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

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

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

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

(Note1) “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 I/O 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|4 (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 V| (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. Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and
electrical characteristics of the MCU. It is intended for users designing application systems incorporating
the MCU. A basic knowledge of electric circuits, logical circuits, and MCUs is necessary in order to use
this manual.

The manual comprises an overview of the product, descriptions of the CPU, system control functions,
peripheral functions, electrical characteristics, and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes can
be found within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions.
Refer to the text of the manual for details.

The following documents apply to the RX66N Group. Make sure to refer to the latest versions of these
documents. The latest versions of the listed documents are available from the Renesas Electronics
website.

Document Type Description Document Title Document No.
Datasheet Hardware overview and electrical characteristics| RX66N Group Datasheet RO1DS0344EJ
User's Manual: Hardware specifications (pin assignments, RX66N Group This User’s
Hardware memory maps, peripheral specifications, User’'s Manual: manual

electrical characteristics, and timing charts) and | Hardware
operation description

Note: Refer to the application notes for details
on using peripheral functions.

User's Manual: Description of CPU instruction set RX Family R0O1US0316EJ
Software RXv3 Instruction Set
Architecture

User’s Manual:
Software

Application Note | Notes on Printed Circuit Board Patterns RX Family RO1AN1411EJ
Hardware Design Guide

Information on using peripheral functions and Available from Renesas Electronics website.
application examples
Sample programs

Renesas Product specifications, updates on documents,
Technical Update | etc.




2. Notation of Numbers and Symbols

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

XXX ... Register

Address(es): xxxx xxxxh

b7

b6 b5 b4 b3 b2 b1 b0

[1:0] A = =] = .0

Value after reset: X

0 0 0 0 0 0 0

x: Undefined
Bit Symbol Bit Name Description Ri
bo L0 L 0: e 3) ﬁ @
@ 1:(Seting prohibited )
b3tob1 — (ReservetD, These bits are read as 0. The write value should be 0. R/W
b4 LA 0: ... R
1
b6, b5  ..[1:0] ... 00: ... (3) R/(W)1
é;ttlngs 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.




3. 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/0 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
SFR Special Function Registers
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver / Transmitter
VCO Voltage Controlled Oscillator




Contents

FRATUIES .ot e e e e et e e e et e e e et e e e e e e e 70
1. OVEIVIEW .ttt ettt et e e o h et e e £ e s b et e e e e oa b et e e e e bbbt e e e e e a b et e e e e et e e e aabeeeeeennneee 71
1.1 OULliNE Of SPECITICATIONS ....veuvieiieiieiieitieie ettt ettt ettt s et et e st et e ese et e eneesaeeneenseeneesneennens 71
1.2 LSt OF PTOAUELS ...ttt ettt e b e bt sttt eae bt be e 84
1.3 2] [0Te) QBT Ve - s o LTRSS 86
1.4 PN FUNCHIONS .ttt bbbttt ettt b bbb sttt se bbb e 87
1.5 PN ASSIZNIMEILS ...ueetiiiiitieieetiete ettt ettt ettt e bt et et e st e e ae et e eaeeneesseeeesheemteeseenseseeneenneeneeneeenean 95
1.5.1 224-Pin LFBGA ..ottt bbbttt 95
1.5.2 TT76-Pini LFBGA ..ottt ettt s bbb sb et s sa s steesessessebeseneeneaseesens 96
1.5.3 176-Pint LEQFP ..ottt sttt 97
1.5.4 T45-Pin TELGA ..ottt ettt sttt s e st st et e sestesa s esse s e s eneeneeneeseeneees 98
1.5.5 T44-Pin LFQEP ...ttt ettt ettt e b e bt et et be e et et ene s e 99
1.5.6 TO0-Pin LFQEP ...ttt ettt b et ettt e s e sttt besbe e e e eneenes 100

1.6 List of Pin and Pin FUNCLIONS .....couoiiiiiiiiiiiiiee ettt st 101
1.6.1 224-Pinl LFBGA ...ttt ettt ettt n et ae et e et e neeneenas 101
1.6.2 L76-Pin LEBGA ..ottt ettt ea e st be e et eneeaes 111
1.6.3 176-Pin LFQEP ...ttt ettt ettt e ettt besbe e s enes 119
1.6.4 TAS5-PIN TELGA ..ottt ettt bbb sttt et sbeenes 127
1.6.5 144-Pin LEQEP ..ottt sttt 134
1.6.6 TO0-Pin LFQEP ..ottt ettt st s st 141

2. L7 L SRR 147
2.1 FRALUTES ...ttt et st et s st 147
2.2 RegiSter St OF the CPU ....c.eoiiiiiiieeeece ettt ettt st e e b e et esrbeensbeensaenseesssaen 148
2.2.1 General-Purpose Registers (RO t0 R15) ..covooiiiiiiiiiiiinincecececceese e 149
222 L00) 113 (0] B 2T 15 £ ¢SSR 149
2221 Interrupt Stack Pointer (ISP)/User Stack Pointer (USP) .......ccoccoiiiiiniiiiieieecee, 150
2222 Exception Table Register (EXTB) ..ccccociiiiieiieieeieeie ettt 150
2223 Interrupt Table Register (INTB) ....cc.ocveciiriieiiieiecieeeeeetee et 150
2224 Program Counter (PC) .....cuiiiiiiieiieeiie sttt ettt st bte st esbeeiee e 150
2.2.2.5 Processor Status Word (PSW) ..o s 151
2.2.2.6 BaCKUP PC (BPC) ..ottt sttt eneeneenas 152
2227 Backup PSW (BPSW) ..ttt ettt ettt s sn e e 153
2228 Fast Interrupt Vector Register (FINTV) ...occiiiiieieeiiecieeeeceeteeie et 153
2229 Single-Precision Floating-Point Status Word (FPSW) ....cccovveviiiieieieieeceeeeies 154

223 ACCUIMUIALOT ...ttt eb ettt bbbt ettt ea st b e eb e ebesbe st et ese et eneebeebes 156
2.3 PrOCESSOT MOAE ...ttt ettt et et b e bbbt st st e e ebe e 157
2.3.1 SUPEIVISOT MOAE ....viiiieiieciiieiieette ettt et este et e st e esbeesteessbeessaesssaenseensaesnseesseesnseensaennsesnsens 157
232 USEE MOGE ..ttt ettt eb bbbt bbbt et ne bt enes 157
2.3.3 Privileged INSIIUCLION ....ceivvieiiiiiiieiieiecteeteie ettt ettt e et esteseeesbeetaesbeeseesesseessessnensessesssans 157
2.3.4 Switching Between Processor MOAES .........ccveieiiriieieniieiesieie ettt 157

2.4 DAL TYPES ettt ettt sttt h et b e et h e s a e b e et e bt eh e e bt e bt e eabe e bt e sateen 158



2.4.1 TIEEZET ettt ea ettt e b e et b e st b e h e st e beesateen 158

242 Single-Precision Floating-Point NUMDETS .........ccccoiiiiiiiiieiieieieee e 159
243 BitWiSe OPETAtIONS ...vveevieiieiiieiieitieseestteeteeseeeteesteeeaeesteessseesseessseessaesseessseesssessseesssesssessseens 159
2.4.4 SEEITIZS oeveeurieitieeite ettt et et e et et e et e et estte et e ebtesaaeesbaesebeesseestseesseensaesaseensaessbeenseeesseenbeesaeenneenteas 160
2.5 ENAIAN .ttt bbbt et ebe s 161
2.5.1 Switching the ENAIan ..........ccooiiiiiiiii et 161
252 ACCESS 10 I/O REGISLEIS ...ueeieiieiieie ettt ettt sbeeeeeneas 164
253 Notes 0n ACCess t0 I/O REZISTETS ....cvivveriiiieriiiiieiieieie ettt eese e ete s e saeenseeeas 164
254 Data ATTANZGEMENL ......eovuiiiiieiieeit ettt sttt ettt et e st st e e b b e s beebeesateebeesasesbeeseenaeeens 165
2.5.4.1 Data Arrangement in REGISTETS ......ceccviviieiirieieeieieeteie st ere sttt eseesse e enas 165
2542 Data Arrangement i MEIMOTY ......cecuerieriereieiereeieseeetesteeee st eeee st eeesteeneesseeneesseeneesneenees 165

2.5.5 Notes on the Allocation of Instruction Codes ..........ccceeeeiirieiieiiiniee st 165
2.6 Y <Te1 0 o I 1) [ OSSR SRR 166
2.6.1 EXCeption VECtor TADIE .......ccceeviiiiieiieiiieieiieieet ettt ettt e aeese e aeenaesneesnens 166
2.6.2 INterrupt VEctor TabIe .......ccoooieieiiiiee ettt ettt seeeeee e 167
2.7 Register Bank Save FUNCHON ......oooiiiiiiiiiieie e s 168
2.8 Double-Precision Floating-Point COPIOCESSOL ........ccvivuierierieriierieieeiesteeseensesressessaessesssessesssessensenes 169
2.8.1 FALUIES ...ttt ettt sttt s h et s b et s bt et e e bt et e ebe e st e nae et e naeeeeens 169
2.8.2 Double-Precision Floating-Point Register Set ..........ccocoriiiiiiiiiiiiieieeecee e 170
2.8.2.1 Double-Precision Floating-Point Data Registers (DRO to DR15) ......ccccvveveviieeeiennennen. 170
2.8.2.2 Double-Precision Floating-Point Control REgISters ...........cccevievieiiecienieieeiereeeenee e 170

2.8.3 Data Types (for the Double-Precision Floating-Point COprocessor) .........cc.coceververeriereeeenenne. 175
2.8.3.1 Double-Precision Floating-Point NUMDETS .........cccecverieririieiiieiecieieeeeie e 175

2.8.4 Data Arrangement (for the Double-Precision Floating-Point Coprocessor) .........c.c.ccocervenene. 175
2.8.4.1 Arrangement of Data in the Double-Precision Floating-Point Registers ...........cccc........ 175
2.84.2 Arrangement of Data for Double-Precision Floating-Point Numbers in Memory .......... 176

2.8.5 Switching the Endian (for the Double-Precision Floating-Point Coprocessor) ....................... 177
2.9 Operation Of INSIIUCTIONS ......ecieiiieieiiiierteitesie et ete et ete et esesstesaeseessessaesseessesseessessesssessessenssensenssenns 180
29.1 Restrictions on RMPA and String-Manipulation Instructions ...........ccccecevieveneeienienienenenns 180
2.9.1.1 Transfer Size and Data PrefetChing ...........ccccvvvieiiiieiiiicicecee e 180
2.9.1.2 Access t0 the EXternal SPACE ......cccccvivieiiriieiiiieic ettt 180
2.9.1.3 ACCeSS 10 I/O REGISIEIS ..vevieeiiiieieciicieeiieie ettt ettt sttt ae e sessaensessaensenes 180

2.10 NUMDEIS OF CYCLES ..cuviniiniiiieiieiieiieee ettt ettt ettt ettt b ettt eaens 181
2.10.1 Instruction and NUmMDETs 0Ff CYCIES ......cccvivviriiriiiiiiieiiecie ettt seesaeeaaenre s 181
2.10.2 Instruction and Numbers of Cycles (for the Double-Precision Floating-Point Coprocessor) .. 185
2.10.3 Numbers of Cycles for Response to INtEITUPLS ........ccveevervieieniiriieniieieieeiesieeeesieeee e 186
2.11 USAZE INOLE ..ottt ettt sttt sttt ettt et ettt e et st esnesanesne st e s e beenneeneenes 186
2.11.1 Notes on Self-Diagnosis of the RAM for the Save Register Banks .........cccccceceevvininininennne 186
OPErating IMOAES ......oiiiiiiiiiie ettt e e e ettt e e e e ettt e e e e sttt eeesetbeeeeeesnsaeeeeesansbeeeeenssaeeaenans 187
3.1 Operating Mode Types and SEIECHION ........cccccveriiiieiiiriieieeieieeteie et sre et ssebeessesaeeees 187

32 a1 g D T e ] o130 4 LSS S 188



3.2.1 Mode Monitor Register (MDMONR) ......ooiiiieiiiieiece e s 188

322 System Control Register 0 (SYSCRO) ....oouiiiiiiiieiie e 189
323 System Control Register 1 (SYSCRI) c..ooiuiiiiiiiet e 190
33 Details of Operating MOAES .......c.cceevveriiiiieriieientieterteete st ete st eae e esesbeessesseessesseesaesaeesaesreessessesseenns 191
331 SINGIE-CRIP MOAE ...eeiiieiee ettt ettt et e bttt e st e s e teeneeneeeneenees 191
332 On-Chip ROM Enabled Extended MoOde .........coccuiioiierieiiieieeiecieeeeee e 191
333 On-Chip ROM Disabled Extended Mode .........ccccieiiieiieiiieiiieiiecie e e 191
334 BOOT IMOAE ..ttt ettt et st et st en 191
335 USB BOOt MOGE ..ottt ettt sttt sttt et ebe e 191
3.3.6 Boot Mode (FINE INtEITACE) ...veecveriieiiiieiieiieie sttt ettt s sneennens 192
34 Transitions of OPerating MOAES ..........coervirieieirinininieeee ettt ettt 193
34.1 Operating Mode Transitions Determined by the Mode-Setting Pins ..........cccocvevvivvevievieevennene 193
34.2 Operating Mode Transitions According to Register Setting ..........cccovvevverievieneecieneeieeseenns 194

PN [0 | (TSI ] o= Lo - TP PRR PP 195
4.1 AAIESS SPACE ..ottt ettt ettt et et e ste e b e et e e teese et e e st e st et e seenaeeaeenaenteesaenseeneenes 195
4.2 EXternal AdAresS SPACE .....c.eeiiriiiiiiieieite ettt ettt sttt sttt ettt et b et ae s 197
T B =To 153 Y £ PRSPPI 198
5.1 I/0 Register Addresses (Address OTEr) .......cveeieviiiieriiiierieeieieeieste ettt ere e s e besseesseeneens 200
RS BES .ttt e e e e e e e e e e e a e e 268
6.1 OVEIVIEW .ttt ettt ettt sttt et ea bbbt b e eb e bbbt et e s et ea e eb e e bt e bt eb e e bt e e e st e bt ebeeaeebeenes 268
6.2 REgIStEr DESCIIPLIONS ...uviiieiiitieiitiete ettt sttt ettt st et e bt st e b sstesbeebe et eaeenee 270
6.2.1 Reset Status Register 0 (RSTSRO) ..ooovieiiiiiieie ettt 270
6.2.2 Reset Status Register 1 (RSTSRI) oot 272
6.2.3 Reset Status Register 2 (RSTSR2) ..oouiiiiii e 273
6.2.4 Software Reset Register (SWRR) ....ooviiiiiiiieiee et s 274

6.3 OPCIALION ...viviitieiieitiete et ete st e e ste et e et et e etee st eseessesseesseessesseessassaessenseessenseessesseensesseesseseessensenssenseeses 274
6.3.1 RESH PNl RESEL ...ttt ettt ettt tesseste e s eneeneeneenas 274
6.3.2 Power-On Reset and Voltage Monitoring 0 ReSet ........ccccoeieririeiiiieiinieeeeeee e 274
633 Voltage Monitoring 1 Reset and Voltage Monitoring 2 Reset ........ccecevvevineeniniencicenennn. 275
6.3.4 Deep Software Standby RESET ......c.ccciiieiiiiiiiieieiietee ettt sae e e 277
6.3.5 Independent Watchdog Timer RESET ........ccceevvieieriiiieiiiieieetee ettt 277
6.3.6 Watchdog Timer RESEL .....cc.eoieviiiiiieiieieeeee ettt sttt st et s et e nsesseennens 277
6.3.7 SOFEWATE RESCL ...ttt ettt sttt st e st ese et e s aeeneenneeneas 277
6.3.8 Determination of Cold/Warm Start ..........cccoeoieiieiiiieerieeee e 278
6.3.9 Determination of Reset Generation SOUICE ..........cceviierreiienienieiieeeete et 279
Option-Setting Memory (OFSIM) ... et e e e e e e e e e e 280
7.1 OVEIVIEW ...ttt ettt ettt ettt ettt et et e bt e st e et e e bt et e e et e sb e ee e e bt ee e bt ea e et e emeesaeemteabeestenbeemtenteeneenaeenee 280
7.2 REZIStEr DESCIIPLIONS ....vivieieiiieiieeiieie et ettt e te et et et eaestesetebeesaesseeseesseeseensesssensesseensessaensenssensenseenes 282
7.2.1 Serial Programmer Command Control Register (SPCC) .......cccoeviiiiiiiieiiieenceeneeene 282
7.2.2 OCD/Serial Programmer ID Setting Register (OSIS) .......cccoviivieniiiieriinieieeeerceeeee e 283

7.2.3 Option Function Select Register 0 (OFS0) ......ooveviiiiiieiiiiecieeieeeeee e 284



7.2.4 Option Function Select Register 1 (OFS1) ..ocuooiiiiiiiiiee e 288

7.2.5 Endian Select Register (IMDE) .......cooiiiiiiiiieee et 289
7.2.6 TM Enable Flag Register (TMEF) ....cc.oooiiiiiiiieeee e 290
7.2.7 TM Identification Data Register (TMINF) .......cccciviiiiiriiiieiecieieeeee ettt 291
7.2.8 Bank Select Register (BANKSEL) .....ccoooiiiiiieieieiert ettt s enees 292
7.2.9 Flash Access Window Setting Register (FAW) ....cooiiiiiiiieiieieieeteeeee e 293
7.2.10 ROM Code Protection Register (ROMCODE) .......ccoccoiiiiiiiiieeceeeee e 295

73 Programming and Erasing of the Option-Setting Memory in Individual Operating Modes ............. 296
7.4 Settings of the Option-Setting Memory and Read, Program, and Erase Operations ......................... 297
7.5 Setting the Option-Setting MEMOTY ......cccooiiiiirieriiiee ettt st 298
7.5.1 Allocation of Data in the Option-Setting MEMOTY .......cccccvecverierierieeiierieiesieeeeereeee e eeeenees 298
7.6 USAEZE INOLE ..ttt ettt ettt ettt et e s bt et eshe e st e e b te st e e st e sab e e beeeabeenbeesabeenbaensbesnbeenseesanean 299
7.6.1 Data for Programming Reserved Areas and Reserved Bits in the Option-Setting Memory ....299
Voltage Detection CirCUit (LVDA) .....ooiiiiiiiie ettt tee e e tee e e e et tee e e e e enbae e e e e ennaeeeeennees 300
8.1 OVETVIEW .ttt ettt et ettt ettt ettt ettt et e et e st e e st e bt et e sb e emb e bt em b e e bt em b e eb e emb e sheemte s et emtesbeemtebeentenneenes 300
8.2 REZIStEr DESCIIPLIONS ....vivievieiieiiieiieieetiet e te ettt ete st et e bt ensesseeseesseeseesseensesesssessesnsessenssensennsanes 303
8.2.1 Voltage Monitoring 1 Circuit Control Register 1 (LVDICR1) ...ccocvvveiieniiiiieieeiieeeeeeee, 303
8.2.2 Voltage Monitoring 1 Circuit Status Register (LVDISR) .....ccoocveviivieiiiniiieieieeee e 303
823 Voltage Monitoring 2 Circuit Control Register 1 (LVD2CR1) ....cccoovvieriiiieiinieeeceeeene. 304
8.2.4 Voltage Monitoring 2 Circuit Status Register (LVD2SR) .....ccoocevirieiirieieieeee e 304
8.2.5 Voltage Monitoring Circuit Control Register (LVCMPCR) .......ccccooiiiiiiiiiiieiieeceeeee, 305
8.2.6 Voltage Detection Level Select Register (LVDLVLR) ...c.ooiiiiiiiiiiieiiceeeeeee e 306
8.2.7 Voltage Monitoring 1 Circuit Control Register 0 (LVDICRO) ......ccoceviiiiiieiinieinceiccnee, 307
8.2.8 Voltage Monitoring 2 Circuit Control Register 0 (LVD2CRO) .......ccceecveviivieiiieieieeiereeeeenne. 308

8.3 VCC INPput VOoItage IMONILOL .....ccveeeveiiieiiirtieiesteetesttete e etessesesesteesaesseesaesseeseesseessessesseessesssessessenseenns 310
8.3.1 MONILOTING VACTO ..ottt ettt ettt ettt e se et e et eseeeseenae s e enaeeneens 310
8.3.2 MONILOTING VACLL oottt ettt e bt e e e eabeebeessaeenseessneenseenseenes 310
833 MONTLOTING VAT ..ovviiviiiieiieciecieteete ettt ettt ettt s ea et e esa e beestesbesseesseessessesssessansaans 310

8.4 Reset from Voltage MONTLOT O ........ccovivuieiiiieieiieiieieeie ettt ae et seesaesseeseesaeesaesaessenssenns 311
8.5 Interrupt and Reset from Voltage Monitor 1 ........ccooioiiiiiiiiieeeeeee e 312
8.6 Interrupt and Reset from Voltage MONItOr 2 .......cccvivvieiiiieieniieiesieeeeieeeeie e sae e sse e seeens 315
8.7 Event Link OULPUL .....oooiiiiieieeeeee ettt ettt e e et sbe et et et eae e st e s e beenseeaeenes 318
8.7.1 Interrupt Handling and Event LinKing ............ccoovvieiiirieninieiiceee et sve e 318
Clock Generation CilCUIL ........oiiiuieiiiei it e et e e e e sttt e e e e sabeeeeesareeeaeeans 319
9.1 OVEIVIEW .ttt ettt ettt st sttt ettt e e e bt e bt e b e bt e bbb et et et es e e st e st eb bt beeb e b e et e st e bt ebesaesbeebes 319
9.2 N e D T wa | o150 4 LSRR 323
9.2.1 System Clock Control Register (SCKCR) ......ccveieiiiiieiiieiet et 323
922 System Clock Control Register 2 (SCKCR2) ......ccoeveriririniniinieiiieicineneseeeeeceeveeeenaens 325
923 System Clock Control Register 3 (SCKCR3) ....oouiiiiiiiieiee e 326
9.2.4 PLL Control Register (PLLCR) ....cooiiiiiiiieiieee ettt 327

9.2.5 PLL Control Register 2 (PLLCR2) ...ccciiciiiiieeieeieeteeeece ettt eveeteesvesnveeseaeesaeseee s 328



9.2.6
9.2.7
9.2.8
929
9.2.10
9.2.11
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
9.2.21
9.2.22
9.2.23
9.2.24
93
9.3.1
932
933
9.4
9.4.1
942
9.5
9.5.1
952
9.6
9.7
9.7.1
9.7.2
9.7.3
9.7.4
9.7.5
9.7.6
9.7.7
9.7.8
9.7.9
9.7.10

External Bus Clock Control Register (BCKCR) ......coceoiiiiiiiiiieiieeeee e 329
Main Clock Oscillator Control Register (MOSCCR) ....ceoiiiiiiiiiiiiieieieeeene e 330
Sub-Clock Oscillator Control Register (SOSCCR) ....coouiviiiiiiiiiiiieieneeeeeeeeee e 332
Low-Speed On-Chip Oscillator Control Register (LOCOCR) ........ccevvieieniievieniieiereeeesieeenns 333
IWDT-Dedicated On-Chip Oscillator Control Register (ILOCOCR) ........cceevvevereirvenierieennns 334
High-Speed On-Chip Oscillator Control Register (HOCOCR) .......ccociecievievienieiereeie e 335
High-Speed On-Chip Oscillator Control Register 2 (HOCOCR?2) ......ccccoeeevvvvceriniencnencnnn. 336
Oscillation Stabilization Flag Register (OSCOVFESR) .....cooiiiiiiiiiiieeeeeeeeee e 337
Oscillation Stop Detection Control Register (OSTDCR) .....cccoeviiiiieiiniiiiieeeeeeeeee 340
Oscillation Stop Detection Status Register (OSTDSR) .....ccoovvieieiiieieniicienieeeeeie e 341
Main Clock Oscillator Wait Control Register (MOSCWTCR) ...c..oocveviieieniieieieeieeeieieeens 342
Sub-Clock Oscillator Wait Control Register (SOSCWTCR) .....cccoocveviivieniinieiecieeeieveeene 343
Main Clock Oscillator Forced Oscillation Control Register (MOFCR) .......ccccoccvevvcvencecnncnne. 344
High-Speed On-Chip Oscillator Power Supply Control Register (HOCOPCR) ...................... 345
CLKOUT Output Control Register (CKOCR) ......cooiiiiiiiieiiiieieeeeee et 346
Specific-Use Clock Control Register (PACKCR) .....ccvieiiiiieiiieeecieeeee et 347
PPLL Control Register (PPLLCR) .....cccoiiiiiiieieiieieie ettt ee e snesaessnensens 348
PPLL Control Register 2 (PPLLCR2) ....c.cccieiieieiieiecieetese ettt sve e 349
PPLL Control Register 3 (PPLLCR3) ...cccoiiiiiiiieieieir ettt 350
Main CLOCK OSCIIALOT ......iiieiiieiiiiieieete ettt ettt et sessaesnesnaenseeseenseeneenes 351
Connecting a Crystal RESONATOT ......cccuiiviiiiiieriienieeiiesteetteree ettt see e sieeebeebeeseaeeaeensaesnne 351
External CLOCK INPUL ......c.oooviiiiiiiiieie ettt sttt et saeesse e eseessensnens 352
Notes on the External Clock INPUL ......cc.ccoviriniiriininiiieiceiiere e 352
SUD-CLOCK OSCIIALOT .....eeuiiiiiiiiiiiiieiieeie sttt ettt sttt et 353
Connecting 32.768-kHz Crystal RESONAOT ......c.cccvieiieiiieriieiienieeieereeeeeeree e eveesieesveeaeens 353
Handling of Pins when Sub-Clock iS NOt USEd ......cceccveveieiieiiriiiienieeieieeieie e se e sieeenens 354
Oscillation Stop Detection FUNCLION .......cc.ccueiiiririninitiieieteescne et 355
Oscillation Stop Detection and Operation after Detection ..........c.ccceevvveeveeriieriieesieeneeeieeneeens 355
Oscillation Stop Detection INTETTUPLS .....ccueeeeeeeiieriieiieiie ettt e ere e e seeesveeeeens 357
PLL CIICUIL ettt ettt ettt ettt ettt sttt b ettt ettt a e st e bt e bt e bt s bt st et e st et et estebeebeebenbenee 358
INEEINAL CLOCK ...eiiiiiieee ettt ettt ettt e at ettt e s et st e bt emae s st e teebeenteeneenes 358
SYSTEM CLOCK ..vvviiiieiieiieieett ettt ettt ettt ettt et ete et e teesaesseessesseessesseessenseessesseeseensenseenees 359
Peripheral Module CIOCK ......c..cciiiiiiiiiiiiictctc ettt 359
FIASH-TF CLOCK ...euiitieiiiiee ettt ettt st ettt e et et e eseeneesaesneenseeneens 359
EXternal BUS CLOCK ......coouiiiiiiieiee ettt et sttt s 359
SDRAM CLOCK ..ttt ettt sttt ettt e bttt et ebesbe st et et et ensenteneeneeneas 360
USB CLOCK ettt ettt be bt e bt s b e sb et e e et et et eneeneeteebeee 360
Ethernet-PHY ExXternal ClOCK ......c.ccociiiiiiiiiiiiiiieeece e 360
CLKOUT CLOCK .vtitieiieiieiieiieieeie sttt et eteeseetessessesbessessessessesaessesaesessessessessessassassessesessenses 360
CAN CIOCK ettt ettt ettt ettt s b bbbttt et eae bt bt saeeben 360
CAC ClOCK (CACCLEK) ittt ettt ettt ettt es et se e etessessessensesesenseneeneeneeneasas 360



10.

11.

9.7.11 RTIC CIOCK vttt ettt ettt bbbttt et et sae b 361

9.7.12 TWDT-Dedicated CIOCK .......cooiiiiiierieiieiieeteeee ettt ettt see e eeeens 361
9.7.13 JTAG CLOCK ettt ettt ettt et e et e st e st esesae st e be s e e et eneenes 361
9.8 CloCk SOUTCE SWILCRING ...ocviiiiiiiiiiiieie ettt et e e b e e saesaeesaesresssessesneenes 362
9.9 Operations Linked by the ELC .......ccciiiiiiiiee et 364
9.9.1 Event Signal Output to the ELC ......cccoviiiiiiiieiiceeeet ettt s 364
9.9.2 Clock Source Switching on Reception of the Event Signal from the ELC ...........ccccocveiennen. 364
9.10 USAEZE INOLES ..eeiutieiieeiiieiite et ettt ettt et e ettt e s et et e sat e e bt e bte e bt e s atesat e e bt e eabeenbeesabeebeesateenbaenanesnbaes 365
9.10.1 Notes on Clock Generation CIICUIE ........coeerierieriirierienieieet ettt siee ettt st eeeenee e 365
9.10.2 Note on Rewriting the SCKCR3 REZISLET .....ccvvevvirvieieiiieiieiieieeieeie e sreeese e see s seeesee e 365
9.10.3 NOES 0N RESONALOT ....coniiiiniiiiiiiieiiei ettt ettt et 366
9.10.4 Notes 0N BOArd DESIZN ...c.cevvieiiiiieieiieierie ettt et seseaesbessaessessaenseeneensas 366
9.10.5 Notes on Resonator Connect Pin .........ccooieiiiiiiiiieeceeeeee e 366
9.10.6 Notes 0n Sub-Clock OSCIIALOT .......cc.eiriiiiiiiiiieieeiee et 367
9.10.7 Notes on Using @ Low CL Crystal UNit ......ccooieiiiiieiiinieiinieerieeieseee e 370
9.10.8 Notes on Changing the ICLK FIEQUENCY .......ccvevvieieriieiiiieeienieeierieeiesieeteeseseeeseeseesseeseesseenas 371
Clock Frequency Accuracy Measurement Circuit (CAC) .....oooeieiiiiiiiiiiieeeeeeeee e 372
10.1 OVETVIEW ittt ettt ettt ettt ettt et eb et et e st eh e et s ot e s bt e bt e b e e e bt eb e e bt e st sbeemt e s bt e s ae s bt e b e bt enbenbeenee 372
10.2 REgIStEr DESCIIPLIONS ....veeuiiieieiieitieie ettt ettt ettt ettt et e st e s et e et e et eneesae e e eneesseeneenseeneenes 374
10.2.1 CAC Control Register 0 (CACRO) ....cooovieieiieiestetesieete ettt ete e sre s sreesaesreeaessnesessnens 374
10.2.2 CAC Control Register I (CACRI) .viciiiieieiiciese ettt ettt st ae s n e ernens 375
10.2.3 CAC Control Register 2 (CACR2) ...ocuvoiieieiieese ettt ettt s s ensesreens 376
10.2.4 CAC Interrupt Request Enable Register (CAICR) .....ocoviiiiiiiiiieeeeeeeeeeee e 377
10.2.5 CAC Status Register (CASTR) ...cuiiuieiieiieieee ettt st eneens 378
10.2.6 CAC Upper-Limit Value Setting Register (CAULVR) .....cooiiiiiiiiiiieec e, 379
10.2.7 CAC Lower-Limit Value Setting Register (CALLVR) .....ccooiiiviiieieiieieie e 379
10.2.8 CAC Counter Buffer Register (CACNTBR) .....coieiiiieiieieiiceeectee e 379
10.3 OPETALION ...viuiitieiieeteete et ete st e e st et e et e teestesseeseessessseseansesseessansanssenseessenseensesssansesseassensenssensenssensennes 380
10.3.1 Measuring Clock FTEQUENCY .....cc.ovuiiriiiiiiiiieie ettt 380
10.3.2 Digital Filtering of Signals on the CACREF Pin .......ccccccoiiiiiiiiieieiieieceeiese e 381
10.4 INEETTUPE REQUESES ..eevvieiieiiieiie ettt ettt ettt e ettt e e ete et e e s e be e s beessaeeabeesssesabeenbsesnseenseensnesnsaenseenes 381
10.5 USAEZE INOLES ..eeuteeniieeiieiite ettt ettt ettt s h et e bttt e b e st e bt e sb et e bt e eab e e bt e sbteeabeebtesmbeeseesanean 382
10.5.1 Module Stop FUNCION SETHNG .....c.eoveriieeiiiieierie ettt eteteeeesseeseessesseessesseesesssessessnens 382
LoOW PoWer CONSUMPLION ... ..uuiiiiiiiiiieeie e e ettt e e e e e e e s e e e e e e e e eesse e aaabnareseeeeaaeaeeesnnnnes 383
11.1 OVETVIEW .ttt ettt ettt b e sttt e s et e bt b e et e bt st et ea s em e e st e st eb e eb e e bt eb et et e b e b e st eseeneebeebesaesbenes 383
11.2 a1 D T va ] 015 10 4 LSO 387
11.2.1 Standby Control Register (SBYCR) ....ccoviiiieiiiieieiicieieetett ettt 387
11.2.2 Module Stop Control Register A (MSTPCRA) .....ocoveiiiiieiieieieee et 388
11.2.3 Module Stop Control Register B (MSTPCRB) .....ocoiiuiiiiiieeieee e 390
11.2.4 Module Stop Control Register C (MSTPCRC) .....ooiiiiiiiiiiieeieee e 392

11.2.5 Module Stop Control Register D (MSTPCRD) .....cccuveviieiiiiiieieeiecieeeece e 394



11.2.6 Operating Power Control Register (OPCCR) ........cccovieiiiiieiiieiee e 396

11.2.7 Sleep Mode Return Clock Source Switching Register (RSTCKCR) ......cooeiiiiiiiiinieiininnne. 399
11.2.8 Deep Standby Control Register (DPSBYCR) ...ccouiiiiiiiiiiiiiiicieeeeeeeecee e 400
11.2.9 Deep Standby Interrupt Enable Register 0 (DPSIERO) ........oovievieiiieiiniieieniieieee e 402
11.2.10  Deep Standby Interrupt Enable Register 1 (DPSIER1) ....cccoveiiiiiiiiinininenicceeceeee 403
11.2.11 Deep Standby Interrupt Enable Register 2 (DPSIER2) ......ccccviiiiiininininienceceeeeeeeee 404
11.2.12 Deep Standby Interrupt Enable Register 3 (DPSIER3) ...c..coveoiiiiiiininininieneececcecceee 405
11.2.13 Deep Standby Interrupt Flag Register 0 (DPSIFRO) .......oooiiiiiiiiiiieeeeceeeeceee 406
11.2.14 Deep Standby Interrupt Flag Register 1 (DPSIFR1) ..ccoooiiiiiiiiieeeee e 407
11.2.15 Deep Standby Interrupt Flag Register 2 (DPSIFR2) .....cccoooviiiiiieieiicieieeeeeeeee e 408
11.2.16 Deep Standby Interrupt Flag Register 3 (DPSIFR3) .....covoiiiieiieieieieeeee e 411
11.2.17 Deep Standby Interrupt Edge Register 0 (DPSIEGRO) ......coovieviiiieieiieieiieiene e 412
11.2.18 Deep Standby Interrupt Edge Register 1 (DPSIEGRI) ...ccoooieiiiiiiinininininiencecceeeceee 413
11.2.19 Deep Standby Interrupt Edge Register 2 (DPSIEGR2) ....cc.ooiiiiiiiiiiiiiieceee e, 414
11.2.20 Deep Standby Interrupt Edge Register 3 (DPSIEGR3) ....ocooiiiiiiiiiiiiieeecee e 414
11.2.21 Deep Standby Backup Register y (DPSBKRY) (¥ =010 31) .ooeoieiiiiiieeieeieecieeieesee e 415
11.3 Reducing Power Consumption by Switching Clock Signals ..........ccccceeirienireienincienenieneeieie e 416
11.4 MoOdUIE-StOP FUNCHION ....eiiiiiiiiiieiieee ettt ettt ettt e e e 416
11.5 Function for Lower Operating Power CONSUMPLION .......c.cccveviierierieeierieiieniesrereseesieseenseeseessessnenns 417
11.5.1 Setting Operating Power Consumption Control Mode ...........cccceceverinineninenicnienieinincncnens 417
11.6 Low Power Consumption MOAES ........c.eeiiruieiiiiiieitieieite ettt ettt 418
11.6.1 N 157 T (0T [ TSP S 418
11.6.1.1 Transition to SIEEP MOAE .......coiiiiriiiiiiiiieie et 418
11.6.1.2 Release from SIEep MOdE .......cccociririririnininiiicictcteeetecsee et 419
11.6.1.3 Sleep Mode Return Clock Source Switching Function .........ccccoceeoeiiiiiniiiinienncnenen, 419

11.6.2 All-Module Clock StOP MOGE ....oceeiuieiieiieieriieieeteeiesie ettt re s reeaesreessenreas 420
11.6.2.1 Transition to All-Module Clock Stop MoOde .......cocceevviiieriiiiieieiieiereeeere et 420
11.6.2.2 Release from All-Module Clock Stop MOde .......c.cecvervirieiiieieiieieeeieeee e 421

11.6.3 Software Standby MOAE .........ccoociiriiieiieeee ettt e 422
11.6.3.1 Transition to Software Standby Mode .........cccoceririenieniiiiiininreece e 422
11.6.3.2 Release from Software Standby Mode ........cccoocerieiiiiiiiiiieeeeeeeee e 423
11.6.3.3 Example of Software Standby Mode Application ...........ccevveeeeviieierieneeiineeee e 424

11.6.4 Deep Software Standby MOAE ........coeeieriiiieniieiecieceese ettt ae e eaeeeees 425
11.6.4.1 Transition to Deep Software Standby Mode ........cccovvieiiniieciinieieeeee e 425
11.6.4.2 Release from Deep Software Standby Mode ..........cccoevineniniciiciinieiinncnesenecene 426
11.6.4.3 Pin States at the Time of Release from Deep Software Standby Mode ..........ccccocevueneeee. 427
11.6.4.4 Example of Deep Software Standby Mode Application ..........ccccoeevenieiieienencencneenee. 427
11.6.4.5 Flowchart to Use Deep Software Standby Mode ........ccccceeviiiviieniienciienieeie e 429

11.7 USAEZE INOLES ..veevieeuiieiieeieeitteeteeteeeteettesete e bt essteesteessseenteesssaasseessseansaensaesssaenssessseenseeasseenseesssennseensses 430
11.7.1 /O POIt STALES ..ttt ettt bttt et ettt et be e ee 430

11.7.2 Module-Stop State of DMAC and DTC ......ccciiiiiiiieieee et e 430



12.

13.

14.

11.7.3 On-Chip Peripheral Module INtEITuPLS .......cceeiuiriieiieiieieeee ettt 430

11.7.4 Write Access to MSTPCRA, MSTPCRB, MSTPCRC, and MSTPCRD .......cccoccvvvviveviinnnennnne 430
11.7.5 Input Buffer Control by DIRQNE Bit (n = 0t0 15) c.ooiiiiiiiiiieeeeecee e 430
11.7.6 Timing of WAIT INSIUCHONS ...ecvivvieeiiitieieiieeieeiieieeteeteeteebesteesesreesesseessesssessesssessesssessenseenns 430
11.7.7 Rewriting the Register by DMAC and DTC in Sleep Mode .......c.ccoevveiineeenencninencneneene 430
11.7.8 Point for Caution when Shifting from Low-Speed Operating Mode to Software Standby

IMIOGE ettt bttt h bbbt b bbbttt et et ehe b 431

11.7.9 Notes on Transitions from High-Speed Operating Mode to Low-Speed Operating Mode or
to Low Power Consumption MOdE .........cocceerierierieiriinininineneneeseeeeeeeeieee et enenene 431
Battery Backup FUNCHON ... e e 432
12.1 OVEIVIEW .neeeiteetieteette st et et et e steett et ee e et e eseen st eaeeeseeme e st eaeesseemse s eenseeseens e s e enseeneensesneensesneensenseenseeneanes 432
12.2 OPETALION ..ttt sttt ettt ettt ettt ettt e s et e st eb e e bt eb e eb e bt bt eb et et et emtes b e st e st ebeeb e be b enteneeneeneebeanes 433
12.2.1 Battery Backup FUNCHON .....oo.oiiiiiiiiiiiieeee e e 433
12.3 USAZE INOTES ...veeutiiieieettetieitenteette et et e ete e bt e see s et eb e et e e a e e ebeeb e e bt es s e bt e st et e e et e saeeme e bt eseesaeemtesbeestenseeneenee 434
Register Write Protection FUNCLON ..........oooiiiiiiie e e e 435
13.1 REQIStEr DESCIIPLIONS ..vviuvieviierieiiiitieie it eteieete et eebeeteeseeseessesseessesseessesssesseessessenssessesssassessesssessenssenns 436
13.1.1 Protect RegiSter (PRCR) ..ottt st 436
EXCeplion HaNAIING .....ceeiiiie e e 437
14.1 EXCEPION EVENLS ...oeiiiiiiiiie ettt ettt et et e e s et e ae e re et e b s e eneenes 437
14.1.1 Undefined InStruction EXCEPION ......c.cccviriirieiieiiiieiecieeieieeie sttt esae e ssse e esseseessennas 438
14.1.2 Privileged Instruction EXCEPLION .....c.ccieiiriieieriieieiiieiese et eaesteeee e essesteenesseesae e eaesseesnens 438
14.1.3 ACCESS EXCEPLIONS ...uviniieiiieiieit ettt ettt ettt ettt et et e e e s s e esaesseessesseensesseensenseensenseennes 438
14.1.4 AdAress EXCEOPLIONS ......eeiuieuieiiieiieie ettt ettt et ettt eeste e st e be et eseeeaeesseeneesaeeneesneeneas 438
14.1.5 Single-Precision Floating-Point EXCEPLION .........ccccivvieriiiiiiiierieeeeeeieeeeee e 438
14.1.6 RESET ettt sttt b et h et e b et e be et s he et e be et st etesreen 438
14.1.7 Non-Maskable INTEITUPL .......cccvevvieieriieierie ettt et ae b e esaesbeesbesteesseseenaennas 438
14.1.8 TIEETTUPL oottt ettt ettt e et e bt e s bt e beesateenbeessseenbeessbeenseenseesnseenseensneans 438
14.1.9 UNCONAItIONAL TTAP ...vvevveeiieiieiieieei ettt ettt e esessaessessae s e essenseeseenseeneensas 438
14.2 Exception Handling ProCedUIE ............ccoiiiiiiieiieieie et s 439
14.3 Acceptance of EXCEPHion EVENLS ........cccoviiiiiiieieiiciesieeieetteteete et ste e sa et sbeessensesne s 441
14.3.1 Acceptance Timing and Saved PC Value ........coccoviiiiiieiieieeeeee e 441
14.3.2 Vector and Site for Saving the Values in the PC and PSW ..., 442
14.4 Hardware Processing for Accepting and Returning from EXceptions ...........cccceoevieninneneniencnenn. 443
14.5 Hardware Pre-ProCeSSING .....ccoevieciiriiiieiieieeiete sttt ettt sttt e aesaeense s aensesseensenseensenseenes 444
14.5.1 Undefined Instruction EXCEPLION ....cc.cevviiiiieiieeiieiieeieeciee et enee sttt eeeseae e essaeenveensees 444
14.5.2 Privileged Instruction EXCEPLION .....c.ccieieriieieriieieitieeerie et eve e eae e esesteessesseesaessnessessessnens 444
14.5.3 ACCESS EXCOPLIONS ...vviuvieiiieiieiietieie ettt ettt ettt ettt et eeat e seeseesbeesaesbeessesseessesseensesseesseseaneas 444
1454 AdAress EXCEPLIONS .....eecvieuieiieieieeienieetesiestestestteteetesteeneesseeseesseessesesssenseessenseensesseensessesnnes 444
14.5.5 Single-Precision Floating-Point EXCEPLION ........ccccveeiirieiiiiiieiieeieeie e e 444
14.5.6 RESEL ittt ettt ettt ettt ettt ettt et e s et et et e st e st e st es b e st es et e seese b e tensensenteneeneeneenes 445
14.5.7 NON-Maskable INTEITUPL ...cc.eeviieiieiiieiiierie ettt e ve et seaeebeesteesseeseesebeesaeseens 445

14.5.8 TIEETTUPL .ottt ettt ettt et e sttt e bt e stee s s bt e saeeesbeenbbeesseenseeseseenseenseesnseenseennseans 445



15.

14.5.9 UNCoNditioNal TTAP ....eeceeeeriieeieieeee ettt et et ee s ee et e b e eeeseeneenseeneeneas 445

14.6 Return from Exception Handling ROULINE ........cccoooiiiiiiiiiiiiiieeee e 446
14.7 Priority of EXCEPLiON EVENLS .......c.cciiciiiiieiiiiiieie ettt sttt sne e enes 446
14.8 Exception Generated iN COPIOCESSOT .......veecveerreerreerreerieerreesseesseessseesseesseessseesseesseesssesssessssessseesseeans 447
14.8.1 Double-Precision Floating-Point EXCEPIONS ........ccccvveveriireieiiiiieiieieeeiesie e 447
Interrupt Controller (ICUD) .........uiiieiiiiiie e e e e e e e e e e s et eeeeaeeeeeennneneaees 448
15.1 OVEIVIEW ..ttt sttt et ettt ettt ettt st st et ee st e bt e bt e bt e bt bt b et et et es s e st ebeeb e bt bt sb e b et et et enteneeneebeenes 448
15.2 REGISTET DIESCTIPTIONS ..eeuvvieuiiieiiieiieeieeeieetieeteeteestteeteesteesseeseessbeeseesssesnseesssaesseessseansassseesseesssensseens 450
15.2.1 Interrupt Request Register n (IRn) (n =016 t0 255) ..c.coeviiriiiieiiiirinineneneeneeeeeeeeeeeee 450
15.2.2 Interrupt Request Enable Register m (IERm) (m = 02h to 1Fh) ....cccocevvinininininiiciiiiceee, 452
15.2.3 Interrupt Source Priority Register r (IPRr) (r = 000 t0 255) ..ooeoieiiiiieieieeeee e 453
15.2.4 Fast Interrupt Set Re@ister (FIR) ...cc.eooiiiiiiieeieeeete ettt 454
15.2.5 Software Interrupt Generation Register (SWINTR) ......ooovviiiiiiiiiiiiiiiieiee e 455
15.2.6 Software Interrupt 2 Generation Register (SWINT2R) ....ccoooviviiiiiiiiiiiieeceeceeeee e 455
15.2.7 DTC Transfer Request Enable Register n (DTCERn) (n = 026 t0 255) .cccovevvvevenencnenicnnnn. 456
15.2.8 DMAC Trigger Select Register m (DMRSRm)
(m = DMAC channel NUMDET) ......cc.oeieriirieriiiiere sttt enee s 457
15.2.9 IRQ Control Register i (IRQCR1) (1 =010 15) eoeoirieiiiiee e 458
15.2.10 IRQ Pin Digital Filter Enable Register 0 (IRQFLTEO) ......cccoeiiiiiiiiiiiieieeneceeeeeereee 459
15.2.11 IRQ Pin Digital Filter Enable Register 1| (IRQFLTEL) ....cccooiiiiiiiiiiiiiiecececeeeeeereee 460
15.2.12 IRQ Pin Digital Filter Setting Register 0 (IRQFLTCO) ....c.ccceeveriieieriieieeeiee e 461
15.2.13 IRQ Pin Digital Filter Setting Register 1 (IRQFLTCL) ...ccooveiiviieieriieieeeiereeeesieeeeie e 462
15.2.14 Non-Maskable Interrupt Status Register (NMISR) ......ccoocvivieiiirieiiciee e 463
15.2.15 Non-Maskable Interrupt Enable Register (NMIER) ........ccccooiiiiiiiiiiiieeeeeee e, 465
15.2.16 Non-Maskable Interrupt Status Clear Register (NMICLR) .....ccccoviiiiiiiiiiieceeeeeeeee, 467
15.2.17 NMI Pin Interrupt Control Register (NMICR) ......oouiiiiiiiiiiiiiiiee e 467
15.2.18 Expanded Non-Maskable Interrupt Status Register (EXNMISR) .......cccovvecienieciinieieieeienne 468
15.2.19 Expanded Non-Maskable Interrupt Enable Register (EXNMIER) ......ccccccccvvieviinienienieeiennne 469
15.2.20 Expanded Non-Maskable Interrupt Status Clear Register (EXNMICLR) ......cccccecvevevrvennnen. 470
15.2.21 NMI Pin Digital Filter Enable Register (NMIFLTE) ......cccccooiiiiiiiiieieeeeeee e 471
15.2.22 NMI Pin Digital Filter Setting Register (NMIFLTC) ......cccooveiiniininiinieieinencceneneneeeevenne 471

15.2.23 Group IEO Interrupt Request Register (GRPIEO),
Group BEO Interrupt Request Register (GRPBEO),
Group BLO/BL1/BL2 Interrupt Request Register (GRPBLO/GRPBL1/GRPBL2),
Group ALO/ALLI Interrupt Request Register (GRPALO/GRPALL) ...ocooieiiiiiniiiieeeeee 472

15.2.24 Group IEO Interrupt Request Enable Register (GENIEO),
Group BEO Interrupt Request Enable Register (GENBEO),
Group BLO/BL1/BL2 Interrupt Request Enable Register
(GENBLO/GENBL1/GENBL2),

Group ALO/AL1 Interrupt Request Enable Register (GENALO/GENALT1) ..occcvevcvvevivenveennenne 474
15.2.25 Group IEO Interrupt Clear Register (GCRIEO),

Group BEO Interrupt Clear Register (GCRBEOQ) ........ooviiiiiiiieeiieieceeeeceeeeee e 476
15.2.26 Software Configurable Interrupt B Request Register k (PIBRk) (k = Oh to Bh) ..................... 478

15.2.27 Software Configurable Interrupt A Request Register k (PIARk) (k = Oh to Ah, Ch) .............. 479



15.2.28 Software Configurable Interrupt B Source Select Register Xn (SLIBXRn) (n= 128 to 143) .480

15.2.29 Software Configurable Interrupt B Source Select Register n (SLIBRn) (n = 144 to 207) ....... 481
15.2.30 Software Configurable Interrupt A Source Select Register n (SLIARn)
(1= 208 10 255) ittt ettt ettt ettt a e a et bt btk eebeebe et e e et eneeneenas 485
15.2.31 EXDMAC Trigger Select Register (SELEXDR) ....cc.coveiiiiiiiiriiiieiecieieceere e ee e sieennens 489
15.2.32 Software Configurable Interrupt Source Select Register Write Protect Register (SLIPRCR) . 490
15.3 VECLOT TADIE ...ttt bbbttt eb e bbbttt et ebe b 491
15.3.1 Interrupt VEctor TabIe ........cooiiiiiiiieieee ettt s 491
1532 Fast INtEITUPE VECLOT ATCA ...ccveeveeieiieiieiiieeieeriieeteesite et e ieeeereeteestteeaeesseesnseenseessseessaenseesnseans 498
15.3.3 Non-maskable INterrupt VECIOTr ATCA .....c.ccveeveeiierieiieieseerieeteieeeesteeteeseeeesseessesseeeesseensenseas 498
15.4 TYPES OF INEEITUDPLS .ovvevieiiieiieieeiieie ettt ettt ettt et e ste et e sbeesaesaeesbe b eesbe st esseseensesaessaensenseensenseenes 499
15.4.1 Peripheral INTEITUPLS .....ooieriiiiiiiiieie ettt sttt ebe ettt e b eeeans 499
154.2 SOTIWATE INEETTUPLS ..veevieeeiieiieete et sttt ette et ette st et e st e et e staessbe e sbeesbeenbeessbeenseesssesnsesnseesnns 499
15.4.3 External Pin INTEITUPL ....c.eooveiuiiieiieiecieteeeteet ettt sttt sttt e eeseesaesaeeneessessnens 499
154.4 GrOUDP INTEITUPLS .eeeineiiiieciiete ettt ettt ettt et e st et e sbb e ebeesbeesabeenbeenbeeses 500
15.4.5 Software Configurable INTEITUPLS .........cceecerviriririniririreerecccecte e 503
15.4.5.1 Software Configurable Interrupt B .........cccoooiiiiiiiiiiiie e 505
15452 Software Configurable INterrupt A .........cccooiiiiiiiieiee e 505
154.5.3 EXDMAC Start Trigger by Software Configurable Interrupts ..........c.cceevvvvveveerreevennen. 505
15.4.6 NON-Maskable INEITUPLS ......cceevvieiiriieieie ittt ettt e re e sbeeraebeessesbeessessesseennas 505
15.5 INEEITUPE DELECTION ..vvivieiiieeieiieieeie e ste ettt et et et e s et esae st esaesaeessesseessesseensenseessesaesseensensaessenseenes 506
15.5.1 EdZE DELECTION ..ouuiiiieiiiiieiieie ettt ettt ettt sttt s a et bt et st et e et e e teeaeentesaeeeesaeeneens 506
15.5.2 LeVE] DIETECLION ...ttt ettt ettt ettt ettt e bt e bt sbe st e be e e e e e eneenes 508
15.5.3 Group Interrupts Using EdZe DeteCtion .........cccceeeeviieieriiiieiiieeeecteeteeie e sre e 509
1554 Group Interrupts Using Level DEteCtion ........c.cceeeeviieieriiiieiesieiesieeieeieeeeeeeeeeeeesaeseeesesenes 512
15.5.5 Software Configurable INTEITUPLS ......c..ccueceririiirininiiierereee ettt 514
15.6 Determining Priority of Interrupt REQUESES ........cceeiririririinininiiierienectceeceetee e 514
15.7 Interrupt SEtting PrOCEAUIE .......ccvieiiiiiiiiiieiecteee ettt ettt et sttt et b et esbe e e saesbeessesbeessenns 515
15.7.1 Enabling Interrupt REQUESES .......ooiiiiiiieieee ettt 515
15.7.2 Disabling Interrupt REQUESES ......coieiuiiiiiiiiee ettt s 515
15.7.3 Selecting Interrupt Request DeStination ...........cocceevuiieerieieerieiieeiesreeeesre e e sre e eae e s 515
15.7.3.1 Interrupt Request Destination Setting Procedure ...........cccoeviviviieniieniienieeiecieeeieeieee 515
15.7.3.2 Operations When the DTC/DMAC Selected ......ooovvieriiiienieiieieceeeeeeeeee e 517
15.7.33 Changing the Interrupt Request Destination ..........c..cocceeeevirerenenenenicnieeecnenene e 517
15.7.4 Setting the External Pin INETTUPL ....c.cccoeviririniinininiiicictcctce et 518
15.7.5 Setting Non-Maskable INTeITUPLS .......ccoiiiiiiiiiiiieieiee et 518
15.7.6 DAGILAL FIIEET ..vviiiieiiieiie ettt ettt ettt e et e st e st e e teesseesebeessaeenbeesbaeenseeseessneensennseenes 519
15.7.7 Setting Software Configurable INTETTUPLS .....c.eevvereiiiiiieiieiii ettt 519
15.7.7.1 Polling for Software Configurable INterrupts ..........ceevereevieiiecieriieieneeeeeeeve e enes 520
15.8 MULLIPIE INEETTUPE ..evitiiietitetet ettt ettt ettt sttt sttt eb et nae et eneebe b ene 520
15.9 S TS A 11113 0 A 1 1 AU PSPPSR 520

