Others

45 PB3 MTIOCOA/MTIOC4A/TMOO/ | SCK6 TS22
POE3#/LPTO

46 PB2 CTS6#/RTS6#/SS6# TS23

47 PB1 MTIOCOC/MTIOCAC/TMCIO | TXD6/SMOSI6/SSDA6 TS24 IRQ4/CMPOB1

48 VCC

49 PBO MTIOC3D/MTIC5W RXD6/SMISO6/SSCL6/RSPCKA TS25

50 VSS

51 PA6 MTIOC3D/MTIC5V/ CTS5#/RTS5#/SS5#/MOSIA TS26
MTCLKB/TMCI3/POE2#

52 PA5 RSPCKA TS27

53 PA4 MTIOCA4C/MTIC5U/ TXD5/SMOSI5/SSDA5/SSLAQ TS28 IRQ5/CVREFB1
MTCLKA/TMRIO

54 PA3 MTIOCOD/MTIOCA4D/ RXD5/SMISO5/SSCL5 TS29 IRQ6/CMPB1
MTIC5V/MTCLKD

55 PA2 RXD5/SMISO5/SSCL5/SSLA3 TS30

56 PA1 MTIOCOB/MTIOC3B/ SCK5/SSLA2 TS31
MTCLKC

57 PAO MTIOC4A SSLAl TS32 CACREF

58 PE5 MTIOC4C/MTIOC2B IRQ5/AN021/CMPOBO

59 PE4 MTIOC4D/MTIOC1A/ TS33 ANO20/CMPA2/
MTIOC4A CLKOUT

60 PE3 MTIOC1B/MTIOC4B/POES# | CTS12#/RTS12#/SS12# TS34 AN019/CLKOUT

61 PE2 MTIOC4A RXD12/RXDX12/SMISO12/SSCL12 TS35 IRQ7/AN018/CVREFBO

62 PE1 MTIOC4C TXD12/TXDX12/SI0X12/SMOSI12/ AN017/CMPBO

SSDA12

63 PEO SCK12 ANO16

64 PD2 MTIOC4D SCK6 IRQ2/AN026

65 PD1 MTIOC4B RXD6/SMISO6/SSCL6 IRQ1/AN025

66 PDO TXD6/SMOSI6/SSDA6 IRQO/AN024

67 P47+1 ANO07

68 P46*1 ANO06

69 P45*1 ANO05

70 P44*1 ANO004

71 P43*1 ANO003

72 P42*1 ANO002

73 P41*1 ANOO01

74 VREFLO PJ7*1

75 P40*1 ANO0O

76 VREFHO PJ6*1

77 AVCCO

78 PO7*1 ADTRGO#

79 AVSSO

80 P0O5*1 DA1

Note 1. The power source of the 1/O buffer for these pins is AVCCO.
Note 2. PCO and PC1 are valid only when the port switching function is selected.
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1.6.2 64-pin LFQFP, 64-pin LQFP
Table 1.6 List of Pins and Pin Functions (64-Pin LFQFP, 64-Pin LQFP) (1/2)
Communications
Pin | Power Supply, Clock, Timers (SClg, SClh, SCIk, RSP, RIIC, Touch
No. | System Control 1/0 Port | (MTU, TMR, POE, LPT) RSCAN) sensing | Others
1 P03*1 DAO
2 VCL
3 MD PG7 FINED
4 XCIN PH7*3
5 XCOUT PH6*3
6 RES#
7 XTAL P37 IRQ4
8 VSS
9 EXTAL P36 IRQ2
10 VCC
11 P35 NMI
12 P32 MTIOCOC/TMO3 TXD6*3/SMOSI6*3/SSDA6G*3 TS0*3 IRQ2/RTCOUT
13 P31 MTIOC4D/TMCI2 CTS1#/RTS1#/SS1# TS1*3 IRQ1
14 P30 MTIOC4B/TMRI3/POES8# RXD1/SMISO1/SSCL1 TS2*3 IRQO
15 P27 MTIOC2B/TMCI3 SCK1 TS3
16 P26 MTIOC2A/TMO1/LPTO TXD1/SMOSI1/SSDAL TS4
17 (5V tolerant) P17 MTIOC3A/MTIOC3B/TMO1/ | SCK1/MISOA/SDAO IRQ7
POES8#
18 (5V tolerant) P16 MTIOC3C/MTIOC3D/TMO2 | TXD1/SMOSI1/SSDA1/MOSIA/SCLO IRQ6/RTCOUT/
ADTRGO#
19 P15 MTIOCOB/MTCLKB/TMCI2 RXD1/SMISO1/SSCL1/CRXDO0 TS5*3 IRQ5
20 P14 MTIOC3A/MTCLKA/TMRI2 CTS1#/RTS1#/SS1#/CTXDO0 TS6*3 IRQ4
21 PH3 MTIOC4D/TMCIO TS7*3
22 PH2 MTIOC4C/TMRIO TS8*3 IRQ1
23 PH1 MTIOC3D/TMOO0 TS9*3 IRQO
24 PHO MTIOC3B TS10%*3 CACREF
25 P55 MTIOC4A/MTIOC4D/TMO3 | CRXDO*3 TS11*3
26 P54 MTIOC4B/TMCI1 CTXDO0*3 TS12*3
27 PC7 MTIOC3A/MTCLKB/TMO2/ | TXD8*3/SMOSI8*3/SSDA8*3/MISOA TS13 CACREF
LPTO
28 PC6 MTIOC3C/MTCLKA/TMCI2 | RXD8*3/SMISO8*3/SSCL8*3/MOSIA TS14
29 PC5 MTIOCOC/MTIOC3B/ SCK8*3/RSPCKA TS15
MTCLKD/TMRI2
30 PC4 MTIOCOA/MTIOC3D/ SCK5/CTS8#*3/RTS8#*3/SS8#*3/ TSCAP
MTCLKC/TMCI1/POEO# SSLAO
31 PC3 MTIOC4D TXD5/SMOSI5/SSDA5S TS16*3
32 PC2 MTIOC4B RXD5/SMISO5/SSCL5/SSLA3 TS17*3
33 PB7/ MTIOC3B TXD9*3/SMOSI9*3/SSDA9*3 TS18*3
PC1*2
34 PB6/ MTIOC3D RXD9*3/SMISO9*3/SSCL9*3 TS19*3
PC0*2
35 PB5 MTIOC2A/MTIOC1B/TMRI1/ | SCK9*3 TS20*3
POE1#
36 PB3 MTIOCOA/MTIOC4A/TMOO/ | SCK6*3 TS22%3
POE3#/LPTO
37 PB1 MTIOCOC/MTIOC4C/TMCIO | TXD6*3/SMOSI6*3/SSDA6G*3 TS24*3 IRQ4/CMPOB1
38 VCC
39 PBO MTIOC3D/MTIC5W RXD6*3/SMISO6*3/SSCL6*3/RSPCKA | TS25
40 VSS
41 PA6 MTIOC3D/MTIC5V/ CTS5#/RTS5#/SS5#/MOSIA TS26*3
MTCLKB/TMCI3/POE2#
42 PA4 MTIOC4C/MTIC5U/ TXD5/SMOSI5/SSDA5/SSLAO TS28 IRQ5/CVREFB1
MTCLKA/TMRIO
43 PA3 MTIOCOD/MTIOCA4D/ RXD5/SMISO5/SSCL5 TS29 IRQ6/CMPB1
MTIC5V/MTCLKD
RO1UHO0905EJ0110 Rev.1.10 RENESAS Page 62 of 1536

Apr 20, 2022



RX140 Group

1. Overview

Table 1.6

List of Pins and Pin Functions (64-Pin LFQFP, 64-Pin LQFP) (2/2)

Communications

Pin | Power Supply, Clock, Timers (SClg, SClh, SCIk, RSPI, RIIC, Touch

No. | System Control 1/0 Port | (MTU, TMR, POE, LPT) RSCAN) sensing | Others

44 PA1 MTIOCOB/MTIOC3B/ SCK5/SSLA2 TS31
MTCLKC

45 PAO MTIOC4A SSLAl TS32*3 CACREF

46 PE5 MTIOC4C/MTIOC2B IRQ5/AN021/CMPOBO

47 PE4 MTIOC4D/MTIOC1A/ TS33 ANO20/CMPA2/
MTIOC4A CLKOUT

48 PE3 MTIOC1B/MTIOC4B/POES# | CTS12#/RTS12#/SS12# TS34 AN019/CLKOUT

49 PE2 MTIOC4A RXD12/RXDX12/SMISO12/SSCL12 TS35 IRQ7/AN018/CVREFBO

50 PE1 MTIOC4C TXD12/TXDX12/SI0X12/SMOSI12/ AN017/CMPBO

SSDA12

51 PEO SCK12 ANO016

52 P47+1 ANO07

53 P46*1 ANO06

54 P45*1 ANO005

55 pas+l ANO004

56 P43+l ANO003

57 P42+l ANO002

58 P41*1 ANOO01

59 VREFLO PJ7*1

60 P40*1 ANO0O

61 VREFHO PJ6*1

62 AVCCO

63 P0O5*1 DA1

64 AVSSO

Note 1. The power source of the 1/O buffer for these pins is AVCCO.
Note 2. PCO and PC1 are valid only when the port switching function is selected.
Note 3. This is not supported by products with 64 Kbytes of ROM.
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1.6.3 48-pin LFQFP, 48-pin HWQFN
Table 1.7 List of Pins and Pin Functions (48-Pin LFQFP, 48-Pin HWQFN) (1/2)
Communications
Pin Power Supply, Clock, Timers (SClg, SClh, SCIk, RSPI, RIIC, Touch
No. | System Control 1/0 Port (MTU, TMR, POE, LPT) RSCAN) sensing | Others
1 VCL
2 MD PG7 FINED
3 RES#
4 XTAL P37 IRQ4
5 VSS
6 EXTAL P36 IRQ2
7 VCC
8 P35 NMI
9 P31 MTIOC4D/TMCI2 CTS1#/RTS1#/SS1# TS1*3 IRQ1
10 P30 MTIOC4B/TMRI3/POE8# RXD1/SMISO1/SSCL1 TS2*3 IRQO
11 P27 MTIOC2B/TMCI3 SCK1 TS3
12 P26 MTIOC2A/TMO1/LPTO TXD1/SMOSI1/SSDA1 TS4
13 (5V tolerant) P17 MTIOC3A/MTIOC3B/TMO1/POE8# SCK1/MISOA/SDAO IRQ7
14 (5V tolerant) P16 MTIOC3C/MTIOC3D/TMO2 TXD1/SMOSI1/SSDA1/MOSIA/SCLO IRQ6/
ADTRGO#/
RTCOUT
15 P15 MTIOCOB/MTCLKB/TMCI2 RXD1/SMISO1/SSCL1/CRXD0*3 TS5*3 IRQ5
16 P14 MTIOC3A/MTCLKA/TMRI2 CTS1#/RTS1#/SS1#/CTXD0*3 TS6*3 IRQ4
17 PH3 MTIOC4D/TMCIO TS7+3
18 PH2 MTIOC4C/TMRIO TS8*3 IRQ1
19 PH1 MTIOC3D/TMO0 TS9*3 IRQO
20 PHO MTIOC3B TS10%3 CACREF
21 PC7 MTIOC3A/TMO2/MTCLKB/LPTO TXD8*3/SMOSI8*3/SSDA8*3/MISOA | TS13 CACREF
22 PC6 MTIOC3C/MTCLKA/TMCI2 RXD8*3/SMISO8*3/SSCL8*3/MOSIA | TS14
23 PC5 MTIOCOC/MTIOC3B/MTCLKD/ SCK8*3/RSPCKA TS15
TMRI2
24 PC4 MTIOCOA/MTIOC3D/MTCLKC/ SCK5/CTS8#*3/RTS8#*3/SS8#*3/ TSCAP
TMCI1/POEO# SSLAO
25 PB5/PC3*1 | MTIOC2A/MTIOC1B/TMRI1/POE1# TS20%3
26 PB3/PC2*1 | MTIOCOA/MTIOC4A/TMOO/POE3#/ | SCK6*3 TS22*3
LPTO
27 PB1/PC1*1 | MTIOCOC/MTIOC4C/TMCIO TXD6*3/SMOSI6*3/SSDA6G*3 TS24*3 IRQ4/CMPOB1
28 VCC
29 PBO/PCO*! | MTIOC3D/MTIC5W RXD6*3/SMISO6*3/SSCL6*3/ TS25
RSPCKA
30 VSS
31 PA6 MTIOC3D/MTIC5V/MTCLKB/TMCI3/ | CTS5#/RTS5#/SS5#/MOSIA TS26*3
POE2#
32 PA4 MTIOC4C/MTICS5U/MTCLKA/TMRIO | TXD5/SMOSI5/SSDA5/SSLAO TS28 IRQ5/
CVREFB1
33 PA3 MTIOCOD/MTIOCAD/MTIC5V/ RXD5/SMISO5/SSCL5 TS29 IRQ6/CMPB1
MTCLKD
34 PAl MTIOCOB/MTIOC3B/MTCLKC SCK5/SSLA2 TS31
35 PE4 MTIOC4D/MTIOC1A/MTIOC4A TS33 ANO020/
CMPA2/
CLKOUT
36 PE3 MTIOC1B/MTIOC4B/POES# CTS12#/RTS12# TS34 ANO019/
CLKOUT
37 PE2 MTIOC4A RXD12/RXDX12/SSCL12 TS35 IRQ7/ANO18/
CVREFBO
38 PE1 MTIOC4C TXD12/TXDX12/SIOX12/SSDA12 ANO017/CMPBO
39 P47*2 ANOO07
40 P46*2 ANO006
41 P45*2 ANO0O05
42 P42%2 ANO002
43 P41*2 ANO0O1
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Table 1.7 List of Pins and Pin Functions (48-Pin LFQFP, 48-Pin HWQFN) (2/2)

Communications

Pin Power Supply, Clock, Timers (SClg, SClh, SCIk, RSPI, RIIC, Touch

No. | System Control 1/0 Port (MTU, TMR, POE, LPT) RSCAN) sensing | Others
44 VREFLO PJ7*2

45 P40*2 ANO00O
46 VREFHO PJ6*2

47 AVCCO

48 AVSS0

Note 1. PCO to PC3 are valid only when the port switching function is selected.

Note 2. The power source of the 1/O buffer for these pins is AVCCO.
Note 3. This is not supported by products with 64 Kbytes of ROM.
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164 32-pin LQFP, 32-pin HWQFN
Table 1.8 List of Pins and Pin Functions (32-Pin LQFP, 32-Pin HWQFN)
Pin | Power Supply, Clock, Timers Communications Touch
No. System Control 1/0 Port (MTU, TMR, POE, LPT) (SClg, SCIh, SCIk, RSPI, RIIC) sensing | Others
1 MD PG7 FINED
2 RES#
3 VSS
4 EXTAL P36 IRQ2
5 VCC
6 P35 NMI
7 P31 MTIOC4D/TMCI2 CTS1#/RTS1#/SS1# IRQ1
8 P30 MTIOC4B/TMRI3/POE8# RXD1/SMISO1/SSCL1 IRQO
9 P27 MTIOC2B/TMCI3 SCK1 TS3
10 P26 MTIOC2A/TMO1/LPTO TXD1/SMOSI1/SSDA1 TS4
11 (5V tolerant) P17 MTIOC3A/MTIOC3B/TMO1/ | SCK1/MISOA/SDAO IRQ7
POES8#
12 (5V tolerant) P16 MTIOC3C/MTIOC3D/TMO2 TXD1/SMOSI1/SSDA1/MOSIA/ IRQ6/ADTRGO#/
SCLO RTCOUT
13 PC7 MTIOC3A/MTCLKB/TMO2/ MISOA TS13 CACREF
LPTO
14 PC6 MTIOC3C/MTCLKA/TMCI2 MOSIA TS14
15 PC5 MTIOCOC/MTIOC3B/ RSPCKA TS15
MTCLKD/TMRI2
16 PC4 MTIOCOA/MTIOC3D/ SCK5/SSLAO TSCAP
MTCLKC/TMCI1/POEO#
17 vCC
18 PBO MTIOC3D/MTIC5W RSPCKA TS25
19 VSS
20 PA4 MTIOC4C/MTIC5U/MTCLKA/ | TXD5/SMOSI5/SSDA5/SSLAO TS28 IRQ5/CVREFB1
TMRIO
21 PA3 MTIOCOD/MTIOCA4D/ RXD5/SMISO5/SSCL5 TS29 IRQ6/CMPB1
MTIC5V/MTCLKD
22 PAl MTIOCOB/MTIOC3B/ SCK5/SSLA2 TS31
MTCLKC
23 PE4 MTIOC1A/MTIOCA4A/ TS33 ANO020/CMPA2/
MTIOC4D CLKOUT
24 PE3 MTIOC1B/MTIOC4B/POES# | CTS12#/RTS12# TS34 ANO019/CLKOUT
25 PE2 MTIOC4A RXD12/SSCL12/RXDX12 TS35 IRQ7/ANO18/CVREFBO
26 PE1 MTIOC4C TXD12/SSDA12/TXDX12/SI0X12 ANO017/CMPBO
27 P42*1 ANO002
28 P41*1 ANOO1
29 P40*1 ANOOO
30 AVCCO/VREFHO
31 AVSSO/VREFLO
32 VCL

Note 1. The power source of the 1/O buffer for these pins is AVCCO.
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2. CPU

The RXv2 instruction set architecture (RXv2) has upward compatibility with the RXv1 instruction set architecture
(RXv1).

e Adoption of variable-length instruction format
Aswith RXv1, the RXv2 CPU has short formats for frequently used instructions, facilitating the development of
efficient programs that take up less memory.

e Powerful instruction set
The RXv2 supports 109 selected instructions. Moreover, DSP instructions and floating-point operation instructions
are added, thus realizing high-speed arithmetic processing.

e Versatile addressing modes
The RXv2 CPU has 11 versatile addressing modes, with register-register operations, register-memory operations,
and bitwise operations included. Data transfer between memory locationsis also possible.

2.1 Features

e Minimum instruction execution rate: One clock cycle
e Address space: 4-Gbyte linear addresses
¢ Register set of the CPU
General purpose: Sixteen 32-bit registers
Control: Ten 32-hit registers
Accumulator: Two 72-bit registers
e Variable-length instruction format (lengths from one to eight bytes)
e 109 instructions/11 addressing modes
Basic instructions: 75
Floating-point operation instructions: 11
DSPinstructions: 23
e Processor modes
Supervisor mode and user mode
e Vector tables
Exception vector table and interrupt vector table
e Dataarrangement
Selectable as little endian or big endian
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2.2 Register Set of the CPU

The RXv2 CPU has sixteen general-purpose registers, ten control registers, and two accumulator used for DSP
instructions.

General-purpose register Control register

b31 bo b3l b0
RO (SP)* ISP (Interrupt stack pointer)
R1 USP (User stack pointer)
R2 -
R3 | INTB (Interrupt table register) |
R4 | PC (Program counter) |
R5
R6 | PSW (Processor status word) |
R7 [ BPC (Backup PC) |
R8
=9 [ BPSw (Backup PSW) |
R10 | FINTV (Fast interrupt vector register) |
R11
R12 | FPSW (Floating-point status word) |
R13 | EXTB (Exception table register) |
R14
R15

DSP instruction register
b71 b0
| ACCO (Accumulator 0) |

| ACC1 (Accumulator 1) |

Note 1. The stack pointer (SP) can be the interrupt stack pointer (ISP) or user stack pointer (USP), according to
the value of the U bit in the PSW.

Figure 2.1 Register Set of the CPU
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221

General-Purpose Registers (RO to R15)

This CPU has sixteen 32-bit general-purpose registers (RO to R15). RO to R15 can be used as data registers or address
registers.
RO, a general-purpose register, also functions as the stack pointer (SP).
The stack pointer is switched to operate asthe interrupt stack pointer (1SP) or user stack pointer (USP) by the value of the
stack pointer select bit (U) in the processor status word (PSW).

2.2.2 Control Registers

This CPU hasthe following ten control registers.

Interrupt stack pointer (ISP)

User stack pointer (USP)

Exception table register (EXTB)
Interrupt table register (INTB)
Program counter (PC)

Processor status word (PSW)

Backup PC (BPC)

Backup PSW (BPSW)

Fast interrupt vector register (FINTV)
Floating-point status word (FPSW)
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2.2.2.1 Interrupt Stack Pointer (ISP)/User Stack Pointer (USP)

ISP

Value afterreset. 0 0 0 0 0 0 0 0 0 0 0 0O O 0 0O O OO OO OOU OU OU OO OO OO OU OU OO OSFO

b31 b0

Usp

L L
Value afterreset. 0 0 0 0 0 0 0 O 0 0 0 0 O O OO O O O OOOU O OU OU OWU OO OU OUOTU OFWOO

The stack pointer (SP) can be either of two types, the interrupt stack pointer (ISP) or the user stack pointer (USP).
Whether the stack pointer operates as the | SP or USP depends on the value of the stack pointer select bit (U) in the
processor status word (PSW).

Set the ISP or USP to a multiple of 4 to reduce the number of cycles required to execute interrupt sequences and
instructions entailing stack manipul ation.

2.2.2.2 Exception Table Register (EXTB)

| I [ [ I [ E—
Value afterreset: 17 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O O O O O O O

The exception table register (EXTB) specifies the address where the exception vector table starts.
Set the EXTB to amultiple of 4 to reduce the number of cycles required to execute interrupt sequences and instructions
entailing stack manipulation.

2.2.2.3 Interrupt Table Register (INTB)

b31 b0

L L
Value after reset: Undefined

Theinterrupt table register (INTB) specifies the address where the interrupt vector table starts.
Set the INTB to amultiple of 4 to reduce the number of cycles required to execute interrupt sequences and instructions
entailing stack manipulation.

2224 Program Counter (PC)

b31 b0

L L
Value after reset: Contents of addresses FFFFFFFCh to FFFFFFFFh

The program counter (PC) indicates the address of the instruction being executed.
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2.2.2.5 Processor Status Word (PSW)
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
— — — — IPL[3:0] — — — PM — — u I
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — — — — — — o] S z C
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 C Carry Flag 0: No carry has occurred. R/W
1: A carry has occurred.
bl Z Zero Flag 0: Result is non-zero. R/W
1: Result is 0.
b2 S Sign Flag 0: Result is a positive value or 0. R/W
1: Result is a negative value.
b3 O Overflow Flag 0: No overflow has occurred. R/W
1: An overflow has occurred.
bl5tob4d — Reserved These bits are read as 0. The write value should be 0. R/W
b16 [*1 Interrupt Enable 0: Interrupt disabled. R/W
1: Interrupt enabled.
b17 Ul Stack Pointer Select 0: Interrupt stack pointer (ISP) is selected. R/W
1: User stack pointer (USP) is selected.
b19, b18 — Reserved These bits are read as 0. The write value should be 0. R/W
b20 PM*1,#2,%3  Processor Mode Select 0: Supervisor mode is selected. R/W
1: User mode is selected.
b23tob21 — Reserved These bits are read as 0. The write value should be 0. R/W
b27 to b24 IPL[3:0]*1 Processor Interrupt Priority Level b27 b24 R/W
0 0 0 O: Priority level O (lowest)
0 0 O 1: Priority level 1
0 0 1 O: Priority level 2
0 0 1 1: Priority level 3
0 1 0 O: Priority level 4
0 1 0 1: Priority level 5
0 1 1 O: Priority level 6
0 1 1 1: Priority level 7
1 0 0 O: Priority level 8
1 0 0 1: Priority level 9
1 0 1 O: Priority level 10
1 0 1 1: Priority level 11
1 1 0 O: Priority level 12
1 1 0 1: Priority level 13
1 1 1 0: Priority level 14
1 1 1 1: Priority level 15 (highest)
b31tob28 — Reserved These bits are read as 0. The write value should be 0. R/W
Note 1. In user mode, writing to the IPL[3:0], PM, U, and | bits by an MVTC or a POPC instruction is ignored. Writing to the IPL[3:0] bits

by an MVTIPL instruction generates a privileged instruction exception.

Note 2.
Note 3.

on the stack to 1 or executing an RTFI instruction after having set the BPSW.PM bit to 1.

The processor status word (PSW) indicates the results of instruction execution or the state of the CPU.

In supervisor mode, writing to the PM bit by an MVTC or a POPC instruction is ignored, but writing to the other bits is possible.
Switching from supervisor mode to user mode requires execution of an RTE instruction after having set the PSW.PM bit saved
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C Flag (Carry Flag)
Thisflag retains the state of the bit after a carry, borrow, or shift-out has occurred.

Z Flag (Zero Flag)
Thisflag isset to 1 if the result of an operation is 0; otherwise itsvalueis cleared to 0.

S Flag (Sign Flag)
Thisflagisset to 1if the result of an operation is negative; otherwiseits value is cleared to 0.

O Flag (Overflow Flag)
Thisflagisset to 1if the result of an operation overflows; otherwiseits valueis cleared to 0.

| Bit (Interrupt Enable)
This bit enables interrupt requests. When aWAIT instruction is executed, the value of this bit becomes 1. It becomes 0
when an exception is accepted.

U Bit (Stack Pointer Select)
This bit specifies the stack pointer as either the ISP or USP. When an exception request is accepted, thisbit is set to 0.
When the processor mode is switched from supervisor mode to user mode, this bit is set to 1.

PM Bit (Processor Mode Select)
This bit specifies the processor mode. When an exception is accepted, the value of this bit becomes 0.

IPL[3:0] Bits (Processor Interrupt Priority Level)

The IPL[3:0] bits specify the processor interrupt priority level as one of sixteen levels from zero to fifteen, wherein
priority level zero isthe lowest and priority level fifteen the highest. When the priority level of arequested interrupt is
higher than the processor interrupt priority level, the interrupt is enabled. Setting the IPL[3:0] bitsto level fifteen (Fh)
disables all interrupt requests. The IPL[3:0] bits are set to level fifteen (Fh) when a non-maskable interrupt is generated.
When interrupts in general are generated, the bits are set to the priority levels of accepted interrupts.

2.2.2.6 Backup PC (BPC)

b31 b0

L L
Value after reset: Undefined

The backup PC (BPC) is provided to speed up response to interrupts.
After afast interrupt has been generated, the contents of the program counter (PC) are saved in the BPC register.
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2.2.2.7 Backup PSW (BPSW)

b31

1 1
Value after reset: Undefined

The backup PSW (BPSW) is provided to speed up response to interrupts.

After afast interrupt has been generated, the contents of the processor status word (PSW) are saved in the BPSW. The

alocation of bitsin the BPSW corresponds to that in the PSW.

2.2.2.8 Fast Interrupt Vector Register (FINTV)

b31

L L
Value after reset: Undefined

Thefast interrupt vector register (FINTV) is provided to speed up response to interrupts.
The FINTV register specifies a branch destination address when afast interrupt has been generated.
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2.2.2.9 Floating-Point Status Word (FPSW)

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
FS FX FU FzZ FO FV — — — — — — — — — —
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— EX EU EZ EO EV — DN CE CcX CcuU cz co cv RM[1:0]
Value after reset: 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Bit Symbol  Bit Name Description R/W
b1, b0 RM[1:0] Floating-Point Rounding-Mode bl b0 . R/W
Setting 0 0: Rounding towards the nearest value
0 1: Rounding towards O
1 0: Rounding towards +«
1 1: Rounding towards —
b2 CVvV Invalid Operation Cause Flag 0: No invalid operation has been encountered. R/(W)
1: Invalid operation has been encountered. *1
b3 CcoO Overflow Cause Flag 0: No overflow has occurred. R/(W)
1: Overflow has occurred. *1
b4 cz Division-by-Zero Cause Flag 0: No division-by-zero has occurred. R/(W)
1: Division-by-zero has occurred. *1
b5 CuU Underflow Cause Flag 0: No underflow has occurred. R/(W)
1: Underflow has occurred. *1
b6 CX Inexact Cause Flag 0: No inexact exception has been generated. R/(W)
1: Inexact exception has been generated. *1
b7 CE Unimplemented Processing Cause 0: No unimplemented processing has been encountered. R/(W)
Flag 1: Unimplemented process has been encountered. *1
b8 DN 0 Flush Bit of Denormalized Number  0: A denormalized number is handled as a denormalized R/W
number.
1: A denormalized number is handled as 0.*2
b9 — Reserved This bit is read as 0. The write value should be 0. R/W
b10 EV Invalid Operation Exception Enable  0: Invalid operation exception is masked. R/W
1: Invalid operation exception is enabled.
b1l EO Overflow Exception Enable 0: Overflow exception is masked. R/W
1: Overflow exception is enabled.
b12 EZ Division-by-Zero Exception Enable 0: Division-by-zero exception is masked. R/W
1: Division-by-zero exception is enabled.
b13 EU Underflow Exception Enable 0: Underflow exception is masked. R/W
1: Underflow exception is enabled.
b14 EX Inexact Exception Enable 0: Inexact exception is masked. R/W
1: Inexact exception is enabled.
b25to b15 — Reserved These bits are read as 0. The write value should be 0. R/W
b26 Fv#*3 Invalid Operation Flag 0: No invalid operation has been encountered. R/W
1: Invalid operation has been encountered.*8
b27 FO*4 Overflow Flag 0: No overflow has occurred. R/W
1: Overflow has occurred.*8
b28 Fz*5 Division-by-Zero Flag 0: No division-by-zero has occurred. R/W
1: Division-by-zero has occurred.*8
b29 FU*6 Underflow Flag 0: No underflow has occurred. R/W
1: Underflow has occurred.*8
b30 FX*7 Inexact Flag 0: No inexact exception has been generated. R/W
1

: Inexact exception has been generated.*8
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Bit Symbol  Bit Name Description R/W
b31 FS Floating-Point Error Summary Flag This bit reflects the logical OR of the FU, FZ, FO, and FV R
flags.

Note 1. Writing O to the bit clears it. Writing 1 to the bit does not affect its value.

Note 2. Positive denormalized numbers are treated as +0, negative denormalized numbers as —0.
Note 3. When the EV bit is set to 0, the FV flag is enabled.

Note 4. When the EO bit is set to 0, the FO flag is enabled.

Note 5. When the EZ bit is set to 0, the FZ flag is enabled.

Note 6. When the EU bit is set to 0, the FU flag is enabled.

Note 7. When the EX bit is set to O, the FX flag is enabled.

Note 8. Once the bit has been set to 1, this value is retained until it is cleared to 0 by software.

The floating-point status word (FPSW) indicates the results of floating-point operations.

When an exception handling enable bit (Ej) enablesthe exception handling (Ej = 1), the exception cause can be identified
by checking the corresponding Cj flag in the exception handling routine. If the exception handling is masked (Ej = 0), the
occurrence of exception can be checked by reading the Fj flag at the end of a series of processing. Once the Fj flag has
been set to 1, thisvalueisretained until it is cleared to 0 by software (j = X, U, Z, O, or V).

RM[1:0] Bits (Floating-Point Rounding-Mode Setting)
These bits specify the floating-point rounding-maode.

Explanation of Floating-Point Rounding Modes

eRounding towards the nearest value : An inexact result is rounded to the available value that is closest to the result which would be
(the default behavior) obtained with an infinite number of digits. If two available values are equally close, rounding is
to the even alternative.

eRounding towards 0 : An inexact result is rounded to the smallest available absolute value, i.e. in the direction of
zero (simple truncation).

eRounding towards +« : An inexact result is rounded to the nearest available value in the direction of positive infinity.

eRounding towards —« 1 An inexact result is rounded to the nearest available value in the direction of negative infinity.

(1) Rounding to the nearest value is specified as the default mode and returns the most accurate value.
(2) Modes such as rounding towards 0, rounding towards +«, and rounding towards —~ are used to ensure precision when
interval arithmetic is employed.

CV Flag (Invalid Operation Cause Flag), CO Flag (Overflow Cause Flag),
CZ Flag (Division-by-Zero Cause Flag), CU Flag (Underflow Cause Flag),
CX Flag (Inexact Cause Flag), and CE Flag (Unimplemented Processing Cause Flag)
Floating-point exceptions include the five specified in the IEEE754 standard, namely overflow, underflow, inexact,
division-by-zero, and invalid operation. For afurther floating-point exception that is generated upon detection of
unimplemented processing, the corresponding flag (CE) isset to 1.

e The it that has been set to 1 is cleared to 0 when the FPU instruction is executed.

e When Oiswritten to the bit by the MV TC and POPC instructions, the bit is set to O; the bit retains the previous value

when 1 iswritten by the instruction.

DN Flag (0 Flush Bit of Denormalized Number)

When this bit is set to 0, a denormalized number is handled as a denormalized number. When thisbit issetto 1, a
denormalized number is handled as 0.

EV Bit (Invalid Operation Exception Enable), EO Bit (Overflow Exception Enable),

EZ Bit (Division-by-Zero Exception Enable), EU Bit (Underflow Exception Enable), and

EX Bit (Inexact Exception Enable)

When any of five floating-point exceptions specified in the IEEE754 standard is generated by the floating-point
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operation instruction, the bit decides whether the CPU will start handling the exception. When the bit is set to 0, the
exception handling is masked; when the bit is set to 1, the exception handling is enabled.

FV Flag (Invalid Operation Flag), FO Flag (Overflow Flag), FZ Flag (Division-by-Zero Flag),
FU Flag (Underflow Flag), and FX Flag (Inexact Flag)
While the exception handling enable bit (Ej) is O (exception handling is masked), if any of five floating-point exceptions
specified in the IEEE754 standard is generated, the corresponding bit is set to 1.
e When Ej is 1 (exception handling is enabled), the value of the flag remains.
e When the corresponding flagisset to 1, it remains 1 until it is cleared to O by software. (accumulation flag)

FS Flag (Floating-Point Error Summary Flag)
This bit reflects the logical OR of the FU, FZ, FO, and FV flags.

2.2.3 Accumulator

The accumulator (ACCO or ACC1) is a 72-bit register used for DSP instructions. The accumulator is handled as a 96-bit
register for reading and writing. At thistime, when bits 95 to 72 of the accumulator are read, the value where the val ue of
bit 71 issign extended is read. Writing to bits 95 to 72 of the accumulator isignored. ACCO is a so used for the multiply
and multiply-and-accumulate instructions; EMUL, EMULU, FMUL, MUL, and RMPA, in which case the prior valuein
ACCO is modified by execution of the instruction.

Usethe MVTACGU, MVTACHI, and MVTACLO instructions for writing to the accumulator. The MVTACGU,
MVTACHI, and MVTACLO instructions write data to bits 95 to 64, the higher-order 32 bits (bits 63 to 32), and the
lower-order 32 bits (bits 31 to 0), respectively.

Usethe MVFACGU, MVFACHI, MVFACMI, and MVFACLO instructions for reading data from the accumulator. The
MVFACGU, MVFACHI, MVFACMI, and MVFACLO instructions read data from the guard bits (bits 95 to 64), higher-
order 32 hits (bits 63 to 32), the middle 32 bits (bits 47 to 16), and the lower-order 32 bits (bits 31 to 0), respectively.

Range for reading and writing

by MVTACGU and MVFACGU Range for reading by MVFACMI
b95 b72b71 b64 b63 b48 ba7 b32 b31 b16 b15 bo
ACCO | — | | | | |
b95 b72b71 b64 b63 b48 b47 b32 b31 b16 b15 b0
Acct | —i | | | | |
Range for reading and writing Range for reading and writing
by MVTACHI and MVFACHI by MVTACLO and MVFACLO

Value after reset: Undefined

Note: The value of bit 71 is sign extended for bits 95 to 72 and the extended value is always read. Writing to this area is
ignored.
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2.3 Processor Mode

The RXv2 CPU supports two processor modes, supervisor and user. These processor modes enable the realization of a
hierarchical CPU resource protection and memory protection mechanism. Each processor mode imposes alevel on rights
of accessto memory and the instructions that can be executed. Supervisor mode carries greater rights than user mode.
Theinitial state after areset is supervisor mode.

2.3.1 Supervisor Mode

In supervisor mode, all CPU resources are accessible and all instructions are available. However, writing to the processor
mode select bit (PM) in the processor status word (PSW) by executing an MV TC or a POPC instruction will be ignored.
For details on how to write to the PM bit, refer to section 2.2.2.5, Processor Status Word (PSW).

2.3.2 User Mode
In user mode, write access to the CPU resources listed below isrestricted. The restriction applies to any instruction
capable of write access.

e Some bits (bits IPL[3:0], PM, U, and ) in the processor status word (PSW)

e Interrupt stack pointer (ISP)

e Exception table register (EXTB)

e Interrupt table register (INTB)

e Backup PSW (BPSW)

e Backup PC (BPC)

e Fastinterrupt vector register (FINTV)

2.3.3 Privileged Instruction

Privileged instructions can only be executed in supervisor mode. Executing a privileged instruction in user mode
produces a privileged instruction exception. Privileged instructionsinclude the RTFI, MV TIPL, RTE, and WAIT
instructions.

234 Switching Between Processor Modes

Manipulating the processor mode select bit (PM) in the processor status word (PSW) switches the processor mode.
However, rewriting to the PM bit by executingan MV TC or aPOPC instruction is prohibited. Switch the processor mode
by following the procedures described bel ow.

(1) Switching from user mode to supervisor mode

After an exception has been generated, the PSW.PM bit is set to 0 and the CPU switches to supervisor mode. The
hardware pre-processing is executed in supervisor mode. The state of the processor mode before the exception was
generated isretained in the copy of PSW.PM bit is saved on the stack.

(2) Switching from supervisor mode to user mode

Executing an RTE instruction when the value of the copy of the PSW.PM bit that has been preserved on the stack is 1 or
an RTFI instruction when the value of the copy of the PSW.PM bit that has been preserved in the backup PSW (BPSW)
is 1 causes atransition to user mode. In the transition to user mode, the value of the stack pointer designation bit (the U

bit in the PSW) becomes 1.
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2.4 Data Types
The RXv2 CPU can handle four types of data: integer, floating-point, bit, and string.
For details, refer to RX Family RXv2 Instruction Set Architecture User's Manual: Software.
24.1 Integer
An integer can be signed or unsigned. For signed integers, negative values are represented by two's complements.
b7 bo
Signed byte (8-hit) integer

Unsigned byte (8-bit) integer

Signed word (16-bit) integer

Unsigned word (16-bit) integer

Signed longword (32-bit) integer

Unsigned longword (32-bit) integer

Figure 2.2 Integer
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b15 b0
|S\ | | ‘ | | | | | | | |
b15 b0
| | | | ‘ | | | | | | | |
b31 b0
|S\ L L L L L L ‘ L L L L L L L ‘ L L L ‘ L L L L L L L |
b31 b0
| | | | | | | | ‘ | | | | | | | ‘ | | | ‘ | | | | | | | |
S: Signed bit
ENESAS Page 78 of 1536



RX140 Group 2.CPU

2.4.2 Floating-Points

Floating-point support is for the single-precision floating-point type specified in the IEEE754 standard; operands of this
type can be used in eleven floating-point operation instructions: FADD, FCMP, FDIV, FMUL, FSQRT, FSUB, FTOl,
FTOU, ITOF, ROUND, and UTOF.

b31 o 0}
Single-preCiSion floating-pOint |S‘ L L L \E L L L L L L L L L L L L L L ':\ L L L L L L L L L L

S: Sign (1 bit)
E: Exponent (8 bits)
F: Mantissa (23 bits)

Value = (-1)S x (1+Fx 2-23) x 2(E127)

Figure 2.3 Floating-Point

The floating-point format supports the values listed below.
0 < E < 255 (normal numbers)
E =0and F =0 (signed zero)
E = 0 and F > 0 (denormalized numbers)*1
E =255 and F = 0 (infinity)
E =255 and F > 0 (NaN: Not-a-Number)

Note 1. The number is treated as 0 when the FPSW.DN bit is 1. When the DN bit is 0, an unimplemented processing
exception is generated.

2.4.3 Bitwise Operations

Five bit-manipulation instructions are provided for bitwise operations: BCLR, BMCnd, BNOT, BSET, and BTST.

A bit in aregister is specified as the destination register and a bit number in the range from 31 to 0.

A bitin memory is specified as the destination address and a bit number from 7 to 0. The addressing modes available to
specify addresses are register indirect and register relative.

Register

. b31 b0 Example
it 3100 0t018) L] —> #30,Ri(register R, bit30)
Memory
. b7 b0 Example
(’;ti’t'_t'7”;'§’(‘;) ] — > #2,[R?] (address [R2], bit 2)
Figure 2.4 Bit
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24.4 Strings

The string data type consists of an arbitrary number of consecutive byte (8-bit), word (16-bit), or longword (32-bit) units.
Seven string manipulation instructions are provided for use with strings: SCMPU, SMOVB, SMOVF, SMOVU, SSTR,

SUNTIL, and SWHILE.

String of byte (8-bit) data
<« 8>

String of word (16-bit) data
<«— 16 —>

String of longword (32-bit) data

< 32 >
Figure 2.5 String
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25 Endian

For the RXv2 CPU, instructions are little endian, but the treatment of datais selectable aslittle or big endian.

251

Switching the Endian

As arrangements of bytes, this MCU supports both big endian, where the higher-order byte (MSB) is at location 0, and
little endian, where the lower-order byte (LSB) is at location O.

For details on the endian setting, see section 3, Operating Modes.
Operations for access differ according to the endian setting and, depending on the instruction, whether 8-, 16- or 32-bit
access has been selected. Operations for access in the various possible cases are described in Table 2.1 to Table 2.12.

