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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.

The following documents have been prepared for the RX64M Group. Before using any of the documents, please
visit our web site to verify that you have the most up-to-date available version of the document.

Document Type Contents Document Title Document No.
Data Sheet Overview of hardware and electrical characteristics RX64M Group Datasheet R01DS0173EJ
User's manual: Hardware specifications (pin assignments, memory RX64M 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
Flash Memory Detailed descriptions of the hardware interface of the | RX64M Group, RX71M Group | RO1UH0435EJ]
User’'s Manual: flash memory Flash Memory User’'s Manual:
Hardware Interface Hardware Interface
Application Note Notes on Printed Circuit Board Patterns RX Family RO1AN1411EJ

Hardware Design Guide

Examples of applications and sample programs

Renesas Technical
Update

Preliminary report on the specifications of a product,
document, etc.




2. Description of Registers

Each register description includes abit 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 bel ow.

XXX ... Reqgister

Address(es): xxxx xxxxh

b7 b6 b5 b4 b3 b2 b1l b0

— ...[1:0] A — — — .0
Value after reset: X 0 0 0 0 0 0 0
x: Undefined
Bit Symbol Bit Name Description R/W
oo 0 . 0. - @/(n
2 1:(5'e'trm'g'p'rcrmm're'n\(
b3tobl — (R_d\reserve hese bits are read as 0. The write value should be 0. R/W
b4 B 0:...... R
1.
b6, b5 Lo 00:...... R/(W)*1
01: ~ ®)
b7 — Reserved hie read value 15 undefined. Wrtmg o 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.




Contents

AU S ..ot e oo oo ettt e oo e e e e e e e e ee ettt et ee et reeeeeae e e eennnnnn s 71
1. OVEBIVIBW ..ttt ettt ettt a2 e e e e oo e M e ettt et e et eeeeeeeeeeaaanns bt beeeeeeaaaeeseeaaanneeeeeaaaeeeeaanannn 72
1.1 Outline Of SPECIfICALIONS ....vvvvieiiiiiie i e e e e e e e s 72
1.2 IS o) = To 11 o £ EEPRRRR P 83
1.3 = [0 Tod QD = Vo > o PRSP 88
1.4 T LU ] o3 T P EEPRRRR P 89
1.5 L I =T ] T[T =T RSP 97
151 L77-PINTELGA oottt ettt e s ae e be e e ae s e e stesae et e eaeenbeeseesbesnnessesanesrens 97
15.2 L76-PINLFBGA .ottt sttt sttt sttt sttt et et e et e et e e et e e et enestenennas 98
153 L76-PINLIFQFP ..ottt st st b bbb st e s e st e nesae s e s en e sesenaenentenin 99
154 TAS5-PIN TELGA ottt ettt sttt sttt st b et et sa et st e e b enesbeneseenestenens 100
155 27 g T S 101
156 LOO0-PiN TELGA ottt sttt sttt sttt se e s b ettt enestenentenens 102
1.5.7 00 o o T 0 0 S 103
1.6 List of PinS @and PiN FUNCLIONS .......uuiiiiiiiiiiiiaeeeee et e e e nineees 104
161 177-PiN TFLGA and 176-PINLFBGA .......o oottt ettt et 104
16.2 L76-PINLFQRFP ...ttt ettt st ettt ne et e be e 111
1.6.3 TAS5-PINTELGA ..ottt st st sttt st et e b et e e be e e s aeeatesheeaaesbeeabesbeentenbeeanenseenns 118
1.6.4 T44-PINLFQRP ...ttt ettt sttt se et se et e seebesaeteneeteneetesenranens 123
16.5 TO0-PINTFLGA oottt sttt sttt sa e e st s st e se s e e se st e e sae e sbesestesentanessenesranens 128
1.6.6 LO0-PiN LFQRP ...ttt sttt sttt ettt st st se et e e ebeneebeseete e 132

2. L1 = U PSP PRRSPPRRR 136
21 FRALUIES ... e e e e e e et et e et e e e e e e e e e e e e e e e e e e e e e 136
2.2 RegiSter Set O the CPU .....ooiiiiiiii et e e 137
221 General-Purpose RegiSters (RO t0 R15) ...c.ocieceieere ettt ee s 138
222 (011 (0] I (= o 1 = £ SRS 138
2221 Interrupt Stack Pointer (ISP)/User Stack Pointer (USP) ..o 139
2222 Exception Table Register (EXTB) ..oociiiiiiiiirieieienesieesie st 139
2223 Interrupt Table REgIStEr (INTB) ....oociriireerieereere s 139
2224 Program COUNLEr (PC) .....ooiieeeeieeeeere sttt et b ettt se e e e 139
2225 Processor StaluUS WOTA (PSW) ...ecvecicece et ettt snenaennaens 140
2226 BACKUP PC (BPC) ....eeotiieiiieieisiese ettt sttt 141
2227 BaCKUP PSW (BPSW) ...t st sttt se e e ese et ssestestesneseensen e e snsesansesnensens 142
2228 Fast Interrupt Vector REGIStEr (FINTV) ..ot s 142
2229 Floating-Point StatuS Word (FPSW) .......cociiiiieirireeseeese e 143

223 F ool 001U = o USSR 145
2.3 PrOCESSON IMOOE ...ttt et e e e e e e e s s bbb e e e e e e e e e e e s e e annrebeees 146
231 SUPEIVISOT MOUE ...ttt bbbt b bbbt et e bbb e b neenas 146
232 (1S 1Y oo T 146
233 Privileged INSLIUCTION ......cc.oiiiiiiiiee ettt st e et e e e be e sean 146

234 Switching Between ProCessor MOGES ........c.cccueieiieie ettt se et eneens 146



2.4 D Fo 1= R Y/ 0 1< S PP SPROPPPIN 147

241 100 1 TP P PSP 147
242 FLOBLING-POINES ...ttt bttt st st et e e e e e s e e e enesaesbesbeseens 148
243 BitWiSE OPEIELIONS ....cuiiiieiiteiteieeieie ettt sttt sttt e e s eae st ebesbesaessesete e eneeneesesaeanens 148
24.4 1 0 SO 149
25 ENAIAN <o 150
251 SWItChing the ENAIGN ......ceoeeeee e e bbb e e 150
252 ACCESSTO [/O REGISIEN'S ...ttt ettt sttt ettt se et aesbesbesee e e s e snnesneeneas 153
253 NOtes 0N ACCESS L0 1/O REGISLEIS ....ocviieeeee e e sttt s st re e ene s 153
254 Dala ATTANGEIMENT ...ttt st e s b e st et e sbe e e seesbeesabeenbeesateebesnneesrenan 154
2541 Data Arrangement iN REQISLENS .....vcveeieiirerereereeeeese e e st e e e e e e sre e nnens 154
2542 Data Arrangement iN MEIMOTY .......cooeireirieieriieree e 154

255 Notes on the Allocation of INSrUCiON COAES .......cooeiirereriiiiiree e e 154
2.6 RV Tox (o G 1= 1] [PPSR 155
2.6.1 (= oL o Y= (o I o RS S 155
26.2 INEEITUPL VECLON TADIE ..o bbb 156
2.7 Operation Of INSIIUCHIONS ........uiiiiiiiiiiii et 157
271 Restrictions on RMPA and String-Manipulation INStructions .........c.ccceeveveveveeieeesesieseseenens 157
2711 Transfer Size and Data PrefetChing ......ccovecveeeeiieiis s s 157
2712 ACCESS L0 the EXEErNal SPECE .....ccveeiieirieieete et 157
2713 ACCESSTO /O REGISIEIS ..ottt e bbbt b e e b 157

2.8 NUMDET OF CYCIES ...ttt e e et e e e s sabreeeens 158
281 Instruction and NUMDBEr Of CYCIE ......vovieie e 158
282 Numbers of Cyclesfor ReSPONSE tO INTEITUPLS .....o.eevereevirieirieirieereee e 162

L@ 01T = 11 o T 1Y, oY L= PRSP 163
3.1 Operating Mode Types and SEIECHION .........coiuiiiiiiiiiiiie e e 163
3.2 REQIStEr DESCIIPLIONS .. .o e e e e e e e e e e e et e s e s e e e e eaaeaaaaaeeaeees 164
321 Mode Monitor Register (MDMONR) ..ottt 164
322 Mode Status REGISIEr (MDSR) ..ottt e e e 164
323 System Control Register O (SY SCRO) ....coerieieeiieereeeeeeeeieee et s see e s 165
3.24 System Control REGISIEr 1L (SYSCRL) ....uecviiieie et see sttt seeaesreens 166
3.3 Details of Operating MOUES .........oooviiiiiiiiiiiei e e e e e e e e aaaeaaeeeees 167
331 SINGIE-ChIP MO ...ttt bbb et 167
332 On-Chip ROM Enabled EXtended MOTE .........c.coiiriiieec e 167
333 On-Chip ROM Disabled EXtENded MOUE ......cccovvueeirieiiieirieereese s 167
3.34 BOOE IMOOE ...ttt ettt e b e e 167
335 USB BOOL IMOTE ...ttt sttt sttt st sttt e e be e tenens 167
3.36 (1S 2 1o 1V o o L= 168
3.4 Transitions of Operating MOUES ........coooiiiiiii e 169
34.1 Operating Mode Transitions Determined by the Mode-Setting Pins ........cccccocvevevvieive e, 169

34.2 Operating Mode Transitions According to Register SEtting ........ccocvvvvieveveneseseecee e, 170



4,

7.

F o [0 TSR] o= Lo = 171

4.1 F Yo [0 | LTSI = o7 TP 171
4.2 EXternal AdAreSS SPACE .....cooiiiiiiiitie ettt e e e e e e e e e e e e ae s 172
Tl B =T oIS (=] £ PR 173
5.1 I/0 Register ADdresses (AAAreSS OFUEI) ...coivvveeeeeiiiiiiie ettt 175
R B S BES ittt et e e e e e e e e e et e e e e e e e e e a e e et e e e e e e e an e 241
6.1 L@ YT 4T SO PPPRP 241
6.2 T RS (T g L= T o ] o] 1o £ PP 243
6.2.1 Reset Status Register O (RSTSRO) .....ooceveririeiirieiiriee ettt sttt e s 243
6.2.2 Reset Status REGISEEr 1 (RSTSRL) ...ovvceiiieiiviiieisieesieieetesestesessesesseseesesesseseesesaesessssessssessesessenens 245
6.2.3 Reset Status REGISLEr 2 (RSTSR2) ...ocvciieiiiiieirieisieeee s e sestesesteseetesessesessesaesesassessssessesessesens 246
6.2.4 Software Reset REGISLEr (SWRR) ....c.civiiiieiriiiriecsiee et 247
6.3 L@ 0= = 11 o] o PR 247
6.3.1 S o T LS SRS 247
6.3.2 Power-On Reset and Voltage Monitoring 0 RESEL .........cooeieiereiieirererese e 247
6.3.3 Voltage Monitoring 1 Reset and Voltage Monitoring 2 RESEL .........ccocvceveveeceeese e 248
6.34 Deep Software Standby RESEL ......oveeeececeee e e 250
6.3.5 Independent Watchdog Timer RESEL ........ccccvveiiiiereiereciereee st e e snens 250
6.3.6 WELChAOG TIMEr RESEL ..ot 250
6.3.7 SOftWAIE RESEL ...ttt sttt sttt s e s s b et e tese et e nte e eneetesbeneeseenean 250
6.3.8 Determination of COlA/WarM SEAIT .......c.ooiiiiiee e e 251
6.3.9 Determination of Reset Generation SOUICE .........ccoorirererenienese e sre e 252
6.4 L0 5= T <20\ L0 (= U UPPPPRPNS 253
6.4.1 Notes on Using Power-On Reset and PLL Circuit TOgether ...........ccoveiieineineeneeneeseens 253
Option-Setting MemMOrY (OFSIM) ...uuiiiiiiiiiee e r e e e e s s s s e e e e e e e e e e e s anssanten e reraeeeeees 254
7.1 OVEBIVIBW ..ttt e ettt et e e e e e e e e s ettt et e e eeeeeeesa s s snbaeteeeeaaaaeeeaesannnsnnbenaneeeeesnannnns 254
7.2 T RS (=T g L= T ] o] 1o £ RR 256
721 Serial Programmer Command Control Register (SPCC) .....cvveireirciereeereesiee e 256
722 OCD/Serial Programmer ID Setting Register (OSIS) .....coiiiiirerieerere e 257
723 Option Function Select Register O (OFSD) ..c..occeeieieeierie e eeesteste e sne e see e e e eaesreens 258
7.24 Option Function Select ReQIStEr 1 (OFSL) ...c.ccceeiiieeierie e steeie e se e e see e e eaesreens 262
7.25 Endian Select REQISLEr (MDE) .....ccceieieieere ettt e e e e se e nnens 263
7.2.6 TM Enable Flag Register (TMER) ..o 264
727 TM Identification Data Register (TMINF) ..ot 264
7.2.8 ROM Code Protection Register (ROMCODE) ..ot 265
7.3 (0] 23 0 To = PR PRRTP 266
731 (]2 300 L= ST 266
7.3.2 UB COOEB ...ttt sttt ettt st et st et e s e et e saeseseesesaesesaesessesesrenesrenens 266
7.4 Programming and Erasing of the Option-Setting Memory in Individual Operating
1Y/ [0 o [T PPPPT PRSP 267
7.5 Settings of the Option-Setting Memory and Read, Program, and Erase Operations ........ 268

