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Notice

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 of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you
or third parties arising from the use of these circuits, software, or information.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics does not assume any liability for infringement of 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. No
license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of
Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended 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; and industrial robots etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor 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
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, 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, please evaluate 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. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws
and regulations.

Renesas Electronics products and technology may 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 should not use
Renesas Electronics products or technology described in this document for any purpose relating to military applications or use
by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas
Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

This document may not be 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, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)




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. 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 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. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment 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 moment 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 moment 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 moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

%. The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LSI is not guaranteed if they are accessed.

4. Clock Signals
After applying a reset, only release the reset line after the operating clock signal has become stable.
When switching the clock signal during program execution, wait until the target clock signal has
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.
Moreover, 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.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

% The characteristics of Microprocessing unit or Microcontroller unit products in the same group but
having a different part number may differ in terms of the internal memory capacity, layout pattern,
and other factors, which can affect the ranges of electrical characteristics, such as characteristic
values, operating margins, immunity to noise, and amount of radiated noise. When changing to a
product with a different part number, implement a system-evaluation test for the given product.




How to Use This Manual

1. Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this LSI to the target
users, i.e. those who will be using this LSI in the design of application systems. Target users are expected to

understand the fundamentals of electrical circuits, logic circuits, and microcomputers.
This manual is organized in the following items: an overview of the product, descriptions of the CPU, system

control functions, and peripheral functions, electrical characteristics of the device, and usage notes.

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

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

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

Document Type

Contents

Document Title

Document No.

Data Sheet Overview of hardware and electrical characteristics RX64M Group Datasheet R01DS0173EJ
User’s manual: Hardware specifications (pin assignments, memory RX64M Group This User’s
Hardware maps, peripheral specifications, electrical User’'s manual: manual
characteristics, and timing charts) and descriptions of | Hardware
operation
User’s manual: Detailed descriptions of the CPU and instruction set RX Family RO1US0071EJ
Software RXv2 Instruction Set
Architecture User’s Manual:
Software
Flash Memory Detailed descriptions of the hardware interface of the | RX64M Group, RX71M Group | RO1UH0435EJ
User’s Manual: flash memory Flash Memory
Hardware Interface User’s Manual: Hardware
Interface
Application Note Notes on Printed Circuit Board Patterns RX Family RO1AN1411EJ

Hardware Design Guide

Examples of applications and sample programs

Renesas Technical
Update

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




2. Description of Registers

Each register description includes 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 b1l b0

— ...[1:0] 4 — — — .0
Value after reset: X 0 0 0 0 0 0 0
x: Undefined
Bit Symbol Bit Name Description R/W
oo 0 . 0. - @/(n
2 1:(5'e'trrrfg'p'rcrmm're'n\(
b3tobl — (R_d\reserve hese bits are read as 0. The write value should be 0. R/W
b4 B 0:...... R
1.
b6, b5 [0 00:...... R/(W)*1
. 3
(génmmmmmmﬁmd(
b7 — Reserved hie read value 15 undefined. Wrtmg o this bit has no effect. R

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

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

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




. List of Abbreviations and Acronyms

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

All trademarks and registered trademarks are the property of their respective owners.




Contents

AU S ..t e e oottt et e e e e e et et et ettt e e e ee e rbe et e e ee e e e pannn s 69
1. OVEBIVIBW ..ottt ettt ettt a2 e oo 4o oot ba bt e e et et eeaeeeeae e e nnbeebeseeeeeaaaeeessaaaseeeeaaaeeeeaanannns 70
1.1 Outline Of SPECIfICALIONS ....vvveieiiiiiie i e e e e e e s 70
1.2 IS o) = Yo 11 o £ PSRRI 81
1.3 = [0 Tod D = Vo > o PRSP 85
1.4 PIN FUNCHONS ..ttt e e e e e e s e ettt et e e e aee e e s e e s e naabbetaeeeeaaaeeeeesansreneees 86
1.5 L I =TS] T[T =T PP 94
2 L0 = O PR PPPPRPPRPN 133
2.1 ST 1 U] T SO PPPTPRRTUPPPIN 133
2.2 Register Set 0f the CPU ... 134
221 General-Purpose Registers (RO t0 R15) ..oviiiiiiiiiieieie ettt 135
2.2.2 CONLIOI REGISETS ...ttt b bbbt b et eb et b et b et b bt nn et e e et e 135
2221 Interrupt Stack Pointer (ISP)/User Stack Pointer (USP) ..., 136
2222 Exception Table RegiSter (EXTB) .....ccociiirireiiriene ettt 136
2.2.2.3 Interrupt Table RegiSter (INTB) ....ocovo i 136
2224 Program COUNEN (PC) ....ooveuirieiirieiisieirieiesieesie sttt 136
2225 Processor Status WOrd (PSW) ..o s 137
2226 BACKUP PC (BPC) ..ottt 138
22.2.7 BaCKUP PSW (BPSWV) ..ottt 139
2228 Fast Interrupt Vector Register (FINTV) ..o e 139
2.2.2.9 Floating-Point Status Word (FPSW) ..o 140

2.2.3 ACCUMUIALOT ..ttt b bbb bt et ene e 142
2.3 PrOCESSON MOUE ...ttt e e st e e e e sttt e e e e snbbeeeeeesnbbeeenne 143
231 SUPEIVISOE IMIOUE ...ttt ettt b bbb bbb bbbt s et e e e et ebe et 143
2.3.2 USEE IMOTE ... bbb ettt etk b e bt b e bbbt et e bt e b e beene 143
2.3.3 Privileged INSIIUCLION .....couiiiiii et sr et re e sre e 143
2.34 Switching Between ProCesSOr MOUES .......cc.cveeeeieriiieieieeiereeesessesrese s sse e e sses e seeseenseseens 143
2.4 DaAlA TYPES i 144
24.1 101 (=T 0] S PSP POV UPOPRPRN 144
24.2 FIOALING-POINES ....oiivicecce ettt e st e e st e es b e sbe et e aneeneesreanees 145
2.4.3 R LAY Rl @] 1= - [0TSR 145
244 SEIINGS ettt ittt bbb b bbb b ek R bt b e b ek b bttt b b 146
2.5 1 T 1= o PR SSP 147
251 SWILChING the ENGIAN .......oiveie e 147
2.5.2 ACCESS 0 1/O REGISTEIS ...evevesiiieieece ettt e ettt eene e nesre s be e e e e enaenes 150
253 NoOtes 0N ACCESS 10 1/O REGISIEIS .....c.viiiiiieiiieiriee e 150
254 Data AITANGEIMENT ..o 151
254.1 Data Arrangement in REGISIEIS .....coviuiiiiiriiirie ettt 151
25.4.2 Data Arrangement in IMEMOTY .......cooveiviieiinie et sre e sre e e e e ae e e steenaesneenes 151

255 Notes on the Allocation of INStrUCtiON COUES .......ccceoeiieieiiiiieire e 151

2.6 V=103 (o] N 1= o] [ 152



2.6.1 (o= o Lo (I A= ot (o] g I o] L USRS 152

2.6.2 L0 T 0] o] ANV =T (o] g I o] -SSR 153
2.7 Operation Of INSITUCLIONS ......uuiiiiiiie e e e e e e e e e e e s s s st ararraeaeaeeeaans 154
271 Restrictions on RMPA and String-Manipulation INStructions ............cccocvoereneieicicinienenne 154
2711 Transfer Size and Data PrefetChing ........ccocoveiiieiicec e 154
2.7.1.2 ACCESS t0 the EXIErNAl SPACE ....vcvievceiciceee e 154
2.7.13 ACCESS 0 1/O REGISIEIS ...ovcvveeeiieitiieiesieiee ettt ettt sae et nens 154

2.8 NUMDET Of CYCIES ..ottt e e et e e e s ebeeeen 155
2.8.1 Instruction and NUMDBEr 0f CYCIE ......ooovi i e 155
2.8.2 Numbers of Cycles for ReSponse t0 INTEITUPLS .....ccveiververierierieieieese e 159

(@] o =T = 11 aTo TN 1Y/ To o [= 2T RR PP 160
3.1 Operating Mode Types and SEIECHON .........ceviiieiieiiiiicr e e e e e 160
3.2 REQISTEr DESCIIPLIONS ....eeieiiiiieiee ettt e e e e e e e e e s et e e e e e e e e e e e e e e aneneeeas 161
321 Mode Monitor Register (MDMONR) ......cooviuerieieisesie ettt sre s enaenenseens 161
3.2.2 Mode Status RegiSter (MDSR) .......ccviviiiririeriereieis sttt sre st sae e enaerenreens 161
3.2.3 System Control RegiSter 0 (SYSCRO) ....c.oviiiiiriirieirieiesieesie sttt bbb e 162
3.24 System Control Register 1 (SYSCRL) ..ot 163
3.3 Details of Operating MOUES ...t e e e e e e e e e e e e e e e e e annees 164
331 SINGIE-ChiP IMOE ..ottt n e n e e e e ereers 164
3.3.2 On-Chip ROM Enabled Extended MOUE .........cccooviirieniiininenese e 164
3.33 On-Chip ROM Disabled Extended MOde ..........cccoeiiiiiiiiiiiiceneese e 164
3.34 2o T0 1001V oo [OOSR RSUR PR 164
3.35 USB BOOt IMOOE ...ttt bbbttt bbbt nans 164
3.3.6 USEE BOOE IMIOUE ...tttk b bbbt e e b 165
3.4 Transitions of Operating MOUES .........cooiiiiiiiiiiie e e ereeee e e e e e e 166
34.1 Operating Mode Transitions Determined by the Mode-Setting Pins .........ccccooeiiiinicnennnn. 166
3.4.2 Operating Mode Transitions According to Register Setting ........cccccevvvivvviviie v 167

F Yo [0 [ S o - Lo = PP PRTPTPPPT 168
4.1 AQAIESS SPACE ...etiiiiiiiiiie ettt e ettt e et e e e e e e s e e b bbb re e et e e ae e e e e e e e e anbnreaae s 168
4.2 EXternal AdAreSS SPACE .....cooiiiiiiiiiiiiiiiiie et e e e e e e e e e e e e e e e e e e e a e 169
O I R LT 11 (=] £ T OO PP TR R PTPPRP 170
5.1 I/0 Register Addresses (AdAreSS OFAEr) ....oooiiiiii oot 172
(R TSY=] £ T 241
6.1 OVBIVIBW ..ttt et e e e e e oo e ettt b ettt e e e e e e e e e e abbb bbbttt e e eeeeeeesaaasnnbbnbeeeeeeaanannn 241
6.2 REQIStEr DESCIIPLIONS ...ciiiiiiiie ettt e et e e e st e e e e e e sabbe e e e e s anbneeeees 243
6.2.1 Reset Status Register 0 (RSTSRO) ...c.cooiiiiiieie ettt 243
6.2.2 Reset Status RegiSter L (RSTSRL) ...coiiiiiiieiieiee et 245
6.2.3 Reset Status RegiSter 2 (RSTSR2) ..ot 246
6.2.4 Software Reset Register (SWRR) ....c.oviiiiiiiiiieeese e 247
6.3 (0] 0= =11 o] o KT PRSP OPPPPPPPRPTIN 247

6.3.1 RESH PN RESEL ... eveee ettt e et e e e st e e ettt e s eteeessaseeseaaeeesbeeesteeesatetesareeesatbeesasneseranes 247



6.3.2 Power-On Reset and Voltage Monitoring 0 RESEL .......cccccveieiiciiii e 247

6.3.3 Voltage Monitoring 1 Reset and Voltage Monitoring 2 RESEt .......cccccvvevererereeiiereeeee e 248
6.3.4 Deep Software Standby RESEL ..ot 250
6.3.5 Independent Watchdog TImMer RESEL ......cociririiiiieirieiri e 250
6.3.6 WaLChAOg TIMEE RESEL .....cvieeiiieciiie ettt bbbt 250
6.3.7 SOFEWAIE RESEL ...ttt ettt ettt st sbe b et st e e e et en e s e eseaneseeneas 250
6.3.8 Determination oOf Cold/MWarm SEArt .........ccoooiiiiiiiiiee e e 251
6.3.9 Determination of Reset GENeration SOUICE ..........ccovverieierieenieienieie e s 252
6.4 (OS2 T [0\ L0 (=L U OPP PPN 253
6.4.1 Notes on Using Power-On Reset and PLL Circuit TOGether ..o 253
OPLION-SEHING MEMOIY ..eiiiiiiiiiiiie ettt et e e e s st bt e e e s asbbe e e e e s anbeeeeeesabeeeeeenaes 254
7.1 OVEBIVIBW ...ttt ettt ettt e e e e e e oottt ettt et e e e e e e e e e s nnbebe e et e eeeeaaeeeaaannnbenaneeeaeaaaannns 254
7.2 REQISTEr DESCIIPLIONS ...vviviiiiiieiee e e e e e et e e e e e e e e e e e e e e e s s e s st reaeeaaeeeansnnenneees 256
7.2.1 Serial Programmer Command Control Register (SPCC) ......ccooiiiiniiiienceeeeeeee e 256
7.2.2 OCD/Serial Programmer ID Setting Register (OSIS) .....cocoieiiiieiicecesee e 257
7.2.3 Option Function Select Register 0 (OFS0) ......ccccvieviirieieiccee e 258
7.2.4 Option Function Select RegiSter 1 (OFSL) ....cccccvviviiiieieeicee e e e e 262
7.2.5 Endian Select Register (MDE) ..o 263
7.2.6 TM Enable Flag Register (TMEF) ..o 264
7.2.7 TM Identification Data RegiSter (TMINF) ......cooiiiiiiiiic s 264
7.3 (0] S o o L= USRS PEPPPPR 265
731 UB COOB A ottt ettt ettt e b et e s be e s e e st e et e st e e be st e esbesbeenbeebeentesreeneas 265
7.3.2 L0123 0o o [T 2 RSOSSN 265

7.4 Programming and Erasure of the Option-Setting Memory in Individual Operating Modes ... 266
7.5 Settings of the Option-Setting Memory and ID Code Authentication, Reading,

Programming, @nd EFQSUIE .........coiiiiiiiiiieiiiiii ettt e sebee e e s aaneeeeee s 267

7.6 Setting the OptionN-Setting MEMIOIY ......cccoiiiiiieeeee e e e e e e e e e ee e 268
7.6.1 Allocation of Data in the Option-Setting MEMOIY .......ccocoiiiriiiniense e 268
7.6.2 Setting Data for Programming the Option-Setting Memory .........ccccocvoeienieneieneeeeeee e 269
7.7 L0172 (o T3 N [0 = P TSPRPPPPIN 270
7.7.1 Data for Programming Reserved Areas and Reserved Bits in the Option-Setting Memory .... 270
Voltage Detection CIirCUIL (LVDA) ...t e e e e e e e e e et e et e s e e e e e e aas 271
8.1 OVEBIVIBW ..ttt ettt ettt e e e e e e e e s ettt et e e e eeeeeeeae e nsbetaaeeeeeeaeeeesaanannnsenteeenaesanannns 271
8.2 T RS (=T g L= T o ] o] 1o £ RP 274
8.2.1 Voltage Monitoring 1 Circuit Control Register 1 (LVDICRL) ....ccccoviiirniiniiineinee e 274
8.2.2 Voltage Monitoring 1 Circuit Status Register (LVDLISR) .....ccccoviriinnenneeeneenee e 275
8.2.3 Voltage Monitoring 2 Circuit Control Register 1 (LVD2CR1) .....ccccooeiinierieneienie e 275
8.2.4 Voltage Monitoring 2 Circuit Status Register (LVD2SR) ......ccccvoveiviiiieieeescee e 276
8.25 Voltage Monitoring Circuit Control Register (LVCMPCR) ......cccoveivviiiiiiieescee e 277
8.2.6 Voltage Detection Level Select Register (LVDLVLR) ....c.coviviivviieiereecese e 278
8.2.7 Voltage Monitoring 1 Circuit Control Register 0 (LVD1CRO) .....ccccoovviireiiniiineinee e 279

8.2.8 Voltage Monitoring 2 Circuit Control Register 0 (LVD2CRO0) ......c.ccooeireiineiineiniee e 280



8.3 VCC INPUL VORAGE MONITOF ...eeiiiiiii i e e e e e e e e e e e e e e e e 282

8.3.1 MONIOFING VABLO .....ooviieiiiiecie bbbttt 282
8.3.2 MONITOFING VABLL ...ttt st se et et e b e ebeeae e e 282
8.3.3 MONIEOTING VOBLZ ...ttt bbb ettt st b e e 282
8.4 Reset from Voltage MONITOr O .......coooiiiiiiiieee e e 283
8.5 Interrupt and Reset from Voltage MONItOr 1 ........cooiiiiiiiiiiiiiiie e 284
8.6 Interrupt and Reset from Voltage MONITOr 2 .........ccoooo i 287
8.7 EVENT LINK OULPUL «..eeeiiieiteiee ettt ettt e et e e e e st e e e s s anbneeeenn 290
8.7.1 Interrupt Handling and EVent LINKING .......cccooiveiiiieie e 290
ClOCK GENETALION CIICUIL ...eiiiiieeeii ittt e e et e et e e e e e e e s e s bbbt b e e e e e eeaaaeeeaaeannbbbbeaaaaaaaas 291
9.1 OVBIVIBW ..ttt ettt e e o4 oottt ettt e e e e e e o e e e ab bbb b ettt e e eeeeeeeaaasnnbbnbeeeeeeaaaannn 291
9.2 REQIStEr DESCIIPLIONS ...ttt e et e e e st b e e e e e sabbe e e e abbneeeees 295
9.2.1 System Clock Control Register (SCKCR) ....c.oouiiiiiiiece e 295
9.2.2 System Clock Control Register 2 (SCKCR2) ......ccooiiiiiricirieiretnee e 297
9.2.3 System Clock Control Register 3 (SCKCRS3) ......ciiiiiiiiririeirsesee e 298
9.24 PLL Control Register (PLLCRY) ..ot 299
9.25 PLL Control RegiSter 2 (PLLCR2) ....c.oiiiiiiiiiie et 300
9.2.6 External Bus Clock Control Register (BCKCR) .....oociiiiiiiiiiicesesesese e 301
9.2.7 Main Clock Oscillator Control Register (MOSCCR) .....cccocoviviiiiieiie e 302
9.2.8 Sub-Clock Oscillator Control Register (SOSCCR) .....ooovviieiicicic e 304
9.29 Low-Speed On-Chip Oscillator Control Register (LOCOCR) ......ccovvivivrvrevencne e 305
9.2.10 IWDT-Dedicated On-Chip Oscillator Control Register (ILOCOCR) .......cccocecvrierieninininnenns 306
9.211 High-Speed On-Chip Oscillator Control Register (HOCOCR) .......covevineiineiineriseeseeee 307
9.2.12 High-Speed On-Chip Oscillator Control Register 2 (HOCOCR2) ......cccoviiinirenienieeeieins 308
9.2.13 Oscillation Stabilization Flag Register (OSCOVFSR) .....ccccooviiiiiicieieccce e 309
9.2.14 Oscillation Stop Detection Control Register (OSTDCR) ....ccooveivviieie i 311
9.2.15 Oscillation Stop Detection Status Register (OSTDSR) ...c.ccvcveieviiirennresene e 312
9.2.16 Main Clock Oscillator Wait Control Register (MOSCWTCR) ......ccoeoviiienniineenee e 313
9.2.17 Sub-Clock Oscillator Wait Control Register (SOSCWTCR) ......coveviiiiieieieiicseeee e 314
9.2.18 Main Clock Oscillator Forced Oscillation Control Register (MOFCR) ........ccccooeviieiciiinnns 315
9.2.19 High-Speed On-Chip Oscillator Power Supply Control Register (HOCOPCR) ..........cccccu..... 316
9.3 MaiN CIOCK OSCIIALON ......cooiiiiiiit et e e e e e e e s 317
931 Connecting a Crystal RESONALOT .........ccociiiiiiiiiiieiree et 317
9.3.2 EXtErnal CIOCK INPUL ...ttt bttt sne 318
9.3.3 Notes on the External CIOCK INPUL .........coviiiiiieccce e 318
9.4 SUD-CIOCK OSCIIALOT ... ..ttt e e e e e e e e s bbb eeeeaaeeeeeeanes 319
94.1 Connecting 32.768-kHz Crystal RESONALOT ..........ccoeiriiirieirieiriece s 319
9.4.2 Handling of Pins when Sub-CIock is NOt USEd ........ccociiiiiiiiiiirieeeee e 320
9.5 Oscillation Stop Detection FUNCHON ........ciiiiiiiic e e 321
9.5.1 Oscillation Stop Detection and Operation after DeteCtion ..........ccoceoverieiieincnnciccies 321

9.5.2 Oscillation Stop Detection INTEITUPLS .......voiriiiriie e 323



9.6 o I 3o U | PP SPRPPPPPR 324
9.7 10T g o o] SRS 324
9.7.1 YA (=1 . O oo S 325
9.7.2 Peripheral MOdUIE CIOCK ........ccviiiiiiiiieie ettt re e ene s 325
9.7.3 FIASN-TF CIOCK ..ttt bbbt 325
9.74 EXIEMNAL BUS CIOCK ....eiiiiceicece ettt n e neeneeneas 325
9.75 SDRAM CIOCK .ottt sttt ettt ettt e et st ete st ete st etesbetessetesseteseereneas 325
9.7.6 (0SS 01 [0 1o OSSPSR 326
9.7.7 USBA CIOCK ottt sttt bbb bbbt b e nnns 326
9.7.8 CAN CHOCK ittt a bbbt b et st ebe ettt et e e et et e 326
9.7.9 CAC CIOCK (CACCLK) .ttt ettt sttt st eb et et 326
9.7.10 o O 1 [0 1o SRS 326
9.7.11 IWDT-DediCated CIOCK ......c.ooiiiiiieiii e 326
9.7.12 JTAG CIOCK vttt st s bbb e s e s s e s e st st s s b be s ane e 326
9.8 (O [ Yot QS0 1 [ of TS 11V (o 11 o 327
9.9 Operations Linked by the ELC .........oooiiiiiiie et 329
9.9.1 Event Signal Qutput t0 the ELC ......ooiiieee e 329
9.9.2 Clock Source Switching on Reception of the Event Signal from the ELC .........cccceeevvvevennne. 329
9.10 L8 LTz (o [ I N 0] =2 OO PP PPPUPPPIN 330
9.10.1 Notes on Clock Generation CIFCUIL ........ccooviririeieeec e 330
9.10.2 NOLES 0N RESONALON ...ttt r e bbb e b sn b e 330
9.10.3 T CeER o (T =TT T I 1= [ o OSSR 331
9.10.4 Notes on ResoNator CONNECE PN ....c.ovciiiiiiiee e e 331
9.105 Notes 0N SUD-CIOCK OSCIHIALOL .........ocviiiireie e ene s 332
9.10.6 Notes on Using a Low CL Crystal UNIt ........ccooviiiiniineeee e 333
9.10.7 Notes on Using Power-On Reset and PLL Circuit TOGether ... 333
10. Clock Frequency Accuracy Measurement CirCUit (CAC) ......eviiiiiiiiiei i 334
10.1 OVEBIVIBW ..ttt ettt et e e e e e oo oo ha bttt ettt e e e e e e e e e e aannbnebeeeeeeeaaaeeeeaaaannnbnbeeeeeeaaaannns 334
10.2 REQISTEr DESCIIPLIONS .eviiiieiiiei ittt e e e e e e e e e e e e e e e e s e s s s e s b eeraeeaeaeeeeanannneneeees 336
10.2.1 CAC Control RegiSter 0 (CACRO) ....ooiiiieriereeeie ettt e e e sre e 336
10.2.2 CAC Control Register L (CACRL) ..ocviiieee ettt sttt 337
10.2.3 CAC Control Register 2 (CACR2) ....ooiiiiee ettt ettt nne e 338
10.2.4 CAC Interrupt Request Enable Register (CAICR) ......cccvviieieieiecese e 339
10.2.5 CAC Status RegIStEr (CASTR) ...iiiiiieieieeiesiee ettt et 340
10.2.6 CAC Upper-Limit Value Setting Register (CAULVR) .....cccooiiiiiiiiiiese e 341
10.2.7 CAC Lower-Limit Value Setting Register (CALLVR) ..o 341
10.2.8 CAC Counter Buffer Register (CACNTBR) .....cccveiiiieiicieit et 341
10.3 (O o1 = 11T} o 342
10.3.1 Measuring ClOCK FrEQUENCY ........cviuiiiiiiiieiesieisi et 342
10.3.2 Digital Filtering of Signals on the CACREF PiN ........ccoeiiiiiiiiiieeeese e 343
104 INTEITUPT REQUESTS .. iiiiiiiiei ittt ettt e ettt e e e e s et s e e e e e e e e e e e e eabb e e e e eerabaaaaeaees 343



10.5 L0172 (o [T N [0] 1= PR SPUPPPIN 344

105.1 Module Stop FUNCLION SEHING ..o.viviiieiiiiiiec e 344
LOW POWET CONSUMIPLION ...iiiiiiiiiiieeieseiss ittt e et eeaeeeesessssts e aeeeeaaaeaeasasasssnnsaaanneeaeaeeeesesannnssenees 345
11.1 OVEBIVIBW ...ttt et e ettt e e e e e e e e s e ettt et e et eeaeeeesesannstebaaeeeeeaeeeeessanannnnenteeeeneaanannns 345
11.2 T RS (T g LT Yo o] 1o P 349
1121 Standby Control ReISEr (SBYCR) ....cvciiiiiiieieiieierisie ettt 349
11.2.2 Module Stop Control Register A (MSTPCRA) ..ottt 350
11.2.3 Module Stop Control Register B (MSTPCRB) .......cccoiiiiiiiiiire et 352
11.2.4 Module Stop Control Register C (MSTPCRC) ....cvciiiiie et 354
11.25 Module Stop Control Register D (MSTPCRD) ....ccvceieiieieieere et 355
11.2.6 Operating Power Control Register (OPCCR) ....ccoevveieieeeicte e 357
11.2.7 Sleep Mode Return Clock Source Switching Register (RSTCKCR) ......covvvivvincinciieenns 360
11.2.8 Deep Standby Control Register (DPSBYCR) ......coiiiiiiiiiieieeeee e 361
11.2.9 Deep Standby Interrupt Enable Register 0 (DPSIERO) ........c.coviiiiiniieiiie e 363
11.2.10 Deep Standby Interrupt Enable Register 1 (DPSIERL) ......cccoocviviiieiieiece e 364
11.2.11 Deep Standby Interrupt Enable Register 2 (DPSIER2) .......ccccovvoveieiiiiesese e 365
11.2.12 Deep Standby Interrupt Enable Register 3 (DPSIERS3) .....c.coveoviveieiiie s 366
11.2.13 Deep Standby Interrupt Flag Register 0 (DPSIFRO) ......oooviiiiiiiiiieeee e 367
11.2.14 Deep Standby Interrupt Flag Register 1 (DPSIFRL) .....cocoiiiiiiiiiieieecee e 368
11.2.15 Deep Standby Interrupt Flag Register 2 (DPSIFR2) ......ccooiiiiiiiiieee e 369
11.2.16 Deep Standby Interrupt Flag Register 3 (DPSIFR3) ......cccvcoviiieiiiiiec e 372
11.2.17 Deep Standby Interrupt Edge Register 0 (DPSIEGRO0) .......cccccevvieiiiiiiiesie st 373
11.2.18 Deep Standby Interrupt Edge Register 1 (DPSIEGRL) .....c.coooviveieinienese e seseeie e 374
11.2.19 Deep Standby Interrupt Edge Register 2 (DPSIEGR2) .......ccooveiiniinenineseee e 375
11.2.20 Deep Standby Interrupt Edge Register 3 (DPSIEGR3) ......occooiiiiiiinienisenee e 375
11221 Deep Standby Backup Register (DPSBKRY) (Y = 010 31) ...ocviiirieiniineseiecneesee e 376
11.3 Reducing Power Consumption by Switching Clock Signals ............cooeiiiiiiiiiiiiieeeeee, 377
114 MOAUIE-STOP FUNCLION ...ttt e et e e e e saebeeeeens 377
11.5 Function for Lower Operating Power CONSUMPLION .......cccoiiiiiiieeiiieieeeeeeeise e 378
1151 Setting Operating Power Consumption Control MO ..o 378
11.6 Low Power ConsumMpPtion MOGES ........uuiiiiiiiiiiiiiee ettt 379
11.6.1 ] 1< oI 1Yo T [ PSS 379
116.1.1 Transition t0 SIEEP MOUE ....ocvevveiirieiceee e 379
116.1.2 Release from SIEEP IMOUE ........ooviiiiiiiiece e 379
11.6.1.3 Sleep Mode Return Clock Source Switching FUNCEION ........cccooiiieniiniineceee 380

11.6.2 All-Module CIOCK STOP MOUE .......oiviiiiiiieiieee e b e 381
11.6.2.1 Transition to All-Module Clock Stop MO .......ccocvevviiiieceece e 381
11.6.2.2 Release from All-Module Clock Stop MOdE .......ccocveiiiiiiiiiece e 382

11.6.3 Software Standby MOGE ......cccoceiiiireieiee e e e 383
116.3.1 Transition to Software Standby MOGE .........ccooeiiiiiiiinci e 383

11.6.3.2 Release from Software Standby MOGE ..o 384



11.6.3.3 Example of Software Standby Mode Application ..........cccvevevievcnieiie e 385
11.6.4 Deep Software Standby MOGE .......cccceviiiieiieece e eeneas 386
11.6.4.1 Transition to Deep Software Standby Mode .........ccccovvveieiiiccce e 386
11.6.4.2 Release from Deep Software Standby Mode ..........ccoiiiiiiiiiiincees 387
11.6.4.3 Pin States at the Time of Release from Deep Software Standby Mode ............c.cccevveee. 388
11.6.4.4 Example of Deep Software Standby Mode Application ..........cccoeiriiieinciiiineee 389
11.6.4.5 Flowchart to Use Deep Software Standby Mode .......ccccccvevviieiiiicic e 391
11.7 USBGE NOLES ..ttt ettt e e e e e e et s e e e e e et e e e e e e eb b s e e e e eebaneeeeaaee 392
1171 DO I o] ] 11T 392
11.7.2 Module-Stop State of DMAC and DTC ..ot 392
11.7.3 On-Chip Peripheral Module INTEITUPES .......ccoiiiiiiiiieeeeee e e 392
11.7.4 Write Access to MSTPCRA, MSTPCRB, MSTPCRC, and MSTPCRD .......cc.cocoeverneiiercinnen. 392
11.75 Input Buffer Control by DIRQNE Bit (N = 010 15) .ovcovicveiriiicire e e 392
11.7.6 Timing of Wait INSTIUCTIONS ....c.viviiiiiiiii s 392
11.7.7 Rewriting the Register by DMAC and DTC in Sleep M0ode .........ccoceviieiiieiineiinenee e 392
11.7.8 Point for Caution when Shifting from Low-Speed Operating Mode
to Software Standy MOTE .........coiiiiii s 393
12.  Battery BackUup FUNCHON ......ooiiiiiiiiiiiei ettt ettt e e e e s 394
12.1 OVEBIVIBW ..ttt ettt et e e e e e e s s et ettt et e e e e e e e e e e e aannbbbbeeeeeeeaaaeeesanannsbnbeeeeeeaaaannns 394
12.2 (0] 0= 1o o RSP 395
1221 Battery BaCKUP FUNCHION ..ottt 395
12.3 USBGE NOLES ..ttt e et e e e e e e e et e e et e et e e e e e e eatn e e e e eebaneaaeaaee 396
13.  Register Write Protection FUNCHON ..........cccciiiiiiiiiiii 397
13.1 Y=o IS (=T B LTS ol T o) o] g =SSR 398
13.1.1 Protect RegiSter (PRCR) ... .ooiiiiiieee ettt st sn et ee e e e eneas 398
14, EXCEPON HANAIING ...ooeiiiiiiiiiiieiie ettt sttt e sttt e e e st e enneeeas 399
14.1 EXCEPLION EVENLS ...ttt ettt et e e e e e e e e e s et et e et e e e aaaaeeeaaaannneees 399
1411 Undefined INStruCtion EXCEPLION ......ccvvviieriirieieiecece et resnennens 400
1412 Privileged INSErUCtION EXCEPLION ...ovciiiiiiiiiiieerieeee e 400
14.1.3 ACCESS EXCEPLIONS ..ottt 400
1414 F10ating-POINt EXCEPLION ....ocuiiiiieiiieie ettt ene 400
14.1.5 RESBE ettt bbb R bbbttt 400
14.1.6 NON-Maskable INTEITUPL .....c.ooicece et nas 400
14.1.7 INEBITUDT oottt b ettt e bt e ek e e sbe e e s b e e s bb e e nbeenbe e nbeebeenree e 400
14.1.8 UNCONAITIONAI TIAP ..viviiiieeeieee bbb bbbttt 400
14.2 Exception HandliNng PrOCEAUNE ........cuuiiiiiiiiiiiee ettt 401
14.3 Acceptance of EXCEPLioN EVENLS .......ccoooiiiiiiiii e e e e e 403
1431 Acceptance Timing and Saved PC ValUE ..o 403
14.3.2 Vector and Site for Saving the Values in the PC and PSW ..., 404
14.4 Hardware Processing for Accepting and Returning from EXceptions ..........ccccceeeveiiiinneennn. 405

145 Hardware Pre-PrOCESSING ......coiuuiiiiiiiiiiiie ettt e et e e e e e s sanaeeeee s 406



145.1 Undefined INStruction EXCEPLION ......cviiiiieie et 406
145.2 Privileged INStruCtion EXCEPLION ....ccveiiieieicece ettt nnene 406
145.3 AACCESS EXCEPLIONS ..vvvitiitiiie ittt et s st te et e e e st tessesbe st e s te st e na et e st eneeneenenneens 406
1454 FI10ating-Point EXCEPLION .....cooiiiiiiceice e e e 406
1455 RESET .ttt sttt et bbbt ettt e Rt Ee bt e E et te et ettt nrne 406
1456 NON-MaSKaDIe INTEITUDPT ..o 407
14.5.7 1T U o S PP URPRPR 407
145.8 L0 g ToTo g0 1 o] g 1IN I o RSSO 407
14.6 Return from Exception Handling ROULINE .........cooiiiiiiiiiiiiiiiie e 408
14.7 Priority Of EXCEPLION EVENTS .......uuiiiiiiiiiiiee ettt e e e e e e e e eeeeee e 408
15.  Interrupt CONtroller (ICUA) ... ittt ettt e et e e s s e e e ssba e e e s nnneeeas 409
151 (@Y= AV = PRSPPI 409
15.2 ReQIStEr DESCIIPLIONS ...iiiiiiiii ittt e et e e e e e e e e e e e bbb e e e e e e e e e e e e e aaannnnnaeeas 411
15.2.1 Interrupt Request Register n (IRN) (N = 016 t0 255) ....occvvvevieiieieeircnsese s 411
15.2.2 Interrupt Request Enable Register m (IERm) (m = 02h to 1Fh) ..o, 413
15.2.3 Interrupt Source Priority Register r (IPRr) (r = 000 t0 255) ......cccooiiriiirniiiiinseseseiens 414
1524 Fast Interrupt Set RegISter (FIR) ....coo i 415
1525 Software Interrupt Generation Register (SWINTR) .....ccooeiiiiiiiiiiniiieieesee e 416
15.2.6 Software Interrupt 2 Generation Register (SWINT2R) .....cccoviiiiiiiiiese e 416
15.2.7 DTC Transfer Request Enable Register n (DTCERN) (N =026 t0 255) .....ccccccvevvvvevesieenienne. 417
15.2.8 DMAC trigger Select Register m (DMRSRm)
(M = DMAC channel NUMDBEE) ....oceiecee e sttt ens 418
15.2.9 IRQ Control Register i (IRQCRI) (I =010 15) ..cviiiriiiriiirieirieisiereereee s 419
15.2.10 IRQ Pin Digital Filter Enable Register 0 (IRQFLTEDQ) .....ccovviniiriiriinieiveecsiesecseeeienes 420
15.2.11 IRQ Pin Digital Filter Enable Register 1 (IRQFLTEL) .....ccoviiiiiiiiiriiirceneccseeseeeeiens 421
15.2.12 IRQ Pin Digital Filter Setting Register 0 (IRQFLTCO) .....ccvviiviiiriiiriineisee s 422
15.2.13 IRQ Pin Digital Filter Setting Register 1 (IRQFLTCL) ....cccvviiviiiriiririneeseesieseeesieseseens 423
15.2.14 Non-Maskable Interrupt Status Register (NMISR) .......ccoovviiiiiiiecicese e 424
15.2.15 Non-Maskable Interrupt Enable Register (NMIER) ... 426
15.2.16 Non-Maskable Interrupt Status Clear Register (NMICLR) ......cccoovriiiiiiinniineieeenecee 428
15.2.17 NMI Pin Interrupt Control Register (NMICRY) .......ccoiiiiiiiiiiie e 428
15.2.18 NMI Pin Digital Filter Enable Register (NMIFLTE) .......ccooiiiiiiiinire e 429
15.2.19 NMI Pin Digital Filter Setting Register (NMIFLTC) ...cccooiiiiiiieie e 429
15.2.20 Group BEO Interrupt Request Register (GRPBEO)
Group BLO/BL1 Interrupt Request Register (GRPBLO/GRPBL1)
Group ALO/ALL Interrupt Request Register (GRPALO/GRPALL) ...cccovvvviieveiiece e 430
15.2.21 Group BEO Interrupt Request Enable Register (GENBEOQ)
Group BLO/BL1 Interrupt Request Enable Register (GENBLO/GENBL1)
Group ALO/AL1 Interrupt Request Enable Register (GENALO/GENALL) .....cccccocvvvevvevennnne. 432
15.2.22 Group BEO Interrupt Clear Register (GCRBEQ) ......ccccoovviiicieiececse s e 434
15.2.23  Software Configurable Interrupt B Request Register k (PIBRK) (k = 0h to Ah) ........cccveuenae 436
15.2.24 Software Configurable Interrupt A Request Register k (PIARK) (k = 0h to Bh) .......cccccceee. 437



15.2.25 Software Configurable Interrupt B Source Select Register Xn (SLIBXRn) (n = 128 to 143) . 438

15.2.26 Software Configurable Interrupt B Source Select Register n (SLIBRn) (n = 144 to 207) ....... 439
15.2.27  Software Configurable Interrupt A Source Select Register n (SLIARN)
(M= 208 10 255) ..o.vieieierereieesi ettt 442
15.2.28 EXDMAC Trigger Select Register (SELEXDR) ....ccoeoiviiiiiriiiiecniee e 446
15.2.29 Software Configurable Interrupt Source Select Register Write Protect Register (SLIPRCR) . 447
15.3 RV Z=Tol (o] g - 1o ][O P PP PPPPTPON 448
15.3.1 LR 0oL AT (o I o] - RS 448
15.3.2 Fast INTEITUPT VECTON ATBA ....ocviieeiieiceeieeesee e 455
15.3.3 Non-maskable INterrupt VECION AT ......cccoeiiiiiiiiirieice e 455
154 TYPES OF INTEITUPES ittt e e et e e e e e b e e e e e nb e e e e anees 456
154.1 PEripheral INTEITUPLS ...c.vivieiieeie ettt sttt e re et te st st e e e eneenserenneanens 456
15.4.2 SOFIWAE INTEITUDLS .ottt et ettt eb e sr et 456
15.4.3 EXEErnal Pin INTEITUDL ...c.ooviiiiiiieeiete e 456
1544 GrOUP TNTEITUPES ...ttt 457
1545 Software Configurable INTEITUPLS .........ooviiiiiiii e e 460
154.5.1 Software Configurable INEITUPL B .....c.vcvvieieccceecr e 461
15.4.5.2 Software Configurable INTEITUPL A ....eoeveeie e s 461
15453 EXDMAC Start Trigger by Software Configurable Interrupts ........ccccovevviinninciennne 461
15.4.6 NON-MaSKADIE INTEITUDLS ..o e 461
155 INEEITUPE DEIECTION ...eiiiiiiiiiie ettt e et e e e st r e e e s sannee e e 462
155.1 [ [0 T D] (=T od 1 o o SRS 462
155.2 LEVEL DELECLION ...ttt bbb bbbttt ettt 464
155.3 Group Interrupts Using Edge DEteCiON ..........ccoviiireieniiiinieiriee e 465
1554 Group Interrupts Using Level DEteCtioN .........ccooeiiieiiniiieiineesieesee s 467
1555 Software Configurable INTEITUPLS .......c.ooiiiiiiiieie e e 469
15.6 Determining Priority of INterrupt REQUESTES .........ueiiiiiiiiiiiiiieeee e 470
15.7 INterrupt SEtting PrOCEAUIE ........eiiiiiiiiiiie ettt et e e st e e e s abbeeee e 470
15.7.1 Enabling INterrupt REQUESES ........ooiiiiiiieiie ettt st 470
15.7.2 Disabling INterrupt REQUESES .......vivieiiierierieieeeeie e ste sttt e e e e re e e b et ss e s e e sneasens 470
15.7.3 Selecting Interrupt Request DESEINATION .........ccoviiiiiiiriiinee e 471
15.7.3.1 Interrupt Request Destination Setting ProCeAUIE ........cccceveveveieieniesene e 471
15.7.3.2 Operations When the DTC/DMAC SeleCted .........cccviiiiiininiieeieee e 472
15.7.3.3 Changing the Interrupt Request Destination .............ccccoeriiiinienenenene e 472
15.7.4 Setting the External Pin INTEITUPL .......ccooiii i e 473
15.7.5 Setting Non-Maskable INEITUPLS .......c.ovieiiricece e 473
15.7.6 DIGIAI FIIEE ..ottt bbb 474
15.7.7 Setting Software Configurable INTErTUPLS ......coooeiiiiiii e 474
15.7.7.1 Polling for Software Configurable INTErrUPLS ........cooeiiiiiiiiiec s 475
15.8 MUIEIPIE TNTEITUPL ...ttt ettt e e e e e e s s e st e e e e e e e e e e e e s s beeeeees 475
15.9 e R 0] (T (1] o) PP UOTPPPTPPPPR 475