In the tables,

LL indicates bits D7 to DO of the general-purpose register,

LH indicates bits D15 to D8 of the general-purpose register,

HL indicates bits D23 to D16 of the general-purpose register, and
HH indicates bits D31 to D24 of the general-purpose register.

D31 to D24

D23 to D16

D15 to D8

D7 to DO

General purpose register: Rm

Table 2.1

HH |

HL

LH

LL

32-Bit Read Operations when Little Endian has been Selected

Operation

Address of src

Reading a 32-bit unit
from address 0

Reading a 32-bit unit
from address 1

Reading a 32-bit unit
from address 2

Reading a 32-bit unit
from address 3

Reading a 32-bit unit
from address 4

Address 0 Transfer to LL — — — —
Address 1 Transfer to LH Transfer to LL — — —
Address 2 Transfer to HL Transfer to LH Transfer to LL — —
Address 3 Transfer to HH Transfer to HL Transfer to LH Transfer to LL —
Address 4 — Transfer to HH Transfer to HL Transfer to LH Transfer to LL
Address 5 — — Transfer to HH Transfer to HL Transfer to LH
Address 6 — — — Transfer to HH Transfer to HL
Address 7 — — — — Transfer to HH
Table 2.2 32-Bit Read Operations when Big Endian has been Selected

Operation

Address of src

Reading a 32-bit unit
from address 0

Reading a 32-bit unit
from address 1

Reading a 32-bit unit
from address 2

Reading a 32-bit unit
from address 3

Reading a 32-bit unit
from address 4

Address 0 Transfer to HH — — — —
Address 1 Transfer to HL Transfer to HH — — —
Address 2 Transfer to LH Transfer to HL Transfer to HH — —
Address 3 Transfer to LL Transfer to LH Transfer to HL Transfer to HH —
Address 4 — Transfer to LL Transfer to LH Transfer to HL Transfer to HH
Address 5 — — Transfer to LL Transfer to LH Transfer to HL
Address 6 — — — Transfer to LL Transfer to LH
Address 7 — — — — Transfer to LL
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Table 2.3 32-Bit Write Operations when Little Endian has been Selected
Operation
Address Writing a 32-bit unit | Writing a 32-bit unit | Writing a 32-bit unit | Writing a 32-bit unit | Writing a 32-bit unit
of dest to address 0 to address 1 to address 2 to address 3 to address 4
Address 0 Transfer from LL — — — —
Address 1 Transfer from LH Transfer from LL — — —
Address 2 Transfer from HL Transfer from LH Transfer from LL — —
Address 3 Transfer from HH Transfer from HL Transfer from LH Transfer from LL —
Address 4 — Transfer from HH Transfer from HL Transfer from LH Transfer from LL
Address 5 — — Transfer from HH Transfer from HL Transfer from LH
Address 6 — — — Transfer from HH Transfer from HL
Address 7 — — — — Transfer from HH
Table 2.4 32-Bit Write Operations when Big Endian has been Selected
Operation
Address Writing a 32-bit unit | Writing a 32-bit unit | Writing a 32-bit unit | Writing a 32-bit unit | Writing a 32-bit unit
of dest to address 0 to address 1 to address 2 to address 3 to address 4
Address 0 Transfer from HH — — — —
Address 1 Transfer from HL Transfer from HH — — —
Address 2 Transfer from LH Transfer from HL Transfer from HH — —
Address 3 Transfer from LL Transfer from LH Transfer from HL Transfer from HH —
Address 4 — Transfer from LL Transfer from LH Transfer from HL Transfer from HH
Address 5 — — Transfer from LL Transfer from LH Transfer from HL
Address 6 — — — Transfer from LL Transfer from LH
Address 7 — — — — Transfer from LL
Table 2.5 16-Bit Read Operations when Little Endian has been Selected
Operation
Reading Reading Reading Reading Reading Reading Reading
Address a 16-bit unit from| a 16-bit unit from| a 16-bit unit from| a 16-bit unit from| a 16-bit unit from| a 16-bit unit from| a 16-bit unit from
of src address 0 address 1 address 2 address 3 address 4 address 5 address 6
Address 0 Transfer to LL — — — — — —
Address 1 Transfer to LH Transfer to LL — — — — —
Address 2 — Transfer to LH Transfer to LL — — — —
Address 3 — — Transfer to LH Transfer to LL — — —
Address 4 — — — Transfer to LH Transfer to LL — —
Address 5 — — — — Transfer to LH Transfer to LL —
Address 6 — — — — — Transfer to LH Transfer to LL
Address 7 — — — — — — Transfer to LH
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Table 2.6 16-Bit Read Operations when Big Endian has been Selected
Operation
Reading Reading Reading Reading Reading Reading Reading
Address a 16-bit unit from| a 16-bit unit from| a 16-bit unit from| a 16-bit unit from| a 16-bit unit from| a 16-bit unit from| a 16-bit unit from
of src address 0 address 1 address 2 address 3 address 4 address 5 address 6
Address 0 Transfer to LH — — — — — —
Address 1 Transfer to LL Transfer to LH — — — — —
Address 2 — Transfer to LL Transfer to LH — — — —
Address 3 — — Transfer to LL Transfer to LH — — —
Address 4 — — — Transfer to LL Transfer to LH — —
Address 5 — — — — Transfer to LL Transfer to LH —
Address 6 — — — — — Transfer to LL Transfer to LH
Address 7 — — — — — — Transfer to LL
Table 2.7 16-Bit Write Operations when Little Endian has been Selected
Operation
Writing Writing Writing Writing Writing Writing Writing
Address a16-bitunitto |[a16-bitunitto |al16-bitunitto |[a16-bitunitto |a 16-bitunitto |a 16-bitunitto |a 16-bitunitto
of dest address 0 address 1 address 2 address 3 address 4 address 5 address 6
Address 0 Transfer from LL — — — — — —
Address 1 Transfer from LH | Transfer from LL — — — — —
Address 2 — Transfer from LH | Transfer from LL — — — —
Address 3 — — Transfer from LH | Transfer from LL — — —
Address 4 — — — Transfer from LH | Transfer from LL — —
Address 5 — — — — Transfer from LH | Transfer from LL —
Address 6 — — — — — Transfer from LH | Transfer from LL
Address 7 — — — — — — Transfer from LH
Table 2.8 16-Bit Write Operations when Big Endian has been Selected
Operation
Writing Writing Writing Writing Writing Writing Writing
Address a16-bitunitto |[a16-bitunitto |al16-bitunitto |[a16-bitunitto |a 16-bitunitto |a 16-bitunitto |a 16-bitunitto
of dest address 0 address 1 address 2 address 3 address 4 address 5 address 6
Address 0 Transfer from LH — — — — — —
Address 1 Transfer from LL | Transfer from LH — — — — —
Address 2 — Transfer from LL | Transfer from LH — — — —
Address 3 — — Transfer from LL | Transfer from LH — — —
Address 4 — — — Transfer from LL | Transfer from LH — —
Address 5 — — — — Transfer from LL | Transfer from LH —
Address 6 — — — — — Transfer from LL | Transfer from LH
Address 7 — — — — — — Transfer from LL
Table 2.9 8-Bit Read Operations when Little Endian has been Selected

Operation
Address of src

Reading an 8-bit unit
from address 0

Reading an 8-bit unit
from address 1

Reading an 8-bit unit
from address 2

Reading an 8-bit unit
from address 3

Address 0

Transfer to LL

Address 1

Transfer to LL

Address 2

Transfer to LL

Address 3

Transfer to LL
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Table 2.10

8-Bit Read Operations when Big Endian has been Selected

Operation
Address of src

Reading an 8-bit unit
from address 0

Reading an 8-bit unit
from address 1

Reading an 8-bit unit
from address 2

Reading an 8-bit unit
from address 3

Address 0 Transfer to LL — — —
Address 1 — Transfer to LL — —
Address 2 — — Transfer to LL —
Address 3 — — — Transfer to LL
Table 2.11 8-Bit Write Operations when Little Endian has been Selected
Operation | riting an 8-bit unit to | Writing an 8-bit unit to | Writing an 8-bit unitto | Writing an 8-bit unit to
Address of des address 0 address 1 address 2 address 3
Address 0 Transfer from LL — — —
Address 1 — Transfer from LL — —
Address 2 — — Transfer from LL —
Address 3 — — — Transfer from LL
Table 2.12 8-Bit Write Operations when Big Endian has been Selected
Operation | yriting an 8-bit unit to | Writing an 8-bit unit to | Writing an 8-bit unitto | Writing an 8-bit unit to
Address of des address 0 address 1 address 2 address 3
Address 0 Transfer from LL — — —
Address 1 — Transfer from LL — —
Address 2 — — Transfer from LL —
Address 3 — — — Transfer from LL
2.5.2 Access to I/O Registers

The addresses of 1/0 registers are fixed, and thisis regardless of whether the setting is for little endian or big endian.
Accordingly, changes to the endian do not affect accessto I/O registers. For the arrangements of 1/O registers, refer to the

descriptions of registersin the relevant sections.

2.5.3

Notes on Access to I/O Registers

Ensure that accessto /O registersisin accord with the following rules.

e With I/O registers for which a bus width of eight bitsis indicated, use instructions having operands of the same
width (eight bits). That is, access these registers by using instructions with .B as the size specifier (.size), or with .B
or .UB as the size-extension specifier (.memex).

e With I/O registers for which a bus width of 16 bitsisindicated, use instructions having operands of the same width
(16 bits). That is, access these registers by using instructions with .W asthe size specifier (.size), or with .W or .UW
as the size-extension specifier (.memex).

e With I/O registers for which a bus width of 32 bitsisindicated, use instructions having operands of the same width
(32 bits). That is, access these registers by using instructions with .L asthe size specifier (.size), or with .L size-
extension specifier (.memex).
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254 Data Arrangement

2.54.1

Figure 2.6 shows the relation between the sizes of registers and bit numbers.

Data Arrangement in Registers

b7 b0

Byte (8-bi) data L]
b15 b0

Word (16-bit) data L]
b31 b0

Longword (32—bit) data | | | | | | | | | | | | | | ‘ | | | | | | | ‘ | | | | | | | |
MSB LSB

Figure 2.6

2.54.2

Data Arrangement in Registers

Data Arrangement in Memory

Datain memory have three sizes. byte (8-bit), word (16-hit), and longword (32-bit). The data arrangement is selectable

aslittle endian or big endian. Figure 2.7 shows the arrangement of datain memory.

Data type Address Data image Data image
(Little endian) (Big endian)
b7 b0 b7 b0
1-bit data addressL [ 7 [ 6 | 5[4 ]3]2]1]0 76543210
Byte data AddressL [MsB{ { i ! i i ILSB MSB{ i { . i | iLSB
Word data Address M LSB MSB
AddressM +1 |MSB LSB
Longword data Address N LSB MSB
Address N + 1
Address N + 2
AddressN +3 |[MSB LSB
Figure 2.7 Data Arrangement in Memory
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2.6

Vector Table

There are two types of vector table: exception and interrupt. Each vector in the vector table consists of four bytes and
specifies the address where the corresponding exception handling routine starts.

2.6.1

Exception Vector Table

In the exception vector table, the individual vectors for the privileged instruction exception, access exception, undefined
instruction exception, floating-point exception, and non-maskable interrupt are allocated to the 124-byte area where the
value indicated by the exception table register (EXTB) is used as the starting address (ExtBase). The reset vector is

always allocated to FFFFFFFCh, regardless of the value of the exception vector table.

Figure 2.8 shows the exception vector table.

b31

b0

EXTB

Extl$a§

e

Value after reset: FFFFFF80h

ExtBase + 04h

—
ExtBase + 08h
—

ExtBase + 50h

ExtBase + 54h
—

ExtBase + 58h

——»
ExtBase + 5Ch
—

ExtBase + 60h

ExtBase + 64h
—

ExtBase + 68h

ExtBase + 6Ch
—

ExtBase + 70h
ExtBase + 74h

—
ExtBase + 78h
—

.

(Reserved)

(Reserved)

(Reserved)

Privileged instruction exception

Access exception

(Reserved)

Undefined instruction exception

(Reserved)

Floating-point exception

(Reserved)

(Reserved)

(Reserved)

(Reserved)

Non-maskable interrupt

FFFFFFCh
Reset j
Figure 2.8 Exception Vector Table
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2.6.2 Interrupt Vector Table

The address where the interrupt vector table is placed can be adjusted. The table is a 1,024-byte region that contains all
vectors for unconditional traps and interrupts and starts at the address (IntBase) specified in the interrupt table register
(INTB). Figure 2.9 showstheinterrupt vector table.

Each vector in theinterrupt vector table has avector number from 0 to 255. Each of the INT instructions, which act asthe
sources of unconditional traps, is allocated to the vector that has the same number as is specified as the operand of the
instruction itself (from 0 to 255). The BRK instruction is allocated to the vector with number 0. Furthermore, vector
numbers (from 0 to 255) are allocated to interrupt requestsin a fixed way for each product. For more on interrupt vector
numbers, see section 14.3.1, Interrupt Vector Table.

b31 b0
INTB L L L L L L L | L L L L L \In\tBla\se\ L L L L L | L L L L L L L
IntBase + 4 - 70
IntBase + 8 - 1
f f Interrupt vectors are
B B allocated in this order.
IntBase + 1020 | 1
> E J255 ¥
Figure 2.9 Interrupt Vector Table
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2.7 Operation of Instructions
2.7.1 Restrictions on RMPA and String-Manipulation Instructions

2.7.1.1 Transfer Size and Data Prefetching

The RMPA instruction and the string-manipulation instructions (SCMPU, SMOVB, SMOVF, SMOVU, SSTR, SUNTIL,
and SWHILE instructions) transfer datain longword units to speed up the reading of datafrom and writing of datato the
memory. If the last of the data to be processed isless than alongword, data transfer proceeds with the sizes described
below:

e RMPA, SSTR, SUNTIL, and SWHILE instructions: Size specified by the size specifier

e SCMPU, SMOVB, SMOVF, and SMOVU instructions: Byte

Additionally, in the above processing, the RMPA instruction and the string-manipulation instructions other than the
SSTRinstruction (that is, the SCMPU, SMOVB, SMOVF, SMOVU, SUNTIL, and SWHILE instructions) prefetch data
when reading data from the memory. Data s prefetched from the prefetching start position with three bytes as the upper
limit. The prefetching start positions of each operation are shown below.

e RMPA instruction: The multiplicand address specified by R1, and the multiplier address specified by R2

e SCMPU ingtruction: The source address specified by R1 for comparison, and the destination address specified by

R2 for comparison
e SUNTIL and SWHILE instructions. The destination address specified by R1 for comparison
e SMOVB, SMOVF, and SMOVU instructions. The source address specified by R2 for transfer

2.7.1.2 Access to I/0 Registers

The alocation of datato be handled by RMPA or string-manipulation instructions (SCMPU, SMOVB, SMOVF,
SMOVU, SSTR, SUNTIL, and SWHILE instructions) to I/O registersis prohibited, and operation is not guaranteed if
this restriction is not observed.
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2.8 Number of Cycles

2.8.1 Instruction and Number of Cycle

Table 2.13 to Table 2.20 show the number of cyclesin operation of each instruction. The listed numbers of cycles for
access to memory are the numbers of cycles during no-wait access. The operands in the table below indicate the

following meanings.
#MM: Immediate

flag: bit, flag

Rs, Rs2, Rd, Rd2, Ri, Rb: General-purpose register

As, Ad: Accumulator
CR: Control register
dsp: displacement
pcdsp: displacement

Table 2.13 Number of Cycles for Arithmetic/logic Instructions

Mnemonic
Instruction (indicates the common operation when the size is omitted) Number of Cycles
Arithmetic/logic instructions e {ABS, NEG, NOT} “Rd"/“Rs, Rd” 1
(register-register, immediate- e {ADC, MAX, MIN, ROTL, ROTR, XOR} “#IMM, Rd"/“Rs, Rd"
register) e ADD “#IMM, Rd"/“Rs, Rd"/“#IMM, Rs, Rd"/“Rs, Rs2, Rd”

¢ {AND, MUL, OR, SUB} “#IMM, Rd"/“Rs, Rd"/“Rs, Rs2, Rd"

o {CMP, TST} “#IMM, Rs"/"Rs, Rs2”

* NOP

¢ {ROLC, RORC, SAT} “Rd”

e SBB “Rs, Rd”

e {SHAR, SHLL, SHLR} “#IMM, Rd"/“Rs, Rd"/“#IMM, Rs, Rd"

e DIV “#IMM, Rd"/“Rs, Rd” 3to 20*1

e DIVU “#IMM, Rd"/"Rs, Rd” 2to 18*1

¢ {EMUL, EMULU} “#IMM, Rd"/“Rs, Rd” 2

e SATR 3
Arithmetic/logic instructions e {ADC, ADD, AND, MAX, MIN, MUL, OR, SBB, SUB, XOR} 3
(memory source operand) “[Rs], Rd"/*dsp[Rs], Rd”

¢ {CMP, TST} “[Rs], Rs2"/“dsp[Rs], Rs2”

e DIV “[Rs], Rd / dsp[Rs], Rd” 5to 22

e DIVU“[Rs], Rd / dsp[Rs], Rd” 4t0 20

e {EMUL, EMULU} “[Rs], Rd"/“dsp[Rs], Rd” 4

RMPA.B

6+7xfloor(n/4)+4x(n%4)
n: Number of processing
bytes*2

RMPA.W

6+5xfloor(n/2)+4x(n%2)
n: Number of processing
words*2

RMPA.L

6+4n
n: Number of processing
longwords*2

Note 1. The number of cycles for the dividing instruction varies according to the divisor and dividend.
Note 2. floor (x): Max. integer that is smaller than x.
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Table 2.14 Number of Cycles for Transfer Instructions
Mnemonic
Instruction (indicates the common operation when the size is omitted) Number of Cycles

Transfer instructions

(register-register, immediate-

register)

o MOV “#IMM, Rd"/“Rs, Rd” 1
 {MOVU, REVL, REVW} “Rs, Rd”

e SCCnd “Rd”

e {STNZ, STZ} “#IMM, Rd"/ “Rs, Rd”

e XCHG “Rs, Rd” 2

Transfer instructions
(load operation)

{MOV, MOVU} “[Rs], Rd"/“dsp[Rs], Rd"/“[Rs+], RA"/“[-Rs],
Rd"[Ri, Rb], Rd"
« MOVLI “[Rs], Rd”

Throughput: 1
Latency: 2*1

e POP “Rd”

e POPC “CR” Throughput: 3
Latency: 4*1

e POPM “Rd-Rd2” Throughput: n

Latency: n+1
n: Number of registers*1, *2

Transfer instructions
(store operation)

MOV “Rs, [Rd]"/*Rs, dsp[Rd]"/‘Rs, [Rd+]"/‘Rs, [-Rd]"/Rs, [Ri,
Rb]"7“#IMM, dsp[Rd]"/“#IMM, [Rd]”

PUSH “Rs”

PUSHC “CR”

sccnd “[Rd]’“dsp[Rd]’

MOVCO “Rs, [Rd]’

1

PUSHM “Rs-Rs2”

n
n: Number of registers*3

Transfer instructions
(memory-register)

XCHG “[Rs], Rd"/“dsp[Rs], Rd”

2

Transfer instructions
(memory-memory)

MOV “[Rs], [Rd]"/“dsp[Rs], [Rd]"/“[Rs], dsp[Rd]"/“dsp[Rs],
dsp[Rd]”
PUSH “[Rs]"/“dsp[Rs]”

Note 1. When the load data is used by the subsequent instruction, the number of cycles described as “latency” is counted as the number
of cycles for the memory load instruction. For the cycles other than the memory load instruction, the number of cycles described
as “throughput” is counted.

The POPM instruction is converted into multiple load operations. The processing is the same as the one for the load operations
of the MOV instruction, where the operation is repeated for the number of specified registers.

The PUSHM instruction is converted into multiple store operations. The processing is the same as the one for the store
operations of the MOV instruction, where the operation is repeated for the number of specified registers.

Note 2.

Note 3.

Table 2.15 Number of Cycles for Bit Manipulation Instructions

Mnemonic
(indicates the common operation when the size is omitted)

¢ {BCLR, BNOT, BSET} “#IMM, Rd"/“Rs, Rd” 1
e BMCnd “#IMM, Rd”
e BTST “#IMM, Rs"/“Rs, Rs2”

¢ {BCLR, BNOT, BSET} “#IMM, [Rd]"/“#IMM, dsp[Rd]"/Rs, 3
[Rd]"/“Rs, dsp[Rd]”

e BMCnd “#IMM, [Rd]"/*#IMM, dsp[Rd]"

e BTST “#IMM, [Rs]"/“#IMM, dsp[Rs]"/“Rs, [Rs2]"/"Rs,
dsp[Rs2]”

Instruction Number of Cycles

Bit manipulation instructions
(register)

Bit manipulation instructions
(memory source operand)
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Table 2.16 Number of Cycles for Branch Instructions

Instruction

Mnemonic
(indicates the common operation when the size is omitted)

Number of Cycles

Branch instructions

e BCnd “pcdsp”
¢ {BRA, BSR} “pcdsp"/“Rs”
e {JMP, JSR} “Rs”

Branch taken: 3
Branch not taken: 1

e RTE

e RTFI

e RTS

RTSD “#IMM”

6
3
5
5

e RTSD “#IMM, Rd-Rd2”

Throughput: n<5?5:1+n
Latency: n<4?5:2+n
n: Number of registers*1

?: Conditional operator

Note 1. When the load data is used by the subsequent instruction, the number of cycles described as “latency” is counted as the number
of cycles for the memory load instruction. For the cycles other than the memory load instruction, the number of cycles described

as “throughput” is counted.

Table 2.17 Number of Cycles for Floating-Point Operation Instructions

Mnemonic
Instruction (indicates the common operation when the size is omitted) Number of Cycles
Floating-point operation e {FADD, FSUB} “#IMM, Rd"/ “Rs, Rd"/ “Rs, Rs2, Rd" 2
instructions . « FCMP “#IMM, Rs’/'Rs, Rs2’ 1
(register-register, immediate-
register) e FDIV “#IMM, Rd"/"Rs, Rd” 16
o FMUL “#IMM, Rd"/ “Rs, Rd" / “Rs, Rs2, Rd” 2
e FSQRT “Rs, Rd” 16
e {FTOI, ROUND, ITOF} “Rs, Rd” 2
e {FTOU, UTOF} “Rs, Rd”
Floating-point operation o {FADD, FSUB} “[Rs], Rd"/“dsp[Rs], Rd” 4
Instructions « FCMP “[Rs], Rs2"*dsp[Rs], Rs2”
(memory source operand)
e FDIV “[Rs], Rd"/“dsp[Rs], Rd” 18
e FMUL “[Rs], Rd"/“dsp[Rs], Rd” 4
e FSQRT “[Rs], Rd"/“dsp[Rs], Rd” 18
e {FTOI, ROUND, ITOF} “[Rs], Rd"/“dsp[Rs], Rd" 4

« {FTOU, UTOF} “[Rs], Rd"/“dsp[Rs], Rd”

Table 2.18 Number of Cycles for DSP Instructions

Instruction

Mnemonic
(indicates the common operation when the size is omitted)

Number of Cycles

DSP instructions

e {EMULA, EMACA, EMSBA, MULLH, MULHI, MULLO,
MACLH, MACHI, MACLO, MSBLH, MSBHI, MSBLO}‘Rs,
Rs2, Ad”

¢ {MVFACHI, MVFACMI, MVFACLO, MVFACGU} “#IMM, As,
Rd”

o {MVTACHI, MVTACLO, MVTACGU} “As, Rd”

o {RDACW, RDACL, RACW, RACL} “#IMM, Ad”

1
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Table 2.19 Number of Cycles for String Manipulation Instructions

Mnemonic
Instruction (indicates the common operation when the size is omitted) Number of Cycles
String manipulation instructions*1 ¢ SCMPU 2+4xfloor(n/4)+4x(n%4)
n: Number of comparison
bytes*2
e SMOVB n>3?6+3xfloor(n/4)+3x(n%4):2+3n
n: Number of transfer bytes*2
¢ SMOVF, SMOVU 2+3xfloor(n/4)+3%(n%4)
n: Number of transfer bytes*2
e SSTR.B 2+floor(n/4)+n%4
n: Number of transfer bytes*2
e SSTR.W 2+floor(n/2)+n%2
n: Number of transfer words*2
e SSTR.L 2+n
n: Number of transfer longwords
e SUNTIL.B, SWHILE.B 3+3xfloor(n/4)+3%(n%4)
n: Number of comparison
bytes*2
e SUNTIL.W, SWHILE.W 3+3xfloor(n/2)+3x(n%2)
n: Number of comparison
words*2
e SUNTIL.L, SWHILE.L 3+3xn
n: Number of comparison
longwords

?: Conditional operator
Note 1. Each of the SCMPU, SMOVU, SWHILE, and SUNTIL instructions ends the execution regardless of the specified cycles, if the

end condition is satisfied during execution.
Note 2. floor (x): Max. integer that is smaller than x.

Table 2.20 Number of Cycles for System Manipulation Instructions

Mnemonic

Instruction (indicates the common operation when the size is omitted) Number of Cycles

System manipulation instructions e {CLRPSW, SETPSW}“flag” 1
e MVTC “#IMM, CR"/“Rs, CR”
e MVFC “CR, Rd”
e MVTIPL “#IMM”
e RTE 6
e RTFI 3
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2.8.2 Numbers of Cycles for Response to Interrupts

Table 2.21 lists numbers of cyclestaken by processing for response to interrupts.

Table 2.21 Numbers of Cycles for Response to Interrupts

Type of Interrupt Request/Details of Processing Fast Interrupt Other Interrupts
ICU 2 cycles

Judgment of priority order

CPU N cycles

Number of cycles from notification to acceptance of
the interrupt request

(varies with the instruction being executed at the time the interrupt was
received)

CPU Pre-processing by hardware

Saving the current PC and PSW values in RAM

(or in control registers in the case of the fast interrupt)
Reading of the vector

Branching to the start of the exception handling
routine

4 cycles 6 cycles

Times calculated from the valuesin Table 2.21 will be applicable when access to memory from the CPU is processed
with no waiting. The RAM and code flash memory in this MCU allow such access. Numbers of cycles for responseto
interrupts can be minimized by placing program code (and vectors) in code flash memory and the stack in RAM.
Furthermore, place the addresses where the exception handling routine start on 8-byte boundaries.

For information on the number of cycles from notification to acceptance of the interrupt request, indicated by N in the

table above, see Table 2.13 to Table 2.20.

The timing of interrupt acceptance depends on the execution state of the instruction. For more information on this, see
section 13.3.1, Acceptance Timing and Saved PC Value.
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3. Operating Modes

3.1 Operating Mode Types and Selection

Operating modes are selected by the pin level when areset is released.

Table 3.1 shows the relationship between levels on the mode setting pins (MD) on release from the reset state and the
operating mode selected at that time. For details on each of the operating modes, refer to section 3.3, Details of
Operating Modes.

Table 3.1 Selection of Operating Modes by the Mode Setting Pin

Mode Pin )
Operating Mode
MD*1, *2
High Single-chip mode
Low Boot mode (SCI interface)
Low—High*3 Boot mode (FINE interface)

Note 1. Since the period between the release from the reset state and the waiting time after the release or the waiting time after the
release from the power-on reset state is the period that the transition of the operating mode is in progress, do not change the
input level on the MD pin. For details of the waiting time after the release from the reset state and the waiting time after the
release from the power-on reset state, refer to section 42, Electrical Characteristics. In boot mode, an input pull-up resistor is in
the enabled state during the period from the resetting in progress to the completion of the operating mode transition. In single-
chip mode, an input pull-up resistor is in the enabled state during the period from the resetting in progress to the setting of
disabling the input pull-up resistor in the pull-up control register.

Note 2. After the chip starts up in the single-chip mode, this pin can be used as general port pin PG7.

Note 3. After release the reset state while the MD pin is at the low level, switch it to the high level within 20 to 100 msec.

The endian is selectable in single-chip mode. Endian is set by the MDE.MDE[2:0] bits in the option-setting memory.
For the correspondence between the setting and endian, see Table 3.2.

Table 3.2 Endian Setting in Single-Chip Mode

MDE.MDE[2:0] Bits Endian
000b Big endian
111b Little endian
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3.2 Register Descriptions

3.2.1 Mode Monitor Register (MDMONR)

Address(es): 0008 0000h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — — — — — — — — — — MD

Value after reset: 0 0 0 0 0 0 0 X 0 0 0 0 0 0 0 (1/11

Bit Symbol Bit Name Description R/W
b0 MD MD Pin Status Flag 0: The MD pin is low. R

1: The MD pin is high.

b7 to bl — Reserved These bits are read as 0. R
b8 — Reserved The read value is undefined. R
b15 to b9 — Reserved These bits are read as 0. R

Note 1. The initial value of the MD bit depends on the setting of the mode pin (MD). For the setting PORTG.PMR.b7, if the PG7/MD pin
is set to the general purpose I/O port pin, this bit is read as 0 regardless of the state of the PG7/MD pin.
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3.2.2 System Control Register 1 (SYSCR1)

Address(es): 0008 0008h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — — — — — — — — — — | RAME
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b0 RAME RAM Enable 0: The RAM is disabled. R/W
1: The RAM is enabled.
bl5to bl — Reserved These bits are read as 0. The write value should be 0. RIW

Note:  Set the PRCR.PRCL1 bit to 1 (write enabled) before rewriting this register.

RAME Bit (RAM Enable)

The RAME bit enables or disablesthe RAM.
A 0 should not bewritten to this bit during accessto the RAM. When accessing the RAM immediately after changing the

RAME bit from 0 (RAM disabled) to 1 (RAM enabled), make sure that the RAME hit is 1 before the access.
Even when the RAME bit is set to O, the RAM retainsits value. To retain the value in the RAM, keep the specified RAM

standby voltage (VRAM). For details, refer to section 42, Electrical Characteristics.
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3.3 Details of Operating Modes
3.3.1 Single-Chip Mode

In this mode, all 1/0O ports can be used as general input/output ports, peripheral function input/output, or interrupt input
pins.
The chip starts up in single-chip mode if the high level is on the MD pin on release from the reset state.

3.3.2 Boot Mode (SCI Interface)

In this mode, the on-chip flash memory modifying program (boot program) stored in a dedicated area within the MCU
operates. The on-chip flash memory (ROM and E2 DataFlash) can be modified from outside the MCU by using a
universal asynchronous receiver/transmitter (SCI1). For details, refer to section 41, Flash Memory (FLASH).

The chip starts up in boot mode if the low level is on the MD pin on release from the reset state.

When areset is released while the MD pin is low, boot mode (SCI interface) is selected. For details on boot mode (SCI
interface), refer to section 41.8.1, Boot Mode (SCI Interface).

3.3.3 Boot Mode (FINE Interface)

In this mode, the flash memory modifying program (boot program) stored in a dedicated area within the MCU operates.
The on-chip flash memory (ROM and E2 DataFlash) can be modified from outside the MCU by using the FINE. For
details, refer to section 41, Flash Memory (FLASH).

The chip starts up in boot mode (FINE interface) when the MD pinis set to the low level at the time of release from the
reset state and then is then switched to the high level within 20 to 100 msec.

3.4 Transitions of Operating Modes

3.4.1 Mode Setting Pin Levels and Operating Mode Transitions

Figure 3.1 shows operating mode transitions according to the setting of the MD pin.

MD = High B
RES# = High RES# = Low
) . — — Boot Mode
Single-chip mode - . 4 (FINE interface)

RES# = Low

RES# = High
MD = Low — High™
MD = Low
RES# = High

RES# = Low

Boot Mode
(SCl interface)

Note 1. After release from the reset state, switch the MD pin to high level within 20 to 100 msec.

Figure 3.1 Mode Setting Pin Levels and Operating Modes
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4. Address Space

4.1 Address Space

This MCU has a 4-Gbyte address space, consisting of the range of addresses from 0000 0000h to FFFF FFFFh. That is,
linear access to an address space of up to 4 Gbytesis possible, and this contains both program and data areas.
Figure 4.1 shows the memory maps.
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Single-chip mode**

0000 0000h RAM*
0001 0000h Reserved area*
0008 0000h
Peripheral I/O registers
0010 0000h K 5
On-chip ROM (E2 DataFlash)*
0010 2000h
Reserved area*®
007F CO00h Peripheral I/O registers
007F C500h
Reserved area*®
007F FCOOh Peripheral I/O registers
0080 0000h
Reserved area*®
FFFC 0000h . 2
On-chip ROM (program ROM)*
FFFF FFFFh

Note 1. The address space in boot mode is the same as the address space in single-chip mode.
Note 2. The capacity of ROM/RAM differs depending on the products.

ROM (bytes)

RAM (bytes)

E2 DataFlash (bytes)

Capacity | Address

Capacity | Address

Capacity | Address

256 Kbytes | FFFC 0000h to FFFF FFFFh

64 Kbytes | 0000 0000h to 0000 FFFFh

128 Kbytes | FFFE 0000h to FFFF FFFFh

32 Kbytes | 0000 0000h to 0000 7FFFh

8 Kbytes | 0010 0000h to 0010 1FFFh

64 Kbytes | FFFF 0000h to FFFF FFFFh

16 Kbytes | 0000 0000h to 0000 3FFFh

4 Kbytes |0010 0000h to 0010 OFFFh

Note 3. Reserved areas should not be accessed.

Note: See Table 1.3, List of Products, for the product type name.

Figure 4.1 Memory Map in Each Operating Mode
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5. I/O Registers

This section provides information on the on-chip /O register addresses and bit configuration. Theinformation isgiven as
shown below. Notes on writing to registers are also given below.

(1) /O register addresses (address order)
e Registers are listed from the lower allocation addresses.
e Registers are classified according to module symbols.
e Numbers of cycles for access indicate numbers of cycles of the given base clock.
e Among theinternal /O register area, addresses not listed in the list of registers are reserved. Reserved addresses

must not be accessed. Do not access these addresses; otherwise, the operation when accessing these bits and
subsequent operations cannot be guaranteed.

(2) Notes on writing to 1/O registers

When writing to an I/O register, the CPU starts executing the subsequent instruction before completing /O register write.
This may cause the subsequent instruction to be executed before the post-update 1/0 register value is reflected on the
operation.

Asdescribed in the following examples, special careisrequired for the casesin which the subsequent instruction must be
executed after the post-update /O register value is actually reflected.

[Examples of cases requiring special care]
e The subsequent instruction must be executed while an interrupt request is disabled with the IENj bit in |[ERn of the
ICU (interrupt request enable hit) cleared to 0.
e A WAIT instruction is executed immediately after the preprocessing for causing a transition to the low power
consumption state.

In the above cases, after writing to an |/O register, wait until the write operation is completed using the following
procedure and then execute the subsequent instruction.

(@ Writetoan /O register.

(b) Readthe value from the I/O register to a general register.
(c) Execute the operation using the value read.

(d) Execute the subsequent instruction.

[Instruction examples]
e Byte-sizel/O registers

MOV.L #SFR_ADDR, R1
MOV.B #SFR_DATA, [R1]
CMP [R1].UB, R1

;7 Next process

e Word-size l/O registers

MOV.L #SFR_ADDR, R1
MOV.W #SFR_DATA, [R1]
CMP [R1]l.W,R1

;; Next process
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e Longword-size I/O registers

MOV.L #SFR_ADDR, R1
MOV.L #SFR_DATA, [R1]
CMP [R1].L,R1

;; Next process

If multiple registers are written to and a subsequent instruction should be executed after the write operations are entirely
completed, only read the 1/0 register that was |ast written to and execute the operation using the value; it is not necessary
to read or execute operation for al the registers that were written to.

(3) Number of Access Cycles to I/O Registers

For numbers of clock cyclesfor accessto I/O registers, see Table 5.1, List of /0O Registers (Address Order).
The number of access cyclesto /O registersis obtained by following equation.*1

Number of access cyclesto I/0 registers = Number of bus cycles for internal main bus 1 +
Number of divided clock synchronization cycles +
Number of bus cyclesfor internal peripheral buses 1to 3, and 6

The number of bus cycles of internal peripheral buses 1 to 3, and 6 differs according to the register to be accessed.
When theregistersfor peripheral functions connected to internal peripheral buses 2, 3, and 6 (except for bus error related
registers) are accessed, the number of divided clock synchronization cyclesis added.

The number of divided clock synchronization cycles differs depending on the frequency ratio between ICLK and PCLK
(or FCLK) or bus access timing.

In the peripheral function unit, when the frequency ratio of ICLK isequal to or greater than that of PCLK (or FCLK), the
sum of the number of bus cyclesfor internal main bus 1 and the number of the divided clock synchronization cycles will
be one cycle of PCLK (or FCLK) at a maximum. Therefore, one PCLK (or FCLK) has been added to the number of
access cycles shownin Table 5.1.

When the frequency ratio of ICLK islower than that of PCLK (or FCLK), the subsequent bus access is started from the
ICLK cyclefollowing the completion of the access to the peripheral functions. Therefore, the access cycles are described
on an ICLK basis.

Note 1. This applies to the number of cycles when the access from the CPU does not conflict with the instruction fetching
to the external memory or bus access from the different bus master (DTC).

(4) Restrictions in Relation to RMPA and String-Manipulation Instructions

The alocation of datato be handled by RMPA or string-manipulation instructionsto 1/0 registersis prohibited, and
operation is not guaranteed if this restriction is not observed.

(5) Notes on Sleep Mode and Mode Transitions

During sleep mode or mode transitions, do not write to the system control related registers (indicated by 'SY STEM' inthe
Module Symbol column in Table 5.1, List of I/O Registers (Address Order)).
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5.1 I/O Register Addresses (Address Order)

Table 5.1 List of /0 Registers (Address Order) (1 / 25)

Module Number Access  Number of Access Reference
Address Symbol Register Name Register Symbol  of Bits Size Cycles Section
0008 0000h SYSTEM Mode Monitor Register MDMONR 16 16 3ICLK section 3.
0008 0008h SYSTEM System Control Register 1 SYSCR1 16 16 3ICLK section 3.
0008 000Ch SYSTEM Standby Control Register SBYCR 16 16 3ICLK section 11.
0008 0010h SYSTEM Module Stop Control Register A MSTPCRA 32 32 3ICLK section 11.
0008 0014h SYSTEM Module Stop Control Register B MSTPCRB 32 32 3ICLK section 11.
0008 0018h SYSTEM Module Stop Control Register C MSTPCRC 32 32 3ICLK section 11.
0008 001Ch SYSTEM Module Stop Control Register D MSTPCRD 32 32 3ICLK section 11.
0008 0020h SYSTEM System Clock Control Register SCKCR 32 32 3ICLK section 9.
0008 0026h SYSTEM System Clock Control Register 3 SCKCR3 16 16 3ICLK section 9.
0008 0028h SYSTEM PLL Control Register PLLCR 16 16 3ICLK section 9.
0008 002Ah SYSTEM PLL Control Register 2 PLLCR2 8 8 3ICLK section 9.
0008 0032h SYSTEM Main Clock Oscillator Control Register MOSCCR 8 8 3ICLK section 9.
0008 0033h SYSTEM Sub-Clock Oscillator Control Register SOSCCR 8 8 3ICLK section 9.
0008 0034h SYSTEM Low-Speed On-Chip Oscillator Control Register LOCOCR 8 8 3ICLK section 9.
0008 0035h SYSTEM IWDT-Dedicated On-Chip Oscillator Control Register ILOCOCR 8 8 3ICLK section 9.
0008 0036h SYSTEM High-Speed On-Chip Oscillator Control Register HOCOCR 8 8 3ICLK section 9.
0008 003Ch SYSTEM Oscillation Stabilization Flag Register OSCOVFSR 8 8 3ICLK section 9.
0008 003Eh SYSTEM CLKOUT Output Control Register CKOCR 16 16 3ICLK section 9.
0008 0040h SYSTEM Oscillation Stop Detection Control Register OSTDCR 8 8 3ICLK section 9.
0008 0041h SYSTEM Oscillation Stop Detection Status Register OSTDSR 8 8 3ICLK section 9.
0008 0043h SYSTEM Low-Speed On-Chip Oscillator Forced Oscillation Control LOFCR 8 8 3ICLK section 9.