7.6 Setting the OptioN-Setting MEMOIY ......ccociiiiiieeeee e e e e e e e e e e e e e e ee e 269



7.6.1 Allocation of Datain the Option-Setting MEMOTY .........cccvvieiiiieiecee e 269
7.7 L0 S= T [0\ Lo PP PP 270
7.7.1 Datafor Programming Reserved Areas and Reserved Bits in the Option-Setting Memory .... 270

8. Voltage Detection CIrCUIL (LVDA) ....coo ittt r e e e e e e e e s s e st e e e e e e e aeaeeeesennnnneees 271
8.1 OVEBIVIBW ...ttt ettt et e e e oo oottt e e et e e e e e e oa e aaab bt be e e e e aaaee e s e s s nnbabbesaeeeaaeaaaannn 271
8.2 REQISTEr DESCIIPLIONS .uveiiieiiiieie e e et e e e e e e e e e e e e e s s e s s rreeeeaeeeeanennnenneees 274
821 Voltage Monitoring 1 Circuit Control Register 1 (LVDICRL) .....cocooiiiniinieicieeeenenerienans 274
8.2.2 Voltage Monitoring 1 Circuit Status Register (LVD1SR) ....ccocooiiiiiiineieeeecenese e 275
8.2.3 Voltage Monitoring 2 Circuit Control Register 1 (LVD2CR1) ....cccccocvvvevrveece e 275
8.24 Voltage Monitoring 2 Circuit Status Register (LVD2SR) .....ccccovvvievevereeeeeecesesesesesie s 276
8.25 Voltage Monitoring Circuit Control Register (LVCMPCR) ......ccooovvevvveieeeeeeseseseseniesnens 277
8.2.6 Voltage Detection Level Select Register (LVDLVLR) ..o 278
8.2.7 Voltage Monitoring 1 Circuit Control Register 0 (LVDICRO) .....ccoceeeieiinieieieeeeeesereeeens 279
8.2.8 Voltage Monitoring 2 Circuit Control Register 0 (LVD2CRO) ......cocoeireriereeieieeeesesierieeene 280
8.3 VCC INPUL VORAGE MONILOF ....eiiiiiiii i e e e e et as 282
831 MONITOMNG VLD ..ottt ettt et ettt et 282
8.3.2 YKo TE (o] T 0o ANV e L= o TSRS 282
8.3.3 YKo TE (o] T 0o AN o L= 2SSOSR 282
8.4 Reset from Voltage MONITOr O .......oooiiiiiiiieee e r e e e e e e ae e 283
8.5 Interrupt and Reset from Voltage MONItOr 1 .........oovuiiiiiiiiiiiiee e 284
8.6 Interrupt and Reset from Voltage MONITOr 2 .........ccoooe i 287
8.7 EVENT LINK OULPUL «..eeiiiiiiieiee ettt ettt e e e e bt e e e e s anbneeeeenn 290
8.7.1 Interrupt Handling and EVENt LiNKIiNQG ......cccoovveeienieniseeicseesie e eessessae s ssaesessae e esesneesees 290

9. (04 [oTo) (€1 o 1T -0 o T @31 o1 U 1| PR 291
9.1 OVEBIVIBW ...ttt ettt et oo oo oottt ettt e e e e e a4 e eb bbbttt et e e ee e e e e s e nnbnbbenneeeeeeaaaannns 291
9.2 REQIStEr DESCIIPLIONS ...ttt ettt e et e e e e et b e e e e e sabb e e e e e abbneeeenes 295
9.21 System Clock Control ReGIStEr (SCKCR) ...c.voveieeeicesese e ste e st e e s 295
9.2.2 System Clock Control Register 2 (SCKCR2) ....c.vcveieiieiesesese et s e e e enas 297
9.23 System Clock Control Register 3 (SCKCR3) .....cviviiiiiiriiireerieese e seens 298
924 PLL Control RegiSter (PLLCR) ....covciiiirieesieesiee sttt sttt s 299
9.25 PLL Control Register 2 (PLLCR2) .....c.oiiiiiirieiereeeneete ettt sesie bbb snene 300
9.2.6 External Bus Clock Control Register (BCKCR) .....ccocoiiriiiiiiene e 301
9.2.7 Main Clock Oscillator Control Register (MOSCCR) ......ccvocvevvieereeiese e 302
9.2.8 Sub-Clock Oscillator Control Register (SOSCCR) .....veveeieieieiieeeere e e e esae e 304
9.29 Low-Speed On-Chip Oscillator Control Register (LOCOCR) .......occoeveereeerieerinenieerieenienens 305
9.2.10 IWDT-Dedicated On-Chip Oscillator Control Register (ILOCOCR) ........cccoveireinenerinieenns 306
9211 High-Speed On-Chip Oscillator Control Register (HOCOCR) .......cccoevererenieienieenieenenenienens 307
9.2.12 High-Speed On-Chip Oscillator Control Register 2 (HOCOCR?2) .......cocoviiieverieieereneeeeen 308
9.2.13 Oscillation Stabilization Flag Register (OSCOVFSR) .....cccvovevieieceeeceee e esie e 309
9.2.14 Oscillation Stop Detection Control Register (OSTDCR) ......c.cccvvveeviineeceieese e 311
9.2.15 Oscillation Stop Detection Status Register (OSTDSR) .....ccveeeeriveveneseseeeeesese e see e seees 312



9.2.16
9.2.17
9.2.18
9.2.19
9.3
931
932
9.3.3
9.4
94.1
94.2
9.5
951
952
9.6
9.7
9.7.1
9.7.2
9.7.3
9.74
9.75
9.7.6
9.7.7
9.7.8
9.7.9
9.7.10
9.7.11
9.7.12
9.8
9.9
9.9.1
9.9.2
9.10
9.10.1
9.10.2
9.10.3
9.104
9.10.5
9.10.6
9.10.7
9.10.8

Main Clock Oscillator Wait Control Register (MOSCWTCR) ......ccooeveveeieeesie e 313
Sub-Clock Oscillator Wait Control Register (SOSCWTCR) .....ccovvvveevieriereeeeereseseese s seeens 314
Main Clock Oscillator Forced Oscillation Control Register (MOFCR) ......coevvevveveevesenennn, 315
High-Speed On-Chip Oscillator Power Supply Control Register (HOCOPCR) ........ccccoeuenee 316
Main CIOCK OSCIIALON ......oiiiiiiiii et e e e e e e e e e e e neneeeeeas 317
Connecting a Crystal RESONGLOT ........cccvieieruirieieeeeeesesesres e stesaesaesesesesrestesaessesseseeseesessesses 317
= = IO Voot Qg | RS 318
Notes on the External ClOCK INPUL ..o 318
SUD-CIOCK OSCIIALOT ... ..ttt e e e e e e e s s e e bbb ereeeeaaaeeeaaaannes 319
Connecting 32.768-KHz Crystal RESONGLON .........ccveveuiriiisiesesesiesieeeese e ste e seeeeeseeessenes 319
Handling of Pinswhen Sub-Clock iSNOt USEd ........cccvvviieiieieeeecece e 320
Oscillation Stop Detection FUNCLION ..........iiiiiiiiiiieiiiiie e 321
Oscillation Stop Detection and Operation after DEteCtion ...........ccccvecveeeveiieevee e 321
Oscillation Stop DEteCtion INEEITUPLS ......cieivicerericeeeeeses st aees 323
o T 3 o | PP PRPTPPPP 324
INEEINAL CLOCK ...ttt e e e e e e e e e s st e e e e e e aeae e e e e eenaeees 324
VS 1= 01O o o T 325
Peripheral ModUuIE ClOCK ... e 325
[ =S L 1 o SRS 325
EXErNal BUS ClIOCK .......oieiiiieieeeee ettt e e ne e see 325
SDRAM CIOCK 1uveteitetirietiririesieestesesieesteses e sase st sessesas e sesesaesesaesessesessesessesessenessenessesessesessanes 325
USB CIOCK .eviuietenieteisteeeteseeteseete st seebesesteseetesaebesaeteseebeseesesaesestesesaeseseeneseesestenessesessanessenessnnens 326
USBA ClIOCK ..ttt sttt sttt st sttt s sttt e sttt e e sbeneseenentenens 326
(7N I 01 o S 326
(07N O 0! [ To: (Y 1 1 TSP 326
o IO 1 oo S 326
IWDT-DeiCAEA CIOCK .....coeiveiiiieiirieiiiieiesie ettt st st s 326
N ] 7Y O o o SRR 326
ClOCK SOUICE SWItCHING ....vvviiiiiiiiiee e r e e e e e e e e s s r e e e e eaeeeeeas 327
Operations Linked by the ELC ..........ooiiii e 329
Event Signal OULPUL tOtE ELC .....ocve it nene 329
Clock Source Switching on Reception of the Event Signal from the ELC .........cccceevevevnenee. 329
L0 LCroTo LT AN [0] [ PP 330
Notes on Clock Generation CIFCUIT .........ccooeiieiriirerisese et 330
Note on Rewriting the SCKCR3 REGISIEN ......cvvviiriiiiiesiceee e 330
NOLES ON RESONBLON ......eeueiiiiiieiieeiee ettt ettt st sb et sttt san e e beesbe e snbeesneesabeebeesaeesnneas 331
NOLES ON BOAIA DESIGN ...ttt e s s 331
Notes on Resonator CONMNECE PN ........ccoooiiiriiseeie et 331
Notes 0N SUB-CIOCK OSCHTBLOL .......ccueiuiieieeeeee b 332
Noteson Using aLow CL Crystal UNit .......ccoooeeieieeiesiee e 336
Notes on Using Power-On Reset and PLL Circuit TOgether ..........ccoovvvveveveiececececenesenns 336