15.10  Exiting Low Power Consumption State ..........ccccoceeveririerienienieieninenientenenieneeeeeeereeseeresieseessenseeeneene 521



15.10.1 EXiting SIEEP MOAE .....ooiuieiiiieieiiee ettt ettt ettt et sae et saeeneen 521
15.10.2 Exiting All-Module Clock Stop MOde .......c.cooieiiiiiiiiiiieniiieeeee e e 521
15.10.3 Exiting Software Standby Mode ........ccoooiiiiiiiiiiee e 522
15.11 USAEZE INOLES ..eeuviieuiieiieeiieiee ettt ette ettt eteesete e bt esteeesbeesseeeaseessaaasseensaeanseenseessseensbessseenseesssaenseenssesnseensnes 522
15.11.1 Notes on the WAIT instruction When Using the Non-Maskable Interrupt ...........ccceeveeennnnne. 522
15.11.2 Software Configurable Interrupts in All-Module Clock Stop Mode .........cccoevieiinoenincenne. 522
15.11.3 Interrupt Requests in Software Standby Mode ..........cccoviiiiiiiiiiiiieeeeeeeeeee e 522

1B, BUSES i e e 523
16.1 OVETVIEW .ttt ettt ettt et ettt e b et e ettt et e et e et e e st e e bt et e sh e emt e bt em e e bt em b et e emeesbeemtesbeemtesbeense bt enseeneenes 523
16.2 DeSCIIPLION OF BUSES ....vieuviiieieiiieie ettt ettt ettt sttt et e e et e beeseensessaessesseensenseensenneenes 525
16.2.1 CPU BUSES ..ttt ettt et sttt st st e e s b et e bt e et eb e e bt s et e naeebtenaesmeenaesreans 525
16.2.2 IMEIMOTY BUSES ..cuetieiieiiieiiieeie ettt ettt ettt sttt et ae et e eteesebeesaeeabeebeessbeenseesnsesnseenseenes 525
16.2.3 Internal Main BUSES ........ccceoiriiiriiniinieniiictetetet ettt st 525
16.2.4 Internal Peripheral BUSES ........cccveiiiriieiiieieieie sttt sttt ettt st aesnesseeenens 526
16.2.5 Write Buffer Function (Internal Peripheral Bus) .........ccoooiioiiiiiiiieeee e 527
16.2.6 EXEEINAl BUS ..oeiiiiiieieiee ettt st a e sttt saeens 528
16.2.7 Parallel OPETation ........ccceeciieiieeiieiieeieerieeste ettt e et e et e st esteeeaeesbeesaeeseessseenseesssesssesnseenseenns 531
16.2.8 BUS SEHINES 1.vvivieeieitieieitieiere ettt ettt e et este et e eteesaesteesaesseessesseessesseessesseessesseessesseensesseessans 531
16.2.9 RESIIICTIONS .ttt ettt et eb bbbt sttt et bt sbe b 532
16.3 REZIStEr DESCIIPLIONS ....vieuviivieieiiieieeiietetieie st et esteete st eaesseessesseensesseessesseansenseessesseensansessenssensenssenes 533
16.3.1 CSn Control Register (CSNCR) (1 =010 7) weueeieriiiieiieierieeeeeee et s 533
16.3.2 CSn Recovery Cycle Register (CSNREC) (N1 =010 7) cvevvivieeiiiieieeiieienieeeeere e sve e 534
16.3.3 CS Recovery Cycle Insertion Enable Register (CSRECEN) ........ccccooiiieniiienieeieieeieie e 536
16.3.4 CSn Mode Register (CSNMOD) (1= 1010 7) ..ecveverieeiieiieierieeieeeetesieseeae e ee e eeee s 538
16.3.5 CSn Wait Control Register I (CSAWCRI1) (N =010 7) eeecerieiiriieieneeeereeere e 540
16.3.6 CSn Wait Control Register 2 (CSAWCR2) (N =010 7) .eecerieirrieiereeeeeeee e 543
16.3.7 SDC Control Register (SDCCR) ....oeiiiiiiieiiiieeieesteee ettt 546
16.3.8 SDC Mode Register (SDCMOD) ....c..ocieiiiieiieeieiieeeste ettt et sre st ie s sseessesseessesseessesseesaesens 547
16.3.9 SDRAM Access Mode Register (SDAMOD) ......ccoiviiiiiiieiiiieiesieeeeeteeee v ere e esee e 548
16.3.10 SDRAM Self-Refresh Control Register (SDSELF) .....c.cccoeoiiiiiiieiicieieeeeee e 548
16.3.11 SDRAM Refresh Control Register (SDRFCR) .....ccoooiiiiiriiiiieieieee et 549
16.3.12 SDRAM Auto-Refresh Control Register (SDRFEN) .....c.cccociriminiinininiiiiiicieeceneneneneens 550
16.3.13 SDRAM Initialization Sequence Control Register (SDICR) .......cccooiiiiiinieiiinieieeeeeeee, 551
16.3.14 SDRAM Initialization Register (SDIR) ......cc.ooviiriiiiiieiieeiierie ettt 552
16.3.15 SDRAM Address Register (SDADR) .....occuiiiiieiiiieeieetecie ettt s 553
16.3.16 SDRAM Timing Register (SDTR) ....ocoiiiiiiieiiciieiiet ettt sttt 554
16.3.17 SDRAM Mode RegiSter (SDIMOD) ......ccooieuieiieiiiieniiieieieieeteteetereesesie e ssessessessessesseseessessesas 556
16.3.18 SDRAM Status Re@iSter (SDSR) ....cveieiiiiiieiieiesieieieteiett ettt ess e seesnenas 557
16.3.19 Bus Error Status Clear Register (BERCLR) ....cc.oooiiiiiiiiiiiceeieeetee e 558
16.3.20 Bus Error Monitoring Enable Register (BEREN) ......ccccoociiiiiieiiiiiiiiieciecceeee e 558
16.3.21 Bus Error Status Register 1 (BERSRI) ...oooiiiiiiiieceeec et 559



16.3.22 Bus Error Status Register 2 (BERSR2) ....oviiiiiei e 559

16.3.23 Bus Priority Control Register (BUSPRI) .....c..cooiiiiiiiieeeeeee e 560
16.3.24 Extended Bus Master Priority Control Register (EBMAPCR) ......ccccooiiiiiiiiiniiicneieeee 562
16.4 Endian and Data AIINMENT .....c.oiiiiiiiieieieiieti ettt et 564
16.4.1 Data Alignment Control fOr CS AT€a ........ceeiieieriiiieie ettt s 564
16.4.2 Data Alignment Control for SDRAM ATCa ....cocuirieriiiiiriiiierieeiieie ettt 570
16.5 Operation Of CS A1ea CONIOIIET ......eevuiiiiieiiecii ettt ettt e eteeteesebaeaeesteeeseenseenseeans 577
16.5.1 SEPATALE BUS ..eeeniiiiiiieiiee e sttt sttt st aes 577
16.5.2 Address/Data MultipleXed BUS ........ccooiiiiiieieiiei et 592
16.5.3 External Wait FUNCHON ....coouiiiiiiiieieiee ettt 595
16.5.4 Insertion 0f RECOVEIY CYCIES ..c.iiuiiiiiiiiiiieieeee ettt 597
16.5.5 INO ACCESS STALE ...uvenviiniieiieiieiterte ettt ettt ettt et sttt et s b et sb b et et ebtesaeebeenaeeaees 600
16.5.6 Write Buffer Function (EXternal BUS) ......c.cccoccieriirieniieiiiieese e 601
16.5.7 LAMIEATIONS +uviuteitenienieieeieeie ettt ettt ettt et h ettt ettt et et b e eb bbb b ettt ebeebeebesbeebes 601
16.6 SDRAM Area Controller OPEration .........c.cccecereririinrenienteteieteeeteenienestesseseessessessessenseseneeneesennes 604
16.6.1 Enabling/Disabling SDRAM Access and Setting SDRAM Bus Width ........cccceveeieinncnene. 604
16.6.2 INO ACCESS STALE ...eveenriiieieniieieeitet ettt ettt ettt et ettt et e bttt sbe et satenaesaeenaesaeennesieens 604
16.6.3 Insertion Of RECOVEIY CYCIES ..cviiiiiiiiieiieiieiieteie ettt sttt eeseenae e esesseesnens 604
16.6.4 Write BUffer FUNCHON .....coouiiiiiiiiee ettt e sneennens 604
16.6.5 SDRAM COMMANGS ....ueeneieuieiieiereteeiesteete st eite it eete st eete st eeesseenee st ensesseensesseensesseensenseensenneenes 605
16.6.6 Conditions for Setting SDRAMOC REZISTETS .....eeuviruieriieiieiieienie ettt 605
16.6.7 SEIf-RETTESN ...ttt ettt eaes 606
16.6.8 AULO-RETTESN .ttt 609
16.6.9 INitialiZAtiON SEQUEINCET ....cviivieieiieieiieieeteeteeeete et eteseetesseessesseessesseessesseessesseessesssessesenseens 611
16.6.10 REAA/WIILE ACCESS .viviiiieiieeieeieetiee sttt e ettt e ettt st e e s et e nte st ense s st ensesseeneesseeneesneensesseennens 612
16.6.11 Setting Mode REZISTET ......coeririiriirieieieieeeteeieete sttt ettt sttt e 615
16.6.12 SDRAMC Setting EXAMPIES .....ccueeuiiriiiieieiieieeieste ettt ettt s 616
16.6.12.1 SDRAMC ACCESS PIOCEAUIE ......ooviiiiiiiiiieiiiieieeteiceeste et 616
16.6.12.2 Procedure for Transition to and Recovery from Self-Refresh Mode ..........cccccoevvvennnnne 617
16.6.12.3 Timing Register Settings and Access TImMING ........ccceevvevierieciirierieneeieneeeese e eeeennes 619
16.6.13 AdAress MUIIPIEXING ....coeririiriiriniititeteieie ettt ettt sttt s st ene b b 628
16.6.14 Examples for Connecting with SDRAMS ...c..ccocoiiirininininiiceiecere e 629
16.6.14.1 32-Bit BUS SPACE ...eiiiieiiiieee ettt ettt ettt 629
16.6.14.2 1O-Bit BUS SPACE ....vieuviieieiieiiieiiciieiesttete et ettt ettt sae e e saeereessessaessesssesseessessesssensenssensas 632
16.6.15 RESITICTIONS ....eiuiiiieii ittt ettt et st bbbt e sb et sbe et sbeebt e ae s e enaesinens 635
16.7 Bus Error MOnitoring SECHOM .......c.ecieieriieieriieietieiestestetessessessessessaesesseessesseessesssessesssessensenssenes 636
16.7.1 TYPES OF BUS EITOT ...ttt et 636
16.7.1.1 Tllegal AdAIeSS ACCESS ...eccvievieiierieieieeiesieete et et e ete e b e e e eseereesesseessesseesseessenseeseessesseensas 636
16.7.1.2 TIMEOUL ...ttt ettt ettt b bbbttt s b b e st et e e et e e eneenes 636

16.7.2 Operations When a Bus EIrOr OCCULS .......c.ocieriiiieniiiieie ettt eeesreesae e snesseennens 636

16.7.3 Conditions Leading to Bus EITOrS .......ccoooiiiiiiiiieieieee e 637



16.8 TIEETTUPL .ottt ettt st e bt e bt e bt e sbt e sat e e bt e saeeebeennbeereens 637

16.8.1 TNEETTUPL SOUICE ..vviieiieiie ettt ettt ettt et e st e et esteesateebeessaeenteessseenseesssesnsesnseenseenes 637

17.  Memory-Protection Unit (MPU) ... e e e e e e e e 638
17.1 OVEIVIEW .ttt sttt et ettt ettt sttt e s b e st et e s e st e st eb e eb e s bt sb et et e e ea s estes e e bt eb e bt bt sbe b e be s enbeneeneeneebeanes 638
17.1.1 TyPes Of ACCESS CONIOL .....eouiiiieiiiiieieet ettt ettt et eeeeee et eeesaeeneens 640
17.1.2 Regions fOr AcCess CONLIOL .....ccuiiiiiiiieiiieiie ettt et ee e e et e e e ebeessbeenseensee e 640
17.1.3 Background REZION .......cocuiiiiiiiiiiieiie ettt see st e e e e steesaeenseessneenseeseenes 640
17.1.4 Overlap between REGIONS .....cccevviiieriiiieiiciieieee ettt ettt st ebe st beeteeseeseessesaeessessessnens 640
17.1.5 Instructions and Data that Span REZIONS .........cccevieviiiiiiieiieicieie e 640
17.2 REZIStEr DESCIIPLIONS ....vieveieieieiieieeiieteetiete st eet et ete st et e seestesseesaessessseseensesseessesseensensessenssensenneenes 641
17.2.1 Region-n Start Page Number Register (RSPAGEN) (N =010 7) ..occcvevieriieiiieneecieeieesieenens 641
17.2.2 Region-n End Page Number Register (REPAGEN) (N =010 7) ..ccceovvierreeieieeieieeeeee e 642
17.2.3 Memory-Protection Enable Register (MPEN) .......cccooiiiiiiiiieiecececeee e 643
17.2.4 Background Access Control Register (MPBAC) .......cccoooieriiiieieeeeieceeieie e 644
17.2.5 Memory-Protection Error Status-Clearing Register (MPECLR) ........cccoooviiiniiiineiceee. 645
17.2.6 Memory-Protection Error Status Register (MPESTS) .....cooiiiiiiiiiiieeeeeeceee e 646
17.2.7 Data Memory-Protection Error Address Register (MPDEA) ......cccoooiiiiiiiniiiiinieeecee 647
17.2.8 Region Search Address Register (MPSA) ...cc.ociiiiiiiieieceeeeeteete ettt ereens 647
17.2.9 Region Search Operation Register (MPOPS) ......oouiviiiiiiieicieie e 648
17.2.10 Region Invalidation Operation Register (MPOPI) .........cccccoviivieniieieiciee e 648
17.2.11 Instruction-Hit Region Register (MHITI) .....ccooiiiiiiiiiieieeeee e 649
17.2.12 Data-Hit Region Register (MHITD) .....cc.ooiiiiiiiieiieeceeeceee ettt 651
17.3 FUNCLIONS -ttt h ettt et et e bt et esbe et e bt e st e e ebe et ebeentenaeenes 653
17.3.1 MEMOTY PIOTECION ...evviiieiieiieieiieie ettt tte ettt e ettt te et sreseaesbeesaesseesaesesseessessnensesnsessenssens 653
17.3.2 REZION SCAICH ...ttt ettt ettt ene et neeeesaeeneens 653
17.3.3 Protection of Registers Related to the Memory-Protection Unit ..........cccoceeenenencnieceencecnenne. 653
17.3.4 Flow for Determination of Access by the Memory-Protection Function ............ccccoceevenennen. 654
17.4 Procedures for Using MemoTy ProteCtion ..........ceeecueeriieriieiiieniesieesieesie ettt sieeseae e e saeeveennees 656
17.4.1 Setting Access-Control INfOrmation ............cceceeieiirieie e 656
17.4.2 Enabling MemOry PrOtECION .........cocueiuieieriieieei ettt et eneens 656
17.4.3 Transition t0 USET MOAE ......ooiiiiiiiiiiiieii ettt sae b eneens 656
17.4.4 Processing in Response to Memory-Protection EITOTS ..........ccceeveviierieeiieiniienieeieesie e 657
18.  DMA Controller (DIMACAR) ....ocooiiiiiiiiiie ettt e e e e e e e s e et eeeeeaaaae e e e e annnneeeeas 658
18.1 OVETVIEW ettt ettt ettt ettt ettt et e b et e b et s bt et s bt e s bt e bt e bt e e e bt eb e et e e st e sbeebt e s bt ebae s bt eab et e eabenbeenee 658
18.2 a7 ) D T oa ] o110 4 T PSSP 660
18.2.1 DMA Source Address Register (DMSAR) .....ooiiiiviiiiiiiiieicciee ettt 660
18.2.2 DMA Destination Address Register (DMDAR) .....cccoocieviiiieiiiieiecieeieceee e 660
18.2.3 DMA Transfer Count Register (DMCRA) ......ooeiieiiiiieieeeeeeeetee et 661
18.2.4 DMA Block Transfer Count Register (DMCRB) ........coooiiiiiiiiiieieieeeee e 662
18.2.5 DMA Transfer Mode Register (DMTMD) ....cc.oouiiiiiiiieiieieieee e 663
18.2.6 DMA Interrupt Setting Register (DMINT) ...cccooiiiiiiiiieieeeee e 664



18.2.7 DMA Address Mode Register (DMAMD) ......ooiiiiiiiiiiiieeeeeeee et 666

18.2.8 DMA Offset Register (DMOFR) ...c..ooouiiiiiiiiieeee e 669
18.2.9 DMA Transfer Enable Register (DMCNT) .....oooiiiiiiiiiiieiiiieeeeeeeieee e e 669
18.2.10 DMA Software Start Register (DMREQ) .....ccccviiiiiiiniieiiriieieie ettt sae e 670
18.2.11 DMA Status RegiSter (DIMSTS) ..cuviiiiiiiieieeieieeee ettt sttt s s aeseeensesneas 671
18.2.12 DMA Request Source Flag Control Register (DMCSL) .....cooviiieiieieiieieieceee e 672
18.2.13 DMAC Module Start Register (DMAST) ....ocuoeiiiriieieeiee ettt s 673
18.2.14 DMACT74 Interrupt Status Monitor Register (DMIST) .....ccoiiiiiiiiienieieceee e 674
18.3 (05156215 (o) s KNSR PRSP 675
18.3.1 TTANSTET MOAE ..niiiiiiiieee ettt bbbttt et et 675
18.3.2 Extended Repeat Area FUNCHON ......ocoovuiriieiieiieieeiieieeeee et s 679
18.3.3 Address Update Function using OffSet .........cccceeviiiiiiiiiiiiieeeeeee e 681
18.3.4 REQUESE SOUICES ..ottt ettt ettt b et e st e st et e e e saeeseesaeeneenaeeseans 685
18.3.5 OPETAtION TIMING ..ecvvieiieieiieiieeieeitterte et erte et esttesteesteestteebeesseeseseessseenseesseessseenseesssesnsesnseesns 686
18.3.6 DMAC EXECULION CYCIES .evovviiiieniieiieiieiieiieiesieete st etesteeeestesesesteesaesseessesseeseesseessesseensessesssens 687
18.3.7 Activating the DIMAC ......ooiiiieiieiee ettt ettt e seesae b esbessaes e eseensenseenseneas 688
18.3.8 Starting DMA TTANSTET .....c.oeiiiririirerieieteeeetet ettt ettt sttt ettt 689
18.3.9 Registers during DMA Transfer ........ccooieiioioriieie e 689
18.3.10 CRANNET PLIOTILY ..ottt sttt ettt ebe e e ae e e e naeeeeans 690
18.4 ENding DIMA TTANSTET ....cccvieiiiiiieieeie ettt ettt et e seeeesaeebaessbeesteeseseenseesssessneenseenseenns 691
18.4.1 Transfer End by Completion of Specified Total Number of Transfer Operations ................... 691
18.4.2 Transfer End by Repeat Size End INteTrupt .......ccccovevveieiiieininiieneencreceeeceeceese e 691
18.4.3 Transfer End by Interrupt on Extended Repeat Area Overflow ..........cccoovevinieiinienincenennen. 692
18.5 TIEETTUPLS .eveenvieiiieiieete ettt ettt et ettt et e et e st e e taeeabe e beeesbeesseessbeesseensseanseenseessseanseenssesnsaenssennsenns 693
18.6 EVENE LINK ..ottt ettt ettt et ettt e s ae et e r e e aesne et e neenteeneenes 695
18.7 Low-Power Consumption FUNCHON ......coocviiriiiiieiieeieeie ettt ettt et e saeesenees 696
18.8 USAZE INOLES ...eeeniiiieieeie ettt ettt ettt et st e et et e bt e e et e e e st s anesaeeanesreessenneeaeenes 697
18.8.1 DMA Transfer to EXternal DEVICES .......ccccoiririirierienieieieiceicetesie ettt ee 697
18.8.2 DMA Transfer to Peripheral MOAUIES ..........ccceecieriiiieniiiiciicieeceete e 697
18.8.3 Access to the Registers during DMA Transfer .........ccoocveverieiiiienienieieeeeeeeeeeeee e 697
18.8.4 DMA Transfer to ReSEIVEd ATCAS ......cceeruiruieriieiieii ettt st 697
18.8.5 Interrupt Request by the DMA Request Source Flag Control Register (DMCSL)
at the End of Each Transfer ........occooviiiieiiiiee et 697
18.8.6 Setting of DMAC Trigger Select Register of the Interrupt Controller ICU.DMRSRm) ........ 697
18.8.7 Suspending or Restarting DMA Transfer ..........ccooveviieieviiieeie et 698
19.  EXDMA Controller (EXDMAGCA) ...ttt e e et e e e e e e e e e e e e e annnenneeas 699
19.1 OVEIVIEW ..ttt sttt ettt ettt ettt e st et et e st e bt es e eh e ebeebeeb et et emeemten e es e eneeb e bt besb et et et eneeneeneeneeneenes 699
19.2 REgIStEr DESCIIPLIONS ....veeuieiieiieiiieie et eitest ettt ettt ee sttt et eetesbe et e sbeentesteeneesseeneesaeeneeneesseensenseeneenes 702
19.2.1 EXDMA Source Address Register (EDMSAR) .....ccooiiiiiiiiicieieceeeeeeie et se e 702
19.2.2 EXDMA Destination Address Register (EDMDAR) ......cccoiiiiviiiieiecieieeeeeeeveeee e 702

19.2.3 EXDMA Transfer Count Register (EDMCRA) .....ccooiiiiiiiiecieieeeeeeeee et 703



19.2.4 EXDMA Block Transfer Count Register (EDMCRB) .......cccccoeiieieiiinieicee e 705

19.2.5 EXDMA Transfer Mode Register (EDMTMD) .....cccooiiiiiiniiiiiiiieenieesieee e 706
19.2.6 EXDMA Output Setting Register (EDMOMD) ......ccoooiiiiiiiiiiieieiieieiee e 707
19.2.7 EXDMA Interrupt Setting Register (EDMINT) ......ccoevieriiiieriiiieiecieeieeieeee e sveeneneas 708
19.2.8 EXDMA Address Mode Register (EDMAMD) .....cccoooviiiiiieniieieieeiecieeiesie e 710
19.2.9 EXDMA Offset Register (EDMOFR) ......oouveiirieiicieie ettt 713
19.2.10 EXDMA Transfer Enable Register (EDMOCNT) ....occiiieiiiieiiiieeceeeee e 714
19.2.11 EXDMA Software Start Register (EDMREQ) ......cooiiiiiiiiiiiieieeeeeee e 715
19.2.12 EXDMA Status Register (EDMSTS) ..ottt s 716
19.2.13 EXDMA External Request Sense Mode Register (EDMRMD) ......cccceveiiiviienieeiienieeieeees 717
19.2.14 EXDMA External Request Flag Register (EDMERF) .......cccccoooiiiriiiiieieieeeeeeeeee s 718
19.2.15 EXDMA Peripheral Request Flag Register (EDMPREF) .......ccooviiiiiiiieiicieeeeecceee s 719
19.2.16  EXDMAC Module Start Register (EDMAST) ..c..ccecieieieiieeierieieieeeieie e 720
19.2.17 Cluster Buffer Register y (CLSBRY) (¥ = 010 7) coueoieiieieeeeeee et 721
19.3 (0571576215 (o) s KNSR 722
19.3.1 TTANSTET MOAE ..ttt sttt ettt ebes 722
193.2 Extended Repeat Area FUNCLION ....c..ccueiiiiiiinininiicieccte e 728
19.3.3 Address Update Function using OffSet .........ccccoeoiiiiiiiiiiiieeeeeeee e 730
19.3.4 AdAIEsS MOAES ...ttt ettt ettt ettt h et bttt n et ne et ene e 734
19.4 TranSTEr OPETALION .....eevviiiiieeieeitie ettt ette sttt e st e e estee e bt e ssbeesse e sbesnseenseessseenseenseensnesnsennseeses 735
19.4.1 Normal/Repeat Transfer OPEration ........c.ccccececeerereriererininenenteeetee et 735
19.4.2 Block Transfer OPeration ........c.cccceceeeeireneniinieieteiniineniestee ettt ettt seeneeaeenes 737
19.4.3 Cluster Transfer OPEration .........ccooeeiieieieriee sttt ettt et este st e seeeeeenaeseenaesseens 739
19.5 Request Sources and ProCEAUIES ........ccviiieeriieieiiiieeieeciee sttt et ste e st e sveebeestaeebeessesnsaenseesnsean 742
19.5.1 REQUESE SOUTCES ...ttt et et e e 742
19.5.2 Activating the EXDMAC .....coiiiiiiiiiiiiiinrnres ettt ettt 745
19.5.3 Starting DIMA TIanSTET .......oouiiiiiiieiiiee ettt et s 746
19.5.4 Registers during DIMA TTanSTEr ........cccecciiiiiierieeiieiieeieeie ettt ae e e saeeaeesnne e 746
19.5.5 CRANNEL PTIOTILY ..vieiiieieeeiiieieeeie ettt ettt e ettt e s teeteesseesabeessaeenseessseenseenssenseesnsesnseenes 747
19.6 Ending DIMA TIaNSTET .....cocuviciiiiiiieiieiecieetetet ettt sttt st besseese s e e aeesaessenseessenseenns 748
19.6.1 Transfer End by Completion of Specified Total Number of Transfer Operations ................... 748
19.6.2 Transfer End by Repeat Size End INterrupt ........oooveevieeiiieiiieiieiecie et 749
19.6.3 Transfer End by Interrupt on Extended Repeat Area Overflow .........cceeeveevvenceeecienieecieennenn. 749
19.7 TIEETTUPLS .eeeeteeiie ettt ettt et ettt ettt e st e et et e e beesbee s e be e s bt e eateenbeesabesabeesbeesabeenseesaseensaenseeans 750
19.8 Low-Power Consumption FUNCHION .......ccooiiiiiiiiiiiiiieee e 752
19.9 EDACKn Operation in Single Address MOdE .........cccooieeierieiinieieneceeeeeie e e 753
19.9.1 EDACKn Operation Example in Normal-Transfer (CS Area) Single Address Mode ............. 753
19.9.2 EDACKn Operation Example in Normal-Transfer (SDRAM Area) Single Address Mode .... 755
19.9.3 EDACKn Operation Example in Block-Transfer (CS Area) Single Address Mode ................ 758
19.9.4 EDACKn Operation Example in Block-Transfer (SDRAM Area) Single Address Mode ...... 759

JO.10  USAZE NOLES .oveeuiiiieieiiieieeitete ettt ettt sttt ettt et e st s et e e st e e saeesesaeeneese et e saeenns 766



19.10.1 CIUSTET BUTTEIS ...vveiiiiieiiieeeeeee ettt ettt ettt e e e e et e e e e s snnae e e e s snaaeeeessnreeeas 766

19.10.2 Access to the Registers during DMA Transfer ..........coocoooeriiiiiinienieeeee e 766
19.10.3 DMA Transfer to RESEIVEd ATCAS ......ccceiieiierieiieiieie ettt ettt e 766
20. Data Transfer Controller (DTCD) ........e e e e e 767
20.1 OVETVIEW .ttt ettt ettt ettt a ettt et et et e st e et e es e e e bt e a e e sheemt e bt em e e bt em b e eb e emtesheentesaeemaesbeentenbeenteeneenes 767
20.2 REGIStEr DESCIIPLIONS ...vvevvieiieiieiieiieiierteeeteteetestesttetesseebesseessesseesseeseensesseensesasensessaensessesseansesseensesses 769
20.2.1 DTC Mode Register A (IMRA) ...oooiiiieeie ettt ettt st eae et s e et e sebeeaeesnneens 769
20.2.2 DTC Mode Register B (IMRB) ...c..oociiiiiiiiiieiesit ettt ettt sve e saeeaesnaensans 771
20.2.3 DTC Mode Register C (MRC) .....oouiiiiiiiiiiiicieiicencseseeeetetet ettt 773
20.2.4 DTC Transfer Source Register (SAR) ...c.cooiiiieiieiei ettt 774
20.2.5 DTC Transfer Destination Register (DAR) .....oocoeiiriiiiie e 774
20.2.6 DTC Transfer Count Register A (CRA) ...cuoiieiiiieiree e 775
20.2.7 DTC Transfer Count Register B (CRB) ......ccooiiiiiiiiiiieeeeeeeee e 776
20.2.8 DTC Control Register (DTCCR) ...cccviiuieiiciieieeieeieetteie et eee st et eve e besteessesseesse e essessaessens 776
20.2.9 DTC Vector Base Register (DTCVBR) ......ooiiiiiiiiiiiiee ettt 777
20.2.10 DTC Address Mode Register (DTCADMOD) ......ooouieiieiiiiieieeieeie st 777
20.2.11 DTC Module Start Register (DTCST) ..oueeoiieieieiieeceee ettt 778
20.2.12 DTC Status Register (DTCSTS) ...ueeieiieiieiieieee ettt et s eeee e 779
20.2.13 DTC Index Table Base Register (DTCIBR) ....cccoiuiiiiiiieiiiieieeeeeeee e 780
20.2.14 DTC Operation Register (DTCOR) ...cc.coviiiiiiiiieiiieiieeieecte ettt 781
20.2.15 DTC Sequence Transfer Enable Register (DTCSQE) ....ccocoveiiiiieieiiieieieceeeeeeeeeee e 782
20.2.16 DTC Address Displacement Register (DTCDISP) ....cccoovviieiiiiieiieieeeieieeeee e 782
20.3 REQUESE SOUTCES .....eoiiiiiiiiiiie ettt e e st e 783
20.3.1 Allocating Transfer Information and DTC Vector Table .........cccoccvevveeiecienievieneeieseeeesieeeens 783
20.4 OPETATION .eeuviieiiieiiieeiieiteeteesteebeesteeete e bt esteesteessseesseesseessseenseessseessseasseensaesssesnseesssenssesnseenssesssennsesans 785
20.4.1 Transfer Information Read Skip FUnCtion ...........ccoocovieiiiieiiiieeeeeeeeeeee e 787
20.4.2 Transfer Information Write-Back Skip Function ...........ccoccooiiiiiiiiiiiniiiiec e 788
20.4.2.1 Write-Back Skip by FiXing AdAIeSSES ......c.cccuevvirieviirierieiieeieiieeiesreesesreese e eseesseesae e 788
20.4.2.2 Write-Back Skip by the MRA.WBDIS Bit ......ccooiiiiiiieiiieee e 788

20.4.3 Normal Transfer MOAE ......ccooveiiiiiiiiiiiieeeee ettt st 789
20.4.4 Repeat Transfer MO ......cc.ooiiiiiieie ettt ettt esaesneeneens 790
20.4.5 BIOCK Transfer MOAE ........oouieiiiiiiieieeie ettt ettt sttt et et et eneeseesneennens 791
20.4.6 Chain TTANSTET .....eeiiiieiiiee ettt ettt ettt ese et e e e see et e ae s e enaesaeens 792
20.4.7 OPETAtioN TIMING ..ecuveeciieiiiieiieeieeiteerte et eree et esteesteesteessaeeteesseeseseesseessseesseessseesseessseensessseeses 793
20.4.8 Execution Cycles 0f the DTC ......oooiiiiiiie ettt st s beesanesene e 796
20.4.9 DTC Bus Mastership Release TIming ........cccccoecerievierierieiieienieiesieeiesie e sreeeeseeseesseensessens 796
20.4.10 SEQUENCE TTANSTET ..evitiiiiiieicictece ettt sttt ettt et 797
20.4.11 DTC INAEX TADIE ...oviveieieieieiietieie ettt ettt bbb esaeseeseeteetesseebebesseseessessanas 799
20.4.12 Example of Sequence Transfer .........coooooiiieiieieieee e 801
20.5 DTC SEttiNg PrOCEAUIE .....oocviivieiiieiieeiiieite ettt e ste et e sttesteeteeseteesaeessaessseenssessseenseessseenseenseenseesnsens 807

20.6 EXamples Of DTC USAZE ...c.cocvririririiriirieniertetctetetete ettt ettt ettt st sttt 808



20.6.1 NOIMAL TTANSTET .eeveiiiiiieeeeeeeee et e e et e e e e et e e e e e saateeeesssnraaeeessnaeeeeeean 808

20.6.2 Chain TTANSTET ...oc.eiiiiiiiiee ettt ettt et sbe et e ae et e naeeeeens 808
20.6.3 Chain Transfer When the Counter i 0 .........ccooueiieiiiieiinieeeee e 810
20.6.4 SEQUENCE TTANSTET ...eviieiiiiiieiieiece ettt ettt e st e e e e steessbeesaeeenbeebaesanesaseas 811
20.7 TNEETTUPE SOUTCE ettt ettt sttt e et e bt e st e et e e s bt e eabe e beesabeesbeenbeesaseenseenaneens 812
20.8 EVENE LINK oottt sttt s ae et b et bbb ne e 812
20.9 Low Power Consumption FUNCHON ........ccoiieiiiiieiieiieie ettt sse e e eaene e 813
20.10  USAZE NNOLES .veeeieuieitieiietieterte et et tet e steetteste e tesbeeseesbe e e tesbeeseen bt esteabeemtenbeeaeesbeemeenbeemeesbeemeenbeeseenbeeneenes 814
20.10.1 Start Address of Transfer INformation ..........c..coceeeviereniiiiiniiiinneeeceeeeee e 814
20.10.2 Allocating Transfer INformation .............eceeieciirierieiieieeiee e 814
20.10.3 Setting the DTC Transfer Request Enable Register in the Interrupt Controller
(TCU.DTCERIN) ..ottt ettt ettt ettt sttt e s e s essesseseeseeseeseeseesessessessensessesansensans 815
20.10.4 Notes on Using the Sequence Transfer ...........ccooeiiiriiiiriiiiieeeeee e 815
21, Event Link Controller (ELC) .....coooiiiiiie ettt e e e 816
21.1 OVETVIEW .ttt ettt ettt ettt et e bt at et et e e st e st e es e e bt e et e sb e e et e b e es e e bt ea e et e emtesbeemtesbeemaesbeentenbeenbenneenes 816
21.2 REZIStEr DESCIIPLIONS ....veeuiieieiieiiieieeiteieet e et et et e e st et e st eaesseeaessesssesseensesseensesseensensessesssensennsenes 817
21.2.1 Event Link Control Register (ELCR) ....ccooiiieiiiiiieiieeieeeie et 817
21.2.2 Event Link Setting Register n (ELSRn)
(n=0,3,4,7,10to0 13,15, 16, 18 to 28, 33,35 t0 38,45, 48 t0 57) sererererereneeeeeeee 818
21.2.3 Event Link Option Setting Register A (ELOPA) ....cooovieiiiieiicieeeeeeeeee et 824
21.2.4 Event Link Option Setting Register B (ELOPB) ........ccooviiiiiiiiiiiiceeeeee e 824
21.2.5 Event Link Option Setting Register C (ELOPC) .....c.cccueviiieriieieieeieeeee e 825
21.2.6 Event Link Option Setting Register D (ELOPD) ......ccooiiiiiiiiieeeeeeee e 825
21.2.7 Event Link Option Setting Register F (ELOPF) .....coooiiiiiiie e 826
21.2.8 Event Link Option Setting Register H (ELOPH) ......c.coooiiiiiiiiii e 827
21.2.9 Port Group Setting Register n (PGRN) (1= 1,2) .ocoiviriiiiieiieieieeieeeeeeie et se e 828
21.2.10 Port Group Control Register n (PGCn) (1 =1, 2) ..coceoiiiiiiieieeiieieeieeeeeeie et se e 829
21.2.11 Port Buffer Register n (PDBFN) (1 = 1, 2) ..ooceviiieiieieceeeceeieeee et 830
21.2.12 Event Link Port Setting Register m (PELmM) (M =010 3) ..ccccceeririiriirieieeeere e 831
21.2.13 Event Link Software Event Generation Register (ELSEGR) ........ccccoovieiiiiiiiiniiiceeeee 832
21.3 OPETALION .iiviieiiieieieeieeetieeteeseeeteesteeeteeteessbeesseessaeesseesseesssaeseaasseeasseasseenseesssessseesssesssensseesseesssannsensss 833
21.3.1 Relation between Interrupt Handling and Event LinKing ..........ccoccvecvevievieniecienieiene e 833
21.3.2 EVENt LINKAZE ....eovieeiieiee ettt ettt ettt et ettt sae et neeeesneeneens 834
2133 Operation of Peripheral Timer Modules When Event Signal is Input ..........ccccceeieiinieinnnnne 835
21.3.4 Operation of GPTW When Event Signal is INput ........cccooiviiiiiiiiiiieeeeeee 835
21.3.5 Operation of A/D and D/A Converters When Event Signal is Input ..........cccccevvvienieienieennnne, 835
21.3.6 1/0 Port Operation When Event Signal is Input and Event Generation .............ccccoevveeverveennn. 836
21.3.7 Example of Procedure for Linking EVENtS ........cccccveviieieriieiiiiiiieieceeieetee e 840
21.4 USAZE INOLES ..ottt ettt sttt et sttt et e b s e et et e s e s e e aesanesreean e e eaeenes 841
21.4.1 Setting ELSRN REZISTET ...c.veivieiieiiiiieiiiiieiesie ettt sttt steesee e esaeseeessessaessesssessessaessenseenns 841
21.4.2 Setting Bit-Rotating Operation of Output Port Groups ...........cceeveveeriirierieneeiineereereevesveennes 841

2143 Linking DMA/DTC Transfer End Signal as Event .........c.ccccocovnininininininiincncnceen 841



21.4.4 L0 1oTed QT 1 1TSS 841
21.4.5 Module Stop FUnction SETHNE ......c.oieiiiiiiiieieeeeee ettt s 841
D2 [ TN o] o -SSR 842
22.1 OVETVIEW .ttt ettt ettt ettt ee et et et eh et e et e et e e st e e bt e et e sheeet e b e em e e bt em b et e emeesaeemtesbeemaesbeentenbeenbeeneenes 842
22.2 I/O POIt CONTIGUIATION ...ovvieiiiiieiiiiieiesteeiesee et et et et e st eseesaeessesseessessaenseeseenseessenseeneeseensenseensenseenes 845
22.3 REGISTET DESCIIPTIONS ..eeuviieevieiieiiiieiteeseeeteeeteeteestteeteesteeeteesseessseesseesseesssaesseessseensaesssessessnseenseensseans 849
22.3.1 Port Direction Register (PDR) ....cc.ooieiiiiieiiciee et et 849
22.3.2 Port Output Data Register (PODR) ......cccuiiieiiieieiieieie ettt s 850
2233 Port Input Re@ister (PIDR) .....coiiiiiieiiet ettt st 851
22.3.4 Port Mode ReiSter (PIMR) .....ciciiiiiieiieiie ettt et ve et s aeesaaesbaenasensee e 852
22.3.5 Open-Drain Control Register 0 (ODRO) .....cocvieeiiiiiieiieeieciieeeeee e 853
22.3.6 Open-Drain Control Register 1 (ODRI) ....cccocciiiiieiiiiieiiiieieceeeeeceee e 854
22.3.7 Pull-Up Resistor Control Register (PCR) .......cccceeiiiiiiiiiiiecieieeeee e 855
22.3.8 Drive Capacity Control Register (DSCR) .....c.ccciiiiiriicieiiiiecieeieie ettt 856
22.39 Drive Capacity Control Register 2 (DSCR2) ....oocuiviiiiiiiieeeieeesieeeeeee e 857
22.4 Initialization of the Port Direction Register (PDR) .......ccocoiiiiiiiiiiiieieeeeeeee 858
22.5 Handling of UnUSed PINS ........ccoccieiieiieiiiieiesieeet ettt sttt e e e e ssesreessenseeneenes 862
23.  Multi-Function Pin Controller (MPC) .........ooiiii e 863
23.1 [0S T4 1< OSSR 863
23.2 REGIStEr DESCIIPLIONS ...vviuvieiiesrieeiiieieiesieetesieete st eetesteesesseessesseessesseessesssesseeseessenssessesseessessenssessenseenes 888
23.2.1 Write-Protect Register (PWPR) .....oouiiiiie e 888
23.2.2 POn Pin Function Control Register (POnPFS) (=010 3,5, 7) eeoereeieiieene e 889
23.2.3 P1n Pin Function Control Register (PINPFS) (N =010 7) ..ocovvevieviiiieeieeieecieeie et 891
23.2.4 P2n Pin Function Control Register (P2nPFS) (N =010 7) ...ccceevverrerierrieieieceerie e e 894
23.2.5 P3n Pin Function Control Register (P3nPFS) (N =0104) ....ccccceevrrrieriieieieeeere e 895
23.2.6 P4n Pin Function Control Register (PAnPFS) (N =010 7) ..ecccevvirrrerieieieie et 896
23.2.7 P5n Pin Function Control Register (PSnPFS) (N1 =010 2,4 t0 7) eecevieienieereeereee e 897
23.2.8 P6n Pin Function Control Register (PONPEFS) (N =10, 7) ..ccceeoirieiiieieeee e 899
23.2.9 P7n Pin Function Control Register (P7nPFS) (N =110 7) .ceooerieiirieieieeneee e 900
23.2.10 P8n Pin Function Control Register (P8NPFS) (N =010 7) ...ccceevvrvrerrieriieieieeeerie e 901
23.2.11 P9n Pin Function Control Register (POINPFS) (N =010 3) ...ccceecverriecieriieienieeesieeeee e, 903
23.2.12 PAn Pin Function Control Register (PANPFS) (N =010 7) ..cceeoverieiieriieierieeere e 904
23.2.13 PBn Pin Function Control Register (PBNPFS) (n =010 7) ..eveeieiieieeieeeeee e 905
23.2.14 PCn Pin Function Control Register (PCnPFS) (N =010 7) eeoeeieiieieeieeeeeere e 906
23.2.15 PDn Pin Function Control Register (PDnPFS) (N =010 7) .eoceeoeeiiriiiiieienieeneeeeeee e 907
23.2.16 PEn Pin Function Control Register (PENPFS) (N =010 7) ..ooceevieviieieiieieie e 909
23.2.17 PFn Pin Function Control Register (PFNPFS) (N =101t02,5) .icceeieiieiieieieceeee e 911
23.2.18 PHn Pin Function Control Register (PHNPFS) (N =010 7) ..cceecverieiierieienieieeeeeere e 912
23.2.19 PJn Pin Function Control Register (PJnPFS) (n =010 3, 5) coeeoieiiiieieieeeeee e, 913
23.2.20 PKn Pin Function Control Register (PKNnPFS) (N =010 7) ..cceeoeiieiierieeeeereeeereeee e 915
23.2.21 PLn Pin Function Control Register (PLNPFS) (N =010 7) .eeoiiieiiiieieiee e 916



23.2.22 PMn Pin Function Control Register (PMnPFS) (n =010 7) .oeeoeiieiieieieeeeeeeeeeeeieee 917
23.2.23 PNn Pin Function Control Register (PNNPFS) (N =4, 5) .o, 918
23.2.24 PQn Pin Function Control Register (PQnPFS) (N1 =010 3) ..ccceoiriiiiiiiiieeeeeeeeeeeee 919
23.2.25 CS Output Enable Register (PFCSE) ......coiiiiiiieieiicieteteeeee ettt re e 920
23.2.26 CS Output Pin Select Register 0 (PFCSS0) ....cc.oeieiiieieiieieeeeieseeie sttt 921
23.2.27 CS Output Pin Select Register 1 (PFCSST) c..vooviiiiiieieieieeteeseee sttt 922
23.2.28 Address Output Enable Register 0 (PFAOEQ) .......cccooivininiiciiiiininercseseseseeeeeeee e 923
23.2.29 Address Output Enable Register 1 (PFAOEL) ...oocooiiiiiiiieeeeeee e 924
23.2.30 External Bus Control Register 0 (PFBCRO) .......cooiiiiiiiiieeeeee e 925
23.2.31 External Bus Control Register 1 (PFBCRI) ....cccoociiviiiiiiiiieiccieieceee ettt 926
23.2.32 External Bus Control Register 2 (PFBCR2) .....cccocooviiiiiiiiieecieeetee et 928
23.2.33 External Bus Control Register 3 (PFBCR3) ....ccccociiiiiiiiecieecteecteeetee e 929
23.2.34 Ethernet Control Register (PFENET) ....ccooiiiiiiiieiecee e 930
233 How to Set the External Bus INterface ..........coocoiiiiiiiiiiiieie e 931
234 USAZE NNOLES ..vvieuiieiiiieiieeie ettt et ettt e sb et ebte st e et ee s et e e bt e satesa bt e sabesabeebteenbeenseesaseensaesnsesnseannsennne 935
23.4.1 Procedure for Specifying Input/Output Pin Function ..............ccccooiiiiiiniiniiiinieeees 935
23.4.2 Notes 0n MPC Re@IStEr SETHINE ....c.eervieiiiiiiierieeiieieei ettt 935
2343 Notes on the Use 0f ANalog FUNCHONS ....cc.eeviiiiiiiiieeiieiie ettt 936
24.  Multi-Function Timer Pulse Unit 3 (MTU3A) ..ot 937
24.1 OVETVIEW ettt ettt ettt ettt ettt b ettt et s bt bt bt et sh e e st e s bt e et s bt ea e b e et sbeemtesbe et s bt e benbeenbeeaeenee 937
24.2 a3 g BTt ) o5 ) T PR 943
24.2.1 Timer Control RegiSter (TCR) ...ccuiviiiiieiieiiiieie ettt ettt s sve e saeeaesreesnens 943
2422 Timer Control Register 2 (TCR2) ..cvicieiieiieieeieeie ettt sae st sveesneneas 945
2423 Timer Mode Register 1 (TMDRI) ..o.ooiieiiiieiicieiteese ettt s enees 949
24.2.4 Timer Mode Register 2m (TMDR2m) (M= A, B) .ooueooiiiieeeeeeeeee e 951
24.2.5 Timer Mode Register 3 (TMDR3) .....oouiiiiieeeeee et s 952
24.2.6 Timer I/O Control Register (TIOR) ....cc.oouiiiiiiiiiieiee e e 953
24.2.7 Timer Compare Match Clear Register (TCNTCMPCLR) .......cccoeeviiiieiiniieieeieeeceeeee e 970
24.2.8 Timer Interrupt Enable Register (TIER) .......cccooviiiiiiiiieniieieieceee et 971
2429 Timer Status Re@ister (TSR) ..ocouiiiiiiiieieeieeeett ettt st eesae e esnens 974
24.2.10 Timer Buffer Operation Transfer Mode Register (TBTM) ......ccocvvirininenenienienicieencnceenen 975
24.2.11 Timer Input Capture Control Register (TICCR) .....c.ccoveririririninieniiiciciceeieencseee e 976
24.2.12 Timer Synchronous Clear Register (TSYCR) ...cc.ooiiiiiiiiiieiieee e 977
24213 Timer Counter (TCONT) .ooccvieiiecii ettt ettt et e s e e be e sebeebeeseaesbeeseensneans 978
24.2.14 Timer Longword Counter (TCNTLW) ..c.coiviiiiiiiiieiiecieeiee ettt st see s eeve e 979
24.2.15 Timer General Register m (TGRm) (m=A,B,C,D,E,F, U, V, W) ...ccccoininniniirieienne 980
24.2.16 Timer Longword General Register m (TGRmMLW) (m=A, B) ....ccceoiiiiiiiinninnnencceee 981
24.2.17 Timer Start Registers (TSTRA, TSTRB, TSTR) ...coevtiiiiiiiiiiiirirrenereseeeeeeeeeeeee 982
24.2.18 Timer Synchronous Register m (TSYRmM) (M = A, B) oooioiiiiii e 984
24.2.19 Timer Counter Synchronous Start Register (TCSYSTR) ...cccvvevviiiieiiiieierieeieeeie e 986
24.2.20 Timer Read/Write Enable Register m (TRWERmM) (m=A, B) ..ccccovvviiriiiieeeeie e 988



24.2.21 Timer Output Master Enable Register m (TOERmM) (m=A, B) ..cccooieiiieiieeeeee 989
24.2.22 Timer Output Control Register Im (TOCRImM) (M =A, B) cceeiiiieiiiiiiiieeeeeeeeee 991
24.2.23 Timer Output Control Register 2m (TOCR2m) (M = A, B) co.eoiiiieiiiieieeeeeeeceee 993
24.2.24 Timer Output Level Buffer Register m (TOLBRmM) (m=A, B) ...ccccooevieiiiviiiiciceeeeeecieee 996
24.2.25 Timer Gate Control Register A (TGCRA) ...ccoeiiieeiicieeeeeeee e 997
24.2.26 Timer Subcounter m (TCNTSM) (M = A, B) eeeoiieiieieeieie ettt s 998
24.2.27 Timer Period Data Register m (TCDRmM) (M = A, B) ..cceoiiiiiiiieee e 998
24.2.28 Timer Period Buffer Register m (TCBRm) (m=A, B) ..ceooiiiiiieieee e 999
24.2.29 Timer Dead Time Data Register m (TDDRm) (m = A, B) ..ooooiiiiiiiieieeeee e, 999
24.2.30 Timer Dead Time Enable Register m (TDERmM) (M =A, B) ..ccceovveviiieiicieieeeeeeeee 1000
24.2.31 Timer Buffer Transfer Set Register m (TBTERm) (m=A, B) ..ccceovvieriieiiieieeeeeeee 1001
24.2.32 Timer Waveform Control Register m (TWCRmM) (m=A, B) .cccooovvvieiiieecieeeeeeeee 1002
24.2.33 Noise Filter Control Register n (NFCRn) (n=01t04, 6,7, 8, C) weoeeveevvrieeieieeeeeeeieene 1004
24.2.34 Noise Filter Control Register 5 (NFCRS) ..coouiiiiiiiie e 1006
24.2.35 Timer A/D Conversion Start Request Control Register (TADCR) ......ccccevivieiinieniniee 1007
24.2.36 Timer A/D Conversion Start Request Cycle Set Register m (TADCORm) (m = A, B) ........ 1011
24.2.37  Timer A/D Conversion Start Request Cycle Set Buffer Register m
(TADCOBRIM) (IN = A, B) 1ottt ettt st s 1011
24.2.38 Timer Interrupt Skipping Mode Register m (TITMRm) (m=A, B) ..ccccevvvcievieieeeiee, 1012
24.2.39 Timer Interrupt Skipping Set Register Im (TITCRIm) (m=A, B) .cccccecevininininicicenee 1013
24.2.40 Timer Interrupt Skipping Counter Im (TITCNTIm) (m = A, B) ..ccceoiviiiiiiinininincncee 1015
24.2.41 Timer Interrupt Skipping Set Register 2m (TITCR2m) (m=A, B) .ooceeiirieiiieiee 1017
24.2.42 Timer Interrupt Skipping Counter 2m (TITCNT2m) (M= A, B) ccccievvieecieieeeeee e, 1019
24.3 OPETALION .oeuviieiiieiiieeieeitieeteertee ettt eteeetteebeessaeese e saeasseesseessseesseessseanseeseesssaeseessseenseenseessseesseenssesnsens 1021
24.3.1 BaSiC FUNCLIONS .....eiiieiiiiieieit ettt ettt se e s bessa e e esteseeneansesneennenns 1021
2432 SYNCAIONOUS OPETATION ....eeiiitieiiitieieete ettt ettt ettt e et e e e e et eneesaeeneesaeeneens 1027
2433 BUTTET OPETALION ...eeiiieiiieiiiicieeie ettt ettt e et e et e st e e teestaessbeesaessseensaensseenseas 1029
24.3.4 CasCaAdEd OPEIALION ....ccueeruiieiieriieiieeiieeteereeete et e steeae e taeeaeeteessbeeseessaesnseessesnseenseenssesnsens 1033
24.3.5 PWIM MOGES ...ttt ettt b bbbt a et beeae b 1038
24.3.6 Phase Counting MO ........ccoocieriiiiieiicieiieiee ettt sttt tesseensesseenaesseeneenes 1043
24.3.6.1 16-Bit Phase Counting MOde .........ccoooiieiiiiieieniieieeiececee et 1043
24.3.6.2 Cascade Connection 32-Bit Phase Counting Mode .........cccecevieniiieneniincnienceceene 1054
24.3.7 Reset-Synchronized PWIM MOE ........ccoviiieiiiiiiriieieiiceete ettt ens 1057
24.3.8 Complementary PWIM MOE .......cocuiiiiiiiiiiiieeiieie ettt sttt eaeesaaeebeesaesnnes 1060
24.3.9 A/D Conversion Start Request Delaying FUNCHON ........cccooveriiiienieiieiecieeeeeeee e 1102
24.3.10 Synchronous Operation of MTUO to MTU4, MTU6, and MTU7 ......cccccecvviiveinncncncnnenn 1108
24.3.11 External Pulse Width Measurement ............ccceveerireiesieeienieeieie sttt 1111
24.3.12 Dead Time COMPENSATION ...e.eiriiruieieiierientieteeiiete et teteette e etee e st etesaeeneesbeetesbeeneeeseeneeeaeene 1112
24.3.13 TCNTU, TCNTV, and TCNTW Capture at Crest and/or Trough in
Complementary PWIM MOdE ........coovieuiiiieiiiieieieceeie ettt ere e sre e sae e e 1114
243.14 NOise Filter FUNCHON ..c..oiuiiiiiiiiiiiiiiiiec ettt s 1115

24.4 TNEETTUPE SOUICES ..eveeneieiiteiieeie ettt ettt ettt et e st e st e s bt e st e e bt e sabeenbeesbbeenbeenseesateenseennees 1116