Register
0008 0061h SYSTEM Low-Speed On-Chip Oscillator Trimming Register 2 LOCOTRR2 8 8 3ICLK section 9.
0008 0064h SYSTEM IWDT-Dedicated On-Chip Oscillator Trimming Register ILOCOTRR 8 8 3ICLK section 9.
0008 0068h SYSTEM High-Speed On-Chip Oscillator Trimming Register 0 HOCOTRRO 8 8 3ICLK section 9.
0008 0083h SYSTEM Sub-Clock Oscillator Mode Control Register SOMCR 8 8 3ICLK section 9.
0008 00ACh SYSTEM Operating Power Control Register OPCCR 8 8 3ICLK section 11.
0008 00A1h SYSTEM Sleep Mode Return Clock Source Switching Register RSTCKCR 8 8 3ICLK section 11.
0008 00A2h SYSTEM Main Clock Oscillator Wait Control Register MOSCWTCR 8 8 3ICLK section 9.
0008 00AAh SYSTEM Sub Operating Power Control Register SOPCCR 8 8 3ICLK section 11.
0008 00ACh SYSTEM Snooze Control Register 2 SNZCR2 16 16 3ICLK section 11.
0008 00AEh SYSTEM Snooze Control Register SNZCR 16 16 3ICLK section 11.
0008 00BOh LPT Low-Power Timer Control Register 1 LPTCR1 8 8 3ICLK section 25.
0008 00B1h LPT Low-Power Timer Control Register 2 LPTCR2 8 8 3ICLK section 25.
0008 00B2h LPT Low-Power Timer Control Register 3 LPTCR3 8 8 3ICLK section 25.
0008 00B4h LPT Low-Power Timer Period Setting Register LPTPRD 16 16 3ICLK section 25.
0008 00B8h LPT Low-Power Timer Compare Register 0 LPCMRO 16 16 3ICLK section 25.
0008 00BAh LPT Low-Power Timer Compare Register 1 LPCMR1 16 16 3ICLK section 25.
0008 00BCh LPT Low-Power Timer Standby Wakeup Enable Register LPWUCR 16 16 3ICLK section 25.
0008 00COh SYSTEM Reset Status Register 2 RSTSR2 8 8 3ICLK section 6.
0008 00C2h SYSTEM Software Reset Register SWRR 16 16 3ICLK section 6.
0008 00EOh SYSTEM Voltage Monitoring 1 Circuit Control Register 1 LVD1CR1 8 8 3ICLK section 8.
0008 00E1h SYSTEM Voltage Monitoring 1 Circuit Status Register LVD1SR 8 8 3ICLK section 8.
0008 00E2h SYSTEM Voltage Monitoring 2 Circuit Control Register 1 LVD2CR1 8 8 3ICLK section 8.
0008 00E3h SYSTEM Voltage Monitoring 2 Circuit Status Register LVD2SR 8 8 3ICLK section 8.
0008 03FEh SYSTEM Protect Register PRCR 16 16 3ICLK section 12.
0008 1300h BSC Bus Error Status Clear Register BERCLR 8 8 2ICLK section 15.
0008 1304h BSC Bus Error Monitoring Enable Register BEREN 8 8 2 ICLK section 15.
0008 1308h BSC Bus Error Status Register 1 BERSR1 8 8 2ICLK section 15.
0008 130Ah BSC Bus Error Status Register 2 BERSR2 16 16 2 ICLK section 15.
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Table 5.1 List of I/O Registers (Address Order) (2 / 25)

Module Number Access  Number of Access Reference
Address Symbol Register Name Register Symbol  of Bits Size Cycles Section
0008 1310h BSC Bus Priority Control Register BUSPRI 16 16 2ICLK section 15.
0008 2400h DTC DTC Control Register DTCCR 8 8 2ICLK section 16.
0008 2404h DTC DTC Vector Base Register DTCVBR 32 32 2ICLK section 16.
0008 2408h DTC DTC Address Mode Register DTCADMOD 8 8 2ICLK section 16.
0008 240Ch DTC DTC Module Start Register DTCST 8 8 2ICLK section 16.
0008 240Eh DTC DTC Status Register DTCSTS 16 16 2 ICLK section 16.
0008 2410h DTC DTC Index Table Base Register DTCIBR 32 32 2ICLK section 16.
0008 2414h DTC DTC Operation Register DTCOR 8 8 2ICLK section 16.
0008 2416h DTC DTC Sequence Transfer Enable Register DTCSQE 16 16 2ICLK section 16.
0008 2418h DTC DTC Address Displacement Register DTCDISP 32 32 2ICLK section 16.
0008 7010hto  ICU Interrupt Request Register 016 to Interrupt Request Register IR016 to IR255 8 8 2ICLK section 14.
0008 70FFh 255
0008 711Bhto  ICU DTC Transfer Request Enable Register 027 to DTC Transfer DTCERO027 to 8 8 2 ICLK section 14.
0008 71FFh Request Enable Register 255 DTCER255
0008 7202hto  ICU Interrupt Request Enable Register 02 to Interrupt Request IERO2 to IER1F 8 8 2ICLK section 14.
0008 721Fh Enable Register 1F
0008 72EOh ICU Software Interrupt Generation Register SWINTR 8 8 2ICLK section 14.
0008 72F0h ICU Fast Interrupt Set Register FIR 16 16 2 ICLK section 14.
0008 7300hto  ICU Interrupt Source Priority Register 000 to Interrupt Source IPROOO to IPR255 8 8 2ICLK section 14.
0008 73FFh Priority Register 255
0008 7500hto  ICU IRQ Control Register 0 to IRQ Control Register 7 IRQCRO to 8 8 2 ICLK section 14.
0008 7507h IRQCR7
0008 7510h ICU IRQ Pin Digital Filter Enable Register 0 IRQFLTEO 8 8 2 ICLK section 14.
0008 7514h ICU IRQ Pin Digital Filter Setting Register 0 IRQFLTCO 16 16 2 ICLK section 14.
0008 7580h ICU Non-Maskable Interrupt Status Register NMISR 8 8 2ICLK section 14.
0008 7581h ICU Non-Maskable Interrupt Enable Register NMIER 8 8 2ICLK section 14.
0008 7582h ICU Non-Maskable Interrupt Status Clear Register NMICLR 8 8 2ICLK section 14.
0008 7583h ICU NMI Pin Interrupt Control Register NMICR 8 8 2ICLK section 14.
0008 7590h ICU NMI Pin Digital Filter Enable Register NMIFLTE 8 8 2ICLK section 14.
0008 7594h ICU NMI Pin Digital Filter Setting Register NMIFLTC 8 8 2 ICLK section 14.
0008 8000h CMT Compare Match Timer Start Register 0 CMSTRO 16 16 2 or 3PCLKB section 23.
0008 8002h CMTO Compare Match Timer Control Register CMCR 16 16 2 or 3 PCLKB section 23.
0008 8004h CMTO Compare Match Counter CMCNT 16 16 2 or 3 PCLKB section 23.
0008 8006h CMTO Compare Match Constant Register CMCOR 16 16 2 or 3 PCLKB section 23.
0008 8008h CMT1 Compare Match Timer Control Register CMCR 16 16 2 or 3 PCLKB section 23.
0008 800Ah CMT1 Compare Match Counter CMCNT 16 16 2 or 3 PCLKB section 23.
0008 800Ch CMT1 Compare Match Constant Register CMCOR 16 16 2 or 3PCLKB section 23.
0008 8030h IWDT IWDT Refresh Register IWDTRR 8 8 2 or 3 PCLKB section 26.
0008 8032h IWDT IWDT Control Register IWDTCR 16 16 2 or 3 PCLKB section 26.
0008 8034h IWDT IWDT Status Register IWDTSR 16 16 2 or 3 PCLKB section 26.
0008 8036h IWDT IWDT Reset Control Register IWDTRCR 8 8 2 or 3 PCLKB section 26.
0008 8038h IWDT IWDT Count Stop Control Register IWDTCSTPR 8 8 2 or 3 PCLKB section 26.
0008 80C0Oh DA D/A Data Register 0 DADRO 16 16 2 or 3 PCLKB section 36.
0008 80C2h DA D/A Data Register 1 DADR1 16 16 2 or 3 PCLKB section 36.
0008 80C4h DA D/A Control Register DACR 8 8 2 or 3 PCLKB section 36.
0008 80C5h DA Data Register Format Select Register DADPR 8 8 2 or 3 PCLKB section 36.
0008 80C6h DA D/A A/D Synchronous Start Control Register DAADSCR 8 8 2 or 3 PCLKB section 36.
0008 8200h TMRO Timer Control Register TCR 8 8 2 or 3 PCLKB section 22.
0008 8201h TMR1 Timer Control Register TCR 8 8 2 or 3PCLKB section 22.
0008 8202h TMRO Timer Control/Status Register TCSR 8 8 2 or 3 PCLKB section 22.
0008 8203h TMR1 Timer Control/Status Register TCSR 8 8 2 or 3 PCLKB section 22.
0008 8204h TMRO Time Constant Register A TCORA 8 8 2 or 3 PCLKB section 22.
0008 8204h TMRO1 Time Constant Register A TCORA 16 16 2 or 3 PCLKB section 22.
0008 8205h TMR1 Time Constant Register A TCORA 8 8 2 or 3PCLKB section 22.
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Module Number Access  Number of Access Reference
Address Symbol Register Name Register Symbol  of Bits Size Cycles Section
0008 8206h TMRO Time Constant Register B TCORB 8 8 2 or 3 PCLKB section 22.
0008 8206h TMRO1 Time Constant Register B TCORB 16 16 2 or 3PCLKB section 22.
0008 8207h TMR1 Time Constant Register B TCORB 8 8 2 or 3 PCLKB section 22.
0008 8208h TMRO Timer Counter TCNT 8 8 2 or 3 PCLKB section 22.
0008 8208h TMRO1 Timer Counter TCNT 16 16 2 or 3 PCLKB section 22.
0008 8209h TMR1 Timer Counter TCNT 8 8 2 or 3PCLKB section 22.
0008 820Ah TMRO Timer Counter Control Register TCCR 8 8 2 or 3 PCLKB section 22.
0008 820Ah TMRO1 Timer Counter Control Register TCCR 16 16 2 or 3 PCLKB section 22.
0008 820Bh TMR1 Timer Counter Control Register TCCR 8 8 2 or 3 PCLKB section 22.
0008 820Ch TMRO Timer Counter Start Register TCSTR 8 8 2 or 3 PCLKB section 22.
0008 8210h TMR2 Timer Control Register TCR 8 8 2 or 3 PCLKB section 22.
0008 8211h TMR3 Timer Control Register TCR 8 8 2 or 3 PCLKB section 22.
0008 8212h TMR2 Timer Control/Status Register TCSR 8 8 2 or 3 PCLKB section 22.
0008 8213h TMR3 Timer Control/Status Register TCSR 8 8 2 or 3 PCLKB section 22.
0008 8214h TMR2 Time Constant Register A TCORA 8 8 2 or 3 PCLKB section 22.
0008 8214h TMR23 Time Constant Register A TCORA 16 16 2 or 3PCLKB section 22.
0008 8215h TMR3 Time Constant Register A TCORA 8 8 2 or 3 PCLKB section 22.
0008 8216h TMR2 Time Constant Register B TCORB 8 8 2 or 3PCLKB section 22.
0008 8216h TMR23 Time Constant Register B TCORB 16 16 2 or 3 PCLKB section 22.
0008 8217h TMR3 Time Constant Register B TCORB 8 8 2 or 3 PCLKB section 22.
0008 8218h TMR2 Timer Counter TCNT 8 8 2 or 3 PCLKB section 22.
0008 8218h TMR23 Timer Counter TCNT 16 16 2 or 3PCLKB section 22.
0008 8219h TMR3 Timer Counter TCNT 8 8 2 or 3 PCLKB section 22.
0008 821Ah TMR2 Timer Counter Control Register TCCR 8 8 2 or 3 PCLKB section 22.
0008 821Ah TMR23 Timer Counter Control Register TCCR 16 16 2 or 3 PCLKB section 22.
0008 821Bh TMR3 Timer Counter Control Register TCCR 8 8 2 or 3 PCLKB section 22.
0008 821Ch TMR2 Timer Counter Start Register TCSTR 8 8 2 or 3PCLKB section 22.
0008 8280h CRC CRC Control Register CRCCR 8 8 2 or 3 PCLKB section 31.
0008 8281h CRC CRC Data Input Register CRCDIR 8 8 2 or 3PCLKB section 31.
0008 8282h CRC CRC Data Output Register CRCDOR 16 16 2 or 3 PCLKB section 31.
0008 8300h RIICO 12C-bus Control Register 1 ICCR1 8 8 2 or 3 PCLKB section 28.
0008 8301h RIICO 12C-bus Control Register 2 ICCR2 8 8 2 or 3 PCLKB section 28.
0008 8302h RIICO 12C-bus Mode Register 1 ICMR1 8 8 2 or 3 PCLKB section 28.
0008 8303h RIICO 12C-bus Mode Register 2 ICMR2 8 8 2 or 3 PCLKB section 28.
0008 8304h RIICO 12C-bus Mode Register 3 ICMR3 8 8 2 or 3PCLKB section 28.
0008 8305h RIICO 12C-bus Function Enable Register ICFER 8 8 2 or 3PCLKB section 28.
0008 8306h RIICO 12C-bus Status Enable Register ICSER 8 8 2 or 3 PCLKB section 28.
0008 8307h RIICO 12C-bus Interrupt Enable Register ICIER 8 8 2 or 3 PCLKB section 28.
0008 8308h RIICO 12C-bus Status Register 1 ICSR1 8 8 2 or 3 PCLKB section 28.
0008 8309h RIICO 12C-bus Status Register 2 ICSR2 8 8 2 or 3PCLKB section 28.
0008 830Ah RIICO Slave Address Register LO SARLO 8 8 2 or 3 PCLKB section 28.
0008 830Bh RIICO Slave Address Register U0 SARUO 8 8 2 or 3 PCLKB section 28.
0008 830Ch RIICO Slave Address Register L1 SARL1 8 8 2 or 3 PCLKB section 28.
0008 830Dh RIICO Slave Address Register Ul SARU1 8 8 2 or 3 PCLKB section 28.
0008 830Eh RIICO Slave Address Register L2 SARL2 8 8 2 or 3 PCLKB section 28.
0008 830Fh RIICO Slave Address Register U2 SARU2 8 8 2 or 3 PCLKB section 28.
0008 8310h RIICO 12C-bus Bit Rate Low-Level Register ICBRL 8 8 2 or 3 PCLKB section 28.
0008 8311h RIICO 12C-bus Bit Rate High-Level Register ICBRH 8 8 2 or 3 PCLKB section 28.
0008 8312h RIICO 12C-bus Transmit Data Register ICDRT 8 8 2 or 3 PCLKB section 28.
0008 8313h RIICO 12C-bus Receive Data Register ICDRR 8 8 2 or 3 PCLKB section 28.
0008 8380h RSPIO RSPI Control Register SPCR 8 8 2 or 3 PCLKB section 30.
0008 8381h RSPIO RSPI Slave Select Polarity Register SSLP 8 8 2 or 3PCLKB section 30.
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0008 8382h RSPIO RSPI Pin Control Register SPPCR 8 8 2 or 3 PCLKB section 30.
0008 8383h RSPIO RSPI Status Register SPSR 8 8 2 or 3PCLKB section 30.
0008 8384h RSPIO RSPI Data Register SPDR 32 8, 16, 32 2 or 3 PCLKB section 30.
0008 8388h RSPIO RSPI Sequence Control Register SPSCR 8 8 2 or 3 PCLKB section 30.
0008 8389h RSPIO RSPI Sequence Status Register SPSSR 8 8 2 or 3 PCLKB section 30.
0008 838Ah RSPIO RSPI Bit Rate Register SPBR 8 8 2 or 3PCLKB section 30.
0008 838Bh RSPIO RSPI Data Control Register SPDCR 8 8 2 or 3 PCLKB section 30.
0008 838Ch RSPIO RSPI Clock Delay Register SPCKD 8 8 2 or 3 PCLKB section 30.
0008 838Dh RSPIO RSPI Slave Select Negation Delay Register SSLND 8 8 2 or 3 PCLKB section 30.
0008 838Eh RSPIO RSPI Next-Access Delay Register SPND 8 8 2 or 3 PCLKB section 30.
0008 838Fh RSPIO RSPI Control Register 2 SPCR2 8 8 2 or 3 PCLKB section 30.
0008 8390h RSPIO RSPI Command Register 0 SPCMDO 16 16 2 or 3 PCLKB section 30.
0008 8392h RSPIO RSPI Command Register 1 SPCMD1 16 16 2 or 3 PCLKB section 30.
0008 8394h RSPIO RSPl Command Register 2 SPCMD2 16 16 2 or 3 PCLKB section 30.
0008 8396h RSPIO RSPI Command Register 3 SPCMD3 16 16 2 or 3 PCLKB section 30.
0008 8398h RSPIO RSPI Command Register 4 SPCMD4 16 16 2 or 3 PCLKB section 30.
0008 839Ah RSPIO RSPl Command Register 5 SPCMD5 16 16 2 or 3 PCLKB section 30.
0008 839Ch RSPIO RSPl Command Register 6 SPCMD6 16 16 2 or 3 PCLKB section 30.
0008 839Eh RSPIO RSPl Command Register 7 SPCMD7 16 16 2 or 3 PCLKB section 30.
0008 83A0h RSPIO RSPI Data Control Register 2 SPDCR2 8 8 2 or 3 PCLKB section 30.
0008 8600h MTU3 Timer Control Register TCR 8 8 2 or 3 PCLKB section 20.
0008 8601h MTU4 Timer Control Register TCR 8 8 2 or 3PCLKB section 20.
0008 8602h MTU3 Timer Mode Register TMDR 8 8 2 or 3 PCLKB section 20.
0008 8603h MTU4 Timer Mode Register TMDR 8 8 2 or 3PCLKB section 20.
0008 8604h MTU3 Timer 1/O Control Register H TIORH 8 8 2 or 3 PCLKB section 20.
0008 8605h MTU3 Timer 1/O Control Register L TIORL 8 8 2 or 3 PCLKB section 20.
0008 8606h MTU4 Timer 1/O Control Register H TIORH 8 8 2 or 3 PCLKB section 20.
0008 8607h MTU4 Timer 1/O Control Register L TIORL 8 8 2 or 3 PCLKB section 20.
0008 8608h MTU3 Timer Interrupt Enable Register TIER 8 8 2 or 3 PCLKB section 20.
0008 8609h MTU4 Timer Interrupt Enable Register TIER 8 8 2 or 3 PCLKB section 20.
0008 860Ah MTU Timer Output Master Enable Register TOER 8 8 2 or 3 PCLKB section 20.
0008 860Dh MTU Timer Gate Control Register TGCR 8 8 2 or 3 PCLKB section 20.
0008 860Eh MTU Timer Output Control Register 1 TOCR1 8 8 2 or 3 PCLKB section 20.
0008 860Fh MTU Timer Output Control Register 2 TOCR2 8 8 2 or 3 PCLKB section 20.
0008 8610h MTU3 Timer Counter TCNT 16 16 2 or 3 PCLKB section 20.
0008 8612h MTU4 Timer Counter TCNT 16 16 2 or 3 PCLKB section 20.
0008 8614h MTU Timer Cycle Data Register TCDR 16 16 2 or 3 PCLKB section 20.
0008 8616h MTU Timer Dead Time Data Register TDDR 16 16 2 or 3 PCLKB section 20.
0008 8618h MTU3 Timer General Register A TGRA 16 16 2 or 3 PCLKB section 20.
0008 861Ah MTU3 Timer General Register B TGRB 16 16 2 or 3PCLKB section 20.
0008 861Ch MTU4 Timer General Register A TGRA 16 16 2 or 3 PCLKB section 20.
0008 861Eh MTU4 Timer General Register B TGRB 16 16 2 or 3 PCLKB section 20.
0008 8620h MTU Timer Subcounter TCNTS 16 16 2 or 3 PCLKB section 20.
0008 8622h MTU Timer Cycle Buffer Register TCBR 16 16 2 or 3PCLKB section 20.
0008 8624h MTU3 Timer General Register C TGRC 16 16 2 or 3 PCLKB section 20.
0008 8626h MTU3 Timer General Register D TGRD 16 16 2 or 3 PCLKB section 20.
0008 8628h MTU4 Timer General Register C TGRC 16 16 2 or 3 PCLKB section 20.
0008 862Ah MTU4 Timer General Register D TGRD 16 16 2 or 3 PCLKB section 20.
0008 862Ch MTU3 Timer Status Register TSR 8 8 2 or 3 PCLKB section 20.
0008 862Dh MTU4 Timer Status Register TSR 8 8 2 or 3 PCLKB section 20.
0008 8630h MTU Timer Interrupt Skipping Set Register TITCR 8 8 2 or 3 PCLKB section 20.
0008 8631h MTU Timer Interrupt Skipping Counter TITCNT 8 8 2 or 3 PCLKB section 20.
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0008 8632h MTU Timer Buffer Transfer Set Register TBTER 8 8 2 or 3 PCLKB section 20.
0008 8634h MTU Timer Dead Time Enable Register TDER 8 8 2 or 3PCLKB section 20.
0008 8636h MTU Timer Output Level Buffer Register TOLBR 8 8 2 or 3 PCLKB section 20.
0008 8638h MTU3 Timer Buffer Operation Transfer Mode Register TBTM 8 8 2 or 3 PCLKB section 20.
0008 8639h MTU4 Timer Buffer Operation Transfer Mode Register TBTM 8 8 2 or 3 PCLKB section 20.
0008 8640h MTU4 Timer A/D Conversion Start Request Control Register TADCR 16 16 2 or 3PCLKB section 20.
0008 8644h MTU4 Timer A/D Conversion Start Request Cycle Set Register A TADCORA 16 16 2 or 3 PCLKB section 20.
0008 8646h MTU4 Timer A/D Conversion Start Request Cycle Set Register B TADCORB 16 16 2 or 3 PCLKB section 20.
0008 8648h MTU4 ;imerA/D Conversion Start Request Cycle Set Buffer Register =~ TADCOBRA 16 16 2 or 3 PCLKB section 20.
0008 864Ah MTU4 Timer A/D Conversion Start Request Cycle Set Buffer Register =~ TADCOBRB 16 16 2 or 3 PCLKB section 20.

B

0008 8660h MTU Timer Waveform Control Register TWCR 8 8,16 2 or 3 PCLKB section 20.
0008 8680h MTU Timer Start Register TSTR 8 8,16 2 or 3 PCLKB section 20.
0008 8681h MTU Timer Synchronous Register TSYR 8 8,16 2 or 3 PCLKB section 20.
0008 8684h MTU Timer Read/Write Enable Register TRWER 8 8,16 2 or 3 PCLKB section 20.
0008 8690h MTUO Noise Filter Control Register NFCR 8 8,16 2 or 3 PCLKB section 20.
0008 8691h MTU1 Noise Filter Control Register NFCR 8 8,16 2 or 3 PCLKB section 20.
0008 8692h MTU2 Noise Filter Control Register NFCR 8 8,16 2 or 3 PCLKB section 20.
0008 8693h MTU3 Noise Filter Control Register NFCR 8 8,16 2 or 3 PCLKB section 20.
0008 8694h MTU4 Noise Filter Control Register NFCR 8 8,16 2 or 3 PCLKB section 20.
0008 8695h MTU5S Noise Filter Control Register NFCR 8 8,16 2 or 3 PCLKB section 20.
0008 8700h MTUO Timer Control Register TCR 8 8 2 or 3 PCLKB section 20.
0008 8701h MTUO Timer Mode Register TMDR 8 8 2 or 3PCLKB section 20.
0008 8702h MTUO Timer 1/O Control Register H TIORH 8 8 2 or 3 PCLKB section 20.
0008 8703h MTUO Timer 1/O Control Register L TIORL 8 8 2 or 3 PCLKB section 20.
0008 8704h MTUO Timer Interrupt Enable Register TIER 8 8 2 or 3 PCLKB section 20.
0008 8705h MTUO Timer Status Register TSR 8 8 2 or 3PCLKB section 20.
0008 8706h MTUO Timer Counter TCNT 16 16 2 or 3 PCLKB section 20.
0008 8708h MTUO Timer General Register A TGRA 16 16 2 or 3PCLKB section 20.
0008 870Ah MTUO Timer General Register B TGRB 16 16 2 or 3 PCLKB section 20.
0008 870Ch MTUO Timer General Register C TGRC 16 16 2 or 3 PCLKB section 20.
0008 870Eh MTUO Timer General Register D TGRD 16 16 2 or 3 PCLKB section 20.
0008 8720h MTUO Timer General Register E TGRE 16 16 2 or 3PCLKB section 20.
0008 8722h MTUO Timer General Register F TGRF 16 16 2 or 3 PCLKB section 20.
0008 8724h MTUO Timer Interrupt Enable Register 2 TIER2 8 8 2 or 3PCLKB section 20.
0008 8726h MTUO Timer Buffer Operation Transfer Mode Register TBTM 8 8 2 or 3PCLKB section 20.
0008 8780h MTU1 Timer Control Register TCR 8 8 2 or 3PCLKB section 20.
0008 8781h MTU1 Timer Mode Register TMDR 8 8 2 or 3 PCLKB section 20.
0008 8782h MTU1 Timer 1/O Control Register TIOR 8 8 2 or 3 PCLKB section 20.
0008 8784h MTU1 Timer Interrupt Enable Register TIER 8 8 2 or 3 PCLKB section 20.
0008 8785h MTU1 Timer Status Register TSR 8 8 2 or 3 PCLKB section 20.
0008 8786h MTU1 Timer Counter TCNT 16 16 2 or 3 PCLKB section 20.
0008 8788h MTU1 Timer General Register A TGRA 16 16 2 or 3 PCLKB section 20.
0008 878Ah MTU1 Timer General Register B TGRB 16 16 2 or 3 PCLKB section 20.
0008 8790h MTU1 Timer Input Capture Control Register TICCR 8 8 2 or 3 PCLKB section 20.
0008 8800h MTU2 Timer Control Register TCR 8 8 2 or 3 PCLKB section 20.
0008 8801h MTU2 Timer Mode Register TMDR 8 8 2 or 3 PCLKB section 20.
0008 8802h MTU2 Timer 1/O Control Register TIOR 8 8 2 or 3 PCLKB section 20.
0008 8804h MTU2 Timer Interrupt Enable Register TIER 8 8 2 or 3PCLKB section 20.
0008 8805h MTU2 Timer Status Register TSR 8 8 2 or 3 PCLKB section 20.
0008 8806h MTU2 Timer Counter TCNT 16 16 2 or 3 PCLKB section 20.
0008 8808h MTU2 Timer General Register A TGRA 16 16 2 or 3 PCLKB section 20.
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0008 880Ah MTU2 Timer General Register B TGRB 16 16 2 or 3 PCLKB section 20.
0008 8880h MTUS Timer Counter U TCNTU 16 16 2 or 3PCLKB section 20.
0008 8882h MTUS Timer General Register U TGRU 16 16 2 or 3 PCLKB section 20.
0008 8884h MTUS Timer Control Register U TCRU 8 8 2 or 3 PCLKB section 20.
0008 8886h MTUS Timer 1/O Control Register U TIORU 8 8 2 or 3PCLKB section 20.
0008 8890h MTUS Timer Counter V TCNTV 16 16 2 or 3PCLKB section 20.
0008 8892h MTUS Timer General Register V TGRV 16 16 2 or 3 PCLKB section 20.
0008 8894h MTUS Timer Control Register V TCRV 8 8 2 or 3PCLKB section 20.
0008 8896h MTUS Timer 1/O Control Register V TIORV 8 8 2 or 3PCLKB section 20.
0008 88A0h MTUS Timer Counter W TCNTW 16 16 2 or 3PCLKB section 20.
0008 88A2h MTUS Timer General Register W TGRW 16 16 2 or 3 PCLKB section 20.
0008 88A4h MTUS Timer Control Register W TCRW 8 8 2 or 3PCLKB section 20.
0008 88A6h MTUS Timer 1/O Control Register W TIORW 8 8 2 or 3 PCLKB section 20.
0008 88B2h MTUS Timer Interrupt Enable Register TIER 8 8 2 or 3PCLKB section 20.
0008 88B4h MTUS Timer Start Register TSTR 8 8 2 or 3 PCLKB section 20.
0008 88B6h MTUS Timer Compare Match Clear Register TCNTCMPCLR 8 8 2 or 3 PCLKB section 20.
0008 8900h POE Input Level Control/Status Register 1 ICSR1 16 8,16 2 or 3 PCLKB section 21.
0008 8902h POE Output Level Control/Status Register 1 OCSR1 16 8,16 2 or 3 PCLKB section 21.
0008 8908h POE Input Level Control/Status Register 2 ICSR2 16 8,16 2 or 3 PCLKB section 21.
0008 890Ah POE Software Port Output Enable Register SPOER 8 8 2 or 3 PCLKB section 21.
0008 890Bh POE Port Output Enable Control Register 1 POECR1 8 8 2 or 3 PCLKB section 21.
0008 890Ch POE Port Output Enable Control Register 2 POECR2 8 8 2 or 3PCLKB section 21.
0008 890Eh POE Input Level Control/Status Register 3 ICSR3 16 8,16 2 or 3 PCLKB section 21.
0008 9000h S12AD A/D Control Register ADCSR 16 16 2 or 3PCLKB section 35.
0008 9004h S12AD A/D Channel Select Register AO ADANSAOQ 16 16 2 or 3 PCLKB section 35.
0008 9006h S12AD A/D Channel Select Register A1 ADANSA1 16 16 2 or 3PCLKB section 35.
0008 9008h S12AD AID-_Convened Value Addition/Average Function Select ADADSO 16 16 2 or 3 PCLKB section 35.