10. Clock Frequency Accuracy Measurement CirCUit (CAC) ....cceeiiieiiii i 337

10.1 OVEBIVIBW ...ttt ettt ettt ekt s e et e st e e e Rt e e e et e n e e e s E et e eann e e s e e e nn e e e nnne s 337
10.2 REQIStEr DESCIIPLIONS ..ciiiiiiiii ittt ettt e e e e e e e e et e e e et e e e e e e s e s annnnbeeeeeas 339
10.2.1 CAC Control RegISter O (CACRO) ....ocvieieirierieseeseeeeeeeereste e ste e see e e e e esessessessesseseeseenses 339
10.2.2 CAC Control Register 1L (CACRL) ....c.ocuviieriiieieeetesisieeete ettt ss e 340
10.2.3 CAC Control ReGIStEr 2 (CACR2) .....ciiirieiieririeiee sttt st st s 341
10.24 CAC Interrupt Reguest Enable Register (CAICR) ....ooviieiiiieeeeerere e 342
10.2.5 CAC Status REGISLEr (CASTR) ..ecueuiiiieieieiresieie ettt sttt s 343
10.2.6 CAC Upper-Limit Value Setting Register (CAULVR) .....ovoveiviie e 344
10.2.7 CAC Lower-Limit Value Setting Register (CALLVR) ....oovovcieice et 344
10.2.8 CAC Counter Buffer Register (CACNTBR) ....c.oociriiriiirieeriesieesieesie s 344
10.3 (0] 0= =110} o KT PUPRRP 345
10.3.1 Measuring ClOCK FIEOUENCY ......ccveeeeeeeesiesiestesteseesesaesseeesessessesseseestessesaessenseaessessssessesssssenses 345
10.3.2 Digital Filtering of Signalsonthe CACREF PiN ......ccooviiveiccceeeeece e 346
10.4 INTEITUPE REQUESES ...t e e e e e e e eas 346
10.5 L0 5= T <20\ L0 (= TP 347
1051 Module StOP FUNCLION SEIING ..ottt e s 347
11, LOW POWETr CONSUMPLION ...iiieiiiiiiiiieieeeeeeesssssitsteeee e eeeeeeeeessssnnnanbeaeeseeeeeeeessasanssnsannereeeeaeeesannsnnes 348
11.1 L@ YT 4T PR 348
11.2 YT o R (T B LT Yo o] (o 352
1121 Standby Control Register (SBY CR) .......ccuiuirieriririiieiiinieeste et 352
11.2.2 Module Stop Control Register A (MSTPCRA) ..ottt 353
11.2.3 Module Stop Control Register B (MSTPCRB) ........coiiiiirieieeeeeeeesiesiesie e 355
11.2.4 Module Stop Control Register C (MSTPCROC) ....c.oooieeceee et 357
11.25 Module Stop Control Register D (MSTPCRD) ....c..ocieiieeerecee et 358
11.2.6 Operating Power Control Register (OPCCR) ......ccvvuiieriereeeeeeresesese st e se e 360
11.2.7 Sleep Mode Return Clock Source Switching Register (RSTCKCR) .....coovviverinvcnincneenenes 363
11.2.8 Deep Standby Control Register (DPSBY CR) ......coviiriiririeirieeneneeteresie et 364
11.2.9 Deep Standby Interrupt Enable Register O (DPSIERQ) .......oooieiiiiiiinreeeecre e 366
11.2.10 Deep Standby Interrupt Enable Register 1 (DPSIERL) ........cccoeveeveierce e 367
11.2.11 Deep Standby Interrupt Enable Register 2 (DPSIER2) .........coccoiveve e 368
11.212  Deep Standby Interrupt Enable Register 3 (DPSIERS3) ........ccoceveverierinieseeese s 369
11.2.13  Deep Standby Interrupt Flag Register O (DPSIFRO) .......cccvviriiiriiireireesieeeees e 370
11.2.14  Deep Standby Interrupt Flag Register 1 (DPSIFRL) .......ccoveiriiininirereeseeeeesesee e 371
11.2.15  Deep Standby Interrupt Flag Register 2 (DPSIFR2) .......ccoieiiieiiniecseeeseesee s 372
11.2.16 Deep Standby Interrupt Flag Register 3 (DPSIFRS3) ......cocviieiiieeceeeeeeee e 375
11.2.17 Deep Standby Interrupt Edge Register 0 (DPSIEGRO) ........ccoevvieievieieseereceeee e 376
11.2.18 Deep Standby Interrupt Edge Register 1 (DPSIEGRL) .....ccocovvevieieriereeeeieeeeereseesesesesee s 377
11.2.19 Deep Standby Interrupt Edge Register 2 (DPSIEGR2) ..o 378
11.2.20 Deep Standby Interrupt Edge Register 3 (DPSIEGRS) ......cocoiveivieiinieenieeseeseese e 378

11221 Deep Standby Backup Register y (DPSBKRY) (Y = 010 31) ..occvveirieinieenieesee e 379



11.3 Reducing Power Consumption by Switching Clock Signals ..............oiiiiiiiiiiiiineeeee, 380

114 MOAUIE-STOP FUNCLION .....uiiiiiiiiiiiie ettt e st e e e s sabaeeeeeaas 380
11.5 Function for Lower Operating Power CONSUMPLION ........ccoviiiiiieeiiiiiecceeeeece e e e 381
1151 Setting Operating Power Consumption Control MOde ...........ceviirnencineeneeeeeseeees 381
11.6 Low Power ConSUMPLION MOGES ......eeiiiiiiiiiiaaaii ettt e e e e e e e 382
11.6.1 = 0 1Y oo (S 382
11.6.1.1 Transition t0 SIEEP MOUE ......ocvviireece e e e 382
11.6.1.2 Release from SIEED MOUE .........civiiiriiiie s 382
11.6.1.3 Sleep Mode Return Clock Source Switching FUNCLION ..., 383
11.6.2 All-Module ClOCK SOP MO ..ot 384
11.6.2.1 Transition to All-Module Clock StOp MOGE .........cccvveeeiiiece e 384
11.6.2.2 Release from All-Module Clock StOp MOCE .....ceeveiiirecece e 385
11.6.3 Software StanNdby MOGE .......cviiiire ettt st e e erenes 386
11.6.31 Transition to Software Standby MOOE ..o e 386
11.6.3.2 Release from Software Standby MOde .........coeriire e 387
11.6.3.3 Example of Software Standby Mode Application ..o 388
11.6.4 Deep Software Standby MOAE .......c.oocvviieieceece e 389
11.6.4.1 Transition to Deep Software Standby Mode .......cccveeeeeeeriececere e 389
11.6.4.2 Release from Deep Software Standby MOdE ......c..cveeveeecerere e 390
11.6.4.3 Pin States at the Time of Release from Deep Software Standby Mode ...........ccccvveeeee. 391
11.64.4 Example of Deep Software Standby Mode Application ...........ccoeeerineenneneenicennes 392
11.6.4.5 Flowchart to Use Degp Software Standby MoOde .........coveveiiiiniincscscceeees 394
11.7 L0 E7= (o [T N 0] 1= PRSPPI 395
11.71 T O o A0S = 1SS 395
11.7.2 Module-Stop State of DMAC aNd DTC .....ooiiiiiiriiiniereereesie st 395
11.7.3 On-Chip Peripheral Module INLEITUPBLS ........cciviirieirieinieieieseei st 395
11.74 Write Accessto MSTPCRA, MSTPCRB, MSTPCRC, and MSTPCRD .......ccccoveinernienenen. 395
11.75 Input Buffer Control by DIRQNE Bit (N =010 15) ...ccociiiiiiiisierie e 395
11.7.6 Timing Of WAIT INSLIUCHIONS .....cuvcveiieiiesieseseisie et ese sttt s sa e se e ene e neenesreneenes 395
11.7.7 Rewriting the Register by DMAC and DTC in Sleep MOdE ......ccocivvineineiniecneeeeseeee 395
11.7.8 Point for Caution when Shifting from L ow-Speed Operating Mode
to Software StandbY MOGE .......cooeeiiiie e e e 396
Battery Backup FUNCHON .........uiiiiiiiiiieicc st e e e s r e e e e e e e e e e e s s rrreeeeeeeeeseeaanns 397
12.1 (O YT TSP 397
12.2 (O o T=1 = 11 o] o 398
1221 Battery BaCkup FUNCHION ......ccoiuiiiieiieenie ettt s st st 398
12.3 USAGE NOES ...ttt ettt e e e e e e s e e r et e e e e e e e a e 399
Register Write ProteCtion FUNCHION .........ocuiiiiiiiiiiiie ettt 400
13.1 T RS (T g B LT Yo 1 o] (o] SR 401

1311 PrOECt REGISIEr (PRCR) w.ovooooooeeeeeeeseseeseeeesesseseseeeesseeesesseesessesesseeeseseesssseesssesesssseessssesssneenes 401



14.

15.

[ T(eT=T o i o] o I = F= T To | 1T o SR 402
14.1 o= [0 T I =T | £ SRR 402
1411 Undefined INStruCtion EXCEPLION ........coooiiieiiiieee ettt s 403
14.1.2 Privileged INStrucCtion EXCEPLION .........cccvcieieeieiiee ettt et sne s 403
14.1.3 ACCESS EXCEPLIONS ....viuvieieeeeeeieiiseees et ste st te e ste e e e e e e ese s e s sestesteseessesaenseseseenanseeseesensensesenns 403
14.1.4 Fl0ating-PoiNt EXCEPLION ..c.vevveieeeieeeeees ettt st e e sae e ene e e sneseenen 403
14.15 RESEL .t e e b e e e E e e E e e e e ne e nae e ereenreenanas 403
14.1.6 NON-MaSKaDI € INTEITUPBL ...ttt et e nesre s 403
14.1.7 1010 (U o PSRRI 403
14.1.8 L0 [ aTore 0T [N uTol o= N I =" o S 403
14.2 Exception Handling ProCeAUIE .........iiiiiiieeiiii it e e e e e e 404
14.3 Acceptance of EXCEPLION EVENLS ......oooiiiiiiiiiiieieie ettt e e e e e 406
14.3.1 Acceptance Timing and SAVEd PC ValUE .......cooecieieieieee st 406
14.3.2 Vector and Site for Saving the Valuesinthe PC and PSW ... 407
14.4 Hardware Processing for Accepting and Returning from Exceptions ..........ccccccoviieenennns 408
14.5 Hardware Pre-PrOCESSING .......coovviiiiiiiiiiiiiiiiiess e s e e e e e e e e e e e e et e e ee e s s s e s e e e e e aaaaaaaaees 409
1451 Undefined INSLruCtion EXCEPLION .......cooviiriiirieiereeieneeierete ettt et 409
145.2 Privileged INSLrUCtion EXCEPLION .......coiiiiiiiieieiiesee ettt s 409
145.3 A CCESS EXCEPLIONS ...ttt ettt et ettt s b e e e se e s b e e e e e e eneeseenesbesbasbaseans 409
1454 Floating-Point EXCEPLION ....c..ocueeiciee ettt st aaenne e 409
1455 RESEL ..ot bbb b Rt b bt e R bbb 409
14.5.6 NON-MasKahl € INTEITUPBL ......oiveieeececeece ettt st e eene e nes 410
14.5.7 INEEITUDE . s e s r e e s r e e esr e s e e nne e e nnennees 410
1458 UNCONGITIONE] TTBD ..ottt bbbt b et b e bt b e 410
14.6 Return from Exception Handling ROULINE ... 411
14.7 Priority Of EXCEPLION EVENTS ......uiiiiiiiiiiiieee e e e ettt er e e e e e e e e st e e e e e e e e e e s e s snnnnrenaeees 411
INterrupt CoNtroller (ICUA) ... e e e e s e s e e e e e e e e e s e s st e e e e reeeaeaeeeannnrennnens 412
15.1 OVEBIVIBW ...ttt e e ettt e e e e e e e e s et ee et e e e aeeaeesae s nnsaseaeeeeeeaeeeeesanasnnsenneeeeeenannnnns 412
15.2 YT RS (T LT ox ] o] (o] S 414
1521 Interrupt Request Register n (IRN) (N = 016 10 255) .....cceoiviiiiriiierirrerre e 414
15.2.2 Interrupt Request Enable Register m (IERmM) (M =02hto 1Fh) ....coooiiiiiiiieeeee 416
15.2.3 Interrupt Source Priority Register r (IPRr) (r = 000 t0 255) .....cccoovveevereeieseeiesieeee e eee e 417
15.2.4 Fast Interrupt Set REQIStEr (FIR) ..ocvveveeicece et 418
15.25 Software Interrupt Generation RegiSter (SWINTR) ....ocveiviveiesere e 419
15.2.6 Software Interrupt 2 Generation Register (SWINT2R) ...c.ooveeiiiieineineeree e 419
15.2.7 DTC Transfer Request Enable Register n (DTCERN) (N =026 t0 255) ......cccooeevvevirieenieennns 420
15.2.8 DMAC Trigger Select Register m (DMRSRm)
(M = DMAC channel NUMDEE) ...ttt s 421
15.2.9 IRQ Control Register i (IRQCRI) (i =010 15) ...ccvuiueiririririeirerenieeeseresieiese s 422
15210 IRQ Pin Digital Filter Enable Register 0 (IRQFLTEOQ) .....c.coueueveiririnieenerenieieeresiieee s 423
15211  IRQ Pin Digital Filter Enable Register 1 (IRQFLTEL) ....coovviveierereriiieresereeresrese e 424