24.4.1 Interrupt Sources and PriOTiti€s .........cccoeirrierieriieriieieeee ettt e eees 1116
2442 DTC/DMAC TIIZEET SOUICES ...eeviiuieiuieieitieiienteeteetteitesteetestee e seeeee bt estesbeeneesbeeneesbeeneeseeenes 1118
2443 A/D Converter TIIZZET SOUITES .....eeuerueeiertieiientietesteeieenteetesteete st seesteeseebeeseeseeeneetesaeeneeeaes 1119
24.5 OPETAtION TIMING ..eovieviieiieiieiietieteieeste st ete et ebeeteebeeteesseeseessesseessesseessasssessesssessesssessesseensesseessesses 1121
24.5.1 INPUL/OULPUL TIMINE ..eeieiieiieiieiee ettt ettt ettt e e s et ete st eseeese e e e eseeneesneeneeenes 1121
2452 Interrupt Signal TIMING .....ccooiiiiiiiiee ettt s 1127
24.6 USAZE INOTES ...eeeueieuieitieiietiete et et et ettt e bt st e e beebeenteeste bt es e emteeseesbeemeeebeemeesbeemtesbeembesbeenbeebeenteeneeneeene 1130
24.6.1 Module Stop FUNCtion SETHNE ........ccceeceerierierieiierieeieieeterteeeteie st sae e eee e eaesseensesseeneesseenes 1130
24.6.2 Count CloCK RESIIICLIONS .....eouieiiiiieieiiieiesiieie sttt ettt ettt et et ene e e e neeenes 1130
24.6.3 Note 0N Period SEHING ....ceeiuiiiiiiiieiieiet ettt ettt st nbeens 1130
24.6.4 Contention between TCNT Write and Clear Operations ...........cceceeeeveeeveencveenvenueeneessvessneens 1131
24.6.5 Contention between TCNT Write and Increment Operations ............ccceeveeeveeeereeereenveeeennennes 1131
24.6.6 Contention between TGR Write Operation and Compare Match ...........ccocevveviveienieneennnne. 1132
24.6.7 Contention between Buffer Register Write Operation and Compare Match ............cccc.c........ 1132
24.6.8 Contention between Buffer Register Write and TCNT Clear Operations ............cccceeeveuenene 1133
24.6.9 Contention between TGR Read Operation and Input Capture ...........cceceveeienieiencenencenee. 1133
24.6.10 Contention between TGR Write Operation and Input Capture ...........ccecceveeieneeieneenencenne. 1134
24.6.11 Contention between Buffer Register Write Operation and Input Capture ............cccveeveennnnne. 1135
24.6.12 Contention between MTU2.TCNT Write Operation and Overflow/Underflow in
CaSCAAEd OPETALION .....eocviieieiieriiiieieetiet et eee e eteseeesae st e s e eseesseeseesseeseessesssesesssessesssesesssanns 1136
24.6.13 Counter Value When Count Operation is Stopped in Complementary PWM Mode ............. 1137
24.6.14 Buffer Operation Setting in Complementary PWM Mode .........cccocerinininininencneiincnnns 1137
24.6.15 Buffer Operation and Compare Match in Reset-Synchronized PWM Mode ........c.cccceceunne. 1138
24.6.16 Overflow in Reset-Synchronized PWM Mode ..........cccoiiiiiiiiiiiieieee e 1139
24.6.17 Contention between Overflow/Underflow and Counter Clearing ...........ccoecveervenveenvennennnen. 1140
24.6.18 Contention between TCNT Write Operation and Overflow/Underflow ...........ccccevvvveneennnen. 1140
24.6.19  Note on Transition from Normal Mode or PWM Mode 1 to Reset-Synchronized
PWIM MOGE ..ottt et e b et se ettt ettt e ebeebes 1141
24.6.20 Output Level in Complementary PWM Mode and Reset-Synchronized PWM Mode .......... 1141
24.6.21 Simultaneous Input Capture in MTUL.TCNT and MTU2.TCNT in Cascade Connection .... 1141
24.6.22 Interrupt SKipping FUNCLION 2 ......o.ooiiiiiiiee e e 1142
24.6.23 Notes When Complementary PWM Mode Output Protection Function is Not Used ............ 1142
24.6.24 Notes Regarding Timer Counter (MTUS.TCNT) and Timer General Register
(MTUS.TGR) ittt ettt sttt st s 1142
24.6.25 Notes to Prevent Malfunctions in Synchronous Clearing for Complementary
PWIM MOGE .ttt bttt et ebe et sttt s se s 1143
24.6.26 Notes on Timer Mode Register Setting for ELC Event Input .........ccccccecvvivinininincnincnnenn. 1144
24.6.27 Continuous Output of Interrupt Signal in Response to a Compare Match ........ccccoccrvervennennee 1145
24.6.28 Usage Notes on A/D Conversion Start Request Delaying Function in
Complementary PWIM MOdE .......ccoouiiiiiiiiiieie ettt 1145
24.7 MTU Output Pin INTHAIIZAION .....ccveeviiiieiieiieieiiceeie ettt sre e e e b e seessesaeseeennas 1147
24.7.1 OPEIAtING MOAES ...cuviuienieiieiiriieieeieetert sttt ettt ettt st eb e st et aeneen 1147
24.7.2 Operation in Case of Re-Setting Due to Error during Operation .........c.cecceeeevevencrenenuennene 1147



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

AUIING OPETALION ....outieiiiiieiieit ettt ettt ettt ettt et e e et e seeeaeessesneesseeseenteeseenseeneenseeneenseenes 1148

24.8 Operations Linked by the ELC .......cocoiiiiiiiiieee e 1174
24.8.1 Event Signal Output to the ELC ....c..cccciiiiiiiiiinieieceeeeereteeetee e 1174
24.8.2 MTU Operations in Response to Receiving Event Signals from the ELC .........c..ccccoceveenee. 1174
24.8.3 Usage Notes on MTU Operation by Event Signal Reception from the ELC ......................... 1175
Port Output EnNable 3 (POEBA) .....ccoiiiiiiiiiiiiiiie ettt ee e 1176
25.1 OVEIVIEW  ..teiietteueeeie et e et eate s et e e s et ea e e bt eme e et e est e bt eae e et e emeesseeneesaeems e st emte st e enteseenseeaeeneeseeneesneensensennsens 1176
25.2 ReEGISEr DESCIIPLIONS ...vvevvieeieiieeieiieiesteeteteetesteeteeseestesseeseesseeseesseaseessesssesseessensessseseeseessessesssessens 1179
25.2.1 Input Level Control/Status Register 1 (ICSR1) ..cc.ooiuiiiiiiiiiieeeeeeee e 1179
25.2.2 Input Level Control/Status Register 2 (ICSR2) .....ooveeeiieiieieeieeee et 1180
25.2.3 Input Level Control/Status Register 3 (ICSR3) ....ooovieeiiiiieiieeieceeee et 1181
25.2.4 Input Level Control/Status Register 4 (ICSR4) ......ccvvvveiieieiieieieeieeeee e 1182
25.2.5 Input Level Control/Status Register 5 (ICSRS) ..cvveiveiieiieieieet e 1183
25.2.6 Input Level Control/Status Register 6 (ICSRO) ......ccoeveiieieiieieiecereeeeee e 1184
25.2.7 Output Level Control/Status Register I (OCSRI) ...ooeeiiirieriieieeieeceee e 1185
25.2.8 Output Level Control/Status Register 2 (OCSR2) ....coooiiiiiiiiiiieiieeneee e 1186
25.2.9 Active Level Setting Register 1 (ALR1) ..oooioiiiiiiiieeeeee e 1187
25.2.10 Software Port Output Enable Register (SPOER) ......ccccooieiiiiieiieiieiiceeeceeee e 1189
25.2.11 Port Output Enable Control Register 1 (POECRI) ....ccceviiiiiiniieiiiiecicecieceeeee e 1190
25.2.12 Port Output Enable Control Register 2 (POECR2) .......ccoveieiieieiieieeceeeeeeeeee e 1191
25.2.13 Port Output Enable Control Register 4 (POECR4) ......ccccevivirinininininenicnieiceceeeeencnaens 1193
25.2.14 Port Output Enable Control Register 5 (POECRS) ...cc.cceoiiiiirinininincneniccieeeceeecsenaene 1195
25.2.15 MTUO Pin Select Register 1 (MOSELRI) ..cocuiiiiiiiiiieeeeeeee e 1196
25.2.16 MTUO Pin Select Register 2 (MOSELR2) ....c.cooviiiiiiiiieiieieeeeiesie et 1197
25.2.17 MTU3 Pin Select Register (M3SELR) .....cciiieiiiiieiieieeeeeeeee et 1198
25.2.18 MTU4 Pin Select Register I (MASELRL) ...oouieiiiieieeeeeeee et 1199
25.2.19  MTU4 Pin Select Register 2 (MASELR2) ......ccooiiiiiiiieieieieieeee ettt 1200
25.2.20 MTUG6 Pin Select Register (MOSELR) .....cc.ooiiiiiiiiiieeeee et 1201
253 (03753212 (o) KNSR S TR RRRSRPRIRN 1202
25.3.1 IMTU Pin SEIECTION ...euieniinieiieiieiieiiiteete sttt sttt ettt sttt sa s 1207
253.2 Input-Level Detection OPEration .............cceceeierieeeierereesiesieeiesieeseeeeeeeesseeneesseeseseeseesseensenes 1208
2533 Output-Level Compare OPEration ...........coceerieieieiririneninentenentetereeeeenesiesee e ssesseneenees 1209
2534 High-Impedance Control Using REGISTErS ........ccoieiuiiieiinieiieiere et 1210
25.3.5 High-Impedance Control through Detection of Oscillation StOp ........ccccveevereevieneeriereennenne. 1210
25.3.6 Additional Functions for High-Impedance Control ............cccccoecvevieciiniicieneeieceeeeeeeeeeenn 1210
25.3.7 Recover from High-Impedance State ...........ccocveierieieniiieie e e 1210
254 POE3 Setting PrOCEAUIE ....c.coueiiiiieieiiniinierieetctestest ettt ettt st sttt ebe s 1211
25.5 IIECTTUPLS .veevveeniieiiie ettt ettt ettt e ette et et e et e e beesebeeabeeseteesseessbeenseenseeseseenseesssesnseenseesnseenseenssennsens 1211
25.6 USAZE INOLES ..ttt et et s bt e s a e e e s ae e n et e et e eeaeennesaeennes 1212

25.6.1 Transition to Low Power Consumption MOde ..........ccceeeveriiiieiiieiieniieiesieeiesie e 1212



25.6.2 High-Impedance Control When the MTU is Not Selected .........cccceveeierieiinieneeeeeeee 1212
25.6.3 When the POE3 15 NOt USEA .....coiuiiiiiiiiiiieeie et s 1212
26.  General PWM TImMer (GPTW) ittt 1213
26.1 OVETVIEW .ttt ettt ettt ettt ettt b et e b e st e e bt et e e bt e et e et et e es e emteeb e e bt ebeem bt ea e e bt eaeeneesaeeeeemeesaesseenneas 1213
26.2 ReEGIStEr DESCIIPLIONS ....veuvieiieiieiiiiieiesteetesteetesteeitesteesesseessesseessesseessesseessesseensensesnsenseeseensesssensesses 1217
26.2.1 General PWM Timer Write-Protection Register (GTWP) .....occcveviiiiiiiniiiiiieiecieeee e 1217
26.2.2 General PWM Timer Software Start Register (GTSTR) ....ccvvevvveviiiiiiieniiiiieeecieeee e 1220
26.2.3 General PWM Timer Software Stop Register (GTSTP) ...c.oocveiiiieriicieieceeeeeeeeee e 1221
26.2.4 General PWM Timer Software Clear Register (GTCLR) .....cccocovoveviievieiieiecieeeeeeeeee 1222
26.2.5 General PWM Timer Start Source Select Register (GTSSR) .....ccoovviviiiiiiieeeeeeee 1223
26.2.6 General PWM Timer Stop Source Select Register (GTPSR) .....ooveviiiieiiiieieieeeeeeeeee, 1225
26.2.7 General PWM Timer Clear Source Select Register (GTCSR) ...c..cooviiieiiiiiniinieiiieeeeee, 1227
26.2.8 General PWM Timer Count-Up Source Select Register (GTUPSR) .......cccevieiinieiincnnne. 1229
26.2.9 General PWM Timer Count-Down Source Select Register (GTDNSR) .....ccooevvvevvevenieennnnne. 1231
26.2.10  General PWM Timer Input Capture Source Select Register A (GTICASR) ......cccccvvvvennenne. 1233
26.2.11 General PWM Timer Input Capture Source Select Register B (GTICBSR) .......ccveeveienenee. 1236
26.2.12 General PWM Timer Control Register (GTCR) .....ccoooveviieiirieeeieeeeee e 1239
26.2.13 General PWM Timer Count Direction and Duty Setting Register (GTUDDTYC) ............... 1241
26.2.14 General PWM Timer I/O Control Register (GTIOR) ......ccccooiiiiiiiiiieieeeeeee e 1244
26.2.15 General PWM Timer Interrupt Output Setting Register (GTINTAD) ...ccovvvvvviveniiiviieneenen. 1247
26.2.16 General PWM Timer Status Register (GTST) ...cccvovvieieiiieieieieeeeeeeeee e 1250
26.2.17 General PWM Timer Buffer Enable Register (GTBER) .......ccccceviiiivieiiiieeceeeeeee, 1254
26.2.18 General PWM Timer Interrupt and A/D Conversion Start Request Skipping
Setting RegiSter (GTITC) ..oouiiuieieiiieeceeeeeeee ettt e 1258
26.2.19 General PWM Timer Counter (GTCNT) ....ooovieiiieiieeieeie ettt et aesve v 1260
26.2.20 General PWM Timer Compare Capture Register m (GTCCRm) (m=Ato F) ..ccccoceeirneenne. 1261
26.2.21 General PWM Timer Period Setting Register (GTPR) ........ccocvviieviiiieiiiiciececeeeeeie e 1262
26.2.22 General PWM Timer Period Setting Buffer Register (GTPBR) ........ccccovvieiieieiieieieeeenen, 1262
26.2.23 General PWM Timer Period Setting Double-Buffer Register (GTPDBR) .........cccovveuvnenee. 1262
26.2.24 A/D Conversion Start Request Timing Register m (GTADTRm) (m = A, B) ..cccoevevveiennne 1263
26.2.25 A/D Conversion Start Request Timing Buffer Register m (GTADTBRm)
(= A, B) ettt ettt ettt ettt ettt ettt et et b et et e st eab e st entest st neeteetebesenen 1263
26.2.26 A/D Conversion Start Request Timing Double-Buffer Register m
(GTADTDBRM) (N = A, B) oottt sttt eneas 1264
26.2.27 General PWM Timer Dead Time Control Register (GTDTCR) ......cccceovvviveeciieiieniieeeinens 1265
26.2.28 General PWM Timer Dead Time Value Register m (GTDVm) (m=U, D) .....ccceevvevveennenne 1266
26.2.29 General PWM Timer Dead Time Value Buffer Register m (GTDBm) (m = U, D) .............. 1267
26.2.30 General PWM Timer Output Protection Function Status Register (GTSOS) .......cccccverenene 1268
26.2.31 General PWM Timer Output Protection Function Temporary Release Register
(GTSOTRY) ettt ettt ettt et ettt eteebe s e esesbessesbessessessaseesaeseesesessessansassassassessaseaseasens 1269
26.2.32 General PWM Timer A/D Conversion Start Request Signal Monitoring Register

(GTADSMRY) ..o eeee e e eeee e eeeeeeeseeeeeeeseseeeeese e eeeseeeeeesseseeessseeeeseseeeens 1270



26.2.33 General PWM Timer Extended Interrupt Skipping Counter Control Register (GTEITC) .... 1272

26.2.34 General PWM Timer Extended Interrupt Skipping Setting Register 1 (GTEITLI1) ............. 1275
26.2.35 General PWM Timer Extended Interrupt Skipping Setting Register 2 (GTEITLI2) ............. 1277
26.2.36 General PWM Timer Extended Buffer Transfer Skipping Setting Register (GTEITLB) ...... 1279
26.2.37 General PWM Timer Operation Enable Bit Simultaneous Control Channel
Select Register (GTSECSR) ...ouiiiiieiiciet ettt sttt sne e 1281
26.2.38 General PWM Timer Operation Enable Bit Simultaneous Control Register (GTSECR) ...... 1282
26.3 OPCTALION ..ottt ettt ettt et ettt et ettt sttt eateut et e eb e st e b e bt sttt et et e st enseateutebe st e benaenaenteseeneeuens 1284
26.3.1 BaSIC OPEIALION ....eovieeiiiiiiieiietteieetesie et ete et ete et essee st esesseessesseessesssessesssessesseessesseessesseensenses 1284
26.3.1.1 COUNLET OPCTALION ...eevvevieiieeiieieetieteetesteettetestesessaessesssesessaenseessessesseesesssessesssensenseans 1284
26.3.1.2 Waveform Output by Compare MatCh ..........cccovieiiiiieiiiieiciec e 1291
26.3.1.3 Input Capture FUNCLION .....c..coueiiiiiiiniinicnenctct ettt 1295
26.3.2 BUTTEr OPETAtiON ....c.oouiiiiiiieii ittt st s b e e b e e et e et e saes 1299
26.3.2.1 GTPR Register Buffer Operation ...........ccccooieiiiieninieninere et 1299
26.3.2.2 Buffer Operation for the GTCCRA and GTCCRB Registers .......c..cccceeeverenienienieneennee 1302
26.3.2.3 Buffer Operation for the GTADTRA and GTADTRB Registers .......c..cocevvevevienvenneneee 1308
26.3.3 PWM Output Operating MOAE .......cccocirieriieieiieieniieiee ettt sie e sse s esse e e seeseessesseesesns 1311
26.3.4 Automatic Dead Time Setting FUNCHON ....c..cc.couiviiiiiiniiiiiinincncccccceeeeeeeee e 1323
26.3.5 Count Direction Changing FUNCHON .......cciiiiiiiieiieieiee e 1328
26.3.6 Duty Cycle 0%/100% Output FUNCHON ....c..ccoeiriririiiniinenenccceeeeeeteeeeee e 1329
26.3.7 Hardware Count Start/Count Stop and Clear Operation ...........ccceccveeveereercieeneeneeeneeseeennens 1331
26.3.7.1 Hardware Start OPETration ..........cceecveecueeiiierieeieenieeteeseeeiteeteeeaeeteesereeseesseesnseesseesnns 1331
26.3.7.2 Hardware Stop OPEration .........ccccceecverieieniieiienieeeesieeteseeeesseesesseessessesssessesssessesssessens 1334
26.3.7.3 Hardware Clear OPEration .........c..coecueeeieeriereninienienienteteteteseetee et saeseesaeseenees 1339
26.3.8 SYNCATONOUS OPETALION ...evieetieiieiieiieetieieeeete st ete et este st ete e eestesseesseeseessesseesseensenseensesseensens 1345
26.3.8.1 Synchronous Operation by SOtWAre ..........cccocevieiiiiiiieiiee e 1345
26.3.8.2 Synchronous Operation by Hardware SOUICE ........ccccvevueeriieriienieniieieeie e see e 1347
26.3.9 PWM Output Operation EXAMPIES .......cccveviieriiiiieiiieieciieseecie e sre et esieesveesaeeeene s 1349
26.3.10 Phase Counting MOAE .......cccooceeriiiieiiieieiieiee et ettt s e saesseeseesseessesaeessesseeseenns 1355
26.4 TNEETTUPE SOUICES ..ottt ettt sttt ettt et e bt sab e sae e sabe e bt e saeesateenbaesaeesateas 1363
26.4.1 Interrupt SOUrces and PriOTItEs ........cccevieiereiiieriieieieeeesteeteeee e ee e esae e esaesseeseesseeseesaesnas 1363
26.4.2 DMAC/DTC ACHVALION ..eeuieiieniiiitiiteetieteteseet ettt ettt sttt et ese et eseeae et sbeseenean 1366
26.4.3 Interrupt and A/D Conversion Start Request Skipping Function ............ccccceeevevveveneecvennnnne. 1366
26.4.3.1 Interrupt Skipping Function by GTITC RegiSter ........cccovvevirieiiieeeiieesieeeeeene 1366
26.4.3.2 Extended Interrupt Skipping FUNCHON ......coooieiiiiiiiiiiieieeeeeeee e e 1370
26.5 A/D Conversion Start REQUESE .......cccveiiiiiieiiieiiesie et esie et e seteeteesiaesteesseessbeesseesssessseessaessnennns 1382
26.6 Operations Linked by the ELC ........cccooiiiiiiiieiiceeet ettt e nne s 1386
26.6.1 Event Signal Output to the ELC .....cccoooiiiiiiiiieeeee e 1386
26.6.2 GPTW Operations in Response to Receiving Event Signals from the ELC ...........c.cccceoene. 1386
26.7 NOISE FIlter FUNCHION ..ottt ettt 1387
26.8 Protection FUNCHION .......coiuiieieiiee ettt ettt ettt et e st e s et e eneeeeene 1388

26.8.1 Write-Protection for REZISIEIS .....c.cceecvirieiiriieieeit ettt sre e ereessesae e e e 1388



27.

28.

26.8.2 Disabling of Buffer Operation ............ccooieieieriieiieieseeieste ettt 1388

26.8.2.1 Simultaneous Control of Buffer Operations of Multiple Channels .............ccccoeecveennnnne 1390
26.8.2.2 Repeated Double-Buffered Operation When Disabling GTCCR Buffer Transfer ....... 1392
26.8.3 GTIOCnm Pin Output Negate Control (n=01t03; m=A, B) .ccccceviriivieiiieeeeeeeeeee 1398
26.8.4 Output Protection Function for GTIOCnm Pin Output (n=0to 3; m=A,B) ..ccccoeevvrvvnennne. 1399
26.9 Initialization Method of OULPUL PINS .....ccoevieiiiiiieciciecee ettt 1405
26.9.1 Pin Settings after RESEt ........ooviiiiii e e 1405
26.9.2 Pin Initialization Due to Error during Operation ............ccccceevveieeriesieesieneenieeeeseeeenseseeene e 1405
26.10 USAZE NNOLES ..vvieuiieiiieiteiie ettt st ettt et e st e et e st e ettt e bt e sab e e bt e sabe e bt esaeeeabaesstesabeesseesaseenbaeenseenseens 1406
26.10.1 Module Stop FUNCtion SETHNE .......cooeiieriiieieiiee et 1406
26.10.2 Settings of the GTCCRm Register during Compare Match Operation
(N = A 10 F) ettt ettt et ettt et ettt et et et ene et aeeaesaeanen 1406
26.10.3 Setting Range of the GTCNT COUNLET ......c.ecveruiiierrieiieriieieteeiesteeee e eeeeseeeeesseeseesesseesseens 1407
26.10.4 The GTCNT CoUNLEr STAT/STOP ..ovverveeierririereeitesieeteseetesteeetesteeeesseeseessessessesssensesseesesssenes 1407
26.10.5 Order of Priority in EVENLS .....c.cccocieiiieiiieiieierie ettt sea e saeseeneenes 1408
GPTW Port Output Enable (POEG) .........ooiiiiiiiiie et 1409
27.1 OVEIVIEW .ttt ettt ettt st sttt ettt eh bt ebe bt eb e s bt st b et et et ea b e st e bt eb e e bt e bt s b et et e e et et et eneeueas 1409
27.2 REgIStEr DESCIIPLIONS .....eeueiitieiiieiieie ettt ettt et ettt s ae et esbeeaeesb e be et e eaeeneeseee 1411
27.2.1 POEG Group n Setting Register (POEGGN) (n = A t0 D) ooovecieviieieieeeeeeeee e, 1411
27.3 (03753 6215 (o) KSR 1413
27.3.1 Request to Stop Output in Response to Detection of Input Level
on the Corresponding GTETRGN Pin (N =A t0 D) c.vooveviieiiiieiececeeee e 1413
27.3.1.1 Digital NOISE FIIter .....eovvieviiiiiiiiiieieie ettt ettt sre e s ae s ereese s 1413
27.3.2 Requests to Stop Output in Response to Detection of Output Stopping form GPTW ........... 1414
2733 Requests to Stop Output by Oscillation Stop Detection ............cceceveeierieiiinieneeee e 1414
27.3.4 Requests to Stop Output by @ REISTET ......ceovuieiiiiiiiieiieeeee et 1414
27.3.5 Canceling Requests to StOp OULPUL ......coiuiiiiiiiieiieiieeeeee ettt e 1415
274 TNEETTUPE SOUICES ..vvieuvieiieeiieiieettete ettt e te et et e et e teesebeebeestbeesbeeseesebeeseessbeenseenseesnseensnesssesnsens 1416
27.5 External Trigger Output to GPTW .....oiiiiiieee e s 1417
27.6 USAEZE INOLES ..veeuvieiieeiiieiiieeieesite et estteste et e stteesbeestbeesteessbeenseenssesabeesssessseenseesnseenseessseenseesnseensaensnennee 1418
27.6.1 Transitions to Low-Power Consumption Mode ...........ccooeeiiririiniieiiieee e 1418
27.6.2 Setting the Function for Stopping the Module ...........ccocoeiiiiiiiiiiiiiee e 1418
27.6.3 Duplication of Requests to Stop OULPUL .......cccveeeiieiieeiieiiecieeree et eve e ve e e e e eve e 1418
16-Bit Timer Pulse Unit (TPUA) ....ooiiieee ettt e e e e e e e e e e e 1419
28.1 OVETVIEW .ttt ettt ettt st e e b et e b e st e bt et e e bt em et e et e e e ebeem b e ebeem b e eheemteebe e bt eae et e sbeenbeemeenbesbeenneas 1419
28.2 REGIStEr DESCIIPLIONS ....vvevvieeieniieiieieeieieete st eterteete e etesreesaesseesaesseessesseessesseensesseessessaeseensenseensesnes 1424
28.2.1 Timer Control RegiSter (TCR) ...ocoviiiiiiiiiieeieesie ettt eae et st etaesaneeneees 1424
28.2.2 Timer Mode Register (TMDR) ......oouiiiiiiiieiieieit ettt sre e enes 1428
28.2.3 Timer I/O Control Register (TIORH, TIORL, TIOR) .......ccceoiiieiiriiiecieieeieeeeeee e 1429
28.2.4 Timer Interrupt Enable Register (TIER) ....c.cccoooieiiiiieiieieicee e 1438
28.2.5 Timer Status Re@ister (TSR) ..ooeiiuiieiieeee e e e 1439

28.2.6 Timer Counter (TCNT) .oooviiiieeie ettt ete e seb e e e e stbeebeessaeebeessaaesseenseas 1442



28.2.7 Timer General Register A (TGRA), Timer General Register B (TGRB),
Timer General Register C (TGRC), Timer General Register D (TGRD) .......cccccecveevrrenennee. 1442
28.2.8 Timer Start RegiSter (TSTR) ..cveiuiiiiieeee et 1443
28.2.9 Timer Synchronous Register (TSYR) ..occuoiiiiiiiiiee e 1444
28.2.10 Noise Filter Control Register (NFCR) ......cocviiiiiiiiiieiieieiieieeeeeeee et ee e veeve e e 1445
28.3 OPETALION ...viiuiietieiieeiieieettete et etesteeteseeesesteesbeestesseeseanseessesseessessesssessesssensenssenseessensesseensesssassessennsens 1447
28.3.1 Basic FUNCHIONS ......oitiiiiiiieieie et sttt ettt ee et s ae e 1447
28.3.2 SYNChIONOUS OPETALION ....iiuiiiieiiiitieiietcete ettt ettt ettt s e e sbeeaeeaeenneas 1453
28.3.3 BUTTET OPETATION ...eiiiieiieiiiieiie ettt ettt et e st e sabeesbeesbeesbeessseeseessseenseennnas 1455
28.3.4 (O 1o 1a [T 0 0153 ¢ 15 1o s TSR PR P 1458
28.3.5 PWIM MOMES ...ttt ettt ettt b et st sb bbb eneen 1460
28.3.6 Phase Counting MOAE ........ccccoueieiriiiriniienc ettt ettt st s 1465
28.3.6.1 Phase Counting Mode Application EXample ..........cccccoooieiiiiiiiniiniiiinceeceeeeee 1470
28.3.7 INOISE FIILEIS ..ttt sttt st b et e ae et b et eaeemeesbeeneenaean 1471
28.4 TNEETTUPE SOUICES ..eveeneieeiiieiieeie ettt et ettt ettt te st e et e saa e e beesaeeesbeesssaenseenseeenseenseessseenseenseesnsesnseensnes 1472
28.5 LD N O <1 o ) USRS 1473
28.6 DIMAC ACLVALION ..ttt ettt ettt ettt ettt e ettt be et e et et et e st e st e st ebeebesbesbesenseneenean 1473
28.7 A/D CONVEILEr ACLIVALION ....eitieiieiteeiietietiesteeierieeee st et e st esee e et e et eseesseeneessesneesesseenseeseensesseensenns 1473
28.8 PP G TIIGEET .uveoveeiieiieiieeieie ettt ettt ettt et e e st e e st e teessesseessesseessesseessasseessesseessessaessesssensesseensensens 1473
28.9 (0516218 (o) 0 0 1100V =PSRRI 1474
28.9.1 INPUL/OULPUL TIMING .o.vvinvieiieiieieieeiese ettt ettt e e st esae e e besseesbesseessesseesseeseensesseensesnes 1474
28.9.2 Interrupt Signal TIMING .....c.ccceecieiiiiieiieieiei ettt ae e eaesteessesseeseesseesaesaeenaesees 1478
2810  USAZE INOLES ..eeeuviiiuieeiieriiieittestte ettt ettt e et e bt e st e bt e sat e e bt e s abe e bt esabesaseesateenbeenbeesabeeseesaseensnennseense 1480
28.10.1 Module Stop FUNCLION SEHHNE .....eocvieeiiiiiieiiecie ettt ettt et see e e e sbeesaaesnseennas 1480
28.10.2 Input CIOCK RESIIICHONS ...ocvieiiiiiieiieiieiecieeiesie ettt ettt seese e esbe e essesseessenseeseeseens 1480
28.10.3 NOES ON CYCIE SEHNG ..ocvvivieiiiiieieitieieit ettt ettt ettt e bt beeteebesseessesseessesseessessaessensenns 1480
28.10.4 Conflict between TPUmM. TCNT Write and Clear Operations .............ccceeeeverieereeneeeneeneenenne 1481
28.10.5 Conflict between TPUm. TCNT Write and Increment Operations ............cccecceeeeceeeeeneenneense. 1481
28.10.6 Conflict between TPUm.TGRy Write and Compare Match ..........ccccooveeiiiieninieniiieeeee, 1482
28.10.7 Conflict between Buffer Register Write and Compare Match ..........coceoiviininininiicncnnne 1482
28.10.8 Conflict between TPUm.TGRy Read and Input Capture ..........cccceeeveevveviireeneneenieeeesieeeenn, 1483
28.10.9 Conflict between TPUm.TGRy Write and Input Capture ...........cceecvevreeievieeienieeienieeeenenes 1483
28.10.10  Conflict between Buffer Register Write and Input Capture ...........cccecevvecverierieneenesieeennnn 1484
28.10.11 TCNT Simultaneous Input Capture in Cascade Operation ..........c.ccceceevereererreerereeneneennns 1484
28.10.12  Conflict between Overflow/Underflow and Counter Clearing ..........c.ccecceeverenevereneercnnenne. 1485
28.10.13  Contflict between TPUm.TCNT Write and Overflow/Underflow .........ccocceveeieniniincnennen. 1486
28.10.14  Multiplexing 0f I/O PINS .....cc.ccvieviiiiieiiiiieiecteet ittt ettt eae e a et teesaesseesaesseesaesseessessens 1486
28.10.15  Continuous Output of Compare-Match Pulse Interrupt Signal ...........cccoevveviivieciinieniineennn, 1487
28.10.16  Continuous Output of Input-Capture Pulse Interrupt Signal ..........cccccoevverieciininienieeneeens 1488
28.10.17  Continuous Output of Underflow Pulse Interrupt Signal ..........cccocevevverinininenenccicnecnenne. 1489
28.11 Event Link OPeration ........cccocoeiiiiiiininineniinecteteteit ettt ettt ettt ettt st sttt eseeneenens 1490
28.11.1 Event Signal Output t0 ELC .....ccoiiiiiiiiiie ettt ettt e 1490



28.11.2 Event Signal Input from ELC ........ccciiiiiiiieeee e 1490

28.11.3 Usage Notes on Operation on Input of the Event Signal ...........ccoccoiiiiiiiiiiiiiieee 1492
28.11.4 Notes on Output of the Event Signal ... 1495
29. Programmable Pulse Generator (PPG) .......oooiiiiiiiiiee et 1497
29.1 OVEIVIEW ..ttt ettt ettt et ettt et b et e b et e bt et e eh e em et e et e et eb e emteeseembeebeemteeae e bt eaee et eaeensesmeenbesseennens 1497
29.2 ReEGIStEr DESCIIPLIONS ....veuvieeieiieeieiieiesieetesteetesteetteteeete st esseseessesseessesseessesseensensenssenseeseansesssensessees 1500
29.2.1 PPG Trigger Select Register (PTRSLR) ..cc.oovviiiiiiiiieeieciie ettt 1500
29.2.2 Next Data Enable Register H (NDERH),
Next Data Enable Register L (NDERL) ......cocooiiiiiiiiiieieiccee e 1501
2923 Output Data Register H (PODRH),
Output Data Register L (PODRL) .....ccooiriiiiieiieieieceee ettt 1504
2924 Next Data Register H (NDRH), Next Data Register L (NDRL),
Next Data Register H2 (NDRH2), Next Data Register L2 (NDRL2) .....c.ccocoveveieiieniecnenne. 1507
29.2.5 PPG Output Control Register (PCR) ....ccooiiiiieiiiieeeee et 1513
29.2.6 PPG Output Mode Register (PIMR) ......oooiiiiiiiiieeieeee e 1515
29.3 OPCTALION .oeuviieiiieiiieeieeitie st et e ettt et e etteebeessteese e teeassaesseesssaasseesseansaaseesssaeseessseenseeseessseeseenssensses 1518
29.3.1 OULPUL TIHMING .vivieiieiieieeieie ettt ettt et e st etesre et e s seesaesseessesseessesseensesseensesssensensaensenssenes 1519
29.3.2 Example of Setup Procedure for Pulse Output in Normal Operation ............ccceceeeeeveeeeeenne. 1520
29.3.3 Example of Pulse Output in Normal Operation (Example of Five-Phase Pulse Output) ....... 1522
29.3.4 Pulse Output in Non-Overlapping Operation ............ccceeeeierieieneenieneeie e 1523
29.3.5 Example of Setup Procedure for Pulse Output in Non-Overlapping Operation ..................... 1524
29.3.6 Example of Pulse Output in Non-Overlapping Operation (Example of Four-Phase
Complementary Non-Overlapping OULPUL) ......c.ocvvevverrieieiieienieeiesieeeesie e ere e sreese e eae e 1526
29.3.7 Inverted Pulse OULPUL .......oovicieriiiieiecieseeee ettt et e s e e s seensesseesaenseeseenes 1528
29.3.8 Pulse Output Triggered by INput Capture .........cocceeverirenienenienieieeeeeteeeceeee e 1529
29.4 USAZE NOLE ...ttt ettt ettt et b e st e e e et e e e et e e e e saeennesaeennes 1529
29.4.1 Module-Stop FUNCLION SETHNG .......cccveiuieiiitieieriieieeteeeeere et eee e eeesre s esbeeseeseeseessesseesseenas 1529
O = 1y O T a1 o (1 ) SRS SRR 1530
30.1 OVEIVIEW .etititeiteeteete sttt ettt ettt ettt et be s e et e s et e st e st eb e eb e e bt eb e bt b et e b et et e st e st e st eaeebeebeebe st e benseneennan 1530
30.2 REgIStEr DESCIIPIONS .....eeieiieiieiiesie ettt ettt ettt ettt et e e st et e e st eneesseeaesseeseenseeneeneeene 1535
30.2.1 Timer Counter (TCNT) ...occeoiiieiiciereeeete ettt ettt se e e b e st esbeesaesseeseessesseenaenees 1535
30.2.2 Time Constant Register A (TCORA) ...ocoviiiieieieet ettt 1536
30.2.3 Time Constant Register B (TCORB) .....cc.ooiiiiiiiieiieeeeee e 1536
30.2.4 Timer Control Register (TCR) ...cc.ooiiiieiiieee e 1537
30.2.5 Timer Counter Control Register (TCCR) ....cc.ooiiiiiiiiiieiriee et 1538
30.2.6 Timer Control/Status Register (TCSR) ....ccocieiiieieriiiieie ettt s 1540
30.2.7 Timer Counter Start Register (TCSTR) ...cccviviiiiiiiiieieece ettt s 1542
30.3 OPETALION ...viiiietieiieeiiete et ete et et e st eteeteetesteesbe e st esse et eesseeseasseeseessesssensesseensesssensesseensesseensesseensensennsens 1543
30.3.1 PULSE OULPUL ...ttt ettt ettt ettt ettt et e e st e st e st eseebesaesaeebesbesaeeseseeenean 1543
30.3.2 External Counter Reset INPUL ......ccoovviiiiiiieieiiciecie ettt 1544
30.4 OPETALION TIMING ..oevveevieeiieiieieiteeieiteete st etest e et e eteesesteeseeseessesseessesseessasseessesseessesssessesseessessesssessens 1545

30.4.1 TONT COUNt TIMING ..eitieiiiiieiesieee sttt ettt et e seeeeesae e eesaeeseebeeseeseeeneeneeeneeneeens 1545



31.

30.4.2 Timing of Interrupt Signal Output on a Compare Match ..........ccccovieiinieiinieiieeeee, 1546

30.4.3 Timing of Timer Output Signal at Compare Match ..........ccocconiiiniiiiiniiiecee 1546
30.4.4 Timing of Counter Clear by Compare Match ...........ccccoviiiiiiiiiiiieiieeee e 1547
30.4.5 Timing of the External Reset for TCNT ........cccooieieiiiiieiieieeecieee e 1547
30.4.6 Timing of Interrupt Signal Output on an OVErflow ..........ccceevvevierieniieciinieiee e 1548
30.5 Operation with Cascaded CONNECLION ........cceevieierieriierieeieiieteseeeesee e seeseesseseaesseeseeseeseensessessens 1549
30.5.1 16-Bit COUNE IMOAE ...ttt ettt ettt b e sttt e b s e e eee 1549
30.5.2 Compare Match Count MOAE .........ccoevuiiiiiiiieiieeieeeeee et ettt aeesaaeebeeneaesnees 1549
30.6 TNEETTUPE SOUICES ..eveeneieiiieiieeie ettt ettt ettt et e st s bt e sb e e st e e bt e s abeenbeesbbeenbeenbeesateenbeenaees 1550
30.6.1 Interrupt Sources and DTC ACLIVATION ....c.cccveeevieiieeieeiiieeieeeesee et esee e e seeebeesseessaeenees 1550
30.6.2 Startup Of the A/D CONVEITET ....ccveeevieiieeieeiieeiieeetteeteesiteeteetaeseaeesbeessseeseessaeeseessaessseensessnns 1550
30.7 Link Operation DY ELC .....c..ccoviiiiiiiieiieeieieeteste ettt ettt ettt eteessesss e seeseessessaessesssessasssensens 1551
30.7.1 Event Signal Output t0 ELC ....ccooiiiiiiieeee ettt 1551
30.7.2 TMR Operation when Receiving an Event Signal from ELC ...........coocooiiiiiiiniie 1551
30.7.3 Notes on Operating TMR According to an Event Signal from ELC .........cc.ccocoiiiiiiniinnne 1552
30.8 USAEZE INOLES ..veeuvieiiieeiiieiiieiee sttt et e etteete e iteeabeesteesabeenseesebeensaasssessseesssesnseesssesnsaenseesnseenseesnseenssenssennes 1553
30.8.1 Module Stop State SETHNE ...cc.eerieieieieiieietieese ettt st ettt et eneeee e e neeens 1553
30.8.2 Notes 0N SEettiNG CYCIE ...ooueiiiiiiiiiiieee ettt ettt et e sb et eesaeas 1553
30.8.3 Conflict between TCNT Write and Counter CIEar ..........cocceeoeerierienerienieeniceieeieee e 1553
30.8.4 Conflict between TCNT Write and INCIEMENt ..........ccoeeviriiiriniinieieieieeee e 1554
30.8.5 Conflict between TCORA or TCORB Write and Compare Match ..........ccceeeveneneninenennne 1554
30.8.6 Conflict between Compare Matches A and B .......cooooviniiiiiiiiiiicceceee 1555
30.8.7 Switching of Internal Clocks and TCNT OpPeration ...........ccceeeeerueeeerieerieneerieneeieseeeeesenenens 1555
30.8.8 Clock Source Setting with Cascaded CONNECHION .......cevvireierierieiiirierieeie st 1557
30.8.9 Continuous Output of Compare Match Interrupt Signal ..........ccoocoiviiiiniiiniiieeeeeeee, 1557
Compare Match TImer (CMT) ...t e e e e e e e e e e e s e e e eeaaaeens 1558
31.1 OVETVIEW .ttt ettt ettt ettt h et b et e b et eeh et e e bt em et e et e e e e bt em b e ebeem bt ebeemteeaeem bt eaee et saeeneesmeenbesneennens 1558
31.2 REGIStEr DESCIIPLIONS ....evevieeieeiieiiesieeieiieie st ete e e te st etesteesbesseessesseessesseenseeseensesseensessesseansenseensennes 1559
31.2.1 Compare Match Timer Start Register 0 (CMSTRO) .....oooviiiieiiieiieieceeceecveeeeee e 1559
31.2.2 Compare Match Timer Start Register 1 (CMSTRI) ...ocoviviieiiiieieiiceieeeceeeeeeeee e 1559
31.2.3 Compare Match Timer Control Register (CMCR) ........cccoovieiiiierieniieiecieieieeee e 1560
31.24 Compare Match Counter (CIMONT) ....ocueeiieieiieieiieieie ettt 1561
31.2.5 Compare Match Constant Register (CMCOR) .......c.oooiiiiiiiiiiieeeeeeee e 1561
313 (037536215 (o) K SRR 1562
31.3.1 Periodic Count OPETation ..........cccceeveeieriieiesieetesteetestestessesssesseeseesseessessesssessesssessesssessesssenns 1562
31.3.2 CMONT COUNt TIMINE .veitveieeiieiieiieieeienteeee st eteseeeseseessesseensesseeseeseesesssessesnsessesssessesnsenes 1562
314 TIECTTUPLS ettt ettt et e b e at e et e st e et e s bt e sate e bt e sateebeenaees 1563
31.4.1 TNEETTUPL SOUICES ..vveevieiiieiiiietie ettt ettt ettt ettt et e et estteebeeteesebe e seessbeebeenssesnseensaensnesnseas 1563
31.4.2 Timing of Compare Match Interrupt GENneration ............ceceeveveereeciereerierieeiesrereeeeseeneenns 1563
31.5 Link Operations bY ELC ........c.cocioioiiiiieit ettt ettt saesse e seenaenseeseensesseennas 1564

31.5.1 Event Signal Output t0 ELC .....cc.oooiiiiiiiecieeeee ettt ve e s 1564



31.5.2 CMT Operation When Receiving an Event Signal from ELC ...........cccoooviiiiniiniiie, 1564

3153 Notes on Operating CMT According to an Event Signal from ELC .........cc.coceoiniiiiiennne 1564
31.6 USAZE INOTES ...eeeueiiiieitieiietiete et eete et et et e et e s a et e ebeen b e ebte bt es e et e esee bt emeesbeemtesbeemeesbeembeebeenbeeseenteeneeneeene 1565
31.6.1 Setting the Module Stop FUNCLION .......ccuivieiiiieiieieie et 1565
31.6.2 Conflict between CMCNT Counter Writing and Compare Match ..........cceceevveiinvecenneenne. 1565
31.6.3 Conflict between CMCNT Counter Writing and Incrementing ...........cccceeeveevieneeneneeneenne. 1565
32.  Compare Match Timer W (CMTW) ettt e e 1566
32.1 OVETVIBW .ttt ettt ettt sttt h et b et e et e st e bt et e e bt em et s et e e e eb e em b e ebeemb e eb e em b e ebeem bt eaee et sbeemeesaeenbesbeennens 1566
32.2 REZIStEr DESCIIPLIONS ....vveviieieiiieiieieeiieiieie st etesteetesteetesseessesseesaesseessesseesaesseensesseessesseeseensenseensennes 1569
32.2.1 Timer Start Register (CMWSTR) ....coouiiiiiiiiciiee ettt 1569
32.2.2 Timer Control Register (CMWOECR) ...c..oiuiiiiiiiiiiieie et 1570
32.2.3 Timer I/O Control Register (CMWIOR) ......c.ccoiiiiiiiiieiieieeeese et 1572
3224 Timer Counter (CMWOCNT) ...ooiiiiiieieeeee ettt ettt sttt enee e sneeneeees 1573
32.2.5 Compare Match Constant Register (CMWCOR) .......ccooiviiiiiiiiicieeeeeeeeeee e 1573
32.2.6 Input Capture Register n (CMWICRN) (N1 =0, 1) .eooiriiiieieieeeeeseee e 1574
32.2.7 Output Compare Register n (CMWOCRN) (N1 =0, 1) ..oooiriiiiiiiieiieieeeceecee e 1574
32.3 L0155 15101 KOOSR 1575
32.3.1 Period Count OPEration .........cccceeeererieriieiesieeterteetesestesteseaesteeseessesseesesstessesssesesssensenseenes 1575
3232 Compare Match FUNCHION .......coiuiiiiiiiiieieee et 1575
3233 Output Compare FUNCHON ......cocieiiiiiieiieiieieieee et eees 1577
3234 Input Capture FUNCHION ....cc.eecciiiiiiiieiicie ettt ettt eetae e beebe e sebeeaeesaeesnbaenseenenas 1578
32.35 COUNTET SIZE ..eviiiiiniiiieeieittete ettt ettt ettt et st b et b et b et sbe et she e besbee e sbeenbesaeenee 1579
32.3.6 Count Timing Of CMWOCNT COUNET .....cceevvieieriieiieeieiiieeieeeesreeeesreeesesreeseesseessesseeseesseennas 1579
32.3.7 Output Compare OULPUL TIMING ....c..eeveriieieriieieneeiese e se ettt sre e esaesseeseesseesaesseennennes 1579
32.3.8 Input Capture TIMING ....c.ceceiiieieiieeee ettt et et e sttt e st e e sreeaesreeneesneeneesneenes 1580
324 TIECTTUPLS ..ttt et ettt et e bt et e bt e sa bt e bt e sbte s bt e bt e sateesbeesabeeabeas 1581
32.4.1 CMTW Interrupt Sources and DTC/DMAC Transfer Requests ..........ccocevvevieviveneneesieeneene 1581
3242 Timing of Compare Match Interrupt GENeration .........c..ccceceeveeerererinenereneeneeeeeeeeenennens 1582
32.5 Link Operations bY ELC ........cooiiiiiiiieiieeeeeee ettt ettt s eesae e neas 1584
32.5.1 Event Signal Output t0 ELC .....cc.ooiiiiiiiiie ettt ettt sttt 1584
3252 CMTW Operation When Receiving an Event Signal from ELC ...........ccoovvievieieniieeene. 1585
32.5.3 Conflict between Event Link Operation and Register ACCESS ......cccevvvervirveriieceenireienennenne 1587
32.6 USBEZE INOLES ..ottt ettt ettt ettt b e et et e e bt et e e sbbeeat e e s bt e eabe e bt e sabeebeesabeesbaesateenne 1589
32.6.1 Setting the Module Stop FUNCLION .......ccviviiiiiiciiiieie ettt 1589
32.6.2 Conflict between CMWCNT Counter Writing and Compare Match .........c..cceevvevevieeennnnne. 1589
32.6.3 Conflict between CMWCNT Counter Writing and Incrementing or Clearing ...................... 1590
32.6.4 Conflict between CMWCOR Register Writing and Compare Match ..........cccoevvecieierrnneenee. 1590
32.6.5 Conflict between CMWOCRn Register Writing and Compare Match (n =0, 1) .................. 1591
32.6.6 Conflict between CMWCNT Counter Reading and Incrementing or Clearing ..................... 1591

32.6.7 Conflict between CMWICRn Register Reading and Input Capture (n =0, 1) ..c.ccvevvenennnnne. 1592



33.  Realtime CIOCK (RTCA) ... s 1593

33.1 OVEIVIEW ettt ettt ettt ettt ettt b et e b et e bt et e e bt em et e et e bt e bt emteebeem bt ebeem bt eb e e bt eaee bt saeeeeemeenbeaseennens 1593
33.2 REGIStEr DESCIIPLIONS ....vevvieeieiieeieiieiesteetesieetesteeeteteeese st eseesseeseesseessesseessesseensensenssenseeseensesssensesses 1595
33.2.1 64-HZ Counter (ROACNT) ...ttt ettt ettt ettt se s ese e ebesaesaens 1595
33.2.2 Second Counter (RSECCNT)/Binary Counter 0 (BCNTO) .....c.cccveevieieniieieriieieieeeesieeeennns 1596
33.2.3 Minute Counter (RMINCNT)/Binary Counter 1 (BCNTL) ..ccoceeviieieiiieieeieeeeeeee e 1597
33.2.4 Hour Counter (RHRCNT)/Binary Counter 2 (BCNT2) ....ccceceiieieriieiecieieeieieeeeeee e 1598
33.2.5 Day-of-Week Counter (RWKCNT)/Binary Counter 3 (BCNT3) ..cc.ooovvieiieieieieeeeee 1599
33.2.6 Date Counter (RDAYCNT) ..ueoiiieiieeiieite ettt ettt steeeveesteesaeeteesabeenveessseensaenseesnseas 1600
33.2.7 Month Counter (RMONCNT) ...oiiiiiiiieiiieiieeitese ettt eveetaesteebeesebaeaeessseebaessaesnsas 1601
33.2.8 Year Counter (RYROCNT) ..oiiiiiiiieiieeit ettt sttt sttt st et e e eaaeensee e 1602
33.2.9 Second Alarm Register (RSECAR)/
Binary Counter 0 Alarm Register (BCNTOAR) .....ccvviviiiiieiieieieeeee e 1603
33.2.10 Minute Alarm Register (RMINAR)/
Binary Counter 1 Alarm Register (BCNTITAR) ....cooviiieiiiiieieeeeeee e 1604
33.2.11 Hour Alarm Register (RHRAR)/
Binary Counter 2 Alarm Register (BCNTZ2AR) ..cc.coeviiriiiiiiiiininnne e 1605
33.2.12 Day-of-Week Alarm Register (RWKAR)/
Binary Counter 3 Alarm Register (BCNT3AR) ....ooouiiiiiiiieiieeeee e 1606
33.2.13 Date Alarm Register (RDAYAR)/
Binary Counter 0 Alarm Enable Register (BCNTOAER) ......cccccoiiiiiiiiieiieeeecee 1607
33.2.14 Month Alarm Register (RMONAR)/
Binary Counter 1 Alarm Enable Register (BCNTIAER) ....ccccoocvvviiiiiieiiieieceeie e, 1608
33.2.15 Year Alarm Register (RYRAR)/
Binary Counter 2 Alarm Enable Register (BCNT2AER) .....ccccocvvviiiiiieniiiieeieeie e, 1609
33.2.16 Year Alarm Enable Register (RYRAREN)/
Binary Counter 3 Alarm Enable Register (BCNT3AER) .....cccccoeoveiiiecienieieieeeeee e 1610
33.2.17 RTC Control Register 1 (RCRI) ..coooiiiriiiniiiieieicctececeen ettt 1611
33.2.18 RTC Control Register 2 (RCR2) ...cuoouiiiieieieee et 1613
33.2.19 RTC Control Register 3 (RCR3) ...cuiiiiiiiiiiieee e 1615
33.2.19.1 Notes on using a low CL Crystal Unit ........cccocceevievieniierienieieseeie e e 1616
33.2.20 RTC Control Register 4 (RCR4A) ....oooiiiiiiiiieeteeeeeeetee sttt sttt et et ebe e 1617
33.2.21 Frequency Register H/L (RFRH/RFRL) .....ccoviiiiiiiiiieieceeeeeeee e 1617
33.2.22 Time Error Adjustment Register (RADJ) ....cccoveiiiiinininininiceceececeeeese e 1619
33.2.23 Time Capture Control Register n (RTCCRN) (N1 =010 2) ..c.everinrenieniinieieieeeenenenceenieneene 1620
33.2.24 Second Capture Register n (RSECCPn) (n =0 to 2)/
BCNTO Capture Register n (BCNTOCPN) (N =010 2) woeevierieiieieiieeieee e 1622
33.2.25 Minute Capture Register n (RMINCPn) (n =0 to 2)/
BCNTI1 Capture Register n (BCNTICPN) (N1 =010 2) ..eoviveriierieeiieiieeieeiee e evee e 1623
33.2.26 Hour Capture Register n (RHRCPn) (n =0 to 2)/
BCNT2 Capture Register n (BCNT2CPN) (N1 =010 2) ..eevovveviierieniieiieeieeiee e e sve e 1624
33.2.27 Date Capture Register n (RDAYCPn) (n=0 to 2)/
BCNT3 Capture Register n (BCNT3CPn) (N =010 2) .oovvceereeriieieiieiesiieieeeeeeeee e ee e 1625
33.2.28 Month Capture Register n (RMONCPN) (N1 =010 2) ..eoverininiiieieieieieeeeeenene e 1626

333 OPCTALION ..ttt sttt ettt et ettt bt et ettt ettt eat e bt et e bt e bt bt bt s b st e b et et et ebeebesae sttt enseneennen 1627



33.3.1 Outline of Initial Settings of Registers after Power On ..........coccoooiiiiiiiniiiineeeeeee 1627

3332 Clock and Count Mode Setting Procedure ............cocooieeniiinieieeeeeeeee e 1628
3333 SEtNG the TIME ...eveenieiiiie ittt ettt e ae et s be e b s aeeneeseeenneas 1629
33.3.4 30-Second AJUSIMENT .....c.ecviiiieiiitieierieeterieeie sttt ebe e e ebeereebesreesseessessesssesseessensesssenseenes 1630
33.3.5 Reading 64-Hz Counter and TIME .......ccccceeverercierieeieieeiesieeceieseeseeseeseeseessesesenseeseensesseenns 1631
33.3.6 ALAI FUNCHION .ttt sttt ettt eb bttt ee 1632
33.3.7 Procedure for Disabling Alarm INterrupt ........cccvevveieririeie e 1633
33.3.8 Time Error Adjustment FUNCHION .......cccooiiiiiiiiiieeeee e 1633
33.3.8.1 AUtomMatic AJUSLIMENT .....eoiiiiiiieiieiee ettt st saeas 1633
33.3.8.2 AdJustment DY SOTIWAIE ......ccoevvieiiiiciieicecee et saesnees 1634
33.3.8.3 Procedure for Changing the Mode of Adjustment ............ccecvvierieeieniecieneneeeeeene 1635
33.3.84 Procedure for Stopping AdJUSTMENt .........ccevvierieriieiieniieieeieeeee et eee e sre e aeeenenees 1635