15.10 Exiting Low Power CoNSUMPLION SEAtE ..........uveiiiiiiiiieeiieiiiiiiiee e 475



15.10.1 EXItING SIEEP MOUE ...ttt et e s et e et reeneesaeeees 476

15.10.2 Exiting All-Module Clock StOP MOGE .....cevuevierieiieiceees e e enea 476
15.10.3 Exiting Software Standby MOGE ........cccooiiieiiree e 476
T T O 7= o [ o (1 PP PRPPPPRPRPPPPPN 477
15.11.1 Notes on the WAIT instruction When Using the Non-Maskable Interrupt ..........c..cccecvvvennnne. 477
15.11.2 Software Configurable Interrupts in All-Module Clock Stop Mode .......ccccovevveivieieiecieennn, 477
15.11.3 Interrupt Requests in Software Standby MOE .........ccvvvieiiiciccc e 477
BUSES ittt e e et e ettt et e e e e e e h b e e e e e e e e a e a e e e e e e e aaaaaees 478
16.1 OVEIVIBW ...ttt ettt ettt e e ettt e e e ettt e e e e aa bttt e e s n bbbt e e e e bt be e e e e nbbaeeeeenteeeeanneee 478
16.2 DESCHIPLON Of BUSES ....eeeiiiiiieiiii ittt e e e e e e st e e e e e e e e e e e e e nnneeaeeas 480
16.2.1 CPU BUSES ...ttt e bttt b bbbt b bbbt bbb e et s ettt b nnens 480
16.2.2 MEMOIY BUSES ...t 480
16.2.3 INEEINAI IMIN BUSES .....eeiieiieieeie ettt bttt sttt ettt ettt sbe bt e e e e eneene e 480
16.2.4 INternal PEripheral BUSES ......co.ooiiiiiiei ittt st 481
16.2.5 Write Buffer Function (Internal Peripheral BUS) .........ccociviiiiiiiiiie e 482
16.2.6 EXEEINAL BUS ...ttt ettt ettt e 483
16.2.7 Parallel OPEIatioN ........c.ccvoiiiieiiie ettt ettt restesr e ae s ae e eneeneerennennens 486
16.2.8 BUS SELLINGS .ttt et b bbb bbbttt 486
16.2.9 RESIIICLIONS ...ttt ettt ettt ettt sb e be et e e b e e e s enees e e s eneeneebennenneas 487
16.3 REQISEr DESCIIPLIONS .....iviiiieeiiie ettt e e et bt e e s bbb e e e e s abb e e e e s abbeeeene 488
16.3.1 CSn Control Register (CSNCR) (N =010 7) cvoveveieireie ettt 488
16.3.2 CSn Recovery Cycle Register (CSNREC) (N =010 7) wovvvveiiiiiieirieesiee e 489
16.3.3 CS Recovery Cycle Insertion Enable Register (CSRECEN) ........cccoiiiiiiiiiiiiicciccieeas 491
16.3.4 CSn Mode Register (CSNMOD) (N =010 7) wovvvveiiieiieiieieeieisie et 493
16.3.5 CSn Wait Control Register 1 (CSNWCR1) (NZ 010 7) cveveiieiieiieese e 495
16.3.6 CSn Wait Control Register 2 (CSNWCR2) (NZ 010 7) cveveiieiieiieiese e 498
16.3.7 SDC Control RegiSter (SDCCR) ....vvvivieiieiieiteieseesecee e e ettt sn e e sa e naeneens 501
16.3.8 SDC Mode RegiSter (SDCMOD) .....ccuciiiriirieiinieisieiesieesie ettt ere et 502
16.3.9 SDRAM Access Mode Register (SDAMOD) ......cociiiiiiiiniirieeniee st 503
16.3.10 SDRAM Self-Refresh Control Register (SDSELF) .....ccooeoiiiiniinceieereeeeee e 503
16.3.11 SDRAM Refresh Control Register (SDRFCR) .....coiiiiiiiiicieser e 504
16.3.12  SDRAM Auto-Refresh Control Register (SDRFEN) ........ccccvivieiiiiiinieniieiese e sesie s 505
16.3.13 SDRAM Initialization Sequence Control Register (SDICR) ......cccoovvivvivvenieniniesiceeee e 506
16.3.14 SDRAM Initialization RegisSter (SDIR) ....cociieiriirieiriee et 507
16.3.15 SDRAM Address Register (SDADR) ....c.coviiiiiiiieienieise ettt 508
16.3.16 SDRAM Timing RegiSter (SDTR) ...covciiiiiiirieirieinieesee ettt 509
16.3.17  SDRAM Mode RegIStEr (SDMOD) ....cviviiiiiiiieiiieiiteeste et sesie s st sesreseste st sessesessesessesens 511
16.3.18 SDRAM Status REGIStEr (SDSR) ....ceeuiiiiiiieiierie sttt bbb e 512
16.3.19 Bus Error Status Clear Register (BERCLR) .......ccoviiiiiiiie et 513
16.3.20 Bus Error Monitoring Enable Register (BEREN) ........cocoiiiiiiiiiniieeese e 513

16.3.21 Bus Error Status Register 1 (BERSRL) .....ccooiiiiiiiiiinenecee e 514



16.3.22 Bus Error Status Register 2 (BERSR2) .......ccooveiiiieieciccst sttt 514

16.3.23 Bus Priority Control Register (BUSPRI) ........cccviiiieieiecieeee e snea 515
16.4 Endian and Data AIGNMENT .........uuiiiiiiiiee e e e r e e e e e e e e s s n e eeeees 517
16.4.1 Data Alignment CONtrol fOr CS AT ......coiiiiiiieie e 517
16.4.2 Data Alignment Control for SDRAM AFa ......cceecuiiieie et sre s 523
16.5 Operation of CS Area CONrOIIET .......ccoiiiiic e e e e e e e 530
16.5.1 SEPATALE BUS ...ttt bbbt bt bbb e bbb e nb b e nbe e 530
16.5.2 Address/Data MUILIPIEXEA BUS .........couiiuiiiiiiieieieeii ettt ne e 545
16.5.3 EXternal Wait FUNCEION ..........coviiiiiiicieceie e 548
16.5.4 INSErtion 0f RECOVENY CYCIES ....oviuiiiiiiiiiie ettt st 550
16.5.5 NO ACCESS STALE ... 553
16.5.6 Write Buffer Function (EXternal BUS) .......cccoeiiiriiiiiieee e 554
16.5.7 LIMIEALIONS ...ttt ettt bttt b et e st et ne et et et e s e eneere e ee 554
16.6 SDRAM Area Controller OPEIatiOn ..........c..eeeeiiiiiiieeeiiiie ettt e 557
16.6.1 Enabling/Disabling SDRAM Access and Setting SDRAM Bus Width ..........cccccevvvvveiiinnnnnns 557
16.6.2 INO ACCESS STALE ....eeeeeiiee ittt ettt e et e st e et e ste e s eesteeseesbeestenbeeseesbeensesbeeneesseeneenreanens 557
16.6.3 INSErtion Of RECOVENY CYCIES ...c.oviiiiiiiiiiiieit e 557
16.6.4 Write BUFFEr FUNCLION ...t et 557
16.6.5 SDRAM COMMENGS ....vtviieieiinirieieiee ettt sttt se bbb e bbbt sttt ese b b es 558
16.6.6 Conditions for Setting SDRAMC REGISIEIS .....vcvivieiiieierii et 558
16.6.7 SEIF-RETIESN .o 559
16.6.8 AN (0 =1 i =1 TSR 562
16.6.9 INILIAlIZAtION SEQUENCET ..ottt bbb 564
16.6.10 REAU/MVIIE ACCESS ...vvveieitiiteite sttt sttt sttt e et et e sttt e besbeebesbesaessenbesseneeneeneesenneaneas 565
16.6.11 Setting MO REJISIEL ...ttt bbb et 568
16.6.12 SDRAMC Setting EXamMPIES .....ocuiiiieiiieee e b e 569
16.6.12.1 SDRAMC ACCESS PrOCEAUIE .....vovvivieiiiiieeeeee e 569
16.6.12.2 Procedure for Transition to and Recovery from Self-Refresh Mode ... 570
16.6.12.3 Timing Register Settings and Access TIMING .....ccooovvireiineiineine e 572
16.6.13  AdAress MUIIPIEXING ....veuviviiiiiiiiiiieeieee et ene e 581
16.6.14 Examples for Connecting With SDRAIMS .......cociiiiiiii e 582
16.6.14.1 32-Bit BUS SPACE ....eeueeieeuieiieiesieeti sttt sttt ettt ettt b bbb bbb b e et ne s 582
16.6.14.2 16-Bit BUS SPACE ....eviviiiieieeesiiee st 585
16.6.15 RESIIICLIONS ...ttt ettt sttt b et et et es e seese et e eseseesbessesteneeneeneerennennens 588
16.7 BUS Error MONItOrNG SECHON .....ccoiiiiiiiieiiiiiie ettt e e e saaee e e e e 589
16.7.1 TYPES OF BUS EFTOT ..ottt ettt st et et este et e eneenbesneennesneesnens 589
16.7.1.1 H1EQgal AQAIESS ACCESS ..vivveveeieitestiite et ete e e et sttt sa e s s e aesresteseesaenseneeneaneerenrn 589
16.7.1.2 L0 | SRR 589

16.7.2 Operations When @ BUS ErTOr OCCUIS ......coiiiiiirieinieenieiesie ettt 589
16.7.3 Conditions Leading to BUS EITOIS ........cooiiiiiiiiiciieeeese e 590

16.8 LT =T (] o] S PTTRRSPPPIN 590



16.8.1 INEEITUDPT SOUICE vttt et et e et s rb e e abe e be e s beenbeesbbeanteenbee e 590
16.9 USBGE NOLES ...ttt e et e e e e ettt s e e et e et e e e e e e ea b r e e e e eeba e eaeaaee 591
16.9.1 Setting Drive Capacity Control Registers for 1/O POMS ... 591
17.  Memory-Protection Unit (MPU) ........oceiiiiiiiie oot e e s s s s e e e e e e e e s s s snnnanaeeneeaeeeeenennnes 592
171 OVEBIVIBW ..ttt ettt ettt ettt e e oo oo s oottt ettt e a2 e e e e e e e ab bbb bb et e e e aaaaeeesaaannbbnbeeeeesaaaannns 592
17.1.1 TyPeS OF ACCESS CONION ......viueiieieiieie ettt nneneens 594
17.1.2 Regions fOr ACCESS CONIOI ......ccviiieciee ettt reenesnesresnenrens 594
17.1.3 Background REGION ..ottt ettt ettt 594
17.14 Overlap DEtWEEN REGIONS .....c.oiuiiiieiieieie ettt bt bbb 594
17.15 Instructions and Data that Span REGIONS .........ooiiiiiriiieieeee e 594
17.2 REQISLEr DESCHIPLIONS ...uuiiiiie e e e e e e e e e e et e et e s e e e e e aaaaaaaaaas 595
1721 Region-n Start Page Number Register (RSPAGEN) (N =010 7) ooevveivvienneneenee e, 595
17.2.2 Region-n End Page Number Register (REPAGEN) (N =010 7) eooeoieireiiieneieeceeeeenieine 596
17.2.3 Memory-Protection Enable Register (MPEN) .........ooiiiiiiiii e 597
17.2.4 Background Access Control Register (MPBAC) ...t 598
17.25 Memory-Protection Error Status-Clearing Register (MPECLR) ......ccccceoveveiivivniesnse e sieiennns 599
17.2.6 Memory-Protection Error Status Register (MPESTS) ...cccove e 600
17.2.7 Data Memory-Protection Error Address Register (MPDEA) .......ccovviiriennieneienee e 601
17.2.8 Region Search Address RegiSter (MPSA) ....c..oiiiiieieieeee ettt 602
17.2.9 Region Search Operation Register (MPOPS) .......cccocoiiiiiiiiicircee e 602
17.2.10 Region Invalidation Operation Register (MPOPI) ..o 603
17.2.11 Instruction-Hit Region Register (MHITI) ..o 604
17.2.12 Data-Hit Region Register (MHITD) .....ccciiiiieiiieie et sne 606
17.3 U T 1 o 1SR 608
17.3.1 Y =T 0T Y o (0 =T £ ] SRS 608
17.3.2 REGION SEAICI ...t sttt e st e et e ss e e beereenresreenees 608
17.3.3 Protection of Registers Related to the Memory-Protection Unit ..........c.cccocevvveinvicincisininnnnns 608
17.3.4 Flow for Determination of Access by the Memory-Protection FUNCtion ............ccccocovevreinen. 609
17.4 Procedures for Using Memory ProteCtioNn .............oouuiiiiiiiiiieiiiiiiieee it 611
17.4.1 Setting Access-Control INFOrMAtion ...........ccooiiieiiiic e 611
17.4.2 Enabling Memory PrOtECLION .......cceieiiiicicese ettt nnenne 611
1743 TranSition 10 USEr IMOTE ....c..ooveuieieieie ettt st ne e eneens 611
1744 Processing in Response to Memory-ProteCtion EITOIS .........ccocceveereiennieneienee e 611
18.  DMA CONroller (DIMACAR) .....uuvviiiiiieieeeeee e ii ittt e e et e eeeeeesa s s tantaaareaeaaaeeessasaassnstanareeeeaeeeesannsnns 613
18.1 L@ YT QT OPRRR 613
18.2 REQIStEr DESCIIPLIONS ....iieiiii e e e e e e e e e e e e e e e e e e e e aaaaaeaaaas 615
18.2.1 DMA Source Address Register (DIMSAR) .....cviieiiiireieneeniee et 615
18.2.2 DMA Destination Address Register (DMDAR) .....ooiiiiiiiiiieeeeeeere e 615
18.2.3 DMA Transfer Count Register (DMCRA) ...c.viiiiieiieect st 616
18.2.4 DMA Block Transfer Count Register (DMCRB) ......c.cocoiiiiiiiiiie e 617
18.2.5 DMA Transfer Mode Register (DMTMD) .....c.covoiiiiiiiiieriesiceeees e e 618



18.2.6 DMA Interrupt Setting Register (DMINT) ...ooviiiiiie e 619
18.2.7 DMA Address Mode RegiSter (DMAMD) ......cccvoiiiiieiirereseeieese st e e esne s 621
18.2.8 DMA Offset Register (DMOFR) .......coviiiiiiie ettt e e e e e nneas 624
18.2.9 DMA Transfer Enable Register (DMCNT) ..o 624
18.2.10 DMA Software Start Register (DMREQ) ..o 625
18.2.11 DMA Status RegiSter (DIMSTS) ....oouiiiieieenisie ettt 626
18.2.12 DMA Request Source Flag Control Register (DMCSL) .....c.coviiviviieiii e 627
18.2.13 DMAC Module Start RegiSter (DIMAST) ..cvooviicice ettt ee et re e snens 628
18.2.14 DMAC74 Interrupt Status Monitor Register (DMIST) ....ccccveiiiiiiieirsecese e 629
18.3 (@0 1=T =i o o H PSP P PR 630
18.3.1 TPANSTEE IMIOTE ...ttt bbb bbbttt b e 630
18.3.2 Extended Repeat Area FUNCLION .......ccccoiiiiiiicie e eneas 634
18.3.3 Address Update Function Using OFfSEt ... iiicieiiiiece s 636
18.3.4 REQUESE SOUICES .....ecviiiit sttt ettt r bbbt sr e s e s en e nrennea 640
18.3.5 OPEratioN THMING ..cveivieiieereieeistee et b et b et r et eb et sb e b et eb b e ebe e b e 641
18.3.6 DMAC EXECULION CYCIES ...ttt 642
18.3.7 ACIVALING the DIMAC ..ot bbbttt b et sttt 643
18.3.8 Starting DIMIA TTANSTEE .....ciiiici ettt e e e e neans 644
18.3.9 Registers during DIMA TTaNSTEr .....c.cviiiiiiie ettt e nea 644
18.3.10 ChANNET PIIOMILY ..ottt bbbttt et eb et be et 645
18.4 ENdiNg DIMA TranSTEI .ttt et e et e e s nnbeeee e 646
18.4.1 Transfer End by Completion of Specified Total Number of Transfer Operations ................... 646
18.4.2 Transfer End by Repeat Size ENd INTEITUPL ....ocvoiveviieieececcce e 646
18.4.3 Transfer End by Interrupt on Extended Repeat Area OVerflow ..o, 646
18.5 LT LT U o TR 647
18.6 V7Y | IR o | PP PRPTPPPR 649
18.7 Low-Power Consumption FUNCHON ........coiiiiiiiiiiiiiiee et 650
18.8 L8 ST= T =20\ L0 (= PSPPI 651
18.8.1 DMA Transfer to EXIErNal DEVICES ......cccviverierieieisese st se st ste e e aeresnesnens 651
18.8.2 DMA Transfer to Peripheral MOAUIES ..........ccoiiiiiiiie e 651
18.8.3 Access to the Registers during DMA Transfer ... 651
18.8.4 DMA Transfer t0 RESEIVEA ATEAS .....c..cueiiiieiiiirie sttt ettt sttt be b b e 651
18.8.5 Interrupt Request by the DMA Request Source Flag Control Register (DMCSL)
at the End of EACh TTanSTer .....coocviiiiic s 651
18.8.6 Setting of DMAC Trigger Select Register of the Interrupt Controller (ICU.DMRSRm) ........ 651
18.8.7 Suspending or Restarting DMA TranSTer ........ccooiiiiiie e 651
19. EXDMA Controller (EXDMAGCA) ....cceeeeiiiiiiiiiiiieeie e ee e e e e et siesitteaaeeeeasaeeesessnsssnsanseseeeaaaeeesessnnnnnnsnnes 652
19.1 L@ YT 4T PO 652
19.2 YT o RS (T B Lot od o o] (o PR 655
19.2.1 EXDMA Source Address Register (EDMSAR) .....cooerieiiiniiiniee et 655
19.2.2 EXDMA Destination Address Register (EDMDAR) ..o 655



19.2.3 EXDMA Transfer Count Register (EDMGCRA) ......ooviiiiiie sttt 656

19.2.4 EXDMA Block Transfer Count Register (EDMCRB) ......cccoveieiiieiisrsiese e seeneneas 658
19.25 EXDMA Transfer Mode Register (EDMTMD) .....ccocovieiiiiiiiciieiese e 659
19.2.6 EXDMA Output Setting Register (EDMOMD) ......ccooeiiiiiiiiiiiiiese e 660
19.2.7 EXDMA Interrupt Setting Register (EDMINT) ....ocooiiiiniiiniiiicee e 661
19.2.8 EXDMA Address Mode Register (EDMAMD) ..o 663
19.2.9 EXDMA Offset Register (EDMOFR) .....cooviuiiiiiiieiiisieeeenisis e 666
19.2.10 EXDMA Transfer Enable Register (EDMOCNT) ....ccvcviiiiiiicieiceeeees e ese e sneas 667
19.2.11 EXDMA Software Start Register (EDMREQ) .....coooeiiiiiiiiieieer e 668
19.2.12 EXDMA Status RegiSter (EDMSTS) ....ooiiiiiieiiieisieenie ettt 669
19.2.13 EXDMA External Request Sense Mode Register (EDMRMD) .......cccoooveiiinniensieneeneeee 670
19.2.14 EXDMA External Request Flag Register (EDMERF) .......cccoiiiiiiiniiiiiieeee e 671
19.2.15 EXDMA Peripheral Request Flag Register (EDMPRF) .......cccooiiiiiiiiieceeceiee 672
19.2.16 EXDMAC Module Start Register (EDMAST) ..ot 673
19.2.17 Cluster Buffer Register y (CLSBRY) (Y S 010 7) ooviivcieiiiecree et 674
19.3 L@ 1=T =i o o H PR PR 675
19.3.1 TPANSTEE IMIOUE ..ottt bbb ettt b e bbbt 675
19.3.2 Extended Repeat Area FUNCLION .......ccccociiiiiiiieiciese et enea 681
19.3.3 Address Update Function using OFfSEt ..o 683
19.34 AGArESS IMIOUES ...ttt bbbt bbbt 687
194 RN Y (ST O] o 1T =1 1T o PP PUP PSS 688
19.4.1 Normal/Repeat Transfer OPEration ...........cccociiiiiirineie e 688
19.4.2 BIOCK Transfer OPEration ........ccccceieiiieieiecce ettt e se s re e sreas 690
19.4.3 Cluster Transfer OPEIAtiON .......ccccieiiiiiee ettt sr et sb e eb e be e ene e 692
195 Request SoUrces and PrOCEAUIES ........cooiiiiiieiiiiiiee ettt e st e e 695
195.1 REQUESE SOUITES ...ttt b et btttk sb e bbbt e bt ebs e b e se e sbeennenbeeneas 695
19.5.2 ACtivating the EXDIMAC .....ooiiiiieie et 698
19.5.3 SEArting DIMA TTaNSTEE ...t e et 699
1954 Registers during DIMA TTanSTer ..o e 699
1955 CRANNET PIIOMILY ...ttt ekt eb e b 700
19.6 ENdiNg DMA TrANSTEI ...ooiiiiiiiii ittt e e e e e e e e e e e nneeaeees 701
19.6.1 Transfer End by Completion of Specified Total Number of Transfer Operations ................... 701
19.6.2 Transfer End by Repeat Size End INTEITUPL ....c.oooiiiiiiiiieeecee s 702
19.6.3 Transfer End by Interrupt on Extended Repeat Area OVerflow ..., 702
19.7 L1 (=] ¢ (U] o PO OUP PP PPRPPRPPPP 703
19.8 Low-Power Consumption FUNCHON .........oiiuiiieiiiiiiie ettt 705
19.9 EDACKnN Operation in Single Address MOde .........ccocuuiiiiiiiiiiiiea e 706
19.9.1 EDACKnN Operation Example in Normal-Transfer (CS Area) Single Address Mode ............. 706
19.9.2 EDACKnN Operation Example in Normal-Transfer (SDRAM Area) Single Address Mode .... 708
19.9.3 EDACKnN Operation Example in Block-Transfer (CS Area) Single Address Mode ................ 711

19.94 EDACKnN Operation Example in Block-Transfer (SDRAM Area) Single Address Mode ...... 712



RS T O O F 7= To =20 Ao (= SO 719
19.10.1 (O U (=T 2T S 719
19.10.2  Access to the Registers during DMA TranSfer ... 719
19.10.3 DMA Transfer t0 RESEIVEA ATBAS ........oiiiuiririeieieeeete ettt sb e see e 719

20. Data Transfer Controller (DTCA) ....c.uvueeieiiiiiiiiee ittt ettt e s e e e e sebbe e e e e 720

20.1 OVEBIVIBW ..ttt ettt et e e e e oo e 4o et bttt et et e e e e e e e e e e e nnbebbeeeeeeeaaaeeesanannnenbneeeeeaaaannns 720

20.2 =T oIS (= g LTS o] T o] o] g S 722
20.2.1 DTC Mode RegiSter A (IMRA) ...ttt bbbt enea 722
20.2.2 DTC Mode RegiSter B (MRB) .....cccoiiiiiiiiie ettt sttt sne e 723
20.2.3 DTC Transfer Source RegiStEr (SAR) ...ocvii ittt st 724
20.2.4 DTC Transfer Destination RegiSter (DAR) .......ccoivieiirirerereeeeese et esne s 724
20.25 DTC Transfer Count Register A (CRA) ..o 725
20.2.6 DTC Transfer Count Register B (CRB) ......cciiiiiiii et 726
20.2.7 DTC Control RegiSter (DTCCR) ....cueeiieieieee ettt ettt s snesne s 726
20.2.8 DTC Vector Base Register (DTCVBR) ....ccovoiiiicice et 727
20.2.9 DTC Address Mode Register (DTCADMOD) .....ccovcviiiiiisieieieseeieeeese e ssesie e seenanens 727
20.2.10 DTC Module Start ReQIStEr (DTCST) w.ouveveireriisieriesiesieiereese e et ste s e sre e sre e ss e e senneanens 728
20.2.11 DTC Status REGISEr (DTCSTS) ..vvveierieirieerieie ettt sttt bttt 729

20.3 REQUESE SOUICES ..ottt et e e e e e s e et r e e e e e e n e sn s 730
20.3.1 Allocating Transfer Information and DTC Vector Table ... 730

20.4 (0] 0= =110 o RSP 732
204.1 Transfer Information Read SKip FUNCION .........ccooiiiiiiiiiiccc s 734
20.4.2 Transfer Information Write-Back SKip FUNCLION ........ccoociiiiiiiice e 735
20.4.3 NOMAal TraNSTEr MOUE ......oieiiie ettt bbb e 736
20.4.4 Repeat Transfer MOUE .......c.coviiiiiiie ettt se et seeneaneas 737
20.4.5 BIOCK Transfer MOUE .......cvoiviiiieiie ettt sn e seeneeneas 738
20.4.6 (@8 T T I L) - S 739
20.4.7 OPEratioN THMING ..oveiveeirieeeriei ettt bbbt b et b et b e eb e eb e e b e 740
20.4.8 Execution CyCles Of the DTC ..ottt 743
20.4.9 DTC Bus Mastership Release TIMiNG .......ccoooeiiiiiiiiiienienese e 743

20.5 D WO ST= v1 g o [ d (o ToT=To [V ¢ SRR 744

20.6 EXQMPIES Of DTC USAQE ..eeiieiitiiiieeiiiiiit ettt sttt ettt ettt e et e e e st e e e e snnneeees 745
20.6.1 NOFMAL TFANSTEE ..ot st b e b nrne 745
20.6.2 (08 g T T I 4] - USSP 745
20.6.3 Chain Transfer When the COUNLEr IS 0 .....cvvvieeiiericcieeeeeeee e e 747

20.7 INEEITUPE SOUICE ...ttt e e e e e s r e et e e e e e e e s ree e 748

20.8 V7T | IR o PP PRPRTPPPP 748

20.9 Low Power Consumption FUNCLION .........cooiiiiiiiiiieiiiiiee et 749

20.10  USAQE NOLES ..ottt ettt e e e ettt e e e et e e e et e et e e e e e aebra s 750
20.10.1 Start Address of Transfer INFOrmation ..o 750

20.10.2 Allocating Transfer INfOrmation ..........cccoccviii i 750



20.10.3 Setting the DTC Transfer Request Enable Register in the Interrupt Controller
(ICU.DTCERN) ettt bbbttt bbbttt 751
21, EVeNt LINK CONroller (ELC) ...ooiiiiiiiiiieeeieee ettt a e e e et e e e e e e e e e e e e e e annnrnaaeeaaaaeeas 752
211 OVEBIVIBW ...ttt ettt e e e e et e e e e e e e e e kb e e e e e bt e e e e b et e e e e e e e e ennnes 752
21.2 REQISEr DESCIIPLIONS ......tiiiie ettt e e ettt e e s e bbb e e e e s abbe e e e e s anbbreeenaes 753
21.2.1 Event Link Control RegiSter (ELCR) .....oiviieiiicise ettt 753

21.2.2 Event Link Setting Register n (ELSRn)

(n=0,3,4,7,10to0 13, 15, 16, 18 t0 28, 33, 3510 38, 41 t0 45) ....cevveveerirerrirererrrerecenennas 754
21.2.3 Event Link Option Setting Register A (ELOPA) .....coooveieieeceee e 760
21.24 Event Link Option Setting Register B (ELOPB) .......cccociiiiiiiiinie e 761
21.25 Event Link Option Setting Register C (ELOPC) ......coiiiiiiiiiieieere e 761
21.2.6 Event Link Option Setting Register D (ELOPD) ......cccooiiiiiiiiiiere e 762
21.2.7 Event Link Option Setting Register F (ELOPF) ..c..oovioiiii e 763
21.2.8 Event Link Option Setting Register H (ELOPH) .......covovoiiiiciei e 764
21.2.9 Event Link Option Setting Register I (ELOPI) .....ccco oo 765
21.2.10 Event Link Option Setting Register J (ELOPJ) ......cooiriiiiiinceee e 766
21.2.11 Port Group Setting Register n (PGRN) (N = 1, 2) .oooiiiiiiiiceeeeeee e 767
21.2.12 Port Group Control Register n (PGCN) (N =1, 2) ooeiieiiieeieeeniee et 768
21.2.13 Port Buffer Register N (PDBFN) (N= 1, 2) covoiiiiceei ettt sttt 769
21.2.14 Event Link Port Setting Register n (PELN) (N =010 3) ocoeiieiiiiicise e 770
21.2.15 Event Link Software Event Generation Register (ELSEGR) .........ccccovvvivvieneneienisneesinnennens 771
21.3 (@] 01=T = 1o o E PO PP PP PR 772
21.3.1 Relation between Interrupt Handling and Event Linking ........c..cccoocovviiiniiicienn e, 772
21.3.2 YT o ] U 1= OSSR 773
21.3.3 Operation of Peripheral Timer Modules When Event is INPUt ........c.cccoveiviivnie i, 774
21.34 Operation of A/D and D/A Converters When EVEnt is INPUL .........cocociriiniininscenes 774
21.35 1/0O Port Operation upon Event Input and Event Generation ............ccccveereviveicneinninecnenes 774
21.3.6 Example of Procedure for LinKing EVENES ........cccooiiieiniineineese e 779
214 USAQE NOLES ... e e e e e e e e e et e ettt e ee e be b et e e e e e e e e e e e e e aaaanaaeeas 780
2141 Setting ELSRN REGISIEN .....oiviiiiieiiiieiiieiestete s ettt 780
21.4.2 Setting Bit-Rotating Operation of Output POrt GroUPS ........ccevveriieiiiiiienese e 780
21.4.3 Linking DMAC/DTC Transfer End Signals as EVENES ..o 780
21.4.4 SEEHNG CIOCKS ...ttt eb et 780
2145 Module Stop FUNCHION SEHING ....ccoiiiiiiiiieeeee e e 780
N 1 (@ B = o 1 (USRI 781
22.1 OVEBIVIBW ...ttt ettt ettt e e ottt o4 et e e 4 e et e e 4 sk b e e e e e b e e e e e b e e e e e e e e e nnnes 781
22.2 1/O POrt CONFIQUIALION ....uviiieiiiiiiiiee ettt e et e e et e e e s e sbbneeenan 783
22.3 REQISIEr DESCIIPLIONS ...uiiiii i e e e e e e e e e e e e e e e e e e e e aaaaeaaaeaas 787
2231 Port Direction RegIStEr (PDR) .....c.oiiiiiierieeisie ettt 787
22.3.2 Port Output Data RegiSter (PODR) ......c.ciiiiiiieieie ettt eeneas 788
22.3.3 Port INput REQISLEr (PIDR) ....c.viiieiie ettt sttt n bbb sne e sne e 789
22.3.4 Port Mode REGISIEr (PMR) ..ottt sttt n et e ne e sne e 790



22.35 Open-Drain Control Register 0 (ODRO) ......cccoveiieiieiieieseee e 791
22.3.6 Open-Drain Control Register 1 (ODRL) ...cocvviieiericiceeese et 792
22.3.7 Pull-Up Resistor Control REGISLEr (PCR) .....ccveieiiieiesierereereeeeestes e seeaeneas 793
22.3.8 Drive Capacity Control RegiSter (DSCR) ......coeiiiririiirieiriesieise e e 794
22.4 Handling of UNUSEA PINS ......oouiiiiiiiiiii ettt 795
225 USBGE NOLES ...ttt e et e e e e e et b r e e et ee e e e e e e ea b n e e e e eetanneeaeeaee 795
2251 Note on the Port Direction RegiSter (PDR) ......ccociiiiiiiieiiie et 795
23.  Multi-Function Pin Controller (MPC) .....ccooiiiiccie et r e e e e e e e e s ar e e e e e e e e e e e 796
23.1 OVEBIVIBW ..ttt ettt bttt e e e e oo e o e oo ab it bttt et e a2 e e e e e e e a bbb bbs e e e e e eaaaeeeaaaaannnbnbneeeesaaaannns 796
23.2 =T oIS (= g LT T o] o] o] S 814
23.2.1 Write-Protect REGIStEr (PWPR) ....cc.oiiiiiiiiieieeieetsierie sttt e 814
23.2.2 POn Pin Function Control Register (PONPFS) (N =010 3,5, 7) .oveoeiieiiiriiire e 815
23.2.3 P1n Pin Function Control Registers (PINPFS) (N =010 7) covvvvevevieeieee e 816
23.2.4 P2n Pin Function Control Registers (P2NPFS) (N =010 7) voovevevvieiie s 818
23.25 P3n Pin Function Control Registers (P3NPFS) (N =010 4) .oovovovvceiieieveceeeeeeese e 819
23.2.6 P4n Pin Function Control Registers (PANPFS) (N =010 7) wovvveerieiniiieenneee s 820
23.2.7 P5n Pin Function Control Registers (P5nPFS) (n =010 2, 4,10 6) ..cocoveviiiiieieieceeeneiae 821
23.2.8 Pén Pin Function Control Registers (P6NPFS) (N =0, 6, 7) ..oooeieieeieire e 823
23.2.9 P7n Pin Function Control Registers (P7TNPFS) (N =110 7) covoveve i 824
23.2.10 P8n Pin Function Control Registers (P8NPFS) (N =010 3,6, 7) cceccvecvevieeiiecee e 825
23.2.11 P9n Pin Function Control Registers (PONPFS) (N =010 7) vovvvveveeerre e 826
23.2.12 PAn Pin Function Control Registers (PANPFS) (N =010 7) .oovcivviniiinrenreee e 827
23.2.13 PBn Pin Function Control Registers (PBNPFS) (N =010 7) ...cooviiiieienieneenee e 828
23.2.14 PCn Pin Function Control Register (PCNPFS) (N =010 7) .evoeviieirieiiee e 830
23.2.15 PDn Pin Function Control Register (PDNPFS) (N =010 7) .oooeveiieviie e 831
23.2.16 PEn Pin Function Control Register (PENPFS) (N =010 7) oo 832
23.2.17 PFn Pin Function Control Register (PFNPFS) (N =010 2,5) .oooivvieiieiiiere e 833
23.2.18 PGn Pin Function Control Register (PGNPFS) (N =010 7) .oovivveiiieieieie e 833
23.2.19 PJn Pin Function Control Register (PINPFS) (N =3, 5) ..o 834
23.2.20 CS Output Enable Register (PFCSE) ......coviiiiiiiiiiieisie ettt 835
23.2.21  CS Output Pin Select Register 0 (PFCSS0) ......ceiviiriririeirinieieiesisiee et 836
23.2.22  CS Output Pin Select Register 1 (PFCSSL) ....cceiiiiiiirieirinieieeessie et 837
23.2.23  Address Output Enable Register 0 (PFAOED) ......ccccceiveieieirese et 838
23.2.24  Address Output Enable Register 1 (PFAOEL) ..ottt 839
23.2.25 External Bus Control Register 0 (PFBCRO) ......c.ccoviiriieniiinieeriee e 840
23.2.26 External Bus Control Register 1 (PFBCRL) ......ccccoiiiiiieririeieieiee e 841
23.2.27 Ethernet Control Register (PFENET) .....oooiiiiiiiiie ettt 842
23.3 How to Set the External BuS INTEITACE ..........oooiiiiiiiiiiiiie e 843
23.4 L0 LSEoT0 T AN L0] [ PSP 846
234.1 Procedure for Specifying Input/Output Pin FUNCLION ........ccooiiiiiiiiiiiiieeeeeceie e 846
23.4.2 Notes 0N MPC REQISTEr SEIIING ...ecvvieriiieiieieie et e et e e e nneeneas 846



23.4.3 Notes on the Use of ANalog FUNCLIONS .........ociiiiiieiicccsee e 847
24.  Multi-Function Timer Pulse Unit (MTUSA) .....cooiiiiiiiiieiiieiiee et e e e e e e 848
24.1 OVEIVIEBW vttt eeeeeete ettt e e e et e e e e e e ettt e e e e e e e taa e eeee e s ba e e e s e e bt eeeesssbanaeeseetaestansnns 848
24.2 REQISEr DESCIIPLIONS .....itiiiie ettt e et e e e s bbb e e e e s abb e e ee e s abbneee e 854
24.2.1 Timer Control REQISIEr (TCR) ...oviiieiicieiese ettt sre e sae e e sreennens 854
24.2.2 Timer Control RegIStEr 2 (TCR2) ...vccvieieeeee sttt st n e ens 856
24.2.3 Timer Mode Register 1 (TMDRL) ..ocviviiiiiiieeeeec et 860
2424 Timer Mode Registers 2 (TMDR2A, TMDR2B) ......cccviiiiiiiiitiiieiteesese e 862
24.25 Timer Mode Register 3 (TMDR3) ..o b e e 863
24.2.6 Timer 1/O Control RegiStEr (TIOR) .....coiiiiiiieieieeee et e 864
24.2.7 Timer Compare Match Clear Register (TCNTCMPCLR) .....cccooviviiiiieie e 881
24.2.8 Timer Interrupt Enable RegiSter (TIER) ....cocviviiiicieieiese e 882
24.2.9 Timer Status REGISLEr (TSR) ...ovcieeie ettt e e e eneers 885
24.2.10  Timer Buffer Operation Transfer Mode Register (TBTM) ..o 886
24.2.11  Timer Input Capture Control RegiSter (TICCR) ....cocoiiiiieieeeee e e 887
24.2.12  Timer Synchronous Clear Register (TSYCR) ...c.ccooiiiiiiriiiiiiiseniseeeieeei s 888
24.2.13 TIMEr COUNTEE (TCNT) ottt e st e et e st e s e e sresneesaesneesreeraens 889
24.2.14  Timer Longword Counter (TCNTLW) ..ot st 890
24.2.15  Timer General REQISTEr (TGR) ....cviviiiiieieieieie it e e ste sttt neereste e s resae e seene e 891
24.2.16  Timer Longword General Registers (TGRALW, TGRBLW) .......cccccoviiniiininiineniceiens 892
24217 Timer Start Registers (TSTRA, TSTRB, TSTR) ..ccoociiiiiiiiiereeec s 893
24.2.18  Timer Synchronous Registers (TSYRA, TSYRB) ..ot 895
24.2.19  Timer Counter Synchronous Start Register (TCSYSTR) ....ccvoiiiiiiniinieninienie e 897
24.2.20  Timer Read/Write Enable Registers (TRWERA, TRWERB) ......ccociiiiiiiii e 899
24.2.21  Timer Output Master Enable Registers (TOERA, TOERB) .....cccccooviviivniviieiese e 900
24.2.22  Timer Output Control Registers 1 (TOCR1A, TOCRIB) .....ccooviiiviinircnesieneieins 902
24.2.23  Timer Output Control Registers 2 (TOCR2A, TOCR2B) ......cccoiiviiiniiriirenieseeseeeseens 904
24.2.24  Timer Output Level Buffer Registers (TOLBRA, TOLBRB) ......cccccooviiniiniiiinesicienes 907
24.2.25  Timer Gate Control Register A (TGCRA) ...ttt 908
24.2.26  Timer Subcounters (TCNTSA, TCNTSB) ...cooiiiiiieieiee e e 909
24.2.27 Timer Cycle Data Registers (TCDRA, TCDRB) ....ccococviiviiiiiiie et sin e 909
24.2.28  Timer Cycle Buffer Registers (TCBRA, TCBRB) .......cccuviiiiiniiineireenesieesie s 910
24.2.29 Timer Dead Time Data Registers (TDDRA, TDDRB) .....cccccctriiiiiniineseneseseesieeees 910
24.2.30  Timer Dead Time Enable Registers (TDERA, TDERB) .......cccoiiiiiniiniincnicneeeesens 911
24.2.31  Timer Buffer Transfer Set Registers (TBTERA, TBTERB) ......cccccooiiiiiiiniiinee e 912
24.2.32 Timer Waveform Control Registers (TWCRA, TWCRB) ... 913
24.2.33 Noise Filter Control Register n (NFCRN) (n=0104,6,7,8,C) .ooovevvvieeieieeeceeeseee e 915
24.2.34 Noise Filter Control Register 5 (NFCRS) ......ocviiiiriieicecc s 917
24.2.35  Timer A/D Converter Start Request Control Register (TADCR) ......ccccovevvvivnivvinveviieieeenens 918
24.2.36  Timer A/D Converter Start Request Cycle Set Registers (TADCORA, TADCORB) ............. 922