Register 0
0008 900Ah S12AD A/D-Converted Value Addition/Average Function Select ADADS1 16 16 2 or 3 PCLKB section 35.
Register 1
0008 900Ch S12AD A/D-Converted Value Addition/Average Count Select Register ADADC 8 8 2 or 3 PCLKB section 35.
0008 900Eh S12AD A/D Control Extended Register ADCER 16 16 2 or 3PCLKB section 35.
0008 9010h S12AD A/D Conversion Start Trigger Select Register ADSTRGR 16 16 2 or 3 PCLKB section 35.
0008 9012h S12AD A/D Conversion Extended Input Control Register ADEXICR 16 16 2 or 3 PCLKB section 35.
0008 9014h S12AD A/D Channel Select Register BO ADANSBO 16 16 2 or 3 PCLKB section 35.
0008 9016h S12AD A/D Channel Select Register B1 ADANSB1 16 16 2 or 3PCLKB section 35.
0008 9018h S12AD A/D Data Duplication Register ADDBLDR 16 16 2 or 3 PCLKB section 35.
0008 901Ah S12AD A/D Temperature Sensor Data Register ADTSDR 16 16 2 or 3 PCLKB section 35.
0008 901Ch S12AD A/D Internal Reference Voltage Data Register ADOCDR 16 16 2 or 3 PCLKB section 35.
0008 901Eh S12AD A/D Self-Diagnosis Data Register ADRD 16 16 2 or 3 PCLKB section 35.
0008 9020h S12AD A/D Data Register 0 ADDRO 16 16 2 or 3 PCLKB section 35.
0008 9022h S12AD A/D Data Register 1 ADDR1 16 16 2 or 3 PCLKB section 35.
0008 9024h S12AD A/D Data Register 2 ADDR2 16 16 2 or 3 PCLKB section 35.
0008 9026h S12AD A/D Data Register 3 ADDR3 16 16 2 or 3 PCLKB section 35.
0008 9028h S12AD A/D Data Register 4 ADDR4 16 16 2 or 3 PCLKB section 35.
0008 902Ah S12AD A/D Data Register 5 ADDR5 16 16 2 or 3 PCLKB section 35.
0008 902Ch S12AD A/D Data Register 6 ADDR6 16 16 2 or 3 PCLKB section 35.
0008 902Eh S12AD A/D Data Register 7 ADDR7 16 16 2 or 3 PCLKB section 35.
0008 9030h S12AD A/D Data Register 8 ADDRS8 16 16 2 or 3 PCLKB section 35.
0008 9040h S12AD A/D Data Register 16 ADDR16 16 16 2 or 3 PCLKB section 35.
0008 9042h S12AD A/D Data Register 17 ADDR17 16 16 2 or 3 PCLKB section 35.
0008 9044h S12AD A/D Data Register 18 ADDR18 16 16 2 or 3 PCLKB section 35.
0008 9046h S12AD A/D Data Register 19 ADDR19 16 16 2 or 3 PCLKB section 35.
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0008 9048h S12AD A/D Data Register 20 ADDR20 16 16 2 or 3 PCLKB section 35.
0008 904Ah S12AD A/D Data Register 21 ADDR21 16 16 2 or 3 PCLKB section 35.
0008 9050h S12AD A/D Data Register 24 ADDR24 16 16 2 or 3 PCLKB section 35.
0008 9052h S12AD A/D Data Register 25 ADDR25 16 16 2 or 3 PCLKB section 35.
0008 9054h S12AD A/D Data Register 26 ADDR26 16 16 2 or 3 PCLKB section 35.
0008 907Ah S12AD A/D Disconnection Detection Control Register ADDISCR 8 8 2 or 3 PCLKB section 35.
0008 907Dh S12AD A/D Event Link Control Register ADELCCR 8 8 2 or 3 PCLKB section 35.
0008 907Eh S12AD A/D Convert Cycle Control Register ADCCR 8 8 2 or 3 PCLKB section 35.
0008 9080h S12AD A/D Group Scan Priority Control Register ADGSPCR 16 16 2 or 3 PCLKB section 35.
0008 908Ah S12AD A/D High-Potential/Low-Potential Reference Voltage Control ADHVREFCNT 8 8 2 or 3 PCLKB section 35.
Register
0008 908Ch S12AD A/D Compare Function Window A/B Status Monitor Register ADWINMON 8 8 2 or 3 PCLKB section 35.
0008 9090h S12AD A/D Compare Function Control Register ADCMPCR 16 16 2 or 3 PCLKB section 35.
0008 9092h S12AD A/D Compare Function Window A Extended Input Select ADCMPANSER 8 8 2 or 3PCLKB section 35.
Register
0008 9093h S12AD A/D Compare Function Window A Extended Input Comparison ADCMPLER 8 8 2 or 3 PCLKB section 35.
Condition Setting Register
0008 9094h S12AD A/D Compare Function Window A Channel Select Register 0 ADCMPANSRO 16 16 2 or 3 PCLKB section 35.
0008 9096h S12AD A/D Compare Function Window A Channel Select Register 1 ADCMPANSR1 16 16 2 or 3 PCLKB section 35.
0008 9098h S12AD A/D Compare Function Window A Comparison Condition ADCMPLRO 16 16 2 or 3 PCLKB section 35.
Setting Register 0
0008 909Ah S12AD A/D Compare Function Window A Comparison Condition ADCMPLR1 16 16 2 or 3 PCLKB section 35.
Setting Register 1
0008 909Ch S12AD A/D Compare Function Window A Lower-Side Level Setting ADCMPDRO 16 16 2 or 3PCLKB section 35.
Register
0008 909Eh S12AD A/D Compare Function Window A Upper-Side Level Setting ADCMPDR1 16 16 2 or 3PCLKB section 35.
Register
0008 90A0h S12AD A/D Compare Function Window A Channel Status Register 0 ADCMPSRO 16 16 2 or 3 PCLKB section 35.
0008 90A2h S12AD A/D Compare Function Window A Channel Status Register 1 ADCMPSR1 16 16 2 or 3 PCLKB section 35.
0008 90A4h S12AD A/D Compare Function Window A Extended Input Channel ADCMPSER 8 8 2 or 3 PCLKB section 35.
Status Register
0008 90A6h S12AD A/D Compare Function Window B Channel Select Register ADCMPBNSR 8 8 2 or 3 PCLKB section 35.
0008 90A8h S12AD A/D Compare Function Window B Lower-Side Level Setting ADWINLLB 16 16 2 or 3 PCLKB section 35.
Register
0008 90AAh S12AD AID _Compare Function Window B Upper-Side Level Setting ADWINULB 16 16 2 or 3 PCLKB section 35.
Register
0008 90ACh S12AD A/D Compare Function Window B Channel Status Register ADCMPBSR 8 8 2 or 3 PCLKB section 35.
0008 90BOh S12AD A/D Data Storage Buffer Register 0 ADBUFO 16 16 2 or 3 PCLKB section 35.
0008 90B2h S12AD A/D Data Storage Buffer Register 1 ADBUF1 16 16 2 or 3 PCLKB section 35.
0008 90B4h S12AD A/D Data Storage Buffer Register 2 ADBUF2 16 16 2 or 3 PCLKB section 35.
0008 90B6h S12AD A/D Data Storage Buffer Register 3 ADBUF3 16 16 2 or 3 PCLKB section 35.
0008 90B8h S12AD A/D Data Storage Buffer Register 4 ADBUF4 16 16 2 or 3PCLKB section 35.
0008 90BAh S12AD A/D Data Storage Buffer Register 5 ADBUF5 16 16 2 or 3 PCLKB section 35.
0008 90BCh S12AD A/D Data Storage Buffer Register 6 ADBUF6 16 16 2 or 3PCLKB section 35.
0008 90BEh S12AD A/D Data Storage Buffer Register 7 ADBUF7 16 16 2 or 3 PCLKB section 35.
0008 90COh S12AD A/D Data Storage Buffer Register 8 ADBUF8 16 16 2 or 3PCLKB section 35.
0008 90C2h S12AD A/D Data Storage Buffer Register 9 ADBUF9 16 16 2 or 3 PCLKB section 35.
0008 90C4h S12AD A/D Data Storage Buffer Register 10 ADBUF10 16 16 2 or 3PCLKB section 35.
0008 90C6h S12AD A/D Data Storage Buffer Register 11 ADBUF11 16 16 2 or 3 PCLKB section 35.
0008 90C8h S12AD A/D Data Storage Buffer Register 12 ADBUF12 16 16 2 or 3PCLKB section 35.
0008 90CAh S12AD A/D Data Storage Buffer Register 13 ADBUF13 16 16 2 or 3 PCLKB section 35.
0008 90CCh S12AD A/D Data Storage Buffer Register 14 ADBUF14 16 16 2 or 3PCLKB section 35.
0008 90CEh S12AD A/D Data Storage Buffer Register 15 ADBUF15 16 16 2 or 3 PCLKB section 35.
0008 90DOh S12AD A/D Data Storage Buffer Enable Register ADBUFEN 8 8 2 or 3PCLKB section 35.
0008 90D2h S12AD A/D Data Storage Buffer Pointer Register ADBUFPTR 8 8 2 or 3 PCLKB section 35.
0008 90DDh S12AD A/D Sampling State Register L ADSSTRL 8 8 2 or 3PCLKB section 35.
0008 90DEh S12AD A/D Sampling State Register T ADSSTRT 8 8 2 or 3 PCLKB section 35.
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0008 90DFh S12AD A/D Sampling State Register O ADSSTRO 8 8 2 or 3 PCLKB section 35.
0008 90EOh S12AD A/D Sampling State Register 0 ADSSTRO 8 8 2 or 3PCLKB section 35.
0008 90E1h S12AD A/D Sampling State Register 1 ADSSTR1 8 8 2 or 3 PCLKB section 35.
0008 90E2h S12AD A/D Sampling State Register 2 ADSSTR2 8 8 2 or 3PCLKB section 35.
0008 90E3h S12AD A/D Sampling State Register 3 ADSSTR3 8 8 2 or 3 PCLKB section 35.
0008 90E4h S12AD A/D Sampling State Register 4 ADSSTR4 8 8 2 or 3PCLKB section 35.
0008 90E5h S12AD A/D Sampling State Register 5 ADSSTR5 8 8 2 or 3 PCLKB section 35.
0008 90E6h S12AD A/D Sampling State Register 6 ADSSTR6 8 8 2 or 3PCLKB section 35.
0008 90E7h S12AD A/D Sampling State Register 7 ADSSTR7 8 8 2 or 3 PCLKB section 35.
0008 90E8h S12AD A/D Sampling State Register 8 ADSSTRS8 8 8 2 or 3PCLKB section 35.
0008 A020h SCi1 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 A020h SMCI1 Serial Mode Register SMR 8 8 2 or 3PCLKB section 27.
0008 AO21h SCi1 Bit Rate Register BRR 8 8 2 or 3 PCLKB section 27.
0008 A022h SCi1 Serial Control Register SCR 8 8 2 or 3PCLKB section 27.
0008 A022h SMCI1 Serial Control Register SCR 8 8 2 or 3 PCLKB section 27.
0008 A023h SCi1 Transmit Data Register TDR 8 8 2 or 3 PCLKB section 27.
0008 A024h SCi1 Serial Status Register SSR 8 8 2 or 3 PCLKB section 27.
0008 A024h SMCI1 Serial Status Register SSR 8 8 2 or 3PCLKB section 27.
0008 A025h SCi1 Receive Data Register RDR 8 8 2 or 3 PCLKB section 27.
0008 A026h SCl1 Smart Card Mode Register SCMR 8 8 2 or 3PCLKB section 27.
0008 A026h SMCI1 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB section 27.
0008 A027h SCl1 Serial Extended Mode Register SEMR 8 8 2 or 3 PCLKB section 27.
0008 A028h SCI1 Noise Filter Setting Register SNFR 8 8 2 or 3 PCLKB section 27.
0008 A029h SCi1 12C Mode Register 1 SIMR1 8 8 2 or 3 PCLKB section 27.
0008 A0O2Ah SCI1 12C Mode Register 2 SIMR2 8 8 2 or 3 PCLKB section 27.
0008 A02Bh SCi1 12C Mode Register 3 SIMR3 8 8 2 or 3 PCLKB section 27.
0008 A02Ch SCI1 12C Status Register SISR 8 8 2 or 3 PCLKB section 27.
0008 A02Dh SCli1 SPI Mode Register SPMR 8 8 2 or 3 PCLKB section 27.
0008 AO2Eh SCi1 Transmit Data Register HL TDRHL 16 16 2 or 3 PCLKB section 27.
0008 AO2Eh SCi1 Transmit Data Register H TDRH 8 8 2 or 3 PCLKB section 27.
0008 AO2Fh SCl1 Transmit Data Register L TDRL 8 8 2 or 3 PCLKB section 27.
0008 A030h SCi1 Receive Data Register HL RDRHL 16 16 2 or 3 PCLKB section 27.
0008 A030h SCi1 Receive Data Register H RDRH 8 8 2 or 3 PCLKB section 27.
0008 A031h SCi1 Receive Data Register L RDRL 8 8 2 or 3 PCLKB section 27.
0008 A032h SCi1 Modulation Duty Register MDDR 8 8 2 or 3 PCLKB section 27.
0008 A033h SCi1 Data Comparison Control Register DCCR 8 8 2 or 3PCLKB section 27.
0008 AO3Ah SCi1 Comparison Data Register CDR 16 16 2 or 3 PCLKB section 27.
0008 AO3Ah SCi1 Comparison Data Register H CDR.H 8 8 2 or 3 PCLKB section 27.
0008 AO3Bh SCi1 Comparison Data Register L CDR.L 8 8 2 or 3 PCLKB section 27.
0008 AO3Ch SCi1 Serial Port Register SPTR 8 8 2 or 3 PCLKB section 27.
0008 AO3Dh SCi1 Transmit/Receive Timing Select Register TMGR 8 8 2 or 3 PCLKB section 27.
0008 AOAOh SCI5 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 AOAOh SMCI5 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 AOAlh SCI5 Bit Rate Register BRR 8 8 2 or 3 PCLKB section 27.
0008 AOA2h SCI5 Serial Control Register SCR 8 8 2 or 3 PCLKB section 27.
0008 AOA2h SMCI5 Serial Control Register SCR 8 8 2 or 3PCLKB section 27.
0008 AOA3h SCI5 Transmit Data Register TDR 8 8 2 or 3PCLKB section 27.
0008 AOA4h SCI5 Serial Status Register SSR 8 8 2 or 3 PCLKB section 27.
0008 AOA4h SMCI5 Serial Status Register SSR 8 8 2 or 3 PCLKB section 27.
0008 AOA5h SCI5 Receive Data Register RDR 8 8 2 or 3 PCLKB section 27.
0008 AOA6h SCI5 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB section 27.
0008 AOA6h SMCI5 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB section 27.
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0008 AOA7h SCI5 Serial Extended Mode Register SEMR 8 8 2 or 3 PCLKB section 27.
0008 AOA8h SCI5 Noise Filter Setting Register SNFR 8 8 2 or 3 PCLKB section 27.
0008 AOASh SCI5 12C Mode Register 1 SIMR1 8 8 2 or 3 PCLKB section 27.
0008 AOAAh SCI5 12C Mode Register 2 SIMR2 8 8 2 or 3 PCLKB section 27.
0008 AOABh SCI5 12C Mode Register 3 SIMR3 8 8 2 or 3 PCLKB section 27.
0008 AOACh SCI5 12C Status Register SISR 8 8 2 or 3 PCLKB section 27.
0008 AOADhA SCI5 SPI Mode Register SPMR 8 8 2 or 3 PCLKB section 27.
0008 AOAEh SCI5 Transmit Data Register HL TDRHL 16 16 2 or 3 PCLKB section 27.
0008 AOAEh SCI5 Transmit Data Register H TDRH 8 8 2 or 3 PCLKB section 27.
0008 AOAFh SCI5 Transmit Data Register L TDRL 8 8 2 or 3 PCLKB section 27.
0008 AOBOh SCI5 Receive Data Register HL RDRHL 16 16 2 or 3 PCLKB section 27.
0008 AOBOh SCI5 Receive Data Register H RDRH 8 8 2 or 3 PCLKB section 27.
0008 AOB1h SCI5 Receive Data Register L RDRL 8 8 2 or 3 PCLKB section 27.
0008 AOB2h SCI5 Modulation Duty Register MDDR 8 8 2 or 3 PCLKB section 27.
0008 AOB3h SCI5 Data Comparison Control Register DCCR 8 8 2 or 3 PCLKB section 27.
0008 AOBAh SCI5 Comparison Data Register CDR 16 16 2 or 3PCLKB section 27.
0008 AOBAh SCI5 Comparison Data Register H CDR.H 8 8 2 or 3 PCLKB section 27.
0008 AOBBh SCI5 Comparison Data Register L CDR.L 8 8 2 or 3PCLKB section 27.
0008 AOBCh SCI5 Serial Port Register SPTR 8 8 2 or 3 PCLKB section 27.
0008 AOBDh SCI5 Transmit/Receive Timing Select Register TMGR 8 8 2 or 3 PCLKB section 27.
0008 AOCOh SClI6 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 AOCOh SMCI6 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 AOC1h SCI6 Bit Rate Register BRR 8 8 2 or 3 PCLKB section 27.
0008 AOC2h SCI6 Serial Control Register SCR 8 8 2 or 3 PCLKB section 27.
0008 AOC2h SMCI6 Serial Control Register SCR 8 8 2 or 3 PCLKB section 27.
0008 AOC3h SCI6 Transmit Data Register TDR 8 8 2 or 3 PCLKB section 27.
0008 AOC4h SClI6 Serial Status Register SSR 8 8 2 or 3 PCLKB section 27.
0008 AOC4h SMCI6 Serial Status Register SSR 8 8 2 or 3PCLKB section 27.
0008 AOC5h SClI6 Receive Data Register RDR 8 8 2 or 3 PCLKB section 27.
0008 AOC6h SCI6 Smart Card Mode Register SCMR 8 8 2 or 3PCLKB section 27.
0008 AOC6h SMCI6 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB section 27.
0008 AOC7h SCI6 Serial Extended Mode Register SEMR 8 8 2 or 3 PCLKB section 27.
0008 AOC8h SClI6 Noise Filter Setting Register SNFR 8 8 2 or 3 PCLKB section 27.
0008 AOCSh SCI6 12C Mode Register 1 SIMR1 8 8 2 or 3PCLKB section 27.
0008 AOCAh SCI6 12C Mode Register 2 SIMR2 8 8 2 or 3 PCLKB section 27.
0008 AOCBh SCI6 12C Mode Register 3 SIMR3 8 8 2 or 3 PCLKB section 27.
0008 AOCCh SCI6 12C Status Register SISR 8 8 2 or 3 PCLKB section 27.
0008 AOCDh SCI6 SPI Mode Register SPMR 8 8 2 or 3PCLKB section 27.
0008 AOCEh SClI6 Transmit Data Register HL TDRHL 16 16 2 or 3 PCLKB section 27.
0008 AOCEh SCI6 Transmit Data Register H TDRH 8 8 2 or 3 PCLKB section 27.
0008 AOCFh SCI6 Transmit Data Register L TDRL 8 8 2 or 3PCLKB section 27.
0008 AODOh SCI6 Receive Data Register HL RDRHL 16 16 2 or 3 PCLKB section 27.
0008 AODOh SCI6 Receive Data Register H RDRH 8 8 2 or 3PCLKB section 27.
0008 AOD1h SCI6 Receive Data Register L RDRL 8 8 2 or 3 PCLKB section 27.
0008 AOD2h SCI6 Modulation Duty Register MDDR 8 8 2 or 3 PCLKB section 27.
0008 A100h SCI8 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 A100h SMCI8 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 A101h SCI8 Bit Rate Register BRR 8 8 2 or 3 PCLKB section 27.
0008 A102h SCI8 Serial Control Register SCR 8 8 2 or 3 PCLKB section 27.
0008 A102h SMCI8 Serial Control Register SCR 8 8 2 or 3 PCLKB section 27.
0008 A103h SCI8 Transmit Data Register TDR 8 8 2 or 3PCLKB section 27.
0008 A104h SCI8 Serial Status Register SSR 8 8 2 or 3 PCLKB section 27.
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0008 A104h SMCI8 Serial Status Register SSR 8 8 2 or 3 PCLKB section 27.
0008 A105h SCI8 Receive Data Register RDR 8 8 2 or 3 PCLKB section 27.
0008 A106h SCI8 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB section 27.
0008 A106h SMCI8 Smart Card Mode Register SCMR 8 8 2 or 3PCLKB section 27.
0008 A107h SCI8 Serial Extended Mode Register SEMR 8 8 2 or 3 PCLKB section 27.
0008 A108h SCI8 Noise Filter Setting Register SNFR 8 8 2 or 3PCLKB section 27.
0008 A109h SCI8 12C Mode Register 1 SIMR1 8 8 2 or 3 PCLKB section 27.
0008 A10Ah SCI8 12C Mode Register 2 SIMR2 8 8 2 or 3 PCLKB section 27.
0008 A10Bh SCI8 12C Mode Register 3 SIMR3 8 8 2 or 3 PCLKB section 27.
0008 A10Ch SCI8 12C Status Register SISR 8 8 2 or 3PCLKB section 27.
0008 A10Dh SCI8 SPI Mode Register SPMR 8 8 2 or 3 PCLKB section 27.
0008 A10Eh SCI8 Transmit Data Register HL TDRHL 16 16 2 or 3 PCLKB section 27.
0008 A10Eh SCI8 Transmit Data Register H TDRH 8 8 2 or 3 PCLKB section 27.
0008 A10Fh SCI8 Transmit Data Register L TDRL 8 8 2 or 3 PCLKB section 27.
0008 A110h SCI8 Receive Data Register HL RDRHL 16 16 2 or 3 PCLKB section 27.
0008 A110h SCI8 Receive Data Register H RDRH 8 8 2 or 3 PCLKB section 27.
0008 Alllh SCI8 Receive Data Register L RDRL 8 8 2 or 3 PCLKB section 27.
0008 A112h SCI8 Modulation Duty Register MDDR 8 8 2 or 3 PCLKB section 27.
0008 A120h SCI9 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 A120h SMCI9 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 A121h SCI9 Bit Rate Register BRR 8 8 2 or 3 PCLKB section 27.
0008 A122h SCI9 Serial Control Register SCR 8 8 2 or 3PCLKB section 27.
0008 A122h SMCI9 Serial Control Register SCR 8 8 2 or 3 PCLKB section 27.
0008 A123h SCI9 Transmit Data Register TDR 8 8 2 or 3 PCLKB section 27.
0008 A124h SCI9 Serial Status Register SSR 8 8 2 or 3 PCLKB section 27.
0008 A124h SMCI9 Serial Status Register SSR 8 8 2 or 3PCLKB section 27.
0008 A125h SCI9 Receive Data Register RDR 8 8 2 or 3 PCLKB section 27.
0008 A126h SCI9 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB section 27.
0008 A126h SMCI9 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB section 27.
0008 A127h SCI9 Serial Extended Mode Register SEMR 8 8 2 or 3 PCLKB section 27.
0008 A128h SCI9 Noise Filter Setting Register SNFR 8 8 2 or 3 PCLKB section 27.
0008 A129h SCI9 12C Mode Register 1 SIMR1 8 8 2 or 3 PCLKB section 27.
0008 A12Ah SCI9 12C Mode Register 2 SIMR2 8 8 2 or 3 PCLKB section 27.
0008 A12Bh SCI9 12C Mode Register 3 SIMR3 8 8 2 or 3 PCLKB section 27.
0008 A12Ch SCI9 12C Status Register SISR 8 8 2 or 3 PCLKB section 27.
0008 A12Dh SCI9 SPI Mode Register SPMR 8 8 2 or 3 PCLKB section 27.
0008 A12Eh SCI9 Transmit Data Register HL TDRHL 16 16 2 or 3PCLKB section 27.
0008 A12Eh SCI9 Transmit Data Register H TDRH 8 8 2 or 3 PCLKB section 27.
0008 A12Fh SCI9 Transmit Data Register L TDRL 8 8 2 or 3 PCLKB section 27.
0008 A130h SCI9 Receive Data Register HL RDRHL 16 16 2 or 3 PCLKB section 27.
0008 A130h SCI9 Receive Data Register H RDRH 8 8 2 or 3 PCLKB section 27.
0008 A131h SCI9 Receive Data Register L RDRL 8 8 2 or 3 PCLKB section 27.
0008 A132h SCI9 Modulation Duty Register MDDR 8 8 2 or 3 PCLKB section 27.
0008 BOOOh CAC CAC Control Register 0 CACRO 8 8 2 or 3 PCLKB section 10.
0008 BOO1h CAC CAC Control Register 1 CACR1 8 8 2 or 3 PCLKB section 10.
0008 B002h CAC CAC Control Register 2 CACR2 8 8 2 or 3 PCLKB section 10.
0008 BOO3h CAC CAC Interrupt Request Enable Register CAICR 8 8 2 or 3 PCLKB section 10.
0008 B004h CAC CAC Status Register CASTR 8 8 2 or 3 PCLKB section 10.
0008 BOO6h CAC CAC Upper-Limit Value Setting Register CAULVR 16 16 2 or 3 PCLKB section 10.
0008 B0OO8h CAC CAC Lower-Limit Value Setting Register CALLVR 16 16 2 or 3 PCLKB section 10.
0008 BOOAh CAC CAC Counter Buffer Register CACNTBR 16 16 2 or 3 PCLKB section 10.
0008 B0O80h DOC DOC Control Register DOCR 8 8 2 or 3 PCLKB section 39.
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0008 B082h DOC DOC Data Input Register DODIR 16 16 2 or 3PCLKB section 39.
0008 B084h DOC DOC Data Setting Register DODSR 16 16 2 or 3PCLKB section 39.
0008 B100h ELC Event Link Control Register ELCR 8 8 2 or 3 PCLKB section 39.
0008 B102h ELC Event Link Setting Register 1 ELSR1 8 8 2 or 3PCLKB section 17.
0008 B103h ELC Event Link Setting Register 2 ELSR2 8 8 2 or 3 PCLKB section 17.
0008 B104h ELC Event Link Setting Register 3 ELSR3 8 8 2 or 3PCLKB section 17.
0008 B105h ELC Event Link Setting Register 4 ELSR4 8 8 2 or 3 PCLKB section 17.
0008 B108h ELC Event Link Setting Register 7 ELSR7 8 8 2 or 3PCLKB section 17.
0008 B109h ELC Event Link Setting Register 8 ELSR8 8 8 2 or 3 PCLKB section 17.
0008 B10Bh ELC Event Link Setting Register 10 ELSR10 8 8 2 or 3 PCLKB section 17.
0008 B10Dh ELC Event Link Setting Register 12 ELSR12 8 8 2 or 3 PCLKB section 17.
0008 B10Fh ELC Event Link Setting Register 14 ELSR14 8 8 2 or 3PCLKB section 17.
0008 B110h ELC Event Link Setting Register 15 ELSR15 8 8 2 or 3 PCLKB section 17.
0008 B11lh ELC Event Link Setting Register 16 ELSR16 8 8 2 or 3PCLKB section 17.
0008 B113h ELC Event Link Setting Register 18 ELSR18 8 8 2 or 3 PCLKB section 17.
0008 B115h ELC Event Link Setting Register 20 ELSR20 8 8 2 or 3PCLKB section 17.
0008 B117h ELC Event Link Setting Register 22 ELSR22 8 8 2 or 3 PCLKB section 17.
0008 B119h ELC Event Link Setting Register 24 ELSR24 8 8 2 or 3PCLKB section 17.
0008 B11Ah ELC Event Link Setting Register 25 ELSR25 8 8 2 or 3 PCLKB section 17.
0008 B11Fh ELC Event Link Option Setting Register A ELOPA 8 8 2 or 3 PCLKB section 17.
0008 B120h ELC Event Link Option Setting Register B ELOPB 8 8 2 or 3 PCLKB section 17.
0008 B121h ELC Event Link Option Setting Register C ELOPC 8 8 2 or 3 PCLKB section 17.
0008 B122h ELC Event Link Option Setting Register D ELOPD 8 8 2 or 3 PCLKB section 17.
0008 B123h ELC Port Group Setting Register 1 PGR1 8 8 2 or 3 PCLKB section 17.
0008 B125h ELC Port Group Control Register 1 PGC1 8 8 2 or 3 PCLKB section 17.
0008 B127h ELC Port Buffer Register 1 PDBF1 8 8 2 or 3 PCLKB section 17.
0008 B129h ELC Event Link Port Setting Register 0 PELO 8 8 2 or 3 PCLKB section 17.
0008 B12Ah ELC Event Link Port Setting Register 1 PEL1 8 8 2 or 3PCLKB section 17.
0008 B12Dh ELC Event Link Software Event Generation Register ELSEGR 8 8 2 or 3PCLKB section 17.
0008 B300h SCl12 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 B300h SMCI12 Serial Mode Register SMR 8 8 2 or 3 PCLKB section 27.
0008 B301h SCl12 Bit Rate Register BRR 8 8 2 or 3PCLKB section 27.
0008 B302h SCl12 Serial Control Register SCR 8 8 2 or 3 PCLKB section 27.
0008 B302h SMCI12 Serial Control Register SCR 8 8 2 or 3PCLKB section 27.
0008 B303h SCl12 Transmit Data Register TDR 8 8 2 or 3 PCLKB section 27.
0008 B304h SCl12 Serial Status Register SSR 8 8 2 or 3PCLKB section 27.
0008 B304h SMCI12 Serial Status Register SSR 8 8 2 or 3 PCLKB section 27.
0008 B305h SCl12 Receive Data Register RDR 8 8 2 or 3 PCLKB section 27.
0008 B306h SCl12 Smart Card Mode Register SCMR 8 8 2 or 3 PCLKB section 27.
0008 B306h SMCI12 Smart Card Mode Register SCMR 8 8 2 or 3PCLKB section 27.
0008 B307h SCl12 Serial Extended Mode Register SEMR 8 8 2 or 3 PCLKB section 27.
0008 B308h SCl12 Noise Filter Setting Register SNFR 8 8 2 or 3PCLKB section 27.
0008 B309h SCl12 12C Mode Register 1 SIMR1 8 8 2 or 3 PCLKB section 27.
0008 B30Ah SCl12 12C Mode Register 2 SIMR2 8 8 2 or 3PCLKB section 27.
0008 B30Bh SCl12 12C Mode Register 3 SIMR3 8 8 2 or 3 PCLKB section 27.
0008 B30Ch SCl12 12C Status Register SISR 8 8 2 or 3PCLKB section 27.
0008 B30Dh SCl12 SPI Mode Register SPMR 8 8 2 or 3 PCLKB section 27.
0008 B30Eh SCl12 Transmit Data Register HL TDRHL 16 16 2 or 3 PCLKB section 27.
0008 B30Eh SCl12 Transmit Data Register H TDRH 8 8 2 or 3 PCLKB section 27.
0008 B30Fh SCl12 Transmit Data Register L TDRL 8 8 2 or 3 PCLKB section 27.
0008 B310h SCl12 Receive Data Register HL RDRHL 16 16 2 or 3 PCLKB section 27.
0008 B310h SCl12 Receive Data Register H RDRH 8 8 2 or 3 PCLKB section 27.
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0008 B311h SCl12 Receive Data Register L RDRL 8 8 2 or 3 PCLKB section 27.
0008 B312h SCl12 Modulation Duty Register MDDR 8 8 2 or 3 PCLKB section 27.
0008 B320h SCl12 Extended Serial Module Enable Register ESMER 8 8 2 or 3 PCLKB section 27.
0008 B321h SCl12 Control Register 0 CRO 8 8 2 or 3 PCLKB section 27.
0008 B322h SCl12 Control Register 1 CR1 8 8 2 or 3 PCLKB section 27.
0008 B323h SCl12 Control Register 2 CR2 8 8 2 or 3 PCLKB section 27.
0008 B324h SCl12 Control Register 3 CR3 8 8 2 or 3 PCLKB section 27.
0008 B325h SCl12 Port Control Register PCR 8 8 2 or 3PCLKB section 27.
0008 B326h SCl12 Interrupt Control Register ICR 8 8 2 or 3 PCLKB section 27.
0008 B327h SCl12 Status Register STR 8 8 2 or 3 PCLKB section 27.
0008 B328h SCl12 Status Clear Register STCR 8 8 2 or 3 PCLKB section 27.
0008 B32%h SCl12 Control Field 0 Data Register CFODR 8 8 2 or 3PCLKB section 27.
0008 B32Ah SCl12 Control Field 0 Compare Enable Register CFOCR 8 8 2 or 3 PCLKB section 27.
0008 B32Bh SCl12 Control Field 0 Receive Data Register CFORR 8 8 2 or 3PCLKB section 27.
0008 B32Ch SCl12 Primary Control Field 1 Data Register PCF1DR 8 8 2 or 3 PCLKB section 27.
0008 B32Dh SCl12 Secondary Control Field 1 Data Register SCF1DR 8 8 2 or 3 PCLKB section 27.
0008 B32Eh SCl12 Control Field 1 Compare Enable Register CF1CR 8 8 2 or 3 PCLKB section 27.
0008 B32Fh SCl12 Control Field 1 Receive Data Register CF1RR 8 8 2 or 3PCLKB section 27.
0008 B330h SCl12 Timer Control Register TCR 8 8 2 or 3 PCLKB section 27.
0008 B331h SCl12 Timer Mode Register TMR 8 8 2 or 3PCLKB section 27.
0008 B332h SCl12 Timer Prescaler Register TPRE 8 8 2 or 3 PCLKB section 27.
0008 B333h SCl12 Timer Count Register TCNT 8 8 2 or 3PCLKB section 27.
0008 CO00h PORTO Port Direction Register PDR 8 8 2 or 3 PCLKB section 18.
0008 C001h PORT1 Port Direction Register PDR 8 8 2 or 3PCLKB section 18.
0008 C002h PORT2 Port Direction Register PDR 8 8 2 or 3 PCLKB section 18.
0008 C003h PORT3 Port Direction Register PDR 8 8 2 or 3PCLKB section 18.
0008 C004h PORT4 Port Direction Register PDR 8 8 2 or 3 PCLKB section 18.
0008 C005h PORTS Port Direction Register PDR 8 8 2 or 3PCLKB section 18.
0008 CO0Ah PORTA Port Direction Register PDR 8 8 2 or 3 PCLKB section 18.
0008 C00Bh PORTB Port Direction Register PDR 8 8 2 or 3PCLKB section 18.
0008 COOCh PORTC Port Direction Register PDR 8 8 2 or 3 PCLKB section 18.
0008 CO0Dh PORTD Port Direction Register PDR 8 8 2 or 3PCLKB section 18.
0008 COOEh PORTE Port Direction Register PDR 8 8 2 or 3 PCLKB section 18.
0008 C010h PORTG Port Direction Register PDR 8 8 2 or 3PCLKB section 18.
0008 CO11h PORTH Port Direction Register PDR 8 8 2 or 3 PCLKB section 18.
0008 C012h PORTJ Port Direction Register PDR 8 8 2 or 3PCLKB section 18.
0008 C020h PORTO Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C021h PORT1 Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C022h PORT2 Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C023h PORT3 Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C024h PORT4 Port Output Data Register PODR 8 8 2 or 3PCLKB section 18.
0008 C025h PORT5 Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C02Ah PORTA Port Output Data Register PODR 8 8 2 or 3PCLKB section 18.
0008 C02Bh PORTB Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C02Ch PORTC Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C02Dh PORTD Port Output Data Register PODR 8 8 2 or 3PCLKB section 18.
0008 CO2Eh PORTE Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C030h PORTG Port Output Data Register PODR 8 8 2 or 3PCLKB section 18.
0008 C031h PORTH Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C032h PORTJ Port Output Data Register PODR 8 8 2 or 3 PCLKB section 18.
0008 C040h PORTO Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.

when reading,
2 or 3 PCLKB cycles
when writing
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0008 C041h PORT1 Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C042h PORT2 Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C043h PORT3 Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C044h PORT4 Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C045h PORT5 Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C04Ah PORTA Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C04Bh PORTB Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C04Ch PORTC Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C04Dh PORTD Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 CO4Eh PORTE Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C0O50h PORTG Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C051h PORTH Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C052h PORTJ Port Input Data Register PIDR 8 8 3 or4 PCLKB cycles  section 18.
when reading,
2 or 3 PCLKB cycles
when writing
0008 C060h PORTO Port Mode Register PMR 8 8 2 or 3 PCLKB section 18.
0008 C061h PORT1 Port Mode Register PMR 8 8 2 or 3PCLKB section 18.
0008 C062h PORT2 Port Mode Register PMR 8 8 2 or 3 PCLKB section 18.
0008 C063h PORT3 Port Mode Register PMR 8 8 2 or 3PCLKB section 18.
0008 C064h PORT4 Port Mode Register PMR 8 8 2 or 3 PCLKB section 18.
0008 C065h PORTS Port Mode Register PMR 8 8 2 or 3PCLKB section 18.
0008 C06Ah PORTA Port Mode Register PMR 8 8 2 or 3 PCLKB section 18.
0008 C06Bh PORTB Port Mode Register PMR 8 8 2 or 3PCLKB section 18.
0008 CO6Ch PORTC Port Mode Register PMR 8 8 2 or 3 PCLKB section 18.
0008 C06Dh PORTD Port Mode Register PMR 8 8 2 or 3PCLKB section 18.
0008 CO6Eh PORTE Port Mode Register PMR 8 8 2 or 3 PCLKB section 18.
0008 C070h PORTG Port Mode Register PMR 8 8 2 or 3PCLKB section 18.
0008 CO71h PORTH Port Mode Register PMR 8 8 2 or 3 PCLKB section 18.
0008 C072h PORTJ Port Mode Register PMR 8 8 2 or 3PCLKB section 18.
0008 C082h PORT1 Open Drain Control Register 0 ODRO 8 8 2 or 3 PCLKB section 18.
0008 C083h PORT1 Open Drain Control Register 1 ODR1 8 8 2 or 3 PCLKB section 18.
0008 C084h PORT2 Open Drain Control Register 0 ODRO 8 8 2 or 3 PCLKB section 18.
0008 C085h PORT2 Open Drain Control Register 1 ODR1 8 8 2 or 3 PCLKB section 18.
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Module Number Access  Number of Access Reference
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0008 C086h PORT3 Open Drain Control Register 0 ODRO 8 8 2 or 3 PCLKB section 18.
0008 C087h PORT3 Open Drain Control Register 1 ODR1 8 8 2 or 3PCLKB section 18.
0008 C094h PORTA Open Drain Control Register 0 ODRO 8 8 2 or 3 PCLKB section 18.
0008 C095h PORTA Open Drain Control Register 1 ODR1 8 8 2 or 3 PCLKB section 18.
0008 C096h PORTB Open Drain Control Register 0 ODRO 8 8 2 or 3 PCLKB section 18.
0008 C097h PORTB Open Drain Control Register 1 ODR1 8 8 2 or 3 PCLKB section 18.
0008 C098h PORTC Open Drain Control Register 0 ODRO 8 8 2 or 3 PCLKB section 18.
0008 C099%h PORTC Open Drain Control Register 1 ODR1 8 8 2 or 3 PCLKB section 18.
0008 C09Ah PORTD Open Drain Control Register 0 ODRO 8 8 2 or 3 PCLKB section 18.
0008 C09Ch PORTE Open Drain Control Register 0 ODRO 8 8 2 or 3 PCLKB section 18.
0008 COAlh PORTG Open Drain Control Register 1 ODR1 8 8 2 or 3 PCLKB section 18.
0008 COCOh PORTO Pull-Up Control Register PCR 8 8 2 or 3 PCLKB section 18.
0008 COC1h PORT1 Pull-Up Control Register PCR 8 8 2 or 3 PCLKB section 18.
0008 COC2h PORT2 Pull-Up Control Register PCR 8 8 2 or 3 PCLKB section 18.
0008 COC3h PORT3 Pull-Up Control Register PCR 8 8 2 or 3PCLKB section 18.
0008 COC4h PORT4 Pull-Up Control Register PCR 8 8 2 or 3 PCLKB section 18.
0008 COC5h PORT5 Pull-Up Control Register PCR 8 8 2 or 3PCLKB section 18.
0008 COCAh PORTA Pull-Up Control Register PCR 8 8 2 or 3 PCLKB section 18.
0008 COCBh PORTB Pull-Up Control Register PCR 8 8 2 or 3PCLKB section 18.
0008 COCCh PORTC Pull-Up Control Register PCR 8 8 2 or 3 PCLKB section 18.
0008 COCDh PORTD Pull-Up Control Register PCR 8 8 2 or 3PCLKB section 18.
0008 COCEh PORTE Pull-Up Control Register PCR 8 8 2 or 3 PCLKB section 18.
0008 CODOh PORTG Pull-Up Control Register PCR 8 8 2 or 3PCLKB section 18.
0008 COD1h PORTH Pull-Up Control Register PCR 8 8 2 or 3 PCLKB section 18.
0008 COD2h PORTJ Pull-Up Control Register PCR 8 8 2 or 3PCLKB section 18.
0008 C11Fh MPC Write-Protect Register PWPR 8 8 2 or 3 PCLKB section 19.
0008 C120h PORT Port Switching Register B PSRB 8 8 2 or 3 PCLKB section 18.
0008 C121h PORT Port Switching Register A PSRA 8 8 2 or 3 PCLKB section 18.
0008 C122h PORT Port Reading Wait Control Register PRWCNTR 8 8 2 or 3 PCLKB section 18.
0008 C143h MPC P03 Pin Function Control Register PO3PFS 8 8 2 or 3 PCLKB section 19.
0008 C145h MPC P05 Pin Function Control Register PO5PFS 8 8 2 or 3PCLKB section 19.
0008 C147h MPC P07 Pin Function Control Register PO7PFS 8 8 2 or 3 PCLKB section 19.
0008 C14Ah MPC P12 Pin Function Control Register P12PFS 8 8 2 or 3 PCLKB section 19.
0008 C14Bh MPC P13 Pin Function Control Register P13PFS 8 8 2 or 3 PCLKB section 19.
0008 C14Ch MPC P14 Pin Function Control Register P14PFS 8 8 2 or 3 PCLKB section 19.
0008 C14Dh MPC P15 Pin Function Control Register P15PFS 8 8 2 or 3 PCLKB section 19.
0008 C14Eh MPC P16 Pin Function Control Register P16PFS 8 8 2 or 3 PCLKB section 19.
0008 C14Fh MPC P17 Pin Function Control Register P17PFS 8 8 2 or 3 PCLKB section 19.
0008 C150h MPC P20 Pin Function Control Register P20PFS 8 8 2 or 3PCLKB section 19.
0008 C151h MPC P21 Pin Function Control Register P21PFS 8 8 2 or 3 PCLKB section 19.
0008 C156h MPC P26 Pin Function Control Register P26PFS 8 8 2 or 3PCLKB section 19.
0008 C157h MPC P27 Pin Function Control Register P27PFS 8 8 2 or 3 PCLKB section 19.
0008 C158h MPC P30 Pin Function Control Register P30PFS 8 8 2 or 3PCLKB section 19.
0008 C159h MPC P31 Pin Function Control Register P31PFS 8 8 2 or 3 PCLKB section 19.
0008 C15Ah MPC P32 Pin Function Control Register P32PFS 8 8 2 or 3 PCLKB section 19.
0008 C15Ch MPC P34 Pin Function Control Register P34PFS 8 8 2 or 3 PCLKB section 19.
0008 C15Eh MPC P36 Pin Function Control Register P36PFS 8 8 2 or 3PCLKB section 19.
0008 C15Fh MPC P37 Pin Function Control Register P37PFS 8 8 2 or 3 PCLKB section 19.
0008 C160h MPC P40 Pin Function Control Register P40PFS 8 8 2 or 3PCLKB section 19.
0008 C161h MPC P41 Pin Function Control Register P41PFS 8 8 2 or 3 PCLKB section 19.
0008 C162h MPC P42 Pin Function Control Register P42PFS 8 8 2 or 3 PCLKB section 19.
0008 C163h MPC P43 Pin Function Control Register P43PFS 8 8 2 or 3 PCLKB section 19.
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0008 C164h MPC P44 Pin Function Control Register P44PFS 8 8 2 or 3 PCLKB section 19.
0008 C165h MPC P45 Pin Function Control Register P45PFS 8 8 2 or 3PCLKB section 19.
0008 C166h MPC P46 Pin Function Control Register P46PFS 8 8 2 or 3 PCLKB section 19.
0008 C167h MPC P47 Pin Function Control Register P47PFS 8 8 2 or 3PCLKB section 19.
0008 C16Ch MPC P54 Pin Function Control Register P54PFS 8 8 2 or 3 PCLKB section 19.
0008 C16Dh MPC P55 Pin Function Control Register P55PFS 8 8 2 or 3PCLKB section 19.
0008 C190h MPC PAO Pin Function Control Register PAOPFS 8 8 2 or 3 PCLKB section 19.
0008 C191h MPC PA1 Pin Function Control Register PA1PFS 8 8 2 or 3 PCLKB section 19.
0008 C192h MPC PA2 Pin Function Control Register PA2PFS 8 8 2 or 3PCLKB section 19.
0008 C193h MPC PA3 Pin Function Control Register PA3PFS 8 8 2 or 3 PCLKB section 19.
0008 C194h MPC PA4 Pin Function Control Register PA4PFS 8 8 2 or 3PCLKB section 19.
0008 C195h MPC PA5 Pin Function Control Register PASPFS 8 8 2 or 3 PCLKB section 19.
0008 C196h MPC PAG6 Pin Function Control Register PA6PFS 8 8 2 or 3 PCLKB section 19.
0008 C198h MPC PBO Pin Function Control Register PBOPFS 8 8 2 or 3 PCLKB section 19.
0008 C19%h MPC PB1 Pin Function Control Register PB1PFS 8 8 2 or 3 PCLKB section 19.
0008 C19Ah MPC PB2 Pin Function Control Register PB2PFS 8 8 2 or 3 PCLKB section 19.
0008 C19Bh MPC PB3 Pin Function Control Register PB3PFS 8 8 2 or 3 PCLKB section 19.
0008 C19Ch MPC PB4 Pin Function Control Register PB4PFS 8 8 2 or 3PCLKB section 19.
0008 C19Dh MPC PB5 Pin Function Control Register PB5PFS 8 8 2 or 3 PCLKB section 19.
0008 C19Eh MPC PB6 Pin Function Control Register PB6PFS 8 8 2 or 3 PCLKB section 19.
0008 C19Fh MPC PB7 Pin Function Control Register PB7PFS 8 8 2 or 3 PCLKB section 19.
0008 C1A2h MPC PC2 Pin Function Control Register PC2PFS 8 8 2 or 3PCLKB section 19.
0008 C1A3h MPC PC3 Pin Function Control Register PC3PFS 8 8 2 or 3 PCLKB section 19.
0008 C1A4h MPC PC4 Pin Function Control Register PC4PFS 8 8 2 or 3PCLKB section 19.
0008 C1A5h MPC PCS5 Pin Function Control Register PC5PFS 8 8 2 or 3 PCLKB section 19.
0008 C1A6h MPC PC6 Pin Function Control Register PC6PFS 8 8 2 or 3PCLKB section 19.
0008 C1A7h MPC PC7 Pin Function Control Register PC7PFS 8 8 2 or 3 PCLKB section 19.
0008 C1A8h MPC PDO Pin Function Control Register PDOPFS 8 8 2 or 3PCLKB section 19.
0008 C1A%h MPC PD1 Pin Function Control Register PD1PFS 8 8 2 or 3 PCLKB section 19.
0008 C1AAh MPC PD2 Pin Function Control Register PD2PFS 8 8 2 or 3PCLKB section 19.
0008 C1BOh MPC PEO Pin Function Control Register PEOPFS 8 8 2 or 3PCLKB section 19.
0008 C1B1h MPC PE1 Pin Function Control Register PE1PFS 8 8 2 or 3 PCLKB section 19.
0008 C1B2h MPC PE2 Pin Function Control Register PE2PFS 8 8 2 or 3PCLKB section 19.
0008 C1B3h MPC PE3 Pin Function Control Register PE3PFS 8 8 2 or 3 PCLKB section 19.
0008 C1B4h MPC PE4 Pin Function Control Register PE4PFS 8 8 2 or 3PCLKB section 19.
0008 C1B5h MPC PES5 Pin Function Control Register PE5SPFS 8 8 2 or 3 PCLKB section 19.
0008 C1C8h MPC PHO Pin Function Control Register PHOPFS 8 8 2 or 3 PCLKB section 19.
0008 C1C9h MPC PH1 Pin Function Control Register PH1PFS 8 8 2 or 3PCLKB section 19.
0008 C1CAh MPC PH2 Pin Function Control Register PH2PFS 8 8 2 or 3 PCLKB section 19.
0008 C1CBh MPC PH3 Pin Function Control Register PH3PFS 8 8 2 or 3PCLKB section 19.
0008 C1D1h MPC PJ1 Pin Function Control Register PJ1PFS 8 8 2 or 3 PCLKB section 19.
0008 C1D6h MPC PJ6 Pin Function Control Register PJ6PFS 8 8 2 or 3PCLKB section 19.
0008 C1D7h MPC PJ7 Pin Function Control Register PJ7PFS 8 8 2 or 3 PCLKB section 19.
0008 C290h SYSTEM Reset Status Register 0 RSTSRO 8 8 4 or 5 PCLKB section 6.
0008 C291h SYSTEM Reset Status Register 1 RSTSR1 8 8 4 or 5 PCLKB section 6.
0008 C293h SYSTEM Main Clock Oscillator Forced Oscillation Control Register MOFCR 8 8 4 or 5 PCLKB section 9.
0008 C297h SYSTEM Voltage Monitoring Circuit Control Register LVCMPCR 8 8 4 or 5 PCLKB section 8.
0008 C298h SYSTEM Voltage Detection Level Select Register LVDLVLR 8 8 4 or 5 PCLKB section 8.
0008 C29Ah SYSTEM Voltage Monitoring 1 Circuit Control Register 0 LVD1CRO 8 8 4 or 5 PCLKB section 8.
0008 C29Bh SYSTEM Voltage Monitoring 2 Circuit Control Register 0 LVD2CRO 8 8 4 or 5 PCLKB section 8.
0008 C400h RTC 64-Hz Counter R64CNT 8 8 2 or 3 PCLKB section 24.
0008 C402h RTC Second Counter RSECCNT 8 8 2 or 3 PCLKB section 24.
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0008 C402h RTC Binary Counter 0 BCNTO 8 8 2 or 3 PCLKB section 24.
0008 C404h RTC Minute Counter RMINCNT 8 8 2 or 3PCLKB section 24.
0008 C404h RTC Binary Counter 1 BCNT1 8 8 2 or 3 PCLKB section 24.
0008 C406h RTC Hour Counter RHRCNT 8 8 2 or 3 PCLKB section 24.
0008 C406h RTC Binary Counter 2 BCNT2 8 8 2 or 3 PCLKB section 24.
0008 C408h RTC Day-of-Week Counter RWKCNT 8 8 2 or 3 PCLKB section 24.
0008 C408h RTC Binary Counter 3 BCNT3 8 8 2 or 3 PCLKB section 24.
0008 C40Ah RTC Date Counter RDAYCNT 8 8 2 or 3PCLKB section 24.
0008 C40Ch RTC Month Counter RMONCNT 8 8 2 or 3 PCLKB section 24.
0008 C40Eh RTC Year Counter RYRCNT 16 16 2 or 3 PCLKB section 24.
0008 C410h RTC Second Alarm Register RSECAR 8 8 2 or 3PCLKB section 24.
0008 C410h RTC Binary Counter 0 Alarm Register BCNTOAR 8 8 2 or 3 PCLKB section 24.
0008 C412h RTC Minute Alarm Register RMINAR 8 8 2 or 3 PCLKB section 24.
0008 C412h RTC Binary Counter 1 Alarm Register BCNT1AR 8 8 2 or 3 PCLKB section 24.
0008 C414h RTC Hour Alarm Register RHRAR 8 8 2 or 3 PCLKB section 24.
0008 C414h RTC Binary Counter 2 Alarm Register BCNT2AR 8 8 2 or 3 PCLKB section 24.
0008 C416h RTC Day-of-Week Alarm Register RWKAR 8 8 2 or 3 PCLKB section 24.
0008 C416h RTC Binary Counter 3 Alarm Register BCNT3AR 8 8 2 or 3 PCLKB section 24.
0008 C418h RTC Date Alarm Register RDAYAR 8 8 2 or 3 PCLKB section 24.
0008 C418h RTC Binary Counter 0 Alarm Enable Register BCNTOAER 8 8 2 or 3 PCLKB section 24.
0008 C41Ah RTC Month Alarm Register RMONAR 8 8 2 or 3PCLKB section 24.
0008 C41Ah RTC Binary Counter 1 Alarm Enable Register BCNT1AER 8 8 2 or 3 PCLKB section 24.
0008 C41Ch RTC Year Alarm Register RYRAR 16 16 2 or 3PCLKB section 24.
0008 C41Ch RTC Binary Counter 2 Alarm Enable Register BCNT2AER 16 16 2 or 3 PCLKB section 24.
0008 C41Eh RTC Year Alarm Enable Register RYRAREN 8 8 2 or 3 PCLKB section 24.
0008 C41Eh RTC Binary Counter 3 Alarm Enable Register BCNT3AER 8 8 2 or 3 PCLKB section 24.
0008 C422h RTC RTC Control Register 1 RCR1 8 8 2 or 3 PCLKB section 24.
0008 C424h RTC RTC Control Register 2 RCR2 8 8 2 or 3PCLKB section 24.
0008 C42Eh RTC Time Error Adjustment Register RADJ 8 8 2 or 3 PCLKB section 24.
0008 C580h CMPB Comparator B Control Register 1 CPBCNT1 8 8 2 or 3 PCLKB section 38.
0008 C581h CMPB Comparator B Control Register 2 CPBCNT2 8 8 2 or 3 PCLKB section 38.
0008 C582h CMPB Comparator B Flag Register CPBFLG 8 8 2 or 3 PCLKB section 38.
0008 C583h CMPB Comparator B Interrupt Control Register CPBINT 8 8 2 or 3 PCLKB section 38.
0008 C584h CMPB Comparator B Filter Select Register CPBF 8 8 2 or 3 PCLKB section 38.
0008 C585h CMPB Comparator B Mode Select Register CPBMD 8 8 2 or 3PCLKB section 38.
0008 C586h CMPB Comparator B Reference Input Voltage Select Register CPBREF 8 8 2 or 3 PCLKB section 38.
0008 C587h CMPB Comparator B Output Control Register CPBOCR 8 8 2 or 3 PCLKB section 38.
000A 0700h CTSU CTSU A/D Converter Connection Control Register CTSUADCC 32 16, 32 2 or 3 PCLKB section 32.
000A 0900h CTsU CTSU Control Register A CTSUCRA 32 16, 32 2 or 3 PCLKB section 32.
000A 0904h CTSU CTSU Control Register B CTSUCRB 32 16, 32 2 or 3 PCLKB section 32.
000A 0908h CTSU CTSU Measurement Channel Register CTSUMCH 32 16, 32 2 or 3PCLKB section 32.
000A 090Ch CTSU CTSU Channel Enable Control Register A CTSUCHACA 32 16, 32 2 or 3 PCLKB section 32.
000A 0910h CTSU CTSU Channel Enable Control Register B CTSUCHACB 32 16, 32 2 or 3 PCLKB section 32.
000A 0914h CTSU CTSU Channel Transmit/Receive Control Register A CTSUCHTRCA 32 16, 32 2 or 3 PCLKB section 32.
000A 0918h CTSU CTSU Channel Transmit/Receive Control Register B CTSUCHTRCB 32 16, 32 2 or 3 PCLKB section 32.
000A 091Ch CTSU CTSU Status Register CTSUSR 32 16, 32 2 or 3 PCLKB section 32.
000A 0920h CTSU CTSU Sensor Offset Register CTSUSO 32 16, 32 2 or 3 PCLKB section 32.
000A 0924h CTSU CTSU Sensor Counter CTSUSCNT 32 16, 32 2 or 3PCLKB section 32.
000A 0928h CTsU CTSU Calibration Register CTSUCALIB 32 16, 32 2 or 3 PCLKB section 32.
000A 092Ch CTSU CTSU Sensor Unit Clock Control Register A CTSUSUCLKA 32 16, 32 2 or 3 PCLKB section 32.
000A 0930h CTSU CTSU Sensor Unit Clock Control Register B CTSUSUCLKB 32 16, 32 2 or 3 PCLKB section 32.
000A 0940h CTSU CTSU Option Setting Register CTSUOPT 32 32 2 or 3PCLKB section 32.
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000A 0944h CTSU CTSU Sensor Counter Automatic Correction Table Access CTSUSCNTACT 32 32 2 or 3PCLKB section 32.