15.2.12 IRQ Pin Digital Filter Setting Register O (IRQFLTCO) ...c.coveveiieiriirrerrerreese e 425



15.2.13  IRQ Pin Digital Filter Setting Register 1 (IRQFLTCL) ....cocvvvviririireieeeeeeeseeesee e 426
15.214  Non-Maskable Interrupt Status Register (NMISR) ....ccooveiieiieeeecece e 427
15.2.15 Non-Maskable Interrupt Enable Register (NMIER) ......cocviiiiiiiie e 429
15.2.16 Non-Maskable Interrupt Status Clear Register (NMICLR) ..o 431
15.2.17 NMI Pin Interrupt Control Register (NMICR) ......ccoiiiiiiniirieerieeseeeseeee e 431
15.2.18  NMI Pin Digital Filter Enable Register (NMIFLTE) ....cccoveiivieiiniciviee et 432
15.2.19  NMI Pin Digita Filter Setting Register (NMIFLTC) ...cooveiieiieinieerieeneeseee s 432
15.220  Group BEOQ Interrupt Regquest Register (GRPBEO),
Group BLO/BL1 Interrupt Request Register (GRPBLO/GRPBL 1),
Group ALO/AL1 Interrupt Request Register (GRPALO/GRPALL) ....cccoceveeicieeeeeeee e 433
15.2.21  Group BEO Interrupt Request Enable Register (GENBEOQ),
Group BLO/BL1 Interrupt Request Enable Register (GENBLO/GENBL 1),
Group ALO/AL1 Interrupt Request Enable Register (GENALO/GENALL) ....cccovevevvcvcveennen, 435
15.2.22  Group BEO Interrupt Clear Register (GCRBED) ........cccoirriiriinininneeseeeereesee e 437
15.2.23  Software Configurable Interrupt B Request Register k (PIBRK) (k = 0hto Ah) ......cccveueeee. 439
15.2.24  Software Configurable Interrupt A Request Register k (PIARK) (k = 0hto Bh) ........ccccenee. 440
15.2.25  Software Configurable Interrupt B Source Select Register Xn (SLIBXRn)
(i 22 o T I ) ST 441
15.2.26 Software Configurable Interrupt B Source Select Register n (SLIBRn) (n = 144 to 207) ....... 442
15.2.27 Software Configurable Interrupt A Source Select Register n (SLIARN)
(L0 (o 102251 PRSP SRR 445
15228 EXDMAC Trigger Select Register (SELEXDR) .....vvverveeveneeeseeeessessesesesessesssssesssssesssssnnes 449
15.2.29  Software Configurable Interrupt Source Select Register Write Protect Register
(S I 2 (O TS 450
15.3 RV = Tox (o 1= ] [PPSR 451
15.3.1 R 1CS 010 A= ot (o) g = o] =P 451
15.3.2 Fast INTEITUPL VECLON ATEA .....ccuveeveeeiiteeeesieeeeseesseeseseee e s e te e estesneessesneesaesneesaesneessessennsenseenes 458
15.3.3 Non-maskable INtErTUPt VECIOr ATEA .....ccvevveriereerieieeeieee et se e ste s e s eaeseeassaeneeseesessesnessens 458
154 TYPES OF INTEITUPDLS ettt e e st e e e e e bbb e e e s e ab e e e e e enees 459
154.1 Peripheral INTEITUPLS ....ocveeeieiicee ettt nne e e ens 459
15.4.2 SOftWArE INEEITUPLS .vveeeeeeceese et e sttt er s e ae e et e aena e enennennenrenees 459
15.4.3 L = T I 1= o S 459
154.4 GrOUP TNEEITUPLS ...ttt r e sn e e e en e r e e nrenes 460
15.4.5 Software Configurable INTEITUPLS ..o e e 463
15451 Software Configurable INLEITUPL B .......couoiiiiiieeeenere e e 464
15.45.2 Software Configurable INTErTUPL A ......cve oot 464
15.4.5.3 EXDMAC Start Trigger by Software Configurable Interrupts .........ccocvveverveevncninennnns 464
15.4.6 NON-MaSKah! € INEEITUPBLS ....eeeeeeeeeeeee ettt sre et ne e sneneenen 464
155 INEEITUPE DEIECHION ...eiiiiiiiiiee ettt e e st e e et e e e e s nabaeee e e 465
155.1 [0 (0T I 1= (= o 1 o S 465
155.2 LEVE DELECHION ...ttt sttt bbb sttt et ettt 467
155.3 Group Interrupts Using EAQE DELECHION ......ccccveeeeeerice et 468
1554 Group Interrupts USing Level DELECHION ........coveirieierieirieererie e 471



155.5 Software Configurable INLEITUPLS .........ccuieiiiieie et ae e s ereens 473

15.6 Determining Priority of INterrupt REQUESES ........uuviiiiiiiiiieecee e 473
15.7 INterrupt SEttiNg PrOCEAUIE ..........iiiiiiiiiiei ettt e e e e e e e e e eee e 474
15.7.1 Enabling INtErrupt REQUESES ......ccvereeeeecere ettt st e e e e e 474
15.7.2 Disabling INLErTUPt REQUESES .....cveeeeeeecirie e sie st e ettt st e ene e e seeneas 474
15.7.3 Selecting Interrupt REqUESE DESLINGLION .........ceiviirieirieirieirieesi e 474
15.7.31 Interrupt Request Destination Setting Procedure ..........coooeoererireienereeesene e 474
15.7.3.2 Operations When the DTC/DMAC SEECLEU ......c.ooeiiiirieieeeeeeeee e 476
15.7.3.3 Changing the Interrupt Request DeStiNGLioN ..........cccccveveeieceeiecee e 476

15.7.4 Setting the EXternal Pin INEEITUPL ....cvooveveeeiie et sre s 477
15.7.5 Setting NON-Maskabhl€ INTEITUPBLS .....ccveiveiieieeceeieeee s et st st e es 477
15.7.6 [0 Tl = S 478
15.7.7 Setting Software Configurable INTEITUPLS ......ocvciiieirieiee s 478
15.7.7.1 Polling for Software Configurable INTErTUPLS .........coveiieiiereee e 479

15.8 MUIEIPIE TNTEITUPL ...ttt e e e e e e e e et e e e e e e e e e e e e e aaaanenee e 479
15.9 e R 0] (T (1] o) PP PP PRPPTPPPP 479
15.10 Exiting Low Power Consumption STate ...........ccooiiiiiiiiiiiiiiiiiiiis s e e e e e e e e e e e e e e e eeeeeaennneanns 480
15.10.1  EXitiNg SIEED MOUE ...oocviiiiiiiiiee ettt bbbt bbb 480
15.10.2  Exiting All-Module ClOCK SEOP MOTE ......c.coiiiiiriere et 480
15.10.3  Exiting Software Standby MOE ..........ccioririiiieeee e e e 481
G0t I R O £ 7= To =20 A o) (= USRS 481
15.11.1  Noteson the WAIT instruction When Using the Non-Maskable Interrupt ..........ccccoeevienene. 481
15112  Software Configurable Interruptsin All-Module Clock Stop Mode ........cc.ccevveneeineccnieeniene, 481
15.11.3 Interrupt Requestsin Software Standby MOde ..o 481
B S S .t et ettt e et e e e e et e tae e e e e eent s 482
16.1 OVEBIVIBW ..ttt oottt et e e e e e oo s ettt ettt e e e e e e e e e e e nnebebeeeeeeeeeaeeeeaansnnbenseeeeeeaaaannn 482
16.2 DT g o 1o T ] =10 £ =T PSS 484
16.2.1 CPU BUSES ....cuttiiriiiettit sttt stk bttt b et b b b s o b bt e bbb e e bk et et bt ekt st bbb s 484
16.2.2 MEMOTY BUSES ..ottt sttt sttt ettt s s e et s b e e s abe et e st e e be e naaesnbeenaeenaras 484
16.2.3 INEErNEl MaAIN BUSES ..ottt e e 484
16.2.4 Internal PEripheral BUSES .......cccviiiiiiierieiee sttt st st seesas e esessesnesaestenseseens 485
16.2.5 Write Buffer Function (Internal Peripheral BUS) ..o 486
16.2.6 (T = 2 TS 487
16.2.7 [ = [ @ o = o] o ISP 490
16.2.8 BUS SELLINGS oottt sttt et e e e be et e s aeetesaeenae s aeentesre et e reentenreeans 490
16.2.9 RESIICLIONS ...ttt b e bt se bt st e st sn s e sn b snenesnenesrenen 491
16.3 REQISTEr DESCIIPLIONS .oiiiiieeii ittt e e e e s e e s r e e e e e e e e s s e st eereaaaeeesssannsnnrenaeees 492
16.3.1 CSn Control Register (CSNCR) (N= 010 7) eeeeeuireriiieeesiereeee e 492
16.3.2 CSn Recovery Cycle Register (CSNREC) (N =010 7) ovvveve e 493
16.3.3 CS Recovery Cycle Insertion Enable Register (CSRECEN) ......ccocveevviece i 495

1634  CSnMode Register (CSAMOD) (M= 010 7) w..oueeeevveeeeeeeeeeseseseeeseseeeeeesesssssseeessssseeeesesesseen 498



16.3.5 CSn Wait Control Register 1 (CSNWCRL) (N=0107) oovevveeierereeeeenereeeeresesie s 500
16.3.6 CSn Wait Control Register 2 (CSNWCR2) (N= 010 7) vvveveeeeeeereseseseseesieee e e seeneas 503
16.3.7 SDC Control Register (SDCCR) .....cuvvvrrrereirerrercieen st s 506
16.3.8 SDC Mode ReGIStEr (SDCMOD) ...c.ccuirieiiieierieierieierieiese sttt seens 507
16.3.9 SDRAM Access Mode Register (SDAMOD) ......ciiiirieierieierieie et 508
16.3.10 SDRAM Self-Refresh Control Register (SDSELF) .....oociieiiiiieirieeree e 508
16.3.11  SDRAM Refresh Control Register (SDRFCR) ......ccceeiiririnieiirrieeeesesiseiese s es 509
16.3.12  SDRAM Auto-Refresh Control Register (SDRFEN) .......ccocoieiirrneenreseeene s 510
16.3.13  SDRAM Initialization Sequence Control Register (SDICR) .....ccccvvvvevereerieieeiece e 511
16.3.14  SDRAM Initialization REQIStEr (SDIR) ....c.ccoveiriiiirieirieierieerie st 512
16.3.15  SDRAM Address Register (SDADR) .....ccoiiiiiiciiiirerinie ettt s s 513
16.3.16  SDRAM Timing ReGISLEr (SDTR) ...ccooiiiiieiiiriririeere sttt 514
16.3.17  SDRAM Mode ReGIiStEr (SDMOD) .....cccueuiiiririeiiiresisieieie et ssenese s 516
16.3.18  SDRAM Status ReQIStEr (SDSR) ...c.eoviriiiiirerieieire st 517
16.3.19  BusError Status Clear Register (BERCLR) ......cccoveieiiicecise et 518
16.3.20 Bus Error Monitoring Enable Register (BEREN) ......cccoeivieirieineerieee e 518
16.3.21  BusError Status Register 1 (BERSRL) .......cccvireriiririiiriiisienesiesesieses e 519
16.3.22  BusError Status Register 2 (BERSR2) .......cccviiiiiiiiiiriiisieesiessiesesieesiee s 519
16.3.23  BusPriority Control Register (BUSPRI) .......coooiiiiiiiieriee e e 520
16.4 Endian and Data AGNMENT ..........u it e e e e e e ae e 522
16.4.1 Data Alignment Control fOr CS ATER .......cvreirieierieereie et 522
16.4.2 Data Alignment Control for SDRAM ATA .....c.couiieiiiieiireeretereeieseete et 528
16.5 Operation of CS Area CONIOIET .......ooiiii e e e e e e 535
1651 SEPAIEIE BUS ...ttt b e n e r e e e 535
16.5.2 Address/Data MUILIPIEXEA BUS ........coeriiuirieierreneee et 550
16.5.3 External Wait FUNCHION ..ot 553
16.5.4 INSErtion Of RECOVENY CYCIES ...ttt e bbb e 555
16.5.5 INO ACCESS SEBLE .....eeeeieeieeeee ettt ettt a et et rb e et e bt e e se e et e she s e e sbeeate b e sae e beeneenbeennenas 558
16.5.6 Write Buffer FUNCLion (EXErNal BUS) .......cccoceeiirierie e 559
16.5.7 [0 11 = 14 o SRS 559
16.6 SDRAM Area Controller OPeration .........ccccuuiiiiiiiiieiee e s s s e e e e e s e e e e e e e e 562
16.6.1 Enabling/Disabling SDRAM Access and Setting SDRAM Bus Width ..o 562
16.6.2 NO ACCESS SEALE ......oviviiiitieee bbb s 562
16.6.3 INSErtion Of RECOVEIY CYCIES ..ottt e e 562
16.6.4 WIite BUFFEI FUNCIION ... e e e 562
16.6.5 SDRAM COMIMANGS .....titeieiieie ettt sttt et et seese st ebesbeseese e sense e eneeseeaesneesesbeseeseenean 563
16.6.6 Conditions for Setting SDRAMOC REJISIE'S ......oceiiieieciieieceesteseeste st se s s nre e 563
16.6.7 SEIF-REFTESN . 564
16.6.8 AULO-REFTESN ..ottt 567
16.6.9 [NitialiZAliON SEOUENCET ....coviiiierieiereete ettt et s et s st et 569
16.6.10 REBA/WITEE ACCESS ...ttt ettt et b ettt b et b et b et b et e b 570