24.2.37 Timer A/D Converter Start Request Cycle Set Buffer Registers

(TADCOBRA, TADCOBRB) ....ocutiiitiiitinisitie sttt 922
24.2.38  Timer Interrupt Skipping Mode Registers (TITMRA, TITMRB) ....c.ccccovvivviivineieieeeeeesees 923
24.2.39  Timer Interrupt Skipping Set Registers 1 (TITCR1A, TITCR1B) ...cccccovvvveveneieieceeeeeesees 924
24.2.40  Timer Interrupt Skipping Counters 1 (TITCNTL1A, TITCNT1B) ...ccooviiviiiiiereneeenes 926
24.2.41  Timer Interrupt Skipping Set Registers 2 (TITCR2A, TITCR2B) ....cccoceoviiniinereincne 928
24.2.42  Timer Interrupt Skipping Counters 2 (TITCNT2A, TITCNT2B) ....ccccvvvviiiiiiiirenceies 930
24.3 (O] 0=] r= 11 o] o KPP T TP OPPPPPPRPPT 932
243.1 [T T Tl U Tod o] SRS 932
24.3.2 SYNCAIrONOUS OPEIALION .....cviiiiiitiiictiiete ettt b e e 938
24.3.3 BUTTER OPEIALION ...ttt ekttt r e 940
24.34 (OF: Kor:To [T I @ o T-] = o] 1 OSSO U S USSPV 944
24.35 PWWIM IMIOUES ..ottt 949
24.3.6 Phase COUNLING MOOE .......coiiiiiiieie ettt r e e e seeneeneerennenrens 954
24.3.6.1 16-Bit Phase Counting MOGE ........cocoiriiiriiiiiieieiec et 954
24.3.6.2 Cascade Connection 32-Bit Phase Counting MOdE ..........cccooeviiinnenieneeneesee e 965
24.3.7 Reset-Synchronized PWIM MOGE ..o 968
24.3.8 Complementary PWIM IMOGE ........cooiiiiieieiie et et 971
24.3.9 A/D Converter Start Request Delaying FUNCLION ........c.cocvvievieiiiceec e 1013
24.3.10 Synchronous Operation of MTUO to MTU4, MTUG, and MTUT7 .......ccccceevevviiecieeece e 1019
24.3.11 External Pulse Width MEaSUrEMENT ........ccceiverieieiieiece et 1022
24.3.12 Dead Time COMPENSALION ....c.coviiriiiiiitirietiriee ettt bbbttt ne et 1023

24.3.13  TCNTU, TCNTV, and TCNTW Capture at Crest and/or Trough
in Complementary PWM MOOE .......ccooviiiiiiiiiieee e 1025
24.3.14 NOISE FIItEr FUNCHION ...ttt bbb e 1025
24.4 INTEITUPE SOUICES ...t e e e e et e et ettt et e et e e bt e e e e e e e e e e e e e aaaeans 1026
2441 Interrupt SOUrCes and PrIOTITIES ........oviiiriiiiiiie s 1026
24.4.2 DTC/DMAC ACLVALION ..ottt ne st st snesee e neeeens 1028
24.4.3 AJD CONVEITEr ACLIVALION .....viiiiiiiitiitiiie ettt ettt s b b s 1029
24.5 OPEration TIMING .ocoeeiiiiiiiit ettt e e e e e e e e e s s ab b e e be e et e aaaaesseaaaannnbbsbeeeeeaaaens 1031
2451 INPUL/OULPUE TIMING ettt 1031
2452 INterrupt SIgNal TIMING ..o 1037
24.6 USBOE NOLES ..o oo e ettt e ettt te et bbb e e e e e e e e e e e e e aeaeeeeeeeeeerebneaees 1040
24.6.1 Module Stop FUNCLION SEHING ...c.oviviiiiieee e 1040
24.6.2 CouNt CIOCK RESEIICLIONS ....vivieiieiceeicse st sttt e neane e 1040
24.6.3 NOLE ON CYCIE SELLING ...vevieiitiiiree e et et 1040
24.6.4 Contention between TCNT Write and Clear Operations ..........cccocvevevieeveveesesieesieseesie e 1041
24.6.5 Contention between TCNT Write and Increment Operations ..........cccccvevveveeveeneeviesieenenne 1041
24.6.6 Contention between TGR Write Operation and Compare Match ...........cccecvvevvivnencnerienen, 1042
24.6.7 Contention between Buffer Register Write Operation and Compare Match ............cc.coceueeen. 1042
24.6.8 Contention between Buffer Register Write and TCNT Clear Operations .........c.ccccocevveenen. 1043
24.6.9 Contention between TGR Read Operation and Input Capture ..........ccoccoeveveneineienenineennens 1043



24.6.10 Contention between TGR Write Operation and Input Capture .........cccoecevveviniierecieseseene. 1044
24.6.11 Contention between Buffer Register Write Operation and Input Capture ..........ccccecervervenene. 1045
24.6.12  Contention between MTU2.TCNT Write Operation and Overflow/Underflow
[T 0= TeTox: Uo[=To I @] o T=T - L1 o] o TS 1046
24.6.13 Counter Value When Count Operation is Stopped in Complementary PWM Mode ............. 1047
24.6.14 Buffer Operation Setting in Complementary PWM MOE .........cccoeoiriiniiininiiincseiens 1047
24.6.15 Buffer Operation and Compare Match in Reset-Synchronized PWM Mode ...........ccccoeuennee. 1048
24.6.16 Overflow in Reset-Synchronized PWIM MOUE ..........ccevveiiiieie et 1049
24.6.17 Contention between Overflow/Underflow and Counter Clearing ........cccccoovvevvvnvieserieinennnn, 1050
24.6.18  Contention between TCNT Write Operation and Overflow/Underflow ............ccccocvivennnn, 1050
24.6.19 Note on Transition from Normal Mode or PWM Mode 1 to Reset-Synchronized
VALY 1V oo - RS 1051
24.6.20 Output Level in Complementary PWM Mode and Reset-Synchronized PWM Mode .......... 1051
24.6.21 Simultaneous Input Capture in MTUL.TCNT and MTU2.TCNT in Cascade Connection .... 1051
24.6.22 Interrupt SKIpPINg FUNCLION 2 .....oouiiiiiiieee e e 1052
24.6.23 Notes When Complementary PWM Mode Output Protection Function is Not Used ............ 1052
24.6.24 Notes Regarding Timer Counter (MTUS.TCNT) and Timer General Register
(MTUB.TGRY) .ttt bbbttt bbbt en et 1052
24.6.25 Notes to Prevent Malfunctions in Synchronous Clearing for Complementary PWM Mode . 1053
24.6.26 Notes on Timer Mode Register Setting for ELC EVent INPUL ..........ccoeeiiiiiiinnicncciece 1054
24.6.27  Continuous Output of Interrupt Signal in Response to a Compare Match ...........ccccoeevveene 1055
24.6.28 Usage Notes on A/D Converter Delaying Function in Complementary PWM Mode ........... 1055
24.7 MTU Output Pin INItIAZAION .........eeeiiiiiiiieee e 1057
24.7.1 OPErAtING IMOGES ...o.viviitiieierieie ettt b bbbt b et b et b e sb e b e b 1057
24.7.2 Operation in Case of Re-Setting Due to Error during Operation ...........ccccovvevneieneninecnnnn. 1057
24.7.3 Overview of Initialization Procedures and Mode Transitions in Case of Error
(o [V T To @] o<1 -1 (o]0 OO TSURURPR PRI 1058
24.8 Operations Linked by the ELC ...ttt 1084
24.8.1 Event Signal Output t0 the ELC .......cooiiiiiiiee e 1084
24.8.2 MTU Operations in Response to Receiving Event Signals from the ELC ..........cccoceoviinenn 1084
24.8.3 Usage Notes on MTU Operation by Event Signal Reception from the ELC ...........c.cccene. 1085
25.  Port Output ENable 3 (POEBQ) .......ccooieiiiiiiiir e e s e e e e e e e e e ss st e e e e e e e e s e e s annnneneneeees 1086
25.1 OVEBIVIBW ..ttt ettt et e e e e oo oottt ettt e e e e e e e e e e e aabbebe e e et e e e e e e e e e e e annnbbbbneeeeae e s 1086
25.2 REQIStEr DESCIIPIONS ..oieiiiiie ittt et e e st e e e st e e e s neeeas 1089
25.2.1 Input Level Control/Status Register 1 (ICSRL) .....c.cooiiiiiiiiiie e 1089
25.2.2 Input Level Control/Status Register 2 (ICSR2) ..ot 1090
25.2.3 Input Level Control/Status RegiSter 3 (ICSR3) .....ccccvvireieiieieieiese e 1091
25.24 Input Level Control/Status Register 4 (ICSR4) .....cvoiiviiiiiierie e 1092
25.2.5 Input Level Control/Status Register 5 (ICSR5) .....cooviveiieiiieiieise e 1093
25.2.6 Input Level Control/Status RegiSter 6 (ICSRB) .........ccoveireiiieriiiiie et 1094
25.2.7 Output Level Control/Status Register L (OCSRL) ....cccocviiiiiiie e 1095
25.2.8 Output Level Control/Status Register 2 (OCSR2) .....ccoveiiieeie e 1096



25.2.9 Active Level Setting Register 1 (ALRL) ..oooiiiiiiieee et 1097
25.2.10 Software Port Output Enable Register (SPOER) .......cccovivveiieniiieieese e 1099
25.2.11 Port Output Enable Control Register 1 (POECRL) ...ccovvvevieieicicece e 1101
25.2.12 Port Output Enable Control Register 2 (POECR2) ..o 1102
25.2.13 Port Output Enable Control Register 3 (POECR3) .......ccoviiiiiiiieeieec e 1104
25.2.14 Port Output Enable Control Register 4 (POECRA4) .......ccoviiiiiniiiieeeeesee e 1105
25.2.15 Port Output Enable Control Register 5 (POECRS) ......cccoiiiiiieiicececesr e 1107
25.2.16 Port Output Enable Control Register 6 (POECRB) ........ccccvveveieieeiesesese e 1108
25.2.17 GPTO Pin Select Register (GOSELR) .......covoiviiiiiiieiecieese et 1110
25.2.18 GPT1 Pin Select Register (GLSELR) .....ccoociiiinieirisenieie et 1111
25.2.19 GPT2 Pin Select Register (G2SELR) .....ccccciiiiiirieiinieiesieie ettt 1112
25.2.20 GPT3 Pin Select Register (G3SELR) .....cccociiiiiiiiieenieie ettt 1113
25.2.21 MTUO Pin Select Register 1 (MOSELRL) ....ccooviiiiiiieinieinieesieic e es 1114
25.2.22 MTUO Pin Select Register 2 (MOSELR2) ......cccccoriiiiiiiririecriecseeiseesiee s 1115
25.2.23 MTU3 Pin Select Register (M3SELR) ........ccciiiiiieie et 1116
25.2.24 MTU4 Pin Select Register 1 (MASELRL) ....cooviiiiiiiineieriec e 1117
25.2.25 MTU4 Pin Select Register 2 (MASELR2) ......ccciiiiiiiiiiie s 1118
25.2.26 MTU/GPT Pin Function Select Register (MGSELR) ........c.cccviiiiiiiiiinirceceesees 1119
25.3 L0 01=] 7= 11 o] o H TP TP 1120
25.3.1 MTU/GPT PN SEIECLION ...vviiiiiieceee ettt st nenre e 1127
25.3.2 Input-Level DeteCtion OPEIration ..........ccceoeieiiieirieriie et 1128
25.3.3 Output-Level Compare OPEIAtiON .........cccoiiiiiieririeisiee et 1129
25.34 High-Impedance Control USINg REGISEIS ....c..coveiiiieiiiiieiieiesceieste et 1130
25.35 High-Impedance Control through Detection of Oscillation Stop .........ccccooeiirinenencncienee 1130
25.3.6 Additional Functions for High-Impedance Control ...........ccccooveiereiieisiisie e 1130
25.3.7 Recover from High-Impedance STate ... 1130
254 POE Setting PrOCEAUIE ......ciiiiiiiiiii ettt 1131
255 LY =T U] o] PP USSP 1131
25.6 USAQGE NOLES ... e e e e et e e e e e e e e e 1132
25.6.1 Transition to Low Power Consumption MOGE .........cccceviveiiiieircieere e 1132
25.6.2 High-Impedance Control When the MTU and GPT Pins are Not Selected ..........ccccccvevenenne. 1132
25.6.3 When the POE IS NOt USEA .....oouviiiiiieeee sttt ene s 1132
26.  General PWM TIMEE (GPTA) oo e e e e e e e e e e e e et e e e e e e aeaeaaaas 1133
26.1 OVEBIVIBW .ttt ettt e ettt e e e e e e e e e s et bttt e e e e eaeeeaeesasenbesteeeeeeaeeeseesannnsntbanaaeeens 1133
26.2 REQIStEr DESCIIPLIONS ...uuiiiiii e e e e e e e e e e e e e e r e e e e e e aaeaaaaaes 1138
26.2.1 General PWM Timer Software Start Register (GTSTR) ...ccoovvivvieniiiesesese e 1138
26.2.2 Noise Filter Control Register (NFCR) ......ccociiiiiiiiiiisiiiicstese e 1139
26.2.3 General PWM Timer Hardware Source Start/Stop Control Register (GTHSCR) ................. 1141
26.2.4 General PWM Timer Hardware Source Clear Control Register (GTHCCR) ......ccccceevviveenee. 1143
26.2.5 General PWM Timer Hardware Start Source Select Register (GTHSSR) .......cccccovevvevivennnee. 1145
26.2.6 General PWM Timer Hardware Stop/Clear Source Select Register (GTHPSR) ................... 1146



26.2.7 General PWM Timer Write-Protection Register (GTWP) .....ococviviieiie e 1147

26.2.8 General PWM Timer Sync Register (GTSYNC) ..o 1148
26.2.9 General PWM Timer External Trigger Input Interrupt Register (GTETINT) ....ccocvevvvevnenene, 1149
26.2.10 General PWM Timer Buffer Operation Disable Register (GTBDR) ........ccococevvennenineninien. 1150
26.2.11 General PWM Timer Start Write-Protection Register (GTSWP) ......cccoveviinienneniee, 1151
26.2.12 General PWM Timer 1/0 Control Register (GTIOR) ......cccoveiiieiiiiiieisesese e 1152
26.2.13 General PWM Timer Interrupt Output Setting Register (GTINTAD) ......coceovvvecieviececieenn, 1156
26.2.14 General PWM Timer Control Register (GTCR) ....ccccvvievieieieicieisese et 1158
26.2.15 General PWM Timer Buffer Enable Register (GTBER) ......cccccvvvvvviiviv i 1160
26.2.16 General PWM Timer Count Direction Register (GTUDC) ........cccoovenviennieneieneie e 1162
26.2.17 General PWM Timer Interrupt and A/D Converter Start Request Skipping Setting
REGISIEN (GTITC) ittt bbbttt bbb 1163
26.2.18 General PWM Timer Status RegiSter (GTST) ..oceiviieenieree et 1165
26.2.19 General PWM Timer Counter (GTCNT) ..oiiiiiiiiiiie et e 1166
26.2.20 General PWM Timer Compare Capture Register m (GTCCRmM) (M =At0F) ..ccoceevevennen. 1166
26.2.21 General PWM Timer Period Setting Register (GTPR) ..o iiveiiiiie e 1167
26.2.22 General PWM Timer Period Setting Buffer Register (GTPBR) .......ccccooevvereienneneeneeee 1167
26.2.23 General PWM Timer Period Setting Double Buffer Register (GTPDBR) ........ccccooeevieine. 1167
26.2.24  A/D Converter Start Request Timing Register m (GTADTRM) (M =A, B) ..ccovviiiiiienns 1168
26.2.25  A/D Converter Start Request Timing Buffer Register m (GTADTBRm)
(M 2 A, B it b bbbt 1168
26.2.26  A/D Converter Start Request Timing Double Buffer Register m (GTADTDBRm)
(M 2 A, B bbb bbbt 1168
26.2.27 General PWM Timer Output Negate Control Register (GTONCR) .......ccocvvcvvvievenenieiennnn 1169
26.2.28 General PWM Timer Dead Time Control Register (GTDTCR) .....cccooeveveviienneniersece 1171
26.2.29 General PWM Timer Dead Time Value Register m (GTDVM) (M =U, D) ...cccoovvvrirennen. 1172
26.2.30 General PWM Timer Dead Time Buffer Register m (GTDBmM) (M =U, D) ...c.cccovvivrennen. 1172
26.2.31 General PWM Timer Output Protection Function Status Register (GTSOS) ......cccccvevvvvunnen. 1173
26.2.32 General PWM Timer Output Protection Function Temporary Release Register
(GTSOTRY) ettt ettt bbb bbbkt b bt bbb bt 1174
26.3 1001 = 110 o SO SRER 1175
26.3.1 BaSIC OPEIALION ....euviiiiitiieiiiet ettt bbbttt et 1175
26.3.1.1 COUNTET OPEIALION ...ttt ettt b bbbt b bbb b e 1175
26.3.1.2 Waveform Output by Compare MatCh ..........cccoociiiiiiiiiieee e 1179
26.3.1.3 INPUL CaPLUre FUNCLION ...c.ooveieic ettt nn s 1183
26.3.2 BUTTEr OPEIALION ..ottt bbbttt e 1185
26.3.2.1 GTPR Register Buffer Operation ..ot 1185
26.3.2.2 Buffer Operation for the GTCCRA and GTCCRB REeQISters .......ccccovvrevreiereeniecnnes 1188
26.3.2.3 Buffer Operation for the GTADTRA and GTADTRB RegiSters .......ccccoeveivivivnenne. 1193
26.3.3 PWM Output Operating MOTE ........ccooeiiriieieei e 1196
26.3.4 Automatic Dead Time Setting FUNCLION .......ccccoviiiiiiiie e 1208

26.3.5 Count Direction Changing FUNCLION .........ccooiiiiiiieiee e e e 1213



27.

26.3.6 Hardware Count Start/Count Stop and Clear Operation ............ccccevvvevivieiievesie e 1214

26.3.6.1 Hardware Start OPEration ..........ccccevceieieieieieiesie ettt e e ereens 1214
26.3.6.2 Hardware StOp OPEration .........cccccvierieieiiiieise e et sre e 1216
26.3.6.3 Hardware Clear OPEration .........ccoociveeneineeniee et 1220

26.3.7 SYNCAIrONOUS OPEIALION .....c.iiviiiiiiieiiiete ettt 1223
26.3.7.1 SyNchronous Clear OPEratioN ...........c.ccuieireirieireiee e 1223
26.3.7.2 Synchronous Start OPEration ..........ccceieiiieieiiee e et sre s 1226

26.3.8 PWM Output Operation EXAMPIES .......ccccvriviieieiiieie e se st st 1232
26.3.9 NOISE FIltEr FUNCLION ... 1238
26.4 INEEITUDPE SOUICES ...ttt e e e e e e s e e e e e e e e e e e s s e snnnre s 1239
26.4.1 Interrupt SOUrCeS and PrIOFILIES .........oviiiiiiie e e 1239
26.4.2 DMAC/DTC ACLVALION ..veiiivieiiiresieece e 1243
26.4.3 Interrupt and A/D Conversion Request SKipping FUNCLION ..........ccocveviiiieinnc i 1243
26.5 A/D Converter Start REQUEST .......oiuiiiiiiiiiiiiee ettt sttt e et e e e s sbaeee e e ees 1247
26.6 Operations LiNKed By the ELC ...ttt 1249
26.6.1 Event Signal Output t0 the ELC ........ovoiiiiiiiie e 1249
26.6.2 GPT Operations in Response to Receiving Event Signals from the ELC ...........cccoccoveie. 1249
26.6.3 Usage Notes on GPT Operation by Event Signal Reception from ELC ..........ccccccoeiineine. 1250
26.7 ProteCtion FUNCLION ......ooiiiiiiiiiieeee ettt 1251
26.7.1 Write-Protection fOr REGISIENS ......c.oivciiiirieiieie et 1251
26.7.2 Disabling of BUFfer OPEration ............ccveiiiiiieiesiesiese e 1251
26.7.3 GTIOC Pin Output Negate CONIol ........cccoeiiiiiiiiieeee e 1253
26.7.4 Output Protection Function for GTIOC Pin QULPUL .......ocereiiiiiiiciieresese e 1254
26.7.5 High-Impedance Control of GTIOC Pin Output by POE FUNCHION .......ccccooiiiviiiiicicceie, 1260
26.8 Initialization Method of OULPUL PINS .....ccoooiiiiiiie e 1261
26.8.1 Pin SEttings after RESEL .....oiviiiiiee e 1261
26.8.2 Pin Initialization Due to Error during Operation .........c.ccoceoereieiieieieninese e 1261
26.9 L0 E7= (o [T N 0] =2 PSPPSR 1262
26.9.1 Module Stop FUNCLION SEHING ..o.vvveiiiiiiiieice e 1262
26.9.2 Settings of the GTCCRm Register during Compare Match Operation (m= At F) ............. 1262
26.9.3 Stopping the Timer in the Safe Way ... 1263
26.9.4 Order of Priority in Event Counter OPeration .........cc.ccoevereienieieinieeieese e 1263
16-Bit Timer Pulse UNit (TPUR) .......ooiiiiiiiiiii ittt e s abneee e e aaes 1265
27.1 OWVEBIVIBW ...ttt etttk k bt e ekt e e ab e e e ekt e e b et e e ke et e s h bt e e n b e e e e ebn e e sabn e e e anbe e e neee et 1265
27.2 REQISEr DESCIIPLIONS .....ieiiieee ittt ettt e e st e e e s s ebb e e e e s sannneeas 1270
27.2.1 Timer Control ReQIStEr (TCR) ...oiveieiieiese ettt saeene e 1270
27.2.2 Timer Mode RegiSter (TMDR) .....oiiiiiiieece et st aene s 1274
27.2.3 Timer 1/O Control Register (TIORH, TIORL, TIOR) .......cccviiriiniinieinieeseresee e 1275
27.2.4 Timer Interrupt Enable Register (TIER) ..o 1284
27.25 Timer Status RegiSter (TSR) ..ot s 1285

27.2.6 TIMEr COUNLEE (TCNT) it e et e e sre st e ae s e e saeanee e 1288



27.2.7 Timer General Register A (TGRA)

Timer General Register B (TGRB)

Timer General Register C (TGRC)
Timer General RegiSter D (TGRD) ...ccvoviiiciie et 1288
27.2.8 Timer Start RegIiSter (TSTR) ..oiiiicieieieeieeeee st e sttt sa et see e e e eneas 1289
27.2.9 Timer Synchronous RegiSter (TSYR) ...occiciiiiiiiiise ettt sne s 1290
27.2.10 Noise Filter Control Register (NFCR) .......cooiriiiiiiieiieieeseecseee s 1291
27.3 L@ e1=] =1 {0 T o E PO PP TP UPP P TURPON 1293
27.3.1 BaASIC FUNCLIONS ...ttt bbbttt bbbttt 1293
27.3.2 Y1 T (o Lo TU @] o =T 11 o] o RS 1299
27.3.3 BUTTEE OPEIALION ..evviviiitiieiiee bbbttt be e 1301
27.3.4 CaSCAARH OPEIALION ....cveieiiieeierieie ettt sttt ettt b bbbt bbbt bbb b e e 1304
27.35 PWWIM IMIOTES ....ecutniiteieie ittt stttk et bbbt bbb ekttt 1306
27.3.6 Phase CoUNLING IMOOE ..ot bbb 1311
27.3.6.1 Phase Counting Mode Application EXamPple ........ccccoevveieirieiiennne e 1316
27.3.7 NOISE FIIEEIS .ttt bbbttt ettt 1317
27.4 INEEITUDPE SOUICES ...ttt r e et e e e e s e s r e e e e e e e e e s e e 1318
27.5 DT C ACHVALION ...eeeitiieeitiie ettt ettt ettt ettt ekt e s bt e e sab e e sabe e e s be e e e aaneesanbeaesnneeaa 1319
27.6 Y N O A o3 1) 1o o PSSR 1319
27.7 A/D CoNVErter ACHVALION ........ueiiiiiiiiiiieee et e e e e e e e e e sebb b e e ees 1319
27.8 [ S T N 1o o= PP TP PRRPPP 1319
27.9 (@ oT=T = 11 To] N T 0 11 o 1320
2791 INPUL/OULPUL TIMING 1ottt bbb bbbt eb e bbb enes 1320
27.9.2 INterrupt SIgNal TIMING ..o bbb 1324
A L I U - To T3 N (o] (T TP 1326
27.10.1 Module Stop FUNCHION SEHING ..o.vcviiiiiecese e 1326
27.10.2 INPUL CIOCK RESLICLIONS ...ttt 1326
27.10.3 NOLES ON CYCIE SELLING ...vcveeeieiecie et 1326
27.10.4 Conflict between TPUM.TCNT Write and Clear Operations ............ccocevevieneneneneneneieeenn 1327
27.10.5 Conflict between TPUM.TCNT Write and Increment Operations ..........cccccevevvvveveeiesesnene. 1327
27.10.6 Conflict between TPUM.TGRy Write and Compare Match ..........ccccoeviiiveiiiiicieciece e, 1328
27.10.7 Conflict between Buffer Register Write and Compare Match ..........ccccccovvivvivnivieiencnceennnn 1328
27.10.8  Conflict between TPUM.TGRy Read and Input Capture ..........c.cocooververeeneieneeneeneeienens 1329
27.10.9 Conflict between TPUM.TGRyY Write and Input Capture ..........cccocervennensiennenceneeneen, 1329
27.10.10 Conflict between Buffer Register Write and Input Capture ..........ccoceeiieiiiieni s 1330
27.10.11  Conflict between Overflow/Underflow and Counter Clearing .........ccccocevviveevviieieciiesesnenn 1331
27.10.12  Conflict between TPUM.TCNT Write and Overflow/Underflow ............ccccoovvninininniennns 1332
27.10.13  MultipleXing Of /O PiNS ....ccciiicieicie ittt st n e re e nnen 1332
27.10.14  Continuous Output of Compare-Match Pulse Interrupt Signal ... 1333
27.10.15 Continuous Output of Input-Capture Pulse Interrupt Signal ... 1334
27.10.16  Continuous Output of Underflow Pulse Interrupt Signal ..........cccocooiiiiiiiiiiiicieeees 1335
27.11  EVENt LINK OPEIAtION ..ot eee ettt ettt e e e e e e e e e e e e anbbnbeeeeaeaaens 1336



27.11.1 Event Signal QUIPUL L0 ELC .....ooiiieee ettt s 1336
27.11.2 Event Signal INPUt from ELC ......ocoiiiiiee et 1336
27.11.3 Usage Notes on Operation on Input of the Event Signal ..........ccccoovviviviiie i 1338
27.11.4 Notes on Output of the EVENt SIgNal ..o 1341
28. Programmable Pulse GeNerator (PPG) .....cccoiiiiiiiiiiiiiieiieee ettt e e e e e e e e s neeeee e 1343
28.1 L0 YT QTSRS 1343
28.2 REQIStEr DESCIIPLIONS ....uiiii i e e e e e e e e e e s s e e e e e e e eaaaaaeas 1346
28.2.1 PPG Trigger Select Register (PTRSLR) ....ocoviiriiiriiirieiriese e 1346
28.2.2 Next Data Enable Registers H (NDERH)
Next Data Enable Registers L (NDERL) .....cccoooiiiiiiiiee e e 1347
28.2.3 Output Data Registers H (PODRH)
Output Data RegiSters L (PODRL) ...ccciiiieiieeieieee ettt st 1349
28.2.4 Next Data Registers H (NDRH)
Next Data Registers L (NDRL) ....cvciiiiiiiiiee st 1352
28.2.5 PPG Output Control RegiSter (PCR) .....viviiieieieie ettt st 1356
28.2.6 PPG Output Mode RegiSter (PIMIR) ......cviiiireieiere et se et e et 1358
28.3 L@ 1=T =110 o H O PP PEPP TSP 1361
28.3.1 (@ T4 11 | I 1T OSSP 1362
28.3.2 Sample Setup Procedure for Normal Pulse OULPUL ........ccoeveieiiiciciese e 1363
28.3.3 Example of Normal Pulse Output (Example of Five-Phase Pulse Output) .........ccccceververinene. 1365
28.3.4 NON-Overlapping PUISE OULPUL ......c.coviiriiiriiiieiceee e 1366
28.35 Sample Setup Procedure for Non-Overlapping Pulse Output .............ccccccvviiiiiiicne, 1367
28.3.6 Example of Non-Overlapping Pulse Output (Example of Four-Phase Complementary
NON-OVErlapPing OULPUL) ....c.eiueieieie ettt ettt se et ne st nre e 1369
28.3.7 INVErted PUISE OULPUL ...t bbb st 1371
28.3.8 Pulse Output Triggered by INPUt CAPLUIE .....ccvevviiiiiiiieeee e e 1372
284 USBOE NOLE ... e e e e et e et e et e e e e e e e e e e e e e e e r e e e e erernrnnnrnne 1372
284.1 Module-Stop FUNCLION SEHHING .....ccvieiiieie et 1372
29, 8-Bit TIMEI (TIMR) oottt ettt e e e ettt e e e s sab et e e s s bbb e e e e e e bbbe e e e s aeeeesennnee 1373
29.1 OVEBIVIBW ..ttt ettt et e e e oo e oottt e et e e e e e e e e e e e ben bt ee e e e e eaaeaeseesaannnbbeaaaeeeas 1373
29.2 REQISTEr DESCIIPLIONS .oiiiiiieii ittt et e e e e r e e e e e e e e e s s s ba e erreeaeeeseesaensnnrenenees 1378
29.2.1 TIMEr COUNEN (TCNT) ittt ettt b b bbb e e e eneas 1378
29.2.2 Time Constant Register A (TCORA) ....oov ettt 1379
29.2.3 Time Constant Register B (TCORB) .....ccocieiiiiiie st 1379
29.2.4 Timer Control REGIStEr (TCR) ..iciiiiiiiiiciee sttt sttt se e eneas 1380
29.25 Timer Counter Control RegiSter (TCCR) ....ovoiiiiiiiiieie et 1381
29.2.6 Timer Control/Status RegiSter (TCSR) .....oiiiiiiiiiieiiit ettt 1383
29.2.7 Timer Counter Start RegiSter (TCSTR) ....cuieiieiieie e 1385
29.3 L0 o1 7= 11 o] o 1386
29.3.1 PUISE OULPUL ..ottt bbbttt bbbt bttt 1386
29.3.2 External Counter RESEL INPUL ......oviviiiiiiiieic e 1387

29.4 (O] 01T e 11 o] o N 1 41T TR 1388



30.

294.1 TCNT COUNE TIMING .ecviiitiieii et sr et sr e sn b e nn e anes 1388

29.4.2 Timing of Interrupt Signal Output on a Compare Match .........ccccovveieiii i 1389
29.4.3 Timing of Timer Output Signal at Compare MatCh ..........ccccoeeierieiiciicire e 1389
2944 Timing of Counter Clear by Compare MatCh ............ccoviiiiiiiiiiie e 1390
2945 Timing of the External ReSet TOr TCNT ......ccoiiiiiiiiiiiici e 1390
29.4.6 Timing of Interrupt Signal Output on an OVErflow ..........ccccooiiiiiiiiice e 1391
29.5 Operation with Cascaded CONNECLION ...........ccooiiiiiiiiiiiir e e e 1392
2951 16-Bit COUNE IMOTE ....eoveeeeeiiee ettt st ene et resne st et saeee e neeneens 1392
29.5.2 Compare MatCh COUNE IMOOE ..ot 1392
29.6 INEEITUPE SOUICES ...ttt e e e e s s e e e e e e e s e s 1393
29.6.1 Interrupt Sources and DTC ACLIVALION .....ccccvvieiiiiieiceee e ens 1393
29.6.2 Startup Of the A/D CONVEITET ..ottt 1393
29.7 Link Operation DY ELC .......ooo ittt 1394
29.7.1 Event Signal OULPUL t0 ELC ...coociiiie ettt 1394
29.7.2 TMR Operation when Receiving an Event Signal from ELC .........cccocevviviveienie v 1394
29.7.3 Notes on Operating TMR According to an Event Signal from ELC .........ccccoviniinvinnnenn 1395
29.8 USAGE NOES ...ttt et e e e e e et e r e e e e e e e e e s s e 1396
29.8.1 Module StOP State SELLING .....coveeieiiiiieresese e e e sre e e e s 1396
29.8.2 NOES ON SELHING CYCIE ..vviriiicice ettt re e s 1396
29.8.3 Conflict between TCNT Write and Counter CIEar ..........ccocvvvrierierierieierierese e 1396
29.8.4 Conflict between TCNT Write and INCrEMENt ......ccooviiiiiiiereree e e 1397
29.8.5 Conflict between TCORA or TCORB Write and Compare Match ...........ccccoceveiennenneninen. 1397
29.8.6 Conflict between Compare Matches A and B .........ccociiiiiiiiiiic e 1398
29.8.7 Switching of Internal Clocks and TCNT OPeration .........ccoccoeveieiineniniinie e 1398
29.8.8 Clock Source Setting with Cascaded CONNECLION .......ccceverieiieiieieesie e 1400
29.8.9 Continuous Output of Compare Match Interrupt Signal .........ccococevviiiiiniiienee 1400
Compare MatCh TIMEr (CMT) ...t e e e e e e e e e e e bbb eeeeaaae e e e e e s 1401
30.1 L0 YT QTSR 1401
30.2 YT o [ (T LT Yo 1 o] 1o S 1402
30.2.1 Compare Match Timer Start Register 0 (CMSTRO) ....ccooeiieiiiiiieneenese e 1402
30.2.2 Compare Match Timer Start Register 1 (CMSTRL) ....ccooiiiiiiiiiieeeeese e 1402
30.2.3 Compare Match Timer Control Register (CMCR) ......cocoiiiiiiniiiieeeeerese e 1403
30.2.4 Compare Match Counter (CMOCNT) ..viiieiiiece et 1404
30.2.5 Compare Match Constant Register (CMCOR) ......ccvoviiiiiiiiec e 1404
30.3 L0 01 =110 o USSR 1405
30.3.1 Periodic CoUNt OPEIALION ......coiiiiiiieieeiee ettt ettt bbb et be b ene e 1405
30.3.2 CMOCNT COUNE TIMING ettt bbbt b e nenis 1405
30.4 LT =T U] 0] £ PSPPSR 1406
304.1 INEEITUDPE SOUICTES ...ttt ane s 1406
30.4.2 Timing of Compare Match Interrupt Generation ............ccccoeoeiirienieiine e 1406

30.5 Link OperationS DY ELC .......cooiiiiiiie s e e e s e e e e e e e e e e e e e eaaeanes 1407



30.5.1 Event Signal QUIPUL L0 ELC .....ocviiece et s 1407

30.5.2 CMT Operation When Receiving an Event Signal from ELC .........ccccccvvivvivvine e, 1407
30.5.3 Notes on Operating CMT According to an Event Signal from ELC .........cccccocvvvnievevicnennnne, 1407
30.6 USAQGE NOLES ... e et e et e e e e e e e e e e e 1408
30.6.1 Setting the Module Stop FUNCLION .......ooiiiiei e s 1408
30.6.2 Conflict between CMCNT Counter Writing and Compare Match ..........ccocccevvvviviercicreennen, 1408
30.6.3 Conflict between CMCNT Counter Writing and InCrementing .........cccccovvvvevnvniesieseneseeenn, 1408
31. Compare Match TImer W (CMTW) .ot e e e e e e e e aaaaeaees 1409
311 OVEIVIEW ...ttt ettt ettt e ettt e e e e bttt e e e e st bt e e e e ea b bt e e e e bbb e e e e e anbbe et e e e anbbeeeeeennbaeeennees 1409
31.2 RegISter DESCIIPLIONS ...oiiiieiiie ittt ettt e e e e e e e e e e et e e e e e e e e e e e e nnneeeneeas 1412
31.2.1 Timer Start Register (CIMWSTR) ....ooiiiiciiececeeie s et se e enes 1412
31.2.2 Timer Control Register (CIMWECR) ......coiiiiiiiiiee ittt 1413
31.2.3 Timer 1/0O Control Register (CMWIOR) .......ooiiiiiiiiieie e 1415
31.24 Timer Counter (CMWOCNT) ..ottt bbb e e e ene s 1416
31.2.5 Compare Match Constant Register (CMWCOR) ......ccooiviiiieie e 1416
31.2.6 Input Capture Registers 0 and 1 (CMWICRO and CMWICRL) .....cccovviviiviviinesenieseseeienns 1417
31.2.7 Output Compare Registers 0 and 1 (CMWOCRO0 and CMWOCRL) ......ccccveevvvieienicrieriennn, 1417
31.3 L@ T01=T =11 oo H PR P P PURPP 1418
31.3.1 Period CouNt OPEIAtION .......cccviiieiie ettt ettt e s aesreenne s e e seesreenseeneens 1418
31.3.2 Compare MatCh FUNCLION .......ccuiiiiiiiicce ettt sae s 1418
31.3.3 Output ComPAare FUNCLION ......ccvcviiiiie ettt r e ne e 1420
31.34 INPUE CAPLUIE FUNCTION ..ottt 1421
31.35 LOT0 TN T T - SRS 1422
31.3.6 Count Timing of CMWOCNT COUNLET .....oviuiiieiiiieieierieie ettt 1422
31.3.7 Output Compare OULPUL TIMING c..ecveieieeiecieie e sre e e sre e sreenes 1422
31.3.8 INPUL CaPUre TIMING .veeeeiieie ettt et b e e se e s te e s e e s tesraesreeneebeenbenreenes 1423
31.4 LT =T (U] o] £ PSSP PPPPIN 1424
3141 CMTW Interrupt Sources and DTC/DMAC Transfer REQUESES ..........ccceveercieneienerineennene 1424
31.4.2 Timing of Compare Match Interrupt GENeration ............ccccvevvevverieiieesie e 1425
315 Link OperationsS DY ELC ... e e e e e e e 1427
3151 Event Signal OULPUL T0 ELC ......ccoiviiiiiiiiiiecer st 1427
31.5.2 CMTW Operation When Receiving an Event Signal from ELC ..........ccccooioiiiieiiieieee 1428
31.5.3 Conflict between Event Link Operation and RegiSter ACCESS .......cocvvvvevereeriesieerieseesiesneenes 1430
31.6 L0 17z (o [T N 0] =2 PSPPSR 1432
316.1 Setting the Module StOP FUNCLION .......ciiiiiiiieeee e 1432
31.6.2 Conflict between CMWCNT Counter Writing and Compare Match ..........c.ccovoevenencienne 1432
31.6.3 Conflict between CMWCNT Counter Writing and Incrementing or Clearing ...........ccc........ 1433
31.6.4 Conflict between CMWCOR Register Writing and Compare Match ...........cccocvevvvveceinnen. 1433
31.6.5 Conflict between CMWOCR Register Writing and Compare Match ........ccccoovvevvvcricnenne 1434
31.6.6 Conflict between CMWCNT Counter Reading and Incrementing or Clearing ..........c.......... 1434

31.6.7 Conflict between CMWICR Register Reading and Input Capture .........ccoccoeveineienencneennn, 1435



32, Realtime CIOCK (RTCA) ..uuiiiiiiii e e e e e e e e a s e e e e e e e e e e aaaaaeaaaaas 1436

32.1 OWVEBIVIBW ..ttt etttk e et e st e e bt e s b e et e s s s e e e s et e s nnn e e st e e e e e e e nneennes 1436
32.2 ReQIStEr DESCIIPLIONS ..coiiiiiiiii ittt e e e e e e e e e e e et e e e e e e e e e e e e e s e e nnnnrbeeeeas 1438
32.2.1 64-HZ COoUNLEr (RBACNT) .eiiieieieeeee st st ste e see st se et te et e s e s e snesresnesreneeaennens 1438
3222 Second Counter (RSECCNT)/Binary Counter 0 (BCNTO) ....ccocevrieineniniiiennesecsieeeene 1439
32.2.3 Minute Counter (RMINCNT)/Binary Counter 1 (BCNTL) ....cccoooiiiiiiiiiiinerenene e 1440
32.24 Hour Counter (RHRCNT)/Binary Counter 2 (BCNT2) ....cccooiiiiiiiiieiccenere e 1441
32.2.5 Day-of-Week Counter (RWKCNT)/Binary Counter 3 (BCNT3) .....cccccvviveviiivereieese e 1442
32.2.6 Date Counter (RDAYCNT) ..ottt sttt e ae e e enenns 1443
32.2.7 Month Counter (RMONGCNT) ..ouiiiieieieeeee ettt e sne e 1444
32.2.8 Year Counter (RYRCNT) ..ottt ettt et 1445
32.2.9 Second Alarm Register (RSECAR)/Binary Counter 0 Alarm Register (BCNTOAR) ........... 1446
32.2.10 Minute Alarm Register (RMINAR)/Binary Counter 1 Alarm Register (BCNT1AR) ........... 1447
32.2.11 Hour Alarm Register (RHRAR)/Binary Counter 2 Alarm Register (BCNT2AR) ................. 1448
32.2.12 Day-of-Week Alarm Register (RWKAR)/Binary Counter 3 Alarm Register (BCNT3AR) ..... 1449
32.2.13 Date Alarm Register (RDAYAR)/Binary Counter 0 Alarm Enable Register (BCNTOAER) ... 1450