33.3.9 Time Capture FUNCLION ......ccoviiiiiiiieiiiiitinicriet ettt ettt eeen 1636
334 INECITUPE SOUICES ..vieientieiieie ettt ettt ettt ettt et e bt e e s bt emae s bt eme et e et e ebeeneeeseeneeseeemeesnesneennens 1637
33.5 EVent LINK OULPUL ....oovviiiiiieiecie ettt ettt ettt e ese et e esaesteessesseessesseessesseensessessnessasssensens 1639
335.1 Interrupt Handling and Event Linking ..........cccooooiiiioiiiiiiiee e 1639
33.6 USAZE INOTES ...eeeueeemieiteeiieetiete et et etce e et e e bt s et e beebeen e es et e eseemteesee bt eaeeseeemeeseeemeesheemseebeenteeseenteeneenseene 1640
33.6.1 Register Writing during COUNTING .........cccvecverieeiierieeiesieeiesteeiesieseesaesseesesseessesseessenseessenseenes 1640
33.6.2 Use 0f Periodic INEITUPLS .....cceeuiririrtirienieieieieeeteeee sttt ettt sr e s 1640
33.6.3 RTCOUT (1-Hz/64-Hz) CloCK OULPUL ....ooveevieieiieiieiieiieieiesie ittt aeneas 1640
33.6.4 Transitions to Low Power Consumption Modes after Setting Registers ..........c.cccceeeeneenne. 1641
33.6.5 Notes on Writing to and Reading from RegiSters .........ccccevvvirrieniiinienieeiie e 1641
33.6.6 Changing the Count MOAE ........c.coceeviiiieriiiieiece ettt esa e b e essebeeseesseens 1641
33.6.7 Initialization Procedure When the Realtime Clock is Not to be Used ........ccccecevenerineienne 1642
34.  Watchdog Timer (WD TA) ...ttt et e e e et e e e e ettt e e e e et e e e e e e nbeeeeesnrees 1643
34.1 OVEIVIEW .ettitiiteteeterte st ettt et ettt et a et b e sttt es e bt bt eb e bt bbbt e e et es s e bt e bt e bt eb e b e s bt st et eaeeeneen 1643
342 REIStEr DESCIIPIONS .....eeutiiieiieiiete ettt ettt ettt et sae et e sbeemeesbeeseesbeebe et e eaeenaeeee 1644
342.1 WDT Refresh Register (WDTRR) ...ocooiiiiiiiiieieeee et 1644
3422 WDT Control Register (WDTCR) ....oouviiiiieieeeeeee e 1645
34223 WDT Status Register (WDTSR) ..couiiiiieieieee e e e 1648
3424 WDT Reset Control Register (WDTRCR) .....cooiiiiiiiiiiiiie e 1649
34.2.5 Option Function Select Register 0 (OFS0) .....oeviiiiiieiieiiienieeieeree ettt 1649
343 OPETALION ...viiviiivieiieeteetiettete et et e st este st e seeteesseeseasseessesseessesseessessesssesseassanseassesseessansesseessesseessesseassans 1650
343.1 Count Operation in Each Start Mode .........coocoeiiiiriiiieieeeeee e 1650
343.1.1 Register Start MOAE ........oouiiuiiiiieiei ettt st 1650
343.1.2 AULO-SLAIt MOGAE ..ottt s 1652

3432 Control over Writing to the WDTCR and WDTRCR RegiSters .........ccovevverriecienrieeeneennenne. 1654
3433 REfTreSh OPEIation ......ccecvieieiiiieriieie sttt ettt ae e s e e bessaesseesaenseeseensesseennennas 1654
3434 RESEE OULPUL ..ttt sttt e sttt e sat e st et st e sateebeenaees 1655
3435 TNEETTUPE SOUICE ..ttt ettt e bt et esbt e beeebe e b 1655

343.6 Reading the Down-Counter Value ..........ccccooiiiiiiiiiie e 1656



343.7 Correspondence between Option Function Select Register 0 (OFS0) and WDT Registers ... 1656

35. Independent Watchdog Timer (IWDTa) ......coooiiiiiiiiiiiiiee e 1657
35.1 L0 4 1< USRS 1657
35.2 REGIStEr DESCIIPLIONS ...vvevvieiieiieeiiiieiesteeterteetesteettesteesesteessesseessesseeseessesssesseessessesssasseeseessesssessessens 1659

35.2.1 IWDT Refresh Register (IWDTRR) .....ooiiiiiiiiiiieee e 1659
35.2.2 IWDT Control Register (IWDTCR) .....ccviiiiieiieiiecieeieeiee sttt eie ettt eveeeaneeneees 1660
35.2.3 IWDT Status Register (IWDTSR) ....cooiiiiiiiieeieeciieeee ettt ettt et ee 1663
35.2.4 IWDT Reset Control Register IWDTRCR) ...c.coovieiiiiieieiicieeceeee et e 1664
35.2.5 IWDT Count Stop Control Register IWDTCSTPR) .....c.ccveviiiieieiieeieeeee e 1665
35.2.6 Option Function Select Register 0 (OFS0) ..c.cocieiiiieiieiee et 1665
353 (05153 6215 (o) s KSR SRR 1666
35.3.1 Count Operation in Each Start Mode ........ccccceeviiiiiriiiieiieieiceeee et 1666
35.3.1.1 RegiSter Start MOAE ......c.eeveeieiieieie ettt ettt ae e nseenaeneas 1666
35.3.1.2 AULO-StArt MOGE ...oniiiiiiiiiciiiiiiecere ettt s 1668

353.2 Control over Writing to the IWDTCR, IWDTRCR, and IWDTCSTPR Registers ................ 1670
3533 REfIeSh OPEIAtioN ......cccuiiiiieiiiieieiieecie ettt e te et e steete et e st e e teessbeebeessaeenseessaesssesnsens 1671
3534 StAUS FIAZS ..ottt ettt ettt ettt et nae e e 1673
3535 RESEE OULPUL ..ottt ettt ettt e et e et e st e esbeesabeesseessbesaseesssesnseessseenseensnas 1673
35.3.6 TNEETTUPL SOUICES ...veneieiieeiiieiie ettt ettt ettt e sb e e st et e st e et e sbteebeesbtesbaeenbeeaees 1673
35.3.7 Reading the Counter VAIUC .........cceiieiiiieiieieieeee ettt enee e e 1674
353.8 Correspondence between Option Function Select Register 0 (OFS0) and IWDT Registers . 1675
354 Link Operation DY ELC .......coioiiiioe ettt sttt et e eesneeneesneennens 1675
35.5 USAEZE INOLES ..veeuvieiiieeiieiiieeieeeite et e stteete e tteesteesteesabeesstesebeensaessesssaesssessseensseansaenseessseenseesnseenssenssennee 1675
355.1 Refresh OPErations ........c.ceceeieiiiiee ettt ettt ettt st ente bt et e e ene e seeneeneeens 1675
355.2 Clock Divide Ratio SETNG .....cccuiruieriiiieiiiiieieseeie ettt sttt 1675

36. Ethernet Controller (ETHERQC) ...t e e e 1676
36.1 OVETVIEW .ttt ettt ettt sttt h et b et e b e st eh e et e e bt eme e e et e e e ebeem b e eb e em b e eh e emteebe e bt eae et e ebeenbesmeenbesseennens 1676
36.2 REZIStEr DESCIIPLIONS ....eveviieieiieiiesieeieieeie st et et te s e etestesatesseesaesseessesseeneesseensesseensesseeseansenseensennes 1679

36.2.1 ETHERC Mode Register (ECMR) ......ooouiiiiiiiiieiiecieeteete ettt 1679
36.2.2 Receive Frame Maximum Length Register (RFLR) .....ccoocieviiiiiiiiiiiciceceee e 1681
36.2.3 ETHERC Status Register (ECSR) ....oociiiiiiieiieiecieeeeeet et 1682
36.2.4 ETHERC Interrupt Enable Register (ECSIPR) .......cooiiiiiiiiiieieeeeeee e 1683
36.2.5 PHY Interface Register (PIR) ......c.coieiiiieiieeie et 1684
36.2.6 PHY Status Register (PSR) ....oooiiieieieeeee ettt 1685
36.2.7 Random Number Generation Counter Limit Setting Register (RDMLR) .......cccccevvriennene. 1685
36.2.8 Interpacket Gap Register (IPGR) ......cccoocviiiieiiiiieiieieeieee et ens 1686
36.2.9 Automatic PAUSE Frame Register (APR) ......ccooiiviiiiiiiiieie et 1686
36.2.10 Manual PAUSE Frame Register (MPR) .......ccoooiiiiiiiiieieeteeeeee et 1687
36.2.11 Received PAUSE Frame Counter (RFCF) .....oooiiiiiiiiieice e 1687
36.2.12 PAUSE Frame Retransmit Count Setting Register (TPAUSER) ......ccccccecivvevvinvninienicncnenee 1688

36.2.13 PAUSE Frame Retransmit Counter (TPAUSECR) .....ccccociiiiieiiiiiceecie e 1688



36.2.14 Broadcast Frame Receive Count Setting Register (BCFRR) ........ccccoeiiviiiiiiiiicieee 1689

36.2.15 MAC Address Upper Bit Register (MAHR) .....cooiiiiiiiiiiieee e 1689
36.2.16 MAC Address Lower Bit Register (MALR) .....cooiiiiiiiiiiieeiee e 1690
36.2.17 Transmit Retry Over Counter Register (TROCR) ......cccceevvieriiiiiiiiiiiiecie e 1690
36.2.18 Late Collision Detect Counter Register (CDCR) .....oocvvvvieieniieiieieiecieie e 1691
36.2.19 Lost Carrier Counter Register (LCCR) ....ccoeoieiiiiieiieieecee e 1691
36.2.20 Carrier Not Detect Counter Register (CNDCR) .......occooviiiiiiiiiieeeeeceeee e 1692
36.2.21 CRC Error Frame Receive Counter Register (CEFCR) ......cccoviiiiiiiiiiiieieeeeeee 1692
36.2.22 Frame Receive Error Counter Register (FRECR) .....cccoiiiiiiiiiiiiiiec e 1693
36.2.23 Too-Short Frame Receive Counter Register (TSFRCR) ......cccoevveviieiiiieiiiieieceeeeeeen 1693
36.2.24 Too-Long Frame Receive Counter Register (TLFRCR) ......oovvcieiiieiiiieiiieeeceeee, 1694
36.2.25 Received Alignment Error Frame Counter Register (RFCR) ......ccccooeevvvieiieieciiieieeee, 1694
36.2.26 Multicast Address Frame Receive Counter Register (MAFCR) ...c..cocovevenenicnieienceincncnane 1695
36.3 03753218 o) KOTSRS 1696
36.3.1 TTANSINISSION ..ottt ettt ettt ettt st eb et eb bbbt b b st e b es b et et e st ebeebeebeas 1696
36.3.2 RECEPIION .ttt ettt et et e e e st e s e e ae e seeseesseeseesseessesseessenseensenseenes 1697
36.3.3 Frame TIMING ...cccocviiiiiiiiieiecc ettt ettt sttt st et 1698
36.3.3.1 MIT Frame TIMINE ...ccoveiueeieiieieetieiesie ettt sttt et eseesee s eneeeseeseeeseesaeennens 1698
36.3.3.2 RMIT Frame TIMING ....ccoeooeieiiiiieieieieiee ettt ettt et eneeseeseeaeeaeeeas 1700

36.3.4 Accessing MII/RMIL REZISELS ......ccvievveriieeieriieiienieeiesieeiesieeeesseesesteessesseessessesssesseessesseessesens 1701
36.3.4.1 MII/RMII Management Frame FOrmat ............ccccceevuivieiiiieniicieiceeeeceesre e 1701
36.3.4.2 MII/RMII Register ACCess ProCeUIE .........ccceevveriieieriieiieieieeeeie e 1701

36.3.5 Magic Packet DEtECtION .......ecuieiiiiieieiiieeeteee ettt ettt enes 1703
36.3.5.1 Notes on Magic Packet DeteCtion ..........cceecevuieiiirieiiiienieseieeere e 1703

36.3.6 Adjusting Transmission Efficiency by Changing the IPG ............cocooiiiiiiiiiiiee 1703
36.3.7 FIOW CONIIOL ..ottt ettt sttt et s e 1704
36.3.7.1 Automatic PAUSE Frame TranSmiSSIoN ........cccccoceeverienierienierienieeieneeieneeeesieeee e 1704
36.3.7.2 Manual PAUSE Frame TranSmiSSIoN ........ccccocceeeerierierienienienieeeinieeeeresiesieseesieseeneenees 1705
36.3.7.3 PAUSE Frame ReCEPLION ....c..ccoccueieiiiiririiniiniinientetenienteeteteteie et 1705

36.4 TIECTTUPLS .ottt ettt ettt e ebt e st e sb b et e bt e st e et e sbeesabe e bt e sateebeenaees 1705
36.5 USAEZE INOLES ..veeuviieiieeiieiiiieieesite et e etteete e tteesteenteesabeesseeseseensaesssesnsaesssesnseesssesnsaenseesnseeseesnseenssenssennns 1705
36.5.1 Conditions for the LCHNG Flag to BEcome 1 ......c.ccoecivininiininiiiiicicicieceeeencseseeieene 1705
36.5.2 Input to the RMII0 RX ER Pin While the RMII is Selected ...........cccoeviiiiinieninieincee 1705
36.5.3 Procedure to Reset Ethernet Controller ............ccoeoeoiiiiiiiiiniiereeeeeee e 1705
37. DMA Controller for the Ethernet Controller (EDMACA) ........coooiiiiiiiiiiiiiiiiieeeee e 1706
37.1 OVETVIEW ettt ettt ettt ettt ettt ettt h et eat et ebt bt e bt sbeeb b e bt e st e s bt eb s et e e bt enaeebeenbeebeenbeestenbesanens 1706
37.2 a7 D T o1 10) 4 TSP 1708
37.2.1 EDMAC Mode Register (EDMR) ......c.cooveiiriiiiiiieiesieeee ettt sre e sre s see e enes 1708
37.2.2 EDMAC Transmit Request Register (EDTRR) .....cccoccveiieiiniieieciceeee e 1709
37.2.3 EDMAC Receive Request Register (EDRRR) ......cccoooiiiiiiiiiiceeee e 1710

37.2.4 Transmit Descriptor List Start Address Register (TDLAR) ....cccoooeviiiiiieiieeeeeeee 1711



37.2.5 Receive Descriptor List Start Address Register (RDLAR) .....ooooieiiiiiiiieieeeeeee 1712

37.2.6 ETHERC/EDMAC Status Register (EESR) ......cooiiiiiiiiiiieeeeeceecee e 1713
37.2.7 ETHERC/EDMAC Status Interrupt Enable Register (EESIPR) .......ccccoviiiiniiiiniiicee, 1717
37.2.8 ETHERC/EDMAC Transmit/Receive Status Copy Enable Register (TRSCER) .................. 1719
37.2.9 Missed-Frame Counter Register (RMFEFCR) .....c..ccooviiiiiiiiiiieeceeeeee e 1720
37.2.10 Transmit FIFO Threshold Register (TFTR) .....cccccoeviieiiiiieieieiereeeeeee e 1721
37.2.11 FIFO Depth RegiSter (FDR) .......ccveieieiieiieiieiiieiesieieie ettt sttt et se e eseesessesseneas 1722
37.2.12 Receive Method Control Register (RMCR) .....c.ooiiiiiiiiiiiiiieeeeeee e 1723
37.2.13 Transmit FIFO Underflow Counter (TFUCR) .......cccoeviiiiiiiiiieieciteeeee e 1724
37.2.14 Receive FIFO Overflow Counter (RFOCR) .....ccccveiiviieiiieieiieiece et 1724
37.2.15 Independent Output Signal Setting Register (IOSR) ......c.cccoeveriieieiieieieieieee e 1725
37.2.16 Flow Control Start FIFO Threshold Setting Register (FCFTR) .......cccccevieciivierienieieeeee, 1726
37.2.17 Receive Data Padding Insert Register (RPADIR) .....cc.cceoiiiiiinininiinininenicciceceteenieane 1727
37.2.18 Transmit Interrupt Setting Register (TRIMD) .......cccoiiiiiiieiiiee e 1728
37.2.19 Receive Buffer Write Address Register (RBWAR) .....oocoiiiiiiiiiiiieeeeeeee 1728
37.2.20 Receive Descriptor Fetch Address Register (RDFAR) ......cocoveviiiciiiniieieieeeeee e 1729
37.2.21 Transmit Buffer Read Address Register (TBRAR) ......cccvvieiiiieniiiieeceeceeee e 1729
37.2.22 Transmit Descriptor Fetch Address Register (TDFAR) .....c.cccvecieviieiiiieieceeeeeeeeee e 1730
373 OPCTALION ..ttt ettt ettt ettt et ettt b e eb e a e bt s bttt et et esteb e e bt ebeeb et e s b se et esbeneeneeneebenbenaens 1731
37.3.1 Descriptor Lists and Data BUffers ..........ccocovieiiieiiniiiiee et 1731
37.3.1.1 TTansSmMit DESCIIPLOT ....eeuvievieeieiiieieeieeieie ettt e ste et eere et steesaesaeessesteessesreessesssensesseessenns 1731
37.3.1.2 RECEIVE DESCIIPLOT ..eevviiieiieiieiieeieieeierteete st ete st etesstessesteestesseesseeseensesssenseensesseensensens 1733

373.2 TLANSINISSION ....eeintieiiiteeiieetie ettt ettt et et e e e et e e s et eae s st e seeseeseeseenteeseeneeeneenseeneenseens 1736
3733 L TeT) 01101 4 TP 1737
3734 Multi-Buffer Frame TranSmiSSION ........cceccereiieereiierienieiesiceiesie ettt 1738
37.3.4.1 Error Processing While Transmitting a Multi-Buffer Frame ..........cccccoocovivcviiieienn. 1738
37.3.4.2 Error Processing While Receiving a Multi-Buffer Frame ............cccocoovvviinieciiiieiinn, 1739

37.4 TIEETTUPLS ..ottt ettt e st ettt et e s at e e bt e sbteeab e e bbe st e enbeesbbesabeenbeesnteenseesanes 1740
37.5 USAZE INOTES ...eeeueiemieitienieetiete et et etce bttt e bt s et e bt et e en bt eb et e e st et e estesbeemeeeeeemeesbeemtesheembesbeenbeeseenteeneeneeene 1740
37.5.1 Setting the Module-Stop FUNCHION ........ccevvieiiiieieieieceee et 1740
3752 Stopping the EDMAC during OPerations ..........ccccceeeereeruesieseeneiesieeeenieeeeseeeeeseeseessesseensens 1740
37.5.3 [llegal Address AcCess DEtECLION ........ccoieieeririieriieieieeie ettt enes 1740
3754 Note 0N SOfTWAIe RESET .....eeiiiiiiiiiiiiieit ettt s 1740
38. PHY Management Interface (PMGI) ......ooooiiiiiiiiiie e 1741
38.1 OVETVIEW ..ttt ettt ettt ettt b et b et e b et e e bt et e e bt em et e et e et e bt em b e e bt em bt ebeemteeseem bt eaeenbeabeeneeeneenbesseennens 1741
38.2 REZIStEr DESCIIPLIONS ....evevieeieeiieieieeieiiete st et et te st etesreeabe st esaesseessesseesseeseensesseensesseesaensenseensennes 1742
38.2.1 PMGTI Configuration Register (PMGCR) .......cociiiiiiiiiiiiiiii e 1742
38.2.2 PHY Station Management Register (PSMR) .......cccoovviiiieiinieiieeeeeceec e 1744
38.3 OPETALION ...viiviiiieiieetieteettete st et e st ebesteebeeteesbeeseesseeseesseeseessesseessesssessesssansaassesseassensesseessesssessesenssans 1745
38.3.1 Format of MII Management Frames ...........coccoooiiiiiiiiiinieieeee e 1745

38.3.2 PHY Register Access PrOCEAUIES ........ccoviiieieiieriiiieieceee et 1746



38.3.2.1 [nitializing @ PIMGI ......ocooiiiieieeeee ettt st ene 1746
38.3.2.2 PHY Register Reading Operation ...........cccoveereiienienieieniieiesieee et 1747
38.3.2.3 PHY Re@ISter WIIHINE ...c.eeviiiiiiiiiieiieeiieieee ettt et 1749
38.3.3 Setting the Management Data Clock (MDOC) ........ccocoviiieieriieiecieieeeere et 1750
38.3.4 Adjusting the Timing of Management Data ............ccoocvveieririienieienicieseeeeeee e 1751
38.3.5 TIEETTUPLS oottt ettt et ettt st e bt e sab e e st e eabe e bt e sabeenteesebeenbeensees 1752
38.4 USAZE NNOLES ..ottt ettt ettt ettt et ettt et s et e e s ae e e sheean et e eanesaeenneeaeennesae 1753
38.4.1 Settings of the Module Stop FUNCLION .....c.ccceevuiiiiiiiiieieeiecteeieeieee ettt sene s 1753
38.4.2 Note on setting PSMHT ......occiiiiiieie ettt sttt e eneees 1753
38.4.3 Note on SEtting PSMOCT ....c.ooouiiiiiieiecieeeeeee ettt ettt eseensesneenaeenas 1753
39. USB 2.0 FS Host/Function Module (USBD) ........ccooiiiiiiiiiiiiiiiie e 1754
39.1 OVEIVIEW ..ttt sttt et ettt et a et he ettt et ea e bt eb e eb e bt bbbttt et et es b e bt e bt e bt eb e b e s be st et e nae e ennen 1754
39.2 ReEGIStEr DESCIIPLIONS ....eeutiiieiieeiiiieiie ettt ettt ettt ettt et e sbe et e bt et e s bt et e bt estesbeebeeneesaeeneenaeas 1756
39.2.1 System Configuration Control Register (SYSCFG) .....cccevvviieienieiiiniieieeieee e 1756
39.2.2 System Configuration Status Register 0 (SYSSTSO0) ..oveeiiiiieiiieeeeeeet e 1758
39.2.3 Device State Control Register 0 (DVSTCTRO) ....ooviviiiiiiiiieieeeeeeeeeeeee e 1760
39.24 CFIFO Port Register (CFIFO),

39.2.5

39.2.6

39.2.7

39.2.8

39.2.9

39.2.10
39.2.11
39.2.12
39.2.13
39.2.14
39.2.15
39.2.16
39.2.17
39.2.18
39.2.19
39.2.20
39.2.21
39.2.22
39.2.23
39.2.24

DOFIFO Port Register (DOFIFO),
DIFIFO Port Register (DIFIFO) .....oouiiiiiiiieieieeeee e 1763

CFIFO Port Select Register (CFIFOSEL),
DOFIFO Port Select Register (DOFIFOSEL),
DI1FIFO Port Select Register (DIFIFOSEL) .....cooviiiieiieeieeieeie ettt 1765

CFIFO Port Control Register (CFIFOCTR),
DOFIFO Port Control Register (DOFIFOCTR),

DIFIFO Port Control Register (DIFIFOCTR) ......cccooveiiiiiieiiieiesieeeeieeeeeeie e 1769
Interrupt Enable Register 0 (INTENBO) .....ccoooieiiiiiiiieiee et 1771
Interrupt Enable Register 1 (INTENBI) ...ooouiiiiiieiiee e 1772
BRDY Interrupt Enable Register (BRDYENB) .....cccooiiiiiiiiiieeeeeee e 1773
NRDY Interrupt Enable Register (NRDYENB) .....ccoiiiiiiiiiiee e 1774
BEMP Interrupt Enable Register (BEMPENB) ......c.cccocoiiiiiiiiieieeceeeeee e 1775
SOF Output Configuration Register (SOFCFG) ......cccicvvevviiieriieieieeieeieeeeere e sie e sveene e 1776
Interrupt Status Register 0 (INTSTSO0) ....oeveriieieieieieee et 1777
Interrupt Status Register 1 (INTSTST) .oueoiiiieiee e e 1780
BRDY Interrupt Status Register (BRDYSTS) ....cooiviririnininininecietcteceencsceeeeseeene 1783
NRDY Interrupt Status Register (NRDYSTS) ...ooiuiiiiiieie e 1784
BEMP Interrupt Status Register (BEMPSTS) ...c.oooiiiiiiiiieieceee et 1785
Frame Number Register (FRMNUM) ......cocciiiiiiiiiiiiiieciieree ettt st 1786
Device State Change Register (DVCHGR) .....ccoooviiiiiiiiiiiiieceeeeeee e 1787
USB Address Register (USBADDR) ......ooouiiiiiiiieeieeeeee et e 1788
USB Request Type Register (USBREQ) ....cc.ooiririininiiieiiiiicinenececneseeeeeeeeeee e 1789
USB Request Value Register (USBVAL) ..ot 1790
USB Request Index Register (USBINDX) .....ccciiiiiiiieiieniieieeeieeieesee et evee s evee e 1790

USB Request Length Register (USBLENG) ......cociiiiiiiieiiieiieeieeieesee et evee e 1791



39.2.25 DCP Configuration Register (DCPCFG) ....ccoeoiieiiiiiiieecee e 1792
39.2.26 DCP Maximum Packet Size Register (DCPMAXP) .....cccoociriiiiiiiienenieeeieeeeee e 1793
39.2.27 DCP Control Register (DCPCTR) ...coiuiiiiiiiieieeiteisee ettt 1794
39.2.28 Pipe Window Select Register (PIPESEL) .......cccooiiviiiiiiiiiieieceeeeieeie et 1797
39.2.29 Pipe Configuration Register (PIPECFG) ......cccocoviiiiiiiieicieeeeee et 1798
39.2.30 Pipe Maximum Packet Size Register (PIPEMAXP) .....cccooceviiieriiieeeieeeeeeee e 1800
39.2.31 Pipe Cycle Control Register (PIPEPERI) ....c..ccocoueiiiiiiiinininecececccceeecsc e 1801
39.2.32 Pipe n Control Registers (PIPENCTR) (N =110 9) ...ocoieiiiiiiiiieeieeeeceeeee e 1802
39.2.33 Pipe n Transaction Counter Enable Register (PIPENTRE) (n=11t05) .ccceoceririeniniiiinne 1810
39.2.34 Pipe n Transaction Counter Register (PIPENTRN) (n =110 5) cooovvvvieeciieniieieie e, 1811
39.2.35 Device Address n Configuration Register (DEVADDN) (n =010 5) coccveevveievienieieeeenne, 1812
39.2.36 PHY Cross Point Adjustment Register (PHYSLEW) ....c.cccoviiieiiiiiecieeeeeeee e 1813
39.2.37 Deep Standby USB Transceiver Control/Pin Monitoring Register (DPUSROR) ................... 1814
39.2.38 Deep Standby USB Suspend/Resume Interrupt Register (DPUSRIR) .....cccooveiinieivicenne. 1815
393 (03756212 (o) KNPSRS 1817
39.3.1 N1 10T 00} 11 (o ) KPP PP 1817
39.3.1.1 Setting Data to the USB Related REZISIET .......cc.coveiruirerinirininineneieecrceceeeeee 1817
39.3.1.2 Controller Function SEIECtON .........cooieiiriiiiiiisiieieeeeeeee e 1817
39.3.1.3 Controlling USB Data Bus ReSIStOIS ........cceeoiirieiiiiieiiniese et 1817
393.1.4 Example of USB External Connection CirCUit .........cueeveereerciieneeniieenieeieeieesveeeeenenes 1818
39.3.1.5 Release from Deep Software Standby Mode Due to USB Suspend/Resume
INEETTUPLS 1.nvveeeiieeiieeiie ettt ettt ettt e ettt e s e et e e s st e ebeeseessseenseessbeesssaenseesaesnnesnseens 1822
39.3.2 TNEETTUPL SOUICES ...vevvieniieeiiieiie ettt ettt ettt et ettt e bt e sae e eabeesabeenbeesbteenbeenseenbaeenseenseas 1826
3933 INterrupt DESCIIPLIONS ......ieiieeieiieiieie et ettt ettt ettt et ee s e e e saeeseebeeneeseeeneensesneeneeenes 1828
39.3.3.1 BRDY TNEEITUPL ..ovvenieiieiieiieiieiieit ettt ettt seeseeseeseeseesesaessenean 1828
39332 NRDY INEEITUPE ©vvieeieeiieciieeie et eie et esteete et e steeteestbeesteesaeasseesseessseessaesssesnsaenssensnes 1832
39333 BEMP INEETTUPL ..eeoiiiiiieiiieiteeieeit ettt st e ittt teeseae st eaaessaeebeessseenseesaseenseenseens 1835
39334 Device State Transition INTETTUPL ......ceevviviiierieeiiieiie et s 1836
39.3.3.5 Control Transfer Stage Transition INtEITUPt .......cceeeveeieriiriererieie et 1837
39.3.3.6 Frame Update INTEITUPE ....c..covevviriiiiiiiiiiiiinencnccctceetee e 1838
39.3.3.7 VBUS INEEITUPE ..ovvenienieiieiieiieiieie ettt ettt ettt te e e esseseeseeseesessessessessassansan 1838
39.3.3.8 ResumME INTEITUPE ....eveiiieiiieieeee ettt et 1838
39.3.3.9 OVRCR INEEITUPE ..etiiiitietiitestiiete ettt ettt sttt a bt s eeebesbesbensenbeneens 1838
39.3.3.10 BOCHG INEEITUPE ettt sttt ebe bbb 1838
39.3.3.11 DTCH INEEITUPL ..ottt ettt ettt st st 1838
39.3.3.12 SACK TNLETTUDPE 1.vrvitiieieieieieieeieie e etestestesaestesteteseeseesesseesessessessessesseseaseesessessesessenes 1839
39.3.3.13 STGN TIEEITUPE ..vvveviiiiietiiesieietet ettt ete e ste s et et et eseeseeseeseebessessessessessassasensessensensenes 1839
39.3.3.14 ATTCH INEEITUPE ..ottt ettt be s te e e s e e et et eneeseeneeaeneas 1839
39.3.3.15 EOFERR TNEEITUDPE ...vveiieeiieiieeieeite et estte st esieestesteesaeseteestaesnseesseesnseenseessseenseensnesnnens 1839
3934 PAPE CONITOL ...ttt ettt ettt e e te e s taeesaeesbaeesbeenbeesssaenseessaesnseenseennses 1840
39.3.4.1 Pipe Control Register Switching Procedures ............ccceevivieviieieniieieneeieneeeeie e 1841



39342 TTANSTET TYPES veneeeeeeiieieetiee ettt ettt ettt ettt e bt et esaeene e sesntenteeneenneens 1841

39343 ENdpoint NUMDET ......ccoeeiiiiiiiiieie ettt eee e te e seveeste e s e e saeessaeesaessaeenseens 1841
39344 Maximum Packet Size Settng ........ccoooiriiiiiriiiiieieseeeee e 1842
39.34.5 Transaction Counter (For Pipes 1 to 5 in Reading Direction) ..........cccccccveeveveenrieeennenne 1842
39.34.6 RESPONSE PID ittt ettt et e be e s eane e 1843
39.3.4.7 Data PID SeqUuence Bit ........ccccceviiiiereiieie sttt ettt e et ssa s e 1844
39.34.8 Response PID = NAK FUNCHON ....ccuveiiiiiieieiieieciceieseee e 1844
39.3.49 AUL0 RESPONSE MOAE ...ttt ettt st 1844
39.3.4.10 OUT-NAK MOGE ...ttt ettt sttt ettt bttt e et eseeneeseeseseesaens 1844
39.3.4.11 Null Auto ReSponse MOAE .......ccueeeeiiiiieieiieiietieieee ettt st sre e ereessesseeseenas 1845

39.3.5 FIFO BUFTEr MEIMOTY ..ocvtiiiieieiiieieciieiesieett ettt ettt sttt sasesteessesseesneeseennesseenaenns 1845
39.3.5.1 FIFO BUFer MEMOTY .....oooiieiieiieiieii ettt ettt ettt eaeessessaessesnaenseennenseas 1845
39352 FIFO BUFTEr CIEATING ....covevviiiiiieieiieiieiteteeiestestest ettt st 1846
39.3.53 FIFO POrt FUNCHONS ...oviiuiititiitiieesieieieieiett ettt ettt se e seeseesaeseenean 1847
39.3.54 DMA Transfers (DOFIFO and D1FIFO POItS) ......cccovivirienierieieieeeeeeeee e 1848

39.3.6 Control Transfers USING DICP .......cciiiiiiiieiiieiieeie ettt st ete e ser e ae e e sbeesee e 1849
39.3.6.1 Control Transfers When the Host Controller is Selected .........cccceoevivenininenineniennene 1849
39.3.6.2 Control Transfers When the Function Controller is Selected .........ccccocvvvenerineniennne 1850

39.3.7 Bulk Transfers (Pipes 1 t0 5) .oovieierieierieiese ettt sttt e ens 1851
39.3.8 Interrupt Transfers (Pipes 6 10 ) ..oovieiieieiiieieeeee et 1851
39.3.8.1 Interval Counter during Interrupt Transfers When the Host Controller is Selected ...... 1851

39.3.9 Isochronous Transfers (Pipes 1 and 2) ...c.cocvevieeciiiiieeieeiie et 1852
39.3.9.1 Error Detection in Isochronous Transfers .........ccoccoceverieiinieniniienieniencce e 1852
39.3.9.2 Data PID ..ottt b bbbt sttt 1853
39.3.9.3 INEETVAL COUNLET ...ttt sttt et ettt s sae et 1853
39.3.10 SOF Interpolation FUNCHON .......ccciririiirieieeieie sttt enes 1860
39.3.11 Pipe SCHEAUIE ...ttt et ettt n et 1861
39.3.11.1 Conditions for Generating a TranSaction ...........cccecceerieerieeniieniieenieeiieeseesreesieesneeveens 1861
39.3.11.2 Transfer SChedUle ........c..ooiiiiii e 1861
39.3.11.3 Enabling USB COMMUNICAtION .....ecuvevieeieiieiieiieiieieseesieeieeieeeresseeenesseessesseensesseensessens 1861

39.4 USAZE NNOLES ...ttt ettt ettt e et e st e ne s he e e s b e eaneete et e eaeeneeae 1862
39.4.1 Setting the Module-Stop FUNCHION ........ccveivieiiiiieieiieieeeese ettt sne s 1862
40. Serial Communications Interface (SClj, SCli, SCIN) ..o 1863
40.1 OVEIVIEW .ottt sttt ettt a ettt et e bt s ettt et e st e st eb e eh e bt eb e bt b et e e b et en b e st e st e st ebeeb e e bt sbebenseneennan 1863
40.2 a3 g DTl or ) 015 ) 1 TSP 1876
40.2.1 Receive Shift Register (RSR) ....occviiiiiiiiieieieiee ettt ees 1876
40.2.2 Receive Data Register (RDR) .....cccoouieiiiiieieriieieie ettt sse e sne e e 1876
40.2.3 Receive Data Register H, L, HL (RDRH, RDRL, RDRHL) ......ccceiiiiiiiiiiieeeeeee, 1877
40.2.4 Receive FIFO Data Register (FRDR) ......occuiiiiiiiiieeiee e 1878
40.2.5 Transmit Data Register (TDR) ....c.ooiiiiiiiiiiee e e 1879

40.2.6 Transmit Data Register H, L, HL (TDRH, TDRL, TDRHL) .....cccccciiiiniiiinieenceeeeee, 1880



40.2.7

40.2.8

40.2.9

40.2.10
40.2.11
40.2.12
40.2.13
40.2.14
40.2.15
40.2.16
40.2.17
40.2.18
40.2.19
40.2.20
40.2.21
40.2.22
40.2.23
40.2.24
40.2.25
40.2.26
40.2.27
40.2.28
40.2.29
40.2.30
40.2.31
40.2.32
40.2.33
40.2.34
40.2.35
40.2.36
40.2.37
40.2.38
40.2.39
40.2.40
40.2.41
40.2.42
40.2.43
40.2.44
40.2.45
40.2.46
40.2.47

Transmit FIFO Data Register (FTDR) ....cooviiiiieiiiieeeeeeee et 1881

Transmit Shift Register (TSR) ...ccouoiiiiiiiiiee e e 1881
Serial Mode Register (SMR) ....coouiiiiiiiiieeiee e 1882
Serial Control Re@IiSter (SCR) ....ccccoviiiiriiiiieiieiieieeeeieeteste ettt et ste e ese b eae e s ees 1886
Serial Status Register (SSR/SSRFIFO) ......cooviiiiiiieieiieiee ettt e 1890
Smart Card Mode Register (SCMR) ...ocuieiiiiieiiiieieieeet et 1898
Bit Rate Register (BRR) .....ooiiiiiiieiieeeeee e 1900
Modulation Duty Register (IMDDR) .....cc.coouiiiiiiiiiieee e 1912
Serial Extended Mode Register (SEMR) ......cccoiiiiiiiiiiiiieiee e 1914
Noise Filter Setting Register (SNFR) .....coooiieiiiiiieiee et 1917
I2C Mode Register 1 (SIMRI) .....cooviuiuieieieceeeeeeeeeeeeteteeeeeeeeeeeseeeeese e sesees e sese e seseaesenenas 1918
I2C Mode RegiSter 2 (SIMR2) .....c.ouiuiuieieieeeeeeeeeeeeeeeeteeeeeeeeeseseeeeeeesesesessesaese e sese e seseaesesenas 1919
I2C Mode Register 3 (SIMR3) .....c.ouiuiuieceiecececececececeeaeeeeeeeseseseseaete e seseasae et seae e seseaesesenas 1920
I2C Status REGISTET (SISR) .....ouvvivivieitieeeiecteteectctetcteaeteeseeae et aeteae ettt ettt sesesenenas 1922
SPI Mode Register (SPIMR) .....ooiiiiiiiiiieieeeee ettt 1923
FIFO Control RegiSter (FCR) ..cccuiiiiieiiiiiieieee ettt st st e 1925
FIFO Data Count Register (FDR) ......cccoocievieiieieciieieseeesteeie ettt 1927
Line Status Register (LSR) ...c.cooieiiiiieiieieieeee ettt e ens 1928
Comparison Data Register (CDR) ......ccccoirieoiiiieirinininineneneiceeteet et 1929
Data Comparison Control Register (DCCR) .....c.ccceveririnirinininenicicicieceenesceesene e 1930
Serial Port Register (SPTR) ......cooiiiiiieeee e 1931
Extended Serial Module Enable Register (ESMER) .........cccooiiieniiiiiniieieiecieeceeere e 1932
Control Register 0 (CRO) ...eeeueeeiiiiieciiesie ettt ettt e be et esebe e e e snaeenseenseennnas 1932
Control REISEr 1 (CRI) .oocuieiiiieiieie ettt sttt esa e se e enas 1933
Control RegISter 2 (CR2) ...ocuiviiiiiiieieiieinenstceeceteee ettt ettt s 1934
Control Register 3 (CR3) ...oouiiiiiiiicieies ettt ettt 1935
Port Control Register (PCR) .......ooiiiiiieeiiee et 1935
Interrupt Control Register (ICR) .....ooovveiiiiiieiieeeceeeee et e 1936
Status REGISEr (STR) .ioviieiiiiiieieeie ettt ettt e e te e beessbesabaensneenes 1937
Status Clear RegiSter (STCR) ....occvivieriieieiiiieie ettt sae e 1938
Control Field 0 Data Register (CFODR) .....cccoeiiiriiiiiiininenenicccectetecsiceiese e 1938
Control Field 0 Compare Enable Register (CFOCR) ......cc.coceviirinininiiniiicicninencrcecieene 1939
Control Field 0 Receive Data Register (CFORR) ......ccooiiiiiiiiiiieeeeeeeeeee e, 1939
Primary Control Field 1 Data Register (PCFIDR) ......cccoeviiiiiiniiiieieciieeeeeee e 1939
Secondary Control Field 1 Data Register (SCEFIDR) ....ccccocviiiiieiiiinieiiecie e 1940
Control Field 1 Compare Enable Register (CFICR) ......ccoocvivieiieiiiiciecececeeeeeee e 1940
Control Field 1 Receive Data Register (CEFIRR) .....ccovieiiiiieiiieeceecee e 1940
Timer Control Register (TCR) ...cc.oiiiiiiieieiieet e 1941
Timer Mode Register (TIMR) ....ooiiiiiiiieiee ettt s 1941
Timer Prescaler Register (TPRE) .....cccoiiiiiiiieiieie ettt 1942

Timer Count RegiSter (TCINT) ...oiiviiiiieiiiecieeeeee ettt eaesbeessaeenseeeees 1942



40.3
40.3.1
40.3.2
40.3.3
40.3.4
40.3.5
40.3.6
40.3.7
40.3.8
40.3.9

40.4
40.4.1
40.4.2

40.5
40.5.1
40.5.2
40.5.3
40.5.4
40.5.5
40.5.6

40.6
40.6.1
40.6.2
40.6.3
40.6.4
40.6.5
40.6.6
40.6.7
40.6.8

40.7
40.7.1
40.7.2
40.7.3
40.7.4
40.7.5
40.7.6
40.7.7

40.8
40.8.1
40.8.2
40.8.3

Operation in ASYNChronouS MOAE .........ccieiiiiiiiieiieiieiee ettt et seeeneas 1943
Serial Data Transfer FOIMAt ..........ccocooeroriiiiiiiiiieeee e 1943
Receive Data Sampling Timing and Reception Margin in Asynchronous Mode .................. 1945
CIOCK ettt ettt e b e bbbttt et b bbb bbbt et a et eneen 1946
Double-Speed Mode and Divide-by-6 Mode .........cccoeoeerieiinieieeeeeeeee e 1946
CTS and RTS FUNCHONS ..ccuviiuiiiiiiiie ittt sttt sttt et es et e e e e 1947
Data MatCh DETECTION ......eoieriiiiiiiiieie ettt ettt et sttt et b et sae e e 1948
SCI Initialization (Asynchronous MOAE) .........ccecueiieriereerieniieiene e e e sre e ere e 1951
Serial Data Transmission (Asynchronous Mode) .........ccoeeueriirieriieiieniieienieiene e 1954
Serial Data Reception (ASynchronous Mod@) .........ccceevverierierieniieieniieiere e eee e 1959

Multi-Processor Communications FUNCHION ..........coeieiiieiiiiirieiieesteese e 1964
Multi-Processor Serial Data TranSmiSSION ...........ccceceeieirieririeriererieieieeeeeneeiesee e ste e seeneas 1966
Multi-Processor Serial Data RECEPHION .....c.cceviereieiiiieierieie et 1967

Operation in Clock Synchronous MOde .........ccccceevuerieiirieiiinieieee et 1970
CLOCK ettt ettt ettt et et et et e a e a e e ae e st bt be bt et e beeae s en b et et e s eneeneeneas 1970
CTS and RTS FUNCHONS ...veueeieieiiitiitiitieteieteee ettt sttt ettt st seenean 1971
SCI Initialization (Clock Synchronous Mode) ..........ccoceverieriiiieiienieii e 1972
Serial Data Transmission (Clock Synchronous Mode) .........cccecvevveriinienincieninieneeeseeenns 1973
Serial Data Reception (Clock Synchronous Mode) ..........ccceeceeirenenininenenenieeeieeeenenene 1978
Simultaneous Serial Data Transmission and Reception (Clock Synchronous Mode) ............ 1982

Operation in Smart Card Interface MOde .........ccoooiiiiiiiiiiiiiiiee et 1983
SAMPIE CONNECTION ....vvrvieiiieiieiieiieteete et e e ete e et e teesaesteeseesseesaesseessessesssenseansesseensenseansesses 1983
Data Format (Except in Block Transfer Mode) ..........cceeieieiiiienieeeeee e 1984
Block Transfer MOG@ ........ooouiiiieiiiieiieeeee ettt st s aesneeneeee e 1985
Receive Data Sampling Timing and Reception Margin ..........cccceceeveeieninienieneneeieneeee 1986
SCI Initialization (Smart Card Interface Mode) ........ccoceeeviiieriiiieiieieeceee e 1987
Serial Data Transmission (Except in Block Transfer Mode) .........cccccevivvveniiiceenieneenennennns 1989
Serial Data Reception (Except in Block Transfer Mode) .........ccocevvevieiennininencnenenencne 1992
(0] 10702 Q@113 01 L 003 113 () KPR 1994

Operation in SIMPle I2C MOGE .....oevuveeeeieieieieeeeececeeeeeeeee e neseeseeesseseseeeens 1995
Generation of Start, Restart, and Stop Conditions ............cccoeveervireererienieneeneeeesreeeese e e 1996
Clock SYNCRIONIZAtION .....ccvieeieiiiiieie ettt ettt s sbe s beesaesseesaenseeneenseens 1998
SSDA OUPUL DEIAY ...cuviiiiieieiieiiee ettt ettt s ntesnee e 1999
SCI Initialization (SImple I2C MOAE) .......cooveveeeeieeeeeeeeeeeeeeeeeeeeeeeee e esese s s es s eneees 2000
Operation in Master Transmission (Simple I2C MOd€) .......c.cevvveveeeeeeeeeeeeeeeeeeeeeeeeeeeeaes 2001
Master Reception (SImple 12C MOdE) .......cvoveveveueeeeeeieieeceeeeeeceeeeee ettt 2003
Recovery from Bus HanG-UpP .....cccoccvieiiiiiiiiieiiecieceeee ettt sttt 2005

Operation in SIMPIe SPIMOAE .......ooieiiiieieciieieceeee ettt e sae e seaenneas 2006
States of Pins in Master and S1ave MOdEs .........ccceevuirieiiniiiieieiieeee e 2007
SS Function in Master MOGE .......c..coueiririririinierieieeeeet ettt st ne 2007
SS Function in S1ave MO ........cceeiiiiiiiireieeiee ettt s 2007



41.

40.8.4 Relationship between Clock and Transmit/Receive Data ..........ccccoeeevenieiinienneieeeeee 2008

40.8.5 SCI Initialization (Simple SPTIMOAE) ....cccoevciieiieeiieiieeie ettt et evae e enes 2009
40.8.6 Transmission and Reception of Serial Data (Simple SPI Mode) .......ccccccevevvevieecieenieenieenene 2009
40.9 Bit Rate Modulation FUNCHON .......cc.oiiiiiriiiiieieee ettt 2009
40.10  Extended Serial Mode Control Section: Description of Operation ...........cccceceevereevieneesieneeeene. 2010
40.10.1 Serial Transfer PrOtOCOL ......coiiiiiiiiiieieiecr et 2010
40.10.2 Transmitting & Start FIAME ........cccvevirieiiieieieiee ettt sae e sse e enes 2011
40.10.3 Receiving @ Start FTAME .......ccooieiiiiiiiieiieieeceieee ettt ese e e ees 2014
40.10.3.1 Priority INterrupt Bt ......ccooieiiiiiee e 2019
40.10.4 Detection of Bus COIlISIONS .....co.ceriiiiriiiieiieieieet ettt s 2020
40.10.5 Digital Filter for Input on the RXDX12 Pifl ....cooiiiiiiiiiiiiiee e 2021
40.10.6 Bit Rate MEASUIEIMENE ....c..eiueieieiieiieiietieteit ettt ettt st sttt et e et e bt et saeneenean 2022
40.10.7 Selectable Timing for Sampling Data Received through RXDXI12 .....cccoocvvviiviecieniieienieenens 2023
40.10.8 THIMET .ttt bbbt b ettt et e b bbbt b e bbbttt e bt ebe b 2024
40.11 Noise Cancellation FUNCHION .......ccocoeriiiiiieiiiieeeeee ettt e e enes 2026
40.12 TNEETTUPE SOUICES ...veeuvieiieeiieiie ettt ettt te ettt e st e et esete et e e taeesbeenseessbeesseessaesnseenseesnseensnesssesnsens 2027
40.12.1 Buffer Operations for TXI and RXT INtEITUPLS ....c.eecveeeeeieriiieiieiesieeieeieee e 2027
40.12.2 Interrupts in Asynchronous Mode, Clock Synchronous Mode, and Simple SPI Mode ......... 2027
40.12.3 Interrupts in Smart Card Interface Mode .........cccecueeciieriieiieiiieeec e 2029
40.12.4 Interrupts in SIMPIE I2C MOAE .....ovovieeeieieieeieceeeeceeeee ettt et 2030
40.12.5 Interrupt Requests from the Extended Serial Mode Control Section ...........cccceevveverveeeennnnne. 2031
40.13 EVENE LINKING .ootiitiiieiicieeit ettt ettt ettt et e st et e esaesseessenseessenseesnenseensesseensesneensensens 2032
40.14  USAZE NNOLES .eeueiuieieitientietieteettet e et et ette bt s stesbesu e e bt es e bt eae et e eatesbeemtesbeeabesbeemteabeemtesbeenseebeenseeneeneeeee 2033
40.14.1 Setting the Module Stop FUNCLION .......ccoevvieiiriieiieieie sttt 2033
40.14.2 Break Detection and PrOCESSING .......cccueeieiiriieiiieieiieiiee sttt e 2033
40.14.3 Mark State and Sending Breaks .........ooceeiiiieierieieeee e 2033
40.14.4 Receive Error Flags and Transmit Operations
(Clock Synchronous Mode and Simple SPI Mode) .........cocceiieriiiinenieiiieceeceese e 2033
40.14.5 Writing Data to the TDR REZISTET .....ccuevieiiriieiieiieiieiieie ettt ete e ere s saeeae e 2034
40.14.6  Restrictions on Clock Synchronous Transmission
(Clock Synchronous Mode and Simple SPT MoOde) .......cccevveveeiiiienieiieieeieieeeere e 2035
40.14.7 Restrictions on Using DMAC 0 DTC .....ocvoiiiieiieieieeteeeee et 2036
40.14.8 Notes on Starting TranSTET ........cocoeieiiiiriicee ettt 2036
40.14.9 SCI Operations during Low Power Consumption State ............ccccoeveveneeeinreenenienenenennenne 2036
40.14.10  External Clock Input in Clock Synchronous Mode and Simple SPI Mode ...........cccccoeeneenen. 2039
40.14.11 Limitations on Simple SPTIMOAE ........cceeieiiieieiiiiieie ettt s sre e saees 2040
40.14.12  Limitation 1 on Usage of the Extended Serial Mode Control Section .............ccceveeverneennnns 2041
40.14.13  Limitation 2 on Usage of the Extended Serial Mode Control Section .............ceceerveeverrennnnne 2041
40.14.14  Note on Transmit Enable Bit (TE Bit) .....ccoooviiiiiiiiiieiieic ettt 2042
40.14.15 Note on Stopping Reception When Using the RTS Function in Asynchronous Mode .......... 2042
[2C-bus INterface (RIICA) ......ceeieieieieeieieete ettt ettt ese et s e ne s e 2043

41.1 (02075 74 11 AR 2043



41.2 T 3 g BTNl or ) o150 TP 2046

41.2.1 I2C-bus Control Register 1 (ICCR1) ......ooouiuiuiuieeeieieeeieeeeeeeeeeeeeeeee e eesesenenas 2046
41.2.2 I2C-bus Control Register 2 (ICCR2) ........ooeuiueuiuereeeeeeeeeeeeeeeeeeeeeeeeeeseeesee e 2048
4123 I2C-bus Mode Register 1 (ICIMR1) ......oououiuiuieieieieiecececececeeecececeeeeeeeeseseeseese e eseseseneaeeesenas 2052
41.2.4 I2C-bus Mode Register 2 (ICIMR2) ......c.ouruiuiuieeecececececececececeeseecececeeeesessesaeseseseseassesesesessasaesenas 2053
41.2.5 12C-bus Mode Register 3 (ICMR3) ....c.ouiviviuiuieieieieiececececeeececeeeeeseeeeaeasesesaeaeaeaessas s aeasasaeaeaas 2055
41.2.6 12C-bus Function Enable Register (ICFER) ........ccccooiuiuiururueteeeeceeeeieteeeee e 2057
41.2.7 I2C-bus Status Enable Register (ICSER) .........ccooviuiuiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeseeeenenas 2059
41.2.8 I2C-bus Interrupt Enable Register (ICIER) .........coooiuiuiurreiuereeeereceeeceeeeeeeeeeeeseseseeseseseeeaesenenas 2061
41.2.9 I2C-bus Status Register 1 (ICSR1) .....couiuiuiuireeieeeeeceeeeeeeeeeeeeeeeeeeete ettt 2063
41.2.10 I2C-bus Status Register 2 (ICSR2) .....ceuiviviueeeecececececececeeeeteeeseeetete e sesessesae et senenas 2066
41.2.11 Slave Address Register Ly (SARLY) (¥ = 00 2) ueeiiiieieiieiesieeeeee et 2069
41.2.12 Slave Address Register Uy (SARUY) (¥ =010 2) ceeoieiiiriiiiieieiieieieeeeeeereee e 2070
41.2.13 I2C-bus Bit Rate Low-Level Register (ICBRL) ...........cccocovuiiueueeeeeeeeeeeeeeeeeeseeeesenenenas 2071
41.2.14  12C-bus Bit Rate High-Level Register (ICBRH) ............ccccceeveviverereeeereeeeeeeeee e 2072
41.2.15  12C-bus Transmit Data Register (ICDRT) .........ccccoeveverereeeeeeeeeeeeeeeeeee oot 2074
41.2.16 I2C-bus Receive Data Register (ICDRR) .........ooeviuiuieiececeiececececececececscecaeaeeeseseasseaesesesssesesenas 2074
41.2.17 12C-bus Shift Register (ICDRS) .....o.oivivirieieceieieiecececteeceeeeeeeeseaessseaesessssesaeaesesessasaeseseseseaeeeseaas 2074
41.3 (00155 ;15 10« KOTSRS 2075
41.3.1 Communication Data FOIMAt .........ccceoeiieriiiiiiiiiiiiieseneseseseeee e 2075
41.3.2 TNEtHAL SEEHINES ..eeeieeieieee ettt ettt ettt ettt e te s st e e eseen e es e et e eneenteeneeeeens 2076
4133 Master Transmit OPETALION .........cccuerueeriertieiereeieeteeie st e e steeeeesteeee et eneesseeeesseeneesneeneesseeneenes 2077
41.3.4 Master ReCEIVE OPEIAtION ......cccueiiiieiiieeiieiieeieecieeete et esereeteesteesbeeesbeesbeessseeseesseessseenseensnas 2080
41.3.5 Slave Transmit OPETAtION ........c.ccceevueriierieriieiestietesteetesseestesreessesseessesssessesssessesseessesssessessesses 2086
41.3.6 Slave RECEIVE OPETALION ......ccveeiieiieiietieiieierieete st ete e etesteessesreessesseesseeseessesseessesssessesssessens 2089
41.4 SCL Synchronization CITCUIL ..........ccuerveeiieriieiertieitesteetesteseestesseetessaessesseessesseessesseessessesssessessaensenns 2091
41.5 SDA Output Delay FUNCHON ......oiiiiiiiiiiiieiee ettt s 2092
41.6 Digital NOISE FIILETS ...eouieiiieieiieieseeieeee ettt ettt ste e s s e enaessessaessenseenseeneensenns 2093
41.7 Address Match DEECTION .....ee.viiuieiiiiieiiiiee ettt ettt st s b et e e e saes 2094
41.7.1 Slave-Address Match Detection ...........c.ccoiverieiiiiiiiniiiiieene ettt 2094
41.7.2 Detection of the General Call AAdIeSS ........eeoueriieiiriieiene et 2096
41.7.3 Device-ID Address DELECHION .....cc.eeueeruieieriirierie ettt ettt ettt e ee st e eneeeneenee 2097
41.7.4 Host AdAress DETECHION ....c..eiuieiiiiieieeiieieet ettt ettt ettt 2099
41.8 Automatic Low-Hold Function for SCL ........ccccoiiiiiiniiiieeee e 2100
41.8.1 Function to Prevent Wrong Transmission of Transmit Data ............cccoceevireninieiinieieeee 2100
41.8.2 NACK Reception Transfer Suspension FUnction .............ccccoeeeiirieiiienineneneeeeeee 2101
41.83 Function to Prevent Failure to Receive Data .........ccccooeioiiiiiiiiiiiiceeeeeee e 2102
41.9 Arbitration-Lost Detection FUNCLIONS ........ccceiiiiiiiiiririiieieeee e 2104
41.9.1 Master Arbitration-Lost Detection (MALE Bit) .....cccoooieiiiiiiiiiiiciieceeeeeee e 2104
41.9.2 NACK Transmission Arbitration-Lost Detection Function (NALE Bit) ......cccccccevevvivieenenns 2106

41.9.3 Slave Arbitration-Lost Detection (SALE Bit) ....cccceevciieiiiiiiiiienie et 2107



42.