16.6.11 SEttiNng MOOE REJISIEY ..o e et e et et e e sae e e saesneentesreens 573

16.6.12  SDRAMC Setting EXAMPIES .....ooveveiirirerieiiiisesieieese s 574
16.6.12.1 SDRAMC ACCESS PrOCEAUIE ..ot 574
16.6.12.2 Procedure for Transition to and Recovery from Self-Refresh Mode ... 575
16.6.12.3 Timing Register Settings and ACCESS TIMING .....ceveerirerirerere e 577

16.6.13  AdAreSS MUITIPIEXING ...vcueiveuireiiriiesieist ettt b bt sn et sb e n e 586

16.6.14 Examples for Connecting With SDRAMS ..o s 587
16.6.14.1  32-Bit BUSSPACE ...eoveviireriieee ettt 587
16.6.14.2 16-Bit BUS SPACE ....vcveieeiieiesis ettt 590

16.6.15  RESIICHIONS ..oueitirieiiiieieiiet sttt bttt bbbt e bbbt b e b et se bbb e enas 593

16.7 BUS Error MONItOrNG SECHON .....ccciiiiiiiiiiiiiiiiie ettt e e e e 594

16.7.1 TYPES OFf BUS EFTOT ...t cee sttt sttt e st e e st e e s aessesneesteeneenseensenneennesnesnnns 594
16.7.1.1 I11egal AQArESS ACCESS ....ocveeeeieeeeeie sttt s e e se et s et st e s bestese et e aeneeseesensennenrens 594
16.7.1.2 THMEOUL ...ttt bbbt b et b et b e st b s a et b e et se e e b 594

16.7.2 Operations When @ BUS ErTOr OCCUIS .........cirieirieirieiniieseeesiee s 594

16.7.3 Conditions Leading to BUS EITOIS ........cciuiiiiiiiiiieerieesi et 595

16.8 (a1 C=] ¢ (U] o ST PP TP PP UPP PR PPRPPRP 595

16.8.1 INEEITUDE SOUICE ...ttt ettt e r e r e s s e s n e rennennea 595

16.9 USAGE NOTES ...ttt r et e e e e e e e s e et e et e e e e e e e n e 596
16.9.1 Setting Drive Capacity Control Registersfor [/O POIS ........ccccrvererenerereee e 596

17.  Memory-Protection Unit (MPU) ..o 597
171 OVEBIVIBW ..ttt ettt e et e o4t e e 1 st e e e e e e e e et e e s e b n et e e e annre e e e nnnnes 597

1711 TYPES Of ACCESS CONLIOI ...ttt 599

17.1.2 RegioNS fOr ACCESS CONIOI ......ecviieetirietiieete sttt sr e renea 599

17.1.3 BacKground REGION ...ttt bbb ettt sb e b e e ean 599

17.14 Overlap DEWEEN REJIONS .......coiiiirieiie ettt b e bbb b b e seeeas 599

17.15 Instructions and Data that Span REJIONS .........cceeeieiiriericese s sese et 599

17.2 REQISEr DESCIIPLIONS .....iviiiiei ittt e e et e e e s s bt e e e e e s sbbeeeeenne 600

17.21 Region-n Start Page Number Register (RSPAGEN) (N=0107) ..oceoeeererininerieeeeeeneneneens 600

17.2.2 Region-n End Page Number Register (REPAGEN) (N =010 7) ..ooceviiiieninieeeeeeenesenienins 601

17.2.3 Memory-Protection Enable Register (MPEN) ......cccoieieiieieeeceeese s 602

1724 Background Access Control Register (MPBAC) ... 603

17.25 Memory-Protection Error Status-Clearing Register (MPECLR) .......cooveivienneneenecneeas 604

17.2.6 Memory-Protection Error Status Register (MPESTS) .....ccooiiiiiinreeeeee e 605

17.2.7 Data Memory-Protection Error Address Register (MPDEA) ......cooiiiiieinnreeeese e 606

17.2.8 Region Search Address RegiSter (MPSA) ..ottt 607

17.29 Region Search Operation Register (MPOPS) ........cccoviiieieecieereseses e ses 607

17.2.10 Region Invalidation Operation Register (MPOPI) ..o 608

17.211 Instruction-Hit Region Register (MHITI) .o 609

17212  Data-Hit Region RegiSter (MHITD) ...cccoiiiiniiieieie ittt 611

17.3 [0 [ o3 {10 =TT 613



17.3.1 VK= 0 00 Y (1= o o o ST 613
17.3.2 LS [0 S = o o 613
17.3.3 Protection of Registers Related to the Memory-Protection Unit ...........ccooceveeecnencenencnnnnnns 613
17.34 Flow for Determination of Access by the Memory-Protection FUNCtion ............cocccveeerieenee 614
17.4 Procedures for Using Memory Prote@Ction ............coocuueiiiiiiiiiieeiiiieee e 616
17.4.1 Setting Access-Control INfFOrMELION ........cccvvviiiiie e 616
17.4.2 Enabling MemOry ProteClioN .........ccccceeeiiieiisese ettt srees 616
17.4.3 TranSition 10 USEr MOUE ..ot s 616
17.4.4 Processing in Response to Memory-ProteCtion ErTOrS .........cooeoeernennennenesenese s 616
18.  DMA CONroller (DMACAR) ...uueeeeiiiiiieiiietee e e e s e e et e et e e ee e e s s s st aa e aeraeaaeeeasaasasssbateeaeeaeaeesannsnns 618
18.1 OVEBIVIBW ..ttt ettt ettt e e e e e e e oo ottt ettt et e e e e e e e e e s nsbaee e et e eeaeaaeesaannnbsnaeeeeeeaaaannn 618
18.2 REQISTEr DESCIIPLIONS ..oviiiieiii i ittt e e e e e e e e e e e e e e e e e e s s s s s e erreaaaeeeseesnnsnnrerneees 620
18.2.1 DMA Source Address Register (DMSAR) ...t 620
18.2.2 DMA Destination Address Register (DMDAR) ... 620
18.2.3 DMA Transfer Count Register (DMCRA) ..ottt 621
18.2.4 DMA Block Transfer Count Register (DMCRB) .....cccvevviieiiiseesee e e se e 622
18.25 DMA Transfer Mode Register (DMTMD) ..o nesesre s 623
18.2.6 DMA Interrupt Setting Register (DMINT) ...ooiiiiiieinrereeree et 624
18.2.7 DMA Address Mode Register (DMAMD) ..ot s 626
18.2.8 DMA Offset RegiSter (DMOFR) ...c.covuiiiiiiririeicieneris ettt et 629
18.2.9 DMA Transfer Enable Register (DMCNT) ...ccooviueiiiriririeieieresinieie et 629
18.2.10 DMA Software Start Register (DMREQ) ......ccoiriiirieiienirinieieeesesie e 630
18211  DMA Status REGISLEr (DIMSTS) ...oviiieieiireriereerenreret e 631
18.2.12 DMA Request Source Flag Control Register (DMCSL) .....cvvveirieinieiineieneenieese e 632
18213 DMAC Module Start Register (DMAST) ..ottt 633
18.2.14  DMACT74 Interrupt Status Monitor Register (DMIST) ...covvoiiiiirereireseesee s 634
18.3 (O] 01=] 7= 11 o] o KPP TR OPPPPPPRPPTN 635
18.3.1 B 052 1, o L= 635
18.3.2 Extended Repeat Ar€a FUNCLION ..........ooviuiiiinieenessienete et 639
18.3.3 Address Update FUNCLion USING OFfSaL ........coeiiiiiiireeee e 641
18.34 REQUESE SOUITES ...ttt sttt et b et b e e ae e et s ae e shesae et e sae et e s e e s e ene e e snis 645
18.3.5 OPEratioN TIMING ....ceueeeieiisee ettt sttt e et e st ebesbe bt sb e bebese e e ese e st e neebesbeseeseenean 646
18.3.6 (DAY AN O = ot o) 18 = 647
18.3.7 ACHIVAING TNE DMAC ...t bbb e s s 648
18.3.8 Starting DIMA TIANSFEN ...t 649
18.3.9 Registers during DMA TranSfar .......coooiiiiieeeee e 649
18.3.10  ChanNel PriOrity ..ooueoeeoeeeeeeieeeeeet ettt b b e et e e e et eb e b e et e e s 650
18.4 ENdiNg DMA TrANSTEI ...coiiiiiiiiiii ittt e e e e e e e e e e e e e enenaeees 651
184.1 Transfer End by Completion of Specified Total Number of Transfer Operations ................... 651
18.4.2 Transfer End by Repeat Size ENd INEEITUPL .......oeiviiriiirieceeeee e 651
18.4.3 Transfer End by Interrupt on Extended Repeat Area OVErflow .........cccovveiininenecncncnenn 651



18.5
18.6
18.7
18.8
188.1
18.8.2
18.8.3
18.8.4
18.8.5

18.8.6
18.8.7

19. EXDM
191
19.2

19.21
19.2.2
19.2.3
19.24
19.2.5
19.2.6
19.2.7
19.2.8
19.2.9
1921
19.21
1921
19.21
19.2.1.
19.2.1
19.21
19.21
19.3
1931
19.3.2
19.3.3
1934
194
194.1
194.2
19.4.3

LY =T U] 0] £ PRSPPI 652
7= o A o SRS 654
Low-Power Consumption FUNCHION ........oooviiiiiiiiiciiis e e e 655
USAQGE NOLES ..ot 656
DMA Transfer to EXtErNal DEVICES .........cciiririrerriinreeseseeesesre e 656
DMA Transfer to Peripheral MOAUIES .........cocoiiiieieiereccreee e 656
Access to the Registers during DMA Transfer .....oovvvvieiinienienereeeecese e e s 656
DMA Transfer t0 RESEIVEI ATE8S ......ccoccvveriiriiseriereeeeeeeee ettt see e e e esessesseseesseses 656
Interrupt Reguest by the DMA Request Source Flag Control Register (DMCSL)
at the End of EaCh TranSFEr ..ot et e 656
Setting of DMAC Trigger Select Register of the Interrupt Controller ICU.DMRSRm) ........ 656
Suspending or Restarting DMA TranSfer ........covoeiiieiie st 656
A CONLrOHEr (EXDMACA) ..eeeeeieiieieieeiee ittt e e ettt e et e e e e e e e e e s s abbbbeeaeeeeaaaaaeeaaaane 657
OVEBIVIBW ..ttt ettt e sttt e e 4t e s e et e e et e e e et e e e e n e e e e e e e e nnnnes 657
REQISEr DESCIPLIONS .....itiiiie ittt e et e e e sttt e e s s bbb e e e e s abnneeeenae 660
EXDMA Source Address Register (EDMSAR) ...ovoovieeeiicee e 660
EXDMA Destination Address Register (EDMDAR) .....oooveveeriereneseseseeseie e seeessese e ses 660
EXDMA Transfer Count Register (EDMCRA) ...ouvoiieeeeere v eeeae e sre e ssesneseens 661
EXDMA Block Transfer Count Register (EDMCRB) ......ccoociiiireencenee e 663
EXDMA Transfer Mode Register (EDMTMD) ..ot 664
EXDMA Output Setting Register (EDMOMD) .....ocoiiiiiiiieieieeeeesere e 665
EXDMA Interrupt Setting Register (EDMINT) ..o 666
EXDMA Address Mode Register (EDMAMD) .....c.cuviireeiirneeeses e 668
EXDMA Offset Register (EDMOFR) .....ccovvveieirerrereiirnee s senesesesnas 671
0 EXDMA Transfer Enable Register (EDMOCNT) ...ooiiuiriiiiiiieeriees e 672
1  EXDMA Software Start Register (EDMREQ) .....ccoiiiriiriiirieernereie et 673
2 EXDMA Status RegiSter (EDMSTS) ..ottt 674
3 EXDMA Externa Request Sense Mode Register (EDMRMD) ......cccovcevvviecieviece e, 675
4  EXDMA Externa Request Flag Register (EDMERF) ........ccooviiiiiiinnieeinrieeesesese e 676
5  EXDMA Peripheral Request Flag Register (EDMPRF) ......covieiinincennereceseseseneenennns 677
6 EXDMAC Module Start Register (EDMAST) ...couiiriiirieirieesieesie e 678
7 Cluster Buffer Register y (CLSBRY) (Y S 010 7) .oveviiiriiireeerieerieerieesie st 679
(O 01=] =11 o] o H OO P PP UPPPRON 680
TraNSFEr MOUE ...t 680
Extended Repeat Ar€a FUNCLION ..........oociiiiiiiieiesesieeie ettt st s 686
Address Update FUNCEion USING OFfSEL ........ccoiiiiiniiee e 688
ACArESS MOAES ...ttt ettt ettt esbesee et ea et e e e e eneeneeneeneebesaesaens 692
I 10 ES (=T R @ o= = 1o o 693
Normal/Repeat Transfer OPEration .........cccovcereeriereeree st 693
BIOCK Transfer OPEIaliON .......c.ccevueirieireeereee sttt st s en e 695
Cluster Transfer OPEIELION ........c.coeiiierieriereiesiee et er e e es e sr e sne e e 697



20.