32.2.14 Month Alarm Register (RMONAR)/Binary Counter 1 Alarm Enable Register (BCNT1AER) 1451
32.2.15 Year Alarm Register (RYRAR)/Binary Counter 2 Alarm Enable Register (BCNT2AER) ... 1452
32.2.16 Year Alarm Enable Register (RYRAREN)/Binary Counter 3 Alarm Enable Register
(BCNTBAER) ..ottt bbb bbbt bbb bbbttt sttt 1453
32.2.17  RTC Control Register 1 (RCRL) ....cccoiiieiiiriricietni ettt 1454
32.2.18  RTC Control Register 2 (RCR2) .....ccoiiueiiiririeeini sttt 1456
32.2.19 RTC Control Register 3 (RCR3) ....cvciiiiiiiiiiie ettt st et 1458
32.219.1 Notes on using a low CL Crystal UNit .........ccoccoiiiiiiiiiiieeee e 1459
32.2.20 RTC Control Register 4 (RCR4) ......oiiiiiiiieiie e 1460
32.2.21 Frequency Register H/L (RFRH/RFRL) ....ccoooiiiiiiiicee e 1460
32.2.22 Time Error Adjustment RegiSter (RADJ) .....cvv oot 1462
32.2.23 Time Capture Control Register y (RTCCRY) (Y 2010 2) voovvieiveieiicese e 1463
32.2.24  Second Capture Register y (RSECCPy) (y = 0 to 2)/BCNTO Capture Register y
(BCNTOCPY) (Y = 010 2) 1veieirieieiresiereiee st 1465
32.2.25 Minute Capture Register y (RMINCPy) (y = 0 to 2)/BCNT1 Capture Register y
(BCNTLCPY) (Y T 010 2) oottt ettt 1466
32.2.26 Hour Capture Register y (RHRCPy) (y = 0 to 2)/BCNT2 Capture Register y
(BCNT2CPY) (Y T 010 2) oottt ettt 1467
32.2.27  Date Capture Register y (RDAYCPy) (y = 0 to 2)/BCNT3 Capture Register y
(BCNT3CPY) (Y T 010 2) weieiiiieieiresieieiee sttt sttt ettt ettt sttt 1468
32.2.28 Month Capture Register y (RMONCPY) (Y =010 2) .ovoieiiieiieeieerenese e 1469
32.3 (O] 0]=] £ 11 o] o HNU PP TP TP T TPUPPPPTN 1470
3231 Outline of Initial Settings of Registers after POWEr ON .......c.cccvvviiiiiiiieeeeee 1470
32.3.2 Clock and Count Mode Setting ProCEAUIE .........ccooeiiieiiieiiieine e 1471
32.3.3 SEHING The TIME Lot bbb e bbb 1472
32.34 30-SECONA AJUSIMENT ...ttt bbbttt b et bbb e e 1473
32.35 Reading 64-Hz Counter and TIME ......cccceiieiieiie ettt 1474



32.3.6 AJBIN FUNCHION L.ttt et bbbttt sb e b b ae s 1475
32.3.7 Procedure for Disabling Alarm INTEITUPL .......ccoieiiieiecc e 1476
32.3.8 Time Error Adjustment FUNCLION ........covoiiiiiiiiie et 1476
32.38.1 AULOMALIC AJUSTMENT ...t 1476
32.3.8.2 AdJUSTMENT DY SOFIWAIE ..o e 1477
32.3.8.3 Procedure for Changing the Mode of AdjUSIMENT ..........ccooiriiriiiene e 1478
32.3.84 Procedure for Stopping AdJUSIMENT ......cccciiiiiiicece e 1478
32.3.85 Capturing the TIME ....cciieieceee e n e se e e 1479

32.4 INTEITUPT SOUICES ...ttt e ettt e et e e e e e e ettt e e e e e ea b e e e aeebaaneeeaaaees 1480
32,5 EVENT LINK OULPUL ..ottt ettt e e e e s e e e e s 1482
3251 Interrupt Handling and EVENt LINKING .....cooovviiiiiiicsese e s 1482
32.6 USAQGE NOLES ... e et et e e e e e e e e a e 1483
32.6.1 Register Writing during COUNTING .......ccoveiiiiiiiciee et sre e 1483
32.6.2 Use OF PeriodiC INTEITUPLS ...cvviieiieieie ettt sttt ene e 1483
32.6.3 RTCOUT (1-Hz/64-Hz) CIOCK OULPUL ....o.viviieiiieiirieisiee e 1483
32.6.4 Transitions to Low Power Consumption Modes after Setting Registers .........cccoevvveivnnennns 1484
32.6.5 Notes When Writing to and Reading from RegISLErS .........cocoovreiriineinircccseseies 1484
32.6.6 Changing the CoUNt MOE ........coviiiiiieee e 1484
32.6.7 Initialization Procedure When the Realtime Clock is Not to be Used .........c.ccoceveiiiiinenns 1485
33, Watchdog Timer (WDTA) ...ttt ettt e e e s et bt e e e s s bbb e e e e s bbae e e e e abbaeeesebns 1486
33.1 OVEIVIBW ..ttt ettt ettt e e ekttt e e e ekttt e e e e ettt e e e e an bt et e e e e s bbeeeeeansbbeeeeesntbeeaeeeanbaeeennnnes 1486
33.2 REQISEr DESCIIPLIONS .....iiiiiiieiti ittt e et e e st e e e s aaaneeens 1487
33.2.1 WDT Refresh Register (WDTRR) ....oociiiee ettt 1487
33.2.2 WDT Control Register (WDTCR) ...voiiiiece ettt 1488
33.2.3 WDT Status RegiSter (WDTSR) ....ooviiiiiiiiiieie ettt 1491
33.24 WDT Reset Control Register (WDTRCR) .....cooiiiiiiiiiiie e 1492
33.25 Option Function Select Register 0 (OFS0) ......cocciviieiirieenieiesieiniee et 1492
33.3 L@ e1=] =11 o] o E O PO TT PP P PURPON 1493
33.3.1 Count Operation in Each Start MO ........ccccvieviveieiccees e 1493
33311 REGISIEr STArt IMOUE ..ottt et 1493
33.3.1.2 F AN (oS L 1Y (o Lo SRS 1495

33.3.2 Control over Writing to the WDTCR and WDTRCR REQISLENS .......cccevreireririeinieninieenens 1497
33.3.3 G ] 1O 1= LT ] o SRS 1497
33.34 RESEE OULPUL .oivviiieiie ettt sttt e b e s st e be e sbe e e s be e s neeanbbeanbeenaeeanes 1498
33.35 INEEITUPE SOUICE ...ttt sttt sae e s bt e be e s rbe e beesnbe e b anes 1498
33.3.6 Reading the DOWN-COoUNEr VAIUE ........ccociiiiiiiiiiie e 1499
33.3.7 Correspondence between Option Function Select Register 0 (OFS0) and WDT Registers ... 1499
34. Independent Watchdog Timer (IWDTaA) ....ccccoeiiiiiiiiiiiiiiieie e e ee e e e e ss et e e e e e e e e e e e e s aeeeeeaes 1500
34.1 L0 YT QTS URRE 1500
34.2 REQIStEr DESCIIPLIONS ...uuiiiii e e e e e e e e e e e s e e e e e e aeaaaaaeas 1502
3421 IWDT Refresh Register (IWDTRRY) ..ot 1502



34.2.2 IWDT Control RegiSter (IWDTCR) .....coviieiiiieite sttt e e 1503
34.23 IWDT Status RegiSter (IWDTSR) ..ot 1506
34.2.4 IWDT Reset Control Register (IWDTRCR) .....ccvciviiiiiiiie et 1507
34.25 IWDT Count Stop Control Register (IWDTCSTPR) ....cooviiiiiiieieiereie e 1508
34.2.6 Option Function Select Register 0 (OFS0) ......c.ccouieireirieieseisieisiee e 1508
34.3 (O] e1=] =i o] o E PO PP PPP P PURPN 1509
34.3.1 Count Operation in Each Start MOde ........cccvveviiiieicicees e 1509
34311 REGISIEr STArt IMOGE ...ttt 1509
34.3.1.2 AULO-SEAMT IMIOTE ..ttt sb b e e e 1511

34.3.2 Control over Writing to the IWDTCR, IWDTRCR, and IWDTCSTPR Registers ................ 1513
34.3.3 RETFIESN OPEIALION ......oiiiiiieiitiie ettt b bbb 1514
34.34 RS = (U Sl =T [T 1516
34.3.5 RESEE OULPUL .ttt bbbt e b e et e sbe e et e e s beene b e e enbeenbeeanes 1516
34.3.6 INEEITUDPE SOUICES ...ttt ettt r b en e e 1516
34.3.7 Reading the COoUNEr VAIUE .........ooviiiiiiicice e 1517
34.3.8 Correspondence between Option Function Select Register 0 (OFS0) and IWDT Registers .1518
34.4 Link Operation DY ELC ... ..t 1518
34.5 USBOE NOES ...t e et ettt re e e e e e e e e e e e e e e et e e e e e e nne 1518
3451 RETFrESN OPEIALIONS ...ttt bbb bbb e 1518
34.5.2 (O [oTod QI BT\ V7 To [0 L o =] 1 o ST 1518
35.  Ethernet Controller (ETHERC) ......c.ccoiiiiiiiiiii 1519
35.1 OWVEBIVIBW ...ttt ettt etttk e ekt e ookt e e ab e e s ok bt e e ket e e ket e e shb e e e nbe e e e ebs e e enbne e e anbeeenneeennes 1519
35.2 REQISEr DESCIIPLIONS .....itiiiieeiie ittt e et et e e st e e e s aanneeens 1522
35.2.1 ETHERC Mode RegiSter (ECIMRY) .......ocuiiiiiiieiisiice ettt 1522
35.2.2 Receive Frame Maximum Length Register (RFLR) ......ccoovveiieiiiriecec e 1524
35.2.3 ETHERC Status RegiSter (ECSR) ..ot 1525
35.24 ETHERC Interrupt Enable Register (ECSIPR) .....cccooiiiiiirieeesee e 1526
35.25 PHY Interface RegiStEr (PIR) ......coiiiiiiiiiice e 1527
35.2.6 PHY Status REGIStEr (PSR) ..c.viviveiiiriiiicieienirisiet ettt 1528
35.2.7 Random Number Generation Counter Limit Setting Register (RDMLR) .......c.cccoeveviviiennens 1528
35.2.8 Interpacket Gap REGIStEr (IPGR) ....cccovviiicieeieciccse sttt 1529
35.2.9 Automatic PAUSE Frame RegisSter (APR) ... 1529
35.2.10 Manual PAUSE Frame RegiSter (MPR) ......cocoiiiiiiiiiiicneeeseseseses s 1530
35.2.11 Received PAUSE Frame Counter (RFCF) ......ccooiiiiiiiieieecee e 1530
35.2.12 PAUSE Frame Retransmit Count Setting Register (TPAUSER) .......c.cccceovevviieve e 1531
35.2.13 PAUSE Frame Retransmit Counter (TPAUSECR) ......cccooiiiiieiicic e 1531
35.2.14 Broadcast Frame Receive Count Setting Register (BCFRR) .....cccccovvivviviiviviencne e 1532
35.2.15 MAC Address Upper Bit Register (MAHR) ..ot s 1532
35.2.16 MAC Address Lower Bit RegiSter (MALR) ..ot s 1533
35.2.17  Transmit Retry Over Counter Register (TROCR) ......cccooeiiiiiiiiiiieiieiesie et 1533
35.2.18 Late Collision Detect Counter Register (CDCR) ......ccceiiiririniiesise e 1534



35.2.19 Lost Carrier Counter RegiSter (LCCR) ...vecoviiieiieiieie ettt sna e 1534

35.2.20 Carrier Not Detect Counter Register (CNDCR) ......ccovvivvereienieieisiese et 1535
35.2.21 CRC Error Frame Receive Counter Register (CEFCR) ......ccocevevieviiiiciceseseeese e 1535
35.2.22 Frame Receive Error Counter Register (FRECR) ..o 1536
35.2.23  Too-Short Frame Receive Counter Register (TSFRCR) ..o 1536
35.2.24  Too-Long Frame Receive Counter Register (TLFRCR) ......cccoccoiiiiiiiciccecneeseeeies 1537
35.2.25 Received Alignment Error Frame Counter Register (RFCR) .....c.cccovevieiiieiiiieie e 1537
35.2.26 Multicast Address Frame Receive Counter Register (MAFCR) ......cccccoovivvievienenenieneeeenens 1538
35.3 L0 0= = 1o o OSSR 1539
35.3.1 B L0 10T IS5 o o USSR PRRN 1539
35.3.2 RECEPLION ..ttt bbbt bt bbb b et et n e b e b 1540
35.3.3 e 04N T4 2] RS 1541
35.3.3.1 MITFrame TIMING .ooveceieeieiee e e e esae b sbesae st e be e e e enseneans 1541
35.3.3.2 RMITFrame TIMING ..ooooiieeieieeneese ettt s sb e anas 1543

35.34 ACCeSSING MI/RMIT REJISIETS .....oveiiiiiiieiirieiieiese et 1544
35.34.1 MI/RMII Management Frame FOIMAL ..........ccooviiriienininee e 1544
35.34.2 MII/RMII Register ACCESS PrOCEAUIE .......c.ooveiieiiieieeiieiesese et 1544

35.35 MagiC PaCKEt DELECTION .....vecviiiiieicieie ettt st reeneereare e 1546
35.35.1 Notes on Magic Packet DEECLION ........cccccveiieiiiiieieicrces e 1546

35.3.6 Adjusting Transmission Efficiency by Changing the IPG ... 1546
35.3.7 o 10T 0 1 o USRS 1547
35.3.7.1 Automatic PAUSE Frame TranSmiSSION .......c.cooeoerererenerieieisese et 1547
35.3.7.2 Manual PAUSE Frame TransmiSSION ........ccoeoererieririeinenieese st 1548
35.3.7.3 PAUSE Frame RECEPLION .....cviiiieiiiicie sttt 1548

354 [T =T ] o] PSSP PPPPIN 1548
35.5 USBGE NOLES ..o oo et et et e ettt ettt e bbbt a e s e e e e e e e e aaaeaaaeeeaeaeerebaeaaes 1548
355.1 Conditions for the LCHNG Flag to BECOME 1 .......ccvoviviiieierieieie et 1548
35.5.2 Input to the RMIIn_RX_ER Pin While the RMII is Selected ..........cccoeoirvniiniiniineens 1548
35.5.3 Handling Errors in Control INFOrmation ... 1548
36. PTP Module for the Ethernet Controller (EPTPC) ........cccoiiiiiiiiiii i, 1550
36.1 L@ YT 4TSS 1550
36.1.1 Combination of Clock Device and Ethernet POrt ..o 1552
36.1.2 Frame FOrmat 0f PTP MESSAQJES ....vevveiververierieierieesestestestestesaessessesaessesessessessessessessessessessessns 1553
36.1.3 Type of PTP Message and Details Of ProCESSING .......covvveireiireiiiiniieeee e 1554
36.2 REQIStEr DESCHIPLIONS .. ...eiiiiiiiiii ittt e e et e e e e aaaneeens 1555
36.2.1 MINT Interrupt Source Status Register (MIESR) ......cccoooveviiiciiiiece e 1555
36.2.2 MINT Interrupt Request Enable Register (MIEIPR) .......cccoveiviiiiiiic e 1557
36.2.3 ELC Output/IPLS Interrupt Request Enable Register (ELIPPR) .......ccccoviieiniinennee, 1558
36.2.4 ELC Output/IPLS Interrupt Enable Automatic Clearing Register (ELIPACR) ........cccccee.... 1560
36.2.5 STCA Status REGISEr (STSRY) ...ecuieieiiiitieierie sttt ettt se e 1562

36.2.6 STCA Status Notification Enable Register (STIPR) ....ocvovviiiiiiiee e 1563



36.2.7

36.2.8

36.2.9

36.2.10
36.2.11
36.2.12
36.2.13
36.2.14
36.2.15
36.2.16
36.2.17
36.2.18
36.2.19
36.2.20
36.2.21
36.2.22
36.2.23
36.2.24

36.2.25
36.2.26
36.2.27
36.2.28
36.2.29
36.2.30
36.2.31
36.2.32
36.2.33
36.2.34
36.2.35
36.2.36
36.2.37
36.2.38
36.2.39
36.2.40
36.2.41
36.2.42
36.2.43
36.2.44
36.2.45
36.2.46

STCA Clock Frequency Setting Register (STCFR) ....covveviiiii e 1564

STCA Operating Mode RegiSter (STMRY) .....ccviviiiiiiiiieiie et 1565
Sync Message Reception Timeout Register (SYNTOR) ...ccoovvvveiiiii s 1567
IPLS Interrupt Request Timer Select Register (IPTSELR) .....cccooiiiiiiiincieceeeenieen 1568
MINT Interrupt Request Timer Select Register (MITSELR) .....cccccoviininiiniiniiccis 1569
ELC Output Timer Select Register (ELTSELR) ......cccoviiiiniinieirieeecsesee e 1570
Time Synchronization Channel Select Register (STCHSELR) ....c.cccovvviiiiiicicceee e, 1571
Slave Time Synchronization Start Register (SYNSTARTR) .....cccoviiiiiieiiiie s 1572
Local Clock Counter Initial Value Load Directive Register (LCIVLDR) ......cccccocvvevvevennnne. 1572
Synchronization Loss Detection Threshold Registers (SYNTDARU, SYNTDARL) ........... 1573
Synchronization Detection Threshold Registers (SYNTDBRU, SYNTDBRL) ..........c....... 1574
Local Clock Counter Initial Value Registers (LCIVRU, LCIVRM, LCIVRL) ......ccccceevnene. 1575
Worst 10 Acquisition Directive Register (GETWLO0R) ......cccooeiiiiiiiiniienene e 1576
Positive Gradient Limit Registers (PLIMITRU, PLIMITRM, PLIMITRL) .......ccccoeevennenn. 1577
Negative Gradient Limit Registers (MLIMITRU, MLIMITRM, MLIMITRL) ........cccco..... 1579
Statistical Information Retention Control Register (GETINFOR) .......cccoocevvviinnineineee, 1580
Local Clock Counters (LCCVRU, LCCVRM, LCCVRL) .....coviiiiiiiiienene e 1581
Positive Gradient Worst 10 Value Registers

(PW10VRU, PW10VRM, PWIOVRLY) ..ocoiiiiiiiiiesiesie sttt st 1583
Negative Gradient Worst 10 Value Registers (MW10RU, MW10RM, MW10RL) .............. 1585
Timer Start Time Setting Registers (TMSTTRUmM, TMSTTRLM) (M =01t05) ....ccccecvrrnene 1587
Timer Cycle Setting Registers m (TMCYCRM) (M =010 5) oocoovevveiiiircrcese e e 1588
Timer Pulse Width Setting Register m (TMPLSRM) (M =010 5) ..ccoceoivviiniineiieincenns 1589
Timer Start Register (TMSTARTRY) ..ottt 1590
PRC-TC Status RegiSter (PRSR) ......ccuiiiiiiieiiicisieiseses e 1591
PRC-TC Status Notification Enable Register (PRIPR) .......cccoooeiiiieiieieseeec e 1593
Channel 0 Local MAC Address Registers (PRMACRUO, PRMACRLO) .......cccccvevvevivennenne. 1594
Channel 1 Local MAC Address Registers (PRMACRUL, PRMACRLL) ....ccoovevvevieiieiiennn, 1595
Packet Transmission Control Register (TRNDISR) .......cccoceviininiieee e 1596
Relay Mode Register (TRNIMR) ..ot 1597
Cut-Through Transfer Start Threshold Register (TRNCTTDR) ......ccoocoviiiiniineiineineeee 1598
SYNFP Status RegiSter (SYSR) ....oovcueiiiirieieiririeiee ettt 1599
SYNFP Status Notification Enable Register (SYIPR) ..o 1601
SYNFP MAC Address Registers (SYMACRU, SYMACRL) ...ccccoovvieiiiniiececnnne 1602
SYNFP Local IP Address Register (SYIPADDRR) .....ccccoouiiinmiineineeseese e 1603
SYNFP Specification Version Setting Register (SYSPVRR) ......ccccoviiiiiinniiieneseen, 1604
SYNFP Domain Number Setting Register (SYDOMR) ......ccccooiiniiiniiiiencenee e 1605
Announce Message Flag Field Setting Register (ANFR) ... 1606
Sync Message Flag Field Setting Register (SYNFR) .....coooiiiiiiiiiiine e 1607
Delay_Req Message Flag Field Setting Register (DYRQFR) .....cccevviieiiiiiiieiee e 1608

Delay_Resp Message Flag Field Setting Register (DYRPFR) .....ccocooiiiiinniineeeneee 1609



36.2.47  SYNFP Local Clock ID Registers (SYCIDRU, SYCIDRL) .....ccoccviinneiinirieeenseeieeeas 1610
36.2.48 SYNFP Local Port Number Register (SYPNUMR) .....cccoviiiiiiicieecr e 1611
36.2.49 SYNFP Register Value Load Directive Register (SYRVLDR) .....cccccooveivvivivcinniesenese e, 1612
36.2.50 SYNFP Reception Filter Register 1 (SYRFLLR) ....ccooviiiiiniirieeree e 1614
36.2.51 SYNFP Reception Filter Register 2 (SYRFL2R) .....cccccoiiiiniineirieeneesee e 1616
36.2.52 SYNFP Transmission Enable Register (SYTRENR) ......ccccoviiiiiiiiiiiiccse e 1617
36.2.53  Master Clock ID Registers (MTCIDU, MTCIDL) ....ccooviiiiiniiieiinsieee e 1618
36.2.54 Master Clock Port Number Register (MTPID) ....cccoceieiieiieieise e 1619
36.2.55 SYNFP Transmission Interval Setting Register (SYTLIR) ...ccccoevvieicisie e 1620
36.2.56  SYNFP Received logMessagelnterval Value Indication Register (SYRLIR) ......ccoceevveenns 1621
36.2.57 offsetFromMaster Value Registers (OFMRU, OFMRL) .......ccooviiiiiiniiineincineeee e 1622
36.2.58 meanPathDelay Value Registers (MPDRU, MPDRL) .......cccooiiiiiiiiiinecnees e, 1623
36.2.59 grandmasterPriority Field Setting Register (GMPR) ... 1624
36.2.60 grandmasterClockQuality Field Setting Register (GMCQR) ......c.ccoovviveiiieieiine e 1625
36.2.61 grandmasterldentity Field Setting Registers (GMIDRU, GMIDRL) ......c..cccovevviiiencnieiennn, 1626
36.2.62  currentUtcOffset/timeSource Field Setting Register (CUOTSR) .....ccoovivviveiencienieeneens 1627
36.2.63  stepsRemoved Field Setting RegiSter (SRR) ......ccoiiiiiiiiiiiiie e 1627
36.2.64  PTP-primary Message Destination MAC Address Setting Registers
(PPMACRU, PPIMACRL) ..ottitiie ittt ettt sttt st snesbe st st e neane e 1628
36.2.65 PTP-pdelay Message MAC Address Setting Registers (PDMACRU, PDMACRL) ............. 1629
36.2.66 PTP Message Ethertype Setting Register (PETYPER) ......coocviiiiiii i 1630
36.2.67 PTP-primary Message Destination IP Address Setting Register (PPIPR) .......cc.ccocevevverienene. 1631
36.2.68  PTP-pdelay Message Destination IP Address Setting Register (PDIPR) ........ccccoceovveineenn, 1632
36.2.69 PTP Event Message TOS Setting Register (PETOSR) ......coccviiiiniiinieneenecsee e 1632
36.2.70 PTP general Message TOS Setting Register (PGTOSR) .....ccccooviiiieniinieneeee e 1633
36.2.71 PTP-primary Message TTL Setting Register (PPTTLR) ....ccccoeiiiiieiicesreecse e 1633
36.2.72 PTP-pdelay Message TTL Setting Register (PDTTLR) .....c.coeiiiiiiiiiiiine e 1634
36.2.73 PTP Event Message UDP Destination Port Number Setting Register (PEUDPR) ................ 1634
36.2.74 PTP general Message UDP Destination Port Number Setting Register (PGUDPR) ............. 1635
36.2.75 Frame Reception Filter Setting Register (FFLTR) ....ocvooiiiiiieeece e 1636
36.2.76 Frame Reception Filter MAC Address 0 Setting Registers (FMACORU, FMACORL) ......... 1637
36.2.77 Frame Reception Filter MAC Address 1 Setting Registers (FMAC1RU, FMACI1RL) ......... 1638
36.2.78  Asymmetric Delay Setting Registers (DASYMRU, DASYMRL) .....cccooiiiniininencicens 1639
36.2.79  Timestamp Latency Setting Register (TSLATR) ...cccoiviiiieiicrcese e anea 1640
36.2.80 SYNFP Operation Setting Register (SYCONFR) .......ccooviriinniineeneesee e 1641
36.2.81 SYNFP Frame Format Setting Register (SYFORMR) ......ccoieiiieiiniiiiennecsense e 1642
36.2.82 Response Message Reception Timeout Register (RSTOUTR) .....ccveiiiiiiiniiniienecseeee 1643
36.2.83 PTP Reset RegiSter (PTRSTR) ..ottt 1643
36.2.84 STCA Clock Select Register (STCSELR) ....ccooiiiiirieiieneieieeeeetc e 1644
36.3 L0 011 = 11 0] o 1645
36.3.1 Transmission and Reception and Relaying of Non-PTP MeSSages ........ccocevervrernernerinennas 1646



36.3.2 Paths for the Transfer of NON-PTP MESSAQES ......cccvevueieiiieiiiieiieeie e eiese e sre e s se e 1647

36.3.3 Transmission and Reception and Relaying of PTP MESSAQES .....cvevveveirvieseresesesieseesienens 1648
36.3.4 Paths for the Transfer 0f PTP MESSAJES ....vcvverveveieieieitisie e seeiereeese e e see s 1649
36.3.4.1 Paths for the Transfer of PTP Messages Requiring Processing by Software ................ 1649
36.3.4.2 Paths for the Transfer of PTP Messages Automatically Handled by Hardware ........... 1650
36.3.5 L0 [0 o] 1Q B 1V T OO SOPSR 1652
36.35.1 ENG-T0-ENA (E2E) ...oveiieiiiiisieee ettt s 1652
36.3.5.2 PEEI-T0-PEEI (P2P) ...eiieieeeieie ettt ettt ettt et sttt e n e 1653
36.3.5.3 (O] o 1012 @ [oTod 1 (@ 103 IR S 1654
36.3.5.4 Boundary CIOCK (BC) .....ccoiieiirieiiriee ittt 1654
36.3.5.5 Transparent CIOCK (TC) ...cvvveiriirieirieiniei s 1654
36.3.6 EPTPC INItIAHZAION ..ottt st 1656
36.3.7 Operation as an E2E MASEEE .........oiiiiiieiiie ettt b 1657
36.3.7.1 Preparatory SEHNG ....cccociviiriici ettt e e 1657
36.3.7.2 Procedure for Starting OPEratioNns .........cccccceveieriirieieieeeeeee e sre e e re s 1658
36.3.7.3 Procedure for Changing the SEttiNGS .......cccceriiiiiiriie e 1658
36.3.7.4 Procedure for Stopping OPEratiONS .........cooeiiiirieeriierieie et 1659
36.3.8 Operation as an E2E SIAVE ..ot 1660
36.3.8.1 Preparatory SEHHNG .......coceieiiiie e e e 1660
36.3.8.2 Procedure for Starting OPErations ..........ccccoereieiieiieinercee e e 1661
36.3.8.3 Procedure for Changing the SEttiNgS .......ccoviiiiieeie e 1662
36.3.8.4 Procedure for Stopping OPEratioNS ........ccovveiieriiiieieieeie et 1663
36.3.9 P2P Operation (Common to Master and SIAVE) .......c.cccevvevrieiieiinnn e 1663
36.3.9.1 Procedure for Starting OPErationsS ..........ccccoeercereineieneeee e 1664
36.3.9.2 Procedure for Stopping OPerations ..........ccocoeiererieenieii e e 1664
36.3.10 OPeration S @ P2P IMASTEL .......c.ocuiiiiiiiieie ettt ettt e eneas 1665
36.3.10.1 Procedure for Starting OPErations .........cccccveviererereriereee e se e 1665
36.3.10.2 Procedure for Stopping OPEratioNS .........ccovereiireiriieriee et 1666
36.3.11 OPEration 8S @ P2P SIAVE ........coiiiiiiieiee e e 1666
36.3.11.1 Procedure for Starting OPerations ...........coceiieriieiineise e 1667
36.3.11.2 Procedure for Stopping OPErationS .........cccveiieiierieie e 1667
36.3.12 Operation @S AN E2E TC ....uiiieiecicce ettt st be st te e ne et e eneenbeeneennas 1668
36.3.12.1 Preparatory SELHNG .....coccvereieieiese ettt re e ne e 1668
36.3.12.2 Procedure for Starting OPerations ..........ccocoeiieiieiiie i 1668
36.3.13 OPEration 8S @ P2P TC ....eiiiiiieiee bbbt 1669
36.3.13.1 Procedure for Starting OPerations ...........cooeriieriieiineieseese e 1669
36.3.14 Monitoring Of RECEIVEA IMESSAGES ......erueiuiriirierierieie ettt bbb e 1670
36.3.14.1 Reception of ANNOUNCE MESSAGES ....ccveiveriiriiieierieieiesieeie ettt 1670
36.3.14.2 Reception 0f SYNC MESSAGES .....vcviiiieiiiiieiiesiesieie et te ettt sr e enaeneans 1670
36.3.14.3 Reception of Delay_Resp and Pdelay_Resp MESSAeS .......ccoovververeierneiecnieie e 1670

36.3.15 Correcting Time SYNCAIONIZALION .......cccciieiiiiie i 1671



36.3.15.1 Judging Synchronization and Loss of Synchronization ............cccccceeeviiiiiiiiicccicceeinn, 1672

36.3.15.2 WOISt 10 FUNCHION ..ottt et 1673
36.3.15.3 Collecting Differences in Clock Gradient and Extracting the Worst Ten Values ......... 1674
36.3.16 LOCAI CIOCK COUNLET ...t ettt s seen e enenns 1676
36.3.17 PUISE OULIPUL THMEE ..ottt bbbt 1677
36.3.17.1 Procedure for Setting a Pulse OUIPUL TIMET .........cciiiiriiirieeiceree e 1678
36.3.17.2 Output of periodic pulses as interrupt requests or event signals ..........c.ccocevveveveennene, 1679
36.3.18 Priority Control in TranSMISSION ........cccviviiiiieiesiese e ete et ne e 1680
36.3.18.1 ATDIEFALION 1ottt 1680
36.3.18.2 Securing of Bandwidth for the Transmission of Sync Messages .........ccocecvvvvrvvrinnenn 1681
36.3.18.3 Securing of Transmission INEErVal ...t 1681

36.4 INEEITUDLS et e e et e e e e e e e s s e et et e e e e e e nnnrreneees 1682
36.5 V7= oL I g1 (@ V11 o | SRR 1684
36.6 USAGE NOES ...ttt r et e e e e e st e s e e e e e e e e e e s s e 1685
36.6.1 Restrictions 0N ACCESS t0 REJISIELS ...cveiveveiieie et 1685
36.6.2 Wait CyCles fOr REJISIEr ACCESS .....oviviiiiiiitirieieieie ettt 1686
37. DMA Controller for the Ethernet Controller (EDMACA) .....cccveeeeeiiiiiiiiiiiiieieeeeeee e e e seeiveneeeee s 1687
371 L0 YT QTSR 1687
37.2 REQIStEr DESCIIPLIONS ...euiiiii e e e e e e e e e e e e e e e e aaeaaaaaaas 1689
37.21 EDMAC Mode RegiSter (EDMR) ......coiiiiiriiiieisiensieee et 1689
37.2.2 EDMAC Transmit Request Register (EDTRR) ......ccooviiiiireiniessesee e 1690
37.2.3 EDMAC Receive Request Register (EDRRR) ......ccoiiiiiiiiiiice e 1691
37.2.4 Transmit Descriptor List Start Address Register (TDLAR) .....cccvvveiievine e 1692
37.2.5 Receive Descriptor List Start Address Register (RDLAR) .......cccvovvevieienieie e 1693
37.2.6 ETHERC/EDMAC Status Register (EDMACN.EESR) ..o, 1694
37.2.7 PTP/EDMAC Status Register (PTPEDMAC.EESR) .....ccooeiviieieece e 1698
37.2.8 ETHERC/EDMAC Status Interrupt Enable Register (EDMACN.EESIPR) .......cccccoevennen. 1701
37.2.9 PTP/EDMAC Status Interrupt Enable Register (PTPEDMAC.EESIPR) .......cccooeoviiiiieine. 1703
37.2.10 ETHERC/EDMAC Transmit/Receive Status Copy Enable Register (EDMACN. TRSCER) ...1705
37.2.11 Missed-Frame Counter Register (RMFCR) ......cooiiiiiiiiccccse e 1706
37.212  Transmit FIFO Threshold Register (TFTR) ....ccccvciviiiiirerieiescise s ese e eenens 1707
37.2.13 FIFO Depth REGISLEr (FDR) ...oviuiiiiiieiiiieecrietniei ettt 1708
37.2.14 Receive Method Control Register (RMCR) ......coviiiiiiiiieee e 1709
37.2.15  Transmit FIFO Underflow Counter (TFUCR) ..ot 1710
37.2.16 Receive FIFO Overflow Counter (RFOCR) ......cooiiiiieiiiieie e 1710
37.2.17 Independent Output Signal Setting Register (IOSR) .......cccoviiririeiiiinire e 1711
37.2.18 Flow Control Start FIFO Threshold Setting Register (FCFTR) .....ccccvevviviieveieie e 1712
37.2.19 Receive Data Padding Insert Register (RPADIR) ......cccooiiineiniinenrese e 1713
37.2.20  Transmit Interrupt Setting Register (TRIMD) ..o 1714
37.2.21 Receive Buffer Write Address Register (RBWAR) .......cccoeiiiniinieeeese e 1714

37.2.22 Receive Descriptor Fetch Address Register (RDFAR) ......c.cooiiiiiiiiiniie e 1715



37.2.23 Transmit Buffer Read Address Register (TBRAR) .......coveiiiieiiiiiccc e 1715
37.2.24  Transmit Descriptor Fetch Address Register (TDFAR) ......ccoovieieiieieise e 1716
37.3 (0] 0= =10 o TSSO 1717
37.3.1 Descriptor Lists and Data BUFFErS ..o 1717
37.3.1.1 TranSMIt DESCIIPLOT ...vvcvveiviieiecie ettt et sr e te s e sreereesteeneeseeenee e 1717
37.3.1.2 RECEIVE DESCIIPLON .vivviviieietieeeie ettt sttt et teste st sb e e et e e e e e eneeneans 1719
37.3.2 TEANSIMISSION ...ttt b et b et b bbbt e e bt e b et et e st ebe s e et e ebe e ebe st ebeneebe e 1722
37.3.3 RECEPLION ..ttt bbbt bbbt bbb bbbt 1723
3734 Multi-Buffer Frame TranSmiSSION ..........ccoceierereienieieesese sttt st 1724
37.34.1 Error Processing While Transmitting a Multi-Buffer Frame .........ccoccoveiiiiiciicinnns 1724
37.3.4.2 Error Processing While Receiving a Multi-Buffer Frame ........c.cccocoveiiiieiicceie e, 1725
37.35 EDMAC Channel Priority ....ccccocoeiieieieicieiee ettt s 1726
374 LY =T ] o] PP UUPPPTRPPPPIN 1727
37.5 USAGE NOLES ..ottt e e e e et ettt e e e e e et e s sttt e e e e e e e s narnee 1727
37.5.1 Setting the Module-Stop FUNCHION ......c.ccv i 1727
37.5.2 Stopping the EDMAC during OPErationsS ..........ccooveerrerieenieieninie e 1727
37.5.3 Ilegal Address ACCESS DEIECLION .......ccciriiiriiiiieti ettt 1728
38. USB 2.0 FS Host/Function Module (USBD) ..o 1729
38.1 OVEBIVIBW ...ttt ettt e e e e e oo oo ot bttt et et e e e e e e e e e e e nnbebbeeeeeeeeaaeeeseeaaannnnbeaaaaaaans 1729
38.2 REQIStEr DESCHIPLIONS ...euiiiiiii i e e e e e e e e e e e e e e e e e e e aaaaans 1731
38.2.1 System Configuration Control Register (SYSCFG) .....cccoovieriiriiiniieneenieesee e 1731
38.2.2 System Configuration Status Register 0 (SYSSTS0) ...coovereireiinieeiee e 1733
38.2.3 Device State Control Register 0 (DVSTCTRO) ..cvcvveiviiieiiiicre e 1735
38.2.4 CFIFO Port Register (CFIFO)
DOFIFO Port Register (DOFIFO)
D1FIFO Port RegiSter (DLIFIFO) ....ccvieiiiiiiieisieiseises et 1738
38.25 CFIFO Port Select Register (CFIFOSEL)
DOFIFO Port Select Register (DOFIFOSEL)
D1FIFO Port Select Register (DLFIFOSEL) .....ccovviviiiiiiieceee et 1740
38.2.6 CFIFO Port Control Register (CFIFOCTR)
DOFIFO Port Control Register (DOFIFOCTR)
D1FIFO Port Control Register (DIFIFOCTR) ....oooviiiiiiiiieeeiee e 1744
38.2.7 Interrupt Enable Register 0 (INTENBO) .....ccoiiiiiiiiieeee e 1746
38.2.8 Interrupt Enable Register 1 (INTENBL) .....cooiiiiiiiiiece e 1747
38.2.9 BRDY Interrupt Enable Register (BRDYENB) ......cccooiiiiiiiiiicirisesesene s 1748
38.2.10 NRDY Interrupt Enable Register (NRDYENB) .....cccoooiiiiiiiieereceese e 1749
38.2.11 BEMP Interrupt Enable Register (BEMPENB) ......ccccccoiiviiieiicicrsc e 1750
38.2.12  SOF Output Configuration Register (SOFCFG) .......cocvviriiriirieieieeniee e 1751
38.2.13 Interrupt Status Register O (INTSTS0) ..cvieiiiiieiieisieese ettt 1752
38.2.14 Interrupt Status Register 1 (INTSTSL) ..ot 1755
38.2.15 BRDY Interrupt Status Register (BRDYSTS) ....coociiiiirinieieiieieesiese s 1758
38.2.16 NRDY Interrupt Status Register (NRDYSTS) .....cociriririniieieiecsiese st 1759
38.2.17 BEMP Interrupt Status Register (BEMPSTS) ....ccccceviiiieiciceseeese et 1760



38.2.18 Frame Number Register (FRMNUM) ........ccoiiiiiiiee et 1761
38.2.19 Device State Change Register (DVCHGR) ......ccccvviiiiieiiicie e 1762
38.2.20 USB Address Register (USBADDR) ......cccooviiiiiiiere e st 1763
38.2.21 USB Request Type Register (USBREQ) ......cooiriiiriiiriiinieieee e 1764
38.2.22 USB Request Value Register (USBVAL) ... 1765
38.2.23 USB Request Index Register (USBINDX) ......cccoeiiiiiinieiiiieiisesee e 1766
38.2.24  USB Request Length Register (USBLENG) ......cccoiuiiininiiiiiiieee e 1767
38.2.25 DCP Configuration RegiSter (DCPCFG) ....cccciviiiiiiieiienieiesie et ie s eneens 1768
38.2.26 DCP Maximum Packet Size Register (DCPMAXP) ......coovieieieieieiree e 1769
38.2.27 DCP Control Register (DCPCTR) ....oviiiiiirieinieisieesie ettt 1770
38.2.28 Pipe Window Select RegiSter (PIPESEL) .......ccocooiiiiiiiiieirieniese et 1773
38.2.29 Pipe Configuration Register (PIPECFG) ......cccccuiiiiiireiieieese e 1774
38.2.30 Pipe Maximum Packet Size Register (PIPEMAXP) ....c.ooiiiiiiiinint e 1776
38.2.31 Pipe Cycle Control Register (PIPEPERI) .......cccvciiiiiiieiecie e 1777
38.2.32 PIPEN Control Registers (PIPENCTR) (N =110 9) ovviiiicicecrcece e 1778
38.2.33 PIPEN Transaction Counter Enable Register (PIPENTRE) (N =11t05) .cocccovvvvivvicniiicee 1786
38.2.34 PIPEn Transaction Counter Register (PIPENTRN) (N =110 5) .ocoeoiviiiiineicceeee, 1787
38.2.35 Device Address n Configuration Register (DEVADDN) (N =010 5) ..ccoovvvvirviniieniiiienn, 1788
38.2.36 PHY Cross Point Adjustment Register (PHYSLEW) .....cccoooiiiiiieceecereee e 1789
38.2.37 Deep Standby USB Transceiver Control/Pin Monitoring Register (DPUSROR) ................... 1790
38.2.38 Deep Standby USB Suspend/Resume Interrupt Register (DPUSRIR) ........ccccvvevveviericniennne 1791
38.3 L@ 1=T =1 {0 T o H P PP PEPP TR 1793
38.3.1 YA (=] I O] 111 (o TSR 1793
38.3.1.1 Setting Data to the USB Related REQISIEr .......cccvvveiiiiiiiicccecc e 1793
38.3.1.2 Controller FUNCLION SEIECTION .........coivirireciirrse s 1793
38.3.1.3 Controlling USB Data BUS RESISIOIS .......ccveiriiiriiiriiiriesieestesie e 1793
38.3.14 Example of USB External Connection CirCUIL ..........ccvverrereiinnieneieneiesee e 1794
38.3.1.5 Release from Deep Software Standby Mode Due to USB
SUSPENA/RESUME INTEITUPLS ...ttt 1798
38.3.2 INTEITUPE SOUICES ...ttt bttt e e bbbt sb e b e e b e b e nbense e 1802
38.3.3 INEEITUPE DESCIIPLIONS ...ttt ettt bbb e ne s 1804
38331 BRDY INTEITUPL ...t 1804
38.3.3.2 NRDY INEITUPL ..o e 1808
38.3.3.3 BEMP INTEITUDL ..o 1811
38.3.34 Device State Transition INTEITUPL .......ccvoiiiiiiieirce e 1812
38.3.35 Control Transfer Stage Transition INEEITUPL ......ccocoveiiiiniie e 1813
38.3.3.6 Frame Update INTEITUPT .....ooiiiiieie et e e 1814
38.3.3.7 VBUS INTEITUPT .t 1814
38.3.3.8 RESUME TNEEITUDL ..o 1814
38.3.3.9 OVRCR INTEITUPE .ottt r e e 1814