Register
000A 0958h CTSU CTSU Automatic Judgment Control Register CTSUAJCR 32 32 2 or 3PCLKB section 32.
000A 095Ch CTSU CTSU Threshold Register CTSUAJTHR 32 32 2 or 3PCLKB section 32.
000A 0960h CTSU CTSU Moving Average Result Register CTSUAIJMMAR 32 32 2 or 3PCLKB section 32.
000A 0964h CTSuU CTSU Baseline Average Intermediate Result Register CTSUAJBLACT 32 32 2 or 3PCLKB section 32.
000A 0968h CTSU CTSU Baseline Average Result Register CTSUAJBLAR 32 32 2 or 3PCLKB section 32.
000A 096Ch CTSU CTSU Automatic Judgment Result Register CTSUAJRR 32 32 2 or 3PCLKB section 32.
000A 8300h RSCANO Bit Configuration Register L CFGL 16 16 2 or 3 PCLKB section 28.
000A 8302h RSCANO Bit Configuration Register H CFGH 16 16 2 or 3 PCLKB section 28.
000A 8304h RSCANO Control Register L CTRL 16 16 2 or 3PCLKB section 28.
000A 8306h RSCANO Control Register H CTRH 16 16 2 or 3PCLKB section 28.
000A 8308h RSCANO Status Register L STSL 16 16 2 or 3 PCLKB section 28.
000A 830Ah RSCANO Status Register H STSH 16 16 2 or 3 PCLKB section 28.
000A 830Ch RSCANO Error Flag Register L ERFLL 16 16 2 or 3 PCLKB section 28.
000A 830Eh RSCANO Error Flag Register H ERFLH 16 16 2 or 3 PCLKB section 28.
000A 8322h RSCAN Global Configuration Register L GCFGL 16 16 2 or 3 PCLKB section 28.
000A 8324h RSCAN Global Configuration Register H GCFGH 16 16 2 or 3 PCLKB section 28.
000A 8326h RSCAN Global Control Register L GCTRL 16 16 2 or 3 PCLKB section 28.
000A 8328h RSCAN Global Control Register H GCTRH 16 16 2 or 3PCLKB section 28.
000A 832Ah RSCAN Global Status Register GSTS 16 16 2 or 3 PCLKB section 28.
000A 832Ch RSCAN Global Error Flag Register GERFLL 8 8 2 or 3PCLKB section 28.
000A 832Eh RSCAN Timestamp Register GTSC 16 16 2 or 3 PCLKB section 28.
000A 8330h RSCAN Receive Rule Number Configuration Register GAFLCFG 16 16 2 or 3PCLKB section 28.
000A 8332h RSCAN Receive Buffer Number Configuration Register RMNB 16 16 2 or 3 PCLKB section 28.
000A 8334h RSCAN Receive Buffer Receive Complete Flag Register RMNDO 16 16 2 or 3 PCLKB section 28.
000A 8338h RSCAN Receive FIFO Control Register 0 RFCCO 16 16 2 or 3 PCLKB section 28.
000A 833Ah RSCAN Receive FIFO Control Register 1 RFCC1 16 16 2 or 3 PCLKB section 28.
000A 8340h RSCAN Receive FIFO Status Register 0 RFSTSO 16 16 2 or 3PCLKB section 28.
000A 8342h RSCAN Receive FIFO Status Register 1 RFSTS1 16 16 2 or 3 PCLKB section 28.
000A 8348h RSCAN Receive FIFO Pointer Control Register 0 RFPCTRO 16 16 2 or 3 PCLKB section 28.
000A 834Ah RSCAN Receive FIFO Pointer Control Register 1 RFPCTR1 16 16 2 or 3 PCLKB section 28.
000A 8350h RSCANO Transmit/Receive FIFO Control Register OL CFCCLO 16 16 2 or 3 PCLKB section 28.
000A 8352h RSCANO Transmit/Receive FIFO Control Register OH CFCCHO 16 16 2 or 3 PCLKB section 28.
000A 8358h RSCANO Transmit/Receive FIFO Status Register 0 CFSTSO0 16 16 2 or 3PCLKB section 28.
000A 835Ch RSCANO Transmit/Receive FIFO Pointer Control Register 0 CFPCTRO 16 16 2 or 3 PCLKB section 28.
000A 8360h RSCAN Receive FIFO Message Lost Status Register RFMSTS 8 8 2 or 3 PCLKB section 28.
000A 8361h RSCANO Transmit/Receive FIFO Message Lost Status Register CFMSTS 8 8 2 or 3PCLKB section 28.
000A 8362h RSCAN Receive FIFO Interrupt Status Register RFISTS 8 8 2 or 3 PCLKB section 28.
000A 8363h RSCAN Transmit/Receive FIFO Receive Interrupt Status Register CFISTS 8 8 2 or 3PCLKB section 28.
000A 8364h RSCANO Transmit Buffer Control Register 0 TMCO 8 8 2 or 3PCLKB section 28.
000A 8365h RSCANO Transmit Buffer Control Register 1 TMC1 8 8 2 or 3 PCLKB section 28.
000A 8366h RSCANO Transmit Buffer Control Register 2 T™MC2 8 8 2 or 3PCLKB section 28.
000A 8367h RSCANO Transmit Buffer Control Register 3 TMC3 8 8 2 or 3 PCLKB section 28.
000A 836Ch RSCANO Transmit Buffer Status Register 0 TMSTSO 8 8 2 or 3 PCLKB section 28.
000A 836Dh RSCANO Transmit Buffer Status Register 1 TMSTS1 8 8 2 or 3 PCLKB section 28.
000A 836Eh RSCANO Transmit Buffer Status Register 2 TMSTS2 8 8 2 or 3 PCLKB section 28.
000A 836Fh RSCANO Transmit Buffer Status Register 3 TMSTS3 8 8 2 or 3PCLKB section 28.
000A 8374h RSCANO Transmit Buffer Transmit Request Status Register TMTRSTS 16 16 2 or 3 PCLKB section 28.
000A 8376h RSCANO Transmit Buffer Transmit Complete Status Register TMTCSTS 16 16 2 or 3 PCLKB section 28.
000A 8378h RSCANO Transmit Buffer Transmit Abort Status Register TMTASTS 16 16 2 or 3 PCLKB section 28.
000A 837Ah RSCANO Transmit Buffer Interrupt Enable Register TMIEC 16 16 2 or 3 PCLKB section 28.
000A 837Ch RSCANO Transmit History Buffer Control Register THLCCO 16 16 2 or 3PCLKB section 28.
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000A 8380h RSCANO Transmit History Buffer Status Register THLSTSO 16 16 2 or 3 PCLKB section 28.
000A 8384h RSCANO Transmit History Buffer Pointer Control Register THLPCTRO 16 16 2 or 3 PCLKB section 28.
000A 8388h RSCAN Global Transmit Interrupt Status Register GTINTSTS 16 16 2 or 3 PCLKB section 28.
000A 838Ah RSCAN Global RAM Window Control Register GRWCR 16 16 2 or 3PCLKB section 28.
000A 838Ch RSCAN Global Test Configuration Register GTSTCFG 16 16 2 or 3 PCLKB section 28.
000A 838Eh RSCAN Global Test Control Register GTSTCTRL 8 8 2 or 3 PCLKB section 28.
000A 8394h RSCAN Global Test Protection Unlock Register GLOCKK 16 16 2 or 3 PCLKB section 28.
000A 83A0h RSCAN Receive Rule Entry Register OAL GAFLIDLO 16 16 2 or 3PCLKB section 28.
000A 83A0h RSCAN Receive Buffer Register OAL RMIDLO 16 16 2 or 3 PCLKB section 28.
000A 83A2h RSCAN Receive Rule Entry Register 0AH GAFLIDHO 16 16 2 or 3PCLKB section 28.
000A 83A2h RSCAN Receive Buffer Register 0AH RMIDHO 16 16 2 or 3 PCLKB section 28.
000A 83A4h RSCAN Receive Rule Entry Register 0BL GAFLMLO 16 16 2 or 3PCLKB section 28.
000A 83A4h RSCAN Receive Buffer Register 0BL RMTSO 16 16 2 or 3 PCLKB section 28.
000A 83A6h RSCAN Receive Rule Entry Register 0BH GAFLMHO 16 16 2 or 3PCLKB section 28.
000A 83A6h RSCAN Receive Buffer Register 0BH RMPTRO 16 16 2 or 3 PCLKB section 28.
000A 83A8h RSCAN Receive Rule Entry Register 0CL GAFLPLO 16 16 2 or 3PCLKB section 28.
000A 83A8h RSCAN Receive Buffer Register OCL RMDF00 16 16 2 or 3 PCLKB section 28.
000A 83AAh RSCAN Receive Rule Entry Register OCH GAFLPHO 16 16 2 or 3PCLKB section 28.
000A 83AAh RSCAN Receive Buffer Register 0OCH RMDF10 16 16 2 or 3 PCLKB section 28.
000A 83ACh RSCAN Receive Rule Entry Register 1AL GAFLIDL1 16 16 2 or 3 PCLKB section 28.
000A 83ACh RSCAN Receive Buffer Register ODL RMDF20 16 16 2 or 3 PCLKB section 28.
000A 83AEh RSCAN Receive Rule Entry Register 1AH GAFLIDH1 16 16 2 or 3 PCLKB section 28.
000A 83AEh RSCAN Receive Buffer Register 0DH RMDF30 16 16 2 or 3 PCLKB section 28.
000A 83B0Oh RSCAN Receive Rule Entry Register 1BL GAFLML1 16 16 2 or 3PCLKB section 28.
000A 83B0h RSCAN Receive Buffer Register 1AL RMIDL1 16 16 2 or 3 PCLKB section 28.
000A 83B2h RSCAN Receive Rule Entry Register 1BH GAFLMH1 16 16 2 or 3PCLKB section 28.
000A 83B2h RSCAN Receive Buffer Register 1AH RMIDH1 16 16 2 or 3PCLKB section 28.
000A 83B4h RSCAN Receive Rule Entry Register 1CL GAFLPL1 16 16 2 or 3PCLKB section 28.
000A 83B4h RSCAN Receive Buffer Register 1BL RMTS1 16 16 2 or 3 PCLKB section 28.
000A 83B6h RSCAN Receive Rule Entry Register 1CH GAFLPH1 16 16 2 or 3 PCLKB section 28.
000A 83B6h RSCAN Receive Buffer Register 1BH RMPTR1 16 16 2 or 3 PCLKB section 28.
000A 83B8h RSCAN Receive Rule Entry Register 2AL GAFLIDL2 16 16 2 or 3 PCLKB section 28.
000A 83B8h RSCAN Receive Buffer Register 1CL RMDFO1 16 16 2 or 3 PCLKB section 28.
000A 83BAh RSCAN Receive Rule Entry Register 2AH GAFLIDH2 16 16 2 or 3 PCLKB section 28.
000A 83BAh RSCAN Receive Buffer Register 1CH RMDF11 16 16 2 or 3 PCLKB section 28.
000A 83BCh RSCAN Receive Rule Entry Register 2BL GAFLML2 16 16 2 or 3PCLKB section 28.
000A 83BCh RSCAN Receive Buffer Register 1DL RMDF21 16 16 2 or 3PCLKB section 28.
000A 83BEh RSCAN Receive Rule Entry Register 2BH GAFLMH2 16 16 2 or 3PCLKB section 28.
000A 83BEh RSCAN Receive Buffer Register 1DH RMDF31 16 16 2 or 3PCLKB section 28.
000A 83C0h RSCAN Receive Rule Entry Register 2CL GAFLPL2 16 16 2 or 3PCLKB section 28.
000A 83C0h RSCAN Receive Buffer Register 2AL RMIDL2 16 16 2 or 3 PCLKB section 28.
000A 83C2h RSCAN Receive Rule Entry Register 2CH GAFLPH2 16 16 2 or 3PCLKB section 28.
000A 83C2h RSCAN Receive Buffer Register 2AH RMIDH2 16 16 2 or 3PCLKB section 28.
000A 83C4h RSCAN Receive Rule Entry Register 3AL GAFLIDL3 16 16 2 or 3 PCLKB section 28.
000A 83C4h RSCAN Receive Buffer Register 2BL RMTS2 16 16 2 or 3 PCLKB section 28.
000A 83C6h RSCAN Receive Rule Entry Register 3AH GAFLIDH3 16 16 2 or 3 PCLKB section 28.
000A 83C6h RSCAN Receive Buffer Register 2BH RMPTR2 16 16 2 or 3 PCLKB section 28.
000A 83C8h RSCAN Receive Rule Entry Register 3BL GAFLML3 16 16 2 or 3PCLKB section 28.
000A 83C8h RSCAN Receive Buffer Register 2CL RMDF02 16 16 2 or 3 PCLKB section 28.
000A 83CAh RSCAN Receive Rule Entry Register 3BH GAFLMH3 16 16 2 or 3PCLKB section 28.
000A 83CAh RSCAN Receive Buffer Register 2CH RMDF12 16 16 2 or 3 PCLKB section 28.
000A 83CCh RSCAN Receive Rule Entry Register 3CL GAFLPL3 16 16 2 or 3 PCLKB section 28.
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000A 83CCh RSCAN Receive Buffer Register 2DL RMDF22 16 16 2 or 3 PCLKB section 28.
000A 83CEh RSCAN Receive Rule Entry Register 3CH GAFLPH3 16 16 2 or 3 PCLKB section 28.
000A 83CEh RSCAN Receive Buffer Register 2DH RMDF32 16 16 2 or 3 PCLKB section 28.
000A 83D0h RSCAN Receive Rule Entry Register 4AL GAFLIDL4 16 16 2 or 3 PCLKB section 28.
000A 83D0h RSCAN Receive Buffer Register 3AL RMIDL3 16 16 2 or 3 PCLKB section 28.
000A 83D2h RSCAN Receive Rule Entry Register 4AH GAFLIDH4 16 16 2 or 3 PCLKB section 28.
000A 83D2h RSCAN Receive Buffer Register 3AH RMIDH3 16 16 2 or 3 PCLKB section 28.
000A 83D4h RSCAN Receive Rule Entry Register 4BL GAFLML4 16 16 2 or 3 PCLKB section 28.
000A 83D4h RSCAN Receive Buffer Register 3BL RMTS3 16 16 2 or 3 PCLKB section 28.
000A 83D6h RSCAN Receive Rule Entry Register 4BH GAFLMH4 16 16 2 or 3 PCLKB section 28.
000A 83D6h RSCAN Receive Buffer Register 3BH RMPTR3 16 16 2 or 3 PCLKB section 28.
000A 83D8h RSCAN Receive Rule Entry Register 4CL GAFLPL4 16 16 2 or 3 PCLKB section 28.
000A 83D8h RSCAN Receive Buffer Register 3CL RMDF03 16 16 2 or 3 PCLKB section 28.
000A 83DAh RSCAN Receive Rule Entry Register 4CH GAFLPH4 16 16 2 or 3 PCLKB section 28.
000A 83DAh RSCAN Receive Buffer Register 3CH RMDF13 16 16 2 or 3 PCLKB section 28.
000A 83DCh RSCAN Receive Rule Entry Register 5AL GAFLIDL5S 16 16 2 or 3PCLKB section 28.
000A 83DCh RSCAN Receive Buffer Register 3DL RMDF23 16 16 2 or 3 PCLKB section 28.
000A 83DEh RSCAN Receive Rule Entry Register 5AH GAFLIDH5 16 16 2 or 3 PCLKB section 28.
000A 83DEh RSCAN Receive Buffer Register 3DH RMDF33 16 16 2 or 3 PCLKB section 28.
000A 83EOh RSCAN Receive Rule Entry Register 5BL GAFLML5 16 16 2 or 3 PCLKB section 28.
000A 83E0h RSCAN Receive Buffer Register 4AL RMIDL4 16 16 2 or 3 PCLKB section 28.
000A 83E2h RSCAN Receive Rule Entry Register 5BH GAFLMH5 16 16 2 or 3 PCLKB section 28.
000A 83E2h RSCAN Receive Buffer Register 4AH RMIDH4 16 16 2 or 3 PCLKB section 28.
000A 83E4h RSCAN Receive Rule Entry Register 5CL GAFLPL5 16 16 2 or 3 PCLKB section 28.
000A 83E4h RSCAN Receive Buffer Register 4BL RMTS4 16 16 2 or 3 PCLKB section 28.
000A 83E6h RSCAN Receive Rule Entry Register 5CH GAFLPH5 16 16 2 or 3 PCLKB section 28.
000A 83E6h RSCAN Receive Buffer Register 4BH RMPTR4 16 16 2 or 3 PCLKB section 28.
000A 83E8h RSCAN Receive Rule Entry Register 6AL GAFLIDL6 16 16 2 or 3PCLKB section 28.
000A 83E8h RSCAN Receive Buffer Register 4CL RMDF04 16 16 2 or 3 PCLKB section 28.
000A 83EAh RSCAN Receive Rule Entry Register 6AH GAFLIDH6 16 16 2 or 3 PCLKB section 28.
000A 83EAh RSCAN Receive Buffer Register 4CH RMDF14 16 16 2 or 3 PCLKB section 28.
000A 83ECh RSCAN Receive Rule Entry Register 6BL GAFLML6 16 16 2 or 3 PCLKB section 28.
000A 83ECh RSCAN Receive Buffer Register 4DL RMDF24 16 16 2 or 3 PCLKB section 28.
000A 83EEh RSCAN Receive Rule Entry Register 6BH GAFLMH6 16 16 2 or 3 PCLKB section 28.
000A 83EEh RSCAN Receive Buffer Register 4DH RMDF34 16 16 2 or 3PCLKB section 28.
000A 83F0h RSCAN Receive Rule Entry Register 6CL GAFLPL6 16 16 2 or 3 PCLKB section 28.
000A 83F0h RSCAN Receive Buffer Register 5AL RMIDL5 16 16 2 or 3 PCLKB section 28.
000A 83F2h RSCAN Receive Rule Entry Register 6CH GAFLPH6 16 16 2 or 3 PCLKB section 28.
000A 83F2h RSCAN Receive Buffer Register 5AH RMIDH5 16 16 2 or 3 PCLKB section 28.
000A 83F4h RSCAN Receive Rule Entry Register 7AL GAFLIDL7 16 16 2 or 3PCLKB section 28.
000A 83F4h RSCAN Receive Buffer Register 5BL RMTS5 16 16 2 or 3 PCLKB section 28.
000A 83F6h RSCAN Receive Rule Entry Register 7AH GAFLIDH7 16 16 2 or 3 PCLKB section 28.
000A 83F6h RSCAN Receive Buffer Register 5BH RMPTR5 16 16 2 or 3 PCLKB section 28.
000A 83F8h RSCAN Receive Rule Entry Register 7BL GAFLML7 16 16 2 or 3 PCLKB section 28.
000A 83F8h RSCAN Receive Buffer Register 5CL RMDF05 16 16 2 or 3 PCLKB section 28.
000A 83FAh RSCAN Receive Rule Entry Register 7BH GAFLMH7 16 16 2 or 3 PCLKB section 28.
000A 83FAh RSCAN Receive Buffer Register 5CH RMDF15 16 16 2 or 3 PCLKB section 28.
000A 83FCh RSCAN Receive Rule Entry Register 7CL GAFLPL7 16 16 2 or 3 PCLKB section 28.
000A 83FCh RSCAN Receive Buffer Register 5DL RMDF25 16 16 2 or 3 PCLKB section 28.
000A 83FEh RSCAN Receive Rule Entry Register 7CH GAFLPH7 16 16 2 or 3 PCLKB section 28.
000A 83FEh RSCAN Receive Buffer Register 5DH RMDF35 16 16 2 or 3 PCLKB section 28.
000A 8400h RSCAN Receive Rule Entry Register 8AL GAFLIDL8 16 16 2 or 3PCLKB section 28.
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000A 8400h RSCAN Receive Buffer Register 6AL RMIDL6 16 16 2 or 3 PCLKB section 28.
000A 8402h RSCAN Receive Rule Entry Register 8AH GAFLIDH8 16 16 2 or 3 PCLKB section 28.
000A 8402h RSCAN Receive Buffer Register 6AH RMIDH6 16 16 2 or 3 PCLKB section 28.
000A 8404h RSCAN Receive Rule Entry Register 8BL GAFLML8 16 16 2 or 3PCLKB section 28.
000A 8404h RSCAN Receive Buffer Register 6BL RMTS6 16 16 2 or 3 PCLKB section 28.
000A 8406h RSCAN Receive Rule Entry Register 8BH GAFLMH8 16 16 2 or 3 PCLKB section 28.
000A 8406h RSCAN Receive Buffer Register 6BH RMPTR6 16 16 2 or 3 PCLKB section 28.
000A 8408h RSCAN Receive Rule Entry Register 8CL GAFLPL8 16 16 2 or 3 PCLKB section 28.
000A 8408h RSCAN Receive Buffer Register 6CL RMDF06 16 16 2 or 3 PCLKB section 28.
000A 840Ah RSCAN Receive Rule Entry Register 8CH GAFLPH8 16 16 2 or 3 PCLKB section 28.
000A 840Ah RSCAN Receive Buffer Register 6CH RMDF16 16 16 2 or 3 PCLKB section 28.
000A 840Ch RSCAN Receive Rule Entry Register 9AL GAFLIDL9 16 16 2 or 3PCLKB section 28.
000A 840Ch RSCAN Receive Buffer Register 6DL RMDF26 16 16 2 or 3 PCLKB section 28.
000A 840Eh RSCAN Receive Rule Entry Register 9AH GAFLIDH9 16 16 2 or 3 PCLKB section 28.
000A 840Eh RSCAN Receive Buffer Register 6DH RMDF36 16 16 2 or 3 PCLKB section 28.
000A 8410h RSCAN Receive Rule Entry Register 9BL GAFLML9 16 16 2 or 3PCLKB section 28.
000A 8410h RSCAN Receive Buffer Register 7AL RMIDL7 16 16 2 or 3 PCLKB section 28.
000A 8412h RSCAN Receive Rule Entry Register 9BH GAFLMH9 16 16 2 or 3 PCLKB section 28.
000A 8412h RSCAN Receive Buffer Register 7AH RMIDH7 16 16 2 or 3 PCLKB section 28.
000A 8414h RSCAN Receive Rule Entry Register 9CL GAFLPL9 16 16 2 or 3PCLKB section 28.
000A 8414h RSCAN Receive Buffer Register 7BL RMTS7 16 16 2 or 3 PCLKB section 28.
000A 8416h RSCAN Receive Rule Entry Register 9CH GAFLPH9 16 16 2 or 3 PCLKB section 28.
000A 8416h RSCAN Receive Buffer Register 7BH RMPTR7 16 16 2 or 3 PCLKB section 28.
000A 8418h RSCAN Receive Rule Entry Register 10AL GAFLIDL10 16 16 2 or 3PCLKB section 28.
000A 8418h RSCAN Receive Buffer Register 7CL RMDF07 16 16 2 or 3 PCLKB section 28.
000A 841Ah RSCAN Receive Rule Entry Register 10AH GAFLIDH10 16 16 2 or 3PCLKB section 28.
000A 841Ah RSCAN Receive Buffer Register 7CH RMDF17 16 16 2 or 3 PCLKB section 28.
000A 841Ch RSCAN Receive Rule Entry Register 10BL GAFLML10 16 16 2 or 3PCLKB section 28.
000A 841Ch RSCAN Receive Buffer Register 7DL RMDF27 16 16 2 or 3 PCLKB section 28.
000A 841Eh RSCAN Receive Rule Entry Register 10BH GAFLMH10 16 16 2 or 3PCLKB section 28.
000A 841Eh RSCAN Receive Buffer Register 7DH RMDF37 16 16 2 or 3 PCLKB section 28.
000A 8420h RSCAN Receive Rule Entry Register 10CL GAFLPL10 16 16 2 or 3PCLKB section 28.
000A 8420h RSCAN Receive Buffer Register 8AL RMIDL8 16 16 2 or 3 PCLKB section 28.
000A 8422h RSCAN Receive Rule Entry Register 10CH GAFLPH10 16 16 2 or 3PCLKB section 28.
000A 8422h RSCAN Receive Buffer Register 8AH RMIDH8 16 16 2 or 3 PCLKB section 28.
000A 8424h RSCAN Receive Rule Entry Register 11AL GAFLIDL11 16 16 2 or 3PCLKB section 28.
000A 8424h RSCAN Receive Buffer Register 8BL RMTS8 16 16 2 or 3 PCLKB section 28.
000A 8426h RSCAN Receive Rule Entry Register 11AH GAFLIDH11 16 16 2 or 3PCLKB section 28.
000A 8426h RSCAN Receive Buffer Register 8BH RMPTRS8 16 16 2 or 3 PCLKB section 28.
000A 8428h RSCAN Receive Rule Entry Register 11BL GAFLML11 16 16 2 or 3PCLKB section 28.
000A 8428h RSCAN Receive Buffer Register 8CL RMDF08 16 16 2 or 3 PCLKB section 28.
000A 842Ah RSCAN Receive Rule Entry Register 11BH GAFLMH11 16 16 2 or 3PCLKB section 28.
000A 842Ah RSCAN Receive Buffer Register 8CH RMDF18 16 16 2 or 3 PCLKB section 28.
000A 842Ch RSCAN Receive Rule Entry Register 11CL GAFLPL11 16 16 2 or 3PCLKB section 28.
000A 842Ch RSCAN Receive Buffer Register 8DL RMDF28 16 16 2 or 3 PCLKB section 28.
000A 842Eh RSCAN Receive Rule Entry Register 11CH GAFLPH11 16 16 2 or 3PCLKB section 28.
000A 842Eh RSCAN Receive Buffer Register 8DH RMDF38 16 16 2 or 3 PCLKB section 28.
000A 8430h RSCAN Receive Rule Entry Register 12AL GAFLIDL12 16 16 2 or 3PCLKB section 28.
000A 8430h RSCAN Receive Buffer Register 9AL RMIDL9 16 16 2 or 3 PCLKB section 28.
000A 8432h RSCAN Receive Rule Entry Register 12AH GAFLIDH12 16 16 2 or 3PCLKB section 28.
000A 8432h RSCAN Receive Buffer Register 9AH RMIDH9 16 16 2 or 3PCLKB section 28.
000A 8434h RSCAN Receive Rule Entry Register 12BL GAFLML12 16 16 2 or 3PCLKB section 28.
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000A 8434h RSCAN Receive Buffer Register 9BL RMTS9 16 16 2 or 3 PCLKB section 28.
000A 8436h RSCAN Receive Rule Entry Register 12BH GAFLMH12 16 16 2 or 3PCLKB section 28.
000A 8436h RSCAN Receive Buffer Register 9BH RMPTR9 16 16 2 or 3 PCLKB section 28.
000A 8438h RSCAN Receive Rule Entry Register 12CL GAFLPL12 16 16 2 or 3PCLKB section 28.
000A 8438h RSCAN Receive Buffer Register 9CL RMDF09 16 16 2 or 3 PCLKB section 28.
000A 843Ah RSCAN Receive Rule Entry Register 12CH GAFLPH12 16 16 2 or 3 PCLKB section 28.
000A 843Ah RSCAN Receive Buffer Register 9CH RMDF19 16 16 2 or 3 PCLKB section 28.
000A 843Ch RSCAN Receive Rule Entry Register 13AL GAFLIDL13 16 16 2 or 3PCLKB section 28.
000A 843Ch RSCAN Receive Buffer Register 9DL RMDF29 16 16 2 or 3 PCLKB section 28.
000A 843Eh RSCAN Receive Rule Entry Register 13AH GAFLIDH13 16 16 2 or 3PCLKB section 28.
000A 843Eh RSCAN Receive Buffer Register 9DH RMDF39 16 16 2 or 3 PCLKB section 28.
000A 8440h RSCAN Receive Rule Entry Register 13BL GAFLML13 16 16 2 or 3 PCLKB section 28.
000A 8440h RSCAN Receive Buffer Register 10AL RMIDL10 16 16 2 or 3 PCLKB section 28.
000A 8442h RSCAN Receive Rule Entry Register 13BH GAFLMH13 16 16 2 or 3PCLKB section 28.
000A 8442h RSCAN Receive Buffer Register 10AH RMIDH10 16 16 2 or 3 PCLKB section 28.
000A 8444h RSCAN Receive Rule Entry Register 13CL GAFLPL13 16 16 2 or 3PCLKB section 28.
000A 8444h RSCAN Receive Buffer Register 10BL RMTS10 16 16 2 or 3 PCLKB section 28.
000A 8446h RSCAN Receive Rule Entry Register 13CH GAFLPH13 16 16 2 or 3 PCLKB section 28.
000A 8446h RSCAN Receive Buffer Register 10BH RMPTR10 16 16 2 or 3 PCLKB section 28.
000A 8448h RSCAN Receive Rule Entry Register 14AL GAFLIDL14 16 16 2 or 3PCLKB section 28.
000A 8448h RSCAN Receive Buffer Register 10CL RMDF010 16 16 2 or 3 PCLKB section 28.
000A 844Ah RSCAN Receive Rule Entry Register 14AH GAFLIDH14 16 16 2 or 3PCLKB section 28.
000A 844Ah RSCAN Receive Buffer Register 10CH RMDF110 16 16 2 or 3 PCLKB section 28.
000A 844Ch RSCAN Receive Rule Entry Register 14BL GAFLML14 16 16 2 or 3 PCLKB section 28.
000A 844Ch RSCAN Receive Buffer Register 10DL RMDF210 16 16 2 or 3 PCLKB section 28.
000A 844Eh RSCAN Receive Rule Entry Register 14BH GAFLMH14 16 16 2 or 3PCLKB section 28.
000A 844Eh RSCAN Receive Buffer Register 10DH RMDF310 16 16 2 or 3 PCLKB section 28.
000A 8450h RSCAN Receive Rule Entry Register 14CL GAFLPL14 16 16 2 or 3PCLKB section 28.
000A 8450h RSCAN Receive Buffer Register 11AL RMIDL11 16 16 2 or 3 PCLKB section 28.
000A 8452h RSCAN Receive Rule Entry Register 14CH GAFLPH14 16 16 2 or 3PCLKB section 28.
000A 8452h RSCAN Receive Buffer Register 11AH RMIDH11 16 16 2 or 3 PCLKB section 28.
000A 8454h RSCAN Receive Rule Entry Register 15AL GAFLIDL15 16 16 2 or 3PCLKB section 28.
000A 8454h RSCAN Receive Buffer Register 11BL RMTS11 16 16 2 or 3 PCLKB section 28.
000A 8456h RSCAN Receive Rule Entry Register 15AH GAFLIDH15 16 16 2 or 3PCLKB section 28.
000A 8456h RSCAN Receive Buffer Register 11BH RMPTR11 16 16 2 or 3 PCLKB section 28.
000A 8458h RSCAN Receive Rule Entry Register 15BL GAFLML15 16 16 2 or 3PCLKB section 28.
000A 8458h RSCAN Receive Buffer Register 11CL RMDF011 16 16 2 or 3 PCLKB section 28.
000A 845Ah RSCAN Receive Rule Entry Register 15BH GAFLMH15 16 16 2 or 3PCLKB section 28.
000A 845Ah RSCAN Receive Buffer Register 11CH RMDF111 16 16 2 or 3 PCLKB section 28.
000A 845Ch RSCAN Receive Rule Entry Register 15CL GAFLPL15 16 16 2 or 3PCLKB section 28.
000A 845Ch RSCAN Receive Buffer Register 11DL RMDF211 16 16 2 or 3 PCLKB section 28.
000A 845Eh RSCAN Receive Rule Entry Register 15CH GAFLPH15 16 16 2 or 3PCLKB section 28.
000A 845Eh RSCAN Receive Buffer Register 11DH RMDF311 16 16 2 or 3 PCLKB section 28.
000A 8460h RSCAN Receive Buffer Register 12AL RMIDL12 16 16 2 or 3PCLKB section 28.
000A 8462h RSCAN Receive Buffer Register 12AH RMIDH12 16 16 2 or 3 PCLKB section 28.
000A 8464h RSCAN Receive Buffer Register 12BL RMTS12 16 16 2 or 3PCLKB section 28.
000A 8466h RSCAN Receive Buffer Register 12BH RMPTR12 16 16 2 or 3 PCLKB section 28.
000A 8468h RSCAN Receive Buffer Register 12CL RMDF012 16 16 2 or 3PCLKB section 28.
000A 846Ah RSCAN Receive Buffer Register 12CH RMDF112 16 16 2 or 3 PCLKB section 28.
000A 846Ch RSCAN Receive Buffer Register 12DL RMDF212 16 16 2 or 3PCLKB section 28.
000A 846Eh RSCAN Receive Buffer Register 12DH RMDF312 16 16 2 or 3 PCLKB section 28.
000A 8470h RSCAN Receive Buffer Register 13AL RMIDL13 16 16 2 or 3PCLKB section 28.
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Table 5.1 List of /0O Registers (Address Order) (22 / 25)

Module Number Access  Number of Access Reference
Address Symbol Register Name Register Symbol  of Bits Size Cycles Section
000A 8472h RSCAN Receive Buffer Register 13AH RMIDH13 16 16 2 or 3 PCLKB section 28.
000A 8474h RSCAN Receive Buffer Register 13BL RMTS13 16 16 2 or 3PCLKB section 28.
000A 8476h RSCAN Receive Buffer Register 13BH RMPTR13 16 16 2 or 3 PCLKB section 28.
000A 8478h RSCAN Receive Buffer Register 13CL RMDF013 16 16 2 or 3PCLKB section 28.
000A 847Ah RSCAN Receive Buffer Register 13CH RMDF113 16 16 2 or 3 PCLKB section 28.
000A 847Ch RSCAN Receive Buffer Register 13DL RMDF213 16 16 2 or 3PCLKB section 28.
000A 847Eh RSCAN Receive Buffer Register 13DH RMDF313 16 16 2 or 3 PCLKB section 28.
000A 8480h RSCAN Receive Buffer Register 14AL RMIDL14 16 16 2 or 3PCLKB section 28.
000A 8482h RSCAN Receive Buffer Register 14AH RMIDH14 16 16 2 or 3 PCLKB section 28.
000A 8484h RSCAN Receive Buffer Register 14BL RMTS14 16 16 2 or 3PCLKB section 28.
000A 8486h RSCAN Receive Buffer Register 14BH RMPTR14 16 16 2 or 3 PCLKB section 28.
000A 8488h RSCAN Receive Buffer Register 14CL RMDF014 16 16 2 or 3PCLKB section 28.
000A 848Ah RSCAN Receive Buffer Register 14CH RMDF114 16 16 2 or 3 PCLKB section 28.
000A 848Ch RSCAN Receive Buffer Register 14DL RMDF214 16 16 2 or 3PCLKB section 28.
000A 848Eh RSCAN Receive Buffer Register 14DH RMDF314 16 16 2 or 3 PCLKB section 28.
000A 8490h RSCAN Receive Buffer Register 15AL RMIDL15 16 16 2 or 3PCLKB section 28.
000A 8492h RSCAN Receive Buffer Register 15AH RMIDH15 16 16 2 or 3 PCLKB section 28.
000A 8494h RSCAN Receive Buffer Register 15BL RMTS15 16 16 2 or 3PCLKB section 28.
000A 8496h RSCAN Receive Buffer Register 15BH RMPTR15 16 16 2 or 3 PCLKB section 28.
000A 8498h RSCAN Receive Buffer Register 15CL RMDFO015 16 16 2 or 3PCLKB section 28.
000A 849Ah RSCAN Receive Buffer Register 15CH RMDF115 16 16 2 or 3 PCLKB section 28.
000A 849Ch RSCAN Receive Buffer Register 15DL RMDF215 16 16 2 or 3 PCLKB section 28.
000A 849Eh RSCAN Receive Buffer Register 15DH RMDF315 16 16 2 or 3PCLKB section 28.
000A8580hto  RSCAN RAM Test Register 0 to RAM Test Register 15 RPGACCO to 16 16 2 or 3PCLKB section 28.
000A 859Fh RPGACC15
000A 85A0h RSCAN Receive FIFO Access Register OAL RFIDLO 16 16 2 or 3 PCLKB section 28.
000A 85A0h RSCAN RAM Test Register 16 RPGACC16 16 16 2 or 3 PCLKB section 28.
000A 85A2h RSCAN Receive FIFO Access Register 0OAH RFIDHO 16 16 2 or 3 PCLKB section 28.
000A 85A2h RSCAN RAM Test Register 17 RPGACC17 16 16 2 or 3 PCLKB section 28.
000A 85A4h RSCAN Receive FIFO Access Register 0BL RFTSO 16 16 2 or 3 PCLKB section 28.
000A 85A4h RSCAN RAM Test Register 18 RPGACC18 16 16 2 or 3 PCLKB section 28.
000A 85A6h RSCAN Receive FIFO Access Register 0BH RFPTRO 16 16 2 or 3 PCLKB section 28.
000A 85A6h RSCAN RAM Test Register 19 RPGACC19 16 16 2 or 3 PCLKB section 28.
000A 85A8h RSCAN Receive FIFO Access Register OCL RFDF00 16 16 2 or 3 PCLKB section 28.
000A 85A8h RSCAN RAM Test Register 20 RPGACC20 16 16 2 or 3 PCLKB section 28.
000A 85AAh RSCAN Receive FIFO Access Register OCH RFDF10 16 16 2 or 3 PCLKB section 28.
000A 85AAh RSCAN RAM Test Register 21 RPGACC21 16 16 2 or 3 PCLKB section 28.
000A 85ACh RSCAN Receive FIFO Access Register ODL RFDF20 16 16 2 or 3 PCLKB section 28.
000A 85ACh RSCAN RAM Test Register 22 RPGACC22 16 16 2 or 3 PCLKB section 28.
000A 85AEh RSCAN Receive FIFO Access Register ODH RFDF30 16 16 2 or 3 PCLKB section 28.
000A 85AEh RSCAN RAM Test Register 23 RPGACC23 16 16 2 or 3 PCLKB section 28.
000A 85B0h RSCAN Receive FIFO Access Register 1AL RFIDL1 16 16 2 or 3 PCLKB section 28.
000A 85B0Oh RSCAN RAM Test Register 24 RPGACC24 16 16 2 or 3 PCLKB section 28.
000A 85B2h RSCAN Receive FIFO Access Register 1AH RFIDH1 16 16 2 or 3 PCLKB section 28.
000A 85B2h RSCAN RAM Test Register 25 RPGACC25 16 16 2 or 3 PCLKB section 28.
000A 85B4h RSCAN Receive FIFO Access Register 1BL RFTS1 16 16 2 or 3PCLKB section 28.
000A 85B4h RSCAN RAM Test Register 26 RPGACC26 16 16 2 or 3 PCLKB section 28.
000A 85B6h RSCAN Receive FIFO Access Register 1BH RFPTR1 16 16 2 or 3PCLKB section 28.
000A 85B6h RSCAN RAM Test Register 27 RPGACC27 16 16 2 or 3 PCLKB section 28.
000A 85B8h RSCAN Receive FIFO Access Register 1CL RFDFO1 16 16 2 or 3PCLKB section 28.
000A 85B8h RSCAN RAM Test Register 28 RPGACC28 16 16 2 or 3 PCLKB section 28.
000A 85BAh RSCAN Receive FIFO Access Register 1CH RFDF11 16 16 2 or 3PCLKB section 28.
000A 85BAh RSCAN RAM Test Register 29 RPGACC29 16 16 2 or 3 PCLKB section 28.
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5. 1/0 Registers