41.10  Start Condition/Restart Condition/Stop Condition Generating Function ............ccoeceevveienvenceenne. 2108

41.10.1 Generating a Start CONAIION ..........ccuevvieieieriieiere et ete e eee e te e eaesreesaesseeseesseessesseesaeses 2108
41.10.2 Generating a Restart CONAItION .......c.occeecueriiriieiienieierie ettt sseenae e enes 2108
41.10.3 Generating a Stop CONAILION ......oecverieiieriiiieeeiee ettt e s eseenseeneenaeenes 2109
41.11 BUS HANGINE ...ttt ettt ettt et b et et e e e st et e eae et e eneeneeeneeeneeneenens 2110
41.11.1 TIMEOUL FUNCHON ..ottt sttt ettt et st 2110
41.11.2 Additional SCL Output FUNCHION .....c.eccviieiiiieiieiieieie ettt ennens 2112
41.11.3 RIIC Reset and Internal RESEt ..........cccoueviiiiiiiiiiinieneeeceeee et 2113
41,12 SMBUS OPCIATION ...eoviiieieetietietieieetteteete st s tete et eteeseesteeseeteeseenseeseensesseensesseenseeseenseeneenseeneenseenes 2114
41.12.1 SMBuSs TimeoUt MEaSUIEIMENLE .......ccueueieieieiieieriieteete ettt ettt see st et ese s b e 2114
41.12.2 Packet Error Code (PEC) ....ooiiiiiicieeeeeeee ettt st ens 2115
41.12.3 SMBus Host Notification Protocol (Notify ARP Master Command) ...........ccccevvrverrernennen. 2115
41.13 TNEETTUPE SOUICES ..ottt ettt ettt et e st st e bt e st e e beesabeeaeeeaees 2116
41.13.1 Buffer Operation for TXI and RXT INtEITUPLS ..eoovvevirriiieriieieiieiesieereee e 2116
41.14  Initialization of Registers and Functions When a Reset is Applied or a Condition is Detected ..... 2117
41.15 Event Link FUNCION (OULPUL) ...ccveeeeieiiieiieeie ittt ettt et et eeteesteesteesseessaesnseessaesssaessaenseennnes 2118
41.15.1 Interrupt Handling and Event Linking .........ccoeceriiiioiiiieneeie e 2118
116 USAZE INOLES ..eeeutiiriieiiieiiiteiteette ettt et e bt e et e et esat e bt e sut e et e e abesabeesaaesabeesaeeesbtenbeesabeenseesaseensaennneenne 2119
41.16.1 Setting Module StOp FUNCLION .....c.uiiiiiiriiiiiieiieciietese ettt sve e sre e esee e 2119
41.16.2 Notes 0n Starting TrANSTET ........cccveiveiiieiicicieee ettt ettt e b aesreessenre e 2119
107N NV Fo o [0 L= (@ N SR 2120
42.1 OVEIVIEW .ottt sttt ettt ettt et e bt s et s et es e e st eb e eb e bt e bt bt b et e et et e st e st e bt e bt eb e b e s be st et enaeeeneen 2120
42.2 REgIStEr DESCIIPIONS .....eeueiiieiiieiiesie ettt ettt sttt ettt et e s et et e et eneesaeeneesbeeseensesneeneeene 2123
42.2.1 Control ReIStEr (CTLR) ..cvecieiiiieiecieieieeteie ettt e e sbesta et este e e eseensesaeenaeses 2123
4222 Bit Configuration Register (BCR) ......cccooieiiiiiieiiciesieeeeee ettt 2126
42223 Mask Register k (MKRK) (K =010 7) eooeeririiirininenieeeeeeeeeceeeee e 2128
42.2.4 FIFO Received ID Compare Registers 0 and 1 (FIDCRO and FIDCR1) ......ccoovvieivncennnnne. 2129
42.2.5 Mask Invalid Register (MKIVLR) .....cccoiiiiiiiieeeeee et 2130
42.2.6 Mailbox Register j (MBj) ( = 0 10 31) .eoieieiiieiieieeeeee et 2131
42.2.7 Mailbox Interrupt Enable Register (MIER) .........ccoooviiiiiiiieiiiieieceeeceeeee e 2135
42.2.8 Message Control Register j (MCTL)) (=010 31) ccoeoieeieiiiieeeieceeeeeeee e 2136
42.2.9 Receive FIFO Control Register (RFCR) ...c.cccveviiiiiiiiieieeeee e 2139
42.2.10 Receive FIFO Pointer Control Register (RFPCR) .....c.oooiiiiiiiiiieeeeecee e 2142
42.2.11 Transmit FIFO Control Register (TFCR) .....cccoooiiiiiiiieeeeee e 2142
42.2.12 Transmit FIFO Pointer Control Register (TFPCR) ......cccoviiiiiiiiiniiieeeeeeceeee e 2144
42.2.13 Status REGISTET (STR) .oveeiiieieiiiiieiecieeiet ettt sttt e ra b e sreessesseeseeseessessnessens 2145
42.2.14 Mailbox Search Mode Register (MSIMR) .......ccooiiiiiiiiieiieieceeeesie ettt 2147
42.2.15 Mailbox Search Status Register (MSSR) .....cccooieiiiieieieeeeeeee e e 2148
42.2.16 Channel Search Support Register (CSSR) ....coeoveririninininiiiiieeinenceeeeteecreeeeeeeee 2149
42.2.17 Acceptance Filter Support Register (AFSR) ..c..ccoiviiiiinininieneccctcceenesceeeeseeene 2150

42.2.18 Error Interrupt Enable Register (EIER) .......ocooiiiiiiiiieiie e 2151



43.

42.2.19 Error Interrupt Factor Judge Register (EIFR) ......ccoouieiiiiiiie e 2152

42.2.20 Receive Error Count Register (RECR) ....ooueiiiiiiiiiiiiieeeeeee e 2154
42.2.21 Transmit Error Count Register (TECR) ...c.cooiiiiiiiiieiee e 2155
42.2.22 Error Code Store Register (ECSR) ..couviviiiiiiieiiiie ettt 2155
42.2.23 Time Stamp RegiSter (TSR) ...ooieieiiieiicieeeee ettt s 2156
42.2.24 Test Control Re@iSter (TCR) ..oooviviieriiiieieciieeseeesee ettt es 2157
423 OPEIAtING MOAE ..ottt ettt ettt st ettt et sae st be b e nen 2159
42.3.1 CAN RESEE IMOGEC ...ttt sttt st sttt st sbe et st e e e 2160
42.3.2 CAN Halt MOE ...ttt et 2161
4233 CAN SIEEP MOME ..ottt ettt et ettt te st esseseaesesseesessaesseesaenseeseensesseensennns 2162
4234 CAN Operation Mode (Excluding Bus-Off State) .........ccccocvverimeneneniienienenencecnenieneene 2162
42.3.5 CAN Operation Mode (Bus-Off State) .........ccceoeiiiiiiieiieeree e 2163
42.4 CAN Communication SPeed SETNG ........cceeiiiiiiiiieieieeie ettt 2164
42.4.1 CAN ClLOCK SENG ....cvvevieiieiieieiesiesieeteteeteteeetesteestessesseessessaessesssessesssessesssansesseensesseensennes 2164
4242 Bit TIMING SEHNE ....cueeuieiiiiirieiiitieterert ettt ettt ettt s et et sae et aeeae b 2164
4243 Bt RALE ..ttt ettt ettt sttt ettt ettt eh e eaeeaeebeebe e e te s et eneeneas 2165
42.5 Mailbox and Mask RegiSter StIrUCIUIE .........ccovuiiiiiiiiriiiieieieee et 2166
42.6 Acceptance Filtering and Masking FUNCHONS .......c.ccveciirieriinieieiieiecteie e 2167
42.7 Reception and TTanSIMISSION .......c.eecveeiuierieerieeitiesieesttesteesteeereeteessaeeseessseesseessseeseesseessseensesssennes 2170
42.7.1 RECEPLION ..ottt sttt et e st e s seesaesbeesae s e enseeseesseseenseeseensesseennennes 2171
42.7.2 TTANSINISSION ....veintiiieeeeiieteete ettt ettt et et e st e et e st e eesaeemeesaeeneeseensenseeneenseeneenseensesneeneennes 2173
42.8 CAN INLETTUPL ..ottt et e bt e bt e sb bt et e bt e e bt e bt e sateenbe e bt e sabeenbeenaees 2174
42.9 USAEZE INOLES ..veeuvierireeiiieiiteeieeette et e stte st e ttesateesteestbeesbeessbeensaenssessseessbessseenssesnsaenseessseenseesnseenssensnesnee 2174
42.9.1 Setting for the Module-Stop State .........cccoeieiiriieieiieeeeeee e 2174
Serial Peripheral Interface (RSPIC) .....eeiiiiiiiii e 2175
43.1 OVEIVIEW .ntitetteiie ettt et eete e et et e st e e e e e bt e e e et e eat e st eae e et e em e e eaeemeeeaeemse st emteeseemteseenseeaeeneeseeneesneensenneensens 2175
43.2 REGISEr DESCIIPLIONS ...vvivvieeierieeieiieiesieeteiestesteetteteessesseessesseessesseessessesssesseessensenssensesseessessesssensens 2179
43.2.1 RSPI Control Register (SPCR) .....ooiiiieiieiee ettt s 2179
43.2.2 RSPI Slave Select Polarity Register (SSLP) .....cccviiiieiiieiieeieete et 2181
43.2.3 RSPI Pin Control Register (SPPCR) ......cccviviieiiiiiiiiieie sttt s 2182
43.2.4 RSPI Status ReIStr (SPSR) ...cviiiiiiiiieieieiieieee ettt ettt ere e sae e ees 2183
43.2.5 RSPI Data Register (SPDR) ....cc.coiiieiiieieiieieieetee ettt ese e naeens 2186
43.2.6 RSPI Sequence Control Register (SPSCR) .....ccoovuiiiiiiieiee e 2190
43.2.7 RSPI Sequence Status Register (SPSSR) ..oovioiiiieeee e 2191
43.2.8 RSPI Bit Rate Register (SPBR) .....ccuoiiiiieee e 2192
43.2.9 RSPI Data Control Register (SPDCR) .....cccvveviiiiiiiiieieciieseecie ettt 2193
43.2.10 RSPI Clock Delay Register (SPCKD) .....ocuveiiiiieiieiieieeie ettt see v eseese e e e 2195
43.2.11 RSPI Slave Select Negation Delay Register (SSLND) .....ccocveviieieriieiienieieceeeeee e 2196
43.2.12 RSPI Next-Access Delay Register (SPND) ....c.coeiiriririnininienecteeeteceese e 2197
43.2.13 RSPI Control Register 2 (SPCR2) .....oouieieiieeieeeeeeee ettt e 2198

43.2.14 RSPI Command Register m (SPCMDm) (M =010 7) ..ccereeririeeiieerieeee e 2199



43.2.15 RSPI Data Control Register 2 (SPDCR2) ....c.ooiiiiiiieiieeceee e 2202

43.3 (00155 ;15 10 s KOTSRS 2203
43.3.1 Overview Of RSPI OPErations .........ccocceevecieriiesieeiereeeiesie st eeeseeeieseeesesseessesseenseeseensesseensesns 2203
43.3.2 Controlling RSPI PINS ...c.ccciiiiiiiieie ettt st enaense e enneens 2204
4333 RSPI System Configuration EXamples ..........ccccoeeoiiiirieiieierieese e 2205

43.3.3.1 Single Master/Single Slave (with This MCU Acting as Master) ........c..cccceeceenereeeenne. 2205
43332 Single Master/Single Slave (with This MCU Acting as Slave) .........cccccocevincenencenne. 2206
43333 Single Master/Multi-Slave (with This MCU Acting as Master) .........cccceceevveeveeruerneennn. 2207
43334 Single Master/Multi-Slave (with This MCU Acting as SIave) .......ccccecveveeievieneennenne. 2208
43.3.3.5 Multi-Master/Multi-Slave (with This MCU Acting as Master) ..........cccoceevverereverennnnns 2209

43.3.3.6 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation)
(with This MCU ACtINg aS MASEET) ....eevvereiereieeieniieieeeeeesieeee st eeeseeae e eeesneeeeeneeneeene 2210

43.3.3.7 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation)
(with This MCU Acting as SIAVE) ......ccoeiiriiiieiieieieee et 2210
4334 Data FOTMAL .....ooouiiiiiiiieie ettt sttt e e b st e b e i 2211
43.3.4.1 When Parity is Disabled (SPCR2.SPPE = 0) ....ccceiiiiiiiieiieceene e 2212
43.3.4.2 When Parity is Enabled (SPCR2.SPPE = 1) ....cccccveiiiiiiiicieiecieeeee e 2216
43343 Byte SWap TranSmiSSION ........ccceeeveeierierierrieieriestessestesseesaesseessessesseessesssessesssessesssessens 2220
43.3.44 Byte SWap RECEPHION ....c.eeiiiiiiiiiiiriieiiicniertetet ettt sttt 2221
43.3.5 Transfer FOIMA ........oocviiiiiee ettt ettt ae et e seeneeeneenes 2222
43.3.5.1 CPHA =0 oottt ettt ettt se sttt ae et et et et e s e s eneeneeneene e 2222
43.3.5.2 CPHA = 1 ettt e bbbt bbbt n e ene s 2223
43.3.6 Communications Operating MOAE ........cccceecuirriieiieiieeieeiie e eee st ete st e e ereeseaeebeeneees 2224
43.3.6.1 Full-Duplex Communications (SPCR.TXMD = 0) ......ccccecoveieviieieriinieniieienieeveieeenns 2224
43.3.6.2 Transmit-only Simplex Communications (SPCR.TXMD =1) ...ccccccocevineninincncnnenne 2225
43.3.7 Transmit Buffer Empty/Receive Buffer Full Interrupts ..........cocceereveneieinvnincnincneneenes 2226
43.3.8 TAIE TNLETTUPL o.evieeiieeiieeie ettt ettt et e et e et e s be e teesseeesbaessbeesseessseenseenseesssaenseensnas 2227
43.3.9 EITOT DELECLION ..ttt ettt b bttt ettt et be b e een 2228
43.3.9.1 OVEITUN BITOT .ottt sttt sttt 2229
43.39.2 PALILY EITOT .oeiviiie ettt sttt ettt e s e sae e s e sseensessaensenseens 2231
43393 MOde Fault EITOT .....oocueiiiiieiieieeeee ettt sttt ens 2232
43.3.94 UNAEITUN EITOT ..ooiiiiiiiiiiee ettt ettt et esae e e saesnees 2232
43.3.10  Initializing RSP ..oeiiiieeeee ettt ettt ettt sttt se st ae e e e nee 2233
43.3.10.1 Initialization by Clearing the SPE Bit ........cccciiiiiiiiieiieiee et 2233
43.3.10.2 SYSEEM RESEL ..euviiiiiiiiiieiiecc ettt ettt sttt ettt e aae s beesaeesnbeesseesnseenseenes 2233
43.3.11 SPI OPEIALION ..oovvievieiieiieiteieteetesteeteteetesteesteseessesseessesseessesseessenseessenseessenseensesseensesssensessees 2234
43.3.11.1 Master Mode OPETation ..........cocevereeieiririinenientiteteteeeieee ettt et sresbe e 2234
43.3.11.2 Slave Mode OPETation ........ccccoeoveieeririenieienieeetee ettt sttt sttt ene e b e e senee 2244
43.3.12 Clock Synchronous OPEration ...........ccceeccerieiereerieiieie ettt ee st te e eeeeeenes 2248
43.3.12.1 Master Mode OPETatioN ........c.cccueeruieriieeriienieesieesiesteeseresaeesteesseesseessreeseesseesnseesseessses 2248
43.3.12.2 S1ave MOdE OPETAtION .....eevevieiieeiieeiienienieetteseeeteesttesaeeteesbeeaeessreeseesssesnseesssesseenes 2252

43.3.13 | 70103 o) o F: 1) LY, Lo LTS PRP 2254



43.3.14 Self-Diagnosis of Parity Bit FUNCHON .......coooiiiieiiiieiicieeee e 2255
43.3.15 TNECTTUPE SOUICES ...veenvieiieeiieeie et et e eteertee et e ette et e esteestae e beessseesseessaeesseenseesssaesseesssesssannseenssas 2256
43.4 Link Operation by Event Linking .........cccccooiiiiiiiieiiiee e 2257
43.4.1 Receive Buffer Full EVent OULPUL .........ccoecviriieiiieieieeiee et 2257
43.4.2 Transmit Buffer Empty Event Output .........ccoooiiiiiiiiee e 2257
4343 Mode Fault, Underrun, Overrun, or Parity Error Event Output ..........cccceviviinineninee. 2257
43.4.4 TAIE EVENE OULPUL ...eouvieiiieiieciie ettt ettt et ste e st e teeseaeesbeessaeebeesaeensaesseesnsaensaeseennss 2258
43.4.5 Transmit End EVENt OULPUL .....ceovviiiiiiiiieiicieie ettt ettt ste e ereessesne e ees 2258
43.5 USAZE NNOLES ..eviiuiiiiiieiteiie ettt ettt ettt e st et e st e e bt esat e st e e satesa bt e satesateenbaesabesabeessbeenseeseneenseenseenn 2259
43.5.1 Setting Module Stop FUNCHON ......ooouiiiiiiiiieiiiiee et 2259
43.5.2 Note on Low Power Consumption FUNCLIONS ..........cccuieriiriieiieeiieieeeieeieesveeiee e eieesene e 2259
43.5.3 Notes 0n Starting TTANSTET .........cvevviiiieiiiieiece ettt sae e sbesae e sesessenreens 2259
4354 Notes on the SPRF and SPTEF f1ag5 ......cccoceiieiieriieieieeieeeee ettt 2259
44. Quad Serial Peripheral Interface (QSPI) .....cooiiiiiiiiiiiee e 2260
44.1 OVEIVIEW .ttt sttt ettt et et h et e bt et a et es e bt eb e eh e bt bbbttt et oo st e bt e bt e bt eb e e b e s b e st et e teeennen 2260
442 ReEGIStEr DESCIIPLIONS ....eeutieiietieeieiieiie ettt ettt et ettt et e bt ettt et e s bt et et ea e sbeebeenaesaeeneenaeas 2262
44.2.1 QSPI Control Register (SPCR) .....cccuiiuieieiieieeiieieeeeeee ettt eees 2262
4422 QSPI Slave Select Polarity Register (SSLP) ...c.coovieieiieieieiereeeeee et 2263
44.2.3 QSPI Pin Control Register (SPPCR) .....c.oouiiiiiieieieiee e 2264
44.2.4 QSPI Status Re@ister (SPSR) ....ooiiiieieeeee et 2265
44.2.5 QSPI Data Register (SPDR) ...c..oiiiiiiiiiieee e s 2267
44.2.6 QSPI Sequence Control Register (SPSCR) ....ccuveviciieiieieiiceereeiee ettt 2268
44.2.7 QSPI Sequence Status Register (SPSSR) ...covvieiiiiiieeecee et 2268
4428 QSPI Bit Rate Register (SPBR) .....ccveiiieieiieieeeie ettt 2269
44.2.9 QSPI Data Control Register (SPDCR) ....cc.ooouiiiiiiieiieet e 2270
44.2.10 QSPI Clock Delay Register (SPCKD) .....ocuiiiieiiieiieiieieeeeie et 2271
44.2.11 QSPI Slave Select Negation Delay Register (SSLND) ....occoiiiiiiiiiniiieiceeeceeeere e 2272
44.2.12 QSPI Next-Access Delay Register (SPND) ...cc.ocveiiieiiiiieieiiecieeeee et 2273
44.2.13 QSPI Command Register n (SPCMDn) (N =010 3) ..coecvevierienieieieeieseeee e 2274
44.2.14 QSPI Buffer Control Register (SPBFCR) ......ccoeciiriiiiiiee et 2278
44.2.15 QSPI Buffer Data Count Set Register (SPBDCR) .....c.cccoeviiiiiieeceeeceeeeeee e 2279
44.2.16 QSPI Transfer Data Length Multiplier Setting Register n (SPBMULn) (n=0to 3) ............ 2280
443 (0371576215 (o) s KNPSRS 2281
44 3.1 OVEIVIEW OF OPETALIONS .....vvevveeieiieriieienieeeieteete et etesestessessaesseesseseessesseesseseansesseensesseensesses 2281
4432 g 10741 o) TP 2282
4433 Transfer FOIMA ........oocoiiiiee et ettt st ettt ene e e sne e enes 2283
4434 TIANSTET DALA ....eieieii ettt sttt ettt a et e 2285
44.3.5 Non-Normal Transfer OPErations .........c.ccceerveriiieriieniieeiiesieesieeseeesteeseesereeseesseeseesssessseenes 2289
44.3.6 INIHALIZALION ..ottt ettt b e b sttt ne bbb e nean 2290

44 3.7 N o 0TS 13 o) 1 WS SRPP 2290
44.3.8 INEEITUPE SOUTCES ...oniiiiiiieiieit et e 2304



4439 70 0] o) o2 Te) QLY Lo PSR 2304

44 4 USAZE INOTES ...neeueieuieitienieetiete et et et ettt e bt s et e bt ebten bt eb e bt e st et e e s tesbeemee st e emeesbeemtesheembesbeenbeeseenteeneenaeene 2305
44.4.1 Notes on Starting TTANSTET ........coevieiiiiiiii et 2305
4442 Module Stop FUNCtion SEtHNE .......ccccoveiriririnininiieieeee ettt 2305
4443 Notes on Using the Serial Flash MEMOTY .......ccccovuieiiiiieiieieieeee e 2305

o T 01 5 O 02| (o1 =1 (o) (0 2O P 2306

45.1 L0 7S 4 T PRSP RS 2306

45.2 REGIStEr DESCIIPLIONS ...vvivvieeierieeiiiieiesteetesteetesteettesteeetesteessesseessesseeseesseessesseessessenssasseeseessesssessessens 2307
45.2.1 CRC Control Register (CRCCR) ...c..oouiiiiiieiieee ettt 2307
45.2.2 CRC Data Input Register (CRCDIR) .....c.cccieeiieiieeiieieeeieesreeseresieeeee e sere e eaeesveeseesnnes 2308
45.2.3 CRC Data Output Register (CRCDOR) ......ocouieiiiieiiieiieeie ettt sve e st eiee e ens 2309

45.3 OPETALION ...veiuiiivieiieetieteeteete et et e st estesteebesteesseeseesseeseesseessesseaseessesssessesssensanssesseassessesssessesssessessenssans 2310

454 USAEZE INOLES ..ottt ettt ettt b e sat et e bt st e e sb b e s at e e s beeease e bt e sabeebeesabeenbaennteenne 2313
45.4.1 Module Stop FUNCION SETHNE ......ccoveiieriiiiieieiieie ettt eae e eae e ese e essesreessesseeseesseens 2313
45.4.2 NOte 0N TTANSIMISSION ..oveviiiiiiietiriirtintitet ettt ettt ettt ettt ebe bt ebe bttt be et ennene 2313

46. Serial SouNd INtErface (SSIE) ..uuviiiiiieiii it e e e e e e e e e e e e e e 2314

46.1 OVEIVIEW .ttt ettt ettt et a et e h e st sttt ea e bt ebeeb e bt bbbt e et e st es e ae e bt ebeeb e b e s besa et e ae e eneen 2314

46.2 REGISTET DESCTIPLIONS ...eevvieurieiiieiieriestiesee ettt esieesteeteeseteebeesseessseessaessseesssasssessseesssessesnseesssenssenne 2318
46.2.1 Control Re@ister (SSTCR) ..ccuviiuieiieieieeiesie ettt sttt e e enes 2318
46.2.2 Status RegiSter (SSISR) ...eiiiiiieie ettt et ene e sne e 2323
46.2.3 FIFO Control Register (SSIFCR) .....couiiieiiiieieet ettt s 2325
46.2.4 FIFO Status Register (SSIFSR) ..c..ooiiieee ettt 2328
46.2.5 Transmit FIFO Data Register (SSIFTDR) ....cccviviiiiiiieeiieceeee et 2330
46.2.6 Receive FIFO Data Register (SSIFRDR) .....c.oocviviiiiiiiiiecieeceeeeee st 2331
46.2.7 Audio Format Register (SSIOFR) .....cccooviiiieiieiecieeceeese ettt 2332
46.2.8 FIFO Status Control Register (SSISCR) ....ooouiiiiiieiieeeeeeee e 2333

46.3 L0373 215 o)  H RSP SPRSRRPO 2334
46.3.1 Data FOTMALS .....cooviiiiiiiiiiiiintee ettt ettt st et 2334

46.3.1.1 I2S FFOTTNAL ...ovveviviceceevtiececee ettt bbb ee st b st st sa et s e s s 2335
46.3.1.2 Left-Justified FOMAat ........ccooiiiiiiiiiiiiecctecees et 2336
46.3.1.3 Right-Justified FOMAt ......cccoooiiiiiiieiieeeeeeee e e 2336
46.3.1.4 Monaural FOrmMat ..........cccoeiiiiiiiiiee ettt 2337
46.3.1.5 TDM FOTAL «ntentieiieeiiee ettt ettt ettt et e et et esbeeatesbeeneenaeeae 2338
46.3.2 OULPUL CONLLOL 1.ttt ettt ettt e e e b e e saesbeesaesbeessesbeesaesseessensesseensenns 2340
46.3.2.1 IMULE FUNCHION .eutiiiiiiiiieiiieie ettt sttt ettt 2340
46.3.2.2 LRCK Continuous Output FUNCHON .....ccvecveriieieriieieciieieeeeeeeeie e 2341
46.3.2.3 BCK Continuous Output Disable FUNCtion .........c..ceccoervevienieiereniinienininenencneeeeenee 2341
46.3.3 0TS £ LY (0T (< TR 2342
46.3.3.1 S1AVE MOAE ...ttt ettt ettt sttt et ene 2342
46.3.3.2 IMASTET IMOAE ..ottt ettt sttt st et sttt et 2342

46.3.3.3 TTANSINISSION ...vvvvvieeeeiireieeeeieieeeeeeeeteeeeeeesaaeeeeeeaeateeeseseeaaeeseesesseeeeseenssaseeesenssresseennnees 2342



46.3.3.4 RECEPLION ..ottt ettt ettt ettt et e bt et e aeentesaeeneesneenaeenean 2342

46.3.3.5 TTANSCEOPLION ..vvivvieiiieiiiieieeeie ettt te et este ettt e teeeaeebeestbeebeesseessseesseessseesssaasseesaesssennseens 2343
46.3.4 Sate TTANSTEION ...etieiiiiieit ettt ettt s be et b e s e s bt e st et e enteeseeeesaeenaesaean 2344
46.3.4.1 TALE SEALE ..ottt ettt b et sttt 2344
46.3.4.2 TTANSTET STALES ...vveuitiiiitieteete ettt ettt 2345
46.3.5 SSIE INItIAlIZAtION ..evititiiitiieieete ettt ettt 2346
46.3.6 TIANSIMISSION ....veiutieiiiieeitesteete ettt ee et et et e e et e e e st eneesseeneesseensesseensesseensesseenseeneenseeneenseenes 2347
46.3.7 RECEPIION ..ttt ettt ettt et sttt b et st e st e et e et e eae et e saeeneesaes 2348
46.3.8 StOp Data TrANSTET ......ooueioiiiieieiiee ettt ettt st et 2349
46.3.9 EITOT PTOCESSING ..vveiiiiiieiiiieieeeiie ettt ettt et ettt et e s e st e st e snbeesbbeenseensaesnseenseennnas 2350
46.4 TIEETTUPLS .ottt ettt ettt st et st et e s ab e e bt e shbeeab e e bbeeabeenbeesbbesnbeenaeeenseenseesanes 2351
46.4.1 SSTFN INTETTUPE ..ttt ettt ettt e e ettt be et e b e st e bt et e seesbeenaesnean 2351
46.4.2 SSITXIO INTETTUPE ...ttt ettt ettt et e e s e bt e st e bt emeesae e e entesneenneas 2352
46.4.3 SSTRXIO INEETTUPL ...eeeveereeeirieiteeite et e et e eteetteeteeteestteesbeestaesnbeenseessseenseesseesnseenseesnseensaensnenne 2353
46.4.4 SSIRTIT INEETTUPL ..eeeereeieieiieeiierite ettt ettt et st et esbe et e sibeesbeesbeesabeesbeessbeenbeensnennne 2353
46.5 INOTES ettt ettt ettt ettt et et ea et e e s bt ea e b e st e bt e s e bt et e bt et eb e e bt s et e bt eut et eh et e e bt et naeenaesaee 2354
46.5.1 Setting the Module Stop FUNCLION .......ccooiiiiiiiiiiiee e 2354
46.5.2 Note on LRCK in S1ave MO ......co.iiuiiiiiiiiiiieieeeeee ettt 2354
47.  SD HoSt INTerface (SDHI) ....veeiiiiii e e e e e e e e e e e e ereae s 2355
47.1 OVETVIEW ettt ettt ettt sttt ettt et b et e bttt e h e et s bt e bt e bt et e e bt e bt eb e en bt eb e et ebe et e sbe e bt sbeesbesbeenbens 2355
47.2 REGISEr DIELAILS ...c.eieeieiieeiee ettt ettt ettt et et ettt ettt enee e sneeneenens 2356
47.2.1 Command Register (SDCMD) .......cocivieriiiiieiecieieeteetee ettt sae e sre s te s e s esseseeseesseens 2356
47.2.2 Argument Register (SDARG) ...occviiiiiiiciieiiciieieettet ettt ete s ere e b eeeesae e 2358
47.2.3 Data Stop Register (SDSTOP) .....ooouieieiieieiieieet ettt sse e sse e enes 2358
47.2.4 Block Count Register (SDBLEKCNT) ...cc.oeiuiriieiieeieieeieee et 2359
47.2.5 Response Register 10 (SDRSP10), Response Register 32 (SDRSP32),
Response Register 54 (SDRSP54), Response Register 76 (SDRSP76) ......ccccevevevincnncnneneee 2360
47.2.6 SD Status Register 1 (SDSTSL) oottt et 2361
47.2.7 SD Status Register 2 (SDSTS2) ..uviiiiieieiiieieeeeeeeerte ettt ettt eveebeesreebeessaesnseensee e 2364
47.2.8 SD Interrupt Mask Register 1 (SDIMSKI) ...ccooviiiiiniiiieiicieieceeeevee et 2368
47.2.9 SD Interrupt Mask Register 2 (SDIMSK2) ......oooviiieriiiieieeeeeeeee ettt 2369
47.2.10 SDHI Clock Control Register (SDCLKCR) ......ccoeviiiiiiiieieriieieeieeeeeeee et 2370
47.2.11 Transfer Data Size Register (SDSIZE) .....ccuooiiiiiieeieese e 2371
47.2.12 Card Access Option Register (SDOPT) ...cc.ooiiiiiiiiiiei e 2372
47.2.13 SD Error Status Register 1 (SDERSTST) ..ocviiiiiiiieiecieeceee ettt 2373
47.2.14 SD Error Status Register 2 (SDERSTS2) ..cooiiiiieiiieiieeieeieee ettt 2374
47.2.15 SD Buffer Register (SDBUFR) .......cciiiiiiiienitcieriee ettt e e sene e 2375
47.2.16 SDIO Mode Control Register (SDIOMD) ......c.cociivieieiieieceeeeee e 2375
47.2.17 SDIO Status RegiSter (SDIOSTS) ..cveieieieieiieeieeieiesee ettt ettt st st eseeseese s sesenns 2377
47.2.18 SDIO Interrupt Mask Register (SDIOIMSK) ......cooiiiiiiiieiiiieiieeeeeeeee e 2378

47.2.19 DMA Transfer Enable Register (SDDMAEN) ......cooiiiiiieiiiieieeeee et 2379



47.2.20 SDHI Software Reset Register (SDRST) ..cceovuiiiiiieieeeeeeeee e 2380

47.2.21 Version Register (SDVER) ..o e 2381
47.2.22 Swap Control Register (SDSWAP) .....ooiiiiiiieee e 2382
473 SDHI OPEIATION ....euveniiiuiiriiiiienieetesteeitest ettt ettt et sttt b e et b ettt e et e sae e st e bt eseesbeeutesbesbnenbeeueenseane 2383
47.3.1 Data Block Format of the SD Card ........ccccooieiiiieiciee e 2383
473.2 SD Buffer and the SDBUFR REZISTET ......c.ceuveiiiriiiiiiiiieiiiieie et 2384
4733 SD Card DELECTION ...c..eeiieiiiiieiieit ettt ettt st b et sae et e e ente e e 2385
47.3.3.1 Using the SDHI_CD Pin to Detect an SD Card .........cccoevevveviiecieniieieeeeiesieeie e 2385
47.3.3.2 Using the SDHI_D3 Pin to Detect an SD Card .........cccceevveierieiieniieiieieeeeee e 2385

47.3.4 SD Card WIite PIOtECTION ....c.veuiiuieiiiiiriiriiriistesiesientet ettt ettt 2386
47.3.4.1 Using the SDHI WP Pin to Enable Write Protection ..........ccccceeeeeveevenccncnincncneennee 2386
473.4.2 Using a Command to Enable Write Protection ............ccccoeeeiiiieiineiiiecneceeee 2386

47.3.5 Communication Errors and TImMEOULS ........ccereiieriiiieiieierie et 2387
47.3.6 Examples of Issuing @ Command ..........ccceeevueerieriiienienieeeeeieeieesie et siee v seeesnae s 2388
47.3.6.1 Command Absent of Response Reception and Data Transfer ...........ccoceeevverieiennn. 2388
47.3.6.2 Command Absent of Data Transfer .........c.ccccecviiiniiiniinieeee e 2389
47.3.6.3 Single Block Read Command (CMDI17) ....c.oooiivieiiiieieiieeceee e 2390
47.3.6.4 Single Block Write Command (CMD24) ........ccccooiiiiiiiiieeieeeeeee e 2392
47.3.6.5 Multi-Block Read Command (CMDI18) .......ooouieeiiiiieiieeiiecieeieeeee e 2394
47.3.6.6 Multi-Block Write Command (CMD25) ......cooveeviieiiieiieie ettt erere et 2396
47.3.6.7 I0_RW_DIRECT Command (CMDS52) ....cccooiriiiiriiriiiienieeieieeeiceeeee e 2398
47.3.6.8 I0_RW_EXTENDED Command (CMDS53 (Multi-Block Read)) ......cccoveevvvveiieiiennns 2399
47.3.6.9 I0_RW_EXTENDED (CMD353 Multi-Block WTite) .....ccoccevvivieieieieieieiee e 2401
47.3.6.10 DIMA TIANSTET ..ottt ettt ettt st et e et sse e e s st e s e eneenne e 2403

47.4 TIECTTUPLS .eveenvieiiieieeeie ettt ettt ettt e st e e bt e stee st e e teessbeesseessaeesbeesssaenseensbeansaensaestseansaesseensasnseensss 2405
47.4.1 DMA Transfer Triggered by Interrupt REQUESES .......cccvevverieriiiieierieiecieecee e 2406
47.5 Notes on Using the SDHI ......oooiiiiiiiiee ettt ettt se et e e e e 2407
47.5.1 Illegal Read Access During a Multi-Block Read and How To Avoid It .......ccceceeevveieeneennnne. 2407
4752 SDBUFR Register Illegal WIite EITOT .......c.cccveiieieiiiiieiieieiceiese et 2407
4753 Automatic Control of the SDHI Clock OULPUL ......cccvveeiiiiriieiicieieeee e 2408
4754 Restrictions on Setting the cs2pus Bit During a Multi-Block Write Sequence ...............c........ 2408
47.5.5 Note on Setting the SDCLKCR REZISLEr .....cc.eeiveriieiieiieiieiei et 2408
47.5.6 Writing to the SDSTOP Register During a Multi-Block Read Sequence ..........ccccecereneenee. 2408
47.5.7 Controlling Module OPeration ............ccceeeeieriieieriieieniieeesteeeesreeee e esesreessesseesesseessesseennas 2408
48. MultiMediaCard Interface (MMUCIF) ........ e 2409
48.1 OVEIVIEW .ttt sttt a et ettt et e bt s et e s e st e st e st eb e eb e e bt et e bt b et ea b et en e e st ese e bt eaeebe et e s be st enbenteneennan 2409
48.2 REZIStEr DESCIIPLIONS ....eeeeeitieiiieiiesieeie ettt ettt ettt ettt et e st e e st e s et eeeeseeneesseeneesseeseenseeneeneeens 2411
48.2.1 Command Setting Register (CECMDSET) .....cccciiiiiiiiieriicieieeese et e 2411
48.2.2 Argument Register (CEARG) ...oooiiiiiieieieee ettt ss e sra e nsnens 2414
48.2.3 Automatically Issued CMD12 Argument Register (CEARGCMDI12) .....cccoocvvviveveevriennnne. 2414

48.2.4 Command Control Register (CECMDCTRL) .....cooiiiiiieieieeeeeeee e 2415



48.2.5 Transfer Block Setting Register (CEBLOCKSET) ......oooiiiiiieiiieeeeeeeeee e 2415
48.2.6 Clock Control Register (CECLKCTRL) ....ooiiiiiiiiiieiieiee et 2416
48.2.7 Buffer Access Setting Register (CEBUFACC) .....cccooiiiiiiiiieiieeceeeeeee e 2417
48.2.8 Response Register 0 (CERESPO0), Response Register 1 (CERESP1), Response Register 2
(CERESP2), Response Register 3 (CERESP3) ....ocviiiiiiiiiiecieccceeeece et 2418
48.2.9 Automatically Issued CMD12 Response Register (CERESPCMDI12) .......ccccoovvveveivevennnnne. 2418
48.2.10 Data RegiSter (CEDATA) ....ocuiiieiieieieeieteeteie ettt sttt sesaessessae e sssenseessensesseanaennas 2419
48.2.11 Boot Operation Setting Register (CEBOOT) ......cccvveririiniineniicieieieeeeecseee e 2420
48.2.12 Interrupt Status Flag Register (CEINT) ..cccuoiiiiiiiiiee e e 2421
48.2.13 Interrupt Request Enable Register (CEINTEN) .....ccooiiiiiiiiieiiee e 2427
48.2.14 Status Register 1 (CEHOSTSTST) .ottt 2428
48.2.15 Status Register 2 (CEHOSTSTS2) ..ooouieieiieieiieeeeit ettt sttt sse e sse e e 2429
48.2.16 MMC Detection and Port Control Register (CEDETECT) ......cccccvvievieniieiieieieeeeee e 2432
48.2.17 Special Mode Setting Register (CEADDMODE) ......ccccoceiirinienieniiiieeceeeneeeseeie e 2433
48.2.18  Version Register (CEVERSION) ......coiiiiiiiiieieieieeie ettt 2433
48.3 IMMCTE OPETALION ....viueeeienieiieiietieteeteetiete et st e testeeess et eseestesteseeseeseesessessesenseseneeneeseeneaseesesensesansenes 2434
48.3.1 Command and Response FOIMALS .........ccocieeieriieciiiieieni e e 2434
48.3.2 Data BIOCK FOIMAL .......eoiiiiieieiieieciee ettt sttt e sne e sne e enes 2435
4833 MMCIF Buffer Structure and Access Method ..........oocoeviiiiiiiieiinieeee e 2436
48.3.4 Automatically Issuing CIMDI12 ....c.oooiiiiiiii ettt s 2438
48.3.5 MMCIF Clock Frequency During Boot Operations ...........ccccceeeveerveereeneesveeneenneeneeesnesnens 2439
48.3.6 High Priority Interrupt (HPI) ...cc.cooiiiiieiiie ettt s 2439
48.3.7 Background Operations (BGOS) .......cccecirieriirieniiiieiesieee sttt ssee s e saeenaesnes 2439
48.3.8 MMCIF Processing When an Error or Timeout OCCUTS ........cc.covevuerieieirereneneneneseneeneennes 2439
48.4 Examples of Issuing COMMANAS .........ceverieiiirieiieieiieieree ettt ee e ensesneensens 2440
48.4.1 Issuing a Command Where a Response is Not Received and Data is Not Transferred ......... 2440
48.4.2 Issuing a Command Where Data is Not Transferred ..........ccocoovererienenienieieeeiee e 2440
48.4.3 Issuing a Command Where Data is Not Transferred and the Busy Signal is Used ................ 2441
48.4.4 Issuing a Single Block Read Command (CMD17) ...cccoooiiiiiiiieeiieeeeeeee e 2443
48.4.5 Issuing a Multi-Block Read Command (CMDI18) .....ccoooiiiiiiiiiiiiieeeeeee e 2444
48.4.6 Issuing a Multi-Block Read Command (CMD18 With Automatically Issued CMD12) ....... 2445
48.4.7 Issuing a Single Block Write Command (CMD24) .........ccccooeeviiiieniiiieieeieieeeeere e 2446
48.4.8 Issuing a Multi-Block Write Command (CMD25) ........cccoeieienieiierieieceeieeteee e 2447
48.4.9 Issuing a Multi-Block Write Command (CMD25 With Automatically Issued CMD12) ...... 2448
48.4.10 BOOt OPETALIONS ....veutiuienieiieiiriirieetintente sttt ettt ettt ettt et ae ettt eaeeae bt sae st benaeeennen 2449
48.4.11 Command Sequence FOrCe StOP ....cooiiiiriiieieieiee et 2450
48.5 TIECTTUPLS .eveeneieiiieieeete ettt ettt ettt et e st te st e et e sebe e beeesaeesbeessbaenseensbeensaenseestaeenseensseenseenseennss 2451
48.5.1 DMA Transfer Interrupt REQUESES ........eeoueiiirieiieieieee et 2451
48.6 Notes On Using the MMCIF .....c..cooiiiiiiiiiiiiiiteereectetecetee ettt ettt 2452
48.6.1 IMMC DELECHION ...ttt ettt ettt ettt ettt st entesaeenaenaee 2452
48.6.2 Multiple BIOCK TTanSTEr ......cccoevviiieriiiieieciee ettt e ees 2452



48.6.3 Module-Stop FUnction SETHNGS .......ccceceeririieieiieieeeieie ettt sttt st ee e e 2452
49. Parallel Data Capture Unit (PDC) ........oiiiiiiiiiiie ettt e e 2453
49.1 L0 4 T USRS 2453
49.2 REGIStEr DESCIIPLIONS ...vvivvieiieiieeieiieiiesteeterieetesteetteteesesteessesseessesseeseesseessesseessassenssesseeseensesssessessens 2455
49.2.1 PDC Control Register 0 (PCCRO) ...oouiiiiiiiiieeeiee ettt 2455
49.2.2 PDC Control Register 1 (PCCRI) ...oocuiiiiiiiieeiieie ettt 2457
49.2.3 PDC Status Register (PCSR) ...coouiiiiieiieiie ettt e te e s ie e s sae e 2458
49.2.4 PDC Pin Monitor Register (PCMONR) .......ccccooviiiiiiiiieiecieseeeesieee et 2460
49.2.5 PDC Receive Data Register (PCDR) .....c.ccieiiiiiiieieciee ettt 2460
49.2.6 Vertical Capture Register (VCR) ...ocooiiiieiiiieieeieeeee ettt 2462
49.2.7 Horizontal Capture Register (HCR) .....cccooiuiiiiiieiiee e 2463
49.3 (00155 ;1510 ) s KOTSRS 2464
49.3.1 TTaNSTEr FOTMALS ....ouviieieieiieieeee ettt ettt st 2464
49.3.2 TranSTEr TIMINE .....ccvevvieieiieie ettt ettt ae st eae e e besseessesseensesseenseeseensesseensenns 2465
4933 Settings of the VCR and HCR Registers and the Captured Range ...........ccooceevenverencnnnnen. 2466
49.3.4 Operations fOr RECEPLION ....ccuvieiiiiiiiiiieiecieeee ettt ae et e e ebe e taeenbeeneas 2468
4935 Operation during the Horizontal Blanking Period ...........ccccoociiiiiiiiiieiiiieeee, 2469
49.3.6 Operations for Continued Reception at the Time of Frame End ...........cccocovevvivveiiniennnnnnnnn. 2469
49.3.7 EITOT DELECLION ..ttt sttt ettt ettt neen 2470
49.3.8 TNEtHAL SEEHINES .eveviieieieiiesieeie ettt ettt et et e st esaesseesaesse e sesseesseeseessesseenseeseensesseensesnns 2473
49.3.9 FIOWS Of OPETALIONS .. .eoviiiieiieiieiieiie sttt sttt et e eaeeee s et eseeneensesseenteeneenes 2474
49.3.10 TNEETTUPE SOUICE ..ttt ettt st e sbe et e be e bt e sateeabees 2476
49.3.11 RESEE SEALE ...ttt ettt b et ettt e a ettt b e et ae et e ae e 2477
494 USAEZE INOLES ..veeuviiiiiieiieiiieiee ettt et e eiteete e iteeabeesteessbeeseesebeesaassseesseesssesaseessseansaeseesnseenssesnseesssenssennen 2478
49.4.1 Setting of the Module Stop FUNCION .......cceeiiiiieiiiieeiee e 2478
49.4.2 Notes on the Power Consumption Reduction Function ............cceeeeieiinieiinieiineceeee 2478
4943 NOtes 0N Error INEITUPES ...ecvviiiieiieiiieiiiesitesie ettt ettt ettt eteestaesbeesaessaeenbaessaessseensaenssennes 2478
49.4.4 Notes on Use 0f the DTIC .....oo.eiuiiiiiiiieieeeee ettt 2478
49.4.5 Notes on Use 0f the DIMAC ..ottt 2478
49.4.6 Notes 0n Start Of TTANSTET ....c..ocueviiriiiiiiiiri ettt 2479
50. Graphic LCD Controller (GLCDEC) .....coiiiiiiie ittt e e 2480
50.1 FUNCHONAL OVETVIEW ....euiitiiiiitiiitiicieteitee ettt sttt et eb bbbttt et ebe bbb e 2481
50.1.1 GLCDC STIUCTUIE ..ttt ettt sttt et ettt e e st e et sae e besbe e tesbeenteebeeneeebeentesaeeneenaes 2482
50.1.2 SCTEEN FOTMAL ....eviiiiiiiiiiii ittt ettt st 2484
50.1.3 Frame Buffer FOIMat .......ccooiiiiiiiieiee et 2485
50.1.4 Graphics and Color Look-Up Table (CLUT) Data Formats ..........ccceccevveveniiecienieiereenenne. 2487
50.1.5 Output Control (Data FOIMAL) .......cceeiiiieiiiieieee ettt 2488
50.1.6 Output Control (Panel Adjustment PrOCESS) ......ccoeieruirierieienieierieee e 2494
50.1.7 Output Control (TCON) ..cueiieiiiee ettt ettt st e be e e e e 2494
50.1.8 Graphics Data INEITACES .....cceeeeuierieriieiie ittt ettt e et stee st e eaeesaaesbeesanesnseas 2495
50.1.9 BIENAING ..ovvitieiiieiieie ettt ettt ettt et et e e st b e te e beste e b e etees b e eteenseereenbeeaeenaenas 2496



50.2 T 3 g BTNl or ) o150 TP 2498

50.2.1
50.2.2
50.2.3
50.2.4
50.2.5
50.2.6
50.2.7
50.2.8
50.2.9
50.2.10
50.2.11
50.2.12
50.2.13
50.2.14
50.2.15
50.2.16
50.2.17
50.2.18
50.2.19
50.2.20
50.2.21
50.2.22
50.2.23
50.2.24
50.2.25
50.2.26
50.2.27

50.2.28
50.2.29
50.2.30
50.2.31
50.2.32
50.2.33
50.2.34
50.2.35
50.2.36
50.2.37
50.2.38
50.2.39

Graphic n Color Look-up Table m[k] (GRnCLUTm[k]) (n=1,2; m =0, 1; k =0 to 255) ..2498

Background Generating Block Operation Control Register (BGEN) .......cccccceveninincncnnenee. 2499
Free-Running Period Register (BGPERI) .......cccooviiiiiiieiceeeeeeeeeee e 2501
Synchronization Position Register (BGSYNC) ...cccvviiiiiiiiiiiieieeeeeeeee e 2502
Vertical Size Register (BGVSIZE) ...c.ooiiiiiiiieeee ettt 2503
Horizontal Size Register (BGHSIZE) .....cccuoiiiiiiiiieie e 2504
Background Color Register (BGCOLOR) ......cccocciiiiiieiiiieieieeieicere et 2505
Background Generating Block Status Monitor Register (BGMON) ......c.cccccoevenienieienencnnne 2506
Graphic n Register Update Control Register (GRAVEN) (n=1,2) ...ccccoovvvcirniecienieienenen. 2507
Graphic n Frame Buffer Read Control Register (GRNFLMRD) (n=1,2) ..cccoevveveviereennnne. 2508
Graphic n Frame Buffer Control Register 2 (GRnFLM2) (n =1, 2) ..ccoooiiieiiiiieiinieeeenee. 2508
Graphic n Frame Buffer Control Register 3 (GRnFLM3) (n =1,2) ..ccoooiiieiiiieiiiieeecnee. 2509
Graphic n Frame Buffer Control Register 5 (GRNFLMS) (n =1,2) .oocevvieieviieieieeieeeeene 2510
Graphic n Frame Buffer Control Register 6 (GRNFLM6) (n = 1,2) ..ccevvvvieniieieiieieeeenne, 2511
Graphic n Alpha Blending Control Register 1 (GRnAB1) (N =1,2) ..cccccoeviviiiinincninenienne 2512
Graphic n Alpha Blending Control Register 2 (GRnAB2) (N =1, 2) ..ccccceevivverninicninenennene 2514
Graphic n Alpha Blending Control Register 3 (GRnAB3) (n =1, 2) .cccooieiiiieiiiieeeeee 2515
Graphic n Alpha Blending Control Register 4 (GRnAB4) (n =1, 2) .oceoieiiiieniiieeeeee 2516
Graphic n Alpha Blending Control Register 5 (GRNnABS) (N =1,2) cceecevvvievieeieeiieeieeeene 2517
Graphic n Alpha Blending Control Register 6 (GRNAB6) (N =1,2) ..ccccvevievreecrienieeieennne 2518
Graphic n Alpha Blending Control Register 7 (GRnAB7) (n =1, 2) .ccooveeiveveieeieieeeee 2520
Graphic n Alpha Blending Control Register 8 (GRNAB8) (N =1, 2) ..ccccceevivverininicnincnennene 2521
Graphic n Alpha Blending Control Register 9 (GRnAB9) (n =1, 2) ..ceoiviivieiieieeeeee 2522
Graphic n Background Color Control Register (GRnBASE) (n =1, 2) c.ccoceiieiiniiiiee. 2523
Graphic n CLUT/Interrupt Control Register (GRNnCLUTINT) (n =1, 2) .cccoovvvvveerveiieeennnne. 2524
Graphic n Status Monitor Register (GRNIMON) (N1 =1,2) ...cccooiiieiiiiieiieiecieeeereeeeee e 2525
Gamma Correction x Block Register Update Control Register (GAMxVEN)

(X =G, B, R) et bbb 2526
Gamma Correction Block Function Switch Register (GAMSW) ....oooiiiiiiiiiieeeeee 2527
Gamma Correction x Table Setting Register | (GAMXLUT1) (x =G, B, R) .cecceeveevrveennne. 2528
Gamma Correction x Table Setting Register 2 (GAMXLUT2) (x =G, B, R) .ccccevvecenrnenne. 2530
Gamma Correction x Table Setting Register 3 (GAMXLUT3) (x =G, B, R) ..ccceevveverrvennnnne. 2531
Gamma Correction x Table Setting Register 4 (GAMXLUT4) (x =G, B, R) .ccceevvevevrennennn. 2532
Gamma Correction x Table Setting Register 5 (GAMXLUTS) (x =G, B,R) .ccceevevecivennnnnn. 2533
Gamma Correction x Table Setting Register 6 (GAMXLUT6) (x =G, B, R) .ccccocevveirincnene 2534
Gamma Correction x Table Setting Register 7 (GAMXLUT7) (x =G, B, R) .ccccoccvveirincnene 2535
Gamma Correction x Table Setting Register 8 (GAMXLUTS) (x =G, B, R) ccccveiivieienne. 2536
Gamma Correction x Area Setting Register | (GAMXAREA1) (x=G, B, R) ...ccccccvveuennen. 2537
Gamma Correction x Area Setting Register 2 (GAMXAREA2) (x=G, B, R) ...ccccccveuennen. 2538

Gamma Correction x Area Setting Register 3 (GAMXAREA3) (x =G, B, R) ..ccccceevvevennenne. 2538



50.2.40 Gamma Correction x Area Setting Register 4 (GAMXAREA4) (x =G, B,R) .cccccveevrreeene. 2539
50.2.41 Gamma Correction x Area Setting Register 5 (GAMXAREAS) (x =G, B,R) ..cccecenieen 2539
50.2.42 Output Control Block Register Update Control Register (OUTVEN) .....cccooveviniiiincnnnne. 2540
50.2.43 Output Interface Register (OUTSET) ...cccviiiiieiieiecieeieece ettt st 2541
50.2.44 Brightness Adjustment Register 1 (BRIGHT1) .....occvoviiiieiieieieeeceeeeeeeeee e 2543
50.2.45 Brightness Adjustment Register 2 (BRIGHT2) ......ccvvieiiieiiriieiecieeeeee e 2544
50.2.46 Contrast Adjustment Register (CONTRAST) ....cooviriinininiiiiieicintneee st 2545
50.2.47 Panel Dither Control Register (PANELDTHA) ....ccooiiiiiiiiieeeeeeee e 2546
50.2.48 Output Phase Control Register (CLKPHASE) ......ociiiiiiiiiiee e 2549
50.2.49 Reference Timing Setting Register (TCONTIM) ......coovviviiiiiieniieniieeieeiie e 2550
50.2.50 Vertical Timing Setting Register y1 (TCONSTVyY1) (Y =A, B) coeoieierieicieeeeeeeeee 2552
50.2.51 Vertical Timing Setting Register y2 (TCONSTVY2) (Y =A, B) coeoiecieeieeeieeeeeeee e 2553
50.2.52 Horizontal Timing Setting Register yl (TCONSTHy1) (y = A, B) weoevevininiiiciciccice 2554
50.2.53 Horizontal Timing Setting Register y2 (TCONSTHyY2) (Y = A, B) coeoiiiiiieieeee 2555
50.2.54 Data Enable Polarity Setting Register (TCONDE) .......cccoociiiiiiiieeneee e 2556
50.2.55 Status Detection Control Register (DTCTEN) ....cccieviiriiiiiiiiieeieesie et 2557
50.2.56 Interrupt Request Enable Control Register (INTEN) ........cccooirvieniecinieeceeeceee e 2558
50.2.57 Detected Status Clear Register (STCLR) ....ccovcvevieiiiriieieceeee sttt 2559
50.2.58 Detected Status Monitor Register (STMON) .....ocoeiiiriiieiieeeieieeee et 2560
50.2.59 Panel Clock Control Register (PANELCLEK) ....cocvoiiiiiieiieerieeeeeeeee e 2561
50.3 (0371576215 (o) KNPSRS 2563
50.3.1 OVETAll COMITOIS ...eentiiienieiieiieititet ettt ettt sttt e s 2563
50.3.1.1 Start O OPEIAtION ......ccuieiueieieiieiieieete ettt ettt sttt e te st et e s e e st e seeeneeseeneeneas 2564
50.3.1.2 Rewriting Registers During Operations ...........ccecceeeereeiereeienieeieseeeeeseeeeeseeeeeseeenens 2565
50.3.1.3 Stopping and restarting in normal OPeration ...........c.cceeereerereererieneniee e 2566
50.3.14 Restarting in abnormal OPEration ...........ccccceeceerueiieriiiierieeieseeeeie e sreeee e eae e esaesneas 2567