38.3.3.10 BCHG INTEITUPL ..ottt 1814



38.3.3.11 DTCH INTEITUPL ..ot e s 1814

38.3.3.12 SACK INTEITUPL .ottt sttt ebe s 1815
38.3.3.13 SIGN INTEITUPE <.ttt bbbt 1815
38.3.3.14 ATTCH INEEITUDT oo e e e 1815
38.3.3.15 EOFERR INTEITUPE ..ottt st sttt st sb e b re s n s 1815
38.34 PIPE CONTIOL .o bbbttt 1816
38.3.4.1 Pipe Control Register SWitching ProCedures ..........ccccoveiieiieiesiieiesieene s 1817
38.3.4.2 B LS (=T G 1Y 0 LTSS 1817
38.3.4.3 ENAPOINt NUMDEE <...oeiiiiiecce e e sttt enaens 1817
38.344 Maximum Packet Size SEHING .....ccoverierieie e 1818
38.345 Transaction Counter (For PIPEL to PIPES in Reading Direction) .........ccccccovevineienen. 1818
38.3.4.6 RESPONSE PID ...t 1819
38.3.4.7 Data PID SEQUENCE Bt .....oouiiiiiieiise e 1820
38.3.4.8 Response PID = NAK FUNCLION ....ccocviiiiii ettt 1820
38.3.4.9 AULO RESPONSE MOUE ..ottt sttt se e ene s 1820
38.3.4.10 OUT-NAK MOUE ...viiieiiectiece ettt sttt ettt sbe et s te et e sbeesaesbeetesbeenae e 1820
38.34.11 NUIl AULO RESPONSE MOTE ... 1821
38.35 FIFO BUFFEr MEMOIY ..ottt 1821
38.35.1 FIFO BUTTEr MEMOIY ...ttt 1821
38.3.5.2 FIFO BUFTEI CIEAINNG ...cveeieiieiiitieie sttt e e 1822
38.3.5.3 FIFO POt FUNCLIONS ...ttt e 1823
38.3.54 DMA Transfers (DOFIFO and D1FIFO POIS) ....ccoceviieiiiiieieerse e 1824
38.3.6 Control Transfers USING DCP .......cvcviiiiiiie ettt nre e 1825
38.3.6.1 Control Transfers When the Host Controller is Selected ...........cocovvvinniiieniennenn, 1825
38.3.6.2 Control Transfers When the Function Controller is Selected ...........ccocoooviiiiiiieinnnn 1826
38.3.7 Bulk Transfers (PIPEL t0 PIPES) ......cooiiiiii e e 1827
38.3.8 Interrupt Transfers (PIPEG t0 PIPED) ......c.cccooiiiiiiiee et 1827
38.3.8.1 Interval Counter during Interrupt Transfers When the Host Controller is Selected ...... 1827
38.3.9 Isochronous Transfers (PIPEL and PIPE2) ......c.ccvoviiviiiiie e sees e sie e seeaenens 1828
38.3.9.1 Error Detection in 1S0Chronous Transfers ........cccccoeeeinieinise e 1828
38.3.9.2 D@ PID ..ottt bbbttt b et et nens 1829
38.3.9.3 INEEIVAI COUNTET ...ttt ettt bbb bt eneas 1829
38.3.10 SOF INterpolation FUNCLION .......ccvcieiieie ittt 1836
38.3.11 PIPE SChEAUIE ... bbb 1837
38.3.11.1 Conditions for Generating @ TranSACION ..........couviiriirieineires s 1837
38.3.11.2 TranSTEr SCREAUIR .......ovieee et 1837
38.3.11.3 Enabling USB COMMUNICALION ........c.ciiiiiiicie et 1837
38.4 L0 L7z (o [T N 0] L= PSPPSR 1838
384.1 Setting the Module StOP FUNCLION ....o.iiiiiiiieieeee e 1838
39. USB2.0 Full-Speed Host/Function Module (USBA) ..........cccooiiiiiiiiiiinii s 1839

39.1 (@YY =1 TR 1839



39.2 REQIStEr DESCIIPLIONS ....uiiiii i e e e e e e e e et s s e e e e e aaeaaaaaeas 1841

39.2.1
39.2.2
39.2.3
39.24
39.25
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
39.2.25
39.2.26
39.2.27
39.2.28
39.2.29
39.2.30
39.2.31
39.2.32
39.2.33
39.2.34
39.2.35
39.2.36
39.2.37
39.2.38

System Configuration Control Register (SYSCFG) .....ccooeviiriireiiniiene e 1841
CPU Bus Wait Register (BUSWAIT) ..ottt 1843
System Configuration Status Register (SYSSTS0) .....cocerereieriieieere e 1844
PLL Status RegiSter (PLLSTA) ..ottt raene s 1845
Device State Control Register 0 (DVSTCTRO) ...occvvvieveieierieeer e e st 1846
FIFO Port Registers (CFIFO, DOFIFO, DIFIFO) .....ccccceoiiiireiinicscrrseeeessneeesesnenens 1849
CFIFO Port Select Register (CFIFOSEL) ....ccoiiiiiiieeneenee e 1852
DOFIFO Port Select Register (DOFIFOSEL)

D1FIFO Port Select Register (DIFIFOSEL) ......cooiiiiiiiiiieiiecnieesee e 1854

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

D1FIFO Port Control Register (DIFIFOCTR) ....ccoviiiiiiiiirieiseieese e 1856
Interrupt Enable Register 0 (INTENBO) ......ccocoiiiiiiiiiieeceinenc e 1858
Interrupt Enable Register 1 (INTENBL) ...c.coocoviiiiiiiieececees e 1859
BRDY Interrupt Enable Register (BRDYENB) ......cccccceiiiiiieiieierse e 1860
NRDY Interrupt Enable Register (NRDYENB) .....coceiiiiiiniiiiiiinesee s 1860
BEMP Interrupt Enable Register (BEMPENB) .........cccoiiiiiiiiniiceneeseseeiees 1861
SOF Output Configuration Register (SOFCFG) ......cooeviiiiineiinieiieisesere e 1862
PHY Setting Register (PHYSET) ...ooiiiiiieiiiee ettt s 1863
Interrupt Status Register O (INTSTS0) ....ccviiiiiiiiie e e 1864
Interrupt Status Register 1 (INTSTSL) ...vocveiiiieece e 1866
BRDY Interrupt Status Register (BRDYSTS) ...cociieiriiriiirieinieeriesees e 1869
NRDY Interrupt Status Register (NRDYSTS) ....ooeiriiriiriiinierieesieeses e 1869
BEMP Interrupt Status Register (BEMPSTS) ......cooiiieiiiieeeeene s 1870
Frame Number Register (FRMNUM) ........coiiiiiieiece e 1871
USB Address Register (USBADDR) ......ccooiiiiiieiieic ettt 1872
USB Request Type Register (USBREQ) ......covviuiiiiieiierieieieieeeetn e et 1872
USB Request Value Register (USBVAL) ... 1873
USB Request Index Register (USBINDX) ......ccoeiiiiiinieiinieiiesee e 1873
USB Request Length Register (USBLENG) ........cccoiiiiiniiniiieciseee e 1874
Default Control Pipe Configuration Register (DCPCFG) .......ccccceoiiiiiiiiiiinenesene e 1875
Default Control Pipe Maximum Packet Size Register (DCPMAXP) ....cccviiiniieiieicieee, 1876
Default Control Pipe Control Register (DCPCTR) ..c.coveveiieeirersesie e 1877
Pipe Window Select RegiSter (PIPESEL) .......ccoviiiiiiinieirieiese e 1880
Pipe Configuration Register (PIPECFG) .....ccccouiiiiiiiiinirieese e 1881
Pipe Buffer RegiSter (PIPEBUFR) .........cooiiiiiieesese e 1884
Pipe Maximum Packet Size Register (PIPEMAXP) ..ot 1885
Pipe Cycle Control Register (PIPEPERI) .......ccccoiiiiiiiieieee e 1886
Pipe n Control Register (PIPENCTR) (N =110 9) .ocoeiieiieiece et 1887
Pipe n Transaction Counter Enable Register (PIPENTRE) (N =1105) cocccovvivireivnviniecn, 1892

Pipe n Transaction Counter Register (PIPENTRN) (N =110 5) .ocoeiiiiiiirenieeeeee, 1893



39.2.39 Device Address m Configuration Register (DEVADDM) (M =010 A) ..cccoovveiievveiierieennnn 1894
39.2.40 Low Power Control Register (LPCTRL) ...ccvcvviieiise e 1895
39.2.41 Low Power Status RegIStEr (LPSTS) ...cvcieiieie ettt e sttt 1896
39.2.42 Battery Charging Control Register (BCCTRL) ..o 1897
39.2.43 Function L1 Control Register 1 (PLICTRLL) ...ccooviiiiiieiieieee e 1899
39.2.44 Function L1 Control Register 2 (PLICTRL2) .....cccooiiiiiiiiiiee e 1901
39.245  Host L1 Control Register 1 (HLLICTRLL) ..ooociiiiiiiiiiisieees e 1901
39.2.46 Host L1 Control Register 2 (HLLCTRL2) ..ooivieiiie ettt 1902
39.2.47 Deep Standby USB Transceiver Control/Pin Monitor Register (DPUSROR) ..........ccccccveene. 1903
39.2.48  Deep Standby USB Suspend/Resume Interrupt Register (DPUSRIR) ......ccccoovvevrieineninienn 1904
39.3 L@ To1=T = Vi o] o H U TP PP PO PP PR PPPPP TP 1905
39.3.1 Y] (=] T 0] 11 (o SRS PSSRN 1905
39.3.1.1 Setting Registers Associated with the USBA ..o 1905
39.3.1.2 Selecting the Controller FUNCLION ........ccoiiiiiiiiiiee s 1905
39.3.2 Controlling the USB Data BUS RESISIOIS ........ccoviriiiiiiirieienisieise e 1905
39.3.3 SUPPIYING CHOCKS ...ttt bbbt et ebe e 1905
39.34 Notes 0N StOPPING CIOCK ....cvouiiiiii e 1907
39.35 O1 (= 0 0 PSP PROPRRON 1908
39.35.1 Setting the USBAR Interrupt Signal Output Method ...........ccccovvieiiiiicceecee 1909
39.3.6 INEErTUPE DESCIIPLIONS ...ttt ettt ettt 1912
39.3.6.1 BRDY INTEITUPL ..o e e 1912
39.3.6.2 NRDY INTEITUPL ..o e s 1915
39.3.6.3 BEMP INTEITUDL ...ttt s 1917
39.3.6.4 Device State Transition Interrupt in Function Controller Operation ............cccccceeeenene 1918
39.3.6.5 Control Transfer Stage Transition Interrupt in Function Controller Operation ............ 1919
39.3.6.6 Frame Number Refresh INtErrupt ........oooiiiiiiii e 1920
39.3.6.7 VBUS INTEITUPL ..o e 1920
39.3.6.8 RESUME INTEITUPL ...ttt sb e sbe e e 1920
39.3.6.9 OVRCR INEEITUPL eviiiiieieiiiiete ettt 1920
39.3.6.10 BCHG INTEITUPL ...ttt 1920
39.3.6.11 DTCH INEEITUDL ..t 1920
39.3.6.12 SACK INTEITUPE ettt 1920
39.3.6.13 SIGN INEEITUDL .ot 1920
39.3.6.14  ATTCH INTEITUPL ..eoviiiiicieieietee ettt ettt 1921
39.3.6.15 EOFERR INTEITUPL ...ttt 1921
39.3.6.16 Portable Device Detection INTEITUPL ..........ooeieiiiinieieieeee e e 1921
39.3.6.17 LPMEND INTEITUPL ....veiesteece s 1921
39.3.6.18 LIRSMEND INEEITUDL ...oooiiiiiitieiiiie st 1921
39.3.7 PIPE CONLIOL .ot ettt bbbttt 1922
39.3.7.1 Pipe Control Register SWitching ProCedUrES ..........ccceoieriieiieneinee e 1923
39.3.7.2 THANSTEE TYPES ettt bbbt bbbt bt st e e n e e e 1923



39.3.7.3 ENAPOINt NUMDEE ..ottt ne e 1924

39.3.74 Setting the MaxXimum Packet SizZ€ ........cccoviiviiiiiiiise e 1924
39.3.7.5 Transaction Counter (For Pipes 1 to 5 in the Reading Direction) .........cc.ccocevevevienennns 1924
39.3.7.6 RESPONSE PID ..o e s 1925
39.3.7.7 Data PID SEAUENCE BiL .....c.oieiiieiiicie ettt 1926
39.3.7.8 Response PID = NAK FUNCHION ...coiiiiiiiiieeee e 1926
39.3.7.9 AULO RESPONSE IMOTE ..ot sre e e e 1926
39.3.7.10 OUT-NAK IMOUE ..ottt bbbt snenes 1926
39.3.7.11 NUIl AUtO RESPONSE MOUE .....veveieieiieieeee ettt st ne e 1926
39.3.8 e O 2 U i - SRR 1927
39.38.1 FIFO BUFTEIS ettt bbbttt e 1927
39.3.8.2 Clearing the FIFO BUFFEFS ......ccuciriiiiiiieiieiee e 1928
39.3.8.3 FIFO POt FUNCHIONS ...vciiicieiceiee ettt sttt 1929
39.3.84 DMA/DTC Transfers (DOFIFO and DLIFIFO POItS) ...c.coovvevevieiecece e 1930
39.3.85 Allocating the FIFO BUTFEIS ......coiiviiiiccece et 1931
39.3.9 Control Transfer Using the Default Control PIPe ........ccooviveiineiiieeee e 1932
39.3.9.1 Control Transfer in Host Controller Operation ............cccocoveininniinenieseeees 1932
39.3.9.2 Control Transfer in function controller Operation ... 1933
39.3.10 Bulk Transfer for PIPES 110 5 ..ot 1934
39.3.11 Interrupt Transfer fOr PIPES 610 9 ..o e 1934
39.3.11.1 Interval Counter for Interrupt Transfer in Host Controller Operation ...........ccccccceveeen. 1934
39.3.12 Isochronous Transfer for PIPES 1 and 2 .......oovoviiiiiiiireeere s 1934
39.3.12.1 Error Detection in 1SOChronous Transfers ... 1935
39.3.12.2 DA PID ...t bbbttt bbbt 1936
39.3.12.3 INEEIVAL COUNTET <.ttt b et bbb e e e eneas 1936
39.3.13 SOF RECOVEIY FUNCLION ...ttt ettt b bbbt 1943
39.3.14 1oL T T 1T [ LSS 1944
39.3.14.1 Conditions for Generating @ TranSACtioN ..........ccocvverererieieieeiese s 1944
39.3.14.2 TraNSTEr SCREAUIE . ..o 1944
39.3.14.3 Enabling USB COMMUNICALION .....coiviiiiiiiiiiieicieicecie e 1944
39.3.15 Battery Charging Detection ProCESSING .....cc.eivveveeiieerieieeiesteeieste e sre e se e se e sae e 1945
39.3.15.1 Processing in Function Controller Operation ...........cccoccevviievesiieiesiee e 1945
39.3.15.2 Processing in Host Controller OPeration ...........ccoccoeievierieieeiesie e e 1947
39.3.16 Link Power Management PrOCESSING ......coviveriiiiiieriieisieenieesteiesieesie s seens 1950
39.3.16.1 Processing in Function Controller OPeration .........cc.cooverieriiennnee e 1950
39.3.16.2 Processing in Host Controller OPeration ...........c.ccccoeeieiniinicinenee e 1951
39.3.17 USB External Connection CIFCUIL .........cociiiiriiiiinene ettt s e 1952
394 Notes 0n USING the USBA ...t 1955
394.1 Setting the USBA Module Stop FUNCLION ......ccoociiiiiiiiee e 1955

39.4.2 Setting to Transition to Deep Software Standby MOGE ..........ccovireiiicineince e 1955



40. Serial Communications Interface (SCIg, SCIN) ...cccooiiiiiiiiecsrr e 1956

40.1 OWVEBIVIBW ...ttt etttk e ket e st e s et e e bt e e R et e s e et e s et e s nnn e e e et e e e e e nneennes 1956
40.2 ReQIStEr DESCIIPLIONS ..coiiiiiiiiiiiit ettt et e e e e e e e e s et e e e e e e e e e e e e e s e e nnnnrbeeeeas 1965
40.2.1 Receive Shift REGIStEr (RSR) ...cvoicieiiiiesi st 1965
40.2.2 Receive Data REIStEr (RDR) ......cviiiiiiiiiriiirieiiecstesie et 1965
40.2.3 Receive Data Register H, L, HL (RDRH, RDRL, RDRHL) ......cccoioiiiiiiininee e 1966
40.2.4 Transmit Data ReGIStEr (TDR) ....oouiiiiiiciieie sttt bbb e 1967
40.2.5 Transmit Data Register H, L, HL (TDRH, TDRL, TDRHL) ...cc.coveiiiiiiiiiiececee e 1968
40.2.6 Transmit Shift REQISLEr (TSR) ..uviviiiiiirieieeeeee et enes 1968
40.2.7 Serial Mode REGISIEr (SMR) ....voviieicece sttt et ne e 1969
40.2.8 Serial Control REGISIEN (SCR) ..oiiueiieiiiiett ettt 1973
40.2.9 Serial Status ReGISIEr (SSR) ...cviieeieieee e e 1978
40.2.10 Smart Card Mode RegiSter (SCMR) ......oiiiiiiieee e e 1983
40.2.11 Bit Rate RegiSter (BRR) ....ccciiiiiiiieiicie sttt sttt naeae e e sresnnenre s 1985
40.2.12 Modulation Duty RegiSter (MDDR) ......c.ccvviiiiiieiiierie et ses e ete ettt 1995
40.2.13 Serial Extended Mode Register (SEMR) ......cocoviiieiiiiieise et 1996
40.2.14 Noise Filter Setting Register (SNFR) ......cooiiiiiiiiiecree e 1999
40.2.15  12C Mode RegiSter 1 (SIMRL) ....ocuioiieieieiriieie ettt 2000
40.2.16 12C Mode REGISLEr 2 (SIMR2) ...ttt 2001
40.2.17 12C Mode REIStEr 3 (SIMR3) ...ttt 2002
40.2.18 12C Status REGISIEN (SISR) ....viveeeeiitieeece ettt ee et ee et en s s s e s s s nan s e snes 2004
40.2.19  SPI Mode RegiSter (SPMR) ...c.ooiiiiiiiiieineteere st 2005
40.2.20 Extended Serial Module Enable Register (ESMER) ........ccccoiiiiiiiniiiiserese e, 2006
40.2.21 Control RegiSter O (CRO) ....c.eiveieiieierieie ettt ettt ettt 2007
40.2.22 Control REGISIEN 1 (CRL) ...ocuiiiiiiieieiiett ettt ettt 2007
40.2.23 Control REQISLEr 2 (CR2) ...uviiiiiecieiteeeste ettt s e e s te st be s te et e eneebesneenas 2008
40.2.24 Control REQISLEr 3 (CR3) ...vviieieciiitiee sttt et s e e s te st e beste et e eneebesneenas 2009
40.2.25 Port Control REGISIEr (PCR) ...cuvcvieie ettt sttt ens 2009
40.2.26 Interrupt Control REGIStEr (ICR) ..c.iivciiieiiiciiiesie ettt 2010
40.2.27 SEAtUS REGISIEr (STR) .ecviiieiiieiite et b et 2011
40.2.28 Status Clear REGISEr (STCR) ..ottt ettt 2012
40.2.29 Control Field 0 Data RegiSter (CFODR) ........coueiiiiiriiieiiirie ettt 2012
40.2.30 Control Field 0 Compare Enable Register (CFOCR) ......c.ccooeieriiiiiiiccineeesiese e 2013
40.2.31 Control Field 0 Receive Data Register (CFORR) .......ccccoviveiivicieise e 2013
40.2.32 Primary Control Field 1 Data Register (PCFLDR) ......cccooviriineiriecniecsecse e 2013
40.2.33  Secondary Control Field 1 Data Register (SCFLDR) ......ccccoovvirririiiniineneeseesieeseeies 2014
40.2.34 Control Field 1 Compare Enable Register (CFLCR) .......cooieiiriniieiiesenseee e, 2014
40.2.35 Control Field 1 Receive Data Register (CFLIRR) .......ccocoiiiiiiiiiciierccee e 2014
40.2.36  Timer Control RegiSter (TCR) ...ooiiiiiiiiiiire e e e 2015
40.2.37 Timer Mode RegiSter (TMR) ...viiiee et ene e 2015

40.2.38

Timer Prescaler RegiSter (TPRE) ..ot 2016



40.2.39 Timer Count REQISLEr (TCNT) .uviieieiie ittt e e st saeene e 2016

40.3 Operation in ASYNChronoUS MOOE ........cccuviiiiiiiiiei e e e e e 2017
40.3.1 Serial Data Transfer FOIMAL .........coo oo e 2017
40.3.2 Receive Data Sampling Timing and Reception Margin in Asynchronous Mode .................. 2019
40.3.3 CIOCK ittt ettt ettt b et R ettt b ettt ettt 2020
40.3.4 [ oTW o] FoRtS] o 1=T=To 1Y oo RSP SS 2020
40.3.5 CTS aNd RTS FUNCLIONS ....vciiiiieiiieiesiie st 2021
40.3.6 SCI Initialization (ASYNChronous MOde) ........cccoeiiiiiniieneie e 2022
40.3.7 Serial Data Transmission (ASYyNnchronous Mode) .........cccoceveireiiniieneine e 2023
40.3.8 Serial Data Reception (ASynchronous M0Ode) ..........ccoeereireiinnieneenee e 2027

40.4 Multi-Processor Communications FUNCHON ..........occviiiiiiiiiiiie s 2031
40.4.1 Multi-Processor Serial Data TranSmiSSION .......c.ccvcvvivrierererereneeeeeeie s see e se e eeneesenes 2032
40.4.2 Multi-Processor Serial Data RECEPHION ........ccorviiriiiriiiiiiiriesicst e 2033

40.5 Operation in Clock Synchronous MOGE ..........coccuiiiiiiiiiiiiee e 2036
40.5.1 L0 [T <SOSRV 2036
40.5.2 CTS aNd RTS FUNCHIONS ...cuviuieiieieeeie ettt st st te sttt e eneeneens 2037
40.5.3 SCI Initialization (Clock Synchronous MOGE) .........ccceovreiireiiiieniieseee e 2038
40.5.4 Serial Data Transmission (Clock Synchronous Mode) ..........ccocevvreiineieniincineie e 2039
40.5.5 Serial Data Reception (Clock Synchronous Mode) ..........cccceeeiiiiiiiiiine e 2043
40.5.6 Simultaneous Serial Data Transmission and Reception (Clock Synchronous Mode) ............ 2046

40.6 Operation in Smart Card Interface MOUE .........uuvvieeiiieeeiii e 2047
40.6.1 SAMPIE CONNECTION ...viiiciiic ettt bbbt 2047
40.6.2 Data Format (Except in Block Transfer MOde) .......ccccocoeieieiinienininese e 2048
40.6.3 BIOCK Transfer IMOUE .........oovoiiiiiiiece et 2049
40.6.4 Receive Data Sampling Timing and Reception Margin .........ccccovvivieeienieniesinsnsesesese e 2050
40.6.5 SCI Initialization (Smart Card Interface Mode) ... 2051
40.6.6 Serial Data Transmission (Except in Block Transfer Mode) ..., 2052
40.6.7 Serial Data Reception (Except in Block Transfer Mode) ..o 2055
40.6.8 (O] [oTod Q@ 11 o]0 | A O] 1 i o USSP 2057

40.7 Operation in SIMPIE 12C MOUE .......ccueecuieiieeiiee ettt e et eee e ete et e e et e st e see e 2058
40.7.1 Generation of Start, Restart, and Stop Conditions .........cccceceverriereieie e 2059
40.7.2 CloCK SYNCRFONIZALION ...ttt e 2061
40.7.3 SSDA OULPULE DEIAY ..vevveeiieie ettt sttt sttt sttt 2062
40.7.4 SCI Initialization (SIMPIE 12C MOGE) .....cveveveveveieieeeeeteiee et 2063
40.7.5 Operation in Master Transmission (Simple 12C MOGE) .......ccccceveeveveeeeeee e, 2064
40.7.6 Master Reception (SImple 12C MOUE) ......ccceviieriniiieiesceeisns et 2066

40.8 Operation in SIMPIE SPIMOUE .......ooiiiiiiiiie et 2068
40.8.1 States of Pins in Master and Slave MOES .........ccooeviiiiinneec e 2069
40.8.2 SS FUNCLION iIN MASEEr MOTE .....c.ooviiiiirisicrce s 2069
40.8.3 SS FUNCLION IN SIAVE IMOGE ...ttt 2069

40.8.4 Relationship between Clock and Transmit/Receive Data ..........ccccoveeveeeiereivneneseneneeseenenn 2070



40.8.5 SCI Initialization (SIMPIe SPI MOUE) .....cocveiiiiee e 2071

40.8.6 Transmission and Reception of Serial Data (Simple SPI MOdE) ......cccoovvvevrivrivvieniese e 2071
40.9 Bit Rate Modulation FUNCHON .........oiiiiiiiiiiie et 2071
40.10 Extended Serial Mode Control Section: Description of Operation ............ccccccoeviiiiiinnnnee. 2072

40.10.1  Serial Transfer PrOtOCOI ........coiiiiiiiiiee et 2072

40.10.2  Transmitting @ STArt FIAME .....coooiiiiiiiiiieeie bbb 2073

40.10.3 RECEIVING @ STArt FIAME ..o bbb e 2076

40.10.3.1 Priofrity INTErrUPL Bt ..ot e 2081

40.10.4 Detection 0f BUS COIISIONS .......coiiiiiiieie e e e 2082

40.10.5 Digital Filter for Input on the RXDX12 PiN .....ccvcoveieiiiiice e 2083

40.10.6 Bit RAte MEASUIEMENT .....c.iiiiiiiiiiitiietcet ettt sttt et 2084

40.10.7  Selectable Timing for Sampling Data Received through RXDX12 ........cccoovvvniiiienneninienn 2085

0 I 1Y OO 2086
40.11 Noise Cancellation FUNCHON .........coouiiiiiiiiiieie e ee e e e e e e e e s snneeees 2088
40.12  INTEITUPE SOUICES ..uuiiiiiiiiie e e e ettt e ettt e ettt e e et e et e e e et et b e e e e et bbb a e e e e e eeba e e e e eeeanaanees 2089

40.12.1 Buffer Operations for TXI and RXI INTEITUPLS ......ooueiuireinieieiiieiees e e 2089

40.12.2 Interrupts in Asynchronous Mode, Clock Synchronous Mode, and Simple SPI Mode ......... 2089

40.12.3 Interrupts in Smart Card Interface MOGE .......ccccvvviiriire e 2090

40.12.4 INterrupts in SIMPIE 12C MOGE ..ottt ettt en e enenen s 2091

40.12.5 Interrupt Requests from the Extended Serial Mode Control Section ..........cccccocvvcvvvicerenennn. 2092
40.13  EVENT LINKING ©eeiiiiiiiiiiiiei ettt sttt e et e e bbb e s 2093
O W L= Vo [ N [0 (=3 ST 2094

40.14.1 Setting the Module StOP FUNCLION .......ciiiiiiiiiee e 2094

40.14.2 Break Detection and PrOCESSING ........oviiiiriieiesie ettt 2094

40.14.3 Mark State and Generating Breaks .........ccccvoieiieiiiiieiee et 2094

40.14.4 Receive Error Flags and Transmit Operations (Clock Synchronous Mode and

SIMPIE SPIIMOTE) ..ottt st et e e s te et e eraenbesneennas 2094

40.14.5  Writing Data to the TDR REQISIEN .....cciueiieeceieiiesiestes et 2094

40.14.6 Restrictions on Clock Synchronous Transmission (Clock Synchronous Mode and

SIMPIE SPTMOUE) .o bbb bbb 2095

40.14.7 Restrictions on UsSiNg DMAC OF DTC ....ocuiiiiiiiiiiiieie et 2096

40.14.8 NOLES 0N STArtING TIANSTEL ....c.civiiieeiie e 2096

40.14.9 SCI Operations during Low Power Consumption State ..........ccccoeveieriiiinienienine e 2096

40.14.10 External Clock Input in Clock Synchronous Mode and Simple SP1 Mode ...........cccceoeiennne. 2099

40.14.11  Limitations on SIMpPle SPI MOE ........cceveieieisiescse ettt 2100

40.14.12  Limitation 1 on Usage of the Extended Serial Mode Control Section ..........c.ccoceveveveevennn. 2101

40.14.13  Limitation 2 on Usage of the Extended Serial Mode Control Section ..........c.ccocevevveveeneennn. 2101

40.14.14  Note on Transmit Enable Bit (TE Bit) ......ccccoeiiiiiiiiiiiiiscecee s 2102

40.14.15 Note on Stopping Reception When Using the RTS Function in Asynchronous Mode .......... 2102

41. FIFO Embedded Serial Communications Interface (SCIFA) ........ocoiiiiiiiiiiie e 2103
41.1 OVEBIVIBW ..ttt ettt et e e e oo oo oottt e e et e e e e e e e oa e e aa bbb bb e et e e e e e e e e e e e e e aannbbbbaeeaeaens 2103

41.2 REQIStEr DESCHIPLIONS ... .iiiiiiiiiiie ettt e st e e s be e e e s aaneneeeas 2105



41.2.1 Receive Shift ReQIStEr (RSR) ...cuiiiiiiiicii ettt re e 2105
41.2.2 Receive FIFO Data RegiSter (FRDR) ......cccciviiiiiiiie ettt s 2105
41.2.3 Transmit Shift REQIStEr (TSR) ...vcviiiiiiieieieeee e 2105
41.2.4 Transmit FIFO Data RegiSter (FTDR) ...coioiiiiiieiiieiesieeeie sttt et 2105
41.2.5 Serial Mode RegiSter (SMRY) .....oiiiiiiicie e 2106
41.2.6 Serial Control REGISIEr (SCR) ..oviuiiiiieiei ettt 2107
41.2.7 Serial Status REQISIEr (FSR) ......cccviiieiiii ettt re e nnas 2109
41.2.8 Bit Rate REQISLEr (BRR) ....vocviiieiiieieeseei sttt a e sa e snesrestesn e eneeseeneens 2112
41.2.9 Modulation Duty Register (MDDR) .......cccceiuiiiiiciesiese st 2118
41.2.10 FIFO Control REGISIEr (FCR) ....cuiiiiiieiiisitiee st e 2119
41.2.11 FIFO Data Count RegiSter (FDR) .......ccoiiiiirieiieiniesies et 2120
41.2.12 Serial Port REGISIEr (SPTRY) ...voviiiieiiieieiee et 2121
41.2.13 Line Status REGISIEr (LSRY) ...ccueiuiiiiiiiiieieeie ettt ettt 2123
41.2.14 FIFO Trigger Control RegiSter (FTCR) ..occiiciiiciicece et 2124
41.2.15 Serial Extended Mode Register (SEMR) ......cccoviiieieiiicese s 2125
41.3 L@ 1=T =10 o H O PEPPT R 2126
41.3.1 Operating the SCIFA in ASynchronous MOE .........ccoeiiiiiininicieee e 2126
41.3.1.1 Serial Transmit/Receive Data Formats in Asynchronous Mode ...........ccccccevevveiernennn, 2126
41.3.1.2 Sampling Timing of Receive Data and the Reception Margin While
IN ASYNCNIONOUS IMOUE ......eviieciie et sne s 2128
41.3.1.3 (08 003 TS 2128
41.3.1.4 SCIFA Initialization in ASynchronous MOGE ...........ccoccireiriinnineieese s 2129
41.3.1.5 Transmitting Serial Data in ASynchronous MOGE ..........cccvevrireieneiineinecseseeeene 2130
41.3.1.6 Receiving Serial Data in ASynchronous Mode ..........ccccociiiiriniinieie e 2132
41.3.2 SCIFA Operation in Clock Synchronous MOGE ..........ccocoeeieiiiiiniiene e 2135
41.3.2.1 Format of Transmit/Receive Data in Clock Synchronous Mode .........c..ccocveereieriennnn, 2135
41.3.2.2 L0 [ o] <SR 2135
41.3.2.3 SCIFA Initialization in Clock Synchronous Mode ...........cccoeoviininenieseeeens 2136
41.3.2.4 Transmitting Serial Data in Clock Synchronous Mode ..., 2137
41.3.25 Receiving Serial Data in Clock Synchronous Mode .........cccoccvveeveviieieceecc e, 2139
41.3.2.6 Simultaneously Transmitting and Receiving Serial Data in Clock
SYNCAIONOUS IMOUE ...ttt sttt ste e e teene e 2141
41.3.3 Bit Rate Modulation FUNCLION ........cviiiiiiiiiise e 2142
41.3.4 Relation Between the SPTR Register and SCIFA PINS ..o 2143
41.35 N[O [T @ Ta ol I -1 To o SRS 2145
41.4 INEEITUDLS .ot e e r et e e e e e e s st r e e e e e e e e e snnrrneeees 2146
41.5 Notes 0n UsING the SCIFA ... e e e e e e e e s reaaees 2147
415.1 Relation Between the FTDR Register and the FSR.TDFE FIag ........c.cccooviiiiineiineiiecne, 2147
41.5.2 Relation Between the FRDR Register and the FSR.RDF Flag ........ccccccoeviviviiiivivcieciciecs 2147
41.5.3 Detecting a Break Signal and ProCeSSING .......coevveiieiieiieiiiee ettt 2147
415.4 Outputting @ Break Signal ......c.cccocveiieieiiecise e 2147
4155 Note on the FSR.FER and PER FIaQS .......cooiiiiiiiiiiiee e 2147



41.5.6 Note on Inputting an External Clock in Clock Synchronous Mode .........ccccccoveveiiviieinennnne, 2147
415.7 Module-Stop FUNCHION SEHING ....vovveeiiiieiese et 2147
42.  12C-bUS INEITACE (RIICA) ..ccveeeeevieieeeeie et ettt ettt e et e te e ettt e e e eteeste e e ereeebeeteeteesteenaesreas 2148
42.1 OVEIVIBW ...ettiiie ettt ettt ettt e e e ekttt e e e e ottt e e e e ea b b et e e e ek bbe e e e e anbbe e e e e e anbbeeaeeennbaeeennnes 2148
42.2 ReQIStEr DESCIIPLIONS ..coiiiieiiii ittt ettt e e e e e e e e et a e e e e e e e e e e e e e e e annereeaeas 2151
42.2.1 12C-bus Control REGISLEr 1 (ICCRL) ...vovovveeceeeece ettt ee e ee e en s s s s s s s s s s enn s e 2151
42.2.2 12C-bus Control REGISLEr 2 (ICCR2) .....cocveveveveeeeeee et eeeee e e ee e e s ee e e eees s s s s s s s en s s s s e 2153
42.2.3 12C-bus Mode RegiSter 1 (ICMRL) .....cccoviviiriieriieiseisi et 2157
42.2.4 12C-bus Mode RegiSter 2 (ICIMR2) ......c.cccoiiiiieeiceeeeievesee bbb se b bebenas 2158
42.2.5 12C-bus Mode RegiSter 3 (ICMRS3) ......cocieieeiieieeeecee ettt eeeee ettt en s eae s 2160
42.2.6 12C-bus Function Enable RegiSter (ICFER) ......ccccoviviviverieieieeeeee e eseeeen s s s enses s s s s enen s 2162
42.2.7 12C-bus Status Enable RegiSter (ICSER) ......ccovevevivieieieeeeiee i eeeeetetee e et eses s s esss s s enesennnns 2164
42.2.8 12C-bus Interrupt Enable RegiSter (ICIER) .......ccccovevevivivieeieieie et eeeee et es st en s s 2166
42.2.9 12C-bus Status RegiSter 1 (ICSRL) ....ccciiieeeieiriieesni ettt 2168
42.2.10 12C-bus Status REGIStEr 2 (ICSR2) ......cccooieiiiiiiieeeeeit ettt ettt ettt ettt ettt 2171
42.2.11 Slave Address Register Ly (SARLY) (Y S 010 2) .ooiiiiiiiieiieesee e 2174
42.2.12 Slave Address Register Uy (SARUY) (Y 2010 2) .oovcveciiiiiece et 2175
42.2.13 12C-bus Bit Rate Low-Level RegiSter (ICBRL) ......c.ccocoveveveieeeeeeeeeeeeeeeeesesesesesesesesesenenenenenenens 2176
42.2.14 12C-bus Bit Rate High-Level Register (ICBRH) .......c.cccovoveiiieeeeeeeeeeeeeeeeeetee et 2177
42.2.15 12C-bus Transmit Data RegiSter (ICDRT) .....covviiieeiieiriieieieisseeieisiseseesse e 2179
42.2.16 12C-bus Receive Data Register (ICDRR) .......cccocviiriuiiniiicieniisieieesssssessissss e, 2179
42.2.17 12C-bus Shift REGISIEr (ICDRS) ....c.cviecueieieieceeteieeeeeete et eeeete ettt es et ennseae s 2179
42.3 L0 o1 = 11 0] o 2180
42.3.1 Communication Data FOMMAL ........ccccooeierieieeieese et 2180
42.3.2 INTLTAE SEELINGS ..ottt ettt b bbb enes 2181
42.3.3 Master TranSMit OPEIALiON .........ooiieierieieieee ettt sbe et se e se s reene e 2182
42.3.4 Master RECEIVE OPEIALION .......ccviiiiiiiiiiie ettt e sae e re e aesreesee e 2185
42.35 Slave Transmit OPEIAtION .......ccviii et e e e e sre e b sne e e 2191
42.3.6 Slave RECEIVE OPEIALION ......cociiieiiirieieieeee et s e et s et e et ese et s e ssesresbesaestestesae e enseneeneans 2194
42.4 SCL Synchronization CIFCUIL ........uueiiiiiiiiiiee et e 2196
42.5 SDA Output Delay FUNCHION ......ueiiiiii i e e e e e e e e e e e e e e e e 2197
42.6 Digital NOISE Filter CIFCUIL ......ciiviiiiiiiiiiiiie e 2198
42.7 Address MatCh DETECTION ........uuiiiiiiiieiiee et e e e e e e e e e e e 2199
42.7.1 Slave-Address MatCh DELECHION .......c.ccviiriierieici et 2199
42.7.2 Detection of the General Call AAArESS .......coeveieiiieie e 2201
42.7.3 Device-1D Address DEECTION .........ccueiiiiiieie ettt e 2202
42.7.4 HOSt AJUresS DEIECLION ......coviiiiieiieie ettt sb bbb 2204
42.8 Automatic Low-Hold FUNCEION fOr SCL ........uiiiiiiiiiiiiiieee e 2205
42.8.1 Function to Prevent Wrong Transmission of Transmit Data ..........cccovervineineienennecnen, 2205
42.8.2 NACK Reception Transfer SUSPeENSION FUNCLION .........coeviiiiiiiiiirese e 2206
42.8.3 Function to Prevent Failure t0 RECEIVE Data .........cccooerierieiiiiiicieceee e 2206



43.