Table 5.1 List of /0O Registers (Address Order) (23 / 25)

Module Number Access  Number of Access Reference
Address Symbol Register Name Register Symbol  of Bits Size Cycles Section
000A 85BCh RSCAN Receive FIFO Access Register 1DL RFDF21 16 16 2 or 3PCLKB section 28.
000A 85BCh RSCAN RAM Test Register 30 RPGACC30 16 16 2 or 3 PCLKB section 28.
000A 85BEh RSCAN Receive FIFO Access Register 1DH RFDF31 16 16 2 or 3 PCLKB section 28.
000A 85BEh RSCAN RAM Test Register 31 RPGACC31 16 16 2 or 3PCLKB section 28.
000A85COhto RSCAN RAM Test Register 32 to RAM Test Register 47 RPGACC32 to 16 16 2 or 3 PCLKB section 28.
000A 85DEh RPGACC47
000A 85EOh RSCANO Transmit/Receive FIFO Access Register 0AL CFIDLO 16 16 2 or 3 PCLKB section 28.
000A 85E0h RSCAN RAM Test Register 48 RPGACC48 16 16 2 or 3 PCLKB section 28.
000A 85E2h RSCANO Transmit/Receive FIFO Access Register 0AH CFIDHO 16 16 2 or 3 PCLKB section 28.
000A 85E2h RSCAN RAM Test Register 49 RPGACC49 16 16 2 or 3 PCLKB section 28.
000A 85E4h RSCANO Transmit/Receive FIFO Access Register 0BL CFTSO 16 16 2 or 3 PCLKB section 28.
000A 85E4h RSCAN RAM Test Register 50 RPGACC50 16 16 2 or 3PCLKB section 28.
000A 85E6h RSCANO Transmit/Receive FIFO Access Register 0BH CFPTRO 16 16 2 or 3 PCLKB section 28.
000A 85E6h RSCAN RAM Test Register 51 RPGACC51 16 16 2 or 3 PCLKB section 28.
000A 85E8h RSCANO Transmit/Receive FIFO Access Register 0CL CFDF00 16 16 2 or 3 PCLKB section 28.
000A 85E8h RSCAN RAM Test Register 52 RPGACC52 16 16 2 or 3 PCLKB section 28.
000A 85EAh RSCANO Transmit/Receive FIFO Access Register 0CH CFDF10 16 16 2 or 3 PCLKB section 28.
000A 85EAh RSCAN RAM Test Register 53 RPGACC53 16 16 2 or 3PCLKB section 28.
000A 85ECh RSCANO Transmit/Receive FIFO Access Register 0DL CFDF20 16 16 2 or 3 PCLKB section 28.
000A 85ECh RSCAN RAM Test Register 54 RPGACC54 16 16 2 or 3 PCLKB section 28.
000A 85EEh RSCANO Transmit/Receive FIFO Access Register 0ODH CFDF30 16 16 2 or 3 PCLKB section 28.
000A 85EEh RSCAN RAM Test Register 55 RPGACC55 16 16 2 or 3PCLKB section 28.
000A85FOhto  RSCAN RAM Test Register 56 to RAM Test Register 63 RPGACC56 to 16 16 2 or 3 PCLKB section 28.
000A 85FEh RPGACC63
000A 8600h RSCANO Transmit Buffer Register OAL TMIDLO 16 16 2 or 3 PCLKB section 28.
000A 8600h RSCAN RAM Test Register 64 RPGACC64 16 16 2 or 3 PCLKB section 28.
000A 8602h RSCANO Transmit Buffer Register 0AH TMIDHO 16 16 2 or 3 PCLKB section 28.
000A 8602h RSCAN RAM Test Register 65 RPGACC65 16 16 2 or 3 PCLKB section 28.
000A 8604h RSCAN RAM Test Register 66 RPGACC66 16 16 2 or 3 PCLKB section 28.
000A 8606h RSCANO Transmit Buffer Register 0BH TMPTRO 16 16 2 or 3 PCLKB section 28.
000A 8606h RSCAN RAM Test Register 67 RPGACC67 16 16 2 or 3 PCLKB section 28.
000A 8608h RSCANO Transmit Buffer Register OCL TMDFO0 16 16 2 or 3 PCLKB section 28.
000A 8608h RSCAN RAM Test Register 68 RPGACC68 16 16 2 or 3 PCLKB section 28.
000A 860Ah RSCANO Transmit Buffer Register OCH TMDF10 16 16 2 or 3 PCLKB section 28.
000A 860Ah RSCAN RAM Test Register 69 RPGACC69 16 16 2 or 3 PCLKB section 28.
000A 860Ch RSCANO Transmit Buffer Register ODL TMDF20 16 16 2 or 3 PCLKB section 28.
000A 860Ch RSCAN RAM Test Register 70 RPGACCT70 16 16 2 or 3 PCLKB section 28.
000A 860Eh RSCANO Transmit Buffer Register ODH TMDF30 16 16 2 or 3 PCLKB section 28.
000A 860Eh RSCAN RAM Test Register 71 RPGACC71 16 16 2 or 3 PCLKB section 28.
000A 8610h RSCANO Transmit Buffer Register 1AL TMIDL1 16 16 2 or 3 PCLKB section 28.
000A 8610h RSCAN RAM Test Register 72 RPGACC72 16 16 2 or 3 PCLKB section 28.
000A 8612h RSCANO Transmit Buffer Register 1AH TMIDH1 16 16 2 or 3 PCLKB section 28.
000A 8612h RSCAN RAM Test Register 73 RPGACC73 16 16 2 or 3 PCLKB section 28.
000A 8614h RSCAN RAM Test Register 74 RPGACC74 16 16 2 or 3 PCLKB section 28.
000A 8616h RSCANO Transmit Buffer Register 1BH TMPTR1 16 16 2 or 3PCLKB section 28.
000A 8616h RSCAN RAM Test Register 75 RPGACC75 16 16 2 or 3 PCLKB section 28.
000A 8618h RSCANO Transmit Buffer Register 1CL TMDFO1 16 16 2 or 3PCLKB section 28.
000A 8618h RSCAN RAM Test Register 76 RPGACC76 16 16 2 or 3 PCLKB section 28.
000A 861Ah RSCANO Transmit Buffer Register 1CH TMDF11 16 16 2 or 3PCLKB section 28.
000A 861Ah RSCAN RAM Test Register 77 RPGACC77 16 16 2 or 3 PCLKB section 28.
000A 861Ch RSCANO Transmit Buffer Register 1DL TMDF21 16 16 2 or 3PCLKB section 28.
000A 861Ch RSCAN RAM Test Register 78 RPGACC78 16 16 2 or 3 PCLKB section 28.
000A 861Eh RSCANO Transmit Buffer Register 1DH TMDF31 16 16 2 or 3PCLKB section 28.
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Table 5.1 List of /0O Registers (Address Order) (24 / 25)

Module Number Access  Number of Access Reference
Address Symbol Register Name Register Symbol  of Bits Size Cycles Section
000A 861Eh RSCAN RAM Test Register 79 RPGACC79 16 16 2 or 3 PCLKB section 28.
000A 8620h RSCANO Transmit Buffer Register 2AL TMIDL2 16 16 2 or 3 PCLKB section 28.
000A 8620h RSCAN RAM Test Register 80 RPGACC80 16 16 2 or 3PCLKB section 28.
000A 8622h RSCANO Transmit Buffer Register 2AH TMIDH2 16 16 2 or 3 PCLKB section 28.
000A 8622h RSCAN RAM Test Register 81 RPGACCS81 16 16 2 or 3 PCLKB section 28.
000A 8624h RSCAN RAM Test Register 82 RPGACCS82 16 16 2 or 3PCLKB section 28.
000A 8626h RSCANO Transmit Buffer Register 2BH TMPTR2 16 16 2 or 3PCLKB section 28.
000A 8626h RSCAN RAM Test Register 83 RPGACCS83 16 16 2 or 3 PCLKB section 28.
000A 8628h RSCANO Transmit Buffer Register 2CL TMDFO02 16 16 2 or 3PCLKB section 28.
000A 8628h RSCAN RAM Test Register 84 RPGACC84 16 16 2 or 3 PCLKB section 28.
000A 862Ah RSCANO Transmit Buffer Register 2CH TMDF12 16 16 2 or 3 PCLKB section 28.
000A 862Ah RSCAN RAM Test Register 85 RPGACCS85 16 16 2 or 3 PCLKB section 28.
000A 862Ch RSCANO Transmit Buffer Register 2DL TMDF22 16 16 2 or 3 PCLKB section 28.
000A 862Ch RSCAN RAM Test Register 86 RPGACC86 16 16 2 or 3 PCLKB section 28.
000A 862Eh RSCANO Transmit Buffer Register 2DH TMDF32 16 16 2 or 3 PCLKB section 28.
000A 862Eh RSCAN RAM Test Register 87 RPGACCS87 16 16 2 or 3 PCLKB section 28.
000A 8630h RSCANO Transmit Buffer Register 3AL TMIDL3 16 16 2 or 3PCLKB section 28.
000A 8630h RSCAN RAM Test Register 88 RPGACCS88 16 16 2 or 3 PCLKB section 28.
000A 8632h RSCANO Transmit Buffer Register 3AH TMIDH3 16 16 2 or 3 PCLKB section 28.
000A 8632h RSCAN RAM Test Register 89 RPGACC89 16 16 2 or 3 PCLKB section 28.
000A 8634h RSCAN RAM Test Register 90 RPGACC90 16 16 2 or 3PCLKB section 28.
000A 8636h RSCANO Transmit Buffer Register 3BH TMPTR3 16 16 2 or 3 PCLKB section 28.
000A 8636h RSCAN RAM Test Register 91 RPGACC91 16 16 2 or 3 PCLKB section 28.
000A 8638h RSCANO Transmit Buffer Register 3CL TMDFO3 16 16 2 or 3 PCLKB section 28.
000A 8638h RSCAN RAM Test Register 92 RPGACC92 16 16 2 or 3PCLKB section 28.
000A 863Ah RSCANO Transmit Buffer Register 3CH TMDF13 16 16 2 or 3 PCLKB section 28.
000A 863Ah RSCAN RAM Test Register 93 RPGACC93 16 16 2 or 3PCLKB section 28.
000A 863Ch RSCANO Transmit Buffer Register 3DL TMDF23 16 16 2 or 3 PCLKB section 28.
000A 863Ch RSCAN RAM Test Register 94 RPGACC94 16 16 2 or 3PCLKB section 28.
000A 863Eh RSCANO Transmit Buffer Register 3DH TMDF33 16 16 2 or 3 PCLKB section 28.
000A 863Eh RSCAN RAM Test Register 95 RPGACC95 16 16 2 or 3PCLKB section 28.
000A 8640hto  RSCAN RAM Test Register 96 to RAM Test Register 127 RPGACC96 to 16 16 2 or 3 PCLKB section 28.
000A 867Eh RPGACC127
000A 8680h RSCANO Transmit History Buffer Access Register THLACCO 16 16 2 or 3PCLKB section 28.
007F C090h FLASH E2 DataFlash Control Register DFLCTL 8 8 2 or 3FCLK section 41.
007F C228h TEMPS Temperature Sensor Calibration Data Register TSCDR 16 16 1or2PCLKB section 37.
007F C100h FLASH Flash P/E Mode Control Register FPMCR 8 8 7 ICLK section 41.
007F C104h FLASH Flash Area Select Register FASR 8 8 7 ICLK section 41.
007F C108h FLASH Flash Processing Start Address Register L FSARL 16 16 7 ICLK section 41.
007F C110h FLASH Flash Processing Start Address Register H FSARH 16 16 7 ICLK section 41.
007F C114h FLASH Flash Control Register FCR 8 8 7 ICLK section 41.
007F C118h FLASH Flash Processing End Address Register L FEARL 16 16 7 ICLK section 41.
007F C120h FLASH Flash Processing End Address Register H FEARH 16 16 7 ICLK section 41.
007F C124h FLASH Flash Reset Register FRESETR 8 8 7 ICLK section 41.
007F C128h FLASH Flash Status Register 0 FSTATRO 8 8 7 ICLK section 41.
007F C12Ch FLASH Flash Status Register 1 FSTATR1 8 8 7 ICLK section 41.
007F C130h FLASH Flash Write Buffer Register 0 FWBO 16 16 7 ICLK section 41.
007F C138h FLASH Flash Write Buffer Register 1 FwB1 16 16 7 ICLK section 41.
007F C140h FLASH Flash Write Buffer Register 2 FWB2 16 16 7 ICLK section 41.
007F C144h FLASH Flash Write Buffer Register 3 FWB3 16 16 7 ICLK section 41.
007F C180h FLASH Protection Unlock Register FPR 8 8 7 ICLK section 41.
007F C184h FLASH Protection Unlock Status Register FPSR 8 8 7 ICLK section 41.
007F C1COh FLASH Flash Start-Up Setting Monitor Register FSCMR 16 16 7 ICLK section 41.
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Table 5.1 List of /0O Registers (Address Order) (25 / 25)

Module Number Access  Number of Access Reference
Address Symbol Register Name Register Symbol  of Bits Size Cycles Section
007F C1C8h FLASH Flash Access Window Start Address Monitor Register FAWSMR 16 16 7 ICLK section 41.
007F C1DOh FLASH Flash Access Window End Address Monitor Register FAWEMR 16 16 7 ICLK section 41.
007F C1D8h FLASH Flash Initial Setting Register FISR 8 8 7 ICLK section 41.
007F C1DCh FLASH Flash Extra Area Control Register FEXCR 8 8 7 ICLK section 41.
007F C1EOh FLASH Flash Error Address Monitor Register L FEAML 16 16 7ICLK section 41.
007F C1E8h FLASH Flash Error Address Monitor Register H FEAMH 16 16 7 ICLK section 41.
007F C350h FLASH Unique ID Register 0 UIDRO 32 32 7 ICLK section 41.
007F C354h FLASH Unique ID Register 1 UIDR1 32 32 7 ICLK section 41.
007F C358h FLASH Unique ID Register 2 UIDR2 32 32 7 ICLK section 41.
007F C35Ch FLASH Unique ID Register 3 UIDR3 32 32 7 ICLK section 41.
007F C3A4h CTSU CTSU Trimming Register A CTSUTRIMA 32 32 7 ICLK section 32.
007F C3A8h CTSU CTSU Trimming Register B CTSUTRIMB 32 32 7 ICLK section 32.
007F FFBOh FLASH Flash P/E Mode Entry Register FENTRYR 16 16 7 ICLK section 41.
007F FFCOh FLASH Memory Wait Cycle Setting Register MEMWAITR 16 16 7I1CLK section 41.
007F FFC4h FLASH Data Flash Wait Cycle Setting Register DFLWAITR 16 16 7 ICLK section 41.
FFFF FF80h OFSM Endian Select Register MDE 32 32 1I1CLK section 7.
FFFF FF88h OFSM Option Function Select Register 1 OFS1 32 32 1ICLK section 7.
FFFF FF8Ch OFSM Option Function Select Register 0 OFS0 32 32 1ICLK section 7.
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6. Resets

6.1 Overview

There are seven types of resets: RES# pin reset, power-on reset, voltage monitoring O reset, voltage monitoring 1 reset,
voltage monitoring 2 reset, independent watchdog timer reset, and software reset.
Table 6.1 lists the reset names and sources.

Table 6.1 Reset Names and Sources
Reset Name Source
RES# pin reset Voltage input to the RES# pin is driven low.
Power-on reset VCC rises (voltage monitored: VPOR)*1
Voltage monitoring 0 reset VCC falls (voltage monitored: Vdet0)*1
Voltage monitoring 1 reset VCC falls (voltage monitored: Vdet1)™1
Voltage monitoring 2 reset VCC falls (voltage monitored: Vdet2)*1
Independent watchdog timer reset The independent watchdog timer underflows, or a refresh error occurs.
Software reset Register setting

Note 1. For the voltages to be monitored (VPOR, Vdet0, Vdetl, and Vdet2), see section 8, Voltage Detection Circuit (LVDAb) and
section 42, Electrical Characteristics.

RO1UHO0905EJ0110 Rev.1.10 ENESAS Page 127 of 1536
Apr 20, 2022



RX140 Group

6. Resets

Theinterna state and pins areinitialized by a reset.
Table 6.2 lists the reset targets to be initialized.

Table 6.2 Targets Initialized by Each Reset Source

Target to be Initialized

Reset Source

RES# Pin
Reset

Power-On
Reset

Voltage
Monitoring
0 Reset

Independent
Watchdog
Timer Reset

Voltage
Monitoring
1 Reset

Voltage
Monitoring
2 Reset

Software
Reset

The power-on reset detect flag
(RSTSR0.PORF)

(o)

Register related to the cold start/warm start
determination flag
(RSTSR1.CWSF)

—*1

Voltage monitoring O reset detect flag
(RSTSRO.LVDORF)

The independent watchdog timer reset detect flag
(RSTSR2.IWDTRF)

Registers related to the independent watchdog
timer

(IWDTRR, IWDTCR, IWDTSR, IWDTRCR,
IWDTCSTPR, ILOCOCR)

The voltage monitoring 1 reset detect flag
(RSTSRO.LVD1RF)

Registers related to voltage monitor function 1
(LVD1CRO, LVCMPCR.LVD1E,
LVDLVLR.LVD1LVL[3:0])

(LVD1CR1, LVD1SR)

The voltage monitoring 2 reset detect flag
(RSTSRO.LVD2RF)

Registers related to voltage monitor function 2
(LVD2CRO, LVCMPCR.EXVCCINP2, LVD2E,
LVDLVLR.LVD2LVL[1:0])

(LVD2CR1, LVD2SR)

The software reset detect flag
(RSTSR2.SWRF)

Register related to the realtime clock*2

Register related to the sub-clock oscillator
(SOSCCR, SOMCR)

Operating mode*3

Registers other than the above, CPU, and internal
state

o: Targets to be initialized, —: No change occurs.

Note 1. |Initialized at a power-on.

Note 2. Some control bits are initialized by all types of reset. For details on the target bits, refer to section 24, Realtime Clock (RTCB).
Note 3. The operating mode is determined by the level of the mode setting pin when the reset is released. For details, refer to section 3,

Operating Modes.

When areset is canceled, the reset exception handling starts. For the reset exception handling, see section 13,

Exception Handling.

Table 6.3 liststhe pin related to the reset.

Table 6.3 Pin Related to Reset

Pin Name 110 Function
RES# Input Reset pin
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6. Resets

6.2 Register Descriptions

6.2.1 Reset Status Register 0 (RSTSRO)

Address(es): 0008 C290h

b7 b6 b5 b4 b3 b2 bl b0
_ _ _ __ |LVD2R|LVDIR |LVDOR
F F F PORF
Value after reset: 0 0 0 0 0+l 0*1 0*1 0*1
Bit Symbol Bit Name Description R/W
b0 PORF Power-On Reset Detect Flag 0: Power-on reset not detected. R(/W)
1: Power-on reset detected. 2
bl LVDORF Voltage Monitoring O Reset Detect  0: Voltage monitoring O reset not detected. R(/W)
Flag 1: Voltage monitoring O reset detected. 2
b2 LVD1RF Voltage Monitoring 1 Reset Detect  0: Voltage monitoring 1 reset not detected. R(/W)
Flag 1: Voltage monitoring 1 reset detected. 2
b3 LVD2RF Voltage Monitoring 2 Reset Detect  0: Voltage monitoring 2 reset not detected. R(/W)
Flag 1: Voltage monitoring 2 reset detected. 2
b7tob4 — Reserved These bits are read as 0. The write value should be 0. R/W

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

PORF Flag (Power-On Reset Detect Flag)
The PORF flag indicates that a power-on reset has occurred.

[Setting condition]

e \When a power-on reset occurs.

[Clearing conditions]

e When resets shown in Table 6.2 occur.
e When PORF isread as 1 and then O is written to PORF.

LVDORF Flag (Voltage Monitoring 0 Reset Detect Flag)
The LVDORF flag indicates that V CC voltage has fallen below VdetO.

[Setting condition]

e When VdetO-level VCC voltage is detected.

[Clearing conditions]

e When resets listed in Table 6.2 occur.
e When LVDORF isread as 1 and then O iswritten to LVDORF.

LVD1RF Flag (Voltage Monitoring 1 Reset Detect Flag)
The LVDIRF flag indicates that V CC voltage has fallen below Vdet1.

[Setting condition]

e When Vdetl-level VCC voltage is detected.

[Clearing conditions]
e When areset listed in Table 6.2 occurs.
e When LVD1RF isread as 1 and then O iswritten to LVD1RF.
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LVD2RF Flag (Voltage Monitoring 2 Reset Detect Flag)

The LVD2RF flag indicates that V CC voltage has fallen below Vdet2.

[Setting condition]
e When Vdet2-level VCC voltage is detected.
[Clearing conditions]
e When areset listed in Table 6.2 occurs.
e When LVD2RF isread as 1 and then O iswritten to LVD2RF.

6.2.2 Reset Status Register 1 (RSTSR1)

Address(es): 0008 C291h

b7 b6 b5 b4 b3 b2 bl b0

— — — — — — — |cwsF
Value after reset: 0 0 0 0 0 0 0 0/1*1
Bit Symbol Bit Name Description R/W
b0 CWSF Cold/Warm Start Determination Flag  0: Cold start R(/W)
1: Warm start 2
b7tobl — Reserved These bits are read as 0. The write value should be O. R/W

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

RSTSR1 determines whether a power-on reset has caused the reset processing (cold start) or areset signal input during

operation has caused the reset processing (warm start).

CWSF Flag (Cold/Warm Start Determination Flag)

The CWSF flag indicates the type of reset processing: cold start or warm start.

The CWSF flag isinitialized at a power-on.
[Setting condition]

e When 1 iswritten through programming; it is not set to O even when 0 is written.

[Clearing condition]
e When areset listed in Table 6.2 occurs.
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6.2.3 Reset Status Register 2 (RSTSR2)

Address(es): 0008 00COh

b7 b6 b5 b4 b3 b2 bl b0

_ _ _ _ — |swre| — [WDTR
F
Value after reset: 0 0 0 0 0 0*1 0 0*1
Bit Symbol Bit Name Description R/W
b0 IWDTRF Independent Watchdog Timer Reset Detect  0: Independent watchdog timer reset not detected. R(/W)
Flag 1: Independent watchdog timer reset detected. 2
bl — Reserved This bit is read as 0. The write value should be 0. R/W
b2 SWRF Software Reset Detect Flag 0: Software reset not detected. R(/W)
1: Software reset detected. 2
b7tob3 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. The value after reset depends on the reset source.
Note 2. Only 0 can be written to clear the flag.

IWDTRF Flag (Independent Watchdog Timer Reset Detect Flag)
The IWDTREF flag indicates that an independent watchdog timer reset has occurred.
[Setting condition]
¢ When an independent watchdog timer reset occurs.
[Clearing conditions]
e When areset listed in Table 6.2 occurs.
e When IWDTRFisread as 1 and then O iswritten to IWDTRF.

SWRF Flag (Software Reset Detect Flag)
The SWREF flag indicates that a software reset has occurred.
[Setting condition]
e When a software reset occurs.
[Clearing conditions]
e When areset listed in Table 6.2 occurs.
e When SWRF isread as 1 and then O is written to SWRF.
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6.2.4 Software Reset Register (SWRR)

Address(es): 0008 00C2h

b15 b14 b13 b12 b1l b10 b9 b8

b7

b6

b5

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

Writing A501h in the SWRR register resets the MCU. Thisregister is read as 0000h. Set the PRCR.PRC1 bit to 1 (write

enabled) before rewriting this register.
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6.3 Operation

6.3.1 RES# Pin Reset

Thisisareset generated by the RES# pin.

When the RES# pin is driven low, all the processing in progressis aborted and the LS| enters areset state.

In order to unfailingly reset the LSI, the RES# pin should be held low for the specified power supply stabilization time at
a power-on.

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

For details, see section 42, Electrical Characteristics.

6.3.2 Power-On Reset and Voltage Monitoring 0 Reset

The power-on reset is an internal reset generated by the power-on reset circuit. A power-on reset is generated when
power is supplied to the RES# pin whileit is connected to VCC viaaresistor. When connecting a capacitor to the RES#
pin, also ensure that the voltage on the RES# pin isaways at least VIH. For details on VIH, refer to section 42,
Electrical Characteristics. After VCC has exceeded VPOR and the specified period (power-on reset time) has elapsed,
the internal reset is canceled and the CPU starts the reset exception handling. The power-on reset time is a stabilization
period for the external power supply and the MCU circuit. After a power-on reset has been generated, the PORF flag in
RSTSRO isset to 1. The PORF flag isinitialized by RES# pin reset.

The voltage monitoring O reset is an internal reset generated by the voltage monitoring circuit. If the voltage detection
circuit O start bit (LVDAS) in option function select register 1 (OFSL1) is 0 (voltage monitoring O reset is enabled after a
reset) and VCC falls below VdetO, the RSTSRO.LVDORF flag becomes 1 and the voltage detection circuit generates
voltage monitoring O reset. Clear the OFS1.LVDAS bit to 0 if the voltage monitoring O reset is to be used.

Release from the voltage monitoring O reset state occurs when V CC rises above VdetO and the LV DO reset time (tLV DO)
elapses, and then the CPU starts the reset exception handling.

Figure 6.1 shows operations during a power-on reset and voltage monitoring O reset.

For details on voltage monitoring O reset, refer to section 8, Voltage Detection Circuit (LVDAD).
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reset state

Voltage monitorin
d

g O reset state
»

Internal reset signal

VCC
4.7 kQ
(reference value)
RES#
Vdet0
VPOR™
External voltage
VCC
RES# pin™
— Power-on
.
POR detection signal
(Low is valid)
LVDO enable/disable
signal (Low is valid)
Voltage detection O
signal (Low is valid)

A

tPOR"™

# . L
| Set by
Set by OFS1.LVDAS ‘ OFS1.LVDAS
ul x
*3
> 4tLVDO V'— |—

RSTSRO.LVDORF

RSTSRO.PORF

"

Reset by a pin reset

Note:
Note 1.

Note 2.
Note 3.
Note 4.

For details on the electrical characteristics, see the Electrical Characteristics section.
VdetO indicates the detection level for a voltage monitoring 0 reset and VPOR indicates the detection level for a
power-on reset.

Ensure that the voltage on the RES# pin is always at least VIH.
tPOR indicates the period of a power-on reset and tLVDO indicates the period of a voltage monitoring O reset.

At the time the power-supply voltage rises, VCC must rise to at least the minimum guaranteed voltage before release
from the POR reset state.

Figure 6.1

Operation Examples During a Power-On Reset and Voltage Monitoring O Reset
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6.3.3 Voltage Monitoring 1 Reset and Voltage Monitoring 2 Reset

The voltage monitoring 1 reset and voltage monitoring 2 reset are internal resets generated by the voltage monitoring
circuit.

When the voltage monitoring 1 interrupt/reset enable bit (LVD1RIE) is set to 1 (enabling generation of areset or
interrupt by the voltage detection circuit) and the voltage monitoring 1 circuit mode select bit (LVD1RI) isset to 1
(selecting generation of areset in response to detection of alow voltage) in the voltage monitoring 1 circuit control
register 0 (LVD1CRO), the RSTSRO.LVD1RF flag is set to 1 and the voltage-detection circuit generates a voltage
monitoring 1 reset if VCC fallsto or below Vdetl.

Likewise, when the voltage monitoring 2 interrupt/reset enable bit (LVD2RIE) is set to 1 (enabling generation of areset
or interrupt by the voltage detection circuit) and the voltage monitoring 2 circuit mode select bit (LVD2RI) isset to 1
(selecting generation of areset in response to detection of alow voltage) in voltage monitoring 2 circuit control register
0 (LVD2CRO), the RSTSRO.LVD2RF flag is set to 1 and the voltage detection circuit generates a voltage monitoring 2
reset if VCC falsto or below Vdet2.

Timing for release from the voltage monitoring 1 reset state is selectable with the voltage monitoring 1 reset negation
select bit (LVD1RN) in the LVD1CRO register. When the LVD1CRO.LVD1RN bit is 0 and VCC has fallen to or below
Vdetl, the CPU isreleased from the internal reset state and starts reset exception handling once the voltage monitoring 1
reset time (tLVD1) has elapsed after VCC has risen above Vdetl. When the LVD1CRO.LVDI1RN bitis1 and VCC has
fallen to or below Vdetl, the CPU isreleased from the internal reset state and starts reset exception handling once the
voltage monitoring 1 reset time (tLVD1) has elapsed.

Likewise, timing for release from the voltage monitoring 2 reset state is selectable by setting the voltage monitoring 2/
comparator A2 reset negation select bit (LVD2RN) in the LVD2CRO register. Detection levels VVdetl and Vdet2 can be
changed by settings in the voltage detection level select register (LVDLVLR).

Figure 6.2 shows examples of operations during voltage monitoring 1 and 2 resets.

For details on the voltage monitoring 1 reset and voltage monitoring 2 reset, refer to section 8, Voltage Detection
Circuit (LVDAD).
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External voltage
VCC

] ]
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1

1
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1
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LVDICRO.LVDIRN =0
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signal (Low is valid) —
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]
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]
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signal (Low is valid) — i

RSTSRO.LVDIRF

. i tLvDi¥
Internal reset signal < »

Note: For details on the electrical characteristics, see the Electrical Characteristics section.
Note 1. Vdeti shows a detection level of voltage monitoring 1 reset and voltage monitoring 2 reset. (i = 1, 2)
Note 2. tLVDi shows a time for voltage monitoring 1 reset and voltage monitoring 2 reset. (i=1, 2)

RES# pin reset

L g s R ey

RES# pin reset

Figure 6.2 Operation Examples During Voltage Monitoring 1 Reset and Voltage Monitoring 2 Reset

6.3.4 Independent Watchdog Timer Reset

Independent watchdog timer reset is an internal reset generated by the independent watchdog timer.

Output of the independent watchdog timer reset from the independent watchdog timer can be selected by setting the
IWDT reset control register (IWDTRCR) and option function select register 0 (OFS0).

When output of the independent watchdog timer reset is selected, an independent watchdog timer reset is generated if the
independent watchdog timer underflows, or if datais written outside the refresh-permitted period. When the internal
reset time (tRESW2) has elapsed after the independent watchdog timer reset has been generated, the internal reset is
canceled and the CPU starts the reset exception handling.

For details on the independent watchdog timer reset, see section 26, Independent Watchdog Timer (IWDTa).

6.3.5 Software Reset

The software reset is an internal reset generated by the software reset circuit.
When A501h iswritten to SWRR, a software reset is generated. When the internal reset time tRESW?2) has elapsed after
the software reset is generated, the internal reset is canceled and the CPU starts the reset exception handling.
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6.3.6 Determination of Cold/Warm Start

By reading the CWSF flag in RSTSR1, the type of reset processing caused can be identified; that is, whether a power-on
reset has caused the reset processing (cold start) or areset signal input during operation has caused the reset processing
(warm start).

The CWSF flag in RSTSR1 is set to 0 when a power-on reset occurs (cold start); otherwise the flag is not set to 0. The
flagis set to 1 when 1 iswritten to it through programming; it is not set to O even when 0 iswritten.

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

/

VPOR

External voltage VCC

RES# pin

1 I

POR detection signal |
(Low is valid)

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

RSTSR1.CWSF flag | \ |

Set to 1 through programming

Figure 6.3 Example of Cold/Warm Start Determination Operation
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6.3.7 Determination of Reset Generation Source
Reading RSTSRO and RSTSR2 determines which reset was used to execute the reset exception handling.
Figure 6.4 shows an example of the flow to identify areset generation source.
Reset exception
handling
RSTSR2.
RSTSRO.
VD1RF =
Yes RSTSR2.\_No
WDTRF =
RSTSRO.
VDORF =
Yes RSTSRAO.
PORF = 1
\4 \4 \4 \4 v
Software Voltage Voltage Independent  Voltage Power-on RES# pin
reset monitoring 2 monitoring1  watchdog monitoring 0 reset reset
reset reset timer reset reset
Figure 6.4 Example of Reset Generation Source Determination Flow
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7. Option-Setting Memory (OFSM)

7.1 Overview

Option-setting memory (OFSM) refersto a set of registersthat are provided for selecting the state of the microcontroller
after areset. The option-setting memory is allocated in the ROM.

Figure 7.1 shows the option-setting memory area.

Addresses

M

FFFF FF80h to FFFF FF83h Endian select register (MDE)

FFFF FF88h to FFFF FF8Bh

FFFF FF8Ch to FFFF FF8Fh

Option function select register 1 (OFS1)

Option function select register 0 (OFS0)

~— -
—_——
4 bytes
Figure 7.1 Option-Setting Memory Area
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7.2 Register Descriptions
7.2.1 Option Function Select Register 0 (OFS0)

Address(es): OFSM.OFS0 FFFF FF8Ch

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

Value after reset: The value set by the user*!

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— E"C’gg — é"T"Igg‘; IWDTRI;SS[I:O] IWDTRIIDES[l:O] I IWDTCIKS[3:O] I IWDTTCI)PS[l:O] 'V‘T/BF —
Value after reset: I The \I/alue set by the ulser*1 I I I
Bit Symbol Bit Name Description R/W
b0 — Reserved When reading, this bit returns the value written by the user. R
The write value should be 1.
bl IWDTSTRT IWDT Start Mode Select 0: IWDT is automatically activated in auto-start mode aftera R
reset

1: IWDT is halted after a reset

b3, b2 IWDTTOPS[1:0] IWDT Timeout Period Select ~ b3 b2 R
0 0: 128 cycles (007Fh)
0 1: 512 cycles (01FFh)
1 0: 1024 cycles (03FFh)
1 1: 2048 cycles (07FFh)
b7 to b4 IWDTCKSJ[3:0] IWDT Clock Frequency b7 b4 o R
Division Ratio Select 0 0 0 0: No division
0 0 1 O: Divide-by-16
0 0 1 1: Divide-by-32
0 1 0 O: Divide-by-64
1 1 1 1:Divide-by-128
0 1 0 1: Divide-by-256
Settings other than above are prohibited.
b9, b8 IWDTRPES[1:0] IWDT Window End Position b9 b8 R
Select 0 0:75%
0 1:50%
1 0: 25%
1 1: 0% (No window end position setting)
b11, b10 IWDTRPSS[1:0] IWDT Window Start Position b1l b10 R
Select 0 0:25%
0 1:50%
1 0: 75%
1 1: 100% (No window start position setting)
b12 IWDTRSTIRQS IWDT Reset Interrupt 0: Non-maskable interrupt request is enabled R
Request Select 1: Reset is enabled
b13 — Reserved When reading, this bit returns the value written by the user. R
The write value should be 1.
bl14 IWDTSLCSTP IWDT Sleep Mode Count 0: Counting stop is disabled R
Stop Control 1: Counting stop is enabled when entering sleep, software
standby, or deep sleep mode
b31tobl5 — Reserved When reading, these bits return the value written by the R

user. The write value should be 1.

Note 1. The value of the blank product is FFFF FFFFh. This register is set to a specified value after programming of the flash memory
with the user program.

The OFSO0 register is allocated in the ROM. Set thisregister at the same time as writing the program. After writing to the
OFS0 register once, do not writeto it again.
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When erasing the block including the OFS0 register, the OFS0 register value becomes FFFF FFFFh.
The setting in the OFSO register isignored in boot mode, and this register functions similarly when it is set to FFFF
FFFFh.

IWDTSTRT Bit (IWDT Start Mode Select)

This bit selects the mode in which the IWDT is activated after areset (stopped state or activated in auto-start mode).
When activated in auto-start mode, the OFSO register setting for the IWDT is effective.

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

These bits select the timeout period, i.e. thetime it takes for the down-counter to underflow, as 128, 512, 1024, or 2048
cycles of the frequency-divided clock set by the IWDTCKS[3:0] bits. The time (number of IWDT-dedicated clock
cycles) it takes to underflow after arefresh operation is determined by the combination of the IWDTCKS[3:0] bits and
IWDTTOPS[1:Q] bits.

For details, see section 26, Independent Watchdog Timer (IWDTa).

IWDTCKSJ[3:0] Bits (IWDT Clock Frequency Division Ratio Select)

These bits select, from 1/1, 1/16, 1/32, 1/64, 1/128, and 1/256, the division ratio of the prescaler to divide the frequency
of the IWDT-dedicated clock. Using the setting of these hits together with the IWDTTOPS[1:0] bit setting, the IWDT
counting period can be set from 128 to 524288 IWDT-dedicated clock cycles.

For details, see section 26, Independent Watchdog Timer (IWDTa).

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

These hits select the position of the end of the window for the down-counter as 0%, 25%, 50%, or 75% of the value being
counted by the counter. The value of the window end position must be smaller than the value of the window start position
(window start position > window end position). If the value for the window end position is greater than the value for the
window start position, only the value for the window start position is effective.

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

For details, refer to section 26, Independent Watchdog Timer (IWDTa).

IWDTRPSS[1:0] Bits (IWDT Window Start Position Select)

These hits select the position where the window for the down-counter starts as 25%, 50%, 75%, or 100% of the value
being counted (the point at which counting starts is 100% and the point at which an underflow occursis 0%). The
interval between the positions where the window starts and ends becomes the period in which refreshing is possible, and
refreshing is not possible outside this period.

For details, refer to section 26, Independent Watchdog Timer (IWDTa).

IWDTRSTIRQS Bit (IWDT Reset Interrupt Request Select)

The setting of this bit selects the operation on an underflow of the down-counter or generation of arefresh error. Either
an independent watchdog timer reset or a non-maskabl e interrupt request is selectable.
For details, refer to section 26, Independent Watchdog Timer (IWDTa).

IWDTSLCSTP Bit (IWDT Sleep Mode Count Stop Control)

This bit selects whether to stop counting when entering sleep, software standby, or deep sleep mode.
For details, see section 26, Independent Watchdog Timer (IWDTa).
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7.2.2 Option Function Select Register 1 (OFS1)

Address(es): OFSM.OFS1 FFFF FF88h

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

Value after reset: The value set by the user!

b15 b14 b13 b12 bil b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — |HOCOFRQ[L:0]| — — — |HOCO| _ — — — |FASTS|vpAS| VDSEL[L:0]
. EN TUP .
Value after reset: The value set by the user*!
Bit Symbol Bit Name Description R/W
b1, b0 VDSELJ[1:0] Voltage Detection 0 Level bl b0 ) R
Select 0 0: 3.85 V is selected
0 1:2.85Vis selected
1 0: 2.53 Vis selected
1 1:1.90 Vs selected
b2 LVDAS Voltage Detection 0 Circuit 0: Voltage monitoring O reset is enabled after a reset R
Start 1: Voltage monitoring O reset is disabled after a reset
b3 FASTSTUP Power-On Fast Startup Time  0: Fast startup time at power on R
1: Normal startup
b7 to b4 — Reserved When reading, these bits return the value written by the user. R
The write value should be 1.
b8 HOCOEN HOCO Oscillation Enable 0: HOCO oscillation is enabled after a reset R
1: HOCO oscillation is disabled after a reset
b1l to b9 — Reserved When reading, these bits return the value written by the user. R
The write value should be 1.
b13to bl2 HOCOFRQ[1:0] HOCO Frequency Select b13 b12 ) R
0 0: 48 MHz is selected
0 1: 48 MHz is selected
1 0: 24 MHz is selected
1 1: 32 MHz is selected
b3ltobld — Reserved When reading, these bits return the value written by the user. R

The write value should be 1.

Note 1. The value of the blank product is FFFF FFFFh. This register is set to a specified value after programming of the flash memory
with the user program.

The OFS1 register is allocated in the ROM. Set this register at the same time as writing the program. After writing, do
not write additions to this register.

When erasing the block including the OFSL register, the OFSL1 register value becomes FFFF FFFFh.

The setting in the OFSL register isignored in boot mode, and this register functions similarly when it is set to FFFF
FFFFh.

VDSEL[1:0] Bits (Voltage Detection 0 Level Select)
These hits select the voltage detection level to be monitored by the voltage detection O circuit.

LVDAS Bit (Voltage Detection 0 Circuit Start)
This bit selects whether the voltage monitoring O reset is enabled or disabled after areset.
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by the VDSEL[1:0] bits.