50.3.2 Screen DETINITION ....ovueiiiiiiiieiieeet ettt ettt s 2568
50.3.3 Status Detection and INTEITUPLS .......c.eevereiriieriiiiere ettt sre et e e seeesaeseeneennes 2569
50.3.3.1 Graphic n Underflow Detection (N1 =1, 2) ...coccevieiirieieiere et 2569
50.3.3.2 Specified Line DEteCtiON .........cccoverieieieirinineniieiesie sttt ettt eneene 2569
50.3.3.3 INECITUPES .ottt ettt ettt a ettt a e et be et e saeeseenbe et et e eneenee 2569

50.4 USAEZE INOLES ..veeuvieeiieeiiieiiieeieeeite et eetteete e ttessteenteesabeesseessseensaesssessseesssessseessseanseenseesnseenssesnseenssenssennes 2570
50.4.1 Setting the Priority Order of the Bus MaSters ..........ccccoeeeevirierininienenincieieeercreeeeeeneene 2570
51. 2D Drawing Engine (DRW2D) .......ooiiiiiiiiie ettt et e e e 2571
51.1 L7 T4 T USSR 2571
51.2 REGIStEr DESCIIPLIONS ...vvivvieiietieeieiieeiesteeteteetesteetteteessesseessesseeseesseessassesssesseessessenssesseeseessesssessesses 2574
51.2.1 Geometry Control Register (CONTROL) .....oooiiuiiiiiieiieteeee e 2574
51.2.2 Surface Control Register (CONTROL2) ......cccooiiiiiiieiieeeeesieee et 2576
51.2.3 Interrupt Control Register (IRQCTL) ...c.oouiiiiiiiieeieee e e 2578
51.2.4 Cache Control Register (CACHECTL) ...ccvocviiiieiieiieiieieic ettt 2579
51.2.5 Status ReISter (STATUS) ..oiiiiiieieiieiee ettt ettt beste b e esaesbesreessessaeseeseessensnessens 2580



51.2.6 Hardware Version Register (HWVER) .....ccooiiiiiiiiie e 2581
51.2.7 Base Color Register (COLORI) ...ooiiiiiiiiiieeteie ettt 2582
51.2.8 Secondary Color Register (COLOR2) .....oouiiiiiiiieieieieee et 2582
51.2.9 Pattern Register (PATTERIN) .....cooviiiiiiiiiecieeitere ettt st sttt e s 2583
51.2.10 Limiter n Start Value Register (LnSTART) (N =110 6) ..eoceevieviieieeieieeieeeteeeeee e 2583
51.2.11 Limiter n X-Axis Increment Register (LnXADD) (N =110 6) ..cccceevrcveriecienieienieeeeeeee e 2584
51.2.12 Limiter n Y-Axis Increment Register (LnYADD) (N =110 6) .ecccevvrienieireieeeeeeeeeee 2584
51.2.13 Limiter m Band Width Parameter Register (LmMBAND) (m =1,2) ..cccoooieiiiieniniiieee 2585
51.2.14 Texture Base Address Register (TEXORG) ...cc.ooouiiuiiiiiiiiiiieeeeeeeeee e 2585
51.2.15 Texels Per Texture Line Register (TEXPITCH) .....ccoovevieviieiiiieiesececeeieeee e 2586
51.2.16 Texture Mask Register (TEXIMSK) .....ocieiiiiieiirieieiee ettt sre e enas 2586
51.2.17 U Limiter Start Value Register (LUST) ..ocvoiiiieiieieiiiee e 2587
51.2.18 U Limiter X-Axis Increment Register (LUXADD) ......cccoooieviiiieiienieeeeeeee e 2587
51.2.19 U Limiter Y-Axis Increment Register (LUYADD) .....coccoiiiiiiiiieiieeeeeeeeeee e 2588
51.2.20 V Limiter Start Value Integer Part Register (LVSTI) ...ccoooiiiiiiiiiieeeee 2588
51.2.21 V Limiter Start Value Fractional Part Register (LVSTEF) .....cccoooiiiiiiiiiiieieeeeee e 2589
51.2.22 V Limiter X-Axis Increment Integer Part Register (LVXADDI) ......cccecevvvcieniieieniieeene, 2589
51.2.23 V Limiter Y-Axis Increment Integer Part Register (LVYADDI) ....c.cceovevivvienvnieniieeee, 2590
51.2.24 V Limiter Increment Fractional Parts Register (LVYXADDF) .....ccccccecevorinvninniinicncncne. 2590
51.2.25 CLUT Start Address Register (TEXCLADDR) ....ccccoceiiniiniiiiiiiiineneeneneseeeseeeeeeeeee 2591
51.2.26 CLUT Data Register (TEXCLDATA) oottt st 2591
51.2.27 CLUT Offset Register (TEXCLOFST) ..ooooiiiiiieiieiiecieeeecte ettt eve e ae e 2592
51.2.28 Chroma Key Register (COLKEY) ..oiiiiiiiiiiiiiieiesiieiee ettt se e se e ae e 2592
51.2.29 Bounding Box Dimension Register (SIZE) ......c.ccovieieiiiieriiieieseeeeeee e 2593
51.2.30 Frame Buffer Pitch Register (PITCH) .......cccoviiiiiieeeeeeee e 2593
51.2.31 Frame Buffer Base Address Register (ORIGIN) .....c.oocoiiiiiiiiiieeeeceeeeeee e 2594
51.2.32 Display List Start Address Register (DLISTST) ...ooovivieiiiieiieeeeeeece e 2594
51.2.33 Performance Counters Control Register (PERFTRG) .......cccoovvvieriiiieniieieiecieeeeee e 2595
51.2.34 Performance Counter kK (PERFCNTK) (K=1,2) .ccocoiiiciieiiieieceeeceeeeeee et 2595
51.3 DIrawing FEATUIES .....c.ecuviiieieiieieieeieiesteete sttt et e e steetesseessesseessesseesseseessesseessenseensessesssessenssensens 2596
51.3.1 Drawing Features SUMMATY .........ccooeiiiieiiinieieeceecee et 2596
51.3.1.1 COlOT FOTIMALS ...ttt ettt bbb eene 2596
51.3.1.2 Vector Drawing FEAtUIESs ......c.cccviiiiiiiieiieiii ettt st sve et e s neees 2596
51.3.1.3 BitBLT FEAUIES ...c.veviiinieieieiieieiteeeiese ettt ettt 2596
51.3.2 VECLOT DIAWIIE ...veeuieiiieiieiieieeteete st ettt ettt e te st et e st e e s e sae et e eseeneesseentesseensesseeneenseensenes 2597
51.4 RENAEIING MOAES ..ottt et ettt et et e et et esse et esaeenseseeneesseeneesneennenns 2598
51.4.1 REZISIET IMOUE ...ttt ettt ettt et be s e e beeea e bessaesbesssesbeesaesseeseensesseensenns 2598
51.4.2 DiSplay LiSt MOGE ....ocuveiiieieieiieieciieie sttt ettt st sae e e seseeebessaessesssenseeseensesseensenes 2598
51.5 TIECTTUPLS .ttt et e bt st e s bt et e bt e et e et e sbeesabe e bt e sateebeesaees 2599
51.5.1 TNEETTUPE SOUICES ...vevvieiieeiiieriee ettt ete et e st e et e st e et e estee e beestaessseenbaeesbeenseessseenseenssensseenseesens 2599
51.5.2 INEEITUPE CONLIOL ..oivtieiiiieiieit ettt ettt st e s te e b e ebeesb e beeseeeseensesseenaeseas 2599



52.

53.

54.

51.6 USBEZE INOLES ..ottt ettt ettt ettt et b e st et esab e e bt e sbbeeab e e sbbeeabe e s bt e s abeenbtesabeessaesaneenne 2600

51.6.1 Notes for ENdian SETNG ........cc.evvieieriieieiiieierie ettt sttt eve b seeeae e essesseessesseessenseens 2600
51.6.2 DRW2D LIDTATY .eeeuiiiiiiiiiieiieiesiestesteste sttt ettt ettt ettt ettt st st eneen 2600

[ ToT0 g o L= LY Yoz | o [OOSR 2601
52.1 OVEIVIEW .ttt sttt ettt et b et h e st e ettt e bt e bt eh e bt bbbt b et et e b et et e bt e bt ebeeb e s bt sa et e te st ennen 2601
52.2 REGISTET DESCTIPTIONS ..eeuvvieevieiiiiiiiesieeeieeieesite et estteeteesteeebeesseessaeesseenseeanseesseessseenseesssensseenseenseessses 2602
52.2.1 Instruction Register (JTIR) ...c.oocieriiiieiecieieeee ettt 2603
52.2.2 ID Code Re@iSter (JTIDR) .c..ovuiriiiiiiiieiieiirieniietentestestetet ettt ettt 2603
52.2.3 Bypass Register (JTBPR) ....o.ooiiiee e e 2604
52.24 Boundary Scan Register (JTBSR) ....cccuiiiiiiiieiieciieteeeeeeee ettt 2604
52.3 OPETALIONS ...vvieneiieiiertieeieesteeteeteeeteeteestseeseessaessseeseessseesseessseessessssaenseessseenseenseessseesseessssansessseessses 2620
52.3.1 TAP CONIOIIET ...ttt ettt ettt aen 2620
52.3.2 List Of COMMANAS ....ovieiiiiieieiieet ettt ettt et e bt et e e e e sneeneeenee 2621
52.4 USAZE INOTES ...eeeueiimeetieiietieite et et ette bttt et e s et e bt eb e en bt e b e bt es e et e e s tesbeemeesbeemeesbeemtesbeembeebeenteebeenteeneenaesne 2622
Trusted SECUIE IP (TSIP) oeeiiiiiiei it e e e e e e e e e e e e e e e e e e e e e s e e e s esaanaeneees 2624
53.1 OVEIVIEW .ttt sttt et ettt ettt et e bt s ettt e st e st e st eb e eh e bt eb bt bttt et et e st e st e st e bt ebeebeebesbebenaeeeneen 2624
532 (051536215 (o) s KPR STUSRRION 2626
53.2.1 Operating Modes and State TranSitions ...........ccecveeverieerierieeriereereseeseeseessesseeseeseessesseessenses 2626
53.2.2 Encryption ENGINE .......cocoiiiiiiiiiiiiicee ettt et 2627
53.2.3 Qe L1721 o) TSP 2628
53.2.4 Encryption and DECIYPLION .....cccueiuiiriiiieieiiieie ettt st sttt 2629
53.2.5 Generating Key Generation Information (by Using Random Numbers) ........ccccceceevvrcennnnne. 2632
53.2.6 Random Number GENEration .........cocccieerertirierieieneeese ettt 2632
533 L F311S] 0 401 o) A USRS 2633
53.4 USAEZE INOLES ..ttt ettt ettt ettt b e st e bt e bt e bt e sbbe s et e e s bt e eabe e bt e s abeesbeesabeessaesateenne 2633
53.4.1 StANADY MOAE ....eviviieiieiieie ettt ettt et st e eesae e esb e beessesseessesseensesseensesseensessnas 2633
53.4.2 Setting the Module Stop FUNCLION .......ccvivieiiiieiiiieie ettt se e 2633
53.4.3 Trusted Secure IP LiDIATY ......ccccveieriiieriieiese ettt sttt e e e ens 2633
12-Bit A/D Converter (ST2ADFA) ...ttt e e e e e e e e e s e aee e e e e e e e e e e e e e aanns 2634
54.1 OVEIVIEW 1.eieuietieiteetteteeetete et esteeseeteeseeseeseenteestesseeseanseense s e eseenseessenseessenseensenseeneanseeneesesnsessennsensens 2634
54.2 REGISTET DESCTIPTIONS ..eeuvvieiiieiiiiiieriiesteeieesite st e st e eteesteessteesseessseenseesseesnseesseessseenseenssensseenseenseennses 2641

54.2.1 A/D Data Registers y (ADDRYy) (y = 0 to 20),
A/D Data Duplication Register (ADDBLDR),
A/D Data Duplication Register A (ADDBLDRA),
A/D Data Duplication Register B (ADDBLDRB),
A/D Temperature Sensor Data Register (ADTSDR),

A/D Internal Reference Voltage Data Register (ADOCDR) ......cccccooieviiiiienienieieeieeeeeene 2641
5422 A/D Self-Diagnosis Data Register (ADRD) .......coouiiiiiiiiieiieeeee e 2644
54.2.3 A/D Control Register (ADCSR) .....ooiuiiiiiiiee ettt sttt 2645
54.2.4 A/D Channel Select Register AO (ADANSAD) ...ooevieeiieiieceeette sttt 2650
54.2.5 A/D Channel Select Register A1 (ADANSATL) ..ooeeiiieieieeeeeee e 2652
54.2.6 A/D Channel Select Register BO (ADANSBO) .....ooviiiiiieieeieceeieeereeete e 2653

54.2.7 A/D Channel Select Register BI (ADANSBI) ..c.oooiiiiieeeceeeeeeeeeee e 2655



54.2.8 A/D Channel Select Register CO (ADANSCO) ...eoouiiieieieieeieseeeieee e e 2656
54.2.9 A/D Channel Select Register C1 (ADANSCI) .oooiiiiiiiiieeeeeee e 2658
54.2.10 A/D-Converted Value Addition/Average Function Channel Select Register 0 (ADADSO) ..2659
54.2.11 A/D-Converted Value Addition/Average Function Channel Select Register 1 (ADADSI1) ..2661
54.2.12 A/D-Converted Value Addition/Average Count Select Register (ADADC) .......cceevevuvennenee. 2663
54.2.13 A/D Control Extended Register (ADCER) ......ccoociiiiiieeciee e 2664
54.2.14 A/D Conversion Start Trigger Select Register (ADSTRGR) .....cccccevevvrininininciiciicceenne. 2666
54.2.15 A/D Conversion Extended Input Control Register (ADEXICR) ......ccccooieiiiiininieiicee. 2669
54.2.16 A/D Group C Extended Input Control Register (ADGCEXCR) .....ccccoceviniininiiiiieeene 2671
54.2.17 A/D Group C Trigger Select Register (ADGCTRGR) ......cccooviivieiiiiiiicicieeieeeeeee e 2672
54.2.18 A/D Sampling State Register n (ADSSTRn) (n=01t0 15, L, T, O) .eeecveviereeieiereieceee, 2674
54.2.19 A/D Sample-and-Hold Circuit Control Register (ADSHCR) ......ccccoevivieviieieieeieieeeee 2676
54.2.20 A/D Sample-and-Hold Operating Mode Select Register (ADSHMSR) ......ccccocevvevviienncnnene 2677
54.2.21 A/D Disconnection Detection Control Register (ADDISCR) .......cccoeiiiiiiinieniiiececee 2678
54.2.22 A/D Group Scan Priority Control Register (ADGSPCR) .....cccocoeiiiiiiiiiiiieeeeeeee 2679
54.2.23 A/D Comparison Function Control Register (ADCMPCR) ......ccccccvvivievciienieeieeie e 2681
54.2.24 A/D Comparison Function Window A Channel Select Register 0 (ADCMPANSRO) .......... 2683
54.2.25 A/D Comparison Function Window A Channel Select Register | (ADCMPANSRI) .......... 2685
54.2.26 A/D Comparison Function Window A Extended Input Select Register (ADCMPANSER) .2686
54.2.27 A/D Comparison Function Window A Comparison Condition Setting Register 0
(ADCMPLRO) ..ottt ettt et st b b ettt ettt sae e 2687
54.2.28 A/D Comparison Function Window A Comparison Condition Setting Register 1
(ADCMPLERI) ettt sttt ettt ettt sttt ese et e e se et et e bessansensenseneeneeneeneeneas 2690
54.2.29 A/D Comparison Function Window A Extended Input Comparison Condition Setting
Register (ADCMPLER) ....ooiiiiieiiieectete ettt ettt s eessae st e s aeenseessaeenseenneas 2691
54.2.30 A/D Comparison Function Window A Lower Level Setting Register (ADCMPDRO) ......... 2692
54.2.31 A/D Comparison Function Window A Upper Level Setting Register (ADCMPDRI) .......... 2695
54.2.32 A/D Comparison Function Window A Channel Status Register 0 (ADCMPSRO) ................ 2698
54.2.33 A/D Comparison Function Window A Channel Status Register 1 (ADCMPSR1) ................ 2700
54.2.34 A/D Comparison Function Window A Extended Input Channel Status Register
(ADCMPSER) ..ottt ettt ae ettt sttt et ent e sttt ne st et e tesaeeaetennen 2701
54.2.35 A/D Comparison Function Window A/B Status Monitoring Register (ADWINMON) ........ 2702
54.2.36 A/D Comparison Function Window B Channel Select Register (ADCMPBNSR) ............... 2703
54.2.37 A/D Comparison Function Window B Lower Level Setting Register (ADWINLLB) .......... 2706
54.2.38 A/D Comparison Function Window B Upper Level Setting Register ADWINULB) .......... 2709
54.2.39 A/D Comparison Function Window B Channel Status Register (ADCMPBSR) .................. 2711
54.2.40 A/D Conversion Time Setting Register (ADSAM) ......cooiiiiiiiiiiieeeee e 2713
54.2.41 A/D Conversion Time Setting Protection Release Register (ADSAMPR) ......ccooccvevvveevennnne. 2714
54.3 (00155 1510 s KOTSRS 2715
54.3.1 ScannIng OPETALION ......co.eoveriirieieiiiiiirieeere ettt ettt ettt sttt seese bttt beeuesaeebesbeneensenne 2715
54.3.2 SINGIE SCAN MOAE ...ttt ettt ettt bttt aeas 2716
54.3.2.1 Basic Operation (Without Channel-Dedicated Sample-and-Hold Circuits) ................. 2716



543.2.2

54323

54324

54325

54.3.2.6

54.3.2.7

543.2.8
54.3.2.9
54.3.3
54.3.3.1
54332

54333

54334

54.3.3.5

54.3.3.6

54.3.3.7

5434
54.34.1
54.3.4.2
54.3.4.3

54.3.5
54.3.5.1

54.3.6
54.3.6.1
54.3.6.2

54.3.7
54.3.7.1

54.3.8
54.3.9
54.3.10
54.3.11
54.3.12

Basic Operation (With Channel-Dedicated Sample-and-Hold Circuits,

With Constant Sampling Disabled) ........ccoccovieriiiiiiieeeeeeee e 2717

Basic Operation (With Channel-Dedicated Sample-and-Hold Circuits,

With Constant Sampling Enabled) .........cooiiiiiiiiiiiiee e 2718

Channel Selection and Self-Diagnosis (Without Channel-Dedicated

Sample-and-Hold Circuits) ......cceerieieririere et e 2719

Channel Selection and Self-Diagnosis (With Channel-Dedicated

Sample-and-Hold Circuits, With Constant Sampling Disabled) ..........cccccvevievieneennnnne. 2720

Channel Selection and Self-Diagnosis (With Channel-Dedicated

Sample-and-Hold Circuits, With Constant Sampling Enabled) ........c..ccccvvvievienrennnnne. 2721

A/D Conversion With Temperature Sensor Output/Internal Reference Voltage

SELECTEA ...ttt 2722

A/D Conversion in Double Trigger Mode ........c..coevereninienieieinieeeceeneneseeeeceeeenen 2723

A/D Conversion in Extended Double Trigger Mode ..........ccccovieiinieiiiceniienceeeene 2724
ContinUous SCAN MOAE .......oociruiriiiiiiiirieneeeeteee sttt et s r e naene 2726

Basic Operation (Without Channel-Dedicated Sample and-Hold Circuits) .................. 2726

Basic Operation (With Channel-Dedicated Sample-and-Hold Circuits,

With Constant Sampling Disabled) ........cccccovieriiiieniiiieiiceeeeeeeee e 2727

Basic Operation (with Channel Sample-and-Hold Circuits, with Constant

Sampling ENabled) ........ccovieiiiieiicieieee e 2728

Channel Selection and Self-Diagnosis (Without Channel-Dedicated

Sample-and-Hold CIrCUILS) ......coceeeririerierienienieienieieieeeeeteee et 2729

Channel Selection and Self-Diagnosis (With Channel-Dedicated

Sample-and-Hold Circuits, With Constant Sampling Disabled) .........cccocvevvrcvenrnennee. 2730

Channel Selection and Self-Diagnosis (with Channel-Dedicated

Sample-and-Hold Circuits, with Constant Sampling Enabled) ...........ccccocovevieiinnnne. 2731

A/D Conversion With Temperature Sensor Output/Internal Reference Voltage

SELECTEA ...ttt ettt 2733
GTOUP SCAN MOAE ...ovivieiiiiieie ittt ettt s te e e e s te e b e s teesbesteessesseessesseessesseenseses 2734

BaSiC OPETALION ....occviieieiiieieieeiieteeieeite st ete st etesteesesseessesseesseesaessesseessesssensesssensenssensens 2734

A/D Conversion in Double Trigger Mode .........ccceeoiiiiriiiiieieieeeee e 2735

Operation under Group Priority Control ..........ccccccevirieriininineneneneienceene e 2737
Extended ANalog INPUL .....oc.oiiiiiie et e e 2756

USAZE OF ANEXT ..ottt ettt ettt e st e et e seseebeessbeensaenaseennes 2756
Comparison Function (Windows A/B) .......cccueciieiiiieiieieie ettt 2758

Comparison Function Windows A/B .........ccoeoiivieiieiieiieiere et ens 2758

Restrictions on Comparison FUNCLION ........cccceveririneneniinieieieecineeceeseseseeeceeeenen 2759
Analog Input Sampling Time and Scan Conversion Time ..........ccccceveeinenenenieneneneneneennes 2760

Timing of Suspension and Starting of Scanning in Operation under Group Priority

CONLIOL .ttt ettt ettt ettt sttt e n b 2763
Usage Example of A/D Data Register Automatic Clearing Function ...........ccccceeevevveeneennen. 2764
A/D-Converted Value Addition/Average Mode .........ccceecvierieeriienieeiieenie e see e eeees 2764
Disconnection Detection AssisSt FUNCHON .......cccociiiriinienenieieiiceceeeeee e 2764
Starting A/D Conversion with Asynchronous TTIgEET ........ccceceveririeneneieieeeinenencneeeenee 2766
Starting A/D Conversion with Synchronous Trigger from Peripheral Module ...................... 2766



54.4 Interrupt Sources and DTC/DMAC Transfer REqUESES ......c.oceeieriieiiiiieieieeeeeeeee e 2767

54.4.1 TNEETTUPE REQUESTS ..ovvvieniieieiieiie ettt ettt ettt et e et e s b e eabe e sbteenbeesaeessseenseennnes 2767
54.4.2 Scan Complete Event Output t0 ELC .....c.ccvoiiiiiiieieieieere e 2767
54.5 Allowable Impedance of Signal SOUICE .......cecieieriiiiieriiiieie et 2767
54.6 USAZE INOTES ...eeeneiiueeitieiietiete et et etce ettt e bt s et e bt eb e en bt eb e b e estemt e eseesbeemeesbeemeesbeemtesbeembeebeenbeebeenteeneeneesae 2769
54.6.1 Notes on Reading Data REGISIEIS ........ccuiviieiiiriieiiiieie ettt eeeees 2769
54.6.2 Notes on Stopping A/D CONVEISION .......ccuieiereieierieeierteeeeesteeeeesteeseeeeseeseeeseeeesseesaesseesesseens 2769
54.6.2.1 Procedure of Stopping A/D CONVETSION ...c.eeruirieriiiriiniieieniieienieeieeteenee et siee e naeas 2769
54.6.2.2 Notes on Modes and Status Bits ........coceeiieierieiiiniiiiiee e 2771
54.6.3 A/D Conversion Restarting Timing and Termination Timing ...........ccceceevveeievieneerrenceenenne. 2772
54.6.4 Notes on Scan End Interrupt Handling ............cccoovieoienieiinieiiceee et 2772
54.6.5 Module Stop FUNCioN SETHNE .......ccccevcieriiriieieeieie ettt ie e ee e ae e eaesreensesseeneeseeens 2772
54.6.6 Notes on Entering Low Power Consumption States ...........cceccveeerierienerieneeiieneeieseeeeneens 2772
54.6.7 Notes on Canceling Software Standby Mode ..........ccooiriieiiiiiniiiieiieee e 2772
54.6.8 Pin Setting When Using the 12-bit A/D CONVEITET .......ccceeiieriieiierieiinieie e 2772
54.6.9 Caution When Using an EXternal BUS ..........ccoccieeiiiiiiiiieiccecccee e 2773
54.6.10 Error in Absolute Accuracy When Disconnection Detection Assistance is in Use ................ 2773
54.6.11 Voltage Range of Analog Power Supply Pins .........ccooivvieiiriiininienieiecceeeeeeeee e 2773
54.6.12 Notes 0n BOArd DESIZI .....eevueiiieiieiieiieiee ettt sttt st aesne e e ens 2774
54.6.13 Notes 0N NOISE PIEVENTION .....eeiiiiieiieiieiieiiesie sttt sttt sreenee st e e seeenseee e 2774
55. 12-Bit D/A Converter (R12DAQ) .......uuiiiiiiiieiee et e et ee et e e e e e e e e e e aa e neneeeeeeeas 2775
55.1 L7 4 T SRS RRS 2775
55.2 REGIStEr DESCIIPLIONS ...vvivvieiierieeieiieiesteetesieetesteestesteessesteessesseessesseessesseessesseessesesssesseeseensessesssesses 2776
55.2.1 D/A Data Register m (DADRM) (M =0, 1) ..ooiiriiiieeieee e 2776
55.2.2 D/A Control Register (DACR) ...cuoiuiiiieeiee et 2777
55.2.3 Data Register Format Select Register (DADPR) .......ccooieiiriieiieieieceee e 2778
55.2.4 D/A A/D Synchronous Start Control Register (DAADSCR) ......cccoovveeiivieiieieieeeere e 2779
55.2.5 D/A Output Amplifier Control Register (DAAMPCR) .....ccoviieviirieicieeeeeeee e 2780
55.2.6 D/A Output Amplifier Stabilization Wait Control Register (DAASWCR) ......ccccveevvveennne. 2781
55.2.7 D/A A/D Synchronous Unit Select Register (DAADUSR) ....ooooiiiiiieiirieieieeeee e 2782
553 (057156215 (o) s KNPSRS 2783
55.3.1 Measure against Interference between D/A and A/D CONVErsion ........ccceecererverueevereeennens. 2784
55.4 Event Link Operation Setting ProCedUIE ..........cccovieiiirieiirieiieiee st 2785
55.5 Usage Notes on Event Link OPeration ...........cccceecveriecierierienierieseesieseesessessesssessesssessesssessesssesens 2785
55.6 USAEZE INOLES ..ottt ettt ettt ettt ettt sht et e bt st e e sbbesat e e s bt e eabe e beesabeebeesabeenbaenaeeenne 2786
55.6.1 Module Stop FUNCION SETHNG .....c.ceoveiieiiiiieieiieteetier ettt eae e ee e esae e essesreesseseeseesseens 2786
55.6.2 Operation of the D/A Converter in Module Stop State .........cccccevveevivcieniecienieieneeee e 2786
55.6.3 Operation of the D/A Converter in Software Standby Mode ..........ccecevivierincienieieeeee, 2786
55.6.4 Note on Entering Deep Software Standby Mode ..........cocoeviriiiiiieiiieeeeeeee e 2786
55.6.5 Initial Setting Procedure when the Output Buffer Amplifier is Used ........ccccevevieiinennnne. 2786
55.6.6 Note on Usage When Measure against Interference between D/A and A/D Conversion is

) 230 10) (=T KPR RRRTRRTN 2787



56.

57.

58.

Temperature Sensor (TEMPS) .. ... e a e e e e 2788
56.1 OVETVIBW ettt ettt ettt ettt bttt b et e h et e bt et e bt eme e e et et e ebeembeebeembeebeem b e e st e bt eaee bt saeeeesaeenbeaneennens 2788
56.2 REGIStEr DESCIIPLIONS ....veuvieiieiieeieiieiesteetesieetesteeeteteeete st eseeseesaesseessesseessesseensensenssenseeseansesssensessen 2789

56.2.1 Temperature Sensor Control Register (TSCR) ......ocveviiiiiiiiiieiecieceeeee et 2789
56.2.2 Temperature Sensor Calibration Data Register (TSCDR) ......ccccccevvivieniinienieieeceeee e 2789
56.3 Using the TEeMPETrature SENSOT ........cccvervieieriieierieriesieetesteetteieetesseestesseseessesseessesseesesseensesseensesses 2790
56.3.1 Preparation for Using the Temperature SeNSOT ........ccccceecvierveeiieenieeneeniesieenee e eseneeeneeeees 2790
56.3.2 Setting of 12-Bit A/D Converter Unit 1 .......ccceviiiiiieriieeiiereeeie et eiee e eveesveeae e e 2792
56.3.3 Procedure for Using the TempPerature SENSOT .........ccvvcverviecieriesierieereeeeeesressesseessessesseessenns 2793
56.3.4 Timing of A/D Conversion of Temperature Sensor OUtPUL .........cccceeverierierieneenienieeeeaenes 2794
56.4 USBEZE INOTE ..ttt ettt sa e et e sttt st e st e ea bt e s bt e ea bt e bt e sab e e bt e sateenbeesabesabeesaseenseennes 2794
56.4.1 Module-Stop FUNCtion SEtNG .......cceeevuiiiieiiieiieeciteeeee ettt e re et e e seeeebeeaeeeenes 2794

Data Operation CirCUit (DOC) .....cciiiiiiiee ettt e e s ettt e e e s setbee e e e s snteeeeesasreeeesanes 2795
57.1 OVEIVIEW .ttt ettt ettt et sttt h et e et h et e at e st ea e e bt e et e sb e e st e bt e st e sb e eb e e bt este et estenbeeseenbeentenbesnnens 2795
57.2 REGISTET DESCIIPLIONS ..veuvivintitiieiteiteiteitettet sttt ettt ettt ettt ettt s be st sttt et es et s b et et enee 2796

57.2.1 DOC Control Register (DOCR) ...cc.eeciiiiiieiiieiieeit ettt ettt sere e e seaeebeensaesnnes 2796
57.2.2 DOC Data Input Register (DODIR) ......cccoccveviiiieiiiieieeieieee e sre e ee e eseese e sae e 2797
57.2.3 DOC Data Setting Register (DODSR) ....cceoeiirinininiicicicicinent sttt 2797
57.3 OPCTALION ..ottt ettt ettt ettt ettt ee et eb e eb e eb e eb et b bt e b ea bt esteb e e bt ebesb e et et e s e e eneebeeueeuens 2798
57.3.1 Data CompariSON MOGE .......ccueeviiiiieiiienieiiteete et ste e eteesreeteestaeebeesteesabeesseessseeseesssesnsens 2798
57.3.2 Data Addition MOAE ......cooeuiiiiiiiiiieierieieiieee ettt ettt 2799
5733 Data Subtraction MOAE ........ccceeviiuiriiiiriiiiieieeee ettt et 2800
57.4 INEETTUPE REQUESES ..ttt ettt e sb et e st et e s bt e st e beesateenbeenaees 2800
57.5 EVEnt LINK OULPUL ...cc.oeiiieiieeiieeeee ettt ettt ettt te et st e eaaessseetaeessesssaessseenseenseesnsannseensns 2801
57.5.1 Interrupt Handling and Event LinkKing .........coccoeoevirieiiinininnnencccecccencse e 2801
57.6 USAEZE INOTE ..ttt ettt et e a e b et ea bt et esb bt e bt esbe e et e e saee st e e saneeateenee 2801
57.6.1 Module Stop FUNCION SETNG .....c.cecveivieieiieieiieieeteeiese ettt se e sre s sieesaesseessensesseesaeens 2801

L LY PP PUUUPURP 2802
58.1 OVEIVIEW .ttt ettt ettt h e sttt st et eh bbbt eh e bt s bttt e et es s esteb e e bt eb e e b e e bt s b et e st et et enteseenesuea 2802
58.2 REgIStEr DESCIIPLIONS .....ieutitieiiieiieie ettt ettt ettt e at et et e s bt et e be et e sbeebe et e saeeneesaes 2803

58.2.1 RAM Operating Mode Control Register (RAMMODE) .......cccccooviiiiinieieiieieeeeceee e 2803
58.2.2 RAM Error Status Register (RAMSTS) ..oovoiiiieiieeceeeee e 2803
58.2.3 RAM Error Address Capture Register (RAMECAD) .....c.occoeviiieriiieeceeeeeeee e 2804
58.2.4 RAM Protection Register (RAMPRCR) ....ooouiiiiiiiiieeeee e 2804
58.2.5 Expansion RAM Operating Mode Control Register (EXRAMMODE) ........cccccoeoveivniennnne. 2805
58.2.6 Expansion RAM Error Status Register (EXRAMSTS) ...cooiiiiiiiiinieieeeeeee e 2805
58.2.7 Expansion RAM Error Address Capture Register (EXRAMECAD) ......ccoovvveviveienieeeenne. 2806
58.2.8 Expansion RAM Protection Register (EXRAMPRCR) ......cooovvviiiiiiiniiniiiieeiceie e 2806
58.2.9 ECCRAM Operating Mode Control Register (ECCRAMMODE) ........cccooovvcivviveieieiene, 2807
58.2.10  ECCRAM 2-Bit Error Status Register (ECCRAM2STS) ...cooiviiieieieieieieteeeee e 2807

58.2.11 ECCRAM 1-Bit Error Information Update Enable Register (ECCRAMISTSEN) ............... 2808



59.

60.

58.2.12 ECCRAM 1-Bit Error Status Register (ECCRAMISTS) ..cccooiiireneiiiiiccnenenceeneneneenes 2808

58.2.13 ECCRAM Protection Register (ECCRAMPRCR) .....c.ooiiiiiiiiiiiieeeeeeeeee e 2809
58.2.14 ECCRAM 2-Bit Error Address Capture Register (ECCRAM2ECAD) .....cccccoevvviiiinceenne. 2809
58.2.15 ECCRAM 1-Bit Error Address Capture Register (ECCRAMIECAD) .....ccccoevvvevvevevieennnne. 2810
58.2.16 ECCRAM Protection Register 2 (ECCRAMPRCRY) ......oovviiiiieiiiieecieeteeeee e 2810
58.2.17 ECCRAM Test Control Register (ECCRAMETST) ....ocovvvieriiiieeiieeeeeeeeeeeee e 2811
58.3 OPCTALION ..ottt ettt ettt ettt ettt et st eet st eateb e eb e eb e s bbb e et et et e st es s e bt eatebe et et enaeneenteseenesueas 2812
58.3.1 Correction Of ECC EITOTS ....cccoiiiiiiiiiiiiiieieie ettt st st enea 2812
58.3.1.1 ECC Enabled and Error Checking Selected .........coocevirieiinieniieiericiee e 2812
58.3.1.2 ECC Enabled and Error Checking not Selected ..........ccocvvvieriiecieriiecienieieneeie e 2812

58.3.2 Parity CRECKING ....ooiuieiiiieie ettt ettt ettt esae et e s ne e e eneenes 2812
58.3.3 RAM Error Interrupt FUNCLION .....c.ooiiiiiiiiieieeee et e 2813
58.3.4 INEEITUPE SOUICE ...ttt ettt ettt ettt et e st e se e bt et esbe et e b b et e eneenee 2813
58.3.5 ECC DECOAET TESHING ...cuveevveiieeieiieeiesiieeesteetesteetesteessesteesseeseessesseessesseessesssessesssessesseessenseenns 2814
58.4 USAZE NNOLES ...vtieiiieiieeteeiie ettt sttt ettt e et e st e ea b e e bt e ettt e bt e sab e e bt esabe e bt enseesabeesstesateesbeesaseenbaesnsesnseens 2815
58.4.1 Low Power Consumption FUNCHON ......ccooiiiiiiiiiiiieieeceee e 2815
58.4.2 Notes on Using Error Checking of RAM, Expansion RAM and ECCRAM ..........cccccce..ee. 2815
58.4.3 Notes on Self-Diagnosis 0f the RAM .......c.cccooviieiiiieiiiieiee et 2815

ST =T aTo ] oY 1Y USRS 2816
59.1 OVEIVIEW .ttt ettt ettt ettt et et e st et et e bt eaeeh e eb e eb e s e et em b emeemtenees e eseeb e ebeabe st e benbeneeneenteneaneeneas 2816
59.2 L0313 25 o) SRS 2816
59.2.1 Data REIENTION ...ooueiiiiiiiiiiiiiceteeee ettt sttt sttt st et sttt 2816
59.2.2 Low Power Consumption FUNCHOMN ......ccccuiiiiieriiiiieiiecieeee ettt 2816
Flash Memory (FLASH) ..ot e e e e e e e e e e e s reeeaaaeeeeaannnns 2817
60.1 OVEIVIEW .ttt ettt ettt sttt et ettt et e bt e bt et e ekt s b e b et es b ententeseeb e bt eb e et e be st e benbene et enteneaueeaeas 2817
60.2 Hardware INtErface ATCA .......ccuovuieiiiiieie ettt ettt ettt ettt e sneeneeeneeneas 2819
60.3 SEIUCTUIE Of IMEIMOTY ...eoviiiiieiieiieiectteieett ettt e ste et e ste et esteesaesbeessesseessesseeseesseeseessesssensessaensensaensens 2820
60.4 REgIStEr DESCIIPLIONS ....viiiieieiietieee ettt ettt ettt ettt et e seeeseesaeeneesaeesenseeneeaeeneennas 2824
60.4.1 ROM Cache Enable Register (ROMCE) ........cccooiiiiiiiieiieieiieiese et 2824
60.4.2 ROM Cache Invalidate Register (ROMCIV) .....oouiiiiiiieiieieieee e 2824
60.4.3 Non-Cacheable Area n Address Register (NCRGN) (n =0, 1) .oceevvrieiinieneiieeeeeeeeeee 2825
60.4.4 Non-Cacheable Area n Setting Register (NCRCn) (n =0, 1) ...ccceoiriiniriiniiieeeeeeeeene 2826
60.4.5 Flash P/E Protect Register (FWEPROR) ........cooiiiiiiiiiieeeeeee e 2827
60.4.6 Flash Access Status Register (FASTAT) .vooieiieieiieieeee ettt 2828
60.4.7 Flash Access Error Interrupt Enable Register (FAEINT) ....cccoovveviiiiiniinieiecieeeeeeeeee e 2829
60.4.8 Flash Ready Interrupt Enable Register (FRDYIE) ......cccccvvoiiiiiiienieiieeeieeeeeeeeee e 2830
60.4.9 FACI Command Start Address Register (FSADDR) ......coccviiriiriiiee e 2831
60.4.10 FACI Command End Address Register (FEADDR) .......cccovininiineniniiiiicceincnceeeeneeenen 2832
60.4.11 Flash Status Register (FSTATR) ...oiiiiiiieeeiee et s 2833
60.4.12 Flash P/E Mode Entry Register (FENTRYR) .....ccooiiiiiiieiiicieececece e 2837

60.4.13 Flash Sequencer Set-Up Initialization Register (FSUINITR) ......ccccevvivieiieieniieieieeeee 2839



60.4.14 FACI Command Register (FCMDR) .......ccooiiiiiiieieiee et 2840

60.4.15 Data Flash Blank Check Control Register (FBCCNT) ......ccooiiiiiiiiiieieeieecee e 2841
60.4.16 Data Flash Blank Check Status Register (FBCSTAT) ..ccoiieriiieeiieeeeeeecee e 2841
60.4.17 Data Flash Programming Start Address Register (FPSADDR) .......cccccoevieviieieniieieieeeene 2842
60.4.18 Flash Sequencer Processing Switching Register (FCPSR) .......ccccveviieiiiiieiinieieeeeeee e 2843
60.4.19 Flash Sequencer Processing Clock Frequency Notification Register (FPCKAR) ................. 2844
60.4.20 Flash Access Window Monitor Register (FAWMON) ......ccooooiiiiiiiiirieeeeeee e 2845
60.4.21 Start-Up Area Control Register (FSUACR) .....cocoeiiiiiiiieeeeeeeee e 2846
60.4.22 Data Flash Memory Access Frequency Setting Register (EEPFCLK) ........cccoovvieiinceenne. 2847
60.4.23 Unique ID Register n (UIDRN) (N =010 3) .eeoeeriiiiiieiieeiieseeeieeiteste et see e esiee e saee s 2847
60.5 Operating Modes Associated with Flash MEMOTY .........ccceeiiieriiiieniiiieieeiese e 2848
60.6 Operating Modes of the Flash Sequencer ..........coccooiiiiiiiiiiiiieee e 2849
60.7 OVEIVIEW OF FUNCHIONS ..eviitiitiiiienieieitetiete ettt sttt eb e 2850
60.7.1 ROM CACRE ...ttt ettt ettt s st bt s et ebeebesbeeaeeaeseeanenean 2850
60.7.1.1 Setting Non-Cacheable Area ..........cociiiiiiiiiiiiiei e 2850

60.7.2 Methods of Programming/EIraSUre ..........c.cceeieierierieriieieieeeesieesesieesesreessesseessesseessesseessesnns 2852
60.7.3 SECULILY FUNCHONS ...eviiiieiiiiieieeit ettt sttt ettt sa et esesaaessessaensessnenseessensesseennas 2854
60.8 FACT COMMANGS ...utiiiiiiiiitiitieterte sttt ettt ettt et eb e bt e bt sae st sb et et ebeeneenes 2855
60.8.1 List of FACT COMMANGS ....eouiiiiitieiieitieiietieie ettt ettt et sbe et 2855
60.8.2 Relationship between the Flash Sequencer State and FACI Commands ..........c..ccoeevveeeennnnee. 2856
60.8.3 Usage 0f FACT COMMANGS ......eovviiiiieiieiiieniieeieesiteeteeieesteeaeesteesseessaessseesssessseenseesssesnsessens 2858
60.8.3.1 Transition to Code Flash Memory P/E Mode .........ccocvveieiiecieniiiiieceecee e 2858
60.8.3.2 Transition to Data Flash Memory P/E Mode .........cocivieiirieniiieeceeeeeee 2858
60.8.3.3 Transition to Read MOE ........ccoovuieiiiiiieeeee e 2859
60.8.3.4 Overview Flow when FACI Command is USed ..........ccivieniiiiiniiiincieenieceeee 2860
60.8.3.5 Recovery from the Command-Locked State ...........ccccceevivvieniecieniieiicieieceeee e 2861
60.8.3.6 Program Command ..........c.cocveeiieiieiieenieerie et etee e ee et estae st e sabesbeesereenneennnes 2862
60.8.3.7 Block Erase Command ........c.coooerieieiiiiininenenieenenteteetee et 2864
60.8.3.8 Multi-Block Erase Command ..........ccoccovieiirieneiieie e 2865
60.8.3.9 P/E Suspend Command ..........cocceieererenieieieininineneestesrestentesesee et et seesne e e 2866
60.8.3.10 P/E Resume Command ........coooouiiuieiiiieiiniieie ettt e 2871
60.8.3.11 Status Clear COmMMANG ......c..coeiviiiiriiiiniee et 2872
60.8.3.12 Forced Stop Command ...........cccoevevuieiieniieiinieeee it eeeeteere e et sbeereesseeseesseeseesseessesseas 2873
60.8.3.13 Blank Check Command .........cc.coceiiriririnineieieeeeeienie sttt 2874
60.8.3.14 Configuration Set Command ..........cc.cocevvirirerieriinieinineneeee et 2876

60.9 SUSPENA OPETALION ...covevereiiitetenteieitet ettt sttt ettt ettt ebe et ebe s bt se et et e s et e s et eaeebeebenbeseestensennens 2877
60.10 Protection FUNCHONS ..c...ooiiiiiiiiiiiiiriieie ittt sttt sttt ettt st s 2878
60.10.1 L0 ) 02 (g (0] T 1 () o NSRS 2878
60.10.1.1 Protection through FWEPROR ......ccooiiiiii e 2878
60.10.1.2 Protection through FENTRYR .....cccooiiiiiiiiiiieececeeece et 2878

60.10.2 EITOT PIOECTION ..uvvviiiiiiiiiiiic ettt ettt eete e e e taae e e e eeaaaeeeeeeesaaeeeeeeeaaseeeeennns 2878



60.10.3 Start-Up Program ProteCtion ...........ccccoooeiieieiieieie ettt 2881

60.10.4 Protection by Area ProteCtion .........c.ccoceriiiiiiiieiee et 2885
60.10.5 Dual Bank FUNCHION .....oiuiiiiiiiiiiiiee ettt ettt et 2886
60.10.5.1 Switching Bank MOAES .........cccveeiiiiiierieeiieiie ettt ee s eseae e e nesneenee 2886
60.10.5.2 Selecting the Startup Bank .........ccccooceiiiiiiniiiieiceeeeee e e 2887

60.11 BOOt MOAE ..ottt bbb ettt ettt nes 2889
60.11.1 B0t MOde (SCI INETTACE) ..ovveeeiiiiieeiieeiie sttt ettt e et beebe e seb e e e e saaeessaeseennnes 2889
60.11.2 Boot Mode (USB INEIfACE) ...cceevviieieiiieiieiiciieiiettet ettt ettt eb e eee e ens 2890
60.11.3 Boot Mode (FINE INtErface) ......ccvevvirieriieieniieienie ettt ettt ens 2891
60.11.3.1 Operating Conditions in Boot Mode (FINE Interface) .........cccoceeviveeviviiecenieieeienene 2891

60.12  On-Chip Debugger ID Code ProteCtion .........c.cceeeuerieieieirinineneniinrenenteteteeeeeeteieee st e seenes 2892
60.13 Serial Programmer ID Code ProteCtion ...........cceovieviiiiieiiieeiesieeiieiete et eteeee e esse e esesreessesseens 2892
60.14 ROM COdE PIOTECION .....eeeieiieieeiieiieeieste ettt ettt sttt e e s st ese et e e s teene e et eneesneeneesseensenneas 2892
60.15  Boot Mode Communications Protocol ............cceoiiiiiiiiiiineeeiee e 2893
60.15.1 How to Start the Chip Up in BOOt MOdE ........coiiiiiiiiiiiiieeeeee e 2893
60.15.2 State Transitions in BOOt MOAE .......cceeiuiiiiiiiiiiiieee e 2894
60.15.2.1 State Transitions in Boot Mode (SCI INterface) .........cceevveeeiieriienienieeciesie e sie e 2894
60.15.2.2 State Transitions in Boot Mode (USB Interface) .........cccooeevveviecienieciinieieceeieeeeeee 2897
60.15.3 Automatic Adjustment of the Bit Rate .......ccccceecieiiieiiirieiieieeeee e 2900
60.15.4 Packet FOTMAL .....oouiiiiiiiiiii ettt ettt 2901
60.15.5 Communications Establishment Phase ...........cccooooiiiiiiiiiine e 2902
60.15.6 Command Waiting PRaSe .........ccccoririiiiiieieecee et 2903
60.15.7 Command Transfer SEQUENCE .........ccccvieciieiiieiieie ettt sae et eebeesereebeesraeeseensaens 2904
60.15.8 Unsupported COMMANGS ......ceevviriierieiieieitieieseetesteetesteeeesseesaesreesaesseessesseessesseessessesseessenses 2906
60.15.9 Device Type Acquisition COMMANG .........cceevvirieriiiieirieienteeeerie e eee e ereieeeesse e ese e eaeenas 2907
60.15.10  Endian Notification Command ...........c.ccoeceeiriririnieniiieneeceetet ettt 2909
60.15.11  Frequency Setting Command ........c..ccccceeireririinininienieieieeeese ettt et eae st sre et 2910
60.15.12  Bit-Rate Setting Command ............ccccueviriririninenineieieeeeetee sttt s 2912
60.15.13  Synchronization COMMANA ...........cociiiiiiiiiiieiee ettt sttt eeebeeneeeae 2914
60.15.14 1D Authentication Mode Acquisition Command ............ccoevvevrieieriieveeneeieneceesieeeesreenennens 2915
60.15.15  Serial Programming ID Code Check Command ............ccceceeviiriiieniienieniccieenee e 2916
60.15.16  Blank Check Command ........ccccoeeeeiririniinieniieiet ettt sttt 2917
60.15.17  Block Erase Command ............ccccoeieiiiiiiiiiniee ettt et ee e ens 2918
60.15.18  Area Erase COMMANG ........c.ooouiruieiiieiieiiieieie ettt ettt e ee st e sae st enseeneenseeneeneeene 2919
60.15.19  Program COommannd ..........ccooueiuirieiieieit ettt ettt ettt sbe et b et sbe e eenreene 2920
60.15.20 Read Command .........cccooieriiriiniiieiieteneeee ettt sttt ettt 2923
60.15.21  Configuration Clear COMMANG ...........cceovirierierieirieieniieteeteereereeeeereeaeseeessesreessesssesesseessenns 2925
60.15.22  Simple Addition Checksum Command ............cccoeverierierienienieeienee et sreeneneeens 2926
60.15.23  Configuration Program Command ............cccocceimerineninienieieinenceesese et eteeee e e seenes 2928
60.15.24  Configuration Read Command .........c.cccceouriririnininenienieieieiresc ettt 2931

60.15.25  Acquisition of the Number of the Area Information Command .............cceoeiieiiniiieneennnne 2933



60.15.26  Area Information Acquisition COmMmAnd ...........ccceeruerieriinieiineere et 2934

60.15.27  USAaE EXAMPLE ...coeeiiiiiiiiiieietee ettt ettt ettt et sbe ettt beenee it ene 2937
60.15.28  Rewriting Flash Memory When Using Dual Mode ...........cocoooiiiiiiiiiniiiieeneeceeeeeee 2938
60.16  Using the Serial Programmer for REWIIHING .........cccovieviiiieriiiieiiiieieeeete et eae e 2940
60.16.1 Environments for Serial Programming .............ccoecvevirieieiiene e 2940
60.17  Programming through Self-Programming ..........cc.ccoceeviiiiiiiiiiineeeeee e 2941
60.17.1 OVEIVIEW .ttt ettt ettt sttt h e sttt et et e bt e bt e bt e bbbt b bt e b et e st emeeaeeue e bt sbe st et e aeteneen 2941
60.17.2 Background OPEIation ...........ceceeierieriesieriieiesterteeteeteseetesseeaesseeaesseessesseessesseessensesseensenses 2942
60.18  Reading FIash MEMOTY .....cccoccoiiiiiiiieieiieiet ettt ettt sttt et seeneesneeeesneeneeneas 2943
60.18.1 Reading Code F1ash MEmMOTY ......c..ccevieieriieieiieientieieie et ste et sie e sse et esse e esseeseesseseeenaesnas 2943
60.18.2 Reading Data F1ash MEMOTY ......cceccieiiiiieiiieieie ettt ettt eseense e e e e 2943
60.19  TIUSEEA MEIMOTY ...eeeiievieiiiieeiesteeeieeiee et e eete bt et e et estesseesaesseesaesseensesseessanseessenseansenseensesesnsessenssensens 2943
60.19.1 Allocating Program Code to the TM Target Area .........ccccecveveeiienieiinieneneeeseeeeeeeeeene 2944
60.19.2 How to Enable the TM FUNCHON ......c.ccoiiiiiiiiiiniieiee e 2944
60.19.2.1 By Self-Programiming ..............ccceciecierierieniesienieiesieeiesstesesteesesseeseesseessesseesessesssensenns 2944
60.19.2.2 By USING BOOt MOAE ..ottt ettt et e e sseensensens 2946
60.19.3 How to Disable the TIM fUNCHON ....cc.eeiiiiieiiieeieeeiee et 2947
60.19.4 Notes on Enabling the TM fUnCtion ..........coccoviiieiiiieneiieieeeeceeeeee e 2948
60.19.4.1 Protection against Access to the TM Target Areas .......cccccceeeereenenieneneneneeneneenne 2948
60.19.4.2 Further Writing to the TM Target ATCas .......ccccceevvevvereerieeienrieeenieeeesreese e eaeseeesaesnees 2948
60.19.4.3 Executing the Configuration Clear Command ............cccceeeuerieecieniieieneerieneeee e 2948
60.19.4.4 When the MPU Setting is for Access to the TM Target Areas .......cccceeevevveecverveecvennnnns 2948
60.19.4.5 FACI Block Erase Command for the TM Target Areas ........c.cccceceeeeeeerccnenenenennennes 2948
60.19.4.6 Conditions for Correct Operation of the TM Function ..........cccececeveneninvcnencnnennenn 2948

60.20  USAGE INOLES .ueieuieuiieiieieetiete ettt sttt e ettt et et e et e eue e bt eaeesbees e e beeseebeebeeneeesee bt eaeenbeeseenaeemeeseeeneenbeas 2949
60.20.1 Reading Area Where Program or Erase Operation was Aborted or Suspended .................... 2949
60.20.2 Suspension During Programming/ETasure .........c..cccccceoervenirinienenenicnienereeneneeesesee e 2949
60.20.3 Prohibition of Additional Programming ............ccccoeceririerieieiieeseee e 2949
60.20.4 Resets During Programming/Erasure, or Blank Checking .........cccccoceeviniiiinieniniiicee, 2949
60.20.5 Allocation of Vectors for Interrupts and Other Exceptions During Programming/Erasure ... 2949
60.20.6 Items Prohibited During Programming/Erasure, or Blank Checking ...........ccccoovevenvieiennnnne. 2949
60.20.7 Notes on Program Execution in Boot Mode (USB Interface) ........ccccoovvvvevivrienenieneeeee, 2949
60.20.8 Programming/Erasure in Low-Speed Operating Modes 1 and 2 .........ccccoccvvevenencncncncnnenne 2950
60.20.9 Notes on iSSUing Program COMMANAS ........ccverieriertierierierieeieeeeeereeeeeesseseessesseesesseessesseenseens 2950
Electrical CharacCteriStiCS .........ouuiiiiiiiiiiiie et e e srbe e e e e 2951
61.1 Absolute Maximum RatINGS .........ccveiiiiieieiieieiee ettt s ene e ene 2951
61.2 Recommended Operating CONAItIONS ...........cccverveeierrieiesiieierteeeesieseereseesseseessesseessesseessesssessessens 2952
61.3 DC CRATACLEIISTICS ..eveeuviuieeeetieiietiesie et et e ettt et e e te et et es e bt enee et eneeseeemeesaesneeseeneenseeneensesneenees 2953
61.4 AC CRATACLETISTICS ..uveutentenienietietieteeteet et st et et e et ett e st e st et et e s bt s b e st et et et et e st enteue et e ebesbeste s eneeneeneeneenes 2958
61.4.1 RESEE TIMING ..eveintieiieeie ettt ettt ettt ettt et e et e e s st e te st e en e eseeneeeneeneesaeeneesnes 2960

61.4.2 CLOCK TIMIINE ettt ettt sttt et s et et sbe e e ebeeteebeentesaeeneesaee 2961



61.4.3 Timing of Recovery from Low Power Consumption Modes .........ccccecererieriienieneeeieneeee. 2967

61.4.4 Control Signal TIMINE .....eeoueiiiiiiiee ettt sttt sttt enee e e 2970
61.4.5 BUS TIMINE c.eeitiiieee ettt ettt st et st b et e b e s e eb e et e eb e et e eaeenaeeaee 2971
61.4.6 EXDMAC TIIMING ettt ettt ettt b ettt st ettt et ebeebesbesaeebeseeneenean 2984
61.4.7 Timing of On-Chip Peripheral MOdUIES ..........cccoeieriirieierieieceeeeee e e 2985
61.4.7.1 J/O POT ettt ettt ettt 2985
61.4.7.2 TPU ettt ettt ettt et s e st e st e et ke e b e b e e b e ebe s en b esaeat e st es et e ne s et e besesenbensens 2986
61.4.73 TIMR ettt et ettt h ettt et e e et e a e e n e sttt ne st teebeeaeasebentens 2987
61.4.7.4 CIMTW ettt et e at ekt ehe ettt eebesa e s emseateneeseeseeneeseebeaseseensensensens 2987
61.4.7.5 IMITU ettt et ekt b e ettt b e st et s e st e st es et ebe s bt et e abesbentenseneens 2988
61.4.7.6 POE ettt b bbbt 2989
61.4.7.7 POEG .ttt b bbbttt 2991
61.4.7.8 GPTW ettt ettt ettt se et e et e e bees e b esbessessesaessesseseeseeneesensensensens 2993
61.4.7.9 ST ettt a e a e et ekttt e et et et et enteneeneeaeeseetesnesensenes 2994
61.4.7.10 RILC ettt et e e et bt ettt be s s e e b et et et e st eneeneeneeneesesaeenennan 3000
61.4.7.11 RIS P ettt h ettt b e sa ettt a et a bbbt bennen 3002
61.4.7.12 QS P ettt b bbbt be bbb aen 3007
61.4.7.13 SSIE ettt bbbttt b bbbt b bt nee 3009
61.4.7.14 PIMGI oottt ettt et s bbb b s b s b st sttt teeteeteeseeseese b enbensenean 3011
61.4.7.15 IMIMIC ettt bbbttt ne et ee 3012
61.4.7.16 SDHI ...ttt e ee et e ae st e te b e s s e s et et enteseeneeaeeseetesaensensenes 3013
61.4.7.17 ETHERC ...ttt ettt sttt b st s et e besbenbenneneens 3014
61.4.7.18 P et h bttt bbbttt n e eaeeae bt besaeeaeean 3019
61.4.7.19 GLECDIC ettt e et h e e bt st b ettt b bbb bt 3021
61.4.7.20 A/D CONVEILEr TTIZEET ...veeveivieieeiieieetieteetieteeeteee et etestestesseestesseensesseesseeseessesneensesnees 3023
61.4.7.21 CAC ettt h e bbbttt bbbt b bt 3024

61.5 LU 2 @) 1T Tor ) 15 ot TSP 3025
61.6 A/D Conversion CharaCteriSTICS .......c..erterterterierieieieiirttrteeteeteste st teste st et et et et eseebeebeebeebesbesbeseesenee 3027
61.7 D/A Conversion CharaCteriStICS .......ceieeruerierertieieetieteetteteeete st eeeseeeee s e eeesaeenbesbeeneesseensesseeneeenes 3029
61.8 Temperature SenSOr CharaCteriSTICS .....c.ccievierierierieriierieetesieetesteeeessestesseseessesssessesseessesseessensessens 3029
61.9 Power-on Reset Circuit and Voltage Detection Circuit Characteristics .........c.cceeeveereniereeccenennne 3030
61.10  Oscillation Stop Detection TIMING .........ccceevverierieriieriieiereetesteeeeseeeesseeseseeseeseesaessesssessesseesessens 3033
61.11 Battery Backup Function CharacteriStiCs ...........ceieriirieriinieiereerie et 3034
61.12  Flash Memory CharacteriSTICS .........cccerveruererruerreeienteeeesteestessesaessessaessesssessesssessesssessesssessessesnsessens 3035
61.13 BOUNAATY SCAN ...ttt a et b e ettt ettt et sae e eaeas 3038
Appendix 1. Port States in Each Processing Mode ............c.uuiiiiiiiiiiiiie e 3040
Appendix 2. Package DIMENSIONS .....coiiiiiiiiiiiiite ettt et e e e e e e e e e e s e nbeeaeeeeeaaaaaeeeesannnes 3046

REVISION HISTORY ..o s s e e s e e e 3052



ENESANS

RX66N Group
Renesas MCUs

120-MHz 32-bit RX MCU, on-chip double-precision FPU, 698 CoreMark,

RO1UH0825EJ0120
Rev.1.20
Nov 15, 2023

up to 4-MB flash memory (supportive of the dual bank function), 1-MB SRAM, various communications interfaces including
Ethernet MAC, SD host interface, quad SPI, and CAN, 12-bit A/D converter, RTC, Encryption functions (optional), Serial sound
interface, CMOS camera interface, Graphic-LCD controller, 2D drawing engine

Features

m 32-bit RXv3 CPU core

e Maximum operating frequency: 120 MHz
Capable of 698 CoreMark in operation at 120 MHz
Double-precision 64-bit IEEE-754 floating point
A collective register bank save function is available.
Supports the memory protection unit (MPU)
JTAG and FINE (one-line) debugging interfaces

m Low-power design and architecture
e Operation from a single 2.7- to 3.6-V supply
e RTC is capable of operation from a dedicated power supply.
e Four low-power modes

m On-chip code flash memory
o Supports versions with up to 4 Mbytes of ROM
e Read cycle of 8.3 ns in operation at 120-MHz with no access wait
cycles

e User code is programmable by on-board or off-board programming.

o Programming/erasing as background operations (BGOs)
e A dual-bank structure allows exchanging the start-up bank.

m On-chip data flash memory
o 32 Kbytes, reprogrammable up to 100,000 times
e Programming/erasing as background operations (BGOs)

m On-chip SRAM
e | Mbyte of SRAM (no wait states)
e 32 Kbytes of RAM with ECC (single error correction/double error
detection)
o 8 Kbytes of standby RAM (backup on deep software standby)

m Data transfer
o DMACAa: 8 channels
e DTCb: 1 channel
o EXDMAC: 2 channels
o DMAC for the Ethernet controller: 1 channel

m Reset and supply management
e Power-on reset (POR)
e Low voltage detection (LVD) with voltage settings

m Clock functions
o External crystal resonator or internal PLL for operation at 8 to 24
MHz
e PLL for specific purposes
e Internal 240-kHz LOCO and HOCO selectable from 16, 18, and 20
MHz
e 120-kHz clock for the IWDTa

m Real-time clock
o Adjustment functions (30 seconds, leap year, and error)
e Real-time clock counting and binary counting modes are selectable
e Time capture function
(for capturing times in response to event-signal input)

= Independent watchdog timer
e 120-kHz clock operation

m Useful functions for IEC60730 compliance
o Oscillation-stoppage detection, frequency measurement, CRCA,
IWDTa, self-diagnostic function for the A/D converter, etc.
e Register write protection function can protect values in important
registers against overwriting.