42.9 Arbitration-Lost Detection FUNCLIONS ..........iiiiiiiii e e s 2209

429.1 Master Arbitration-Lost Detection (MALE Bit) ......coccoviiiiiiiies 2209
42.9.2 Function to Detect Loss of Arbitration during NACK Transmission (NALE Bit) ................ 2211
42.9.3 Slave Arbitration-Lost Detection (SALE Bit) ......ccocooiiiiiiiiiiiee e 2212
42.10 Start Condition/Restart Condition/Stop Condition Issuing Function .............cccccvvvvvvvvnnne. 2213
42.10.1 ISSUING @ StArt CONAITION ....o.viviiieiieceiete ettt 2213
42.10.2 ISSUING @ RESLArt CONUITION ......c.oiuiiiiiiiiee ettt s 2213
42.10.3 ISSUING @ SOP CONAITION ...ttt st 2214
2 o R = T 1 = g o[ o 2215
42.11.1 TIMEOUL FUNCLION .t sttt sttt e e eneenens 2215
42.11.2 Extra SCL Clock Cycle OULPUL FUNCHION ........oiiiiiiiiiee e 2217
42.11.3 RIIC Reset and INternal RESEL ........coci i 2218
by S V| U= @ o 1=T = 11 o] o S 2219
42.12.1 SMBUS TimeoUt MEASUFEMENT .....c.oviiiieiiieie ittt sttt 2219
42.12.2 Packet Error Coae (PEC) ..ottt ettt s 2220
42.12.3 SMBus Host Notification Protocol (Notify ARP Master Command) .........c.cccceooeienencieenne 2220
R T [ 01 (=T (] o] Yo ] U o2 PR 2221
42.13.1 Buffer Operation for TXI and RXI INEITUPLS .....oveviriiiiiiiiiriccee s 2221
42.14 Resets and Register and Function States When Issuing Each Condition ...................... 2222
42.15 Event Link FUNCLION (OULPUL) ....coeeieeece e e e e e e e e e e e e 2223
42.15.1 Interrupt Handling and EVent LiNKiNG .........cccooriiiiiiiiiee s 2223
42.16  USAQE NOLES ...ttt e oo e e e e e e e e e e e e e e e e e eeeaeaebebbbbab e s 2224
42.16.1 Setting Module STOP FUNCLION .......cviiiiicicceees s snens 2224
42.16.2 NOteS 0N STArtiNG TIANSTET ..o 2224
CAN MOUUIE (CAN) ettt b ekt s bt e st e e s abb e e s abn e e e sab e e e e nbeeesabeeenneas 2225
431 OVEBIVIBW .ttt e e et e ettt e e e e e e e s e e ettt be e et e e aeeeeeeaaaassnbeeteeeeeeaeeeeeesaannnntbanaaaeens 2225
43.2 REQIStEr DESCIIPLIONS ....iiiii i e e e e e e e e e e e e e a e e e e aaaaeaaeees 2228
43.2.1 Control REGIStEr (CTLR) ...ocuiiiiiiiieieteete et 2228
43.2.2 Bit Configuration RegiSter (BCR) .......ccceiiiiiieirieisiee ettt 2231
43.2.3 Mask Register K (MKRK) (K= 010 7) .oooiiiiiiieiisee et 2233
43.2.4 FIFO Received ID Compare Registers 0 and 1 (FIDCRO and FIDCRL) .....cccccccvvvevveiinrinnns 2234
43.2.5 Mask Invalid Register (MKIVLR) ......cccciiiiiicicc et 2235
43.2.6 Mailbox Register j (MB]) (j T 010 31) .ooviiiiciiere et 2236
43.2.7 Mailbox Interrupt Enable Register (MIER) .......ccoiiiiiniiceee e 2240
43.2.8 Message Control Register j (MCTLJ) (j = 010 31) ..ooeiriiriiiriireireeees s 2241
43.2.9 Receive FIFO Control Register (RFCR) ......coiiiiiiiieieeie et 2244
43.2.10 Receive FIFO Pointer Control Register (RFPCR) ....c.coovoiiiiiiie e 2247
43.2.11 Transmit FIFO Control Register (TFCR) ..ccvoveiieicce et 2247
43.2.12  Transmit FIFO Pointer Control Register (TFPCR) ...occoocvviieieiiciciese e 2249
43.2.13 SEAtUS REGISIEN (STR) vttt bbb bbbt 2250

43.2.14 Mailbox Search Mode Register (MSIMR) ......coviiriiiriiiiieiee s 2252



44,

43.2.15 Mailbox Search Status RegiSter (MSSR) ......ccoiiiiiiiiiie e 2253

43.2.16 Channel Search Support REgIStEr (CSSR) .....cecviviiiiie et se e 2254
43.2.17  Acceptance Filter Support RegiSter (AFSR) ......cccoviiiiiiiiriie e 2255
43.2.18 Error Interrupt Enable Register (EIER) ......ccoiiiiiiiiie e 2256
43.2.19 Error Interrupt Factor Judge Register (EIFR) .......ccooiiiiiiniiiciiecee e 2257
43.2.20 Receive Error Count RegiSter (RECR) .......ccoiiiiiiiiiirieiniesiese e 2259
43.2.21 Transmit Error Count Register (TECR) ....ccviv oo 2260
43.2.22 Error Code Store RegIStEr (ECSR) ....cvoveiiiiese ettt sttt 2260
43.2.23 Time Stamp REGISIEr (TSR) .oviiiciciiicice sttt r et a e e eneas 2261
43.2.24  Test Control REGISIEr (TCR) ..viiviiiiiiiiiirierie et 2262
43.3 OPEratiNng MOTE ...coooiiiiiiie et e e et e e et e e e b e e e 2264
43.3.1 CAN RESEE IMOTE ...ttt 2265
43.3.2 CAN HAIEIMOE ...ttt 2266
43.3.3 CAN SIEEP IMOUE ...ttt bbb bbbttt et 2267
43.3.4 CAN Operation Mode (Excluding Bus-Off State) .........c.ccccvernenieniieninneseneeseen, 2267
43.3.5 CAN Operation Mode (BUS-OFf STALE) .......ccereriririiirieeriee e 2268
43.4 CAN Communication SPeed SettiNg .........uuuuieeiiiiiiiiiiiiiiiie e 2269
43.4.1 CAN ClIOCK SELING ..ottt bbbt bbbt 2269
43.4.2 Bit TIMING SEIING .ecveeceieciiee bbbttt 2269
43.4.3 Bt RELE ..ttt bbb bbb bbb et bbbt 2270
43.5 Mailbox and Mask RegiSter SrUCIUIE ..........ccooiiiiiiiiiiiieiiiie e 2271
43.6 Acceptance Filtering and Masking FUNCHONS .......c..ueviiiiiiiiiiiiiiiie e 2272
43.7 Reception and TranSMISSION .........uuiiiiiiiiiie ettt e e e e e e e e e e e e e e e e e s aaneeeeees 2275
43.7.1 RECEPLION ..ttt bbb bbbt b ettt b 2276
43.7.2 B L0 10T E5EST T S USSPRSRN 2278
43.8 CAN INEEITUPDL .ottt e e e e et e e e e e e e s s eeeeeeas 2279
43.9 USAOE NOLES .oiiiiiiiiiiiiie et e e ettt e e e e et ta s e e et et e e e e e etaa e e e e e aneanen 2279
43.9.1 Setting for the Module-Stop SEALE .......c.oociiiiiiiie e 2279
Serial Peripheral Interface (RSPIA) ..........cocoiiiiiiiiiiiii e 2280
44.1 OVBIVIBW ..ttt ettt ettt e e e oo oo oot ettt et e e e ee e e e e e aannanbeateeeeeeaeeeeaesaannnbbaeaaaaens 2280
44.2 (=T oIS (= g LTS od o] 1o ] SRS 2284
4421 RSP1 Control RegiSter (SPCRY) ....couiiuiiiiieeieee et e 2284
44.2.2 RSPI Slave Select Polarity RegiSter (SSLP) ....ocvviveiiece e 2286
44.2.3 RSPI Pin Control RegiSter (SPPCR) .....voiiiiiieciise ettt 2287
44.2.4 RSPI Status REGISIEr (SPSR) .....cveiiiriieriiierirseeer st 2288
4425 RSPI Data RegiSter (SPDR) ......coiiiiiiiiieiisiesie sttt 2291
44.2.6 RSPI Sequence Control RegiSter (SPSCR) .....coviiiiiiirieniteiee s 2294
44.2.7 RSPI Sequence Status RegiSter (SPSSRY) .....coveiiiiiiiiieieeee e 2295
44.2.8 RSPI Bit Rate ReQIStEr (SPBR) .....cccotiiiieiiiiiiririeteitisisiee ettt 2296
44.2.9 RSPI Data Control RegiSter (SPDCR) ....c.cccvoiiiiiieiee ettt sre e 2297

44.2.10 RSPI Clock Delay RegiSter (SPCKD) .....coeiveieieiie e siesie s st etes e se e e se s ssesee s 2299



44211 RSPI Slave Select Negation Delay Register (SSLND) ......coccoveiieieiieiecrec e
44.2.12 RSPI Next-Access Delay RegiSter (SPND) .....cccccoviiereiireieieeeieese s e s
44.2.13 RSPI Control RegiSter 2 (SPCR2) .....ciuiiveieieeeee st sttt e et ens
44.2.14 RSPI Command Registers 0 to 7 (SPCMDO t0 SPCMD7) ....ccooviiiiniiniineneesecsieeene
44.3 (O] e1=] =1 i o ] E PO P PP PP PURPN
44.3.1 Overview Of RSPI OPEIatiONS .......cccoviviieiirieiieieee e se sttt s sne st eeseenens
44.3.2 000 oL o] | T T 5] o B T TS
44.3.3 RSPI System Configuration EXampPIES ........coceiiiiiiiiiiieeee e
443.3.1 Single Master/Single Slave (with This MCU Acting as Master) .........ccccovvreieninnenn.
44.3.3.2 Single Master/Single Slave (with This MCU Acting as SIave) ...,
44.3.3.3 Single Master/Multi-Slave (with This MCU Acting as Master) ........ccccceeevivvieinnnnne
44.3.3.4 Single Master/Multi-Slave (with This MCU Acting as Slave) .........ccccoeviieicieeennn
44.3.35 Multi-Master/Multi-Slave (with This MCU Acting as Master) ........cccocvvvevveivenennnn,

44.3.3.6 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation)
(with This MCU ACLING 8S MASEET) ....cvviveiiiiiiiieiie et

44.3.3.7 Master (Clock Synchronous Operation)/Slave (Clock Synchronous Operation)
(with This MCU ACEING S SIAVE) .....vcirieiiiiiiriciinicienee et
44.3.4 DAt FOMMEL ...ttt et bt sb e e bt e sbe e br e e b e e nneeanes
443.4.1 When Parity is Disabled (SPCR2.SPPE = 0) ....ccooeiiiiiiiieiere e
44.3.4.2 When Parity is Enabled (SPCR2.SPPE = 1) ...occiiiiiiiieieeeesee e
4435 TEANSTEE FOMMAL ... ettt bbb e ene e
44351 L0 o N SR
44.35.2 L o N SRS
44.3.6 Communications Operating MOE .........ccciriiiiiie e
44.3.6.1 Full-Duplex Synchronous Serial Communications (SPCR.TXMD =0) .......ccccccveennee
44.3.6.2 Transmit Operations Only (SPCR.TXMD = 1) ...oooiiiiiiieineiire e
44.3.7 Transmit Buffer Empty/Receive Buffer FUll INterrupts ........ccccovvvviieiinicce e,
44.3.8 g o g 1] =T [ TS
44.38.1 10T (1 oI = 1 (o SRR
44.3.8.2 PAITEY EFTOF ..ttt sr et r et b bbb nn e ane e
44.3.8.3 MOOE FAUIT EITOF ...
44.3.9 INIETAIZING RSP ..ottt bbbttt ettt e st ere b ereaeas
44.39.1 Initialization by Clearing the SPE Bit ..........ccccviiiiiiiiicieece e
44.3.9.2 SYSTEM RESEE ..ottt
44.3.10 SPIOPEIALION ..ttt e bbb bbbt bbbt bt b s
44.3.10.1 Master MOde OPEIALION .......cccoueuirieiirieie ettt
44.3.10.2 S1aVe MOAE OPEIALION ...ttt et bbb e
44.3.11 Clock SYNchronoUS OPEIAtION ......cc.coveiiiieiiiiie sttt bbb see s
443.11.1 Master MOde OPEIAtiON .......c.ccvviviieiireieieee ettt se e eneens
443.11.2 S1ave MOde OPEIALION ....ccviviiieiirieiirieiect e
44.3.12 LOOPDACK MOE ...ttt bbb

44.3.13 Self-Diagnosis of Parity Bit FUNCHION .........cooiiiiice e



44.3.14 INTEITUPT SOUICES ..ttt ettt ettt st e et e sab e bt e be e s nbe e beeanbeenbeeanes 2358
44.4 Link Operation by EVENt LINKING ....ceviiieeiiii e 2359
44.4.1 Receive Buffer FUIl EVENt OULPUL ........coooiiiiiiiieie et s 2359
44.4.2 Transmit Buffer Empty EVENt OULPUL .........oiiiiiiiii e 2359
44.4.3 Mode Fault, Overrun, or Parity Error Event QULPUL ..........ccvevevireiecrcc e 2359
44.4.4 RSP 1A1E EVENE OULPUL ....eoviieiiieiiiesiei st 2360
44.4.5 Transmission-Completed EVENt OULPUL .......cooviiieie i s eneas 2360
445 USAQGE NOLES ... e e et e e e e e e e a e 2361
4451 Setting Module StOP FUNCLION ........ccuoiiiiiece et 2361
445.2 Note on Low Power Consumption FUNCLIONS .........ccccviererierierieier e 2361
445.3 NoOtes 0N Starting TraNSTEr ......cvcieeie e e 2361
4454 Notes on the SPRF and SPTEF Flags ......ccocvvirireieiecese e e 2361
45.  Quad Serial Peripheral Interface (QSPI) ..ouvviiiiiie i a e 2362
451 L0 YT QTSP 2362
45.2 REQIStEr DESCIIPLIONS ...eiiiii i e e e e e e e e e e e e e e e e aaeaaaaaeas 2364
45.2.1 QSPI Control ReGiStEr (SPCRY) ....ovciiieiiiieiriee ettt 2364
45.2.2 QSPI Slave Select Polarity RegiSter (SSLP) ....c.ooiiiiiiiiiese et 2365
45.2.3 QSPI Pin Control RegISter (SPPCR) ....ouiiiiieiieee ettt 2366
45.2.4 QSPI Status REGISEr (SPSR) ....oiiieiiieiiieie ettt 2367
45.2.5 QSPI Data ReGISIEr (SPDR) ...cvciieiiieiesieesiee sttt ettt sttt sttt en s 2369
45.2.6 QSPI Sequence Control RegiSter (SPSCR) ......cviviiiiiisere et 2370
45.2.7 QSPI Sequence Status RegiSter (SPSSR) ......ccoieiiiiiiiiesee e 2370
45.2.8 QSPI Bit Rate REGISLEr (SPBR) ...c.oouiiiiriitiricie st 2371
45.2.9 QSPI Data Control RegiSter (SPDCRY) .....ccocciiieiieirieisiee ettt 2372
45210  QSPI Clock Delay RegiSter (SPCKD) .....coucviiiuiriiiiriiieiisieisieesieresieesiesesiesesiese s ssesessens 2373
45211 QSPI Slave Select Negation Delay Register (SSLND) .....c.ccooviiiiiieiieeie e 2374
45.2.12 QSPI Next-Access Delay Register (SPND) .....cccccviviiiinise et 2375
45.2.13 QSPI Command Register n (SPCMDN) (N =010 3) .ooeiieiiiiiierenreseee e 2376
45.2.14 QSPI Buffer Control Register (SPBFCR) .......coiiiiiiienieenieeree e 2380
45.2.15 QSPI Buffer Data Count Set Register (SPBDCR) ......coveiiiiiieniieiseseeenese e 2381
45.2.16 QSPI Transfer Data Length Multiplier Setting Register n (SPBMULN) (n=01t0 3) ............ 2382
45.3 L0 o1 7= 11 0] o 2383
453.1 OVErVIEW OF OPEIALIONS ..ottt bbbt 2383
45.3.2 PN CONEIOL <.ttt b ettt eb et e b e e b e e st e e eneeneene e 2384
45.3.3 TrANSTEE FOMMAL ...ttt b ettt sb bt eneas 2385
45.3.4 TEANSTEE DALA ...ttt bbbttt b e b bbb b e e 2387
45.3.5 Non-Normal Transfer OPErations ..........cccceveieiueiieisiesie et sresr e e eenes 2391
45.3.6 LR T LT 1T U1 o] S 2392
45.3.7 SPIOPEIALION ..viiiiieieeeie et b bbb bbbt bbb 2392
45.3.8 INEEITUDPTE SOUICTES ...t 2406
45.3.9 LOOPDACK MOTE ...t bbbt e ens 2406



46.

47.

48.

45.4 L0 L7z (o [T N 0] (=S PSP PTSPRPPN 2407

45.4.1 NOtES 0N SArtiNG TIANSTEL ..ot 2407
45.4.2 Module Stop FUNCHION SEHING ....covieiiiieieieie e 2407
45.4.3 Notes on Using the Serial FIash MemMOTY ..o 2407
CRC CalCUIALOr (CREC) ...itiiiiieiiiiie ettt ettt ettt e e st b et e e e st bt e e e ssbbn e e e e saneeae s 2408
46.1 OVEBIVIBW ..ttt ettt ettt e e e oo e oo et et ettt e e e ee e e e e e saanabeaaeeeeeaaeeeeeesaannnbbaeaaaaens 2408
46.2 (=T o153 (= g LTSl ] o] 1o SR 2409
46.2.1 CRC Control RegiSter (CRCCRY) ....cuoiiiieiiieiisiesie ettt st 2409
46.2.2 CRC Data Input Register (CRCDIR) ......ooiiiiiiieie ettt 2409
46.2.3 CRC Data Output Register (CRCDOR) ......ccoviiiiiiriiesese e s eeneens 2410
46.3 L0 01 =1 o] o OO 2411
46.4 USAQE NOLES ... e e e e e e e e e e et et ettt e e et et et b a e e e e e e e e e e aaaaaanaans 2414
46.4.1 Module Stop FUNCHION SEHING ..c.vcvieiiiesesere e 2414
46.4.2 o] =30 o I =L TS T ESTS] o o SRR 2414
Serial SoUNd INLEIfACE (SSI) ..ooiiiiiiice e e e e e e e s e e 2415
47.1 OVEBIVIBW ..ttt ettt ettt e e e e e e e e et e e et e et e e eeeeeeeeaasenteeaeeeeeeaeaeeeesaaannsbaeaaaaens 2415
47.2 REQIStEr DESCIIPLIONS ....iiii i e e e e e e e e et et e e e e e e e s e e e e aaaaeaaeees 2418
47.2.1 Control REGISLEr (SSICR) ...ttt 2418
47.2.2 Status ReGISLEr (SSISRY) ....uiiiiiie bbb 2422
47.2.3 FIFO Control RegiSter (SSIFCR) ..ottt 2424
47.2.4 FIFO Status RegiSter (SSIFSR) ..ot 2426
47.2.5 Transmit FIFO Data Register (SSIFTDR) ....cvoiviieiieie et 2428
47.2.6 Receive FIFO Data Register (SSIFRDR) .....covooiviiiiiiiireneise e 2428
47.2.7 TDM Mode Register (SSITDMRY) .....cviiiiiiiiiiieiieeeese et 2429
47.3 L@ 1=T =11 o] o E TP PO TP PPTPURPP 2430
47.3.1 BUS FOMMAL ... s 2430
47.3.2 NON-COMPIESSEUA IMOUE .....viiiiiiiieieete ettt 2430
47.3.3 WS CONLINUE MOUE ....eeeiiiiee ettt ettt sb e e et e e e e eneeneens 2436
47.3.4 OPEIALING STALES ....ecviiciiieeeieee sttt b bbbt sb bbbt bbbt bt e 2437
47.3.5 TraNSMIE OPEIALION .....eiiiieie ettt bbbttt b s be b sb e be e e e e e eneas 2438
47.3.6 RECEIVE OPEIALION ....veiveiiiieie et e sttt e b e s te e teen e beeneesaesneeseeaneenrnnneens 2441
47.3.7 Serial Bit CIOCK CONEIOL ..ot 2443
47.4 INTEITUPTE SOUICES ...ttt ettt e ettt e e e e e e tab s e e e e ea b e e e aeetabn e eeaaaees 2443
47.5 USAQE NOLES ...t e e e e e e e e e et ettt et et e be b ab e e e e e e e e e e aaaaaaaeaans 2444
475.1 Setting the Module StOp FUNCLION ......ccooeiiieiecece et 2444
475.2 Notes on Changing TransSmiSSioN MOUES ..........cccrueiriiiiirieine s 2444
475.3 Limits on WS COontiNUE MOE .......oouviiiiiieeeeeee et 2444
475.4 Notes Regarding Clearing the Status FIag ........cccooereirinieieiieee e 2444
Sample Rate CONVEIET (SRC) ....uiiiiiiiiiiiiie ettt e e et e e e naneeeens 2447
48.1 OVEBIVIBW ..ttt ettt e e e e e oo oo et be e ettt e e e ee e e e e e e sanbeeeeeeeeaaeeeeeesaannnbbeeaaaaans 2447

48.2 (=T o 1S3 (= g LT Y] o] 1o ] SRS 2448



48.2.1 Input Data RegiSter (SRCID) ...cviiiiieiiciese ettt renre e 2448
48.2.2 Output Data RegiStEr (SRCOD) ......civieieiiiieieieee ettt 2449
48.2.3 Input Data Control Register (SRCIDCTRL) ..ovcviiiieiiiiiesiesesie e es e sre st 2450
48.2.4 Output Data Control Register (SRCODCTRL) ....cvoiririerieierieenieeriee e 2451
48.2.5 Control Register (SRCCTRL) ..ottt 2452
48.2.6 Status RegiStEr (SRCSTAT) oottt 2455
48.2.7 Filter Coefficient Table n (SRCFCTRN) (N =0 t0 5551) ...cccecieiiiiieiicece e 2457
48.3 L0 01 = 1o o OSSR 2458
48.3.1 INIETAE SEELING .vevitee bbbttt sr e nn e anas 2458
48.3.2 DAta INPUL ..o e 2459
48.3.3 DAA OULPUL ...ttt bbbt bbbttt 2460
48.4 LY =T ] o] £ PRSPPI 2462
48.5 USAGE NOES ..ottt e e e e et e et e e e e e e e s e et e et e e e e e e s narree 2462
48.5.1 Notes 0n ACCESSING REGISTEIS (L) .vviviviereririeieieeie et sr et ss e re e e nre e 2462
48.5.2 Notes 0n ACCESSING REGISIEIS (2) .vviviveiirierierierieieeie et se st e e e re st sb e e e ne e nee e 2462
48.5.3 NOLES ON FIUSH PrOCESSING ...vivieiiiiietiiei s bbb 2463
48.5.4 Notes 0N DMA/DTC TFaNSTEE ..ouoiuiieieeiee e e 2463
48.5.5 NOLES ON SRC OPEIALION ...ovviiieeiitieiite ettt bbbttt 2463
48.5.6 Conversion immediately after the Data Set in the SRCID RegiSter .........ccccevvvivevverveneinnennn. 2463
48.5.7 Module Stop FUNCLION SEIEING .....ooveiviieiiiieiee e 2463
49.  SD HOSE INtErfACe (SDHI) ..ottt et e e e st e e e e sebe e e e aaes 2464
49.1 OVEBIVIBW ...ttt ettt ettt ettt e et e okt e skt e e e skt et e e ke e e e ket e e bb e e e sbe e e aabe e e eabe e e snnbe e e e e e ennes 2464
49.2 REQISLEN DELAIIS .. .eeeiiieiiiie ettt et e e 2465
49.2.1 Command RegiSter (SDCMD) ......ooiiiiie ettt 2465
49.2.2 Argument REGIStEr (SDARG) ...oiviiiiieieieceee sttt ettt st se e enes 2467
49.2.3 Data Stop ReQIStEr (SDSTOP) ...oiuiiiiiiiiriiieiieiiiete et 2467
49.2.4 Block Count Register (SDBLKCNT) ....ciiiiiiiiieiiiiniesiee et 2468
49.2.5 Response Register 10 (SDRSP10), Response Register 32 (SDRSP32),
Response Register 54 (SDRSP54), Response Register 76 (SDRSP76) ........ccccoevvrevrecnen. 2469
49.2.6 SD Status REGISTEr 1 (SDSTSL) .ueiiiueiiiriiieieiiesisieieie ettt 2470
49.2.7 SD Status REGISTEr 2 (SDSTS2) ...ocvcueieiririeieiienisieieie ettt 2473
49.2.8 SD Interrupt Mask Register 1 (SDIMSKL) ......coviiiiiiiiesise e e 2477
49.2.9 SD Interrupt Mask Register 2 (SDIMSK2) .....cociiiiiiiiineiee e 2478
49.2.10 SDHI Clock Control Register (SDCLKCR) ....cooeiiiiiirierinieneie e 2479
49.2.11 Transfer Data Size RegiSter (SDSIZE) ..o 2480
49.2.12 Card Access Option RegiSter (SDOPT) ..ocviiiiieieiiec ettt 2481
49.2.13  SD Error Status Register 1 (SDERSTSL) .....cccouriiiririiiriririeie et 2482
49.2.14 SD Error Status Register 2 (SDERSTS2) ...cvcviviieiie et e st 2483
49.2.15 SD Buffer Register (SDBUFRY) ..ot 2484
49.2.16 SDIO Mode Control Register (SDIOMD) .......covoeriiiniieninenee e 2484
49.2.17  SDIO Status RegiSter (SDIOSTS) ...cccuriiuirieiiresieieiesisieieie sttt 2486



49.2.18 SDIO Interrupt Mask Register (SDIOIMSK) .....ccvciiiieiiiiicece e 2487

49.2.19 DMA Transfer Enable Register (SDDMAEN) ....cocooiieiicieiceee e 2488
49.2.20 SDHI Software Reset RegiSter (SDRST) ...cvcveiiicreiese ettt 2489
49.2.21  Version Register (SDVER) ...c.ooiiiiiiiiiiiise ettt 2490
49.2.22 Swap Control RegiSter (SDSWAP) ..ottt 2491
49.3 1] o I O] o1T 21 1T ] o H O PP PO P P TPUPPPP 2492
49.3.1 Data Block Format 0f the SD Card .........ccccoviiirinnniineces s 2492
49.3.2 SD Buffer and the SDBUFR REJISIE ......c.coiieiiiiiiiiiiiie e e 2493
49.3.3 YD O 1o [ D (< ox o] RS USRRRT 2494
49.3.3.1 Using the SDHI_CD Pin to Detect an SD Card .........c.ccoueerirennenineneensenesesieie e 2494
49.3.3.2 Using the SDHI_D3 Pin to Detect an SD Card ........cccccceveiiieieiieeie e 2494

49.3.4 SD Card WIte PrOtECHION ......c.viviiiieiiiressree s 2495
49.3.4.1 Using the SDHI_WP Pin to Enable Write Protection ..........cccccooeevvivvienivnenesescienne 2495
49.3.4.2 Using a Command to Enable Write Protection ..........c.ccccoeivreiiiineiienneeee 2495

49.3.5 Communication Errors and TIMEOULS .......cuveierirerieieietise et 2496
49.3.6 Examples of 1SSuing & COMMANG .........ccooiiiiiiiiniiiiee e e 2497
49.3.6.1 Command Absent of Response Reception and Data Transfer ..........ccccooevieniieinenn 2497
49.3.6.2 Command Absent of Data TranSTer ........c.coceiiieiiic s 2498
49.3.6.3 Single Block Read Command (CMDL7) .....ccccvvvieiiieiescesieeee et 2499
49.3.6.4 Single Block Write Command (CMD24) ..ot 2501
49.3.6.5 Multi-Block Read Command (CMD18) ......ccccovviriiiinieenieenieie e 2503
49.3.6.6 Multi-Block Write Command (CIMD25) ........ccooeiieiiiiieieiie e 2505
49.3.6.7 I0_RW_DIRECT Command (CIMDB52) ......cccviririiiinieisenieesis e 2507
49.3.6.8 I0_RW_EXTENDED Command (CMD53 (Multi-Block Read)) ........ccccovervivriiieinnn. 2508
49.3.6.9 I0_RW_EXTENDED (CMD53 Multi-BIock W) .....ccevvieirieiiiiiereceeie e, 2510
49.3.6.10 1Y I g - USSR 2512

49.4 L1 (ST LU o PR 2514
49.4.1 DMA Transfer Triggered by INterrupt REQUESES .......oovveieiiieieiieiece e 2515
49.5 NOtes 0N USING the SDHI ..o e e e e e e e e e e e snnenes 2516
495.1 Illegal Read Access During a Multi-Block Read and How To Avoid It ..., 2516
49.5.2 SDBUFR Register Hlegal W EFTOF ......ccocvoiiiiee ettt 2516
49.5.3 Automatic Control of the SDHI CIoCK QUEPUL .......ocvveiiiieece e 2517
49.5.4 Restrictions on Setting the C52PUB Bit During a Multi-Block Write Sequence .................. 2517
4955 Note on Setting the SDCLKCR REGISEN .....c.eviviiieiiriiiiriciirieisieese e 2517
49.5.6 Writing to the SDSTOP Register During a Multi-Block Read Sequence ..........cccocevvevnnene. 2517
49.5.7 Controlling Module OPEIAtION .........covieiiiiiiie i 2517
50. MultiMediaCard Interface (MMCIF) .....ouuiiiiiiiiie et 2518
50.1 OVEBIVIBW ...ttt ettt et e e e e e oo oo ettt ettt et e e e e e e e e e e e neenbeeeeeeeeaaeeeseeaaannnbeaeaaaaens 2518
50.2 REQISIEr DESCIIPLIONS ..oiiiieiiii ettt e e e e e e s e s e e e e e e e e s s s s e e e e e e aaeeeseesannnnrennnes 2520
50.2.1 Command Setting Register (CECMDSET) ......oouiiiiiiieiine e 2520

50.2.2 Argument RegiSter (CEARG) ....voii ittt sttt ettt 2523



50.2.3 Automatically Issued CMD12 Argument Register (CEARGCMDI12) .......ccccoevvvveveinennnne, 2523
50.2.4 Command Control Register (CECMDCTRL) ...ccoviviiiiiiseiecieiee e 2523
50.2.5 Transfer Block Setting Register (CEBLOCKSET) ...vivivieviiieieiseete e sese e eeaenens 2524
50.2.6 Clock Control Register (CECLKCTRL) ....ooviiiiiiieieriee et 2525
50.2.7 Buffer Access Setting Register (CEBUFACC) ...t 2526
50.2.8 Response Register 0 (CERESPO), Response Register 1 (CERESP1), Response Register 2
(CERESP2), Response Register 3 (CERESP3) ..ot 2527
50.2.9 Automatically Issued CMD12 Response Register (CERESPCMD12) ........cccoovovniieiieniennn. 2527
50.2.10 Data RegiSter (CEDATA) oottt sttt ettt s et te sttt e st et e sn e e s enee e e 2527
50.2.11 Boot Operation Setting Register (CEBOOT) ....cccvviiiieieieeieieeeee st e st neans 2528
50.2.12 Interrupt Status Flag RegiSter (CEINT) ..cooiiiiiiieiieiseee e 2529
50.2.13 Interrupt Request Enable Register (CEINTEN) .....cccooiiiiiiiiiiieeisc e 2535
50.2.14 Status Register 1 (CEHOSTSTSL) ..ottt 2536
50.2.15  Status Register 2 (CEHOSTSTS2) ....ccviciiieiriiisieieieiesie ettt sttt sttt seene e 2537
50.2.16 MMC Detection and Port Control Register (CEDETECT) ..cc.ccvovvviviisene e 2540
50.2.17 Special Mode Setting Register (CEADDMODE) ......c.cccooiiieiiieee e 2541
50.2.18  Version Register (CEVERSION) ....ccooiiiiiiiiiiie ettt 2541
50.3 MMCIF OPEIALION ...eeiiiiiiiiiiee ettt ettt e e et et e e s e bbn et e e s e bbb e e e e s annees 2542
50.3.1 Command and ReSPONSE FOMMALS ........ccvieiiiiieiesiees et sre e e st enre e e 2542
50.3.2 Data BIOCK FOIMAL ........oiiiiiiieiee et 2543
50.3.3 MMCIF Buffer Structure and Access Method .........ccccoveiriiiiiii s 2544
50.3.4 Automatically 1SSUING CIMDI12 ........occooiiiiiiiiriiiiesieesieneeie st 2546
50.3.5 MMCIF Clock Frequency During Boot OPEerations ............coereeriiinieiniinieesieiseeesieesienes 2547
50.3.6 High Priority INterrupt (HPT) ..o 2547
50.3.7 Background Operations (BGOS) .....c.cccveiiiieieiiee ettt sre et sre e te e sre s 2547
50.3.8 MMCIF Processing When an Error or Timeout OCCUIS ......ccueveveieriereseeesesese e sreie e 2547
50.4 Examples of ISSUING COMMANAS ........eeiiiiiiiiiiie it 2548
50.4.1 Issuing a Command Where a Response is Not Received and Data is Not Transferred ......... 2548
50.4.2 Issuing a Command Where Data is Not Transferred ..........cccccovvvveieeie i 2548
50.4.3 Issuing a Command Where Data is Not Transferred and the Busy Signal is Used ................ 2549
50.4.4 Issuing a Single Block Read Command (CIMDL17) ....ccciiiieiiiiiie i 2551
50.4.5 Issuing a Multi-Block Read Command (CMD18) .......ccoveiriiirinirnineenieesiee e 2552
50.4.6 Issuing a Multi-Block Read Command (CMD18 With Automatically Issued CMD12) ....... 2553
50.4.7 Issuing a Single Block Write Command (CMD24) ........c.ccceoveieiiieie s 2554
50.4.8 Issuing a Multi-Block Write Command (CMD25) ........cceiviiiieiieieee e 2555
50.4.9 Issuing a Multi-Block Write Command (CMD25 With Automatically Issued CMD12) ...... 2556
50.4.10 BOOt OPEIALIONS ....veivieiitiieetirieieree ettt bbb bbb bbbt bt e s 2557
50.4.11 Command SEQUENCE FOICE STOP ...c.eveeiririiierireeie ettt sttt st sr et sn et snene s 2558
50.5 INEEITUDLS et e et e r e e e e e e s e s et et e e e e e e e snnrrnnnees 2559
50.5.1 DMA Transfer INterrupt REQUESES .......civviieiicieeiice et ee e e 2559

50.6 Notes ON USING the MMCIF ........ooiiiiiii e 2560



50.6.1 1Y 1LY (O =1 {=Tox o] I 2560

50.6.2 Multiple BIOCK TraNSTEE .....cvcieiiiciie ettt e 2560
50.6.3 Module-Stop FUNCHION SEHINGS ....vvivieiiiirieee et naens 2560
51. Parallel Data Capture Unit (PDC) ......ccoiiiiiiiiieeeeere s e e e e e et e e e e e e e e e 2561
51.1 L@ Y= AV = O PR 2561
51.2 RegIStEr DESCIIPLIONS ...oiiiiiiiie ittt et e e e e e e e s ettt e e e e e e e e e e e e e e e e annneeeneeas 2563
51.2.1 PDC Control Register 0 (PCCRO) .....ccviiveieriieiesieteee e sie sttt esse s e snesne e snesee s 2563
51.2.2 PDC Control Register 1 (PCCRL) ....ccociiiiiieeriee ettt 2565
51.2.3 PDC Status REGIStEr (PCSR) ..ottt bbbt 2566
51.2.4 PDC Pin Monitor Register (PCIMONR) .......cccoiiiiiiiiiieieeeeies et e 2568
51.2.5 PDC Receive Data RegiSter (PCDR) ......cccviieiiiiiicr et sre e 2568
51.2.6 Vertical Capture REGISIEr (WCR) ..ooviiieieieieise sttt s 2570
51.2.7 Horizontal Capture RegiSter (HCR) .....ccvcveiiiiecise et 2571
51.3 (O] 1= =1 {o ] E O U RPP TR 2572
51.3.1 TrANSTEE FOMMALS ... bbbttt bbb e i 2572
51.3.2 LI LA T I oSSR 2573
51.3.3 Settings of the VCR and HCR Registers and the Captured Range .........cccceevevvvivvivnernrvennen, 2574
51.3.4 Operations fOr RECEPLION ........ciiiiiiieieiete ettt 2576
51.35 Operation during the Horizontal Blanking Period ............ccccooeiiiiiiiiiiiiieierec e 2577
51.3.6 Operations for Continued Reception at the Time of Frame End ...........cccoceoveiicnienicnnne, 2577
51.3.7 EITOF DEEECTION ..ottt bbbt b bbbt bt bbb e 2578
51.3.8 INIEIAL SELLINGS .vveviieice et s te e be e e be et e te e st e s teentenaeeneennas 2581
51.3.9 FIOWS OF OPEIALIONS ......eviviiiie ettt st s te et se s ensereeneaneeneaneans 2582
51.3.10 INEEITUDPE SOUICE ...ttt r et 2584
51.3.11 RESET STALE ...ouviieieii ettt et ettt te et e ee st e s et e s e bt en e e eRe e e e nreeeenreenee s 2585
51.4 USAQE NOLES ... e e e e e e e e e e et et et e e et et et b e a e e e e e e e e aaaaaaaeaans 2586
51.4.1 Setting of the Module Stop FUNCLION .....ccocviiiiciie e 2586
51.4.2 Notes on the Power Consumption Reduction FUNCLION ..........coeiriiniiniiicceseies 2586
51.4.3 NOES 0N EITOr INTEITUPLES ... e e 2586
51.4.4 NOteS 0N USE OF the DTC ...ttt et 2586
51.45 NoOtes 0N USE OF the DIMAC ..ot bbb e 2586
51.4.6 Notes 0N Start Of TrANSTEE ..o e e 2587
B2, BOUNAIY SCAN ...oiiiiiiiiiiie ettt e e ettt e e e sk b et e e e e s bbb e e e e e e bb et e e e e ane e e e e nnnnes 2588
52.1 OWVEBIVIBW ...ttt etttk b ekttt e e ab e a4kt e e ket e e ke et e s h bt e e n b e e e e ebn e e eabn e e e anbe e e nneeeanes 2588
52.2 REQISEr DESCIIPLIONS .....itiiiiee ittt e et e e e bt e e s e e e e s s anneeeas 2589
52.2.1 INStrUCtion REQISLEr (JTIR) ..ouviieeie ettt sttt eneeaeene e e 2590
52.2.2 ID Code REQIStEr (JTIDR) ...voiuiiciieicieetise sttt st ne st sre st e e e e eneas 2590
52.2.3 Bypass ReIStEr (JTBPR) ..ottt 2591
52.2.4 Boundary Scan RegiSter (JTBSR) ....ccooiiiiiiieiieeee et e 2591
52.3 (0] 0= =11 o] o TR PPRRRR 2601

52.3.1 BN R 00110 1 =] 2601



53.
54.
55.
56.
57.