FASTSTUP Bit (Power-On Fast Startup Time)
The startup time can be reduced by setting this bit to O (fast startup time at power on) when it is possible to meet the
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power-on VCC rising gradient (during fast startup time) shown in Electrical Characteristics. Do not set this bit to 0 when
it is not possible to meet the power-on VCC rising gradient (during fast startup time).

HOCOEN Bit (HOCO Oscillation Enable)

This bit selects whether the HOCO oscillation is effective or not after areset.

Setting the HOCOEN hit to 0 allows the HOCO oscillation to be started before the CPU starts operation, and therefore
reduces the wait time for oscillation stabilization.

Note that even if the HOCOEN bit is set to 0, the system clock source is not switched to HOCO. The system clock source
is switched to HOCO only by modifying the clock source select bits (SCKCR3.CKSEL[2:0]) from the CPU.

Also, when the HOCOEN bit is set to 0, the HOCO oscillation stabilization time (tHOCO) is secured by hardware, so the
clock with the accuracy of the HOCO oscillation frequency (fFHOCO) shown in Electrical Characteristicsis supplied
after release from the CPU reset state.

7.2.3 Endian Select Register (MDE)

Address(es): OFSM.MDE FFFF FF80h

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

Value after reset: The value set by the user1

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — — — — — — — — — MDE[2:0]
Value after reset: The value set by the user1
Bit Symbol Bit Name Description R/W
b2 to b0 MDE[2:0] Endian Select b2 b0 ) R
0 0 0: Big endian
1 1 1: Little endian
Settings other than above are prohibited.
b31tob3 — Reserved When reading, these bits return the value written by the user. R

The write value should be 1.

Note 1. The value of the blank product is FFFF FFFFh. This register is set to a specified value after programming of the flash memory
with the user program.

The MDE register selects the endian for the CPU.

MDE isallocated in the ROM. Set the register at the same time as writing the program. After writing to the register once,
do not write to it again.

When erasing the block including the MDE register, the MDE register value becomes FFFF FFFFh.

MDE[2:0] Bits (Endian Select)
These bits select little endian or big endian for the CPU.
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7.3  Usage Note

7.3.1 Setting Example of Option-Setting Memory
Since the option-setting memory is allocated in the ROM, values cannot be written by executing instructions. Write
appropriate values when writing the program. An example of the settings is shown below.

e To set FFFF FFF8h in the OFSO register
ORG  OFFFFFF8CH
LWORD OFFFFFFFeH

Note:  Programming formats vary depending on the compiler. Refer to the compiler manual for details.
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8. Voltage Detection Circuit (LVDAD)
The voltage detection circuit (LV D) monitors the voltage level input to the VCC pin using a program.

8.1 Overview

In voltage detection 0, the detection voltage can be selected from four levels using option function select register 1

(OFS1).

In voltage detection 1, the detection voltage can be selected from 14 levels using the voltage detection level select

register (LVDLVLR).

In voltage detection 2, the detection voltage can be selected from four levels using the LVDLVLR register by switching
between input voltages to VCC and the CMPA2 pin.
Voltage monitoring O reset, voltage monitoring 1 reset/interrupt, and voltage monitoring 2 reset/interrupt can be used.

Table 8.1 lists the specifications of the voltage detection circuit. Figure 8.1 isablock diagram of the voltage detection
circuit. Figure 8.2 isablock diagram of the voltage monitoring 1 interrupt/reset circuit. Figure 8.3 isablock diagram of
the voltage monitoring 2 interrupt/reset circuit.

Table 8.1 LVD Specifications
Item Voltage Monitoring 0 Voltage Monitoring 1 Voltage Monitoring 2
VCC monitoring  Monitored  VdetO Vdetl Vdet2
voltage
Detection Voltage drops past VdetO When voltage rises above or When voltage rises above or
target drops below Vdetl drops below Vdet2
Input voltages to VCC and the
CMPAZ2 pin can be switched
using the
LVCMPCR.EXVCCINP?2 bit
Detection Voltage selectable from four Voltage selectable from 14 Voltage selectable from four
voltage levels using OFS1 levels using the levels using the
LVDLVLR.LVD1LVL[3:0] bits LVDLVLR.LVD2LVL[1:0] bits
Monitoring  Not available LVD1SR.LVD1MON flag: LVD2SR.LVD2MON flag:
flag Monitors whether voltage is Monitors whether voltage is
higher or lower than Vdetl higher or lower than Vdet2
LVD1SR.LVD1DET flag: Vdetl  LVD2SR.LVD2DET flag: Vdet2
passage detection passage detection
Process upon Reset Voltage monitoring 0 reset Voltage monitoring 1 reset Voltage monitoring 2 reset
voltage detection Reset when Vdet0 > VCC Reset when Vdetl > VCC Reset when Vdet2 > VCC or the
CPU restart after specified CPU restart timing selectable: CMPA2 pin
time with VCC > Vdet0 after specified time with VCC >  CPU restart timing selectable:
Vdetl or Vdetl > VCC after specified time with VCC or
the CMPAZ2 pin > Vdet2 or after
specified time with Vdet2 > VCC
or the CMPA2 pin
Interrupt Not available Voltage monitoring 1 interrupt Voltage monitoring 2 interrupt
Non-maskable or maskable Non-maskable or maskable
interrupt is selectable interrupt is selectable
Interrupt request issued when Interrupt request issued when
Vdetl > VCC and VCC > Vdetl Vdet2 >VCC or the CMPA2 pin
or either and VCC or the CMPA2 pin >
Vdet2 or either
Event link function Not available Available Not available

Vdetl passage detection event
output
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vee O

Level selection
circuit
(4 levels)

LVDAS

Voltage detection 0

> Analog noise signal
VDSEL[1:0] filter
Internal reference voltage
(for detecting Vdet0) > Vdeto
| i
Level selection
EEE—— circuit LVDIE
: (14 levels) LVD1CMPE
. Voltage detection 1
N Analog noise signal
LVD1LVL[3:0] filter
Internal reference voltage
(for detecting Vdet1) > Vdetl
EXVCCINP2 =0
L—o
CMPA2
EXVCCINP2 =1
Level selection
— circuit LVD2E
. (4 levels) LVD2CMPE
’ Voltage detection 2
> Analog noise signal
LVD2LVL[1:0] filter
Internal reference voltage
(for detecting Vdet2) 2 Vdet2
LVD1E, EXVCCINP2, LVD2E: Bits in LVCMPCR
LVD1CMPE: Bitin LVD1CRO
LVD2CMPE: Bit in LVD2CRO
LVD1LVL[3:0], LVD2LVL[1:0]: Bits in LVDLVLR
LVDAS,VDSEL[1:0]: Bits in OFS1
Figure 8.1 Block Diagram of the LVD
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Voltage detection 1 circuit Voltage monitoring 1 interrupt/reset circuit
. The setting of the LVD1DET bit will be 0
vce LVD1|-+VL[3:0] LVD1SR register ¢ (undetected) is written in the program.
Level LVD1E
eve —
selection LVDICMPE LVDIRIE
circuit LVD1MON bit LVD1RI
(14 levels) Analog _ LVD1RN =0 >
noise filter | | Voltage detection 1 Voltage monitoring 1
Internal reference signal Fixed reset signal
voltage period (low is valid)
(for detection of Vdet1) negation | LVD1RN =1
Voltage detection 1 signal will be high LVD1DET
when the LVD1E bit is 0 (disabled) Edge
selection —
circuit Voltage monitoring 1

non-maskable

LVDI1E: Bitin LVCMPCR interrupt signal

LVD1LVL[3:0]: Bits in LVDLVLR LVDlIDTSEL[l:O]J
LVD1CMPE, LVDIRIE, LVD1RI, LVD1RN: Bits in LVD1CRO et

. Voltage monitoring 1
LVD1IDTSEL[1:0], LVD1IRQSEL: Bits in LVD1CR1 maskable interrupt
LVD1DET: Bitin LVD1SR signal

LVD1IRQSEL

[

>
Voltage detection 1
ELC event output

signal
Figure 8.2 Block Diagram of Voltage Monitoring 1 Interrupt/Reset Circuit
Voltage detection 2 circuit Voltage monitoring 2 interrupt/reset circuit
VCCgEXVCCINP2 = 0 The setting of the LVD2DET bit will be 0
Eo . LVD2SR register if 0 (undetected) is written by the program.
LVD2LVL[1:0]
CMPA2 ¥
b1l
EXVCCINP2 Level LVD2E
=1 : lecti LVD2CMPE LVD2RIE
(- sii?gl:it:n LVD2MON bit LVD2RI
(@ levels) Analog ) LVD2RN =0 >
noise filter Voltage Voltage
Internal reference d_e1eC|li0n 2 FiX_eC(‘j monitoring 2
voltage signal periof reset signal
(for detection of Vdet2) 9 negation | LVD2RN = 1 (low is \9a|id)
Voltage detection 2 signal will be high LVD2DET
when the LVD2E bit is 0 (disabled) Edge
selection —
circuit Voltage
o monitoring 2
EXVCCINP2, LVD2E: Bits in LVCMPCR j non-maskable
.01 Rits i interrupt signal
LVD2LVL[1:0]: Bits in LVDLVLR LVD2IDTSEL[L:0] Pt sig
LVD2CMPE, LVD2RIE, LVD2RI, LVD2RN: Bits in LVD2CRO Voltage
LVD2IDTSEL[1:0], LVD2IRQSEL: Bits in LVD2CR1 monitoring 2
LRIt maskable
LVD2DET: Bit in LVD2SR interrupt signal

Figure 8.3 Block Diagram of Voltage Monitoring 2 Interrupt/Reset Circuit

Table 8.2 liststhe 1/0 pins relevant to the voltage detection circuit.

Table 8.2 1/0 Pins of the Voltage Detection Circuit
Pin Name 110 Function
CMPA2 Input Detection target voltage pin for voltage detection 2
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8.2 Register Descriptions

8.2.1

Voltage Monitoring 1 Circuit Control Register 1 (LVD1CR1)

Address(es): 0008 00EOh

b7 b6 b5 b4 b3 b2 bl b0
_ _ _ _ __ |LvD1IR LVD1ID|TSEL[1:
QSEL 0]
Value after reset: 0 0 0 0 0 0 0 I 1
Bit Symbol Bit Name Description R/W
b1, b0 LVD1IDTSEL Voltage Monitoring 1 Interrupt bl bo R/W

[1:0] ELC Event Generation Condition Select 0 0: When VCC 2 Vdetl (rise) is detected
0 1: When VCC < Vdetl (drop) is detected
1 0: When drop and rise are detected
1 1: Setting prohibited
b2 LVD1IRQSEL Voltage Monitoring 1 Interrupt Type Select 0: Non-maskable interrupt R/W

1: Maskable interrupt

b7tob3 —

Reserved

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

Note:  Setthe PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
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8.2.2 Voltage Monitoring 1 Circuit Status Register (LVD1SR)

Address(es): 0008 00E1lh

b7 b6 b5 b4 b3 b2 b1l b0
LVD1IM|LVD1D

ON ET
Value after reset: 0 0 0 0 0 0 1 0
Bit Symbol Bit Name Description R/W
b0 LVD1DET Voltage Monitoring 1 Voltage Change 0: Not detected R/(W)
Detection Flag 1: Vdetl passage detection *1
bl LVD1IMON Voltage Monitoring 1 Signal Monitor Flag  0: VCC < Vdetl R

1: VCC 2 Vdetl or LVD1MON circuit is disabled

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

Note:  Setthe PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
Note 1. Only 0 can be written to this bit. After writing O to this bit, it takes two system clock cycles for the bit to be read as 0.

LVD1DET Flag (Voltage Monitoring 1 Voltage Change Detection Flag)

The LVDI1DET flag is enabled when the LVCMPCR.LVDIE hit is 1 (voltage detection 1 circuit enabled) and the
LVD1CRO.LVD1CMPE bit is 1 (voltage monitoring 1 circuit comparison result output enabled).

The LVDI1DET flag should be set to O after LVD1CRO.LVDIRIE is set to O (disabled). LVD1CRO.LVD1RIE can be set
to 1 (enabled) again after a period of two or more cycles of PCLKB has el apsed.

Depending on the number of cycles of PCLKB defined for access to read an 1/O register, two or more cycles of PCLKB
may have to be secured as waiting time.

LVD1MON Flag (Voltage Monitoring 1 Signal Monitor Flag)
The LVD1IMON flag is enabled when the LVCMPCR.LVD1E hit is 1 (voltage detection 1 circuit enabled) and the
LVD1CRO.LVD1CMPE bit is 1 (voltage monitoring 1 circuit comparison result output enabled).
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8.2.3 Voltage Monitoring 2 Circuit Control Register 1 (LVD2CR1)

Address(es): 0008 00E2h

b7 b6 b5 b4 b3 b2 b1l b0

_ _ LVD2IR| LVD2IDTSELJ[1:
0]

QSEL
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b1, b0 LVD2IDTSEL Voltage Monitoring 2 Interrupt b1 b0 . o RIW
[1:0] Generation Condition Select 0 0: When VCC or the CMPA2 pin = Vdet2 (rise) is
detected
0 1: When VCC or the CMPA2 pin < Vdet2 (drop) is
detected
1 0: When drop and rise are detected
1 1: Setting prohibited
b2 LVD2IRQSEL Voltage Monitoring 2 Interrupt Type 0: Non-maskable interrupt R/W
Select 1: Maskable interrupt
b7tob3 — Reserved These bits are read as 0. The write value should be 0. R/W

Note:  Setthe PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
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8.24 Voltage Monitoring 2 Circuit Status Register (LVD2SR)

Address(es): 0008 00E3h

b7 b6 b5 b4 b3 b2 b1l b0

LVD2M | LVD2D

ON ET
Value after reset: 0 0 0 0 0 0 1 0

Bit Symbol Bit Name Description R/W
b0 LVD2DET Voltage Monitoring 2 Voltage Change 0: Not detected R/(W)

Detection Flag 1: Vdet2 passage detection *1
bl LVD2MON  Voltage Monitoring 2 Signal Monitor Flag 0: VCC or the CMPA2 pin < Vdet2 R

1: VCC or the CMPA2 pin = Vdet2 or LVD2MON is
disabled

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

Note:  Setthe PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
Note 1. Only O can be written to this bit. After writing O to this bit, it takes two system clock cycles for the bit to be read as 0.

LVD2DET Flag (Voltage Monitoring 2 Voltage Change Detection Flag)

The LVD2DET flag is enabled when the LVCMPCR.LVDZ2E bit is 1 (voltage detection 2 circuit enabled) and the
LVD2CRO.LVD2CMPE bit is 1 (voltage monitoring 2 circuit comparison result output enabled).

The LVD2DET flag should be set to 0 after LVD2CRO.LVD2RIE is set to 0 (disabled). LVD2CRO0.LVD2RIE can be set
to 1 (enabled) again after a period of two or more cycles of PCLKB has el apsed.

Depending on the number of cycles of PCLKB defined for access to read an 1/O register, two or more cycles of PCLKB
may have to be secured as waiting time.

LVD2MON Flag (Voltage Monitoring 2 Signal Monitor Flag)
The LVD2MON flag is enabled when the LVCMPCR.LVD2E hit is 1 (voltage detection 2 circuit enabled) and the
LVD2CRO0.LVD2CMPE hit is 1 (voltage monitoring 2 circuit comparison result output enabled).

RO1UHO905EJ0110 Rev.1.10 RENESAS Page 151 of 1536
Apr 20, 2022



RX140 Group 8. Voltage Detection Circuit (LVDADb)

8.2.5 Voltage Monitoring Circuit Control Register (LVCMPCR)

Address(es): 0008 C297h

b7 b6 b5 b4 b3 b2 b1l b0

EXVCC
— |LVD2E|LVDIE| — NP2 — — —
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b2tob0 — Reserved These bits are read as 0. The write value should be 0. R/W
b3 EXVCCINP2 Voltage Detection 2 Comparison 0: Power supply voltage (VCC) R/W
Voltage External Input Select *1 1: CMPAZ2 pin input voltage
b4 — Reserved This bit is read as 0. The write value should be 0. R/W
b5 LVD1E Voltage Detection 1 Enable 0: Voltage detection 1 circuit disabled R/W
1: Voltage detection 1 circuit enabled
b6 LVD2E Voltage Detection 2 Enable 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 circuit enabled
b7 — Reserved This bit is read as 0. The write value should be 0. R/W

Note:  Setthe PRCR.PRC3 bit to 1 (write enabled) before rewriting this register.
Note 1. The EXVCCINP2 bit can be changed only when the LVD1E and LVD2E bits are both O (voltage detection 1 circuit and voltage
detection 2 circuit disabled).

LVDI1E Bit (Voltage Detection 1 Enable)
When using voltage detection 1 interrupt/reset or the LVD1SR.LVD1MON flag, set the LVD1E bit to 1. The voltage
detection 1 circuit starts once td(E-A) passes after the LVD1E bit valueis changed from 0 to 1.

LVD2E Bit (Voltage Detection 2 Enable)
When using voltage detection 2 interrupt/reset or the LVD2SR.LVD2MON flag, set the LVD2E hit to 1. The voltage
detection 2 circuit starts once td(E-A) passes after the LVDZ2E bit valueis changed from 0 to 1.
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8.2.6 Voltage Detection Level Select Register (LVDLVLR)

Address(es): 0008 C298h

b7 b6 b5 b4 b3 b2 b1l b0

— — | Lvb2LvL[1:0] LVD1LVL[3:0]

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

Bit Symbol Bit Name Description R/W

b3tob0 LVDILVL[3:0] Voltage Detection 1 Level Select b R/W
(Standard voltage during drop in voltage)

w
o

1429V
1416V
:4.03V
386V
3.10V
3.00V
290V
2.80V
2.68V
259V
1248V
1220V
:1.96 VvV
101:186V
Settings other than those listed above are prohibited.

b5, b4 LVD2LVL[1:0] Voltage Detection 2 Level Select b5 b4 R/W

Standard voltage during drop in voltage 0 0:4.32V
( g g.crop %) 01:417V

1 0:4.03V
11:384V

b7, b6 — Reserved This bit is read as 0. The write value should be O. R/W

POOOORRRFRRPROOOO
OFrPPrPOORROORRLROO
eroeroROROROROZ

0
0
0
0
0
0
0
0
1
1
1
1
1
1

(5]

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

When changing the LVDLVLR register, first set the LVCMPCR.LVD1E and LVCMPCR.LVD2E hitsto 0 (voltage
detection n circuit disabled) (n=1, 2).

When a setting is made so that the voltage detection level range set by the LVD1LVL[3:0] bit overlaps with the range set
by the LVD2LVL[1:0] bit register, it cannot be specified which of LVD1 and LVD2 is used for voltage detection. For
details on the voltage detection level range, refer to section 42, Electrical Characteristics.

When LVDO is enabled, set the detection level for LVD1 higher than that of LVDO.

While LVDO is enabled, only execute changing of the voltage detection level using the LVD1LVL[3:0] bits one time
after release from the reset state.
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8.2.7 Voltage Monitoring 1 Circuit Control Register 0 (LVD1CRO)

Address(es): 0008 C29Ah

b7 b6 b5 b4 b3 b2 b1l b0

LVD1R LvD1C LVD1RI
N |LVDIRIf  — — — MPE — £
Value after reset: 1 0 0 0 X 0 0 0
x: Undefined
Bit Symbol Bit Name Description R/W
b0 LVD1RIE Voltage Monitoring 1 Interrupt/Reset 0: Disabled R/W
Enable 1: Enabled
bl — Reserved This bit is read as 0. The write value should be 0. R/W
b2 LVD1CMPE  Voltage Monitoring 1 Circuit Comparison  0: Voltage monitoring 1 circuit comparison results output ~ R/W
Result Output Enable disabled
1: Voltage monitoring 1 circuit comparison results output
enabled
b3 — Reserved The read value is undefined. The write value should be 0. R/W
b5, b4 — Reserved These bits are read as 0. The write value should be 0. R/W
b6 LVD1RI Voltage Monitoring 1 Circuit Mode Select 0: Voltage monitoring 1 interrupt occurs when the voltage R/W

passes Vdetl
1: Voltage monitoring 1 reset occurs when the voltage
falls below Vdetl

b7 LVD1RN Voltage Monitoring 1 Reset Negation 0: Negation follows a stabilization time (tLVD1) after R/W
Select VCC > Vdetl is detected.
1: Negation follows a stabilization time (tLVD1) after

assertion of the voltage monitoring 1 reset.

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

LVD1RIE Bit (Voltage Monitoring 1 Interrupt/Reset Enable)

The LVDIRIE bit is enabled when the LVCMPCR.LVD1E hit is set to 1 (voltage detection 1 circuit enabled) and the
LVD1CMPE hit is set to 1 (voltage monitoring 1 circuit comparison results output enabled).

Ensure that neither a voltage monitoring 1 reset nor a voltage monitoring 1 non-maskable interrupt is generated during
programming or erasure of the flash memory.

LVD1RN Bit (Voltage Monitoring 1 Reset Negation Select)

If the LVDI1RN bit isto be set to 1 (negation follows a stabilization time after assertion of the voltage monitoring 1 reset),
set the LOCOCR.LCSTP hit to 0 (LOCO is operating). Furthermore, if atransition to software standby mode, the only
possible value for the LVD1RN hit is O (negation follows a stabilization time after VCC > Vdet1 is detected). Do not set
the LVD1RN bit to 1 (negation follows a stabilization time after assertion of the voltage monitoring 1 reset).
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8.2.8 Voltage Monitoring 2 Circuit Control Register 0 (LVD2CRO)

Address(es): 0008 C29Bh

b7 b6 b5 b4 b3 b2 b1l b0

LVD2R LvVD2C LVD2RI
N |LVD2RI|  — — — MPE — E
Value after reset: 1 0 0 0 X 0 0 0
x: Undefined
Bit Symbol Bit Name Description R/W
b0 LVD2RIE Voltage Monitoring 2 Interrupt/Reset 0: Disabled R/W
Enable 1: Enabled
bl — Reserved This bit is read as 0. The write value should be 0. R/W
b2 LVD2CMPE  Voltage Monitoring 2 Circuit Comparison  0: Voltage monitoring 2 circuit comparison results output ~ R/W
Result Output Enable disabled
1: Voltage monitoring 2 circuit comparison results output
enabled
b3 — Reserved The read value is undefined. The write value should be 0. R/W
b5, b4 — Reserved These bits are read as 0. The write value should be 0. R/W
b6 LVD2RI Voltage Monitoring 2 Circuit Mode 0: Voltage monitoring 2 interrupt during Vdet2 passage R/W
Select 1: Voltage monitoring 2 reset enabled when the voltage
falls to and below Vdet2
b7 LVD2RN Voltage Monitoring 2 Reset Negation 0: Negation follows a stabilization time (tLVD2) after VCC R/W
Select or the CMPA2 pin > Vdet2 is detected.

1: Negation follows a stabilization time (tLVD2) after
assertion of the voltage monitoring 2 reset.

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

LVD2RIE Bit (Voltage Monitoring 2 Interrupt/Reset Enable)

The LVD2RIE bit is enabled when the LVCMPCR.LVDZ2E bit is set to 1 (voltage detection 2 circuit enabled) and the
LVD2CMPE hit is set to 1 (voltage monitoring 2 circuit comparison results output enabled).

Ensure that neither a voltage monitoring 2 reset nor a voltage monitoring 2 non-maskable interrupt is generated during
programming or erasure of the flash memory.

LVD2RN Bit (Voltage Monitoring 2 Reset Negation Select)

If the LVD2RN hit isto be set to 1 (negation follows a stabilization time after assertion of the voltage monitoring 2 reset),
set the LOCOCR.LCSTP hit to 0 (LOCO is operating). Furthermore, if atransition to software standby mode, the only
possible value for the LVD2RN bit is 0 (negation follows a stabilization time after VCC or the CMPA2 pin > Vdet2 is
detected). Do not set the LVD2RN bit to 1 (negation follows a stabilization time after assertion of the voltage monitoring
2 reset).
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8.3 VCC Input Voltage Monitor

8.3.1 Monitoring VdetO
Monitoring VdetO is not possible.

8.3.2 Monitoring Vdetl

After making the following settings, the LVD1SR.LVD1MON flag can be used to monitor the results of comparison by
voltage monitor 1.

(1) Specify the detection voltage by setting the LVDLVLR.LVDI1LVL[3:0] bits (voltage detection 1 level select).

(2) Setthe LVCMPCR.LVDIE bit to 1 (voltage detection 1 circuit enabled).

(3) After waiting for td(E-A), set the LVD1CRO0.LVD1CMPE hit to 1 (voltage monitoring 1 circuit comparison results
output enabled).

8.3.3 Monitoring Vdet2

After making the following settings, the LVD2SR.LVD2MON flag can be used to monitor the results of comparison by
voltage monitor 2.

(1) Specify the detection voltage by setting the LVDLVLR.LVD2LVL[1:0] bits (voltage detection 2 level).

(2) Setthe LVCMPCR.EXVCCINP2 bit to 0 (VCC voltage) or 1 (CMPA2 pin input voltage).

(3) Setthe LVCMPCR.LVDZ2E hit to 1 (voltage detection 2 circuit enabled).

(4) After waiting for td(E-A), set the LVD2CRO0.LVD2CMPE hit to 1 (voltage monitoring 2 circuit comparison results
output enabled).
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8.4 Reset from Voltage Monitor 0

When using the reset from voltage monitor O, clear the voltage detection O circuit start bit (OFS1.LVDAS) to 0 (enabling
the voltage monitor O reset after areset).
Figure 8.4 shows an example of operations for a voltage monitoring O reset.

por : : :

] 1 ] T

Vdeto*l §/ \E J:/ i

VPOR* ' ’ ’ ’

] 1 1 ]

] ] 1 ]

] ] 1 ]

] ] 1 ]

] ] ] ]

] ] ] ]

| i i |

External voltage VCC —— ' : : ,

i i i i

] 1 1 ]

] ] ] ]

] 1 ] ]

_____________________________ rre—-rf| - —"—"—" """ {4-"—"—" " —"—“"¥“—“"¥“—“"¥Fj~~"—"¥——"—————————-

! ! !

Power-on reset state . :‘Voltage monitoring O reset state‘

, > P . >

<
RES# pin

POR detection signal
(Low is valid)

LVDO enable/disable Set by OFS1.LVDAS

signal (Low is valid)

Voltage detection O

signal (Low is valid) ___|

et EEE B S e BAn et EEEEEEEP LR Pt s B

. tPOR*?
Internal reset signal

RSTSRO.PORF
]
RSTSRO.LVDORF

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

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

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

Note 3. At the time the power-supply voltage rises, VCC must rise to at least the minimum guaranteed voltage before release
from the POR reset state.

tLVDO*? r
)

]
RES# pin reset

Figure 8.4 Example of Voltage Monitoring 0 Reset Operation
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8.5

Interrupt and Reset from Voltage Monitoring 1

Table 8.3 shows the procedures for setting bits related to the voltage monitoring 1 interrupt and voltage monitoring 1
reset. Table 8.4 shows the procedures for stopping bits related to the voltage monitoring 1 interrupt and voltage
monitoring 1 reset. Figure 8.5 shows an example of operations for avoltage monitoring 1 interrupt. For the operation of
the voltage monitoring 1 reset, see Figure 6.2 in section 6, Resets.

Table 8.3

Reset

Procedures for Setting Bits Related to the Voltage Monitoring 1 Interrupt and Voltage Monitoring 1

Voltage Monitoring 1 Interrupt,

Step Voltage Monitoring 1 ELC Event Output Voltage Monitoring 1 Reset
11 Select the detection voltage by setting the LVDLVLR.LVD1LVL[3:0] bits.
21 Set the LVD1CRO0.LVD1RI bit to O (voltage monitoring 1 Set the LVD1CRO0.LVD1RI bit to 1 (voltage monitoring 1
interrupt). reset).
Select the type of reset negation by setting the
LVD1CRO.LVD1RN bit.
3 Select the timing of interrupt requests by setting the —
LVD1CR1.LVD1IDTSELJ[1:0] bits.
Select the type of interrupt by setting the
LVD1CR1.LVD1IRQSEL bit.
4 — Set the LVD1CRO0.LVD1RIE bit to 1 (voltage monitoring 1
interrupt/reset enabled).
571 Set the LVCMPCR.LVDLE bit to 1 (voltage detection 1 circuit enabled).
61 Wait for at least td(E-A).
7 Set the LVD1CRO0.LVD1CMPE bit to 1 (voltage monitoring 1 circuit comparison results output enabled).
8 Wait for at least 2 ps. —
9 Set the LVD1SR.LVD1DET bit to 0. —
10 Set the LVD1CRO0.LVD1RIE bit to 1 (voltage monitoring 1 —

interrupt/reset enabled).

Note 1. Steps 1, 2, 5, and 6 are not required if operation is with the setting to select the voltage monitoring 1 interrupt
(LVD1CRO.LVD1RI = 0) and operation can be restarted by simply changing the settings of the LVD1CR1.LVD1IRQSEL and
LVD1IDTSEL[1:0] bits after monitoring is stopped or if restarting is in a case where the settings related to the voltage-detection
circuit were not changed after monitoring was stopped. When changes are to be made and operation is with the setting to select
the voltage monitoring 1 reset (LVD1CRO.LVD1RI = 1), proceed through all steps from 1 to 10.

Table 8.4

1 Reset

Procedures for Stopping Bits Related to the Voltage Monitoring 1 Interrupt and Voltage Monitoring

Voltage Monitoring 1 Interrupt,

Step Voltage Monitoring 1 ELC Event Output Voltage Monitoring 1 Reset

1 Set the LVD1CRO0.LVD1RIE bit to O (voltage monitoring 1 —
interrupt/reset disabled).

2 Set the LVD1CRO0.LVD1CMPE bit to 0 (voltage monitoring 1 circuit comparison results output disabled).

31 Set the LVCMPCR.LVD1E bit to O (voltage detection 1 circuit disabled).

4 — Set the LVD1CRO0.LVD1RIE bit to O (voltage monitoring 1

interrupt/reset disabled).

5 Modify settings of bits related to the voltage detection circuit registers other than LVCMPCR.LVD1E, LVD1CRO.LVD1RIE, and

LVD1CRO.LVD1CMPE.
Note 1. Step 3 is not required if operation is with the setting to select the voltage monitoring 1 interrupt (LVD1CRO.LVD1RI = 0) and

operation can be restarted by simply changing the settings of the LVD1CR1.LVD1IRQSEL and LVD1IDTSEL[1:0] bits after
monitoring is stopped or if restarting is in a case where the settings related to the voltage-detection circuit were not changed
after monitoring was stopped. When changes are to be made and operation is with the setting to select the voltage monitoring 1
reset (LVD1CRO.LVD1RI = 1), proceed through all steps from 1 to 5.
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LVD1IDTSEL[1:0] bits are set to 10b
(when drop and rise are detected)

(when rise is detected).

(when drop is detected).

LVD1IDTSEL[1:0] bits are set to 00b |

LVD1IDTSEL[1:0] bits are set to 01b )

Lower limit on VCC voltage (VCCmin)

-

r

LVDI1DET bit

Voltage monitoring 1
interrupt request

LVD1DET bit

Voltage monitoring 1
interrupt request

LVD1DET bit

Voltage monitoring 1
interrupt request

Set to 0 by a program

& Setto 0 by a program

Figure 8.5 Example of Voltage Monitoring 1 Interrupt Operation
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8.6 Interrupt and Reset from Voltage Monitoring 2

Table 8.5 shows the procedures for setting bits related to the voltage monitoring 2 interrupt and voltage monitoring 2
reset. Table 8.6 shows the procedure for stopping bits related to the voltage monitoring 2 interrupt and voltage
monitoring 2 reset. Figure 8.6 shows an example of operations for avoltage monitoring 2 interrupt. For the operation of
the voltage monitoring 2 reset, see Figure 6.2 in section 6, Resets.

Table 8.5 Procedures for Setting Bits Related to the Voltage Monitoring 2 Interrupt and Voltage Monitoring 2
Reset
Step Voltage Monitoring 2 Interrupt Voltage Monitoring 2 Reset
1+1 Select the detection voltage by setting the LVDLVLR.LVD2LVL[1:0] bits.
2+1 Set the LVCMPCR.EXVCCINP2 bit to 0 (VCC voltage) or set it to 1 (CMPA2 pin input voltage).
31 Set the LVD2CRO0.LVD2RI bit to 0 (voltage monitoring 2 Set the LVD2CRO0.LVD2RI bit to 1 (voltage monitoring 2
interrupt). reset).

Select the type of reset negation by setting the
LVD2CRO.LVD2RN bit.

4 Select the timing of interrupt requests by setting the —
LVD2CR1.LVD2IDTSEL[1:0] bits.

Select the type of interrupt by setting the
LVD2CR1.LVD2IRQSEL bit.

5 — Set the LVD2CRO0.LVD2RIE bit to 1 (voltage monitoring 2
interrupt/reset enabled).
6*1 Set the LVCMPCR.LVD2E hit to 1 (voltage detection 2 circuit enabled).
7*1 Wait for at least td(E-A).
8 Set the LVD2CRO0.LVD2CMPE bit to 1 (voltage monitoring 2 circuit comparison results output enabled).
9 Wait for at least 2 ps. —
10 Set the LVD2SR.LVD2DET bit to 0. —
11 Set the LVD2CRO0.LVD2RIE bit to 1 (voltage monitoring 2 —
interrupt/reset enabled)

Note 1. Steps 1, 2, 3, 6, and 7 are not required if operation is with the setting to select the voltage monitoring 2 interrupt
(LVD2CRO.LVD2RI = 0) and operation can be restarted by simply changing the settings of the LVD2CR1.LVD2IRQSEL and
LVD2IDTSEL[1:0] bits after monitoring is stopped or if restarting is in a case where the settings related to the voltage-detection
circuit were not changed after monitoring was stopped. When changes are to be made and operation is with the setting to select
the voltage monitoring 2 reset (LVD2CRO.LVD2RI = 1), proceed through all steps from 1 to 11.

Table 8.6 Procedures for Stopping Bits Related to the Voltage Monitoring 2 Interrupt and Voltage Monitoring
2 Reset
Step Voltage Monitoring 2 Interrupt Voltage Monitoring 2 Reset
1 Set the LVD2CRO0.LVD2RIE bit to O (voltage monitoring 2 —
interrupt/reset disabled).
2 Set the LVD2CRO0.LVD2CMPE bit to 0 (voltage monitoring 2 circuit comparison results output disabled).
31 Set the LVCMPCR.LVDZ2E bit to O (voltage monitoring 2 circuit disabled).
4 — Set the LVD2CRO0.LVD2RIE bit to 0 (voltage monitoring 2
interrupt/reset disabled).
5 Modify settings of bits related to the voltage detection circuit registers other than LVCMPCR.LVD2E, LVD2CRO0.LVD2RIE, and

LVD2CRO.LVD2CMPE.

Note 1. Step 3 is not required if operation is with the setting to select the voltage monitoring 2 interrupt (LVD2CRO.LVD2RI = 0) and
operation can be restarted by simply changing the settings of the LVD2CR1.LVD2IRQSEL and LVD2IDTSEL[1:0] bits after
monitoring is stopped or if restarting is in a case where the settings related to the voltage-detection circuit were not changed
after monitoring was stopped. When changes are to be made and operation is with the setting to select the voltage monitoring 2
reset (LVD2CRO.LVD2RI = 1), proceed through all steps from 1 to 5.
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LVD2IDTSEL[1:0] bits are set to 10b
(when drop and rise are detected)

(when rise is detected).

LVD2IDTSEL[1:0] bits are set to 01b
(when drop is detected).

LVD2IDTSEL[1:0] bits are set to 00b )

4

Lower limit on VCC voltage (VCCmin)

~
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vcC
Vdet2

LVD2DET bit

Voltage monitoring 2
interrupt request

LVD2DET bit

Voltage monitoring 2
interrupt request
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Voltage monitoring 2
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Figure 8.6 Example of Voltage Monitoring 2 Interrupt Operation
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8.7 Event Link Output

The LVD can output the event signals to the event link controller (ELC).

(1) Vdetl passage detection event output
The LV D outputs the event signal when it is detected that the voltage has passed the Vdet1 voltage while both the
voltage detection 1 circuit and the voltage monitoring 1 circuit comparison result output are enabled.

When enabling the LVD's event link output function, be sure to make settings for enabling the LVD before enabling the
LVD event link function of the ELC. To stop the LVD's event link output function, be sure to make settings for stopping
the LV D before disabling the LV D event link function of the ELC.

8.7.1 Interrupt Handling and Event Linking

The LVD hasthe bits to separately enable or disable the voltage monitoring 1 and 2 interrupts. When an interrupt source
is generated and the interrupt is enabled by the interrupt enable bit, the interrupt request signal is output to the CPU.

On the contrary, as soon as an interrupt source is generated, the event link signal is output as the event signal to the other
module viathe EL C regardless of the state of the interrupt enable bit.

It is possible to output voltage monitoring 1 and 2 interrupts in software standby. The event signals for the ELC,
however, are output as follows:

e When the event of passing Vdet1 is detected in software standby mode, no event signal is generated for the ELC
because no clock is presented in software standby mode. Since the Vdet1 passage detection flag is preserved,
however, when the supply of the clock is resumed after restoring from software standby mode, the event signal for
the ELC is output according to the state of the Vdet1 passage detection flag.
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0. Clock Generation Circuit

9.1 Overview

This MCU incorporates a clock generation circuit.
Table 9.1 lists the specifications of the clock generation circuit. Figure 9.1 shows a block diagram of the clock
generation circuit.

Table 9.1 Specifications of Clock Generation Circuit
Item Specification
Uses e Generates the system clock (ICLK) to be supplied to the CPU, DTC, ROM, and RAM.

Generates the peripheral module clocks (PCLKB and PCLKD) to be supplied to peripheral
modules.

The peripheral module clock used as the operating clock is PCLKD for S12AD and PCLKB are
for other modules.

Generates the FlashlIF clock (FCLK) to be supplied to the FlashlIF.

Generates the CAC clock (CACCLK) to be supplied to the CAC.

Generates the CAN clock (CANMCLK) to be supplied to the CAN.

Generates the RTC-dedicated sub-clock (RTCSCLK) to be supplied to the RTC.

Generates the IWDT-dedicated low-speed clock (IWDTCLK) to be supplied to the IWDT.
Generates the LPT clock (LPTCLK) to be supplied to the LPT.

ICLK: 48 MHz (max)*2

PCLKB: 32 MHz (max)

PCLKD: 48 MHz (max)

FCLK: 1 to 48 MHz (for programming and erasing the ROM and E2 DataFlash)
48 MHz (max) (for reading from the E2 DataFlash)

CACCLK: Same frequency as each oscillator

CANMCLK: 20 MHz (max)

RTCSCLK: 32.768 kHz

IWDTCLK: 15 kHz

LPTCLK: The same frequency as that of the selected oscillator

Operating frequencies*!

Main clock oscillator Resonator frequency: 1 to 20 MHz

External clock input frequency: 20 MHz (max)

Connectable resonator or additional circuit: ceramic resonator, crystal

Connection pins: EXTAL, XTAL

Oscillation stop detection function:

When a main clock oscillation stop is detected, the system clock source is switched to LOCO
and MTU output can be forcedly driven to high-impedance.

* Drive capacity switching function

Sub-clock oscillator e Resonator frequency: 32.768 kHz
e Connectable resonator or additional circuit: crystal
e Connection pin: XCIN, XCOUT
e Drive capacity switching function
PLL circuit * Input clock source: Main clock
* Input pulse frequency division ratio: Selectable from 1, 2, and 4
e Input frequency: 4 to 12 MHz
e Frequency multiplication ratio: Selectable from 4 to 12 (increments of 0.5)
e VCO oscillation frequency: 24 to 48 MHz
High-speed on-chip oscillator Oscillation frequency: 24 MHz, 32 MHz, 48 MHz
(HOCO)
Low-speed on-chip oscillator Oscillation frequency: 4 MHz
(LOCO)

IWDT-dedicated on-chip oscillator Oscillation frequency: 15 kHz

Note 1. The maximum operating frequency in high-speed operating mode. For the maximum operating frequency in the other operating
modes, refer to section 11.2.6, Operating Power Control Register (OPCCR).
Note 2. The division ratio relationship of frequencies must be set as follows. ICLK: FCLK, PCLKB, and PCLKD = 1: N (N is an integer).
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FCKI[3.0]
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Figure 9.1 Block Diagram of Clock Generation Circuit
Table 9.2 liststhe I/O pins of the clock generation circuit.
Table 9.2 I/0 Pins of Clock Generation Circuit
Pin Name /10 Description
XTAL Output These pins are used to connect a crystal. The EXTAL pin can also be used to input an
EXTAL Input external clock. For details, refer to section 9.3.2, External Clock Input.
XCIN Input These pins are used to connect a 32.768-kHz crystal.
XCOUT Output
CLKOUT Output Clock output pin
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9.2 Register Descriptions

9.21

Address(es): 0008 0020h

b31 b30 b29 b28 b27

b26 b25

System Clock Control Register (SCKCR)

b24 b23 b22 b21 b20 b19 b18 b17 b16

FCK[3:0]

ICK[3:0]

Value after reset: 0

b1l

0 1

b10 b9

b8 b2 bl b0

PCKBI[3:0]

PCKD[3:0]

Value after reset: 0

0 1

0 1

Bit Symbol Bit Name

Description

R/W

b3 to b0 PCKD[3:0] Peripheral Module Clock D

(PCLKD) Select

b3 bo
oooao:

0001
0010:
0011
0o100:
0101:
0o110:
Settings

R/W
x1

x1/2

x1/4

x1/8

x1/16

x1/32

x1/64

other than above are prohibited.

b7 to b4 Reserved

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

R/IW

bl1to b8 PCKBJ[3:0] Peripheral Module Clock B

(PCLKB) Select

b1l b8
oooo:

0001
0010:
0011
0o100:
0101:
0o110:
Settings

R/W
x1

x1/2

x1/4

x1/8

x1/16

x1/32

x1/64

other than above are prohibited.

b23 to b12

Reserved

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

RIW

b27 to b24 ICK[3:0] System Clock (ICLK)

Select

b27
oooao:

0001:
oo1o0:
0011:
0o100:
0101:
0110:

b24

R/W
x1

x1/2
x1/4
x1/8
x1/16
x1/32
x1/64

Settings other than above are prohibited.

b31tob28 FCK[3:0]  FlashIF Clock (FCLK)

Select

b31
oooo:

0001:
0010:
0011:
0100:
0101:
0110:

b28

R/W
x1

x1/2
x1/4
x1/8
x1/16
x1/32
x1/64

Settings other than above are prohibited.

Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
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Thisregister cannot be rewritten while the flash memory is being programmed or erased.
When an instruction for writing to SCKCR or SCKCR3 is to follow writing to the SCKCR register, do so in accord with
the procedure below.

1. Writeto the SCKCR register.

2. Confirm that the value has actually been written to the SCKCR register.

3. Proceed to the next step.

PCKDI[3:0] Bits (Peripheral Module Clock D (PCLKD) Select)
These bits select the frequency of peripheral module clock D (PCLKD).

PCKBJ[3:0] Bits (Peripheral Module Clock B (PCLKB) Select)
These bits select the frequency of peripheral module clock B (PCLKB).

ICK[3:0] Bits (System Clock (ICLK) Select)
These hits select the frequency of the system clock (ICLK).

FCK[3:0] Bits (FlashIF Clock (FCLK) Select)
These bits select the frequency of the FlashlF clock (FCLK).
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9.2.2 System Clock Control Register 3 (SCKCR3)

Address(es): 0008 0026h

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

— — — — — CKSEL[2:0] — — — — — — — —
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R/W
bl0to b8 CKSEL[2:0] Clock Source Select b10 b8 R/W
000:LOCO
00 1: HOCO

0 1 0: Main clock oscillator

0 1 1: Sub-clock oscillator

10 0: PLL circuit

Settings other than above are prohibited.

bl5tobll — Reserved These bits are read as 0. The write value should be 0. R/W

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

Thisregister cannot be rewritten while the flash memory is being programmed or erased.

CKSEL[2:0] Bits (Clock Source Select)

These hits select the source of the system clock (ICLK), peripheral module clock (PCLKB and PCLKD), and FlashlF
clock (FCLK) from low-speed on-chip oscillator (LOCO), high-speed on-chip oscillator (HOCO), the main clock
oscillator, the sub-clock oscillator, and the PLL circuit.

Transitions to clock sources which are not in operation are prohibited.
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9.2.3 PLL Control Register (PLLCR)

Address(es): 0008 0028h

bl5 bl4  bl3  bl2  bll  bio b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — STC[5:0] — — — — — — PLIDIV[1:0]

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

Bit Symbol Bit Name Description R/W

b1, b0 PLIDIV[1:0]  PLL Input Frequency b1 bo R/W

Division Ratio Select 00:x1
0 1:x1/2

1 0: x1/4
1 1: Setting prohibited

b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R/W

b13to b8 STCI[5:0] Frequency Multiplication ~ bi13 b8 R/W

Factor Select 000111:x4
001000: x4.5

001001: x5
001010:x5.5
001011:x6
001100: x6.5
001101:x7
001110:x75
001111:x8
010000: x8.5
010001:x9
010010:x9.5
010011:x10
010100: x10.5
010101:x11
010110: x11.5
010111:x12
Settings other than above are prohibited.

b15, b14 — Reserved These bits are read as 0. The write value should be 0. R/W

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

Writing to the PLLCR is prohibited when the PLLCR2.PLLEN bit is O (PLL is operating).

PLIDIV[1:0] Bits (PLL Input Frequency Division Ratio Select)
These bits select the frequency division ratio of the PLL clock source.
Set these hits so that the frequency of PLL input signal iswithin the range of 4 MHz to 12 MHz.

STC[5:0] Bits (Frequency Multiplication Factor Select)
These bits select the frequency multiplication factor of the PLL circuit.
Set these bits so that the PLL oscillation frequency is within the range of 24 MHz to 48 MHz.
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9.24 PLL Control Register 2 (PLLCR2)

Address(es): 0008 002Ah

b7

b6

b5

b4

b3

b2

b1l

b0

— — — — — — — |PLLEN
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b0 PLLEN PLL Stop Control 0: PLL is operating. R/W
1: PLL is stopped.
b7tobl — Reserved These bits are read as 0. The write value should be 0. R/IW

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

PLLEN Bit (PLL Stop Control)

Thisbit runs or stops the PLL circuit.
After setting the PLLEN bit to O (PLL is operating), confirm that the OSCOVFSR.PLOVF bit is 1 before switching the

system clock to the PLL clock.

That is, afixed time for stabilization is required after the setting for PLL operation. A fixed timeis also required for
oscillation to stop after the setting to stop PLL operation. Accordingly, take note of the following limitations when
starting and stopping PLL operation.

e After stopping the PLL, confirm that the OSCOVFSR.PLOVF bit is O before restarting the PLL.
e Confirm that the PLL is operating and that the OSCOVFSR.PLOVF bit is 1 before stopping the PLL.
¢ Regardless of whether or not it is selected as the system clock, confirm that the OSCOVFSR.PLOVF bit is 1 before

executing a WAIT instruction to place the MCU in software standby mode.

e After stopping the PLL, confirm that the OSCOV FSR.PLOVF bit is 0 and execute a WAIT instruction before

entering software standby mode.

When the PLL clock is selected by the SCKCR3.CK SEL[2:0] bits, do not set the PLLEN bit (PLL is stopped) to 1.
When low-speed operating mode is selected by the SOPCCR.SOPCM bit, do not set the PLLEN bitto O (PLL is

operating).
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9.2.5 Main Clock Oscillator Control Register (MOSCCR)

Address(es): 0008 0032h

b7

b6

b5

b4

b3

b2

b1l

b0

— — — — — — — [MOSTP,
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol  Bit Name Description R/W
b0 MOSTP  Main Clock Oscillator Stop 0: Main clock oscillator is operating. R/W
1: Main clock oscillator is stopped.
b7tobl — Reserved These bits are read as 0. The write value should be 0. R/W

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

Set this register after setting up the main clock oscillator wait control register.

MOSTP Bit (Main Clock Oscillator Stop)
Thisbit runs or stops the main clock oscillator.

After setting the MOSTP bit to 0 (main clock oscillator is operating), read the OSCOVFSR.MOOVF hit to confirm that

is has become 1, and then use the main clock.

For the main clock oscillator, afixed timeisrequired for oscillation to become stabl e after the settings for operation have
been made. Furthermore, afixed timeis required for oscillation to actually stop after the settings to stop oscillation have
been made. Accordingly, take note of the following limitations when starting and stopping operation.

e After stopping the main clock oscillator, confirm that the OSCOVFSR.MOOVF hit is 0 before restarting the main

clock oscillator.

e Confirm that the main clock oscillator is operating and that the OSCOVFSR.MOOVF hit is 1 before stopping the

main clock oscillator.

¢ Regardless of whether or not it is selected as the system clock, confirm that the OSCOVFSR.MOOVF hit is 1 and
execute aWAIT instruction in order to operate the main clock oscillator and place the MCU in software standby

mode.

o After stopping the main clock oscillator, confirm that the OSCOVFSR.MOOVF bit is 0 and execute a WAIT

instruction before entering software standby mode.

Do not set the MOSTP bit to 1 when one of the following condition is met.

e When themain clock is selected as the clock source for the system clock (SCKCR3.CKSEL[2:0] = 010b)
e Whenthe PLL clock is selected as the clock source for the system clock (SCKCR3.CKSEL[2:0] = 100b)

e Whenthe PLL isoperating (PLLCR2.PLLEN = 0)

Do not set the MOSTP bit to 0 when the following condition is met.
¢ When low-speed operating mode is selected by the SOPCCR.SOPCM bit

RO1UHO905EJ0110 Rev.1.10

Apr 20, 2022

RENESAS

Page 170 of 1536



RX140 Group 9. Clock Generation Circuit

9.2.6 Sub-Clock Oscillator Control Register (SOSCCR)

Address(es): 0008 0033h

b7 b6 b5 b4 b3 b2 b1l b0

— — — — — — — |sosTP
Value after reset: 0 0 0 0 0 0 0 1*1
Bit Symbol  Bit Name Description R/W
b0 SOSTP Sub-Clock Oscillator Stop 0: Sub-clock oscillator is operating. R/W

1: Sub-clock oscillator is stopped.

b7tobl — Reserved 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. This bit will not be initialized by the source other than power-on resetting.

SOSTP Bit (Sub-Clock Oscillator Stop)

Thisbit runs or stops the sub-clock oscillator.

When changing the value of the SOSTP bit, execute subsequent instructions after reading the bit and checking that its
value has actually been updated (refer to (2), Notes on writing to I/O registers, in section 5, /0 Registers).

To use the sub-clock, the sub-clock oscillator mode control register (SOMCR) must be set before setting the SOSTP bit
to 0. After the setting of the SOSTP hit has been changed so that the sub-clock oscillator operates, only start using the
sub-clock after the sub-clock oscillation stabilization time (tgyposc) has elapsed.

That is, afixed time for stabilization is required after the setting for sub-clock oscillator operation. A fixed timeis aso
required for oscillation to stop after the setting to stop the oscillator. Accordingly, take note of the following limitations
when starting and stopping the oscillator.

e When restarting the sub-clock oscillator after it has been stopped, allow at least five cycles of the sub-clock as an
interval over which it is still stopped.

e Ensurethat oscillation by the sub-clock oscillator is stable when making the setting to stop the sub-clock oscillator.

¢ Regardless of whether or not it is selected as the system clock, ensure that oscillation by the sub-clock oscillator is
stable before executing a WAIT instruction to place the chip on software standby.

e When atransition to software standby mode isto follow the setting to stop the sub-clock oscillator, wait for at |east
two cycles of the sub-clock oscillator after the setting to stop the sub-clock oscillator and before executing the
WAIT instruction.

While the sub-clock oscillator is selected by the SCKCR3.CKSEL[2:0] bits, do not set the SOSTP hit to 1 (sub-clock
oscillator is stopped).
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9.2.7 Low-Speed On-Chip Oscillator Control Register (LOCOCR)

Address(es): 0008 0034h

b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — |LCSTP
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 LCSTP LOCO Stop 0: LOCO is operating. R/W
1: LOCO is stopped.
b7tobl — Reserved These bits are read as 0. The write value should be 0. R/IW

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

LCSTP Bit (LOCO Stop)
Thisbit runs or stops the LOCO.
After the setting of the LCSTP hit has been changed so that the LOCO operates, only start using the LOCO clock after

the LOCO clock oscillation stabilization time (t oco) has elapsed.

That is, afixed time for stabilization of oscillation is required after the setting for LOCO operation. A fixed timeisalso
required for oscillation to stop after the setting to stop the oscillator. Accordingly, take note of the following limitations

when starting and stopping the oscillator.

e When restarting the LOCO after it has been stopped, allow at least five cycles of the LOCO as an interval over
which it is still stopped.

e Ensure that oscillation by the LOCO is stable when making the setting to stop the LOCO.
e Regardless of whether or not it is selected as the system clock, ensure that oscillation by the LOCO is stable before

executing a WAIT instruction to place the chip on software standby.

e When atransition to software standby mode isto follow the setting to stop the LOCO, wait for at least three cycles
of the LOCO after the setting to stop the LOCO and before executing the WAIT instruction.

e To switch between starting and stopping of the LOCO on the LCSTP bit, do so while the oscillators other than
LOCO are stable or stopped.

While the LOCO is selected by the SCKCR3.CKSEL[2:0] bits, do not set the LCSTP bit to 1 (LOCO is stopped).
While low-speed operating mode is selected by the SOPCCR.SOPCM hit, do not set the LCSTPhitto 0 (LOCO is

operating).
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9.2.8 IWDT-Dedicated On-Chip Oscillator Control Register (ILOCOCR)

Address(es): 0008 0035h

b7 b6 b5 b4 b3 b2 b1l b0

— — — — — — — |lLcsTP
Value after reset: 0 0 0 0 0 0 0 1
Bit Symbol  Bit Name Description R/W
b0 ILCSTP  IWDT-Dedicated On-Chip 0: IWDT-dedicated on-chip oscillator is operating. R/W
Oscillator Stop 1: IWDT-dedicated on-chip oscillator is stopped.
b7tobl — Reserved These bits are read as 0. The write value should be 0. R/IW

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

When the IWDT start mode select bit in option function select register 0 (OFSO.IWDTSTRT) is0 (IWDT is operating),
the setting of thisregister isinvalid; it isvalid only when the OFSO.IWDTSTRT bit isset to 1 (IWDT is stopped). The
ILCSTP bit cannot be changed from O (IWDT-dedicated on-chip oscillator is operating) to 1 (IWDT-dedicated on-chip
oscillator is stopped) while ILOCOCR isvalid.

ILCSTP Bit (IWDT-Dedicated On-Chip Oscillator Stop)

Thisbit runs or stops the IWDT-dedicated on-chip oscillator.

After the setting of the ILCSTP bit has been changed so that the IWDT-dedicated on-chip oscillator operates, supply of
the clock is started the MCU internally after a fixed time corresponding to the IWDT-dedicated clock oscillation
stabilization time (t;_oco) has elapsed.

If the IWDT-dedicated clock isto be used, only start using the oscillator after this wait time has el apsed.

Ensure that oscillation by the IWDT-dedicated on-chip oscillator is stable before executing a WAIT instruction to place
the chip on software standby mode.
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9.2.9

Address(es): 0008 0036h

b7

b6

b5

b4

b3

b2

b1l

b0

High-Speed On-Chip Oscillator Control Register (HOCOCR)

_ — — — — — — |HCSTP
Value after reset: 0 0 0 0 0 0 0 0/1*1
Bit Symbol  Bit Name Description R/W
b0 HCSTP HOCO Stop 0: HOCO is operating. R/W
1: HOCO is stopped.
b7tobl — Reserved These bits are read as 0. The write value should be 0. R/IW
Note:  Set the PRCR.PRCO bit to 1 (write enabled) before rewriting this register.

Note 1. The HCSTP bit value after a reset is 0 when the HOCO oscillation enable bit in option function select register 1

(OFS1.HOCOEN) is 0. The HCSTP bit value after a reset is 1 when the OFS1.HOCOEN bit is 1.

HCSTP Bit (HOCO Stop)

Thisbit runs or stops the HOCO.

When changing the HCSTP bit from 1 to O (i.e. changing the HOCO clock from stopped to operating), confirm that the

OSCOVFSR.HCOVFflag is 1 before switching the system clock to the HOCO clock.

That is, afixed time for stabilization of oscillation is required after the setting for HOCO operation. A fixed timeis also
required for oscillation to stop after the setting to stop the oscillator. Accordingly, take note of the following limitations

when starting and stopping the oscillator.

After stopping the HOCO, confirm that the OSCOVFSR.HCOVF flag is O before restarting the HOCO.
Confirm that the HOCO is operating and that the OSCOVFSR.HCOVF flag is 1 before stopping the HOCO.
Regardless of whether or not it is selected as the system clock, confirm that the OSCOVFSR.HCOVF flag is 1

before executing aWAIT instruction to place the MCU in software standby mode.

After stopping the HOCO, confirm that the OSCOV FSR.HCOVF flag is 0 and execute a WAIT instruction before
entering software standby mode.

Make sure that the ROM and E2 DataFlash are placed in the programming and erasing mode while the high-speed

on-chip oscillator isin operation.

While the HOCO is selected by the SCKCR3.CKSEL[2:0] bits, do not set the HCSTP hit to 1 (HOCO is stopped).
While low-speed operating mode is selected by the SOPCCR.SOPCM hit, do not set the HCSTP hit to 0 (HOCO is
operating).
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9.2.10 Oscillation Stabilization Flag Register (OSCOVFSR)

Address(es): 0008 003Ch

b7 b6 b5 b4 b3 b2 b1l b0

— — — — |HcOvVF|PLOVF| — |MOOV
Value after reset: 0 0 0 0 0/1*1 0 0 0

Bit Symbol  Bit Name Description R/W

b0 MOOVF  Main Clock Oscillation 0: Main clock is stopped R
Stabilization Flag 1: Oscillation is stable and the clock can be used as the system clock*2

bl — Reserved This bit is read as 0. The write value should be 0. RIW

b2 PLOVF PLL Clock Oscillation 0: PLL is stopped or not stabilized R
Stabilization Flag 1: Oscillation is stable and the clock can be used as the system clock

b3 HCOVF HOCO Clock Oscillation ~ 0: HOCO is stopped or not stabilized R
Stabilization Flag 1: Oscillation is stable and the clock can be used as the system clock

b7tob4d — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. The HCOVF flag value after a reset is 1 when the HOCO oscillation enable bit in option function selection register 1
(OFS1.HOCOEN) is 0. The HCOVF flag value after a reset is 1 when the OFS1.HOCOEN bit is 0.

Note 2. When an appropriate value is set in the wait control register for each oscillator. If a set value (wait time) is not adequate, clock
supply starts before oscillation becomes stable.

The OSCOVFSR register monitors whether oscillation of each oscillator has become stable.
If await control register is provided for each oscillator, specify await time that islonger than or equal to the stabilization
time of the corresponding oscillation circuit.

MOOVF Flag (Main Clock Oscillation Stabilization Flag)
This flag indicates whether oscillation of the main clock is stable.
[Setting condition]

e After theMOSCCR.MOSTP it is set to 0 (main clock oscillator is operating) when the MOSTP bit is 1 (main clock
oscillator is stopped), the corresponding time set in the MOSCWTCR register has elapsed and supply of the main
clock is started to the MCU internally.

[Clearing condition]

e After the MOSCCR.MOSTP bit is set to 1, the processing to stop the oscillation of the main clock oscillator is

compl eted.

PLOVF Flag (PLL Clock Oscillation Stabilization Flag)

This flag indicates whether oscillation of the PLL clock is stable.

[Setting condition]

After the PLLCR2.PLLEN isset to O (PLL is operating) when the PLLEN bit is1 (PLL is stopped), the MOOVF flag
becomes 1, the PLL clock oscillation stabilization time (tPLL) has elapsed, and supply of the PLL clock is started to the
MCU internaly.

[Clearing condition]

After the PLLCR2.PLLEN bit is set to 1, the processing to stop the oscillation of the PLL is completed.
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HCOVF Flag (HOCO Clock Oscillation Stabilization Flag)
Thisflag indicates whether oscillation of the HOCO clock is stable.
[Setting condition]
o After the HOCOCR.HCSTP hit is set to 0 (HOCO is operating) when the HCSTP bit is 1 (HOCO is stopped),
supply of the HOCO clock is started to the MCU internally.
[Clearing condition]
e After the HOCOCR.HCSTP hit is set to 1, the processing to stop the oscillation of the HOCO is compl eted.
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9.2.11 Oscillation Stop Detection Control Register (OSTDCR)

Address(es): 0008 0040h

b7 b6 b5 b4 b3 b2 b1l b0

OSTDE| — — — — _ __ |osTDI
E
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol  Bit Name Description R/W
b0 OSTDIE  Oscillation Stop Detection 0: The oscillation stop detection interrupt is disabled. Oscillation stop  R/W
Interrupt Enable detection is not notified to the POE.

1: The oscillation stop detection interrupt is enabled. Oscillation stop
detection is notified to the POE.

b6tobl — Reserved These bits are read as 0. The write value should be 0. R/W
b7 OSTDE Oscillation Stop Detection 0: Oscillation stop detection function is disabled. R/W
Function Enable 1: Oscillation stop detection function is enabled.

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

OSTDIE Bit (Oscillation Stop Detection Interrupt Enable)

If the oscillation stop detection flag in the oscillation stop detection status register (OSTDSR.OSTDF) requires clearing,
do this after setting the OSTDIE bit to 0. Wait for at least two cycles of PCLKB before again setting the OSTDIE bit to 1.
According to the number of cycles for access to read agiven 1/O register, wait time longer than two cycles of PCLKB
may have to be secured.

OSTDE Bit (Oscillation Stop Detection Function Enable)

This bit enables or disables the oscillation stop detection function.

When the OSTDE bit is 1 (oscillation stop detection function enabled), the LOCO stop bit (LOCOCR.LCSTP) issetto 0
and the LOCO operation is started. The LOCO cannot be stopped while the oscillation stop detection function is enabled;
writing 1 (LOCO is stopped) to the LOCOCR.LCSTP bit isinvalid.

When the oscillation stop detection flag in the oscillation stop detection status register (OSTDSR.OSTDF) is 1 (main
clock oscillation stop has been detected), writing 0 to the OSTDE hit isinvalid.

When the OSTDE bit is 1, atransition cannot be made to software standby mode. To make a transition to software
standby mode, execute the WAIT instruction with the OSTDE bit being 0.
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9.2.12 Oscillation Stop Detection Status Register (OSTDSR)

Address(es): 0008 0041h

b7 b6 b5 b4 b3 b2 b1l b0

— — — — — — — |OSTDF
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 OSTDF Oscillation Stop Detection Flag 0: The main clock oscillation stop has not been detected. R/(W)
1: The main clock oscillation stop has been detected. *1
b7tobl — Reserved These bits are read as 0 and cannot be modified. R

Note:  Setthe PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
Note 1. This bit can only be set to 0.

OSTDF Flag (Oscillation Stop Detection Flag)

Thishit isaflag to indicate the main clock status. When the OSTDF flag is 1, it indicates that the main clock oscillation
stop has been detected.

Once the main clock oscillation stop is detected, the OSTDF flag is not set to 0 even though the main clock oscillation is
restarted. The OSTDF flag is set to 0 by reading 1 from the bit and then writing 0. At least three ICLK cycles of wait time
is necessary between writing 0 to the OSTDF flag and reading the OSTDF flag as O. If the OSTDF flag is set to 0 while
the main clock oscillation is stopped, the OSTDF flag becomes 0 and then returnsto 1.

When the main clock oscillator (010b) or PLL (100b) is selected by the clock source select hitsin system clock control
register 3 (SCKCR3.CKSEL[2:0]), the OSTDF flag cannot be modified to 0. The OSTDF flag should be set to O after
switching the clock source to a source other than the main clock oscillator and the PLL.

[Setting condition]
e Themain clock oscillation is stopped with the OSTDCR.OSTDE bit being 1 (oscillation stop detection function
enabled).
[Clearing condition]
e 1lisread and then O iswritten when the SCKCR3.CK SEL[2:0] bits are neither 010b nor 100b.
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9.2.13 Main Clock Oscillator Wait Control Register (MOSCWTCR)

Address(es): 0008 00A2h

b7 b6 b5 b4 b3 b2 bl b0
— — — MSTS[4:0]
Value after reset: 0 0 0 0 I 0 I 1 I 0 I 0
Bit Symbol Bit Name Description R/W
b4dtob0  MSTS[4:0] Main Clock Oscillator Wait Time b4 bo R/W
0 0 0 0 O: Wait time = 0 cycles (0 pus)
0 0 0 0 1: Wait time = 1024 cycles (256 ps)
0 0 0 1 O: Wait time = 2048 cycles (512 ps)
0 0 0 1 1: Wait time = 4096 cycles (1.024 ms)
0 0 1 0 O: Wait time = 8192 cycles (2.048 ms)
0 0 1 0 1: Wait time = 16384 cycles (4.096 ms)
0 0 1 1 O: Wait time = 32768 cycles (8.192 ms)
0 0 11 1:Waittime = 65536 cycles (16.384 ms)
0 1 0 0 O: Wait time = 131072 cycles (32.768 ms)
Settings other than above are prohibited.
Wait time when LOCO = 4.0 MHz (0.25 pus, TYP.)
b7tob5 — Reserved These bits are read as 0. The write value should be 0. R/W

Note:  Set the PRCR.PRC1 bit to 1 (write enabled) before rewriting this register.

MSTS[4:0] Bits (Main Clock Oscillator Wait Time)

Set these bits to select the oscillation stabilization wait time of the main clock oscillator.
Set the main clock oscillation stabilization time to longer than or equal to the stabilization time recommended by the
oscillator manufacturer. When the main clock is externally input, set these bits to 00000b because the oscillation
stabilization timeis not required.
The wait time set by the MSTS[4:0] bitsis counted using the LOCO clock. The LOCO automatically oscillates when
necessary, regardless of the value of the LOCOCR.LCSTP bit.
After the set wait time has elapsed, supply of the main clock is started to the MCU internally and the
OSCOVFSR.MOOVF flag becomes 1. If the set wait timeis short, supply of the main clock is started before oscillation
of the clock becomes stable.
Only rewrite the MOSCWTCR register when the MOSCCR.MOSTP bit is 1 and the OSCOVFSR.MOOVF flag is0. Do
not rewrite this register under any other conditions.
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9.2.14 Low-Speed On-Chip Oscillator Forced Oscillation Control Register (LOFCR)

Address(es): 0008 0043h

b7 b6 b5 b4 b3 b2 b1l b0

_ _ _ _ _ _ __ | LOFXI
N
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b0 LOFXIN Low-Speed On-Chip Oscillator 0: Stopping of the oscillation in the software standby mode R/W
Forced Oscillation (normal operation)

1: No stopping of the oscillation in the software standby mode
(forced oscillation)

b7tobl — Reserved These bits are read as 0. The write value should be 0. R

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

LOFXIN Bit (Low-Speed On-Chip Oscillator Forced Oscillation)

This bit enables or disables the forced oscillation of the low-speed on-chip oscillator (LOCO).

Thisbit is used to control the forced oscillation of the low-speed on-chip oscillator (LOCO) in the software standby
mode. Only enable the LOCO forced oscillation function when the LOCO is selected as the clock source for the low-
power timer (LPT) and counting is to be continued in the software standby mode.

To write anew value to the LOFXIN bit, read it to confirm that the value has actually been updated, and then execute the
subsequent instructions.

Change the value of the LOFXIN bit while the LOCOCR.LCSTP hit is 0 (LOCO in operation).

When setting the LOFXIN bit to 1, wait for at least five cycles of the LOCO after having set the LOCOCR.LCSTP bit to
0 (enabling the LOCO operation). When setting the LOCOCR.LCSTP bit to 1 (disabling the LOCO operation) after
having set the LOFXIN bit to O, wait for at least five cycles of the LOCO to do so.
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9.2.15 CLKOUT Output Control Register (CKOCR)

Address(es): 0008 003Eh

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

CKSST CKODIV[2:0] CKOSEL[3:0] — _ _ _ _ _ I .

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

Bit Symbol Bit Name Description R/W

b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R/W

b1l to b8 CKOSEL[3:0] CLKOUT Output Source Select bll b8 R/W
000 0: LOCO clock

000 1: HOCO clock

0 0 1 0: Main clock oscillator

001 1: Sub-clock oscillator

0100: PLL

100 0: CTSU internal clock

Settings other than above are prohibited.

bl4tobl2 CKODIV[2:0] CLKOUT Output Division Ratio bl4 b12 o RIW
Select 0 0 0: No division

00 1: x1/2
010:x1/4
011:x1/8
100: x1/16
101:x1/32
110: x1/64
111:x1/128

b15 CKOSTP CLKOUT Output Stop Control 0: CLKOUT pin output enabled*1 R/W
1: CLKOUT pin output disabled

Note:  Setthe PRCR.PRCO bit to 1 (write enabled) before rewriting this register.
Note 1. Itis also necessary to set the pin function control register and port mode register for the corresponding pin.

CKOSEL[3:0] Bits (CLKOUT Output Source Select)
Set these bits to select the LOCO clock, HOCO clock, main clock, sub-clock, PLL, or CTSU internal clock asthe source
of the clock to be output from the CLKOUT pin.

CKODIV[2:0] Bits (CLKOUT Output Division Ratio Select)

Set these bits to select the clock division ratio.

Set the CKOSTP bit to 1 when changing the division ratio.

For details on the characteristics of the clock output from the CLKOUT pin, see section 42.5.5.10, CLKOUT.
The division ratio of the output clock frequency should be set in accord with the specification for the CLKOUT pin
output cycle.

CKOSTP Bit (CLKOUT Output Stop Control)

Set this bit to enable or disable output from the CLKOUT pin.

When thishit is set to 1, the selected clock is output. When this bit is set to 1, alow level is output.

If the CKOSTP bit is rewritten while the clock is still oscillating, a glitch may be generated in the output.
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9.2.16 Main Clock Oscillator Forced Oscillation Control Register (MOFCR)

Address(es): 0008 C293h

b7 b6 b5 b4 b3 b2 b1l b0

— |MOSEL M\‘?ZDlR — — — — —

Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b4tob0 — Reserved These bits are read as 0. The write value should be 0. R/W
b5 MODRV21 Main Clock Oscillator Drive 0: 1 MHz to 10 MHz R/IW

Capability Switch 1: 10 MHz to 20 MHz
b6 MOSEL Main Clock Oscillator Switch 0: Resonator R/W
1: External oscillator input

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

Note:  Setthe PRCR.PRC1 bit to 1 (write enabled) before rewriting this register.

The EXTAL/XTAL pinisalso used asaport. Intheinitial setting state, the pin is set as a port.
Only write new values to the MOFCR register when the setting of the main clock oscillator stop bit (MOSCCR.MOSTP)
is 1 (stopping the main clock oscillator).

MODRV21 Bit (Main Clock Oscillator Drive Capability Switch)
These bits select the drive capability of the main clock oscillator.

MOSEL Bit (Main Clock Oscillator Switch)
This bit selects the oscillation source of the main clock oscillator.
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9.2.17 Low-Speed On-Chip Oscillator Trimming Register 2 (LOCOTRR2)

Address(es): 0008 0061h

b7 b6 b5 b4 b3 b2 b1l b0

LOCOTRD2[7:0]

Value after reset: 1 0 0 1 0 0 0 0
Bit Symbol Bit Name Description R/W
b7tob0 LOCOTRD2[7:0] Low-Speed On-Chip Oscillator b7 b0 R/W
Frequency Adjustment 2 0000000O0: 0 (Frequency: Low)

00000001:1

11111110:254
1111111 1:255 (Frequency: High)

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

LOCOTRDZ2[7:0] Bits (Low-Speed On-Chip Oscillator Frequency Adjustment 2)

Set the frequency adjustment value for the low-speed on-chip oscillator.

The setting range is from 0 (00h) to 255 (FFh) by binary numbers. The greater the set value is, the higher the frequency
is.

9.2.18 IWDT-Dedicated On-Chip Oscillator Trimming Register (ILOCOTRR)

Address(es): 0008 0064h

b7 b6 b5 b4 b3 b2 bl b0

_ — — ILOCOTRDI[4:0]
Value after reset: 0 0 0 *1 *1 *1 *1 *1
Bit Symbol Bit Name Description R/W
b4tob0 ILOCOTRD IWDT-Dedicated On-Chip b4 b0 R/W
[4:0] Oscillator Frequency Adjustment 0 0 00 0: 0 (Frequency: Low)

00001:1
11110:30
1111 1:31 (Frequency: High)

b7tob5 — Reserved 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. Chip-specific value

ILOCOTRDI[4:0] Bits (IWDT-Dedicated On-Chip Oscillator Frequency Adjustment)

Set the frequency adjustment value for the IWDT-dedicated on-chip oscillator.

The setting range is from 0 (00h) to 31 (1Fh) by binary numbers. The greater the set valueis, the higher the frequency is.
The frequency is adjusted under certain conditions before shipment, so the value after reset varies with the chip. After a
reset, the oscillation frequency returns to the factory default.
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9.2.19 High-Speed On-Chip Oscillator Trimming Register n (HOCOTRRN) (n = 0)

Address(es): HOCOTRRO 0008 0068h

b7 b6 b5 b4 b3 b2 b1l b0

— — HOCOTRDI[5:0]
Value after reset: 0 0 *1 *1 *1 *1 *1 *1
Bit Symbol Bit Name Description R/W
b5tob0 HOCOTRD[5:0] High-Speed On-Chip Oscillator b5 b0 R/W
Frequency Adjustment 00000 O0: 0 (Frequency: Low)

000001:1
111110:62
11111 1: 63 (Frequency: High)

b7, b6 — Reserved These bits are read as 0. The write value should be 0. R/IW

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

HOCOTRD[5:0] Bits (High-Speed On-Chip Oscillator Frequency Adjustment)

Set the frequency adjustment value for the high-speed on-chip oscillator.

The setting range is from 0 (00h) to 63 (3Fh) by binary numbers. The greater the set valueis, the higher the frequency is.
The frequency is adjusted under certain conditions before shipment, so the value after reset varies with the chip. After a
reset, the oscillation frequency returns to the factory default.
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9.2.20

Address(es): 0008 0083h

Sub-Clock Oscillator Mode Control Register (SOMCR)

b7 b6 b5 b4 b3 b2 bl b0
— — — — — — SODRV[1:0]
Value after reset: 0 0 0 0 0 0 0*1 0*1
Bit Symbol Bit Name Description R/W
b1, b0 SODRV/[1:0] SOSC Drive Capacity Control bl b0 ) R/W
0 O: Drive capacity for standard CL
0 1: High-drive output for the low CL
1 0: Middle-drive output for the low CL
1 1: Low-drive output for the low CL
b7-b2 — Reserved These bits are read as 0. The write value should be 0. R/W
Note:  Setthe PRCR.PRCO bit to 1 (write enabled) before rewriting this register.

Note 1. This bit will not be initialized by the source other than power-on resetting.

SODRV[1:0] Bits (SOSC Drive Capacity Control)
These bits control the drive capacity of the sub-clock oscillator. Set these bits while the SOSCCR.SOSTP hit is 1.
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9.3 Main Clock Oscillator

There are two ways of supplying the clock signal from the main clock oscillator: connecting an oscillator or the input of
an external clock signal.

9.3.1 Connecting a Crystal

Figure 9.2 shows an example of connecting a crystal.

A damping resistor (Rd) should be added, if necessary. Since the resistor values vary depending on the resonator and the
oscillation drive capability, use values recommended by the resonator manufacturer. If use of an external feedback
resistor (Rf) is directed by the resonator manufacturer, insert an Rf between EXTAL and XTAL by following the
instruction.

When connecting a resonator to supply the clock, the frequency of the resonator should be in the frequency range of the
resonator for the main clock oscillator described in Table 9.1.

1

c
EXTAL |
% Rs —
XTAL |4 I I
R c

d L2

L.
I
I

77&7,

Figure 9.2 Example of Crystal Connection
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9.3.2 External Clock Input

Figure 9.3 shows connection of an external clock. Set the MOFCR.MOSEL hit to 1 and open the XTAL pin to operate
the oscillator by inputting an external clock signal.

EXTAL | | | | | | External clock input

XTAL Open
Figure 9.3 Connection Example of External Clock
9.3.3 Handling of Pins When the Main Clock is Not Used

For details on pin handling when the main clock is not used, refer to section 18.5, Handling of Unused Pins.

9.3.4 Notes on the External Clock Input

The frequency of the external clock input can only be changed while the main clock oscillator is stopped. Do not change
the frequency of the external clock input while the setting of the main clock oscillator stop bit (MOSCCR.MOSTP) is0
(main clock oscillator is operating).
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9.4 Sub-Clock Oscillator

The only way of supplying the clock signal from the sub-clock oscillator is connecting a crystal.

94.1 Connecting 32.768-kHz Crystal

To supply aclock to the sub-clock oscillator, connect a 32.768-kHz crystal, as shown in Figure 9.4.

A damping resistor Rd should be added, if necessary. Since the resistor values vary depending on the resonator and the
oscillation drive capability, use values recommended by the resonator manufacturer. If use of an external feedback
resistor (Rf) is directed by the resonator manufacturer, insert an Rf between XCIN and XCOUT by following the
instruction. When connecting a resonator to supply the clock, the frequency of the resonator should be in the frequency
range of the resonator for the sub-clock oscillator described in Table 9.1.

C1
—

Rf
xcouT |4 Y
T,

Cc2

Figure 9.4 Connection Example of 32.768-kHz Crystal

9.4.2 Handling of Pins When Sub-Clock is Not Used

For details on pin handling when the sub-clock is not in use, refer to section 18.5, Handling of Unused Pins.
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9.5 Oscillation Stop Detection Function

9.5.1 Oscillation Stop Detection and Operation after Detection

The oscillation stop detection function is used to detect the main clock oscillator stop and to supply LOCO clock pulses
from the low-speed on-chip oscillator as the system clock source instead of the main clock.

An oscillation stop detection interrupt request can be generated when an oscillation stop is detected. In addition, the
MTU output can be forcedly driven to the high-impedance on the detection. For details, refer to section 20, Multi-
Function Timer Pulse Unit 2 (MTU2a) and section 21, Port Output Enable 2 (POEZ2a).

In the MCU, the main clock oscillation stop is detected when the input clock remainsto be O or 1 for a certain period, for
example, due to amalfunction of the main clock oscillator (refer to section 42, Electrical Characteristics).

When an oscillation stop is detected, the main clock selected by the clock source select bits (SCKCR3.CKSEL[2:0]) is
switched to the LOCO clock by the corresponding selectorsin the former stage. Therefore, if an oscillation stop is
detected with the main clock selected as the system clock source, the system clock sourceis switched to the LOCO clock
without a change of CKSEL[2:0].

If an oscillation stop is detected while the PLL clock is selected by the clock source select bits (SCKCR3.CKSEL[2:0])
in system clock control register 3, the SCKCR3.CK SEL [2:0] bit value does not change and the PLL clock remains the
system clock source. However, the frequency becomes a free-running oscillation frequency.

Switching between the main clock and LOCO clock is controlled by the oscillation stop detection flag
(OSTDSR.OSTDF). The clock sourceis switched to the LOCO clock when the OSTDF flag is 1, and is switched to the
main clock again when the OSTDF flag is set to 0. At thistime, if the main clock or PLL clock is selected with the
CKSEL[2:Q] bits, the OSTDF flag cannot be set to 0. To switch the clock source to the main clock or PLL clock again
after the oscillation stop detection, set the CKSEL[2:0] bitsto a clock source other than the main clock or PLL clock and
set the OSTDF flag to 0. After that, check that the OSTDF flag is not 1, and then set the CKSEL [2:0] bits to the main
clock or PLL clock after the specified oscillation stabilization time has el apsed.

After areset isreleased, the main clock oscillator is stopped and the oscillation stop detection function is disabled. To
enable the oscillation stop detection function, activate the main clock oscillator and write 1 to the oscillation stop
detection function enable bit (OSTDCR.OSTDE) after a specified oscillation stabilization time has el apsed.

The oscillation stop detection function is provided against the main clock stop by an external cause. Therefore, the
oscillation stop detection function should be disabled before the main clock oscillator is stopped by the software or a
transition is made to software standby mode.

When the system clock with the main clock selected as the system clock source, CAC main clock (CACMCLK), and
CAN clock (CANMCLK) are selected, these clocks are switched to the LOCO clock by the oscillation stop detection.
The system clock (ICLK) frequency during the LOCO clock operation is specified by the LOCO oscillation frequency
and the division ratio set by the system clock (ICLK) select bits (SCKCR.ICK][3:0]).

When the PLL clock is selected as the system clock source, this clock operate at the PLL free-funning frequency by the
oscillation stop detection.
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Note: On return from the oscillation-stopped state, the factor responsible for stopping the main clock oscillation
circuit must be removed on the user system to allow the return of oscillation.

Figure 9.5 Flow of Recovery from Detection of Oscillator Stop

9.5.2 Oscillation Stop Detection Interrupts

An oscillation-stop detection interrupt (OSTDI) will be generated if the oscillation-stop detection flag
(OSTDSR.OSTDF) becomes 1 while the oscillation-stop detection interrupt enable bit (OSTDCR.OSTDIE) is 1
(oscillation stop detection interrupt enabled). At thistime, the main clock oscillator stop is notified to port output enable
2 (POE). On accepting the natification of the oscillation stop, the POE sets the OSTST high-impedance flag in input
level control/status register 3 (ICSR3.0STSTF) to 1. After the oscillation stop is detected, wait for at lease 10 cycles of
PCLK before writing to this ICSR3.0STSTF flag. When the OSTDSR.OSTDF flag requires clearing, do so setting the
oscillation stop detection interrupt enable bit (OSTDCR.OSTDIE) to 0. Wait for at least two cycles of PCLKB clock
before again setting the OSTDCR.OSTDIE bit to 1. According to the number of cyclesfor accessto read agiven 1/0O
register, wait time longer than two cycles of PCLKB may have to be secured.

The oscillation stop detection interrupt is a non-maskable interrupt. Since non-maskable interrupts are disabled in the
initial state after areset release, enable the non-maskable interrupts by the software before using oscillation stop
detection interrupts. For details, refer to section 14, Interrupt Controller (ICUD).
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9.6 PLL Circuit
The PL