PLQP0176KB-C 24 x 24 mm, 0.5-mm pitch
PLQP0144KA-B 20 x 20 mm, 0.5-mm pitch
PLQP0100KB-B 14 x 14 mm, 0.5-mm pitch

PTLGO0145KA-A 7 x 7 mm, 0.5-mm pitch

PLBG0224GA-A 13 x 13 mm, 0.8-mm pitch
PLBG0176GA-A 13 x 13 mm, 0.8-mm pitch

m Various communications interfaces

e Ethernet MAC (1 channel)

e PHY layer (1 channel) for host/function or OTG controller
(1 channel) with full-speed USB 2.0 transfer

e CAN (compliant with ISO11898-1), incorporating 32 mailboxes (up
to 3 channels)

o SCJj and SCIh with multiple functionalities (up to 8 channels)
Choose from among asynchronous mode, clock-synchronous mode,
smart-card interface mode, simplified SPI, simplified I2C, and
extended serial mode.

e SCIi with 16-byte transmission and reception FIFOs (up to 5
channels)

o 12C bus interface for transfer at up to 1 Mbps (3 channels)

e Four-wire QSPI (1 channel) in addition to RSPIc (3 channels)

o Parallel data capture unit (PDC) for the CMOS camera interface
(except for 100-pin products)

e Graphic-LCD controller (GLCDC)

e 2D drawing engine (DRW2D)

e SD host interface (1 channel) with a 1- or 4-bit SD bus for use with
SD memory or SDIO

o MMCIF with 1-, 4-, or 8-bit transfer bus width

m External address space
e Buses for full-speed data transfer (max. operating frequency of 80
MHz)
e 8 CS areas
e 8-, 16-, or 32-bit bus space is selectable per area
e Independent SDRAM area (128 Mbytes)

m Up to 29 extended-function timers
e 32-bit GPTW (4 channels)
e 16-bit TPUa (6 channels), MTU3a (9 channels)
o 8-bit TMRa (4 channels), 16-bit CMT (4 channels), 32-bit CMTW (2
channels)

m 12-bit A/D converter
e Two 12-bit units (8 channels for unit 0; 21 channels for unit 1)
o Self diagnosis, detection of analog input disconnection

m 12-bit D/A converter: 2 channels

m Temperature sensor for measuring temperature
within the chip

m Encryption functions (optional)
o AES (key lengths: 128, 192, and 256 bits)
e Trusted Secure IP (TSIP)

m Up to 182 pins for general I/O ports
e 5-V tolerance, open drain, input pull-up, switchable driving ability

m Operating temp. range
e D-version: —40°C to +85°C
e G-version: —40°C to +105°C

RO1UH0825EJ0120 Rev.1.20
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1. Overview

1.1 Outline of Specifications

Table 1.1 lists the specifications in outline, and Table 1.2 give a comparison of the functions of products in different
packages.

Table 1.1 is an outline of maximum specifications, and the peripheral modules and the number of channels of the
modules differ depending on the number of pins on the package and the capacity of the code flash memory. For details,
refer to Table 1.2, Comparison of Functions for Different Packages.

Table 1.1 Outline of Specifications (1/11)

Classification | Module/Function Description

CPU CPU e Maximum operating frequency: 120 MHz
e 32-bit RX CPU (RXv3)
o Minimum instruction execution time: One instruction per state (cycle of the system
clock)
o Address space: 4-Gbyte linear
* Register set of the CPU
General purpose: Sixteen 32-bit registers
Control: Ten 32-bit registers
Accumulator: Two 72-bit registers
¢ 113 instructions
Instructions installed as standard: 111
Basic instructions: 77
Single-precision floating-point operation instructions: 11
DSP instructions: 23
Instructions for register bank save function: 2
o Addressing modes: 11
o Data arrangement
Instructions: Little endian
Data: Selectable as little endian or big endian
o On-chip 32-bit multiplier: 32 x 32 — 64 bits
e On-chip divider: 32 / 32 — 32 bits
o Barrel shifter: 32 bits

FPU ¢ Single-precision floating-point numbers (32 bits) and double-precision floating-point
numbers (64 bits)
e Data types and floating-point exceptions in conformance with the IEEE754 standard

Double-precision o Double-precision floating-point register set
floating point Double-precision floating-point data registers: 16, each with 64-bit width
coprocessor Double-precision floating-point control registers: Four, each with 32-bit width

o Double-precision floating-point processing instructions: 21
» Notifying the interrupt controller of double-precision floating-point exceptions

Register bank save o Fast collective saving and restoration of the values of CPU registers
function * 16 save register banks
RO1UHO0825EJ0120 Rev.1.20 RENESAS Page 71 of 3065
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Table 1.1 Outline of Specifications (2/11)

Classification Module/Function

Description

Memory Code flash memory

o Capacity: 2 Mbytes/4 Mbytes

o ROM cache: 8 Kbytes

e Up to 120 MHz, no-wait access

e On-board programming: Four types

o Off-board programming (parallel programmer mode)

e Instructions are executable only for the program stored in the TM target area by using
the Trusted Memory (TM) function and protection against data reading is realized.

o A dual-bank structure allows programming during reading or exchanging the start-up
areas

Data flash memory

Capacity: 32 Kbytes
Programming/erasing: 100,000 times

Unique ID

16-byte unique ID for each device

RAM

Capacity: 512 Kbytes
e Up to 120 MHz, no-wait access

Expansion RAM

Capacity: 512 Kbytes
Up to 120 MHz, no-wait access

ECC RAM

Capacity: 32 Kbytes
Up to 120 MHz, one-wait cycle access
SEC-DED (single-bit error correction and double-bit error detection)

Standby RAM

Capacity: 8 Kbytes
Operation synchronized with PCLKB: Up to 60 MHz, two-cycle access

Operating modes

Operating modes by the mode-setting pins at the time of release from the reset state
Single-chip mode

Boot mode (for the SCI interface)

Boot mode (for the USB interface)

Boot mode (for the FINE interface)

Selection of operating mode by register setting

Single-chip mode

On-chip ROM disabled extended mode

On-chip ROM enabled extended mode

Endian selectable

Clock Clock generation circuit

Main clock oscillator, sub-clock oscillator, low-speed/high-speed on-chip oscillator, PLL
frequency synthesizer (two circuits), and IWDT-dedicated on-chip oscillator

The peripheral module clocks can be set to frequencies above that of the system clock.
Main-clock oscillation stoppage detection

Separate frequency-division and multiplication settings for the system clock (ICLK),
peripheral module clocks (PCLKA, PCLKB, PCLKC, PCLKD), flash-IF clock (FCLK) and
external bus clock (BCLK)

The CPU and other bus masters run in synchronization with the system clock (ICLK): Up
to 120 MHz

Peripheral modules of MTU, RSPI, SCIi, ETHERC, PMGI, EDMAC, GPTW, GLCDC,
and DRW2D, run in synchronization with PCLKA, which operates at up to 120 MHz.
Other peripheral modules run in synchronization with PCLKB: Up to 60 MHz

ADCLK in the S12AD (unit 0) runs in synchronization with PCLKC: Up to 60 MHz
ADCLK in the S12AD (unit 1) runs in synchronization with PCLKD: Up to 60 MHz
Flash IF run in synchronization with the flash-IF clock (FCLK): Up to 60 MHz

Devices connected to the external bus run in synchronization with the external bus clock
(BCLK): Up to 80 MHz

The high-speed on-chip oscillator (HOCO) can be obtained through frequency-
multiplication of the PLL or PPLL reference clock

o External clock input frequency: 30 MHz (max)

o Clock output function

RO1UH0825EJ0120 Rev.1.20
Nov 15, 2023

ENESAS Page 72 of 3065



RX66N Group

1. Overview

Table 1.1 Outline of Specifications (3/11)

Classification |Modu|e/Function

Description

Reset

Nine types of reset

o RES# pin reset: Generated when the RES# pin is driven low.

e Power-on reset: Generated when the RES# pin is driven high and VCC = AVCCO =
AVCCH1 rises.

» Voltage-monitoring 0 reset: Generated when VCC = AVCCO = AVCC1 falls.

* Voltage-monitoring 1 reset: Generated when VCC = AVCCO = AVCC1 falls.

» Voltage-monitoring 2 reset: Generated when VCC = AVCCO = AVCCH1 falls.

» Deep software standby reset: Generated in response to an interrupt to trigger release
from deep software standby.

» Independent watchdog timer reset: Generated when the independent watchdog timer
underflows, or a refresh error occurs.

e Watchdog timer reset: Generated when the watchdog timer underflows, or a refresh
error occurs.

o Software reset: Generated by register setting.

Power-on reset

o |f the RES# pin is at the high level when power is supplied, an internal reset is
generated.
After VCC = AVCCO = AVCC1 has exceeded the voltage detection level and the
specified period has elapsed, the reset is cancelled.

Voltage detection circuit (LVDA)

Monitors the voltage being input to the VCC = AVCCO = AVCC1 pins and generates an
internal reset or interrupt.
* Voltage detection circuit 0
Capable of generating an internal reset
The option-setting memory can be used to select enabling or disabling of the reset.
Voltage detection level: Selectable from three different levels (2.94 V, 2.87 V, 2.80 V)
Voltage detection circuits 1 and 2
Voltage detection level: Selectable from three different levels (2.99 V, 2.92 V, 2.85 V)
Digital filtering (1/2, 1/4, 1/8, and 1/16 LOCO frequency)
Capable of generating an internal reset
Two types of timing are selectable for release from reset
An internal interrupt can be requested.
Detection of voltage rising above and falling below thresholds is selectable.
o Maskable or non-maskable interrupt is selectable
Voltage detection monitoring
Event linking

Low power Low power consumption
consumption function

o Module stop function

Four low power consumption modes

Sleep mode, all-module clock stop mode, software standby mode, and deep software
standby mode

Battery backup function

o When the voltage on the VCC pin drops, battery power from the VBATT pin is supplied
to keep the real-time clock (RTC) operating.

Interrupt Interrupt controller
(ICuD)

Number of interrupt vectors: 256

External interrupts: 16 (pins IRQO to IRQ15)

Software interrupts: 2 sources

Non-maskable interrupts: 8 sources

Sixteen levels specifiable for the order of priority

Method of interrupt source selection:

The interrupt vectors consist of 256 vectors (128 sources are fixed. The remaining 128
vectors are selected from among the other 161 sources.)

External bus extension

The external address space can be divided into eight areas (CS0 to CS7), each with
independent control of access settings.

Capacity of each area: 16 Mbytes (CS0 to CS7)

A chip-select signal (CS0# to CS7#) can be output for each area.

Each area is specifiable as an 8-, 16-, or 32-bit bus space.

The data arrangement in each area is selectable as little or big endian (only for data).
 SDRAM interface connectable

o Bus format: Separate bus, multiplex bus

* Wait control

o Write buffer facility

RO1UH0825EJ0120 Rev.1.20
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Table 1.1 Outline of Specifications (4/11)

Classification | Module/Function Description
DMA DMA controller e 8 channels
(DMACAa) o Three transfer modes: Normal transfer, repeat transfer, and block transfer
o Activation sources: Software trigger and interrupt requests from peripheral functions
EXDMA controller e 2 channels
(EXDMACa) Four transfer modes: Normal transfer, repeat transfer, block transfer, and cluster
transfer

¢ Single-address transfer enabled with the EDACKn signal
* Request sources: Software trigger, external DMA requests (EDREQn), and interrupt
requests from peripheral functions

Data transfer controller | ¢ Three transfer modes: Normal transfer, repeat transfer, and block transfer

(DTCb) * Request sources: External interrupts and interrupt requests from peripheral functions
e Sequence transfer
1/0 ports Programmable 1/O ports | ¢ 1/O ports for the 224-pin LFBGA
I/O pins: 182
Input pin: 1

Pull-up resistors: 182
Open-drain outputs: 182

5-V tolerance: 19

I/0 ports for the 176-pin LFBGA and 176-pin LFQFP
I/O pins: 136

Input pin: 1

Pull-up resistors: 136
Open-drain outputs: 136

5-V tolerance: 19

I/O ports for the 145-pin TFLGA and 144-pin LFQFP
I/O pins: 111

Input pin: 1

Pull-up resistors: 111
Open-drain outputs: 111

5-V tolerance: 18

1/O ports for the 100-pin LFQFP
I/O pins: 78

Input pin: 1

Pull-up resistors: 78
Open-drain outputs: 78

5-V tolerance: 17

Event link controller (ELC)

Event signals such as interrupt request signals can be interlinked with the operation of
functions such as timer counting, eliminating the need for intervention by the CPU to
control the functions.

123 internal event signals can be freely combined for interlinked operation with
connected functions.

Event signals from peripheral modules can be used to change the states of output pins
(of ports B and E).

Changes in the states of pins (of ports B and E) being used as inputs can be interlinked
with the operation of peripheral modules.
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RX66N Group

1. Overview

Table 1.1 Outline of Specifications (5/11)

Classification Module/Function

Description

Timers 16-bit timer pulse unit
(TPUa)

e (16 bits x 6 channels) x 1 unit

o Maximum of 16 pulse-input/output possible

» Select from among seven or eight counter-input clock signals for each channel
o Input capture/output compare function

o Output of PWM waveforms in up to 15 phases in PWM mode

e Support for buffered operation, phase-counting mode (two phase encoder input) and
cascade-connected operation (32 bits x 2 channels) depending on the channel.
PPG output trigger can be generated

Capable of generating conversion start triggers for the A/D converters

Digital filtering of signals from the input capture pins

Event linking by the ELC

Multifunction timer pulse
unit (MTU3a)

¢ 9 channels (16 bits x 8 channels, 32 bits x 1 channel)

Maximum of 28 pulse-input/output and 3 pulse-input possible

Select from among 14 counter-input clock signals for each channel (PCLKA/1, PCLKA/
2, PCLKA/4, PCLKA/8, PCLKA/16, PCLK/A32, PCLKA/64, PCLKA/256, PCLKA/1024,
MTCLKA, MTCLKB, MTCLKC, MTCLKD, MTIOC1A)

14 of the signals are available for channel 0, 11 are available for channels 1, 3, 4, 6 to 8,
12 are available for channel 2, and 10 are available for channel 5.

Input capture function

39 output compare/input capture registers

Counter clear operation (synchronous clearing by compare match/input capture)
Simultaneous writing to multiple timer counters (TCNT)

Simultaneous register input/output by synchronous counter operation

Buffered operation

Support for cascade-connected operation

43 interrupt sources

Automatic transfer of register data

Pulse output mode

Toggle/PWM/complementary PWM/reset-synchronized PWM

Complementary PWM output mode

Outputs non-overlapping waveforms for controlling 3-phase inverters

Automatic specification of dead times

PWM duty cycle: Selectable as any value from 0% to 100%

Delay can be applied to requests for A/D conversion.

Non-generation of interrupt requests at peak or trough values of counters can be
selected.

Double buffer configuration

Reset synchronous PWM mode

Three phases of positive and negative PWM waveforms can be output with desired duty
cycles.

o Phase-counting mode: 16-bit mode (channels 1 and 2); 32-bit mode (channels 1 and 2)
e Counter functionality for dead-time compensation

e Generation of triggers for A/D converter conversion

o A/D converter start triggers can be skipped

Digital filter function for signals on the input capture and external counter clock pins
PPG output trigger can be generated

Event linking by the ELC

Port output enable 3
(POE3a)

o Control of the high-impedance state of the MTU waveform output pins

¢ 5 pins for input from signal sources: POEO#, POE4#, POES8#, POE10#, POE11#

 |nitiation on detection of short-circuited outputs (detection of simultaneous PWM output
to the active level)

e Initiation by oscillation-stoppage detection or software

o Additional programming of output control target pins is enabled
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RX66N Group

1. Overview

Table 1.1

Outline of Specifications (6/11)

Classification

Module/Function

Description

Timers

General PWM timer
(GPTW)

o 32 bits x 4 channels (GPTWO0 to GPTW3)

o Counting up or down (sawtooth-wave), counting up and down (triangle-wave) selectable
for all channels

o Clock sources independently selectable for each channel

e 2 input/output pins per channel

e 2 output compare/input capture registers per channel

o For the 2 output compare/input capture registers of each channel, 4 registers are
provided as buffer registers and are capable of operating as comparison registers when
buffering is not in use.

* In output compare operation, buffer switching can be at crests or troughs, enabling the
generation of laterally asymmetrically PWM waveforms.

» Registers for setting up frame intervals on each channel (with capability for generating

interrupts on overflow or underflow)

Generation of dead times in PWM operation

e Capable of synchronous start, stop, or clearing of counter for any channel

o Capable of a start, stop, clearing, or up-/down-counting of the counter supporting input

level comparison

Capable of a start, stop, clearing, or up-/down-counting of the counter supporting

maximum of 4 external triggers

Output pin disabling function by a dead time error or a short circuit detection among

output pins

Capable of generating conversion start triggers for the A/D converters as well as

monitoring external pins for a start timing of conversion.

Capable of outputting events, such as compare-match from A to F and overflow/

underflow, to ELC

Capable of using noise filter of input capture

Port output enable for
GPTW (POEG)

Controlling the output disable for GPTW waveform output
Initiation by input level detection of GTETRG pins
Initiation by output disable request from GPTW

Initiation by detection of oscillation stop or by software

Programmable pulse
generator (PPG)

o (4 bits x 4 groups) x 2 units
o Pulse output with the MTU or TPU output as a trigger
Maximum of 32 pulse-output possible

8-bit timers (TMR)

o (8 bits x 2 channels) x 2 units

Select from among seven internal clock signals (PCLKB/1, PCLKB/2, PCLKB/8,
PCLKB/32, PCLKB/64, PCLKB/1024, PCLKB/8192) and one external clock signal
Capable of output of pulse trains with desired duty cycles or of PWM signals

The 2 channels of each unit can be cascaded to create a 16-bit timer

Generation of triggers for A/D converter conversion

Capable of generating baud-rate clocks for SCI5, SCI6, and SCI12

Event linking by the ELC

Compare match timer
(CMT)

e (16 bits x 2 channels) x 2 units
Select from among four internal clock signals (PCLKB/8, PCLKB/32, PCLKB/128,
PCLKB/512)

Compare match timer W
(CMTW)

o (32 bits x 1 channel) x 2 units

Compare-match, input-capture input, and output-comparison output are available.
Select from among four internal clock signals (PCLKB/8, PCLKB/32, PCLKB/128,
PCLKB/512)

Interrupt requests can be output in response to compare-match, input-capture, and
output-comparison events.

e Event linking by the ELC

Realtime clock (RTCd)*"

o Clock sources: Main clock, sub-clock

e Selection of the 32-bit binary count in time count/second unit possible
e Clock and calendar functions

o Interrupt sources: Alarm interrupt, periodic interrupt, and carry interrupt
o Battery backup operation

o Time-capture facility for three values

o Event linking by the ELC

Watchdog timer (WDTA)

e 14 bits x 1 channel
o Select from among 6 counter-input clock signals (PCLKB/4, PCLKB/64, PCLKB/128,
PCLKB/512, PCLKB/2048, PCLKB/8192)
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1. Overview

Table 1.1

Outline of Specifications (7/11)

Classification

Module/Function

Description

Timers

Independent watchdog
timer (IWDTa)

e 14 bits x 1 channel

o Counter-input clock: IWDT-dedicated on-chip oscillator

» Dedicated clock/1, dedicated clock/16, dedicated clock/32, dedicated clock/64,
dedicated clock/128, dedicated clock/256

o Window function: The positions where the window starts and ends are specifiable (the

window defines the timing with which refreshing is enabled and disabled).

Event linking by the ELC

Communication
function

Ethernet controller
(ETHERC)

1 channel

Input and output of Ethernet/IEEE 802.3 frames

Transfer at 10 or 100 Mbps

Full- and half-duplex modes

¢ MIl (Media Independent Interface) and RMII (Reduced Media Independent Interface) as
defined in IEEE 802.3u

e Detection of Magic PacketsT™*2 or output of a “wake-on-LAN” signal (WOL)

o Compliance with flow control as defined in IEEE 802.3x standards

PHY management
interface (PMGl)

¢ 1 channel

e This module is compliant with the MIl (Media Independent Interface) as defined in the
IEEE 802.3u standard.

e Transmission and reception of management frames through PHY-LSI chips having an
MIl or RMIl interface is supported.

o Alleviates load on the CPU by shifting it to dedicated hardware

e The timing of management data is adjustable.

¢ Preambles can be deleted.

DMA controller for
ethernet controller
(EDMACa)

e 1 channel

For ETHERC: 1 channel
o Alleviation of CPU load by the descriptor control method
e Transmission FIFO: 2 Kbytes; Reception FIFO: 2 Kbytes

USB 2.0 FS host/
function module (USBDb)

e Includes a UDC (USB Device Controller) and transceiver for USB 2.0 FS
e One port

o Compliance with the USB 2.0 specification

o Transfer rate: Full speed (12 Mbps), low speed (1.5 Mbps) (host only)

¢ Both self-power mode and bus-power mode are supported

e OTG (On the Go) operation is possible (low-speed is not supported)

e Incorporates 2 Kbytes of RAM as a transfer buffer

o External pull-up and pull-down resistors are not required
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1. Overview

Table 1.1

Outline of Specifications (8/11)

Classification

Module/Function

Description

Communication
function

Serial communications
interfaces
(SClj, SCli, SCIh)

e 13 channels (SCIj: 7 channels + SCli: 5 channels + SClh: 1 channel)
e SCIj, SCli, SCIh
Serial communications modes: Asynchronous, clock synchronous, and smart-card
interface
Multi-processor function
On-chip baud rate generator allows selection of the desired bit rate
Choice of LSB-first or MSB-first transfer
Start-bit detection: Level or edge detection is selectable.
Simple 12C
Simple SPI
7- to 9-bit transfer mode
Bit rate modulation
Double-speed mode
Detecting matches of data is supported (other than for SCI12)
SClj, SClh
Average transfer rate clock can be input from TMR timers for SCI5, SCI6, and SCI12
Event linking by the ELC (only on channel 5)
e SCIlh
Supports the serial communications protocol, which contains the start frame and
information frame
Supports the LIN format
o SCli
Data can be transmitted or received in sequence by the 16-byte FIFO buffers of the
transmission and reception unit

I2C bus interface (RIICa)

¢ 3 channels (only channel 0 can be used in fast-mode plus)
Communication formats

I2C bus format/SMBus format

Supports the multi-master

Max. transfer rate: 1 Mbps (channel 0)

Event linking by the ELC

CAN module (CAN)

e 3 channels
Compliance with the ISO11898-1 specification (standard frame and extended frame)
32 mailboxes per channel

Serial peripheral
interface (RSPIc)

3 channels
o RSPI 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
Switching between MSB first and LSB first
The number of bits in each transfer can be changed to any number of bits from 8 to 16,
or to 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
o Buffered structure
Double buffers for both transmission and reception
¢ RSPCK can be stopped with the receive buffer full for master reception.
Event linking by the ELC

Quad serial peripheral
interface (QSPI)

e 1 channel

* Connectable with serial flash memory equipped with multiple input and output lines (i.e.
for single, dual, or quad operation)

e Programmable bit length and selectable active sense and phase of the clock signal

e Sequential execution of transfer

o LSB or MSB first is selectable
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Table 1.1 Outline of Specifications (9/11)

Classification | Module/Function Description

Extended serial sound interface (SSIE) e 2 channels

o Full-duplex transmission (only for channel 0)

e Various types of serial audio formatting are supported.

o Master and slave operations are supported.

» The bit-clock frequency is selectable from among 13 frequencies (1/1, 1/2, 1/4, 1/6, 1/8,
1112, 1/16, 1/24, 1/32, 1/48, 1/64, 1/96, or 1/128).

Data formats with 8, 16, 18, 20, 22, 24, and 32 bits are supported.

32-stage FIFO buffers for transmission and reception

Stopping or not stopping the SSILRCK signal on stopping of data transmission is
selectable.

SD host interface (SDHI) e 1 channel

Transfer speed: Supports high-speed mode (25 MB/s) and default speed mode
(12.5 MB/s)

One interface for SD memory and I/O cards (supporting 1- and 4-bit SD buses)

SD specifications

Part 1: Physical Layer Specification Ver. 3.01 compliant (DDR not supported)

Part E1: SDIO Specification Ver. 3.00

Error checking: CRC7 for commands and CRC16 for data

Interrupt requests: Card access interrupt, SDIO access interrupt, card detection

interrupt, interrupt of SD buffer access

DMA transfer requests: SD_BUF write and SD_BUF read

Support for card detection and write protection

MMC host interface (MMCIF) 1 channel

Transfer speed: Data transfer mode (30 MB/s), backward compatible mode (25 MB/s)
Compliant with JEDEC STANDARD JESD84-A441 (DDR is not supported)

Interface for Multimedia Cards (MMCs)

Data buses: Support for 1-, 4-, and 8-bit MMC buses

Interrupt requests: Card detection interrupt, error/timeout interrupt, normal operation
interrupt, interrupt of MMCIF buffer access

DMA transfer requests: CE_DATA write and CE_DATA read

Support for card detection, boot operation, high priority interrupt (HPI)

1 channel

Acquisition of synchronization through external 8-bit horizontal and vertical
synchronization signals

Setting of the image size when clipping of the output for a one-frame image is required

Parallel data capture unit (PDC)

Graphic-LCD controller (GLCDC) 1 channel
Various data formats and LCD panels are supported
Superposition of 3 planes (single-color background, graphic 1, graphic 2)

32- and 16-bpp graphics data and 8-, 4-, and 1-bit CLUT data formats are supported

2D drawing engine (DRW2D) 1 channel

Vector drawing (straight lines, triangles, and circles)

Bit blitting (with support for filling, copying, stretching, and rotation)

Bus master function for input and output of frame buffer data

32-, 16-, and 8-bit pixel graphics data are supported

Bus master function for input of texture data

Input of texture data (32, 24, 16, 8, 4, 2, or 1 bit) are supported.

Run length encoding is supported

A CLUT is installed and index data can be converted into color data

e Two rendering modes are supported (register mode and display list mode)
e Performance counting

e Interrupts in response to completion of rendering and processing of the display list
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Table 1.1 Outline of Specifications (10/11)

Classification | Module/Function Description

12-bit A/D converter (S12ADFa) e 12 bits x 2 units (unit 0: 8 channels; unit 1: 21 channels)

o 12-bit resolution (switchable between 8, 10, and 12 bits)

* Conversion time

0.48 us per channel (for 12-bit conversion)

0.45 s per channel (for 10-bit conversion)

0.42 ps per channel (for 8-bit conversion)

Operating mode

Scan mode (single scan mode, continuous scan mode, or 3 group scan mode)

Group priority control (only for 3 group scan mode)

Sample-and-hold function

Common sample-and-hold circuit included

In addition, channel-dedicated sample-and-hold function (3 channels: in unit O only)

included

Sampling variable

Sampling time can be set up for each channel.

Digital comparison

Method: Comparison to detect voltages above or below thresholds and window
comparison

Measurement: Comparison of two results of conversion or comparison of a value in the

comparison register and a result of conversion

Self-diagnostic function

The self-diagnostic function internally generates three analog input voltages

(unit 0: VREFLO, VREFHO x 1/2, VREFHO; unit 1: AVSS1, AVCC1 x 1/2, AVCC1)

Double trigger mode (A/D conversion data duplicated)

Detection of analog input disconnection

Three ways to start A/D conversion

Software trigger, timer (MTU, TMR, TPU) trigger, external trigger

Event linking by the ELC

12-bit D/A converter (R12DAa) e 2 channels

12-bit resolution

Output voltage: 0.2 V to AVCC1 — 0.2 V (buffered output), 0 V to AVCC1 (unbuffered
output)

Buffered output or unbuffered output can be selected.

Event linking by the ELC

1 channel

Relative precision: + 1°C

The voltage of the temperature is converted into a digital value by the 12-bit A/D
converter (unit 1).

Temperature sensor

Safety Memory protection unit | e Protection area: Eight areas (max.) can be specified in the range from 0000 0000h to
(MPU) FFFF FFFFh.

Minimum protection unit: 16 bytes

Reading from, writing to, and enabling the execution access can be specified for each
area.

An access exception occurs when the detected access is not in the permitted area.

Trusted Memory (TM) e Programs in the TM target area in the code flash memory are protected against reading
Function Instruction fetching by the CPU is the only form of access to these areas when the TM
function is enabled.

Register write protection | e Protects important registers from being overwritten for in case a program runs out of

function control.
CRC calculator (CRCA) | e Generation of CRC codes for 8-/32-bit data
8-bit data

Selectable from the following three polynomials

X8+ X2+ X+ 1, X16+ X15+ X2+ 1, X16 + X12 + X5 + 1

32-bit data

Selectable from the following two polynomials

X32 + X26 + X234+ X22 + X16 + X124+ X1+ X104+ X8+ X7+ X5+ X4+ X2 + X + 1,

X32 + X28 4+ X27 + X26 + X254+ X23 + X22 + X20 + X194+ X18 + X14 + X13 + X111 + X10 + X9 +

X8+ X6 + 1
o Generation of CRC codes for use with LSB-first or MSB-first communications is
selectable
Main clock oscillation * Main clock oscillation stop detection: Available
stop detection
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Table 1.1 Outline of Specifications (11/11)

Classification | Module/Function Description
Safety Clock frequency o Monitors the clock output from the main clock oscillator, sub-clock oscillator, low- and
accuracy measurement high-speed on-chip oscillators, IWDT-dedicated on-chip oscillator, USB clock, Ethernet-
circuit (CAC) PHY external clock, and PCLKB, and generates interrupts when the setting range is
exceeded.
Data operation circuit e The function to compare, add, or subtract 16-bit data
(DOC)
Encryption Trusted Secure IP e Security algorithm
function (TSIP)*3 Common key encryption: AES (compliant with NIST FIPS PUB 197), TDES, ARC4
Non-common key encryption: RSA
o Other features
TRNG (true-random number generator)
Hash value generation: SHA1, SHA224, SHA256, MD5, GHASH
Prevention of the illicit copying of keys

Operating frequency Up to 120 MHz

Power supply voltage VCC =AVCCO0 = AVCC1=VCC_USB =2.7t0 3.6V, 2.7 < VREFHO < AVCCO,
VBATT =1.62t03.6 V*4

Operating temperature D-version: —40 to +85°C
G-version: —40 to +105°C

Package 224-pin LFBGA (PLBG0224GA-A)

176-pin LFBGA (PLBG0176GA-A)
176-pin LFQFP (PLQP0176KB-C)
145-pin TFLGA (PTLG0145KA-A)
144-pin LFQFP (PLQP0144KA-B)
100-pin LFQFP (PLQP0100KB-B)

On-chip debugging system e E1 emulator (JTAG and FINE interfaces)

Note 1. When the realtime clock is not used, initialize the registers in the time clock according to description in section 33.6.7,
Initialization Procedure When the Realtime Clock is Not to be Used.

Note 2. Magic Packet™ is a registered trademark of Advanced Micro Devices, Inc.

Note 3. The product part number differs according to whether or not the MCU includes the encryption function.

Note 4. The low CL crystal unit cannot be used when the Vg1t voltage is less than 2.0 V.

RO1UH0825EJ0120 Rev.1.20 RENESAS Page 81 of 3065
Nov 15, 2023



RX66N Group

1. Overview

Table 1.2 Comparison of Functions for Different Packages (1/2)
Functions RX66N
Package 224 Pins ‘ 176 Pins 144 Pins/145 Pins | 100 Pins
External bus External bus width 32 bits/16 bits/8 bits 16 bits/8 bits
SDRAM area controller Available | Not available
DMA DMA controller Ch.0to7
Data transfer controller Available
EXDMA controller Ch.0and 1
Timers 16-bit timer pulse unit Ch.0to 5
Multi-function timer pulse unit 3 Ch.0to 8
General PWM timer Ch.0to3
Port output enable 3 Available
Port output enable for GPTW Available
Programmable pulse generator Ch.0and 1
8-bit timers Ch.0to 3
Compare match timer Ch.0to3
Compare match timer W Ch.0and 1
Realtime clock Available
Watchdog timer Available
Independent watchdog timer Available
Communication Ethernet controller Ch.0
function PHY management interface Ch.0
DMA controller for the ethernet Ch. 0 (ETHERC)
controller
USB2.0 FS host/function module Ch.0
Serial communications interfaces (SClj) Ch.0to6 Ch.0to 3, 5,
and 6
Serial communications interfaces (SCli) Ch. 7 to 11 Ch.8to 11
Serial communications interfaces Ch. 12
(SCIh)
12C bus interfaces Ch.0to 2
Serial peripheral interface Ch.0to2
CAN module Ch.0to 2 Ch.0and 1
Quad serial peripheral interface Ch.0
Expansion serial sound interface Ch.0and 1
SD host interface Ch.0
Multimediacard interface Ch.0
Parallel data capture unit Available Not available
Graphics Graphic-LCD controller Available
2D drawing engine Available
12-bit A/D Unit 0 ANO0O0O to AN0O7 (8 channels)
converter Unit 1 AN100 to AN120 (21 channels) AN100to AN113
(14 channels)
12-bit D/A converter Ch.0and 1 Ch. 1
Temperature sensor Available
CRC calculator Available
Data operation circuit Available
Clock frequency accuracy measurement circuit Available
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Table 1.2 Comparison of Functions for Different Packages (2/2)
Functions RX66N
Package 224 Pins ‘ 176 Pins 144 Pins/145 Pins 100 Pins
Trusted Secure IP Available/Not available
Event link controller Available
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1.2 List of Products
Table 1.3 is a list of products, and Figure 1.1 shows how to read the product part no.
Table 1.3 List of Products (1/2)
Code Flash Data Flash Operating Operating
Memory RAM Memory Frequency Encryption temperature
Group Part No. Package Capacity Capacity Capacity (Max.) Module (°C)
RX66N R5F566NNDDFC | PLQP0176KB-C 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40to +85
(D-version) R5F566NNHDFC | PLQP0176KB-C 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NDDDFC | PLQP0176KB-C 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40to +85
R5F566NDHDFC | PLQP0176KB-C 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NNDDFB | PLQP0144KA-B 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available —40 to +85
R5F566NNHDFB | PLQP0144KA-B 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NDDDFB | PLQP0144KA-B 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40to +85
R5F566NDHDFB PLQPO0144KA-B 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NNDDFP | PLQP0100KB-B 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40 to +85
R5F566NNHDFP | PLQP0100KB-B 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NDDDFP PLQP0100KB-B 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available —40 to +85
R5F566NDHDFP | PLQP0100KB-B 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NNDDBD | PLBG0224GA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40to +85
R5F566NNHDBD PLBG0224GA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NDDDBD | PLBG0224GA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40to +85
R5F566NDHDBD | PLBG0224GA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NNDDBG | PLBG0176GA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available —40 to +85
R5F566NNHDBG | PLBGO176GA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NDDDBG | PLBG0176GA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40to +85
R5F566NDHDBG | PLBG0176GA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NNDDLK | PTLG0145KA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40to +85
R5F566NNHDLK | PTLGO145KA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
R5F566NDDDLK PTLGO0145KA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available —40 to +85
R5F566NDHDLK | PTLG0145KA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +85
RX66N R5F566NNDGFC | PLQP0176KB-C 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40 to +105
(G-version) R5F566NNHGFC | PLQP0176KB-C 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
R5F566NDDGFC | PLQP0176KB-C 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40 to +105
R5F566NDHGFC | PLQP0176KB-C 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
R5F566NNDGFB | PLQP0144KA-B 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40 to +105
R5F566NNHGFB | PLQP0144KA-B 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
R5F566NDDGFB | PLQP0144KA-B 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40 to +105
R5F566NDHGFB | PLQP0144KA-B 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
R5F566NNDGFP | PLQP0100KB-B 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40 to +105
R5F566NNHGFP | PLQP0100KB-B 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
R5F566NDDGFP | PLQP0100KB-B 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40 to +105
R5F566NDHGFP | PLQP0100KB-B 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
R5F566NNDGBD | PLBG0224GA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40to +105
R5F566NNHGBD | PLBG0224GA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
R5F566NDDGBD | PLBG0224GA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40 to +105
R5F566NDHGBD | PLBG0224GA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
R5F566NNDGBG | PLBG0176GA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40to +105
R5F566NNHGBG | PLBG0176GA-A 4 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
R5F566NDDGBG | PLBG0176GA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Not available | —40 to +105
R5F566NDHGBG | PLBG0176GA-A 2 Mbytes 1 Mbyte 32 Kbytes 120 MHz Available —40 to +105
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Table 1.3

List of Products (2/2)

Group

Part No.

Package

Code Flash
Memory
Capacity

RAM
Capacity

Data Flash
Memory
Capacity

Operating
temperature
(°C)

Operating
Frequency
(Max.)

Encryption
Module

RX66N
(G-version)

R5F566NNDGLK

PTLG0145KA-A

4 Mbytes

1 Mbyte

32 Kbytes 120 MHz Not available | —40 to +105

R5F566NNHGLK

PTLGO145KA-A

4 Mbytes

1 Mbyte

32 Kbytes 120 MHz Available —40 to +105

R5F566NDDGLK

PTLG0145KA-A

2 Mbytes

1 Mbyte

32 Kbytes 120 MHz Not available | —40 to +105

R5F566NDHGLK

PTLGO0145KA-A

2 Mbytes

1 Mbyte

32 Kbytes 120 MHz Available —40 to +105

BD

L

Package type, number of pins, and pin pitch
BD: LFBGA/224/0.80
FC: LFQFP/176/0.50
BG: LFBGA/176/0.80
FB: LFQFP/144/0.50
LK: TFLGA/145/0.50
FP: LFQFP/100/0.50

D : Operating peripheral temperature: —40 to +85°C
G: Operating peripheral temperature: —40 to +105°C

D : Encryption module not included
H: Encryption module included

Code flash memory, RAM, and data flash memory capacity
N: 4 Mbytes/1 Mbyte/32 Kbytes
D: 2 Mbytes/1 Mbyte/32 Kbytes

Group name
RX66N Group

Series name
RX600 Series

Type of memory
F : Flash memory version

Renesas MCU

Renesas semiconductor product

Figure 1.1

How to Read the Product Part Number

RO1UH0825EJ0120 Rev.1.20
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1.3
Figure 1.2 shows

Block Diagram

a block diagram.

CAC
ICU
ELC
MTU x 9 channels
POE3
GPTW x 4 channels
POEG
TPU x 6 channels (unit 0)
PPG (unit 0)
PPG (unit 1)
TMR x 2 channels (unit 0)
TMR x 2 channels (unit 1)
CMT x 2 channels (unit 0)
CMT x 2 channels (unit 1)
CMTW x 1 channel (unit 0)
CMTW x 1 channel (unit 1)
RTC
WDT
IWDT
ETHERC x 1 channel
PMGI x 1 channel
USB x 1 port
SClh x 1 channel

Internal peripheral buses 1 to 6

\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV/

A N /\C DMAC x 8 channels K] SCli x 5 channels Bor 0
<l = <] DTC < SClj x 7 channels Port 1
RAM <l K] EDMAC x 1 channel K] RIIC x 3 channels Port 2
<] <] GLCDC < CAN x 3 channels Port 3
< DRW2D <] SSIE x 2 channels Port 4
Expansion <] - RSPI x 3 channels Port5
RAM <l = QSPI Port 6
<] p CRC Port 7
of |2 o SDHI Port 8
ECCRAM K] sg = PDC _ Port A
<l5| |© g Trusted Secure [P Port B
E = 12-bit A/D converter x 8 channels (unit 0) PortC
row 195
<] Temperature sensor ggz E
| | DOC Port G
RX CPU - :> - > Standby RAM Port H
MPU ) « > Data flash Port J
2 k] ~| | PortK
& 'E EXDMAC S Port L
ock \/ = > Port M
generation c
circuit o Dy BSC External bus Port N
sV Port Q
CAC: Clock frequency accuracy measurement circuit EDMAC: DMA controller for the ethernet controller
ICU: Interrupt controller PMGI: Phy management interface
BSC: Bus controller USB: USB2.0 FS host/function module
MPU: Memory protection unit SClj, SCli, SClh: Serial communications interface
DMAC: DMA controller RIIC: 12C-bus interface
EXDMAC: EXDMA controller CAN: CAN module
DTC: Data transfer controller SSIE: Serial sound interface enhanced
ELC: Event link controller RSPI: Serial communications interface
MTU: Multi-function timer pulse unit 3 QSPI: Quad serial peripheral interface
POE3: Port output enable 3 CRC: CRC calculator
GPTW: General PWM timer SDHI: SD host interface
POEG: GPTW port output enable MMCIF:  MultiMediaCard interface
TPU: 16-bit timer pulse unit PDC: Parallel data capture unit
PPG: Programmable pulse unit GLCDC: Graphic LCD controller
TMR: 8-bit timer DRW2D: 2D drawing engine
CMT: Compare match timer Trusted Secure IP: Trusted secure IP*1
CMTW: Compare match timer W DOC: Data operation circuit
RTC: Realtime clock
WDT: Watchdog timer
IWDT: Independent watchdog timer
ETHERC: Ethernet controller Note 1. Optional
Figure 1.2 Block Diagram
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1.4 Pin Functions

Table 1.4 lists the pin functions.

Table 1.4 Pin Functions (1/8)

Classifications Pin Name 110 Description

Digital power supply VCC Input Power supply pin. Connect this pin to the system power supply.
Connect the pin to VSS via a 0.1-yF multilayer ceramic
capacitor. The capacitor should be placed close to the pin.

VCL Input Connect this pin to VSS via a 0.22-yF multilayer ceramic
capacitor. The capacitor should be placed close to the pin.

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

VBATT Input Backup power pin

Clock XTAL Output | Input/output pins for a crystal resonator. An external clock signal

EXTAL Input can be input through the EXTAL pin.

BCLK Output | Outputs the external bus clock for external devices.

SDCLK Output | Outputs the SDRAM-dedicated clock.

XCOUT Output | Input/output pins for the sub-clock oscillator. Connect a crystal

XCIN Input resonator between XCOUT and XCIN.

CLKOUT QOutput | Clock output pin.

Clock frequency accuracy | CACREF Input Reference clock input pin for the clock frequency accuracy

measurement measurement circuit

Operating mode control MD Input Input pin for setting the operating mode. The signal level on this
pin must not be changed during operation.

uB Input USB boot mode enable pin

UPSEL Input Selects the power supply method in USB boot mode.

The low level selects self-power mode and the high level selects
bus power mode.

System control RES# Input Reset signal input pin. This MCU enters the reset state when
this signal goes low.

EMLE Input Input pin for the on-chip emulator enable signal. When the on-
chip emulator is used, this pin should be driven high. When not
used, it should be driven low.

BSCANP Input Boundary scan enable pin. Boundary scan is enabled when this
pin goes high. When not used, it should be driven low.

On-chip emulator FINED I/10 FINE interface pin

TRST# Input On-chip emulator or boundary scan pins. When the EMLE pin is

™S Input driven high, these pins are dedicated for the on-chip emulator.

TDI Input

TCK Input

TDO Output

TRCLK Output | This pin outputs the clock for synchronization with the trace
data.

TRSYNC, TRSYNC1 Output | These pins indicate that output from the TRDATAO to TRDATA7
pins is valid.

TRDATAO to TRDATA7 Output | These pins output the trace information.

Address bus A0 to A23 QOutput | Output pins for the address
Data bus DO to D31 1/0 Input and output pins for the bidirectional data bus
Multiplexed bus A0/DO to A15/D15 1/0 Address/data multiplexed bus
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Table 1.4 Pin Functions (2/8)

Classifications Pin Name 110 Description
Bus control RD# Output | Strobe signal which indicates that reading from the external bus
interface space is in progress
WR# Output | Strobe signal which indicates that writing to the external bus
interface space is in progress, in 1-write strobe mode
WRO0# to WR3# Output | Strobe signals which indicate that either group of data bus pins
(D7 to DO, D15 to D8, D23 to D16 and D31 to D24) is valid in
writing to the external bus interface space, in byte strobe mode
BCO# to BC3# Output | Strobe signals which indicate that either group of data bus pins
(D7 to DO, D15 to D8, D23 to D16 and D31 to D24) is valid in
access to the external bus interface space, in 1-write strobe
mode
ALE Output | Address latch signal when address/data multiplexed bus is
selected
WAIT# Input Input pin for wait request signals in access to the external space
CSO0# to CS7# Output | Select signals for CS areas
SDRAM interface CKE Output | SDRAM clock enable signal
SDCS# Output | SDRAM chip select signal
RAS# Output | SDRAM row address strobe signal
CAS# Output | SDRAM column address strove signal
WE# OQutput | SDRAM write enable pin
DQMO to DQM3 Qutput | SDRAM I/O data mask enable signals
EXDMA controller EDREQO, EDREQ1 Input External DMA transfer request pins
EDACKO, EDACK1 Output | Single address transfer acknowledge signals
Interrupt NMI Input Non-maskable interrupt request pin
IRQO to IRQ15, IRQO-DS to Input Maskable interrupt request pins
IRQ15-DS
Multi-function timer pulse | MTIOCOA, MTIOCOB, 1/0 The TGRAO to TGRDO input capture input/output compare
unit 3 MTIOCOC, MTIOCOD output/PWM output pins
MTIOC1A, MTIOC1B 1/0 The TGRA1 and TGRB1 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
MTIOC3C, MTIOC3D output/PWM output pins
MTIOC4A, MTIOC4B, /10 The TGRA4 to TGRD4 input capture input/output compare
MTIOC4C, MTIOC4D output/PWM output pins
MTIC5U, MTIC5V, MTIC5W Input The TGRU5, TGRV5, and TGRWS input capture input/dead
time compensation input pins
MTIOC6A, MTIOC6B, 1/0 The TGRAG6 to TGRD6 input capture input/output compare
MTIOC6C, MTIOCED output/PWM output pins
MTIOC7A, MTIOCT7B, 1/0 The TGRA7 to TGRD?7 input capture input/output compare
MTIOC7C, MTIOC7D output/PWM output pins
MTIOCS8A, MTIOCS8B, 1/0 The TGRAS8 to TGRDS8 input capture input/output compare
MTIOC8C, MTIOC8D output/PWM output pins
MTCLKA, MTCLKB, MTCLKC, | Input Input pins for external clock signals or for phase counting mode
MTCLKD clock signals
Port output enable 3 POEO#, POE4#, POE8#, Input Input pins for request signals to place the MTU in the high
POE10#, POE11# impedance state
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Table 1.4 Pin Functions (3/8)
Classifications Pin Name 110 Description
General PWM timer W GTETRGA, GTETRGB, Input Input pins for the external trigger signals
GTETRGC, GTETRGD
GTIOCOA to GTIOC3A, 1/0 Input capture input/output compare output/PWM output pins
GTIOCOB to GTIOC3B
GTADSMO, GTADSM1 Output | Output pins for monitoring A/D conversion start requests.
16-bit timer pulse unit TIOCAOQ, TIOCBO, TIOCCO, 1/0 The TGRAO to TGRDO input capture input/output compare
TIOCDO output/PWM output pins
TIOCA1, TIOCB1 1/0 The TGRA1 and TGRB1 input capture input/output compare
output/PWM output pins
TIOCA2, TIOCB2 1/0 The TGRA2 and TGRB2 input capture input/output compare
output/PWM output pins
TIOCAS3, TIOCB3, TIOCC3, 1/0 The TGRA3 to TGRD3 input capture input/output compare
TIOCD3 output/PWM output pins
TIOCA4, TIOCB4 1/0 The TGRA4 and TGRB4 input capture input/output compare
output/PWM output pins
TIOCAS5, TIOCB5 1/0 The TGRA5 and TGRBS5 input capture input/output compare
output/PWM output pins
TCLKA, TCLKB, TCLKC, Input Input pins for external clock signals or for phase counting mode
TCLKD clock signals
Programmable pulse POO0 to PO31 Output | Output pins for the pulse signals
generator
8-bit timer TMOO to TMO3 Output | Compare match output pins
TMCIO to TMCI3 Input Input pins for external clocks to be input to the counter
TMRIO to TMRI3 Input Input pins for the counter reset
Compare match timer W | TICO to TIC3 Input Input pins for CMTW
TOCO to TOC3 Output | Output pins for CMTW
Serial communications e Asynchronous mode/clock synchronous mode
interface (SCI)) SCKO to SCK6 110 Input/output pins for the clock
RXDO0 to RXD6 Input Input pins for received data
TXDO to TXD6 Output | Output pins for transmitted data
CTSO# to CTS6# Input Input pins for controlling the start of transmission and reception
RTSO0# to RTS6# Output | Output pins for controlling the start of transmission and
reception
o Simple 12C mode
SSCLO to SSCL6 1/0 Input/output pins for the I2C clock
SSDAO to SSDA6 I/0 Input/output pins for the I2C data
e Simple SPI mode
SCKO to SCK6 110 Input/output pins for the clock
SMISO0 to SMISO6 110 Input/output pins for slave transmission of data
SMOSI0 to SMOSI6 1/0 Input/output pins for master transmission of data
SSO# to SS6# Input Chip-select input pins
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Table 1.4

Pin Functions (4/8)

Classifications

Pin Name

\ 1o

| Description

Serial communications
interface (SClh)

e Asynchronous mode/clock synchronous mode

SCK12 110 Input/output pin for the clock

RXD12 Input Input pin for received data

TXD12 Output | Output pin for transmitted 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
o 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 110 Input/output pin for slave transmission of data

SMOSI12 110 Input/output pin for master transmission of data

SS12# Input Chip-select input pin

o Extended serial mode

RXDX12 Input Input pin for received data

TXDX12 Output | Output pin for transmitted data

SI0X12 1/0 Input/output pin for received or transmitted data

Serial communications
interface (SCIi)

¢ Asynchronous mode/clock sy

nchronous mode

SCK7 to SCK11 1/0 Input/output pins for the clock
RXD7 to RXD11 Input Input pins for received data
TXD7 to TXD11 Output | Output pins for transmitted data
CTST7#to CTS11# Input Input pins for controlling the start of transmission and reception
RTS7# to RTS11# Output | Output pins for controlling the start of transmission and
reception
o Simple 12C mode
SSCL7 to SSCL11 1/0 Input/output pins for the 12C clock
SSDA7 to SSDA11 I/0 Input/output pins for the I2C data
e Simple SPI mode
SCK7 to SCK11 110 Input/output pins for the clock
SMISO7 to SMISO11 110 Input/output pins for slave transmission of data
SMOSI7 to SMOSI11 1/0 Input/output pins for master transmission of data
SS7# to SS11# Input Chip-select input pins
I2C bus interface SCLO[FM+], SCL1, SCL2, 1/0 Input/output pins for clocks. Bus can be directly driven by
SCL2-DS the N-channel open drain
SDAO[FM+], SDA1, SDA2, 110 Input/output pins for data. Bus can be directly driven by
SDA2-DS the N-channel open drain
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Table 1.4 Pin Functions (5/8)
Classifications Pin Name 110 Description
Ethernet controller REF50CKO0 Input 50-MHz reference clock. This pin inputs a reference signal for
transmission/reception timing in RMII mode.