52.3.2 LiSt OF COMMANGS ..ottt bbb et
524 L0 LS =T o T AL 0] (< TP
Y = TP PP R PPRR TR
D] S PP RPRTPRR
] o PPN
RIN G et a et n et E e ren e e e s
12-Bit A/D CONVEITEr (SL2ADC) ....iiiiiiieiiiiiiiee ettt ettt ettt e ettt e e e stb e e e s ab e e e s abnreeeesaae
57.1 OVEIVIBW ..ttt ettt ettt ettt e e e e et bttt e e e ek ket e e e e aa b b et e e e e anb b et e e e abbb e e e e e anbbeeeeeennbbeeennnnes
57.2 RegIStEr DESCIIPLIONS ...oiiiiiiiiiiie ettt e e e e e e e e s et e e e e e e e e e e e s e e annneeeeeeas
57.2.1 A/D Data Registers y (ADDRYy), 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) .......cccooveieiivieinsnsieveneseseeeenens
57.2.2 A/D Self-Diagnosis Data Register (ADRD) .......cccoviviiriereieneieesieeesese e se e seeeenens
57.2.3 A/D Control RegiSter (ADCSR) ....cviiiiiiiiitiiiiete et
57.2.4 A/D Channel Select Register A0 (ADANSAD) ......oiiiiieieiieie ettt eneas
57.25 A/D Channel Select Register AL (ADANSAL) ..ot
57.2.6 A/D Channel Select Register BO (ADANSBO) ......cccveiviiiiiereeie e
57.2.7 A/D Channel Select Register B1 (ADANSBL) .....cccooviirieriiieeieiese e se e stesie e ssesaeeseanens
57.2.8 A/D-Converted Value Addition/Average Mode Select Register 0 (ADADSOQ) .......cccccvvvvnene
57.2.9 A/D-Converted Value Addition/Average Mode Select Register 1 (ADADSL) ........ccceoeuennee
57.2.10  A/D-Converted Value Addition/Average Count Select Register (ADADC) .......ccccoceevrvennne
57.2.11  A/D Control Extended Register (ADCER) ........cccooiiiiiiiiiiiiie et
57.2.12 A/D Start Trigger Select Register (ADSTRGR) .....cccooviieiiiiice et
57.2.13  AJD Conversion Extended Input Control Register (ADEXICR) ......ccooviiiiiiiiiiineiciiies
57.2.14  A/D Sampling State Register n (ADSSTRN) (N=0t0 7, L, T, O) wooeecvivviiviiereieeeiereseaneas
57.2.15  A/D Sample-and-Hold Circuit Control Register (ADSHCR) .......cooeceviiiniiineiineeieieneenes
57.2.16  A/D Sample-and-Hold Circuit Operating Mode Select Register (ADSHMSR) .........ccccee..e.
57.2.17  A/D Disconnection Detection Control Register (ADDISCR) ........cccouriiiniiinenieiineinieenes
57.2.18 A/D Group Scan Priority Control Register (ADGSPCR) ......cccccvvvievieiise e
57.2.19 A/D Compare Control Register (ADCMPCR) ......c.oooveiiiieiesese et
57.2.20  A/D Compare Channel Select Register 0 (ADCMPANSRO) ......coeoveveivrieiennseseeneerieseseenens
57.2.21  A/D Compare Channel Select Registerl (ADCMPANSRL) ......ccccoovviriiinineieneenieeneeieens
57.2.22  A/D Compare Channel Select Extended Register (ADCMPANSER) .........ccooecenviinniinniennns
57.2.23  A/D Compare Level Register 0 (ADCMPLRO) ......ccccoiiiiiiiiiieiieieie s
57.2.24  AJ/D Compare Level Registerl (ADCMPLRL) ..ot
57.2.25  A/D Compare Level Extended Register (ADCMPLER) .......ccccoiiiiiiiiineieneie e
57.2.26  A/D Compare Data Register y (ADCMPDRY) (Y = 0, 1) ooeveiieieeieeieiere e seseenens
57.2.27  A/D Compare Status Register0 (ADCMPSRO0) .......ccccourieirriiniiiieienieiesienesie s
57.2.28  AJ/D Compare Status Registerl (ADCMPSRL) ......cccoviriiriiiniiinierseseeeeeseee e
57.2.29  A/D Compare Status Extended Register (ADCMPSER) ........ccoooviiiiiiniiiiieiiiieeeenn



57.3 L0 o T=T = 11 o] o 2658

57.3.1 SCANNING OPEIALION ...eviiciiiecie ittt sbe e 2658
57.3.2 SINGIE SCAN IMOME ... ettt b ettt 2659
57.3.2.1 Basic Operation (Without Channel-Dedicated Sample-and-Hold Circuits) ................. 2659
57.3.2.2 Basic Operation (With Channel-Dedicated Sample-and-Hold Circuits,
Continuous Sampling Disabled) ... 2660
57.3.2.3 Basic Operation (With Channel-Dedicated Sample-and-Hold Circuits,
Continuous Sampling ENADIEA) .......ccoveieriiriisisescs e 2661
57.3.2.4 Channel Selection and Self-Diagnosis (Without Channel-Dedicated
Sample-and-Hold CIrCUITS) ....c..oieveieiieisese e 2662
57.3.25 Channel Selection and Self-Diagnosis (With Channel-Dedicated
Sample-and-Hold Circuits, Continuous Sampling Disabled) ..........ccocooevviniinicnncne. 2663
57.3.2.6 Channel Selection and Self-Diagnosis (With Channel-Dedicated
Sample-and-Hold Circuits; Continuous Sampling Enabled) ..........ccccoeviiniiincnnenn, 2664
57.3.2.7 A/D Conversion of Temperature Sensor Output/Internal Reference Voltage ............... 2665
57.3.2.8 AJD Conversion in Double Trigger MOde ........cccooeieiiniieiieeeee e 2666
57.3.2.9 Extended Operations When Double Trigger Mode is Selected ...........ccccvvvvvvveiiirennne. 2667
57.3.3 CONLINUOUS SCAN MOTE ..ottt 2675
57.3.3.1 Basic Operation (Without Channel-Dedicated Sample-and-Hold Circuits) ................. 2675
57.3.3.2 Basic Operation (With Channel-Dedicated Sample-and-Hold Circuits,
Continuous Sampling Disabled) ... 2676
57.3.3.3 Basic Operation (With Channel-Dedicated Sample-and-Hold Circuits,
Continuous Sampling Enabled) ... 2677
57.3.34 Channel Selection and Self-Diagnosis (Without Channel-Dedicated
Sample-and-Hold CIrCUITS) ....c.oveiiiiieiiere e e 2679
57.3.35 Channel Selection and Self-Diagnosis (With Channel-Dedicated
Sample-and-Hold Circuits, Continuous Sampling Disabled) ..........cccocooiiiiniieinnne 2680
57.3.3.6 Channel Selection and Self-Diagnosis (With Channel-Dedicated
Sample-and-Hold Circuits, Continuous Sampling Enabled) ..........ccocoovviiiiiencieieneen, 2681
57.3.3.7 A/D Conversion of Temperature Sensor Output/Internal Reference Voltage ............... 2683
57.3.4 GrOUP SCAN IMOUE ...ttt bbbttt et b 2684
57.34.1 BaSIC OPEIALION ...o.viiiiieiiiieirieiiee ettt 2684
57.3.4.2 A/D Conversion in Double Trigger MOE ........ccoviiiiieiie i 2685
57.3.4.3 Operation under Group-A Priority CONtrol ...........cccocveiiii e 2686
57.35 Extended ANAlOG INPUL .....c.eoiiiiee et r et s 2696
57.35.1 USAGE OF ANEXD ..ot e 2696
57.3.6 COMPATTISON vttt et ettt ettt e bbb bbbt e b st s bbb bbbt sttt et 2698
57.3.7 Analog Input Sampling and Scan ConVersion TIME .........cccveiireiireiineienee e 2699
57.3.8 Usage Example of A/D Data Register Automatic Clearing FUNction ...........ccccoceveieicnnnnee 2701
57.3.9 A/D-Converted Value Addition/Average MOE ..o 2702
57.3.10  Disconnection Detection ASSISt FUNCLION ...........ceiiiririeieiiniiienes et 2702
57.3.11 Starting A/D Conversion with ASynchronous TrIgUer ........cocevverirenniennenee e 2703
57.3.12 Starting A/D Conversion with Synchronous Trigger from Peripheral Module ...................... 2703

57.4 Interrupt Sources and DTC/DMAC Transfer REQUESTS .........ocuvviveiiiiiiiiie e 2704



57.4.1 INTEITUPT REQUESTS ..ottt ettt sttt ettt et e e sbe e st et e s nee e e e anbeenbeeanes 2704

57.4.2 Scan End Event OQUIPUL t0 ELC ......ooviiie et 2704
57.5 USBGE NOLES ..ottt e et e e et et e e e e e e eeb i r e e e e eeba e e e e eetabneaaeaaes 2705
57.5.1 Notes on Reading Data REQISLENS .........ooiiiiiiiiie e 2705
57.5.2 Notes on StopPiNg A/D CONVEISION ......cccieiiieiiiiieiesteeieseeieese e se s e esrsesaesseesae e essesnaeseeas 2705
57.5.3 A/D Conversion Restarting Timing and Termination TiMiNG .......ccccceivvienivnienienenieseseeieannns 2706
57.5.4 Notes on Scan End Interrupt Handling ........ccocovovieiiieiciececec e 2706
5755 Module Stop FUNCLION SEHING ..o.voviiieiiiiiieice e 2706
57.5.6 Notes on Entering Low Power ConSUMPLion SEAteS .........ccceovviriiiriiiniiinieineeeeneeeeeiee 2706
57.5.7 Port Setting When Using the 12-bit A/D Converter INPUL .........cocooviiiiniineeesee 2706
57.5.8 Caution When Using an EXIErNal BUS ........cccoiiiieiieicicccse et 2706
57.5.9 Error in Absolute Accuracy When Disconnection Detection Assistance is in Use ................ 2707
57.5.10 NOteS 0N NOISE PrEVENTION .....cviiiiitiieiiiiitciee st st 2707
57.5.11 Notes on Operating Modes and Status BitS ..........cccooverienniennienrese e 2707
58.  12-Bit D/A CONVErter (RI2DA) .....uieiiieeiiiiiie ettt e st e e e et e e e e sbbe e e e e e anbbee e e s e nnnees 2708
58.1 L0 YT QTSSO 2708
58.2 REQIStEr DESCIIPLIONS ...uuiiiiii e e e e e e e e e e e e s e s e e e e e eaaaaaeas 2709
58.2.1 D/A Data Register m (DADRM) (M =0, 1) .ouooiiiiiiiiiiiireeeeiceeieseeeseee s 2709
58.2.2 D/A Control RegiSter (DACR) ..ot 2710
58.2.3 DADRmM Format Select Register (DADPR) (M =0, 1) ..o 2711
58.2.4 D/A A/D Synchronous Start Control Register (DAADSCR) .......cccooviieveiie e 2712
58.2.5 D/A Output Amplifier Control Register (DAAMPCR) .....coooiiiiiiiiieie e 2713
58.2.6 D/A A/D Synchronous Unit Select Register (DAADUSR) .......cccoviveviienie e 2714
58.3 L@ T01=T =110 o H PP O PRP R TRTR 2715
58.3.1 Measure against Interference between D/A and A/D CONVErSION .......cccocevvveveiieiiesiesienieenns 2716
58.4 Event Link Operation Setting ProCedUIe .........cccoiiiiiiiiiiii i 2718
58.5 Usage Notes on Event LINK OPEration ........c...eveiiiiiiiieiiiiiiii ettt 2718
58.6 (052 T <20\ L0 (=L USSP PPTPRN 2719
58.6.1 Module Stop FUNCLION SEIHING .....oviviiiiiiice e 2719
58.6.2 Operation of the D/A Converter in Module Stop State ..........ccocooeiiiiiiiiiiie i 2719
58.6.3 Operation of the D/A Converter in Software Standby Mode ..........ccccceveiieviiiecicciccc e, 2719
58.6.4 Note on Entering Deep Software Standby Mode ........ccccoeviviiiiiicice e 2719
58.6.5 Initial Setting Procedure when the Output Buffer Amplifier is Used .........cccccoevvverericnenns 2719
58.6.6 Note on Usage When Measure against Interference between D/A and A/D
Conversion iS ENADIE ........cccco oo e 2719
59.  Temperature SENSOr (TEMPS) ....cccii it e e e e e e e e aaaas 2720
59.1 L0 YT QTSP 2720
59.2 REQIStEr DESCIIPLIONS ....uiiii i e e e e e e e e et a e e e e e e aaaaaaaeas 2721
59.2.1 Temperature Sensor Control RegiSter (TSCR) ..ot 2721
59.2.2 Temperature Sensor Calibration Data Register (TSCDR) ......cccooceriirnineiineie e 2721

59.3 UsiNg the TeMPEIaAtUIe SENSOK ......coiiiiii ittt e e e e e e e e e e e ennren e eeeeeas 2722



60.

61.

59.3.1 Preparation for Using the TeMPerature SENSOI ........ccccovvvveieiieeiecie e e 2722

59.3.2 Setting of 12-Bit A/D CONVEIEr UNIT L ...ocvoviiciie e 2724
59.3.3 Procedure for Using the TEMPErature SENSOK ........ccceivevveieeeieeieresesestese e sressesseseeseeseesesseens 2725
59.34 Timing of A/D Conversion of Temperature SEnSOr OQUIPUL ..........ccoveireerieienerineeseerieeens 2726
59.4 USAGE NOE ...eeiiiiiiiiiiiit ettt e e e e e e e s e et e e te e e e e e sa e e e e e eeeeeeseinne 2726
59.4.1 Module-Stop FUNCLION SEHING .....vcviiiiieie et 2726
Data Operation CirCUIt (DOC) ....coiiiiieeaiiiiieitee et e ettt et e e e e e e s e e e et e eeeeaaaaaeeeaaannnnnes 2727
60.1 L@ =T YT PP PPRPRR 2727
60.2 RegISter DESCIIPLIONS ...ciiiiiiiii ittt e e e e e e e e e e bbb et e et e e e e e e e e e e e e annnreeeeeas 2728
60.2.1 DOC Control Register (DOCR) ....ciiiiieieieeieee et ere e sae e eeneens 2728
60.2.2 DOC Data Input Register (DODIR) ....cccoviieiirieieieeieeesteseseseesiesee e ssesese e e ssessenessessenns 2729
60.2.3 DOC Data Setting Register (DODSR) ......cccoeiiiriiirieiinieierieie ettt es 2729
60.3 L0 01=] =11 o] o KPP SPOPPRR 2730
60.3.1 Data CoOMPAriSON IMOE ......ecvviveieieieieese sttt st sa e e e ereanenreareans 2730
60.3.2 Data AAAItIoN IMOOE ... 2731
60.3.3 Data SUDLrACION IMOE .......ccviiiiiieie ettt s ns 2732
60.4 INTEITUPE REQUESTS ... e e et ettt ettt e bbb e e e e e e e e e e aaaaas 2732
60.5 EVENE LINK QULPUL ...eeeiiieiiieiice e s st e e e e e e e e e s s e e e e e e e e e e e e e e e nnnnnees 2733
60.5.1 Interrupt Handling and EVENt LINKING .......cccoooiiiiiiiieeee e 2733
60.6 USBGE NOLE ...t e oo oo et ettt ettt e ittt te bt e bbb a s e e e e e e e e e aeaeaaeeeeeeebennbnbneane 2733
60.6.1 Module Stop FUNCLION SEIING ...cvveieiiiiieieeieee et 2733
RAIM e E e e e et e R et e eR et e RE e e e e R e e e e be e e e e nnr e e e nnreas 2734
61.1 L0 YT QT OSSR 2734
61.2 RegIStEr DESCIIPLIONS ..ooiiiiiiiii ittt e e e e e e e e e ettt e e e e e e e e e e e e e nnnbbeeeeas 2735
61.2.1 ECCRAM Operating Mode Control Register (ECCRAMMODE) ........cccooviiiinennennieneen, 2735
61.2.2 ECCRAM 2-Bit Error Status Register (ECCRAM2STS) ...ocoviiiiiiiiirenesees e 2735
61.2.3 ECCRAM 1-Bit Error Information Update Enable Register (ECCRAMI1STSEN) ............... 2736
61.2.4 ECCRAM 1-Bit Error Status Register (ECCRAMISTS) ....ooiiiiiiiiiiinere e 2736
61.2.5 ECCRAM Protection Register (ECCRAMPRCR) ......ccooiiiiii e 2737
61.2.6 ECCRAM 2-Bit Error Address Capture Register (ECCRAMZ2ECAD) ......ccccoovevvvviieiinanens 2737
61.2.7 ECCRAM 1-Bit Error Address Capture Register (ECCRAMLECAD) ......cccccovvivneieneennnn. 2738
61.2.8 ECCRAM Protection Register 2 (ECCRAMPRCR2) .......ccoiiriiiiiiise e 2738
61.2.9 ECCRAM Test Control Register (ECCRAMETST) ..o 2739
61.2.10 RAM Operating Mode Control Register (RAMMODE) .........ccooviiiiiiiinccieee e 2739
61.2.11 RAM Error Status Register (RAMSTS) ....oviiieieece et 2740
61.2.12 RAM Error Address Capture Register (RAMECAD) .....cccooiiieiieieceecee e 2740
61.2.13 RAM Protection Register (RAMPRCR) .....ccccoiiiiieiesiees et 2741
61.3 (@17 =10 T o H P PP PEPP TSP 2742
61.3.1 Low Power Consumption FUNCLION ........cccccveiiiiieii e 2742
61.3.2 COrrection OF ECC EFTOIS .....cviiiiieiirieisreit ettt sttt 2742

61.3.3 Parity ChECKING ...vovciiiii ittt ettt sa st r et e s eneeneeneans 2742



62.

63.

61.3.4 RAM Error INterrupt FUNCHION .....ooviiieee ettt 2743

61.3.5 ECC DECOUET TESLING 1.vvveiviitiieieiesieeeee e ete e st ste e sa et e sae e e e erestestesreseetesnensenseseeseaneaneeneans 2744
61.3.6 INEEITUPE SOUICE ...ttt ettt sttt e e sae e e b et e e s rbe e beesnbeebeeanes 2745
61.4 USAQGE NOLES ... e et e e e e e e a e 2745
61.4.1 Low Power Consumption FUNCLION .........cccoiiiiioiiie et ns 2745
61.4.2 Notes on Using Error Checking of RAMO and ECCRAM .......ccoovivvieiviinve e 2745
RS = a0 | o)A = ¥ 2N PP 2746
62.1 L@ Y= AV = PR 2746
62.2 (0] 01=] =11 o] o KU PP T TR TOUPPPR 2746
62.2.1 Data REIENTION ....cviieviiceiieecsieie bbb bbbttt sttt 2746
62.2.2 Low Power Consumption FUNCLION ..........cociviiiinoieicie et 2746
L =T N1V 1= o o Y/ SR 2747
63.1 OVEBIVIEW ...ttt ettt ettt e e e ekt e e e e ot bt e e e e ea b bt e e e e bbbt e e e e anbbe e e e e e anbbeeeesennbaeeennnee 2747
63.2 SEUCLUIE Of MEMIOIY ..ttt et e e e e e e e e e s bbb e aeeeaeaaaeas 2749
63.3 REQIStEr DESCIIPLIONS .....ieiiiieeiiiiee ettt et e st e e e s s enbe e e e s annaeeens 2751
63.3.1 Flash P/E Protect Register (FWEPROR) ......cooiiiiiiiiiiiieiieeee et 2751
63.3.2 Unique 1D Register n (UIDRN) (N =010 2) .ooovieeceiie et 2752
63.4 Operating Modes Associated with Flash Memory .........cccoviiiiiii e 2753
63.4.1 Result of Reference by the ID Code ProteCtion ..........cccooeiriiiiiniiie e 2753
63.5 OVEINVIEW Of FUNCHIONS ...ttt e et e e e e e e e e b e e e e eeeeas 2754
63.6 A O PP OOTRSPPPP 2758
63.7 SUSPENT OPEIALION ...ttt ettt e e e e e e e e s s e bbb et e e et e e e e e e e e e e aaabnnbbbbeeeeaaeaaas 2758
63.8 [ 0 (=1 1T o SRS 2758
63.9 (0T g = ToTo] 1Y/ (oo [ T PP PUPPT PP 2758
L3 0 10 = o To ) Y, [ To [ ST 2759
63.10.1 Boot Mode (for the SCI INEITACE) ..cvviveiiiiee e 2759
63.10.2 Boot Mode (for the USB INtEIfACE) ......ccvcviiiiie et 2760
63.11 1D COUE PrOtECLON ...oieiiieeeiiiiiiee ettt sttt e e se bt e e e e s sttt e e e s e ssbeeeeeesbbaeeeeene 2761
63.11.1 ID Code Protection on Connection of the On-Chip Debugger ..o 2761
63.11.2 ID OB PrOTECLION ....iuiiiieiiciictieiese sttt ettt b e et 2761
63.11.3 ROM COdE PrOECLION ....oviviieiiiiieiicieie ettt 2761
63.12 Boot Mode Communications ProtOCOI ...........ccoeiiiiiiiiiiiiiiiie e 2762
63.12.1 How to Start the Chip Up in Boot Mode (for the SCI Interface) ........ccccooioiiniiencienenee 2762
63.12.2 State Transitions in Boot Mode (for the SCI Interface) .......ccccvvveviviieieiie i 2763
63.12.3  Automatic Adjustment 0f the Bit RALE ........ccccveiiiiiiiiiiic e 2765
63.12.4 PACKET FOMMAL ...ttt b ettt b bt e b e 2766
63.12.5  Communications EstabliShment PRASE ...........ccoeiiiiiiiiiniiiiere e 2767
63.12.6 Command Waiting PhaSe .......coei i 2768
63.12.7 Command TranSFEr SEQUENCE ..ot 2769
63.12.8 NON-SUPPOITEd COMMEANGS .....euvitiiitiiicteiet ettt bbbt 2771

63.12.9 Device Type AcquiSition COMMANG ........ccccveiiiiieieie et sreens 2772



63.12.10 Endian Notification COMMEANG .........cooiiiiiiiiiiiiie ettt s eb e s eree e sabe e s sbeeeens 2774

63.12.11  Frequency Setting COMMANG ........ccciviiiiiiirisere et s e e e e aneas 2775
63.12.12 Bit-Rate Setting COmMMANG .........ccociviiieiiiiiiiee e e e e enens 2777
63.12.13  Synchronization COMMEANG .......cooiiiiiiiie bbb 2778
63.12.14  ID Authentication Mode AcquiSition COMMANG ...........ccooviiriiriiineienee e 2779
63.12.15  Serial Programming ID Code Check COommand ...........cccoviriireiinsincince e 2780
63.12.16  Blank Check COMMANG ......cccoiiiiiiieiicisee et 2781
63.12.17  BIOCK Erase COMMANG .....ccovirireriiriireieiiresisre et 2782
63.12.18  Area Erase COMMANG .......cccooriiiriiirieieisee et 2783
63.12.19  Programming COMMANG ........ccooeiriiniiirieiiriete ettt ettt se bbbt nnene e 2784
63.12.20  REAA COMIMANG ....eiiiiieiieieiie ettt sttt s e ebeebe st e sbe st et see e eseeseaneenseseaneanens 2786
63.12.21  LOCK-Bit Setting COMMANG ........ceiieiriiiiieiiieet ettt ene e 2788
63.12.22  Lock-Bit AcquiSition COMMANG ........cccoiiiiiiiiiieiiii et e 2790
63.12.23  Lock-Bit Enable COMMANG ........ccooviiiiiiiiiiece s 2792
63.12.24  Lock-Bit Disable COMMANG ......cccvieiiiriiicire e 2793
63.12.25 Command Protection Setting COMMANG ........cooiviiriiiiiiieee et 2794
63.12.26  Command Protection Acquisition COMMANG .........ccoeiiieriiiiiieiie e 2795
63.12.27  Serial Programming ID Code Setting COmmaNnd ...........cccoveiiiiiiieiineiie e 2797
63.12.28  ID Code Setting COMMANG ......ccvouieiiiiiitiie et be e e ene 2798
63.12.29  ID Code AcquiSition COMMANG ........c.ceiiiiiiriiie et st s 2799
63.12.30  Serial Programmer Connection Prohibition Command ..........c.ccccoevevviiiiii s 2800
63.12.31  OFS Setting COMMANG .....c.oiiiiiiieiiieiieee ettt ettt ettt neas 2801
63.12.32  OFS AcqUISItion COMMANG ......cccvriieriirieieeeeeeeesie e eseees e se e seesaesseseeseensesassesseanens 2802
63.12.33  Endian Setting COMMANG ........ccoeriiiiiiiieiite ettt eb bbbt eene e 2803
63.12.34  Endian AcquiSition COMMANT ..........coiiiiiiiriiriie et e e 2804
63.12.35 Configuration Clearing COMMANG ..........ccociiiriiieiiiiiiere e e 2805
63.12.36 TM Setting COMMANG ......ccceeiiiiieieiiere et e e ste e sre e esteeeesreenee e 2806
63.12.37  TM Acquisition COMMANG ......ccvcveiiiiiriieeee et se e e e e e e e anens 2807
63.12.38  Simple Addition Checksum COmMMANG .........cccecvriirieiiriinererere e eenens 2809
63.12.39  Signature AcquiSition COMMANG .......c.ciriiiriiirie et ene e 2810
63.12.40  USAGE EXAMPIE ..ottt et bbb et 2813
63.12.41  Flow for Erasure when Programming Commands are Prohibited .............c.ccoovoininiiniiininnns 2815
63.13  Using the Serial Programmer for REWHLING ........coovvviviiiiiiiiiiiiiiie e 2816
63.13.1 Environments for Serial Programming ........ccocoeiieeeese e 2816
63.14 Programming through Self-Programming ..............oooviiiiiiiiiiiii e 2818
63.14.1 L@ 1T Y- SRS 2818
63.14.2 Background OPEIAtiON ..........ccoouiiriiiiriiirieiree ettt 2819
63.15 Reading FIash MEMOIY ........ueeiiiiiiiiiiii et a e e e e e e e as 2820
63.15.1 Reading Code FIash MEMOTY ......ccciueiieieieies ettt 2820
63.15.2 Reading Data Fl1ash MEeMOTY ..o 2820

B3.16  TIUSLEA IMEMIOIY ...eiiiiiiiiiiie ettt e ettt e e e ettt e e e e bbbt e e e e aabb bt e e e e snbbeeeeessabbeeeeane 2821



63.16.1 Allocating Program Code to the TM AF€a .....cccceiiieiieiieie e 2822

63.16.2 How to Enable the TM FUNCLION .......ocoiiiiiiiecee s 2822
63.16.2.1 BY Self-Programming .......ccccoiiiiiiiiineiesises et se ettt neens 2822
63.16.3 BY USING BOOE MOE ..ottt 2824
63.16.4 How to Disable the TM FUNCHION .......ooiiiii e 2825
63.16.5 Notes on Enabling the TM fUNCLION ........coviiiiiii e 2826
63.16.5.1 Protection against ACCeSS t0 the TIM ATEES .......ceccveieeiieeie e seesie et 2826
63.16.5.2 Further Writing t0 the TIM ATEES ......ccveveieiieieesie sttt ere e 2826
63.16.5.3 Executing the Configuration Clearing Command ...........ccccevveiveieninniesnsinse e 2826
63.16.5.4 When the MPU Setting is for Access to the TIM AF€aS .......coovvervvenveneiineeseeseeniene 2826
63.16.5.5 FACI Block Erase Command for the TIM ATreas ........cccceveiririninene e e 2826
63.16.5.6 Effect on the Setting for Command ProteCtion ...........ccocevieriiiniiieinec e 2826
63.16.5.7 Conditions for Correct Operation of the TM FUNCLION .........ccccoooiiiiiiininciecee 2826

L0 IO A U =TT [ 0 (= TSP 2827
64.  EleCtriCal CharQCtEriSHICS .......uiiiiiiieiiii ittt e et e e e e e e s s snnbeeeeees 2829
64.1 Absolute Maximum RANGS ......uveeiiiiiiiiiie i eaaaee e 2829
64.2 D IO O g F= T Tod (=] £ TP PP PUP T PR PRRPO 2830
64.3 F O O o= T - o] (= ] [ TR 2835
64.3.1 ST A T 1o USSR 2837
64.3.2 (O [oTod QN I 0T ST 2838
64.3.3 Timing of Recovery from Low Power Consumption MOES ..........cccovvivvierieninsinienesieiennennns 2843
64.3.4 Control SIGNal TIMING oo bbbttt 2846
64.3.5 BUS THMING vttt bbb bbb bbbt bbbt bttt 2847
64.3.6 EXDMAC TIMUNG oottt st b e b et st sesbenesbesesae s nsens 2860
64.3.7 Timing of On-Chip Peripheral ModUIES ..ot 2862
64.4 USB CRAIACIEIISTICS ....uuvtttiietiiiieeee ettt e e e ettt e e e e e e e e e s e ibnbbbbeeeeaeaaaaeaaeanes 2891
64.5 A/D ConVversion CharaCteriSHICS .....iiiiiiiiiiiiiiciiiiiieiire et e e e e e e s sss e er e e r e e e e e e ss s s enreeereeeeees 2894
64.6 D/A ConVversion CharaCteriStICS .......ciiiiiieiiiiiiiiiiiie it e e e e e e e e e ee e 2896
64.7 Temperature Sensor CharaCteriStiCS .........ooiiiiiiiiiiiiiiie e 2896
64.8 Power-on Reset Circuit and Voltage Detection Circuit Characteristics .........cccceeeeeveeen.n. 2897
64.9 Oscillation Stop Detection TIMING .....ooouveiiieiiiiiie e 2901
64.10 Battery Backup Function CharacteriStiCS ..........euuuuiiviiiiiiiiiiiieiee e e e e e e e 2902
64.11  Flash Memory CharaCteriStCS .......ccooueriiiiiiiiiiie it 2903
L 0t A = 1o 10 [ o F= T Y2 Tt 1 o O 2906
Appendix 1. Port States in Each Processing MOde ...........coooiiiiiiiiiiiiiiiiie i 2908
Appendix 2. Package DIMENSIONS .......covuiiiiiiiiiiiiiis e e e e e e e e et e ee e s s s e s e e e e aaaaaeeeaeeeeaereennnnnnnns 2914

REVISION HISTORY oottt e e et e et e e e s s s s a e e e e e e s s e s nnnns 2921



ENESANS

RX64M Group
Renesas MCUs

120-MHz 32-bit RX MCU, on-chip FPU, 240 DMIPS, up to 4-MB flash memory,

RO1UHO0377EJ0110
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Oct 24, 2016

512-KB SRAM, various communications interfaces including IEEE 1588-compliant Ethernet MAC,
full-speed USB 2.0 with battery charging, SD host interface (optional), quad SPI, and CAN, 12-bit A/D
converter, RTC, encryption (optional), serial interface for audio, CMOS camera interface

Features

m 32-bit RXv2 CPU core
o Max. operating frequency: 120 MHz
Capable of 240 DMIPS in operation at 120 MHz
Single precision 32-bit IEEE-754 floating point
Two types of multiply-and-accumulation unit (between memories
and between registers)
32-bit multiplier (fastest instruction execution takes one CPU clock
cycle)
Divider (fastest instruction execution takes two CPU clock cycles)
Fast interrupt
CISC Harvard architecture with 5-stage pipeline
Variable-length instructions: Ultra-compact code
Supports the memory protection unit (MPU)
o JTAG and FINE (one-line) debugging interfaces

m Low-power design and architecture
o Operation from a single 2.7- to 3.6-V supply
o Low power consumption: A product that supports all peripheral
functions draws only 0.3mA/MHz (Typ.).
e RTC is capable of operation from a dedicated power supply.
o Four low-power modes

m On-chip code flash memory, no wait states
o Supports versions with up to 4 Mbytes of ROM
e 120-MHz operation, 8.3-ns read cycle (no wait states)
o User code is programmable by on-board or off-board programming.
o Programming/erasing as background operations (BGOs)

m On-chip data flash memory
o 64 Kbytes, reprogrammable up to 100,000 times
o Programming/erasing as background operations (BGOs)

m On-chip SRAM
o 512 Kbytes of SRAM (no wait states)
o 32 Kbytes of RAM with ECC (one wait state, single-error correction
and double error detection)
o 8 Kbytes of standby RAM (backup on deep software standby)

m Data transfer
 DMAC: 8 channels
e DTC
o EXDMAC: 2 channels
o DMAC for the Ethernet controller: 3 channels for 176- and 177-pin
products; 2 channels for 100-, 144-, and 145-pin products

m Reset and supply management
o Power-on reset (POR)
o 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 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)
o Real-time clock counting and binary counting modes are selectable
o Time capture function
(for capturing times in response to event-signal input)

m Independent watchdog timer
e 120-kHz (1/2 LOCO frequency) clock operation

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

PLQPO0176KB-A 24 x 24 mm, 0.5-mm pitch
PLQP0144KA-A 20 x 20 mm, 0.5-mm pitch
PLQPO100KB-A 14 x 14 mm, 0.5-mm pitch

PTLGO0177KA-A 8 x 8 mm, 0.5-mm pitch
PTLGO0145KA-A 7 x 7 mm, 0.5-mm pitch
PTLGO0100JA-A 7 x 7 mm, 0.65-mm pitch

PLBGO0176GA-A 13 x 13mm, 0.8-mm pitch

m Various communications interfaces

o |EEE 1588-compliant Ethernet MAC (for 176- and 177-pin
products: 2 modules)
PHY layer for host/function or OTG controller (1) with full-speed
USB 2.0 with battery charging transfer (only for 176- and 177-pin
products)
PHY layer (1) for host/function or OTG controller (1) with full-
speed USB 2.0 transfer
CAN (compliant with 1SO11898-1), incorporating 32 mailboxes (up
to 3 modules)
SClg and SClh with multiple functionalities (up to 9)
Choose from among asynchronous mode, clock-synchronous mode,
smart-card interface mode, simplified SPI, simplified 12C, and
extended serial mode.
SCIFA with 16-byte transmission and reception FIFOs (up to 4
interfaces)
o 12C bus interface for transfer at up to 1 Mbps (up to 2 interfaces)
Four-wire QSPI (1 interface) in addition to RSPIa (1 interface)
Parallel data capture unit (PDC) for the CMOS camera interface (not
in 100-pin products)
SD host interface (optional: 1 interface) with a 1- or 4-bit SD bus for
use with SD memory or SDIO

m External address space
o Buses for full-speed data transfer (max. operating frequency of 60
MHz)
e 8 CSareas
e 8-, 16-, or 32-bit bus space is selectable per area
o Independent SDRAM area (128 Mbytes)

m Up to 29 extended-function timers
o 16-bit TPUa, MTU3a, and GPTA: input capture, output compare,
PWM waveform output
o 8-bit TMRa (4 channels), 16-bit CMT (4 channels), 32-bit CMTW (2
channels)

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

m 12-bit D/A converter: 2 channels
e On-chip operational amplifier output or direct input selectable

m Temperature sensor for measuring temperature
within the chip

m Encryption (optional)
o AES (key lengths: 128, 192, and 256 bits)
o DES (key lengths: 56 bits (DES); 3 x 56 bits (T-DES))
o SHA (SHA-1 (128), SHA-2 (224 or 256), HMAC (160, 224, or 256))

m Up to 127 pins for general 1/O ports
o 5-V tolerance, open drain, input pull-up, switchable driving ability

m Operating temp. range
e —40°C to +85°C
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RX64M Group 1. Overview

1. Overview

1.1 Outline of Specifications

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

Table 1.1 shows the outline of maximum specifications, and the number of peripheral module channels differs
depending on the pin number on the package and the code flash memory capacity. For details, see Table 1.2,
Comparison of Functions for Different Packages.

Table 1.1 Outline of Specifications (1/9)

Classification = Module/Function Description
CPU CPU

Maximum operating frequency: 120 MHz
32-bit RX CPU (RXv2)

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

Basic instructions: 75

Floating-point instructions: 11

DSP instructions: 23

Addressing modes: 11

Data arrangement

Instructions: Little endian

Data: Selectable as little endian or big endian
On-chip 32-bit multiplier: 32 x 32 — 64 bits

e On-chip divider: 32 / 32 — 32 bits

Barrel shifter: 32 bits

FPU e Single precision (32-bit) floating point
« Data types and floating-point exceptions in conformance with the IEEE754 standard
Memory Code flash memory Capacity: 2 Mbytes, 2.5 Mbytes, 3 Mbytes, 4 Mbytes

L]

e 120 MHz, no-wait access

e On-board programming: Four types

o Off-board programming (parallel programmer mode)

o The trusted memory (TM) function protects against the reading of programs from blocks
8 and 9.

Capacity: 64 Kbytes
Programming/erasing: 100,000 times

Data flash memory

RAM e Capacity: 512 Kbytes

e 120 MHz, no-wait access

e SED (single error detection)
Unique ID o 12-byte length ID unique to the device
RAM with ECC o Capacity: 32 Kbytes

120 MHz, single wait access

SEC-DED (single error correction/double error detection)

Capacity: 8 Kbytes

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

Standby RAM

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)

User boot mode

Selection of operating mode by register setting

Single-chip mode, user boot mode

On-chip ROM disabled extended mode

On-chip ROM enabled extended mode

Endian selectable
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RX64M Group

1. Overview

Table 1.1

Outline of Specifications (2/9)

Classification

Module/Function

Description

Clock

Clock generation circuit

* Main clock oscillator, sub clock oscillator, low-speed/high-speed on-chip oscillator, PLL
frequency synthesizer, 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 MTU3, GPT, RSPI, SCIFA, USBA, ETHERC, EPTPC, EDMAC,
and AES 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 SD12AD (unit 0) runs in synchronization with PCLKC: Up to 60 MHz
ADCLK in the SD12AD (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 60 MHz

Multiplication is possible with using the high-speed on-chip oscillator (HOCO) as a
reference clock of the PLL circuit

Reset

Nine types of reset

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

o Power-on reset: Generated when the RES# pin is driven high and VCC = AVCCO =
AVCC1 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 = AVCC1 falls.

o 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.

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

o Software reset: Generated by register setting.

Power-on reset

If 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 internal 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, and 2.80
V)
Voltage detection circuits 1 and 2
Voltage detection level: Selectable from three different levels (2.99 V, 2.92 V, and 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
consumption

Low power consumption
facilities

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

¢ When the voltage on the VCC pin drops, battery power from the VBATT pin is supplied
to keep the real-time clock (RTC) operating.
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Table 1.1 Outline of Specifications (3/9)

Classification = Module/Function Description

Interrupt Interrupt controller
(ICUA)

Peripheral function interrupts: 293 sources

External interrupts: 16 (pins IRQO to IRQ15)

Software interrupts: 2 sources

Non-maskable interrupts: 7 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 156 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 (CSO0 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

Bus format: Separate bus, multiplex bus

e Wait control
o Write buffer facility
DMA DMA controller e 8 channels

(DMACAa) o Three transfer modes: Normal transfer, repeat transfer, and block transfer

o Request sources: Software trigger, external interrupts, 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 e Three transfer modes: Normal transfer, repeat transfer, and block transfer

(DTCa) o Request sources: External interrupts and interrupt requests from peripheral functions
1/0O ports Programmable 1/O ports e 1/O ports for the 177-pin TFLGA, 176-pin LFBGA, and 176-pin LFQFP
I/O pins: 127
Input pin: 1

Pull-up resistors: 127

Open-drain outputs: 127

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

I/O ports for the 100-pin TFLGA and 100-pin LFQFP
1/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.

119 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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Table 1.1 Outline of Specifications (4/9)

Classification = Module/Function Description
Timers 16-bit timer pulse unit e (16 bits x 6 channels) x 1 unit
(TPUa) Maximum of 16 pulse-input/output possible

Select from among seven or eight counter-input clock signals for each channel

Input capture/output compare function

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

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

Timers Multifunction timer pulse e 9 channels (16 bits x 8 channels, 32 bits x 1 channel)
unit (MTU3a) 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, PCLKA/32, PCLKA/64, PCLKA/256, PCLKA/1024,
MTCLKA, MTCLKB, MTCLKC, MTCLKD, MTIOC1A)
14 of the signals are available for channel 0, 12 are available for channel 2, 11 are
available for channels 1, 3, 4, 6 to 8, 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.
Phase-counting mode: 16-bit mode (channels 1 and 2); 32-bit mode (channels 1 and 2)
Counter functionality for dead-time compensation
Generation of triggers for A/D converter conversion
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 o Control of the high-impedance state of the MTU3/GPT's waveform output pins
(POE3a) 5 pins for input from signal sources: POEO, POE4, POES8, POE10, POE11

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

Initiation by oscillation-stoppage detection or software

» Additional programming of output control target pins is enabled

RO1UHO0377EJ0110 Rev.1.10 RENESAS Page 73 of 2936
Oct 24, 2016



RX64M Group 1. Overview

Table 1.1 Outline of Specifications (5/9)

Classification = Module/Function Description
Timers General PWM timer ¢ 16 bits x 4 channels
(GPTA) e Counting up or down (saw-wave), counting up and down (triangle-wave) selectable for
all channels

Four clock sources independently selectable for all channels (PCLKA/1, PCLKA/4,
PCLKA/8, PCLKA/16)

2 input/output pins per channel

2 output compare/input capture registers per channel

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 peaks 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)

Synchronizable operation of the several counters

Modes of synchronized operation (synchronized, or displaced by desired times for
phase shifting)

Generation of dead times in PWM operation

Through combination of three counters, generation of automatic three-phase PWM
waveforms incorporating dead times

Starting, clearing, and stopping counters in response to external or internal triggers
Internal trigger sources: output of the internal comparator detection, software, and
compare-match

Digital filter function for signals on the input capture and external trigger pins

Event linking by the ELC

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

Programmable pulse
generator (PPG)

8-bit timers (TMRDb)

(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 e (16 bits x 2 channels) x 2 units

(CMT) Select from among four internal clock signals (PCLKB/8, PCLKB/32, PCLKB/128,
PCLKB/512)

Event linking by the ELC

Compare match timer W e (32 bits x 1 channel) x 2 units

(CMTW) 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.

Event linking by the ELC

Realtime clock (RTCd) e Clock sources: Main clock, sub clock

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

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

Time-capture facility for three values

Event linking by the ELC

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

Independent watchdog e 14 bits x 1 channel

timer (IWDTa) 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

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
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Table 1.1 Outline of Specifications (6/9)

Classification = Module/Function Description
Communication  Ethernet controller e 2 channels
function (ETHERC) Input and output of Ethernet/IEEE 802.3 frames

Transfer at 10 or 100 Mbps

Full- and half-duplex modes

MIl (Media Independent Interface) or RMIl (Reduced Media Independent Interface) as
defined in IEEE 802.3u

Detection of Magic PacketsTM*1 or output of a "wake-on-LAN" signal (WOL)
Compliance with flow control as defined in IEEE 802.3x standards

Filtering of multicast frames

Direct transfer of frames between two channels by cut-through

PTP controller for e A block compatible with the IEEE 1588 standard is connected to the Ethernet controller
Ethernet controller (ETHERC).
(EPTPC) Matching with a time stamp can start counting by MTU3 and the GPT.

DMA controller for 3 channels (the round-robin method determines the priority of the channels)
Ethernet controller 2 channels for ETHERC; 1 channel for EPTPC

(EDMACa) Alleviation of CPU load by the descriptor control method

Transmission FIFO: 2 Kbytes; Reception FIFO: 4 Kbytes

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

Compliance with the USB 2.0 specification

Transfer rate: Full speed (12 Mbps), low speed (1.5 Mbps) (host only)
Both self-power mode and bus power are supported

OTG (On the Go) operation is possible (low-speed is not supported)
Incorporates 2 Kbytes of RAM as a transfer buffer

External pull-up and pull-down resistors are not required

Includes a UDC (USB Device Controller) and transceiver for USB 2.0 FS
One port (only in 176-pin devices)

Compliance with the USB 2.0 specification

Transfer rate: Full speed (12 Mbps), low speed (1.5 Mbps) (host only)
Both self-power mode and bus power are supported

OTG (On the Go) operation is possible (low-speed is not supported)
Incorporates 8.5 Kbytes of RAM as a transfer buffer

External pull-up and pull-down resistors are not required

9 channels (SClg: 8 channels + SClh: 1 channel)

SClg

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

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

Simple 12C

Simple SPI

9-bit transfer mode

Bit rate modulation

Double-speed mode

Event linking by the ELC (only on channel 5)

SClh (The following functions are added to SCIg)

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

Supports the LIN format

USB 2.0 FS host/
function module (USBb)

USB 2.0 FS host/
function module with
battery charging (USBA)

Serial communications
interfaces (SClg, SClh)

Serial communications e 4 channels

interface with FIFO o Methods of transfer: Asynchronous and clock synchronous

(SCIFA) Desired bit rates can be selected from the internal baud rate generators.

LSB or MSB first is selectable.

» Both the transmission and reception sections are equipped with 16-byte FIFO buffers,
allowing continuous transmission and reception.

Bit rate modulation

Double-speed mode
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RX64M Group

1. Overview

Table 1.1 Outline of Specifications (7/9)

Classification Module/Function

Description

Communication  I12C bus interface (RIICa) e 2 channels (only channel 0 can be used in fast-mode plus)

function

Communication formats

12C bus format/SMBus format
Supports the multi-master

Max. transfer rate: 1 Mbps (channel 0)
Event linking by the ELC

CAN module (CAN)

3 channels
Compliance with the 1SO11898-1 specification (standard frame and extended frame)
32 mailboxes per channel

Serial peripheral
interface (RSPIa)

1 channel

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)

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)

1 channel

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

Programmable bit length and selectable active sense and phase of the clock signal
Sequential execution of transfer

LSB or MSB first is selectable.

Serial sound interface (SSI)

2 channels

Full-duplex transfer is possible (only on channel 0).

Support for multiple audio formats

Support for master or slave operation

Bit clock frequency is selectable from four different types (16 fs, 32 fs, 48 fs, and 64 fs).
Support for 8-/16-/18-/20-/22-/24 bit data formats

Internal 8-stage FIFO for transmission and reception

Stopping SSIWS when data transfer is stopped is selectable.