19.5 Request Sources and ProCEUUIES .........o.oeviiieiiiiiiiiiiie s e e ee e e e e e e e 700

1951 REQUESE SOUICES ...ttt sttt er bt b e se b e e e e e e erenreneennenas 700
195.2 ACtivatiNng thE EXDMALC ...ttt st sttt sttt st sa e sn e st 703
19.5.3 Starting DIMA TraNSFEY ...ttt e bt ee et e e e e e 704
1954 Registers during DMA TranSfer ......ooueoiiiie ettt sne s 704
1955 (O3 7= 1010 1T S 705
19.6 L a o [T aTo N I =1 g ) = SRR 706
19.6.1 Transfer End by Completion of Specified Total Number of Transfer Operations ................... 706
19.6.2 Transfer End by Repeat Size ENd INTEITUPL ......oveeeiiiiieececeeee et 707
19.6.3 Transfer End by Interrupt on Extended Repeat Area OVErflow .........ccccvvvvivvvvenevecececeenn 707
19.7 [T =T ] o] PSP PPTTRTRRSPPPPIN 708
19.8 Low-Power Consumption FUNCHON .........ooiiiiiiiiiiiiie et 710
19.9 EDACKnN Operation in Single Address MOOE ..........ccccuiiiiiiiiiiieeee e e e e 711
19.9.1 EDACKn Operation Example in Normal-Transfer (CS Area) Single Address Mode ............. 711
19.9.2 EDACKnN Operation Example in Normal-Transfer (SDRAM Ared) Single Address Mode .... 713
19.9.3 EDACKnN Operation Example in Block-Transfer (CS Area) Single Address Mode................. 716
19.94 EDACKnN Operation Example in Block-Transfer (SDRAM Area) Single Address Mode ...... 717
L19.10  USAQGE NOLES ...oeiiiiiiieiiiiii ittt e et e e et e e e e e et e e et e et e e e e e e s e s b r e e e et e e eeeennnen 724
19.10.1  ClUSEr BUFFEIS .oecviiciiictisieiesiee sttt b e bbbt neenas 724
19.10.2  Accessto the Registers during DMA TranSfer ....cc.vevvee i v s 724
19.10.3  DMA Transfer t0 RESEIVEI ATEES ........cevcuiriiirieereere s 724
Data Transfer Controller (DTCA) ......ccceiiiiiiiiiieeee e e e e e e e e e e e e aaaaaaees 725
20.1 (@Y= AV = PP ER PR 725
20.2 ReQIStEr DESCIIPLIONS ...iiiiiiiii ittt et e e e e e e s e et b bbb e e e e e e e e e e e e e s e s annanbeeeeeas 727
20.2.1 DTC Mode REGISIEr A (MRA) ..ottt sttt sttt 727
20.2.2 DTC Mode RegIiSter B (MRB) ...t 728
20.2.3 DTC Transfer Source REgISter (SAR) ..o 729
20.24 DTC Transfer Destination Register (DAR) ..ot 729
20.2.5 DTC Transfer Count ReGIStEr A (CRA) ..eooieieceeeee sttt st 730
20.2.6 DTC Transfer Count RegiSter B (CRB) .....ccocieiiriieiiseetc et nne s 731
20.2.7 DTC Control ReQIStEr (DTCCR) ....cceeueeieriesiesierieseeseseeseeeeseeresesse e stes e saessessessessesessessesssssesses 731
20.2.8 DTC Vector Base RegiSter (DTCVBR) ..ottt 732
20.2.9 DTC Address Mode Register (DTCADMOD) .....coviiiiiirininienirienesiesesie et 732
20.210 DTC Module Start REGISLEr (DTCST) ..vviiireriririesieesieisieeee e e ettt ste et sessesessenenes 733
20.211  DTC Status REGISIEr (DTCSTS) .iuveuirieirieiririiisiisesesesie ettt se sttt et se s ssssesaens 734
20.3 REQUEST SOUITES ...iiiiiiiiiie ettt e ettt e s e e e e e e e e e e e aban s e et eetba s e e e eestbaneeeaaens 735
2031 Allocating Transfer Information and DTC Vector Table ..o 735
20.4 (0] 0= =11 o] o KSR PPRRPT 737
204.1 Transfer Information Read SKip FUNCHION ........ccoviiriie e 739
204.2 Transfer Information Write-Back SKip FUNCLION ..o 740

20.4.3 NOIMEA TrANSIEN MO ...ttt ettt e s et e e st e e s eae e s saeeesabeseseseesssreeesabensanes 741



21.

20.4.4 Repeat TranSfer MOUE ........ccueeieieciee et st na et e nne s 742

20.4.5 BIOCK Transfer MOOE ...t 743
20.4.6 Chain TIANSFEN ..ottt n s 744
204.7 OPEFatioN TIMING ..eveverietereeeereee sttt b et b e eb e s e b e e e b e e bbb e s enennenas 745
204.8 Execution CycleS Of the DT C ......ccciiiiiiereeerieereese ettt s 748
204.9 DTC Bus Mastership REIEaSe TIMING ......cccoiiiiiiiiinieineseeeresie ettt 748
20.5 (D OB T= 11 gV o o Tot =T (U] RSP 749
20.6 EXAMPIES Of DTC USAQE ..eeiiiiitiiiieeiitiiie ettt ettt ettt e sttt e e e s bbbt e e e st e e e e s sabbeeee e 750
20.6.1 NOIMEL TIBNSFEN ..ttt ettt r e er s sn e renen 750
20.6.2 ChaiN TIANSFEN ..ottt nen s 750
20.6.3 Chain Transfer When the COUNLEr iSO ..o s 752
20.7 INEEITUDPE SOUICE ...ttt ettt et e e e e e e e e e e e e e e e e s e e s eeees 753
20.8 EVENT LINK .ottt b et 753
20.9 Low Power Consumption FUNCLION .........cooiiiiiiiiiiiiiiiii et 754
20.10  USAQE NOTES ...iiiiiiiiiii ettt e e e e et b e e e et e e r e e e e et b a e e a e e e 755
20.10.1  Start Address of Transfer INFOrMation .........c.coeeeerenrerese e 755
20.10.2  Allocating Transfer INFOrMELION ..........cocciiiiiiieiee et et 755
20.10.3  Setting the DTC Transfer Request Enable Register in the Interrupt Controller
(ICU.DTCERN) ..ttt sttt se sttt et b ket b ket se bttt bbbt ne et 756
Event LiNK CONIOIEr (ELC) .....ooiiiiiiiiei ettt ettt et e e e e e 757
21.1 OVEBIVIBW ..ttt ettt et e e e e o4 oo s ot b b ettt e e e e e e e e e e e s nabbbbs e e e e aeaaaeeesaaasnnbbsbeeeaeeaaaannn 757
21.2 =T oIS (= g B LT Yol o] 1o ) g PSS 758
2121 Event Link Control RegiSter (ELCR) ......coiioiiieeeeeseerene et s 758
21.2.2 Event Link Setting Register n (ELSRn)
(n=0,3,4,7,10t0 13, 15, 16, 1810 28, 33,3510 38, 41 t0 45) .....eseevererirerrrreeererere e 759
21.2.3 Event Link Option Setting Register A (ELOPA) ..o ieeie ettt 765
21.2.4 Event Link Option Setting Register B (ELOPB) ......ocveoveieererese e secseeeeseesesse e seesee e e 765
21.25 Event Link Option Setting Register C (ELOPC) ......coooiieiriienieesienesie e 766
21.2.6 Event Link Option Setting Register D (ELOPD) .....c..ccoieireireeriee e 766
21.2.7 Event Link Option Setting Register F (ELOPF) ... 767
21.2.8 Event Link Option Setting Register H (ELOPH) .......ooeeieiiceceeeceeese e 768
21.29 Event Link Option Setting Register | (ELOPI) ......ooov e 768
21.2.10 Event Link Option Setting Register J(ELOPJ) .....c..ccvvvvieeresesereseseeseeseeese e see e sneseseeseens 769
21.2.11 Port Group Setting Register N (PGRN) (N =1, 2) oot 770
21.2.12 Port Group Control Register N (PGCN) (N =1, 2) .ot 771
21.2.13 Port Buffer Register N (PDBFN) (N= 1, 2) oot 772
21.2.14 Event Link Port Setting Register m (PELM) (M=0103) ...cccovieverierieeere e 773
21.2.15 Event Link Software Event Generation Register (ELSEGR) .........cccccevvvvevvciese e 774
21.3 (0] 0= =10 o PRSP 775
2131 Relation between Interrupt Handling and Event Linking .........ccocoooeviiineieieininene e 775
2132 Y| T 01 o = T 776

21.3.3 Operation of Peripheral Timer Modules When Event Signal iSInput ........cccceeeeeveveevecieenee, 777



21.34 Operation of A/D and D/A Converters When Event Signal iSTnpUt .........cccoeeevvieeveieeiiennenns 777
21.35 1/0 Port Operation When Event Signal is Input and Event Generation ...........cccceceveeevrieienenns 777
21.3.6 Example of Procedure for LinKing EVENLS ........cccccvviiiiiiinieneseseeses e s 781
21.4 USAQGE NOLES ... e e e e et et e e e e e n e e 782
214.1 Setting ELSRN REQISIEN ......cuviieiiieeieiietirieieste ettt senennenas 782
21.4.2 Setting Bit-Rotating Operation of OUtpuUt POrt GrOUPS .........cccevrererienesieseeseeeeseseseeseseeseenes 782
21.4.3 Linking DMA/DTC Transfer End Signal aS EVENL .......ccccceveveereeieeieece e 782
2144 ClOCK SELINGS ...ttt ettt b bbb b e bbbttt bbb neneenis 782
2145 Module SOP FUNCLION SEIING .....coveieiieiieeeieieesies et e 782
2 1@ I = o T4 (= PR 783
22.1 OVEBIVIBW ...ttt ettt ettt e e e e e e e e ottt ettt et e e e e e e e e e e nnteeteeeeeaeaeaeeesaasnnbenseeeeeeaaaannn 783
22.2 7@ =0T o] o1 T [0 =\ 4o o ISR 785
22.3 ReQIStEr DESCIIPLIONS ...oiiiieiii ittt e et e e e e e e e e e et bbb e e e e e e e e e e e e e e e nnnnreeaeeas 789
2231 Port Direction REQISLEr (PDR) ......cviviiriirierieseereeseereeestesese e ste e e sse e saesaessesesseesessessesssssesees 789
22.3.2 Port Output Data RegiSter (PODR) ......ccccveirieiereriereeseeeseseeestestessesresesaesssssssaeseesessessessessens 790
2233 Port INpuUt REGISLEN (PIDR) ..ottt sttt s s st eb s b e s snene 791
2234 Port Mode REGISLEr (PIMR) ..ottt sttt be s senens 792
2235 Open-Drain Control Register O (ODRO) ....cc.oiuiieiieieeeeeeeee et 793
22.3.6 Open-Drain Control Register 1 (ODRL) .....cccoccieieieeiesieeie ettt sre e ste e s e e nre e 794
22.3.7 Pull-Up Resistor Control REQISLEr (PCR) .....ccveviieeie ettt 795
22.3.8 Drive Capacity Control RegISter (DSCR) ....ccccvererierieeeeeeresestesieseseesaeaesesessessessessessessessens 796
22.4 Handling of UNUSEA PINS ......oouiiiiiiiiii ettt sbenee e e 797
225 USBOE NOLES ... e e e e et ettt e ettt ee e e ee bbb e e e e e e e e e e e aeeeee et eeeneraennene 797
2251 Note on the Port Direction REQIStEr (PDR) .....cccoieieieieeieerese e seens 797
23.  Multi-Function Pin Controller (MPC) ..o e e e e e e e 798
231 OVEBIVIBW ...ttt e e ettt e e e e e e e e s sttt et e et aeeesesas s nntbeeaneeeaeaeeeeesannsnstenneeeeeeannnnnns 798
23.2 YT RS (T B LT ox o] (o S 816
2321 Write-Protect REGISIEr (PWPR) .......oiiiiieiieiiees ettt 816
2322 POn Pin Function Control Register (PONPFS) (N=010 3,5, 7) .o 817
2323 P1n Pin Function Control Register (PLINPFS) (N=0107) .ooceiiiiieiereeeeerereeese e 818
23.24 P2n Pin Function Control Register (P2NPFS) (N =010 7) ovecevieeecicece et 820
23.25 P3n Pin Function Control Register (P3NPFS) (N =01t04) ...occceveecieeeeece e 821
23.2.6 P4n Pin Function Control Register (PANPFS) (N=0107) vvovvceveverereereeeseseete e seeseeseneeneens 822
23.2.7 P5n Pin Function Control Register (PSNPFS) (N=0102, 410 6) ..ooceevererririeereeereeesieeeee 823
2328 P6n Pin Function Control Register (PBNPFS) (N=10, 6, 7) ..vcovveiereririeereerieese e 825
2329 P7n Pin Function Control Register (P7NPFS) (N=1107) oooiiiiiierereeeeereneeese e 826
23.2.10 P8n Pin Function Control Register (P8NPFS) (N =010 3,6, 7) ccccceecvverieveeieeeee e 827
23.2.11 P9n Pin Function Control Register (PONPFS) (N =010 7) ..eceveerieceeeeeereeeeee e e 828
23.2.12 PAnN Pin Function Control Register (PANPFS) (N =010 7) .occcvvvvieveveseeeeeeeseee e 829
23.2.13 PBn Pin Function Control Register (PBNPFS) (N = 010 7) ...ooeevierererrerereese e 830
23.214  PCn Pin Function Control Register (PCNPFS) (N =010 7) ..ccvvveerieiereiriecnieeseese e 832