RMII0O_CRS_DV Input This pin indicates that there are carrier detection signals and
valid receive data on RMII0_RXD1 and RMII0_RXDO0 in RMII
mode.

RMIIO_TXDO, RMII0_TXD1 Qutput | 2-bit transmit data in RMII mode

RMII0_RXDO, RMII0_RXD1 Input 2-bit receive data in RMIl mode

RMIIO_TXD_EN Output | Output pin for a data transmit enable signal in RMII mode

RMIIO_RX_ER Input This pin indicates an error has occurred during reception of data
in RMII mode.

ETO_CRS Input Carrier detection/data reception enable pin

ETO_RX_DV Input This pin indicates that there are valid receive data on
ETO_ERXD3 to ETO_ERXDO.

ETO_EXOUT Output | General-purpose external output pin

ETO_LINKSTA Input Input link status from the PHY-LSI.

ETO_ETXDO to ETO_ETXD3 Output | 4 bits of MIl transmit data

ETO_ERXDO to ETO_ERXD3 Input 4 bits of Ml receive data

ETO_TX_EN Output | Transmit enable pin. This pin functions as a signal indicating
that transmit data are ready on ETO_ETXD3 to ETO_ETXDO.

ETO_TX_ER Output | Transmit error pin. This pin functions as a signal notifying the
PHY-LSI of an error during transmission.

ETO_RX_ER Input Receive error pin. This pin functions as a signal to recognize an
error during reception.

ETO_TX_CLK Input Transmit clock pin. This pin inputs a reference signal for output
timing from ETO_TX_EN, ETO_ETXD3 to ETO_ETXDO, and
ETO_TX_ER.

ETO_RX_CLK Input Receive clock pin. This pin inputs a reference signal for input
timing to ETO_RX_DV, ETO_ERXD3 to ETO_ERXDO, and
ETO_RX_ER.

ETO_COL Input Input collision detection signal.

ETO_WOL Output | Receive Magic packet.

ETO_MDC Output | Output reference clock signal for information transfer via
ETO_MDIO.

ETO_MDIO 1/0 Input or output bidirectional signal for exchange of management
information between this MCU and the PHY-LSI.

CLKOUT25M Output | 25-MHz clock output pin for PHY clock input

PHY management PMGIO_MDC Output | Reference clock signal for information transfer by PMGIO_MDIO

interface PMGIO_MDIO 1/0 Bi-directional signal for the exchange of management
information between the PHY LSI chip and this MCU

USB 2.0 host/function VCC_USB Input Power supply pin

module VSS_USB Input | Ground pin

USB0O_DP 1/0 Input or output USB transceiver D+ data.

USB0_DM 1/0 Input or output USB transceiver D- data.

USBO_EXICEN Qutput | Connect to the OTG power IC.

USBO_ID Input Connect to the OTG power IC.

USBO_VBUSEN Output | USB VBUS power enable pin

USB0_OVRCURA/ Input USB overcurrent pins

USB0O_OVRCURB

USB0_VBUS Input USB cable connection/disconnection detection input pin
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Table 1.4 Pin Functions (6/8)
Classifications Pin Name 110 Description
CAN module CRX0, CRX1, CRX2, Input Input pins
CRX1-DS
CTX0, CTX1, CTX2 Output | Output pins
Serial peripheral interface | RSPCKA-A/RSPCKA-B/ /10 Clock input/output pins
RSPCKB-A/RSPCKB-B/
RSPCKC-A/RSPCKC-B
MOSIA-A/MOSIA-B/ 1/0 Input or output data output from the master
MOSIB-A/MOSIB-B/
MOSIC-A/MOSIC-B
MISOA-A/MISOA-B/ 1/0 Input or output data output from the slave
MISOB-A/MISOB-B/
MISOC-A/MISOC-B
SSLAO-A/SSLAO0-B/ 1/0 Input or output pins for slave selection
SSLBO0-A/SSLB0-B/
SSLCO0-A/SSLCO0-B
SSLA1-A/SSLA1-B/ Output | Output pins for slave selection
SSLB1-A/SSLB1-B/
SSLC1-A/SSLC1-B,
SSLA2-A/SSLA2-B/
SSLB2-A/SSLB2-B/
SSLC2-A/SSLC2-B,
SSLA3-A/SSLA3-B/
SSLB3-A/SSLB3-B/
SSLC3-A/SSLC3-B
Quad serial peripheral QSPCLK-A/QSPCLK-B/ Output | QSPI clock output pins
interface QSPCLK-C
QSSL-A/QSSL-B/QSSL-C Output | QSPI slave output pins
QMO-A/QMO-B/QMO-C, /0 Master transmit data/data 0
QIO0-A/QIO0-B/QIO0-C
QMI-A/QMI-B/QMI-C, 110 Master input data/data 1
QIO1-A/QIO1-B/QIO1-C
Ql02-A/QI02-B/QI02-C, /0 Data 2, data 3
QIO3-A/QIO3-B/QIO03-C
Serial sound interface SSIBCKO, SSIBCK1 110 SSIE serial bit-clock pins
enhanced SSILRCKO, SSILRCK1 VO | LR clock
SSITXDO Output | Serial data output pin
SSIRXDO Input Serial data input pin
SSIDATA1 1/0 Serial data input/output pin
AUDIO_CLK Input External clock pin for audio
(input for an oversampling clock)
MMC host interface MMC_CLK-A/MMC_CLK-B Output | MMC clock pins
MMC_CMD-A/MMC_CMD-B 1/0 Command/response pins
MMC_D7-A/MMC_D7-B to 1/0 Transmit data/receive data
MMC_DO0-A/MMC_DO0-B
MMC_CD-A/MMC_CD-B Input Card detection pins
MMC_RES#-A/MMC_RES#-B | Output | MMC reset output pins
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Table 1.4 Pin Functions (7/8)
Classifications Pin Name 110 Description
SD host interface SDHI_CLK-A/SDHI_CLK-B/ Output | SD clock output pins
SDHI_CLK-C/SDHI_CLK-D
SDHI_CMD-A/SDHI_CMD-B/ | I/O SD command output, response input signal pins
SDHI_CMD-C/SDHI_CMD-D
SDHI_D3-A/SDHI_D3-B/ 110 SD data bus pins
SDHI_D3-C/SDHI_D3-D to
SDHI_DO0-A/SDHI_DO0-B/
SDHI_DO0-C/SDHI_D0-D
SDHI_CD Input SD card detection pin
SDHI_WP Input SD write-protect signal
Parallel data capture unit | PIXCLK Input Image transfer clock pin
VSYNC Input Vertical synchronization signal pin
HSYNC Input Horizontal synchronization signal pin
PIXDO to PIXD7 Input 8-bit image data pins
PCKO Output | Output pin for dot clock
Graphic-LCD controller LCD_CLK-A, LCD_CLK-B Output | Panel clock output pins
LCD_TCONS3-A/ Output | Control signal output pins
LCD_TCONS3-B to
LCD_TCONO-A/
LCD_TCONO-B
LCD_DATA23-A/ Output | LCD signal output pins
LCD_DATA23-B to
LCD_DATAO0-A/
LCD_DATAO0-B
LCD_EXTCLK-A, Input Panel clock source input pins
LCD_EXTCLK-B
Realtime clock RTCOUT Output | Output pin for 1-Hz/64-Hz clock
RTCICO to RTCIC2 Input Time capture event input pins
12-bit A/D converter ANO0O0O to AN0O7, Input Input pins for the analog signals to be processed by the A/D
AN100 to AN120 converter
ADTRGO#, ADTRG1# Input Input pins for the external trigger signals that start the A/D
conversion
ANEXO0 Output | Extended analog output pin
ANEX1 Input Extended analog input pin
12-bit D/A converter DAO, DA1 Output | Output pins for the analog signals to be processed by the D/A
converter
Analog power supply AVCCO Input Analog voltage supply pin for the 12-bit A/D converter (unit 0).
Connect this pin to a branch from the VCC power supply.
Connect the pin to AVSSO0 via a 0.1-yF multilayer ceramic
capacitor. The capacitor should be placed close to the pin.
AVSS0 Input Analog ground pin for the 12-bit A/D converter (unit 0). Connect
this pin to a branch from the VSS ground power supply.
Connect the pin to AVCCO via a 0.1-yF multilayer ceramic
capacitor. The capacitor should be placed close to the pin.
VREFHO Input Analog reference voltage supply pin for the 12-bit A/D converter
(unit 0). Connect this pin to VCC if the 12-bit A/D converter is
not to be used.
VREFLO Input Analog reference ground pin for the 12-bit A/D converter (unit
0). Connect this pin to VSS if the 12-bit A/D converter is not to
be used.
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Table 1.4 Pin Functions (8/8)

Classifications Pin Name 110 Description

Analog power supply AVCC1 Input Analog voltage supply and reference voltage supply pin for the
12-bit A/D converter (unit 1) and D/A converter. This pin also
supplies the analog voltage to the temperature sensor. Connect
this pin to a branch from the VCC power supply. Connect the
pin to AVSS1 via a 0.1-yF multilayer ceramic capacitor. The
capacitor should be placed close to the pin.

AVSS1 Input Analog voltage supply and reference voltage supply pin for the
12-bit A/D converter (unit 1) and D/A converter. This pin also
supplies the analog ground voltage to the temperature sensor.
Connect this pin to a branch from the VSS ground power
supply. Connect the pin to AVCC1 via a 0.1-yF multilayer
ceramic capacitor. The capacitor should be placed close to the
pin.

1/0 ports P00 to P03, P05, P07 /10 6-bit input/output pins

P10 to P17 /0 8-bit input/output pins

P20 to P27 1/0 8-bit input/output pins

P30 to P37 1/0 8-bit input/output pins (P35: input pin)

P40 to P47 1/0 8-bit input/output pins

P50 to P57 /10 8-bit input/output pins

P60 to P67 /10 8-bit input/output pins

P70 to P77 /0 8-bit input/output pins

P80 to P87 1/0 8-bit input/output pins

P90 to P97 1/0 8-bit input/output pins

PAO to PA7 /0 8-bit input/output pins

PBO to PB7 1/0 8-bit input/output pins

PCO0 to PC7 1/0 8-bit input/output pins

PDO to PD7 1/0 8-bit input/output pins

PEO to PE7 1/0 8-bit input/output pins

PFO to PF5 1/0 6-bit input/output pins

PGO to PG7 1/0 8-bit input/output pins

PJO to PJ3, PJ5 1/0 5-bit input/output pins

PHO to PH7 1/0 8-bit input/output pins

PKO to PK7 1/0 8-bit input/output pins

PLO to PL7 1/0 8-bit input/output pins

PMO to PM7 1/0 8-bit input/output pins

PNO to PN5 1/0 6-bit input/output pins

PQO to PQ7 1/0 8-bit input/output pins

Note:  Note the following regarding pin names. For details, refer to section 1.5, Pin Assignments.

- We recommend using pins that have a letter (“-A”, “-B”, etc.) to indicate group membership appended to their names as

groups.

For the RSPI, QSPI, SDHI, MMC, and GLCDC interfaces, the AC portion of the electrical characteristics is measured for each

group.

- When the pin functions have “-DS” appended to their names, they can also be used as triggers for release from deep software

standby.

- RIIC pin functions that have [FM+] appended to their names support fast-mode plus.
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1.5 Pin Assignments
1.5.1 224-Pin LFBGA
RX66N Group
PLBG0224GA-A (224-pin LFBGA)
(Upper Perspective View)
A B c D E F G H J K L M N P R
15| P70 PE7 P66 P67 PG4 PG7 PA4 PA5 PA7 P72 PB4 PB6 PB7 PM3 PM5 | 15
14| PE1 PE4 P65 PG2 PG5 PG6 PA3 PA6 PBO PB3 PB2 PCO PC1 PM4 P74 | 14
13| P62 PE2 PE5 VSs PE6 PG3 PA2 VSSs P71 PB5 vce PM7 PM6 pC2 P75 | 13
12| P61 P63 VSS PE3 vce PAO PA1 vce PB1 VSS PN4 PL6 P76 PL2 PL4 | 12
11| PD7 vce P64 PEO PQ4 PM1 PMO PLO PN5 PM2 P77 PL5 PK2 PC4 PC3 | 11
10| PGO PD6 P60 PG1 PQ5 VSsS | vce P73 PL1 PL3 PL7 PKO P80 P82 PC5 | 10
9| PD3 PD4 P97 PD5 PQ3 PQ6 PN2 PN3 PK3 PK1 P81 P83 PC7 VSS PC6 |9
8| P96 P95 vCcC | VvSs PQ1 PN1 PQ2 PQ7 | P53*1 P50 P52 P51 vce P11 P55 | 8
7| PD2 P94 PD1 P93 PQO PK6 | RES# | PJ3 P15 P10 vCcC | VSS P56 P57 P54 |7
6| PDO \Yele P90 P02 PNO | EMLE | PF5 [BSCANP| PH2 PH1 PJ2 P84 PJ1 VSSB—US US?DO—D 6
5| P92 P91 VSS PO1 P07 PK5 PJ5 P32 P30 PFO \Yee PJO P13 VCCB—US US?AO—D 5
MD/
4| P41 P46 P44 P40 P43 PKa | Cvep | P38 P31 PH5 P24 VSS P85 P14 P12 | 4
3 |VREFLO| P42 P05 P03 P00 PF4 vce P35 PF3 PH4 PF1 P25 P86 P20 P16 | 3
2 |VREFHO| AVCCO | AVCC1 | P47 VSS | VBATT | VSS P34 PF2 PH6 p27 P23 PHO P17 P87 | 2
1| NC |AVSSO|AVSS1| P45 VCL | XCIN |XCOUT| XTAL | EXTAL [ PH7 PH3 P26 P22 PK7 P21 | 1
A B c D E F G H J K L M N P R
Note:  This figure indicates the power supply pins and I/O port pins. For the pin configuration, refer to Table 1.5, List
of Pin and Pin Functions (224-Pin LFBGA).
Note 1. P53 is multiplexed with the BCLK pin function, so cannot be used as an 1/O port pin when the external bus is
enabled.
Figure 1.3 Pin Assignment (224-Pin LFBGA)
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1.5.2 176-Pin LFBGA

15| PE2 PE3 P70 P65 P67 VSS VvCC PG7 PAG PBO P72 PB4 VSS VCC PC1 15

14| PE1 PEO VSS PE7 PG3 PAO PA1 PA2 PA7 VCC PB1 PB5 P73 P75 P74 14

13| P63 P64 PE4 VCC PG2 PG4 PG6 PA3 VSS P71 PB3 PB7 PCO PC2 P76 13

12| P60 VSS P62 PES PE6 P66 PG5 PA4 PA5 PB2 PB6 P77 PC3 PC4 P80 12

11 PD6 PG1 VCC P61 P81 P82 PC6 VCC 11
10| P97 PD4 PGO PD7 PC5 PC7 P83 VSS 10
9| VCC P96 PD3 PD5 P50 P51 P52 P53*1 | 9
RX66N Group
PTBGO0176GA-A
8 P94 PD1 PD2 VSS P55 P54 P10 P11 8

(176-pin LFBGA)
(Upper Perspective View)

7| vss | P92 | PDO | P95 P85 P84 P57 P56 | 7
VSS_ | USBO_

6| vcc | Po1 P90 P93 PJ1 PO | Uss op | 6
vCC_ | USBO_

5| P46 P47 | P45 P44 PJ2 P12 | oo om | 8

4| P42 P41 P43 P00 VSS |BSCANP| PF4 P35 PF3 PF1 P25 P86 P15 P14 P13 4

3 [VREFLO| P40 [VREFHO| PO3 PF5 PJ3 F:\:I?E/D RES# P34 PF2 PFO P24 P22 P87 P16 3

2| AVCCO | PO7 |[AvVCC1 P02 EMLE VCL |[XCOUT| VSS VCC P32 P30 P26 P23 P17 P20 2

1| AVSS0 | PO5 | AVSS1 P01 PJ5 | VBATT | XCIN XTAL | EXTAL | P33 P31 P27 VCC VSS P21 1

Note:  This figure indicates the power supply pins and I/O port pins. For the pin configuration, refer to Table 1.6, List
of Pin and Pin Functions (176-Pin LFBGA).
Note 1. P53 is multiplexed with the BCLK pin function, so cannot be used as an 1/O port pin when the external bus is

enabled.
Figure 1.4 Pin Assignment (176-Pin LFBGA)
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1.5.3 176-Pin LFQFP
el so 8350303808302 328%083r oo B85R8385
ooo>0o>00000 oo>0o>0o00000000>0>0000000000230>0
O0O000O00O000O00000 OO0O0O0O00O00O0O0O0O0O0O00O00000O0O0O000O000000000
S5 3R888QIRY 2L eRY 283858 838385888588388583
3=/ m (<D 88| P74
PE1 134 87| P75
PEO 135 86[] PC2
P64 136 85[] P76
P63 [J137 84 P77
P62 138 83[] PC3
P61 139 82[] PC4
VSS [J140 81 P80
P60 141 8o[] P81
VCC 142 79[ P82
PD7 143 78] PC5
PG1 [J144 7730 PC6
PD6 [J145 76 PC7
PGO 146 750 vCC
PD5 147 741 P83
PD4 []148 7310 VSS
P97 [J149 723 P50
PD3 [J150 713 P51
vss Qs RX66N Group o[ P52
P96 []152 69[7] P53"
vee Oiss PLQPO0176KB-C e[ P10
PD2 []154 67 P11
P95 []155 ( -nNi ) 66[] P54
PD1 156 176 pln LFQFP 65[] P55
P94 157 H 64 P56
PDO [J158 (Top VIeW) 63[1] P57
P93 159 62[] P84
P92 []160 61 P85
P91 161 60| PJO
VSS 162 59 PJ1
P90 [J163 58] PJ2
VCC 164 57 VSS_USB
P47 [J165 56 ] USBO_DP
P46 []166 55[] USBO_DM
P45 [J167 s54[] VCC_USB
P44 [J1e8 53] P12
P43 [J169 52[] P13
P42 170 51] P14
P41 171 50 P15
VREFLO 172 49[7] P86
P40 173 48[ P16
VREFHO [J174 471 P87
AVCCO 175 46 P17
PO i wornwo o C NPT o2 NRIAENER85 8338858833y 3 PP
O0O000000000000000000000000000000000000000000
OV TOCCTNTCOLUWOLNIIFOTAZEHF 2D ZTOOTOANNDONTOTONMNOLOT VNN —
PE8EPEEEaS8arZrYcgiEeiorlrRaaldaandnaaLane
<>( > > f} o) T X5 X x
< < > = < ~ w
g g 8
o
Note:  This figure indicates the power supply pins and 1/O port pins. For the pin configuration, refer to Table 1.7, List
of Pin and Pin Functions (176-Pin LFQFP).
Note 1. P53 is multiplexed with the BCLK pin function, so cannot be used as an I/O port pin when the external bus is
enabled.
Figure 1.5 Pin Assignment (176-Pin LFQFP)
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1.54 145-Pin TFLGA
A B o] D E F G H J K L M N
13| PE3 PE4 e PE6 P67 PA2 PA4 PA7 PB1 PB5 VSs \Yelo} P74 | 13
12| PE1 PE2 P70 PE5 P65 PA1 vce PBO PB2 PB6 P73 PC1 P75 | 12
11| P62 P61 PEO vce P66 VSS PAG P71 PB4 PB7 PC2 PCO PC3 | 11
10| VvsS vce P63 PE7 PAO PA3 PAS5 P72 PB3 P76 PC4 P77 P82 | 10
9| PD6 PD4 PD7 P64 P80 PC5 P81 PC7 |9
8| PD2 PDO PD3 P60 RX66N Group vce P83 PC6 vss |8
7| Pa2 P91 PD1 PD5 (145-pin TFLGA) P51 P52 P50 P55 | 7
(Upper Perspective View)
Vss USBO
%1 — —
6| P90 P47 VSS P93 P53 P56 USE DP 6
VCC_ | USBO_
5| P45 P43 P46 vce P44 P54 P13 USE DM 5
4| P42 |VREFLO| P41 P01 EMLE | VBATT |BSCANP| P35 P30 P15 P24 P12 P14 | 4
MD/
3| P40 P05 |VREFHO| PO3 PJ5 PJ3 ENeD | VSS P32 P31 P16 P86 P87 | 3
2| PO7 | AVCCO | P02 PF5 VCL | XCOUT | RES# vceC P33 P26 P23 P17 P20 |2
1| AVSSO | AvCC1 | AVSS1 P00 Vss XCIN XTAL | EXTAL | P34 p27 P25 P22 P21 1
A B C D E F G H J K L M N
Note:  This figure indicates the power supply pins and 1/O port pins. For the pin configuration,
refer to Table 1.8, List of Pin and Pin Functions (145-Pin TFLGA).
Note 1. P53 is multiplexed with the BCLK pin function, so cannot be used as an 1/O port pin when the external
bus is enabled.
Figure 1.6 Pin Assignment (145-Pin TFLGA)
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1.5.5 144-Pin LFQFP
L3O R8sl 3I02 e ndadndnRd330
o0 >0>0000000002>0>000000000000002>02>0
OO00O00O00O00O000O000O00000000O00000O000000000000000
8588388538858 8338085338565888388m58RRKRRGRR
PE2 o9~ = = = = = = = < 72 P74
PE1 110 71 P75
PEO 111 70[] PC2
P64 [J112 69[] P76
P63 [J113 68 P77
pe2 114 67[] PC3
pe1 115 66[] PC4
vss [O11e 65[] P80
P60 117 64 P81
vee s 63[] P82
pD7 119 62[] PC5
ppe []120 61[] PC6
pD5 i1 60[] PC7
PD4 [122 59[1 vee
pp3 []123 58] P83
pD2 [124 RX66N GFOUp 571 vss
pp1 125 56[] P50
P00 Orze PLQP0144KA-B | =i
P93 G (144-pin LFQFP) 41 Pe2
po2 [Ji2s i 53[1 P53™
P91 OQrze (TOp VleW) s2[] P54
vss 130 51 P55
poo 131 50[] P56
VCC Q132 49[1 vSS_USB
P47 133 48[ USBO_DP
P46 134 47[] USBO_DM
P45 [J13s 46[] VCC_USB
P44 136 45 P12
P43 137 44 P13
P42 138 43 P14
P41 139 42 P15
VREFLO [140 411 P86
P40 Q141 403 P16
VREFHO [J142 391 P87
AVCCO [143 O 38[1 P17
P i werwoo o Trereog s NRIR_NRRS s S8 38 P
oo oououooauo
O W T~ M- N O WW W W A ZEFEFH 2O JOWOLITONT OO ON
PE8EPEEE a9k UocRES¢EoRRREREREAARAR QR
2 2 2 g 8 XgEx"§
g g 8
o
Note:  This figure indicates the power supply pins and I/O port pins. For the pin configuration,
refer to Table 1.9, List of Pin and Pin Functions (144-Pin LFQFP).
Note 1. P53 is multiplexed with the BCLK pin function, so cannot be used as an I/O port pin when the external bus is enabled.
Figure 1.7 Pin Assignment (144-Pin LFQFP)
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1.5.6 100-Pin LFQFP
O SO ONO=N®MITWYWONODOOQ—N®MTTWVWOND
ol ol ol o R ol o o o ol ol
SUOOOONOOONH LN L UL L UL DS
PE2[] 76 s0[] PC2
PE1[] 77 49[] PC3
PEO[] 78 48] PC4
PD7 ] 70 477 PC5
PD6 [] 80 46[] PC6
PD5 [] 81 451 PC7
PD4 [] 82 44 P50
PD3 [] 83 43 P51
PD2 ] & 42[1 P52
PD1[] 8 RX66N GI’OUp 4[] P53
PDO [] 86 40 P54
oard o PLQP0100KB-B ] Pes
P46 [] 88 (100_p|n LFQFP) 38[] VSS_USB
P45 [] 89 . 37[] USBO_DP
Pa4 [ (Top view) 361 USBO_DM
P43 ] 9ot 35[] VCC_USB
P42 [] 92 4[] P12
P41[] 93 33 P13
VREFLO [] 321 P14
P40 [ 95 31 P15
VREFHO [] 9% 301 P16
AvVCCo [ 97 20 P17
P07 ] 98 28] P20
AVSS0 [] 99 O 2711 P21
P05 []100 R Mo e oo Do o vamzeDPD
O000000000000000000000000
§432CEE5 38R RPaBRERER
>3 O FXgoguxx"~ x
T = 8 X 5 3
s S <
Note:  This figure indicates the power supply pins and I/O port pins. For the pin configuration, refer to Table 1.10, List of Pin
and Pin Functions (100-Pin LFQFP).
Note 1. P53 is multiplexed with the BCLK pin function, so cannot be used as an I/O port pin when the external bus is enabled.
Figure 1.8 Pin Assignment (100-Pin LFQFP)
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1.6 List of Pin and Pin Functions
1.6.1 224-Pin LFBGA
Table 1.5 List of Pin and Pin Functions (224-Pin LFBGA) (1/10)
Pin Memory I/F
Number Timer Communication Camera I/F
— {Power
Supply (MTU, TPU,
Clock Bus TMR, PPG, (SCI, RSPI,
224-Pin |System EXDMAC |RTC,CMTW, [(GPTW, |RIIC, CAN, [(ETHERC, |(QSPI, SDHI, AID
LFBGA |Control |[I/O Port [SDRAMC |POE,CAC) |POEG) |USB, SSIE) |PMGI) MMCIF, PDC) |GLCDC |Interrupt |D/A
A1 NC
A2 VREFHO
A3 VREFLO
A4 P41 IRQ9-DS |AN001
A5 P92 D18/A18  |POE4# RXD7/ AN116
SMISO7/
SSCL7
A6 PDO DO[AO/DO] |POE4# GTIOC1B LCD_EXT |IRQO AN108
CLK-B
A7 PD2 D2[A2/D2] |MTIOC4D/ GTIOCOB |MISOC-A/ QI02-B/ LCD_DAT |IRQ2 AN110
TIC2 CRXO0 SDHI_D2-B/ |A22-B
MMC_D2-B
A8 TRDATA5 |P96 D22/A22
A9 PD3 D3[A3/D3] |MTIOC8D/ GTIOCOA |RSPCKC-A QIO3-B/ LCD_DAT |IRQ3 AN111
TOC2/POES8# SDHI_D3-B/ |A21-B
MMC_D3-B
A10 TRDATA6 |PGO D24
A11 PD7 D7[A7/D7] |MTIC5U/ SSLC3-A QMI-B/QIO1- |LCD_DAT |IRQ7 AN107
POEO# B/SDHI_D1-B/ [A17-B
MMC_D1-B
A12 P61 SDCS#/
DO[AO/DO)/
CS1#
A13 P62 RAS#/
D1[A1/D1)/
CS2#
A14 PE1 D9[A9/DY) |MTIOCA4C/ GTIOC1B |TXD12/ MMC_D5-B  |LCD_DAT ANEX1
D1[A1/D1] |MTIOC3B/ SMOSI12/ A15-B
PO18 SSDA12/
TXDX12/
SIoX12/
SSLB2-B
A15 P70 SDCLK
B1 AVSS0
B2 AVCCO
B3 P42 IRQ10-DS |AN002
B4 P46 IRQ14-DS |AN006
B5 P91 D17/A17 SCK7 AN115
B6 vCce
B7 P94 D20/A20
B8 TRDATA4 |P95 D21/A21
B9 PD4 D4[A4/D4] |MTIOC8B/ SSLCO-A QSSL-B/ LCD_DAT |IRQ4 AN112
POE11# SDHI_CMD-B/ |A20-B
MMC_CMD-B
B10 PD6 D6[A6/D6] |MTIC5V/ SSLC2-A QMO-B/QIO0- |LCD_DAT |IRQ6 AN106
MTIOC8A/ B/SDHI_DO-B/ |A18-B
POEA4# MMC_DO-B
B11 vCcC
B12 P63 CASH/
D2[A2/D2)/
CS3t
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Table 1.5 List of Pin and Pin Functions (224-Pin LFBGA) (2/10)
Pin Memory I/F
Number Timer Communication Camera I/F
——Power
Supply (MTU, TPU,
Clock Bus TMR, PPG, (SCI, RSPI,
224-Pin |System EXDMAC RTC, CMTW, ((GPTW, |RIIC, CAN, |(ETHERC, [(QSPI, SDHI, A/ID
LFBGA |Control 1/0 Port |SDRAMC POE, CAC) POEG) USB, SSIE) (PMGI) MMCIF, PDC) |GLCDC Interrupt |D/A
B13 PE2 D10[A10/ MTIOC4A/ GTIOCOB |RXD12/ MMC_D6-B LCD_DAT |IRQ7-DS |AN100
D10]/D2[A2/ |PO23/TIC3 SMISO12/ A14-B
D2] SSCL12/
RXDX12/
SSLB3-B
B14 PE4 D12[A12/ MTIOC4D/ GTIOC1A [SSLB0-B ETO_ERXD LCD_DAT AN102
D12)/D4[A4/ MTIOC1A/ 2 A12-B
D4] PO28
B15 PE7 D15[A15/ MTIOC6A/ GTIOC3A [MISOB-B SDHI_WP/ LCD_DAT |IRQ7 AN105
D15)/D7[A7/ |TOC1 MMC_RES#-B |A9-B
D7]
C1 AVSS1
Cc2 AVCC1
C3 P05 SSILRCK1 IRQ13 DA1
Cc4 P44 IRQ12-DS |AN004
C5 VSS
C6 P90 D16/A16 TXD7/ AN114
SMOSI7/
SSDA7
Cc7 PD1 D1[A1/D1] |MTIOC4B/ GTIOC1A |[MOSIC-A/ LCD_DAT |IRQ1 AN109
POEO# CTX0 A23-B
Cc8 VCC
C9 TRSYNC1 |P97 D23/A23
C10 P60 CSOo#
C1 P64 WE#/D3[A3/
D3)/CS4#
c12 VSS
C13 PE5S D13[A13/ MTIOCA4C/ GTIOCOA |RSPCKB-B |ETO_RX_C LCD_DAT |IRQ5 AN103
D13]/D5[A5/ |MTIOC2B LK/ A11-B
D5] REF50CKO
c14 P65 CKE/CS5#
C15 P66 DQMO/ MTIOC7D GTIOC2B |CTX2
CS6#
D1 P45 IRQ13-DS |AN0O5
D2 P47 IRQ15-DS |ANOO7
D3 P03 SSIDATA1 IRQ11 DAO
D4 P40 IRQ8-DS |AN00OO
D5 P01 TMCIO RXD6/ QIO3-C IRQ9 AN119
SMISO6/
SSCL6/
SSIBCKO
D6 P02 TMCI1 SCK6/ IRQ10 AN120
SSIBCK1
D7 P93 D19/A19 POEO# CTST7#/ AN117
RTS7#/SST#
D8 VSS
D9 PD5 D5[A5/D5] [MTIC5W/ SSLC1-A QSPCLK-B/ LCD_DAT |IRQ5 AN113
MTIOCS8C/ SDHI_CLK-B/ |A19-B
MTCLKA/ MMC_CLK-B
POE10#
D10 TRDATA7 |PG1 D25
D11 PEO D8[A8/D8]/ [MTIOC3D GTIOC2B |SCK12/ MMC_D4-B LCD_DAT ANEXO0
DO[A0/DO] SSLB1-B A16-B
D12 PE3 D11[A11/ MTIOC4B/ GTIOC2A |CTS12#/ ETO_ERXD |MMC_D7-B LCD_DAT AN101
D11]/D3[A3/ [PO26/TOC3/ RTS12#/ 3 A13-B
D3] POES8# SS12#
D13 VSS
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Table 1.5 List of Pin and Pin Functions (224-Pin LFBGA) (3/10)
Pin Memory I/F
Number Timer Communication Camera I/F
——Power
Supply (MTU, TPU,
Clock Bus TMR, PPG, (SCI, RSPI,
224-Pin |System EXDMAC RTC, CMTW, ((GPTW, |RIIC, CAN, |(ETHERC, [(QSPI, SDHI, A/ID
LFBGA |Control 1/0 Port |SDRAMC POE, CAC) POEG) USB, SSIE) (PMGI) MMCIF, PDC) |GLCDC Interrupt |D/A
D14 TRDATAO |PG2 D26
D15 P67 DQM1/ MTIOC7C GTIOC1B |CRX2 IRQ15
CS7#
E1 VCL
E2 VSS
E3 P00 TMRIO TXD6/ Qlo2-C IRQ8 AN118
SMOSI6/
SSDA6/
AUDIO_CLK
E4 P43 IRQ11-DS |AN0O0O3
E5 P07 IRQ15 ADTRGO#
E6 PNO
E7 PQO SCK11
E8 PQ1 SMISO11/
SSCL11/
RXD11
E9 PQ3 RTS11#/
CTS11#/
SS11#
E10 PQ5
E11 PQ4
E12 VCC
E13 PE6 D14[A14/ MTIOC6C/ GTIOC3B |MOSIB-B SDHI_CD/ LCD_DAT |IRQ6 AN104
D14)/D6[A6/ | TIC1 MMC_CD-B A10-B
D6]
E14 TRCLK PG5 D29
E15 TRSYNC |PG4 D28
F1 XCIN
F2 VBATT
F3 TRST# PF4
F4 PK4 GTADSMO [SSLB1 ETO_ERXD
2
F5 PK5 GTADSM1|SSLB2 ETO_ERXD
3
F6 EMLE
F7 PK6 GTIOC1A |SSLB3
F8 PNA1
F9 PQ6
F10 VSS
F11 PM1 TOC3 GTETRGB|SMISO10/ SDHI_CMD-D/
SSCL10/ QSSL-A
RXD10
F12 PAO DQM2/ MTIOC4A/ GTIOCOB [SSLA1-B ETO_TX_E LCD_DAT
BCO#/A0 MTIOC6D/ N/ A8-B
TIOCAO0/PO16/ RMII0_TXD
CACREF _EN
F13 TRDATA1 |PG3 D27
F14 TRDATA2 |PG6 D30
F15 TRDATA3 |PG7 D31
G1 XCcouT
G2 VSS
G3 VCC
G4 MD/FINED
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Table 1.5 List of Pin and Pin Functions (224-Pin LFBGA) (4/10)
Pin Memory I/F
Number Timer Communication Camera I/F
———Power
Supply (MTU, TPU,
Clock Bus TMR, PPG, (SCI, RSP,
224-Pin |[System EXDMAC |[RTC,CMTW, ((GPTW, [RIIC,CAN, [(ETHERC, |(QSPI, SDHI, A/ID
LFBGA |Control 1/0 Port |SDRAMC |POE, CAC) POEG) USB, SSIE) |PMGI) MMCIF, PDC) [GLCDC |Interrupt |D/A
G5 PJ5 POE8# CTS2#/ QMI-C/QIO1-C
RTS2#/
SS2#/
SSIRXDO
G6 PF5 WAIT# SSILRCKO IRQ4
G7 RES#
G8 PQ2 SMOSI11/
SSDA11/
TXD11
G9 PN2
G10 vce
G11 PMO TIC3 GTETRGA|SCK10 SDHI_CLK-D/
QSPCLK-A
G12 PA1 DQMB3/A1 MTIOCOB/ GTIOC2A [SCK5/ ETO_WOL LCD_DAT |IRQM1
MTCLKC/ SSLA2-B A7-B
MTIOC7B/
TIOCBO/PO17
G13 PA2 A2 MTIOC7A/ GTIOC1A [RXDS5/ LCD_DAT
PO18 SMISO5/ AG-B
SSCL5/
SSLA3-B
G14 PA3 A3 MTIOCOD/ RXD5/ ETO_MDIO LCD_DAT |IRQ6-DS
MTCLKD/ SMISO5/ / A5-B
TIOCDO/ SSCL5 PMGIO_MD
TCLKB/PO19 10
G15 PA4 A4 MTIC5U/ TXD5/ ETO_MDC/ LCD_DAT [IRQ5-DS
MTCLKA/ SMOSI5/ PMGIO_MD A4-B
TIOCA1/ SSDAS/ C
TMRI0/PO20 SSLA0-B
H1 XTAL P37
H2 P34 MTIOCOA/ SCK6/SCKO0 |ETO_LINK IRQ4
TMCI3/PO12/ STA
POE10#
H3 UPSEL P35 NMI
H4 P33 EDREQ1 MTIOCOD/ RXD6/ PCKO IRQ3-DS
TIOCDO/ SMISO6/
TMRI3/PO11/ SSCL6/
POE4#/ RXDO0/
POE11# SMISO0/
SSCLO/
CRXO0
H5 P32 MTIOCOC/ TXD6/ VSYNC IRQ2-DS
TIOCCO/ SMOSI6/
TMO3/PO10/ SSDAG6/
RTCIC2/ TXDO/
RTCOUT/ SMOSI0/
POEO#/ SSDAO0/
POE10# CTX0/
USBO_VBUS
EN
H6 BSCANP
H7 PJ3 EDACK1 MTIOC3C CTS6#/ ETO_EXOU|QMO-C/QIO0-
RTS6#/ T C
SS6#/
CTSOo#/
RTSO#/
SSo#/
SSITXDO
H8 PQ7
H9 PN3
H10 P73 CS3# PO16 ETO_WOL LCD_EXT
CLK-A
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Table 1.5 List of Pin and Pin Functions (224-Pin LFBGA) (5/10)
Pin Memory I/F
Number Timer Communication Camera I/F
———Power
Supply (MTU, TPU,
Clock Bus TMR, PPG, (SCI, RSP,
224-Pin |System EXDMAC |RTC, CMTW, |(GPTW, |RIIC, CAN, |(ETHERC, |(QSPI, SDHI, AID
LFBGA |Control /10 Port [SDRAMC |POE, CAC) POEG) USB, SSIE) |PMGI) MMCIF, PDC) |GLCDC |Interrupt [D/A
H11 PLO TIC2 GTETRGA|SCK9/ ETO_ERXD
RSPCKC 0/
RMIIO_RX
DO
H12 vCC
H13 VSS
H14 PAG A6 MTIC5V/ GTETRGB|CTS5#/ ETO_EXOU LCD_DAT
MTCLKB/ RTS5#/ T A2-B
TIOCA2/ SS5#/
TMCI3/PO22/ MOSIA-B
POE10#
H15 PAS5 A5 MTIOC6B/ GTIOCOA [RSPCKA-B |ETO_LINK LCD_DAT
TIOCB1/PO21 STA A3-B
J1 EXTAL P36
J2 TDI PF2 RXD1/
SMISO1/
SSCL1
J3 TMS PF3
J4 P31 MTIOCA4D/ CTS1#/ IRQ1-DS
TMCI2/PO9/ RTS1#/
RTCIC1 SS1#/
SSLBO-A
J5 P30 MTIOC4B/ RXD1/ IRQ0-DS
TMRI3/PO8/ SMISO1/
RTCICO/ SSCL1/
POE8# MISOB-A
J6 PH2 GTETRG [SMOSI7/
C SSDAT7/
TXD7/MISOA
J7 P15 MTIOCO0B/ GTETRGA|RXD1/ PIXDO IRQ5
MTCLKB/ SMISO1/
TIOCB2/ SSCL1/
TCLKB/TMCI2/ SCK3/CRX1-
PO13 DS/
SSILRCK1
J8 P53*1 BCLK
J9 PK3 GTETRG |RTS8#/ ETO_TX_E
D CcTSs#/ R
SS8#/SSLBO
J10 PL1 TOC2 GTETRGB |SMISO9/ ETO_ERXD
SSCLY/ 1/
RXD9/ RMIIO_RX
MOSIC D1
J1 PN5 QSSL-C
J12 PB1 A9 MTIOCOC/ TXD4/ ETO_ERXD LCD_TCO [IRQ4-DS
MTIOCAC/ SMOSI4/ o/ N3-B
TIOCB3/ SSDA4/ RMIIO_RX
TMCI0/PO25 TXD6/ DO
SMOSI6/
SSDAG
J13 P71 A18/CS1# ETO_MDIO
/
PMGIO_MD
10
J14 PBO A8 MTIC5W/ RXD4/ ETO_ERXD LCD_DAT [IRQ12
TIOCA3/PO24 SMISO4/ 1/ AO-B
SSCL4/ RMIIO_RX
RXD6/ D1
SMISO6/
SSCL6
J15 PA7 A7 TIOCB2/PO23 MISOA-B ETO_WOL LCD_DAT
A1-B
K1 CLKOUT2 |PH7 GTIOCOB
5M
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RX66N Group

1. Overview

Table 1.5 List of Pin and Pin Functions (224-Pin LFBGA) (6/10)
Pin Memory I/F
Number Timer Communication Camera I/F
——Power
Supply (MTU, TPU,
Clock Bus TMR, PPG, (SCI, RSPI,
224-Pin |System EXDMAC |RTC, CMTW, |(GPTW, |RIIC, CAN, |(ETHERC, |(QSPI, SDHI, AID
LFBGA |Control 1/0 Port |SDRAMC POE, CAC) POEG) USB, SSIE) (PMGI) MMCIF, PDC) |GLCDC Interrupt |D/A
K2 CLKOUT |PH6 GTIOCOA [SSLA3
K3 PH4 GTADSMO |SSLA1
K4 PH5 GTADSM1 [SSLA2
K5 TDO PFO TXD1/
SMOSI1/
SSDA1
K6 PH1 TOCO GTETRGB|SMISO7/
SSCL7/
RXD7/
MOSIA
K7 P10 ALE MTIC5W/ IRQO
TMRI3
K8 P50 WRO#WR# TXD2/
SMOSI2/
SSDA2/
SSLB1-A
K9 PK1 TOC1 GTETRGB|SMISO8/ ETO_COL
SSCL8/
RXD8/
MOSIB
K10 PL3 GTETRG |RTS9#/ ETO_RX_C
D CTS9#/ LK/
SS9#/SSLCO |REF50CK0
K11 PM2 GTETRG |SMOSI10/ SDHI_DO0-D/
C SSDA10/ QMO-A/QIO0-
TXD10 A
K12 VSS
K13 PB5 A13 MTIOC2A/ SCK9/ ETO_ETXD LCD_CLK-
MTIOC1B/ RTSO9#/ o/ B
TIOCB4/ SCK11 RMIIO_TXD
TMRI1/PO29/ 0
POE4#
K14 PB3 A1 MTIOCOA/ SCK4/SCK6 |ETO_RX_E LCD_TCO
MTIOC4A/ R/ N1-B
TIOCD3/ RMIIO_RX_
TCLKD/TMOO0/ ER
PO27/POE11#
K15 P72 A19/CS2# ETO_MDC/ LCD_DAT
PMGIO_MD A23-A
C
L1 PH3 GTETRG |RTS7#/
D CTS7#/
SS7#/SSLAO
L2 P27 CS7# MTIOC2B/ SCK1/
TMCI3/PO7 RSPCKB-A
L3 TCK PF1 SCK1
L4 P24 CS4#/ MTIOC4A/ SCK3/ SDHI_WP/
EDREQ1 MTCLKA/ USBO_VBUS PIXCLK
TIOCB4/ EN/SSIBCK1
TMRI1/PO4
L5 VCC
L6 CLKOUT2 [PJ2 TXD8/ LCD_TCO
5M SMOSI8/ N2-A
SSDAS8/
SSLC3-B
L7 VCC
L8 P52 RD# RXD2/
SMISO2/
SSCL2/
SSLB3-A
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RX66N Group 1. Overview
Table 1.5 List of Pin and Pin Functions (224-Pin LFBGA) (7/10)
Pin Memory I/F
Number Timer Communication Camera I/F
———Power
Supply (MTU, TPU,
Clock Bus TMR, PPG, (SCI, RSP,
224-Pin |System EXDMAC |RTC, CMTW, |(GPTW, |RIIC, CAN, |(ETHERC, |(QSPI, SDHI, AID
LFBGA |Control /10 Port [SDRAMC |POE, CAC) POEG) USB, SSIE) |PMGI) MMCIF, PDC) |GLCDC |Interrupt [D/A
L9 P81 EDACKO MTIOC3D/ GTIOCOB [SMISO10/ ETO_ETXD |QIO3-A/ LCD_DAT
PO27 SSCL10/ 0/ SDHI_CD/ A13-A
RXD10 RMIIO_TXD |MMC_D3-A
0
L10 PL7 GTIOC2B ETO_MDIO
/
PMGIO_MD
10
L1 P77 CS7# PO23 SMOSI1/ ETO_RX_E |QSPCLK-A/ LCD_DAT
SSDA11/ R/ SDHI_CLK-A/ |A17-A
TXD11 RMII0_RX_|MMC_CLK-A
ER
L12 PN4 QSPCLK-C
L13 vce
L14 PB2 A10 TIOCC3/ CTS4#/ ETO_RX_C LCD_TCO
TCLKC/PO26 RTS4#/ LK/ N2-B
SS4#/ REF50CKO0
CTS6#/
RTS6#/SS6#
L15 PB4 A12 TIOCA4/PO28 CTSo#/ ETO_TX_E LCD_TCO
SSO#/SS11#/ N/ NO-B
CTS11#/ RMIIO_TXD
RTS11# _EN
M1 P26 CS6# MTIOC2A/ TXD1/
TMO1/PO6 SMOSI1/
SSDA1/
CTS3#/
RTS3#/
SS3#/
MOSIB-A
M2 P23 EDACKO MTIOC3D/ GTIOCOA [TXD3/ SDHI_D1-C/
MTCLKD/ SMOSI3/ PIXD7
TIOCD3/PO3 SSDA3/
CTSOo#/
RTSO#/
SSO0#/CTX1/
SSIBCKO
M3 CLKOUT |[P25 CS5#/ MTIOCA4C/ RXD3/ SDHI_CD/ ADTRGO#
EDACK1 MTCLKB/ SMISO3/ HSYNC
TIOCA4/PO5 SSCL3/
SSIDATA1
M4 VSS
M5 PJO MTIOC6B SCK8/ LCD_DAT
SSLC1-B AO0-A
M6 P84 MTIOC6D LCD_DAT
A2-A
M7 VSS
M8 P51 WR1#/ SCK2/
BC1#/ SSLB2-A
WAIT#
M9 P83 EDACK1 MTIOC4C GTIOCOA [SCK10/ ETO_CRS/ LCD_DAT
SS10#/ RMIIO_CR A8-A
CTS10# S_DV
M10 PKO TIC1 GTETRGA|[SCK8/ ETO_MDC/
RSPCKB PMGIO_MD
C
M11 PL5 GTADSM1 [SSLC2 ETO_ETXD
1/
RMIIO_TXD
1
M12 PL6 GTIOC2A [SSLC3 ETO_TX_E
N/
RMIIO_TXD
_EN
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RX66N Group 1. Overview
Table 1.5 List of Pin and Pin Functions (224-Pin LFBGA) (8/10)
Pin Memory I/F
Number Timer Communication Camera I/F
———Power
Supply (MTU, TPU,
Clock Bus TMR, PPG, (SCI, RSP,
224-Pin |System EXDMAC |RTC, CMTW, |(GPTW, |RIIC, CAN, |(ETHERC, |(QSPI, SDHI, AID
LFBGA |Control /10 Port [SDRAMC |POE, CAC) POEG) USB, SSIE) |PMGI) MMCIF, PDC) |GLCDC |Interrupt [D/A
M13 PM7 GTIOC3B ETO_CRS/ [SDHI_WP
RMIIO_CR
S DV
M14 PCO A16 MTIOC3C/ CTS5#/ ETO_ERXD IRQ14
TCLKC/PO17 RTS5#/ 3
SS5#/
SSLA1-A
M15 PB6 Al14 MTIOC3D/ RXD9/ ETO_ETXD
TIOCA5/PO30 SMISO9/ 1/
SSCLY/ RMIIO_TXD
SMISO11/ 1
SSCL11/
RXD11
N1 P22 EDREQO MTIOC3B/ GTIOC1A [SCKo0/ SDHI_DO0-C/
MTCLKC/ USBO_OVRC PIXD6
TIOCC3/ URB/
TMO0/PO2 AUDIO_CLK
N2 PHO TICO GTETRGA|SCK7/
RSPCKA
N3 P86 MTIOCA4D/ GTIOC2B [SMISO10/ PIXD1
TIOCAO SSCL10/
RXD10
N4 P85 MTIOC6C/ LCD_DAT
TIOCCO A1-A
N5 P13 WR2#/BC2# [MTIOCOB/ GTADSM1 [TXD2/ LCD_TCO |IRQ3 ADTRG1#
TIOCAS/ SMOsI2/ NO-A
TMO3/PO13 SSDA2/
SDAO[FM+]
N6 PJ1 MTIOC6A RXD8/ LCD_TCO
SMISO8/ N3-A
SSCL8/
SSLC2-B
N7 CLKOUT2 (P56 EDACK1 MTIOC3C/ SCK7/ LCD_DAT
5M TIOCA1 RSPCKC-B Ad-A
N8 vcC
N9 uB PC7 A23/CS0# |MTIOC3A/ GTIOC3A |TXD8/ ETO_COL |MMC_D7-A LCD_DAT |IRQ14
MTCLKB/ SMOSI8/ A9-A
TMO2/PO31/ SSDAS8/
TOCO/ SMOSI10/
CACREF SSDA10/
TXD10/
MISOA-A
N10 P80 EDREQO MTIOC3B/ SCK10/ ETO_TX_E |QIO2-A/ LCD_DAT
PO26 RTS10# N/ SDHI_WP/ A14-A
RMIIO_TXD|MMC_D2-A
_EN
N11 PK2 GTETRG [SMOSI8/ ETO_RX_D
C SSDAS8/ \%
TXD8/MISOB
N12 P76 CS6# P0O22 SMISO11/ ETO_RX_C |QSSL-A/ LCD_DAT
SSCL11/ LK/ SDHI_CMD-A/ |A18-A
RXD11 REF50CKO [MMC_CMD-A
N13 PM6 GTIOC3A ETO_TX_C |SDHI_CD
LK
N14 PC1 A17 MTIOC3A/ SCK5/ ETO_ERXD LCD_DAT [IRQ12
TCLKD/PO18 SSLA2-A 2 A22-A
N15 PB7 A15 MTIOC3B/ TXDY/ ETO_CRS/
TIOCB5/PO31 SMOSI9/ RMIIO_CR
SSDAY/ S_DV
SMOSI1/
SSDA11/
TXD11
P1 PK7 GTIOC1B
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RX66N Group 1. Overview
Table 1.5 List of Pin and Pin Functions (224-Pin LFBGA) (9/10)
Pin Memory I/F
Number Timer Communication Camera I/F
———Power
Supply (MTU, TPU,
Clock Bus TMR, PPG, (SCI, RSP,
224-Pin |System EXDMAC |RTC, CMTW, |(GPTW, |RIIC, CAN, |(ETHERC, |(QSPI, SDHI, AID
LFBGA |Control /10 Port [SDRAMC |POE, CAC) POEG) USB, SSIE) |PMGI) MMCIF, PDC) |GLCDC |Interrupt [D/A
P2 P17 MTIOC3A/ GTIOCOB |SCK1/TXD3/ SDHI_D3-C/ IRQ7 ADTRG1#
MTIOC3B/ SMOSI3/ PIXD3
MTIOC4B/ SSDA3/
TIOCBO/ SDA2-DS/
TCLKD/TMO1/ SSITXDO
PO15/POE8#
P3 P20 MTIOC1A/ TXDO/ SDHI_CMD-C/ IRQ8
TIOCB3/ SMOSI0/ PIXD4
TMRIO/POO SSDAO0/
SDA1/
USBO_ID/
SSIRXDO
P4 