23.2.15 PDn Pin Function Control Register (PDNPFS) (N =010 7) ...cccocevevierieeeesteeeere e 833
23.2.16 PEnN Pin Function Control Register (PENPFS) (N =010 7) .ovovvevvvveve e e e see s 834
23.2.17 PFn Pin Function Control Register (PFNPFS) (N =010 2, 5) .ocovceveveeeeeeeeesese e seese e 835
23.2.18 PGn Pin Function Control Register (PGNPFS) (N =010 7) oo 835
23.2.19 PJn Pin Function Control Register (PINPFS) (N =3,5) ..o 836
23220  CSOutput Enable ReGISIEr (PFCSE) ......cooiiiiiiiieiriees sttt 837
23221  CSOutput Pin Select Register 0 (PFCSS0) ....c.covvvrveeerirerinieeresisieieesesieieee s sessesns 838
23222  CSOutput Pin Select Register 1 (PFCSSL) .....coovvvrererererrereenesesieseesesse e sessesens 839
23223  Address Output Enable Register 0 (PFAOED) ......cccvoviieireireeerese e 840
23.224  Address Output Enable Register 1 (PFAOEL) .....ccocviirrinieinieeree e 841
23.2.25 External Bus Control Register O (PFBCRO) ......c.coeireirieiriee ettt 842
23.2.26 External Bus Control Register 1 (PFBCRL) ......cccocivieirieirieesiee et 843
23.2.27  Ethernet Control RegIStEr (PFENET) ....ccociiiiiirreicere sttt s 844
23.3 How to Set the External Bus INtErface ..........ccccviiiiiieiiiii i 845
23.4 USAGE NOTES ...ttt e et e e e e e e e s et e et e e e e e e e a e 848
234.1 Procedure for Specifying Input/Output Pin FUNCLION .........ccccvveiiieie e 848
23.4.2 NOtes 0N MPC REQISLEr SEHING ...veveeeeeereeie e st seeee et ae e e e ese e enesreneas 848
2343 Notes on the Use of ANalog FUNCHIONS ........cooviiriiinierne e 849
24.  Multi-Function Timer Pulse Unit 3 (MTUS3A) ......ccccciiiiiiiiiiiiieee s ccciiinnre e e e e e e e e e e s s e s snnnnerneaeaee s 850
241 OVEBIVIBW ..ttt et e e e e e ettt e e e e e e e e e e s ee et ee et e et eeeeeeeas s nststaneeeeeaeeeesssannsnsnnnnnneneeannannns 850
24.2 REQIStEr DESCIIPLIONS ....iiiii e e e e e e e e et e e e e e a e e s e s e aaeaaeaeas 856
2421 Timer Control REJISIEr (TCR) ...cueiuiiiiirieirie et 856
2422 Timer Control REGISIEr 2 (TCR2) ...oeciiiiiiiiiiriereeeree ettt 858
2423 Timer Mode RegISter 1 (TMDRL) ..ottt 862
24.2.4 Timer Mode Register 2m (TMDR2M) (M= A, B) woovioieeeceee et 864
2425 Timer Mode RegisSter 3 (TMDR3) .....cuiiiiiiiririeieeesisie ettt 865
24.2.6 Timer 1/0 Control REGIStEr (TIOR) .....ocveiieieieeeieeese e e et s e e s e e eresne s 866
2427 Timer Compare Match Clear Register (TCNTCMPCLR) ....ocoviiviniiineseeese e 883
2428 Timer Interrupt Enable RegIStEr (TIER) .....cooviiieiriiireerer e 884
24.2.9 Timer StatuS REGISIEr (TSR) ..vcviieiirieirieeree e 887
24210  Timer Buffer Operation Transfer Mode Register (TBTM) ...ccovivirineneneieereee e 888
24211  Timer Input Capture Control Register (TICCR) .....ooiiiieiiiiseeeeere e 889
24212  Timer Synchronous Clear RegIStEr (TSYCR) ...ccvoeveeieerecesese et 890
24213  Timer COUNLEr (TCNT) ooiiiiieiiietiriee ettt bbbttt 891
24214  Timer Longword Counter (TCNTLW) ..o 892
24.2.15 Timer General Register m (TGRm) (m=A,B,C,D,E,F,U,V,W) ..o 893
24216  Timer Longword General Register m (TGRMLW) (M= A, B) coccriiiiiniii e 894
24217  Timer Start Registers (TSTRA, TSTRB, TSTR) ....ccoiiiiiierriseenesisieee e 895
24.2.18  Timer Synchronous Register m (TSYRM) (M =A, B) .ooov oo 897
24219  Timer Counter Synchronous Start Register (TCSY STR) ...covevvieineienieirenieesees e 899
24220  Timer Read/Write Enable Register m (TRWERM) (M= A, B) .o 901



24221  Timer Output Master Enable Register m (TOERM) (M =A, B) ..cooeeoeiieieceeeeeece e, 902
24222  Timer Output Control Register 1m (TOCRIM) (M=A, B) ceoeoeeeere e 904
24223  Timer Output Control Register 2m (TOCR2M) (M= A, B) crooeeeeeeere e 906
24224  Timer Output Level Buffer Register m (TOLBRM) (M= A, B) oo 909
24225  Timer Gate Control Register A (TGCRA) ..ottt 910
24226  Timer Subcounter m (TCNTSM) (M= A, B) oo 911
24.2.27  Timer Period Data Register m (TCDRM) (M= A, B) oooi i 911
24228  Timer Period Buffer Register m (TCBRM) (M= A, B) oooeieieeeeeeere e 912
24229  Timer Dead Time Data Register m (TDDRM) (M= A, B) .ooeveieceeire e 912
24230  Timer Dead Time Enable Register m (TDERM) (M = A, B) oo 913
24231  Timer Buffer Transfer Set Register m (TBTERM) (M= A, B) oo 914
24232  Timer Waveform Control Register m (TWCRM) (M = A, B) oo 915
24.2.33 Noise Filter Control Register n (NFCRN) (N =0104, 6, 7,8, C) ..ccevvririeieireeineeenesenieniens 917
24.2.34  Noise Filter Control RegISter 5 (NFCRD) .....cceiiiiiieiieieceee ettt s 919
24235  Timer A/D Conversion Start Request Control Register (TADCR) .....coccvevvvvevevevceeeeeeeees 920
24236  Timer A/D Conversion Start Request Cycle Set Register m (TADCORm) (m=A, B) .......... 924
24.2.37  Timer A/D Conversion Start Request Cycle Set Buffer Register m (TADCOBRm)
(MUZ A, B) oot s s sses s es s s e s s ss s aes s essesses s eessnenesanssnees 924
24238  Timer Interrupt Skipping Mode Register m (TITMRM) (M= A, B) .ooviiiinrieeeeeeee 925
24.2.39  Timer Interrupt Skipping Set Register 1m (TITCRIM) (M=A, B) oo 926
24240  Timer Interrupt Skipping Counter 1m (TITCNTIM) (M=A, B) oo 928
24241  Timer Interrupt Skipping Set Register 2m (TITCR2M) (M=A,B) ooveoe v, 930
24.2.42  Timer Interrupt Skipping Counter 2m (TITCNT2M) (M=A, B) ccoocvvcv i 932
24.3 L0 0= =110 o PRSP 934
2431 BaSIC FUNCLIONS ... .ottt ettt bbbt bbb bbbt ne e ebesaesnesbenas 934
24.3.2 SYNCHrONOUS OPEIELION .....eoviceiieiieiieie ettt st e e e st e ereesaesaeesreeaesreenaesseenaenrenns 940
24.3.3 211 1= GO o< - 1 oo S 942
2434 (@2 5o 0 (=0 (@] 1= - 1o o S 946
24.35 PWIM IMIOOES ...ttt sttt sttt ettt st e e e b et s be e be s be e aesaeesbesbeenbeebaenbesaeenbesaeensesais 951
24.3.6 Phase COUNtING MO ..ottt ettt sae e sae e nean 956
24.36.1 16-Bit Phase Counting MOOE ........cccooiiiiinieieireee ettt see e 956
24.3.6.2 Cascade Connection 32-Bit Phase Counting Mode ...........ccocevveieneciese e 967
24.3.7 Reset-SynchroniZEd PWIM IMOTE ......ccveeeeeeeciesie ettt st e snennes 970
24.3.8 Complementary PWIM IMOOE .....c..ooveieeeececere st ste s eee e ere s e sae e seesessessesnesneneen 973
24.3.9 A/D Conversion Start Reguest Delaying FUNCHION ........ccoiiiniinniceeceeeeseesee s 1015
24310  Synchronous Operation of MTUO to MTU4, MTUG, and MTUT7 ......ccooiiiiiiiieineeeeeen, 1021
24311 External Pulse Width MEasUremMent ...........ooooeieiriiiie et 1024
24.3.12 Dead Time COMPENSALION ......ccuiiueeiiiieeiie e see e s e e et sreesae e ste s e e sressaestesaeesbeenaenseennennas 1025
24313 TCNTU, TCNTV, and TCNTW Capture at Crest and/or Trough
in Complementary PWM MOGE ......ccccueiriiiiiise ettt nrenne s 1027
P 7 \ (o T = | = gl W Lo o PRSP 1028

24.4 INTEITUPLE SOUICES ...t e e e e e e et e ettt e et e et e bbbt e e e e e e e e e e e aaaaaaas 1029



24.4.1 Interrupt SOUrces and PrioritiES .......ccceiivieiicieieseese et ae e ae e eneens 1029
24.4.2 DTC/DMAC TIiQOEr SOUICES ...uvvuvreesierieseeseesseseeseeseesessessessessessessessessessssssssssessessessessessessessens 1031
2443 A/D CONVEIEr THIQOEN SOUICES ...cuveuveueeieeteeresteseestesteseeseesseseessessesessessessessessessessensessessessnsessenns 1032
245 (@1 =1 i o T N N 0011 o HUS PP PP PRPT 1034
2451 7o 1017 @ U1 10 i o 11 o S PSPSS 1034
245.2 Interrupt SIgNal TIMING ..oocveeeeeeeeceere et se e e e e e eseeseesesrenreneenes 1040
24.6 USBGE NOLES ..ottt sttt e et e e e e ettt e e e et eean e e et eeebaa e e e e e aanbnaeeeaae 1043
246.1 Module StOp FUNCLION SEHING .....coeeuereeieieiriese e s 1043
24.6.2 Count ClOCK RESIIICLIONS ......coveiirieireisreisreee st en e nne e 1043
24.6.3 o) C= X0 gl == 0o S 1] o S 1043
24.6.4 Contention between TCNT Write and Clear OPerations ..........cccevvvresereseeseesesesseesesseseneens 1044
24.6.5 Contention between TCNT Write and Increment Operations ..........c.cooeeveereeensenesenenenens 1044
24.6.6 Contention between TGR Write Operation and Compare MatCh .........c.cccceveveerncnnieneenens 1045
24.6.7 Contention between Buffer Register Write Operation and Compare Match ..........cc.ccceveueneee 1045
24.6.8 Contention between Buffer Register Write and TCNT Clear Operations ..........cccoeeeeereereneene 1046
24.6.9 Contention between TGR Read Operation and Input Capture ...........ccceveveveerencesieeienieseneens 1046
24.6.10  Contention between TGR Write Operation and Input Capture .........cccceeeveeveeveeverceeereseseennn 1047
246.11  Contention between Buffer Register Write Operation and Input Capture ...........ccoceeeveeennne 1048
24.6.12  Contention between MTU2.TCNT Write Operation and Overflow/Underflow
iN CaSCAOEH OPEFALION .....cverieiirieierieiereee ettt bbbt sttt ettt e 1049
24.6.13  Counter Value When Count Operation is Stopped in Complementary PWM Mode ............. 1050
24.6.14  Buffer Operation Setting in Complementary PWM MoOdE ........ccoooviieneieieieineeeee e 1050
24.6.15  Buffer Operation and Compare Match in Reset-Synchronized PWM Mode ...........ccccoceeeee. 1051
24.6.16 Overflow in Reset-Synchronized PWM MOCE .........c.ccveieiieiiceese e 1052
24.6.17  Contention between Overflow/Underflow and Counter Clearing .........ccococevevereeniecrncnenes 1053
24.6.18  Contention between TCNT Write Operation and Overflow/Underflow ..........ccoceevivneennee 1053
24.6.19 Note on Transition from Normal Mode or PWM Mode 1 to Reset-Synchronized PWM
1Y/ oo S 1054
24.6.20  Output Level in Complementary PWM Mode and Reset-Synchronized PWM Mode .......... 1054
24.6.21  Simultaneous Input Capturein MTULTCNT and MTU2TCNT in Cascade Connection .... 1054
24.6.22 Interrupt SKIpPING FUNCLION 2 ..ot e 1055
24.6.23  Notes When Complementary PWM Mode Output Protection FunctionisNot Used ............ 1055
24.6.24  Notes Regarding Timer Counter (MTUS.TCNT) and Timer General Register
(MTUS.TGR) eooooveeeeeeeeeeeeeeeeeeeeesees s s ees s sessses s ssssssses s sssssessns s sesssesses s sssnssnns 1055
24.6.25 Notes to Prevent Malfunctionsin Synchronous Clearing for Complementary PWM
1Y/ o o L= SR 1056
24.6.26 Notes on Timer Mode Register Setting for ELC Event INPUL ... vereceeieceeenene 1057
24.6.27  Continuous Output of Interrupt Signal in Response to a Compare Match ...........cccceeerenuenne. 1058
24.6.28  Usage Noteson A/D Conversion Start Request Delaying Function in Complementary
PWIM IMOOE ..ottt st n e 1058
24.7 MTU Output Pin INItIANTZALION ......oiiiiiiiiieiii e 1060
2471 OPEratiNG IMOUES ......eeiiiiiteeie ettt ettt b e et b et e b b e b e e e e e e e eaesaeene s 1060
24.7.2 Operation in Case of Re-Setting Due to Error during Operation ............ccoeeerereenecieeieniennens 1060



24.7.3 Overview of Initialization Procedures and Mode Transitions in Case of Error

Lo 8T aTo @] 7= 1 o] o O 1061

24.8 Operations LiNKed by the ELC .......coooiiii it ee e a e e e e st aran e e e e e e e 1087
2481 Event Signal OULPUL tOthE ELC ..o s 1087
24.8.2 MTU Operations in Response to Receiving Event Signals from the ELC ............ccccccoenee. 1087
2483 Usage Notes on MTU Operation by Event Signal Reception from the ELC ............c.cccc...... 1088
Port Output ENADIE 3 (POESBA) ....uutiiiiiiiiiaaaiiii ittt e e e e e e e e et eeeeaaaaaeeeeaees 1089
25.1 OVEIVIEW ...eteiiie ettt ettt e e e ettt e e e e ettt e e e e eh bt e e e e e bbbt e e e e anbbeeaeeeanbbeeeeeasbbeeeeeansbaeeanneees 1089
25.2 REQIStEr DESCIIPLIONS .....itiiiieeiiie ettt e e et e e s asb b e e e s anbneee s 1092
25.2.1 Input Level Control/Status Register 1 (ICSRL) ......cocvvieieiiereceee e 1092
25.2.2 Input Level Control/Status RegiSter 2 (ICSR2) .....cccvvcvveverieresierese e 1093
25.2.3 Input Level Control/Status RegiSter 3 (ICSR3) ....ccveevevivire e seereeee e 1094
2524 Input Level Control/Status ReGIStEr 4 (ICSRA) ..ot 1095
2525 Input Level Control/Status Register 5 (ICSRS5) ....ccoeiiiiiiiieie e 1096
25.2.6 Input Level Control/Status Register 6 (ICSRB) .......cceveieiiriie e 1097
25.2.7 Output Level Control/Status Register 1 (OCSRL) ....ccveveeveeeieereseese e 1098
25.2.8 Output Level Control/Status Register 2 (OCSR2) ....ccccveeeeresesiesesiesiesieseeseesesesseeesseseesnens 1099
25.2.9 Active Level Setting REGISIEr 1 (ALRL) ...ooveieeceee ettt 1100
25210  Software Port Output Enable Register (SPOER) .......c.cccveiriiriiireirieereeseeseesesesieeeas 1102
25211  Port Output Enable Control Register 1 (POECRL) .......ccooeireeriririeerieerieeseeesieesieseseeeeeas 1104
25.2.12 Port Output Enable Control Register 2 (POECR2) ........ccoeireineiirieesieese e 1105
25.2.13 Port Output Enable Control Register 3 (POECRS3) .......ccoovieeveiieseciee et s 1107
25.2.14 Port Output Enable Control Register 4 (POECRA) ..o ieeieceseceee et 1108
25.2.15 Port Output Enable Control Register 5 (POECRDS) ......ccovvvvievivise e 1110
25.2.16 Port Output Enable Control Register 6 (POECRB) ........cccoceirieirieinieerieesiesesie e 1111
25217  GPTO Pin Select REGIStEr (GOSELR) .......vvueveeereeeeeieseeeeeseeseseesssseessesssesessesssssesssesssesssnssanes 1113
25218  GPT1Pin Select Register (GLSELR) ....cooiciiiiiiieiiieteistes et 1114
25219  GPT2Pin Select Register (G2SELR) ....c.ooviiviiieiiisieisiees e 1115
25220 GPT3Pin Select Register (G3SELR) ....cooviiiiiiiieiiisieisies et 1116
25221  MTUOPIN Select Register 1 (MOSELRL) ......ccoveiviiirieirircniisieesesesieesie e 1117
25222  MTUO Pin Select Register 2 (MOSELRY) ........ovvureeeeeeeeeeeeseiesesseessssessesssesssssssssssssssssnseens 1118
25223  MTU3Pin Select ReGiSter (M3SELR) .......vvurvveceeeeseeeseseseeseesiessssssssessesssssssssssssssssesssnssenns 1119
25224  MTU4 Pin Select Register 1 (MASELRL) ......covvveivieirieiieisiesee s 1120
25225 MTU4 Pin Select Register 2 (MASELR2) ......cooeiveirieiieisieisieesiees e 1121
25226  MTU/GPT Pin Function Select Register (MGSELR) .....cccoovivininieirncsieeseesie s 1122
25.3 (0] 0= = 110 o USSR 1123
2531 MTU/GPT PiN SEIECHON ...ouvcviicieicietee ettt sttt st s sa e et e 1130
25.3.2 INput-Level DeteCtion OPEraion .........cccccererirerene et sb b 1131
2533 Output-Level Compare OPEFaLiON ........coeererirenerie et sre e e se e e sae e sne s 1132
25.34 High-Impedance Control USINg REJISLEIS .......ccvciuevieieieire st 1133

2535 High-Impedance Control through Detection of OsCillation Stop .......cccoceveeveierneneeneeee 1133



25.3.6 Additional Functions for High-Impedance COontrol ............cccocveveieeie e 1133
25.3.7 Recover from High-Impedance SEate ..........ccocvvoviiieii i s 1133
25.4 POE3 Setting PrOoCEAUIE .....ccceiiiiiiiiieie ettt e e e e e e e e s e s e e e e e aaeeesesannnnnrnnes 1134
255 L1 (=] ¢ (U] o PSP UUUP PR RPPPPP 1134
25.6 L LTV = N[0 (= P 1135
25.6.1 Transition to Low Power Consumption MOGE ........cc.ooeireriiririne e 1135
25.6.2 High-Impedance Control When the MTU and GPT Pinsare Not Selected ...........ccccevenes 1135
25.6.3 When the POE3ISINOt USEA ..o 1135
26.  General PWM TimMer (GPTA) .ottt ettt e e e e e e e e e bbb e bt e et e e e e e e e e e e s aannnrbeeeeas 1136
26.1 L@ =T YT PO PPRPR 1136
26.2 ReQIStEr DESCIIPLIONS ..ciiiiiiiiiiiiet ettt e e e e e e e e e et e e e e e e e e e e e e e e nbnbeeneeeas 1141
26.2.1 General PWM Timer Software Start Register (GTSTR) ..ovevvveeeirieeniecrieeneeseesie e 1141
26.2.2 Noise Filter Control RegISter (NFCR) ......coovivieiererieseeseeeesese st seesee e seessenseneeessessesseens 1142
26.2.3 General PWM Timer Hardware Source Start/Stop Control Register (GTHSCR) ................. 1144
26.2.4 General PWM Timer Hardware Source Clear Control Register (GTHCCR) ......ccccoeeeveeee 1146
26.25 General PWM Timer Hardware Start Source Select Register (GTHSSR) ......cceveveccnicnennne 1148
26.2.6 General PWM Timer Hardware Stop/Clear Source Select Register (GTHPSR) ................... 1149
26.2.7 General PWM Timer Write-Protection Register (GTWP) ......cccvvvvvvinieereereese s eese e 1150
26.2.8 General PWM Timer Sync RegISter (GTSYNC) ..ocvciceeicere e seereeae s see e e 1151
26.2.9 General PWM Timer External Trigger Input Interrupt Register (GTETINT) ...cccoeveverenienene 1152
26.210  Generd PWM Timer Buffer Operation Disable Register (GTBDR) .....ccccceveerecrecriecnines 1153
26.211  General PWM Timer Start Write-Protection Register (GTSWP) ......ccooeieieieneeeeeeeeeee, 1154
26.2.12 Genera PWM Timer 1/0 Control Register (GTIOR) ......ocveviiieeie e 1155
26.2.13 Genera PWM Timer Interrupt Output Setting Register (GTINTAD) ..occvecvveeveceeeceee 1158
26.2.14  Genera PWM Timer Control REGISEr (GTCR) ..c.eovveeeireie e seese e seeeee e 1160
26.215  Generad PWM Timer Buffer Enable Register (GTBER) ......cocvveiriiiniicrirceseescsiees 1162
26.216  Genera PWM Timer Count Direction Register (GTUDC) .......coevvirreneneneereeneesieeneees 1164
26.217  Genera PWM Timer Interrupt and A/D Converter Start Request Skipping Setting Register
(L1 1 TSSO 1165
26.2.18  General PWM Timer Status REQISLEr (GTST) ...ooveiieeiriiririeieeririeieere s 1167
26.219  General PWM Timer Counter (GTCNT) ..oovireeririnieieinirisieiee e es 1168
26.2.20  Genera PWM Timer Compare Capture Register m (GTCCRmM) (IM=At0F) ..ccccceevvvreenen. 1168
26.221  Generad PWM Timer Period Setting Register (GTPR) ...co.ovveirieiririereeenes e 1169
26.2.22  Genera PWM Timer Period Setting Buffer Register (GTPBR) ..o 1169
26.223  Genera PWM Timer Period Setting Double Buffer Register (GTPDBR) ......c.cccveevieeiee. 1169
26.2.24  A/D Converter Start Request Timing Register m (GTADTRM) (M =A,B) ..ccccocevnvvenenn. 1170
26.2.25  A/D Converter Start Reguest Timing Buffer Register m (GTADTBRm)
(M2 A B bbb bbbttt 1170
26.2.26  A/D Converter Start Request Timing Double Buffer Register m (GTADTDBRmMm)
(M2 A B bbb 1170
26.2.27  General PWM Timer 