Sampling rate converter (SRC)

1 channel

Data formats: 32-bit stereo (16 bits for the left, 16 bits for the right) and 16-bit monaural.
Input sampling rates: 8, 11.025, 12, 16, 22.05, 24, 32, 44.1, 48 kHz

Output sampling rates: 32, 44.1, 48, 8*2 or 16 kHz*2

SD host interface (SDHI)*4

1 channel

Transfer speed: Supports high-speed mode (15 MB/s) and default speed mode (10 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

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: Supports high-speed mode (30 MB/s) and Backward-compatible mode
(25 MBY/s)

Compliant with JEDEC STANDARD JESD84-A441 (DDR is not supported)

Interface for Multimedia Cards (MMCs)

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

Interrupt requests: Card detection interrupt, error/timeout interrupt, normal operation interrupt
DMA transfer requests: CE_DATA write and CE_DATA read

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

Table 1.1 Outline of Specifications (8/9)

Classification Module/Function

Description

Parallel data capture unit (PDC)

e 1 channel

o 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

12-bit A/D converter (S12ADC)

12 bits x 2 units (unit 0: 8 channels; unit 1: 21 channels)

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

Conversion time

0.48 ps per channel (for 12-bit conversion)

0.45 ps per channel (for 10-bit conversion)

0.42 s per channel (for 8-bit conversion)

Operating mode

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

Group A priority control (only for group scan mode)

Sample-and-hold function

Common sample-and-hold circuit included

In addition, channel-dedicated sample-and-hold function (3ch: in unit 0 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 O:

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 (MTU3, GPT, TMR, TPU) trigger, external trigger

Event linking by the ELC

12-bit D/A converter (R12DA)

2 channels

12-bit resolution

Output voltage: 0.2 V to AVCC1 - 0.2 V (amplifier output), 0 V to AVCCL1 (direct output)
Output via an amplifier or direct output can be selected.

Event linking by the ELC

Temperature sensor

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).

Safety Memory protection unit
(MPU)

» Protection area: Eight areas (max.) can be specified in the range from 0000 0000h to
FFFF FFFFh.

Minimum protection unit: 16 bytes

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

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

Trusted Memory (TM)
Function

Protects against the reading of programs from blocks 8 and 9 of the code flash memory
Instruction fetching by the CPU is the only form of access to these areas when the TM
function is enabled.

Register write protection
function

e Protects important registers from being overwritten for in case a program runs out of
control.

CRC calculator (CRC)

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

Select any of three generating polynomials:

X8+ X2+ X+ 1, X164+ X154+ X2+ 1, 0r X16 + X12 + X5+ 1

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

Main clock oscillation
stop function

e Main clock oscillation stop detection: Available

Clock frequency
accuracy measurement
circuit (CAC)

Monitors the clock output from the main clock oscillator, sub-clock oscillator, low- and
high-speed on-chip oscillators, the PLL frequency synthesizer, IWDT-dedicated on-chip
oscillator, and PCLKB, and generates interrupts when the setting range is exceeded.

Data operation circuit
(DOC)

¢ The function to compare, add, or subtract 16-bit data
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Table 1.1 Outline of Specifications (9/9)

Classification = Module/Function Description
Encryption AES*3 e Key lengths: 128, 192, and 256 bits
function o Support for CBC, ECB, CFB, OFB, CTR, and CMAC operating modes

e Speed of calculations: 128-bit key length in 22 cycles
192-bit key length in 26 cycles
256-bit key length in 30 cycles

e Compliant with FIPS PUB 197

DES*3 o Key lengths: 56 bits (DES)/3 x 56 bits (T-DES)
e Support for DES and triple DES
o Support for ECB and CBC operating modes
o Speed of calculations: 6 clock cycles in single DES mode
14 clock cycles in triple DES mode
e Compliant with FIPS PUB 46-3
o Compliant with FIPS PUB 81

SHA*3 e Support for SHA-1 (128), SHA-2 (224 or 256), and HMAC (160, 224, or 256)
o Speed of calculations: 50 clock cycles in SHA-1 mode
42 clock cycles in SHA-224 mode
42 clock cycles in SHA-256 mode
o Compliant with SHA as defined in FIPS PUB 180-1 and -2
e Compliant with HMAC as defined in FIPS PUB 198

True random number o Length of random numbers: 16 bits
generator (RNG)*3 * Generation of random-number-generated interrupts after a number is generated
e Random number generation time: 3.6 ms (typ)
Operating frequency Up to 120 MHz
Power supply voltage VCC = AVCCO = AVCC1 =VCC_USB =2.7t0 3.6 V, 2.7 < VREFHO < AVCCO,

VCC_USBA = AVCC_USBA=2.7t03.6V,
VBATT =20to 36V

Operating temperature D-version: —40 to +85°C
G-version: —40 to +105°C (in planning)
Package 177-pin TFLGA (PTLG0177KA-A)

176-pin LFBGA (PLBGO176GA-A)
176-pin LFQFP (PLQPO176KB-A)
145-pin TFLGA (PTLGO145KA-A)
144-pin LFQFP (PLQPO144KA-A)
100-pin TFLGA (PTLG0O100JA-A)
100-pin LFQFP (PLQPO100KB-A)

On-chip debugging system e E1 emulator (JTAG and FINE interfaces)
e E20 emulator (JTAG interface)

Note 1. Magic Packet™ is a registered trademark of Advanced Micro Devices, Inc.

Note 2. Setting is only possible when the input sampling rate 44.1 kHz is selected.

Note 3. The product part number differs according to whether or not it supports encryption.

Note 4. The product part number differs according to whether or not it includes an SDHI (SD host interface).
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1. Overview

Table 1.2 Comparison of Functions for Different Packages (1/2)
Functions RX64M Group
Package 177 Pins, 176 Pins 145 Pins, 144 Pins ‘ 100 Pins
External bus External bus width 32 bits 16 bits
SDRAM area controller Available ‘ Not supported
DMA DMA controller Ch.0to 7
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-purpose PWM timer Ch.0to 3
Port output enable 3 Available
Programmable pulse generator Ch.0and 1
8-bit timers Ch.0to 3
Compare match timer Ch.0to 3
Compare match timer W Ch.0and 1
Realtime clock Available
Watchdog timer Available
Independent watchdog timer Available
Communication | Ethernet controller Ch.0and 1 Ch.0
function PTP controller for ethernet controller Available

DMAC controller for ethernet

Ch. 0 and 1 (ETHERC)
Ch. 2 (EPTPC)

Ch. 0 (ETHERC) and 2 (EPTPC)

USB 2.0 FS host/function module Ch.0

USB 2.0 FS host/function module with battery Available Not supported

charging

Serial communications interfaces (SCIg) Ch.0to 7 ‘ Ch.0to3,5and 6
Serial communications interfaces (SClh) Ch. 12

Serial communications interfaces with FIFO Ch.8to 11 ‘ Ch.8and 9
12C bus interfaces Ch.0and 2

Serial peripheral interface Ch.0

CAN module Ch.0to2 | choand1
Quad serial peripheral interface Ch.0

Serial sound interfaces Ch.0and 1

Sampling rate converter Available

SD host interface Ch.0

MMC host interface Ch.0

Parallel data capture unit Available Not supported

12-bit A/D converter

ANOOO to 007
(unit 0: 8 channels)
AN100 to 113

ANOOO to 007 (unit O: 8 channels)
AN100 to 120 (unit 1: 21 channels)

(unit 1: 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
AES Available
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Table 1.2 Comparison of Functions for Different Packages (2/2)

Functions RX64M Group

Package 177 Pins, 176 Pins ‘ 145 Pins, 144 Pins | 100 Pins
DES Available

SHA Available

RNG Available

Event link controller Available

RO1UHO0377EJ0110 Rev.1.10 RENESAS Page 80 of 2936

Oct 24, 2016
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1. Overview

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 (1/3)
Code Flash Data Flash  Operating )
Memory RAM Memory Frequency  Encryption

Group Part No. Package Capacity Capacity Capacity (Max.) Module SDHI

RX64M  R5F564MLCDFC PLQPO0176KB-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MLDDFC PLQPO0176KB-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MLGDFC PLQP0176KB-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MLHDFC PLQPO0176KB-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MJCDFC PLQPO0176KB-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MJDDFC PLQP0176KB-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MJGDFC PLQP0176KB-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MJHDFC PLQPO0176KB-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MGCDFC PLQP0176KB-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MGDDFC PLQPO0176KB-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MGGDFC PLQPO0176KB-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MGHDFC PLQP0176KB-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MFCDFC PLQPO0176KB-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MFDDFC PLQPO0176KB-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MFGDFC PLQPO0176KB-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MFHDFC PLQP0176KB-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MLCDFB PLQPO0144KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MLDDFB PLQPO0144KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MLGDFB PLQPO144KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MLHDFB PLQPO0144KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MJCDFB PLQPO0144KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MJDDFB PLQPO144KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MJGDFB PLQPO144KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MJHDFB PLQPO0144KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MGCDFB PLQPO144KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MGDDFB PLQPO0144KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MGGDFB PLQPO0144KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MGHDFB PLQPO144KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MFCDFB PLQPO0144KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MFDDFB PLQPO0144KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MFGDFB PLQPO144KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MFHDFB PLQPO0144KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MLCDFP PLQPO100KB-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MLDDFP PLQPO0100KB-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MLGDFP PLQPO100KB-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MLHDFP PLQPO0100KB-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MJCDFP PLQPO0100KB-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MJDDFP PLQPO0100KB-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MJGDFP PLQPO0100KB-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MJHDFP PLQPO100KB-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MGCDFP PLQPO0100KB-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MGDDFP PLQPO0100KB-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MGGDFP PLQPO0100KB-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MGHDFP PLQPO100KB-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
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1. Overview

Table 1.3 List of Products (2/3)
Code Flash Data Flash  Operating )
Memory RAM Memory Frequency  Encryption

Group Part No. Package Capacity Capacity Capacity (Max.) Module SDHI

RX64M  R5F564MFCDFP PLQPO0100KB-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MFDDFP PLQPO0100KB-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MFGDFP PLQPO0100KB-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MFHDFP PLQPO0100KB-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MLCDBG PLBGO0176GA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MLDDBG PLBGO0176GA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MLGDBG PLBGO176GA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MLHDBG PLBGO176GA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MJCDBG PLBGO0176GA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MJDDBG PLBGO0176GA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MJGDBG PLBGO0176GA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MJHDBG PLBGO176GA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MGCDBG PLBGO0176GA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MGDDBG PLBGO0176GA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MGGDBG PLBGO0176GA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MGHDBG PLBGO0176GA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MFCDBG PLBGO0176GA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MFDDBG PLBGO0176GA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MFGDBG PLBGO176GA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MFHDBG PLBGO176GA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MLCDLC PTLGO177KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MLDDLC PTLGO177KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MLGDLC PTLGO177KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MLHDLC PTLGO177KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MJCDLC PTLGO177KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MJDDLC PTLGO177KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MJGDLC PTLGO177KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MJHDLC PTLGO177KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MGCDLC PTLGO177KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MGDDLC PTLGO177KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MGGDLC PTLGO177KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MGHDLC PTLGO177KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MFCDLC PTLGO177KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MFDDLC PTLGO177KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MFGDLC PTLGO177KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MFHDLC PTLGO177KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MLCDLK PTLGO0145KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MLDDLK PTLGO0145KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MLGDLK PTLG0145KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MLHDLK PTLG0145KA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MJCDLK PTLGO0145KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MJDDLK PTLG0145KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MJGDLK PTLGO0145KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MJHDLK PTLGO0145KA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MGCDLK PTLG0145KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MGDDLK PTLG0145KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MGGDLK PTLG0145KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MGHDLK PTLG0145KA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
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1. Overview

Table 1.3 List of Products (3/3)
Code Flash Data Flash  Operating )
Memory RAM Memory Frequency  Encryption

Group Part No. Package Capacity Capacity Capacity (Max.) Module SDHI

RX64M  R5F564MFCDLK PTLGO0145KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MFDDLK PTLGO0145KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MFGDLK PTLG0145KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MFHDLK PTLGO0145KA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MLCDLJ PTLG0100JA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MLDDLJ PTLGO0100JA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MLGDLJ PTLGO0100JA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MLHDLJ PTLGO0100JA-A 4 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MJCDLJ PTLG0100JA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MJDDLJ PTLGO0100JA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MJGDLJ PTLG0100JA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MJHDLJ PTLGO0100JA-A 3 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MGCDLJ PTLGO0100JA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MGDDLJ PTLGO0100JA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MGGDLJ PTLG0100JA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MGHDLJ PTLGO0100JA-A 2.5 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available
R5F564MFCDLJ PTLGO0100JA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Not supported
R5F564MFDDLJ PTLGO0100JA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Not supported Available
R5F564MFGDLJ PTLGO0100JA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Not supported
R5F564MFHDLJ PTLGO0100JA-A 2 Mbytes 512 Kbytes 64 Kbytes 120 MHz Available Available

RO1UHO0377EJ0110 Rev.1.10 RENESAS Page 83 of 2936

Oct 24, 2016



RX64M Group 1. Overview

R 5 F5 6 4 ML CDFZC
—Il Package type, number of pins, and pin pitch
FC: LFQFP/176/0.50
BG: LFBGA/176/0.80
LC: TFLGA/177/0.50
FB: LFQFP/144/0.50
LK: TFLGA/145/0.50
FP: LFQFP/100/0.50
LJ: TFLGA/100/0.65
D: Operating peripheral temperature: —40 to +85°C
G: Operating peripheral temperature: —40 to +105°C
(in planning)
D: Encryption module not included, SDHI module included
H: Encryption module included, SDHI module included
C: Encryption module not included, SDHI module not
included
G: Encryption module included, SDHI module not included
Code flash memory, RAM, and data flash memory capacity
L: 4 Mbytes/512 Kbytes/64 Kbytes
J: 3 Mbyte/512 Kbytes/64 Kbytes
G: 2.5 Mbytes/512 Kbytes/64 Kbytes
F: 2 Mbytes/512 Kbytes/64 Kbytes
Group name
4M: RX64M 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
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1. Overview

1.3

Block Diagram

Figure 1.2 shows a block diagram.
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MTU3a x 8 channels |C
GPTA x 4 channels |:

| EPTPC —

| ETHERC x 2 channels |C

SHA™

DES™

Standby RAM

Data flash memory

RNG™

QSPI

SSI x 2ch

SRC

U UL

SDHI™

MMCIF

PDC

WDTA |

IWDTa

CAC

DOC

CRC

Internal peripheral buses 1 to 6

SClg x 8 channels

SClh x 1 channel

Port 0
USBb x 1 port
Port 1
CAN x 3 channels or

POE3a Port2
TPUa x 6 channels (unit 0) Port 3
PPG (unit 0) Port 4

PPG (unit 1)

Port 5

HEHEEEEHEEER

UUUUTTOTOTOTOT OO UTTT O]

RAMwith | :‘EDMACa x |C TMRb x 2 channels (unit 0)
ECC 3 channels - Port 6
k—] TMRb x 2 channels (unit 1)
CMT x 2 channels (unit 0) Port 7
— CMT x 2 channels (unit 1) Port 8
o 1 .
ol B CMTW x 1 channel (unit 0)
3| e N - Port 9
4; E 9 CMTW x 1 channel (unit 1)
2 o RTCd | |LEetA
Code flash = o PortB
memory  [—{B [El —{DMACAa x RIICa x 2 channels | | LPor
1= g 8 channels
B 12-bit ADC x 8 channels (unit 0) | Port C |
£ - -
RN = 12-bit ADC x 21 channels (unit 1) ,ml
RXCPU — \ | 12-bit DAC x 2 channels -
MPY Dv 2 Temperature sensor I W
é Port F
Clock \4
generation <
circuit @
E BSC External bus Port J
ETHERC: Ethernet controller PDC: Parallel data capture unit
EPTPC:  PTP controller for ethernet controller CAN: CAN module
EDMAC: DMA controller for ethernet controller MTU3a: Multi-function timer pulse unit 3
ICUA: Interrupt controller POE3a: Port output enable 3
DTCa: Data transfer controller GPTA General-purpose PWM timer
DMACAa: DMA controller TPUa: 16-bit timer pulse unit
EXDMACa: EXDMA controller PPG: Programmable pulse generator
BSC: Bus controller TMRDb: 8-bit timer
WDTA: Watchdog timer CMT: Compare match timer
IWDTa: Independent watchdog timer CMTW: Compare match timer W
CRC: CRC (cyclic redundancy check) calculator RTCd: Realtime clock
SCI: Serial communications interface RlICa: 12C bus interface
SCIFA: Serial communications interface with FIFO DOC: Data operation circuit
USBb: USB2.0 FS host/function module CAC: Clock frequency accuracy measurement circuit
USBA: USB2.0 FS host/function module with battery AES: AES*1
charging DES: DES*1
RSPla: Serial peripheral interface SHA: SHA-256*1
MPU: Memory protection unit RNG: True random number generator*!
QSPI: Quad serial peript\eral interface SSlI: Serial sound interface
SDHI: SD host interface SRC: Sampling rate converter
MMCIF:  MMC host interface
Note 1. Optional
Figure 1.2 Block Diagram
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14 Pin Functions
Table 1.4 lists the pin functions.

Table 1.4 Pin Functions (1/8)

Classifications Pin Name 1/0 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-pF multilayer ceramic
capacitor. The capacitor should be placed close to the pin.

VCL Input Connect this pin to VSS via a 0.1-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  Pins for a crystal resonator. An external clock signal can be

EXTAL Input input through the EXTAL pin.

BCLK Output  Outputs the external bus clock for external devices.

SDCLK Output  Outputs the SDRAM-dedicated clock.

XCOouT Output  Input/output pins for the sub clock oscillator. Connect a crystal

XCIN Input resonator between XCOUT and XCIN.

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

measurement measurement circuit

Operating mode control MD Input Pins for setting the operating mode. The signal levels on these
pins must not be changed during operation.

UB Input USB boot mode or user 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 LSI 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 110 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 Output  This pin indicates that output from the TRDATAO to TRDATA3
pins is valid.

TRDATAO to TRDATA3 Output  These pins output the trace information.

Address bus A0 to A23 Qutput  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 1/0 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
WRO# 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
CSO# to CS7# Qutput  Select signals for CS areas
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# Output SDRAM write enable pin
DQMO to DQM3 Output 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 Input Maskable interrupt request pins
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 TGRBL1 input capture input/output compare
output/PWM output pins
MTIOC2A, MTIOC2B 1/0 The TGRA2 and TGRB2 input capture input/output compare
output/PWM output pins
MTIOC3A, MTIOC3B 1/0 The TGRA3 to TGRD3 input capture input/output compare
MTIOC3C, MTIOC3D output/PWM output pins
MTIOC4A, MTIOC4B 1/0 The TGRA4 to TGRD4 input capture input/output compare
MTIOCA4C, MTIOC4D output/PWM output pins
MTIC5U, MTIC5V Input The TGRUS5, TGRV5, and TGRWS5 input capture input/dead
MTIC5W time compensation input pins
MTIOC6A, MTIOC6B 1/0 The TGRAG6 to TGRD6 input capture input/output compare
MTIOC6C, MTIOC6D output/PWM output pins
MTIOC7A, MTIOC7B 1/0 The TGRA7 to TGRD7 input capture input/output compare
MTIOC7C, MTIOC7D output/PWM output pins
MTIOC8A, MTIOC8B 1/0 The TGRAS8 to TGRD8 input capture input/output compare
MTIOC8C, MTIOC8D output/PWM output pins
MTCLKA, MTCLKB Input Input pins for external clock signals or for phase counting mode
MTCLKC, MTCLKD clock signals
Port output enable 3 POEO#, POE4#, POESH#, Input Input pins for request signals to place the MTU or GPT in the
POE10#, POE11# high impedance state
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Table 1.4 Pin Functions (3/8)
Classifications Pin Name 1/0 Description
General-purpose PWM GTIOCOA-A/GTIOCOA-B/ 1/0 GPTO0.GTGRA and GPT0.GTGRB input capture input/output
timer GTIOCOA-C/GTIOCOA-D/ compare output/PWM output pins
GTIOCOA-E,
GTIOCOB-A/GTIOCOB-B/
GTIOCOB-C/GTIOCOB-D/
GTIOCOB-E
GTIOC1A-A/GTIOC1A-B/ 110 GPT1.GTGRA and GPT1.GTGRB input capture input/output
GTIOC1A-C/GTIOC1A-D/ compare output/PWM output pins
GTIOC1A-E,
GTIOC1B-A/GTIOC1B-B/
GTIOC1B-C/GTIOC1B-D/
GTIOC1B-E
GTIOC2A-A/GTIOC2A-B/ 1/0 GPT2.GTGRA and GPT2.GTGRB input capture input/output
GTIOC2A-C/GTIOC2A-D/ compare output/PWM output pins
GTIOC2A-E,
GTIOC2B-A/GTIOC2B-B/
GTIOC2B-C/GTIOC2B-D/
GTIOC2B-E
GTIOC3A-D/GTIOC3A-E, 1/0 GPT3.GTGRA and GPT3.GTGRB input capture input/output
GTIOC3B-D/GTIOC3B-E compare output/PWM output pins
GTETRG-B/GTETRG-C/ Input External trigger input pin for GPTO to GPT3
GTETRG-D
16-bit timer pulse unit TIOCAO, TIOCBO /10 The TGRAO to TGRDO input capture input/output compare
TIOCCO, TIOCDO output/PWM output pins
TIOCAL, TIOCB1 1/0 The TGRA1 and TGRBL1 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 1/0 The TGRA3 to TGRD3 input capture input/output compare
TIOCC3, 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 TGRAS and TGRBS input capture input/output compare
output/PWM output pins
TCLKA, TCLKB Input Input pins for external clock signals or for phase counting mode
TCLKC, 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
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Table 1.4 Pin Functions (4/8)

Classifications Pin Name 1/0 Description
Serial communications e Asynchronous mode/clock synchronous mode
interface (SClg) SCKO to SCK7 1/0 Input/output pins for the clock
RXDO to RXD7 Input Input pins for received data
TXDO to TXD7 Output  Output pins for transmitted data
CTSO# to CTS7# Input Input pins for controlling the start of transmission and reception
RTSO0# to RTS7# Output  Output pins for controlling the start of transmission and
reception
e Simple 12C mode
SSCLO to SSCL7 110 Input/output pins for the 12C clock
SSDAO to SSDA7 1/0 Input/output pins for the 12C data
e Simple SPI mode
SCKO to SCK7 1/0 Input/output pins for the clock
SMISOO0 to SMISO7 I/O Input/output pins for slave transmission of data
SMOSIO0 to SMOSI7 /10 Input/output pins for master transmission of data
SSO0# to SS7# Input Chip-select input pins
Serial communications e Asynchronous mode/clock synchronous mode
interface (SCIh) SCK12 1/0 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
¢ Simple 12C mode
SSCL12 1/0 Input/output pin for the 12C clock
SSDA12 1/0 Input/output pin for the 12C data
e Simple SPI mode
SCK12 1/10 Input/output pin for the clock
SMISO12 /10 Input/output pin for slave transmission of data
SMOSI12 1/0 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
SIOX12 /10 Input/output pin for received or transmitted data
Serial communications SCK8 to SCK11 /10 Input/output pins for the clock
|(nst(e:r|fFa:;e with FIFO RXD8 to RXD11 Input Input pins for received data
TXD8 to TXD11 Output  Output pins for transmitted data
CTS8# to CTS11# Input Input pins for controlling the start of transmission and reception
RTS8# to RTS11# Output  Output pins for controlling the start of transmission and
reception
12C bus interface SCLO[FM+], SCL2 1/0 Input/output pins for clocks. Bus can be directly driven by the N-
channel open drain
SDAO[FM+], SDA2 /10 Input/output pins for data. Bus can be directly driven by the N-
channel open drain
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Table 1.4 Pin Functions (5/8)

Classifications Pin Name 110 Description
Ethernet controller REF50CKO0, REF50CK1 Input 50-MHz reference clocks. These pins input reference signals for
transmission/reception timings in RMII mode.
RMIIO_CRS_DV, Input Indicate that there are carrier detection signals and valid
RMII1_CRS_DV receive data on RMII_RXD1 and RMII_RXDO in RMII mode.

RMIIO_TXDO0, RMIIO_TXD1, Output  2-bit transmit data in RMIl mode
RMII1_TXDO, RMII1_TXD1

RMIIO_RXDO, RMIIO_RXD1, Input 2-bit receive data in RMII mode
RMII1_RXDO, RMII1_RXD1

RMIIO_TXD_EN, Output  Output pins for data transmit enable signals in RMII mode
RMII1_TXD_EN

RMIIO_RX_ER, Input Indicate an error has occurred during reception of data in RMII
RMII1_RX_ER mode.

ETO_CRS, Input Carrier detection/data reception enable pins

ET1_CRS

ETO_RX_DV, Input Indicate that there are valid receive data on ET_ERXD3 to
ET1 RX_DV ET_ERXDO.

ETO_EXOUT, Output  General-purpose external output pins

ET1_EXOUT

ETO_LINKSTA Input Input link status from the PHY-LSI.

ET1 LINKSTA

ETO_ETXDO to ETO_ETXD3, Output 4 bits of MIl transmit data
ET1_ETXDO to ET1_ETXD3

ETO_ERXDO to ETO_ERXD3, Input 4 bits of Ml receive data
ET1_ERXDO to ET1_ERXD3

ETO_TX_EN, Output  Transmit enable pins. Function as signals indicating that

ET1_TX_EN transmit data is ready on ET_ETXD3 to ET_ETXDO.

ETO_TX_ER, Output  Transmit error pins. Function as signals notifying the PHY-LSI of

ET1_TX_ER an error during transmission.

ETO_RX_ER, Input Receive error pins. Function as signals to recognize an error

ET1_RX_ER during reception.

ETO_TX_CLK, Input Transmit clock pins. These pins input reference signals for

ET1_TX_CLK output timings from ET_TX_EN, ET_ETXD3 to ET_ETXDO, and
ET_TX_ER.

ETO_RX_CLK, Input Receive clock pins. These pins input reference signals for input

ET1_RX_CLK timings to ET_RX_DV, ET_ERXD3 to ET_ERXDO, and
ET_RX_ER.

ETO_COL, ET1_COL Input Input collision detection signals.

ETO_WOL, ET1_WOL Output Receive Magic packets.

ETO_MDC, ET1_MDC Output  Output reference clock signals for information transfer via
ET_MDIO.

ETO_MDIO, ET1_MDIO /10 Input or output bidirectional signals for exchange of

management information between this MCU and the PHY-LSI.

RO1UHO0377EJ0110 Rev.1.10 RENESAS Page 90 of 2936
Oct 24, 2016



RX64M Group

1. Overview

Oct 24, 2016

Table 1.4 Pin Functions (6/8)
Classifications Pin Name 1/0 Description
USB 2.0 host/function VCC_USB, Input Power supply pins
module VCC_USBA
VSS_USB, Input Ground pins
VSS1_USBA,
VSS2_USBA
AVCC_USBA Input USBA analog power supply pin
AVSS_USBA Input USBA analog ground pin. Short this pin with the PVSS_USBA
pin.
PVSS_USBA Input USBA PLL circuit ground pin. Short this pin with the
AVSS_USBA pin.
USBA_RREF /0 USBA reference current supply pin. Connect 2.2 kQ (+1%) to
the AVSS_USBA pin.
USBO_DP, /10 Input or output USB transceiver D+ data.
USBA_DP
USBO_DM, /0 Input or output USB transceiver D- data.
USBA_DM
USBO_EXICEN, Output  Connect to the OTG power IC.
USBA_EXICEN
USBO_ID, USBA_ID Input Connect to the OTG power IC.
USBO_VBUSEN Output USB VBUS power enable pins
USBA_VBUSEN
USBO_OVRCURA/ Input USB overcurrent pins
USBO_OVRCURB,
USBA_OVRCURA/
USBA_OVRCURB
USBO_VBUS, Input USB cable connection/disconnection detection input pins
USBA_VBUS
CAN module CRXO0, CRX1-DS, CRX2 Input Input pins
CTXO0 to CTX2 Output  Output pins
Serial peripheral interface  RSPCKA-A/RSPCKA-B /0 Clock input/output pin
MOSIA-A/MOSIA-B 1/O Inputs or outputs data output from the master
MISOA-A/MISOA-B 1/0 Inputs or outputs data output from the slave
SSLAO-A/SSLAO-B 110 Input or output pin for slave selection
SSLA1-A/SSLA1-B to SSLA3- Output Output pin for slave selection
AISSLA3-B
Quad serial peripheral QSPCLK-A/-B Output  QSPI clock output pin
interface QSSL-A/-B Output  QSPI slave output pin
QMO-A/-B, QIO0-A/-B 110 Master transmit data/data O
QMI-A/-B, QIO1-A/-B 110 Master input data/data 1
QIO2-A/-B, QIO3-A/-B lfe} Data 2, data 3
Serial sound interface SSISCKO, SSISCK1 /0 SSI serial bit clock pins
SSIWS0, SSIWS1 /0 Word select pins
SSITXDO, SSITXD1 Qutput  Serial data output pins
SSIRXDO, SSIRXD1 Input Serial data input pins
SSIDATAO, SSIDATA1 1/0 Serial data input/output pins
AUDIO_MCLK Input Master clock pin for audio
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Table 1.4 Pin Functions (7/8)

Classifications Pin Name 1/0 Description
MMC host interface MMC_CLK-A/ Output  MMC clock pin
MMC_CLK-B
MMC_CMD-A/ /10 Command/response pin
MMC_CMD-B
MMC_D7-A/IMMC_D7-B to 110 Transmit data/receive data
MMC_DO0-A/MMC_DO-B
MMC_CD-A/MMC_CD-B Input Card detection pin
MMC_RES#-A/MMC_RES#-B Output MMC reset output pin
SD host interface SDHI_CLK-A/SDHI_CLK-B Output  SD clock output pin
SDHI_CMD-A/SDHI_CMD-B 1/0 SD command output, response input signal pin
SDHI_D3-A/SDHI_D3-B to 1/0 SD data bus pins
SDHI_DO-A/SDHI_D0-B
SDHI_CD-A/SDHI_CD-B Input SD card detection pin
SDHI_WP-A/SDHI_WP-B 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 Qutput  Output pin for dot clock
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 ANOOO to ANOO7, 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, DAl 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.

AVSSO 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.

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.

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.

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.
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Table 1.4 Pin Functions (8/8)

Classifications Pin Name 1/0 Description

1/0 ports P00 to P03, P05, P07 /0 6-bit input/output pins
P10 to P17 /0 8-bit input/output pins
P20 to P27 /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 P56 1/0 7-bit input/output pins

(176-pin devices have only P50 to P53)

P60 to P67 /0 8-bit input/output pins
P70to P77 1/0 8-bit input/output pins
P80 to P83, P86, P87 110 6-bit input/output pins
P90 to P97 /0 8-bit input/output pins
PAO to PA7 /10 8-bit input/output pins
PBO to PB7 1/0 8-bit input/output pins
PCO to PC7 /0 8-bit input/output pins
PDO to PD7 /0 8-bit input/output pins
PEO to PE7 1/0 8-bit input/output pins
PFO to PF5 /10 6-bit input/output pins
PGO to PG7 1/0 8-bit input/output pins
PJ3, PJ5 /0 2-bit input/output pins

Note:  Note the following regarding pin names. For details, see section 1.5, Pin Assignments.
e 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, and MMC interfaces, the AC portion of the electrical characteristics is measured for each group.
¢ Pins that have "-DS" appended to their names can be used as triggers for release from deep software standby.
e RIIC pin functions that have [FM+] appended to their names support fast-mode plus.
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Pin Assignments

Figure 1.3 to Figure 1.9 show the pin assignments. Table 1.5 to Table 1.10 show the lists of pins and pin functions.

A B c D E F G H J K L M N P R
15| PE2 PE3 P70 P65 P67 vss | vcc PG7 PAG PBO P72 PB4 vss | vcc PC1 | 15
14| PE1 PEO VsSs PE7 PG3 PAO PAl PA2 PA7 vce PB1 PB5 P73 P75 P74 | 14
13| P63 P64 PE4 vce PG2 PG4 PG6 PA3 VSS P71 PB3 PB7 PCO PC2 P76 | 13
12| P60 VSS P62 PES PE6 P66 PG5 PA4 PAS PB2 PB6 P77 PC3 PC4 P80 | 12
11| PD6 PGl | vcc P61 P81 P82 PC6 | vcc | 11
10| P97 PD4 PGO PD7 PC5 pPC7 P83 VSS | 10
9| vce P96 PD3 PD5 RX64M GrOUp P50 P51 P52 P53 | 9
. VCC_ | vSS1_
8| Pea | PDL | PD2 | VSS (177—P|n TFLGA) usea | usea | "0 | P11 |8
71 vss P92 PDO pos (Upper PerSpeCtlve VIeW) USBA_| VSS2_ | USBA_| USBA_|
RREF | USBA | DM DP
AVCC_ | VSS_ | AVSS_ | PVSS_
6] vee Pol PO P93 USBA | USB | usBA | usBaA | °©
vce_ USBO_ | USBO_
5| P46 P47 P45 P44 NC USE P12 DP oM | 8
4| P42 P41 P43 P00 VSS [BSCANP| PF4 P35 PF3 PF1 P25 P86 P15 P14 P13 | 4
MD/
3|VREFLO| P40 |VREFHO| P03 PF5 P33 | LNED | RES# | P34 PF2 PFO P24 P22 P87 P16 | 3
2| AvCCO| PO7 |AVCCl| P02 | EMLE | VCL [XCOUT| VSS | vCC P32 P30 P26 P23 P17 P20 | 2
1| AVSSO | P05 |AVSSl | POl PJ5 | VBATT | XCIN | XTAL | EXTAL | P33 P31 p27 vcC | Vss 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, see Table 1.5, List of
Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA).
Figure 1.3 Pin Assignment (177-Pin TFLGA)
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A B c D E F G H J K L M N P R
15| PE2 PE3 P70 P65 P67 Vvss | vcc | PG7 PAG PBO P72 PB4 vss | vcc PC1 | 15
14| PE1 PEO VSS PE7 PG3 PAO PAl PA2 PA7 | vccC PB1 PB5 P73 P75 P74 | 14
13| P63 P64 PE4 | vCC | PG2 PG4 PG6 PA3 VSsS P71 PB3 PB7 PCO pC2 P76 | 13
12| P60 VSS P62 PE5 PE6 P66 PG5 PA4 PAS PB2 PB6 P77 PC3 PC4 P80 | 12
11| PD6 PGl | vcc P61 P81 P82 PC6 | vcc | 11
10| P97 PD4 PGO PD7 PC5 pPC7 P83 VSs | 10
9| vcc P96 PD3 PD5 RX64M Group P50 P51 P52 P53 | 9
8| P94 PD1 PD2 VSSs (Z;gi?#i?:%é;ﬁ\) \Jgg; \Gsssél; P10 P11 | 8
7| vss | po2 | poo | pos (Upper Perspective View) USBA_ | VSS2_ | USBA_ | USBA_ | ;
o| vee | ema | e | oos
5| P46 P47 P45 P44 VUCS%— P12 UIS;O— USD?AO— 5
4| P42 P41 P43 P00 VSS [BSCANP| PF4 P35 PF3 PF1 P25 P86 P15 P14 P13 | 4
3|VREFLO| P40 |VREFHO| P03 PF5 PJ3 FmDE/D RES# | P34 PF2 PFO P24 P22 P87 P16 | 3
2| AVCCO | PO7 |AVCCl| P02 | EMLE | VCL [XCOUT| VSS | vCC P32 P30 P26 P23 P17 P20 | 2
1| AVSSO | P05 |AVSS1l | PO1 PJ5 | VBATT | XCIN | XTAL | EXTAL | P33 P31 P27 vcC | vss 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, see Table 1.5, List of
Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA).
Figure 1.4 Pin Assignment (176-Pin LFBGA)
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RX64M Group

1. Overview
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PE1 134 871 P75
PEO [135 86[] PC2
P64 []136 8s5[] P76
P63 137 84| P77
P62 138 83[] PC3
P61 139 82[] PC4
VSS 140 81[] P80
P60 141 8o[] P81
VCC 142 79[ P82
PD7 143 78[] PC5
PG1 144 773 PC6
PD6 [J145 761 PC7
PGO 146 75 VCC
PD5 [J147 74] P83
PD4 148 733 VSS
P97 149 721 P50
PD3 150 711 P51
VSS 151 RX64M Group 700 P52
P96 152 69[] P53
VCC 153 PLQP0176KB_A 68[] P10
PD2 [J154 671 P11
P95 155 ( -Ni Q ) 66[J VCC_USBA
PD1 156 176 pln LF FP 65 VSS1_USBA
P94 157 ( 1 ) 64[] USBA_DP
PDO [J158 Top view 63[] USBA_DM
P93 159 62[] VSS2_USBA
P92 160 61 PVSS_USBA
P91 161 60 AVSS_USBA
VSS 162 59[] USBA_RREF
P90 163 58] AVCC_USBA
VCC 164 57[] VSS_USB
P47 165 56[] USBO_DP
P46 [J166 55[] USBO_DM
P45 167 54[] VCC_USB
P44 168 53] P12
P43 169 52 P13
P42 170 51 P14
P41 a7 501 P15
VREFLO 172 49[] P86
P40 173 48[] P16
VREFHO 174 O 47 P87
AVCCO 175 46| P17
AN MO 0O O™~ A A A A A d A A AN NNV N NNNNOOOOOHOOOHOOOOS$ - 5 <
|N]N|E NS SN NS
RN R R h i L E L E R R R RS T Ry
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> > > w o] =EXopre X~ X
< x < > LXKk W
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o
Note:  This figure indicates the power supply pins and I/O port pins. For the pin configuration, see Table 1.6, List of Pin and Pin
Functions (176-Pin LFQFP).

Figure 1.5

Pin Assignment (176-Pin LFQFP)
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RX64M Group

1. Overview

A B ¢ D E F G H J K L M N

13| PE3 PE4 &S] PE6 P67 PA2 PA4 PA7 PB1 PB5 &S] vce P74 | 13
12| PE1 PE2 P70 PE5 P65 PALl vce PBO PB2 PB6 P73 PC1 P75 | 12
11| P62 P61 PEO vce P66 VSS PA6 P71 PB4 PB7 pC2 PCO pPC3 | 11
10| Vss vce P63 PE7 PAO PA3 PA5 P72 PB3 P76 pC4 P77 P82 | 10

9| PD6 PD4 PD7 P64 P80 PC5 P81 PC7 |9

RX64M Group
8| PD2 PDO PD3 P60 PTLGO145KA-A vce P83 PC6 vss |8
(145-Pin TFLGA)
7| P92 P91 PD1 PD5 . P51 P52 P50 P55 | 7
(Upper Perspective
VIEW) VSS_ | USBO_
6| P90 P47 A P93 P53 P56 USB DP 6
VCC_ | USBO_
5| P45 P43 P46 vce P44 P54 P13 USE oM | 8
4| P42 |VREFLO| P41 PO1 EMLE | VBATT |BSCANP| P35 P30 P15 P24 P12 P14 | 4
MD/

3| P40 PO5 |VREFHO| PO3 PJ5 PJ3 FNeD | VSS P32 P31 P16 P86 P87 | 3

2| PO7 | AVCCO | PO2 PF5 VCL | XCOUT | RES# | VCC 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 I/O port pins. For the pin configuration, see Table 1.7, List of Pin
and Pin Functions (145-Pin TFLGA).
Figure 1.6 Pin Assignment (145-Pin TFLGA)
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RX64M Group 1. Overview
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PEO [ 70 PC2
P64 [u12 691 P76
P63 [u13 68[1 P77
pe2 [Ji14 67[] PC3
pe1 115 66[] PC4
VSS [Jue 65[] P80
pe0 [u17 641 P81
vce [Ous 631 P82
pD7 119 62[] PC5
pD6 [Ji20 617 PC6
pps 21 60 PC7
PD4 [122 59 vce
pp3 [J123 58] P83
pp2 [Ji24 RX64M GI’OUp 571 vss
pp1 [i2s 56 P50
PDO [Ji26 PLQP0144KA_A 55 P51
P93 Qi (144-pin LFQFP) < P2
po2 [Ji28 i 53] P53
po1 2o (TOp VIeW) 52 P54
vss [Oiso 51 P55
poo [ 50 ] P56
VvCC [i32 29[ VSS_USB
pa7 133 48] USBO_DP
P46 i3 47[] USBO_DM
P45 [135 46[] VCC_USB
P44 136 45 P12
P43 [as7 441 P13
P42 [ass 431 P14
p4a1 [hso 42 P15
VREFLO [u40 41[] P86
ps0 Cha 401 P16
VREFHO [142 39[1 P87
AVCCO [Ti143 O 38[1] P17
P07 D144 O = &N M S 1D © N~ 0 0O O o4 N M ¥ O O N~ 0 0O O o3 N M S v @37D P20
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Note:  This figure indicates the power supply pins and I/O port pins. For the pin configuration, see Table 1.8, List of Pin and Pin
Functions (144-Pin LFQFP).

Figure 1.7 Pin Assignment (144-Pin LFQFP)
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RX64M Group

1. Overview

RX64M Group
PTLGO0100JA-A (100-Pin TFLGA)
(Upper Perspective View)
A B c D E F G H J K
10| PE2 PE3 PE4 PAO PA3 VSS vce PB7 PC1 PC2 10
9| PE1 PD7 PE5 PAL PA5 PA7 PB1 PB6 PCO PC3 9
8| PEO PD6 PD5 PE7 PA4 PBO PB4 PC6 PC4 PC5 8
7| PD4 PD3 PD2 PE6 PA6 PB2 PB5 PC7 P50 P51 7
6| PDO PD1 P47 P46 PA2 PB3 P52 P54 vee USBO_ | ¢
usB DP
5 P43 P44 P42 P45 P41 P12 P53 P55 VSS_ USBO_ | ¢
usB DM
4| VREFLO P40 VREFHO | VBATT P34 P32 p27 P15 P13 P14 4
MD/
3| PO7 AVCCO PJ3 RES# P35 P30 P16 P17 P20 3
FINED
2| AVCC1l | AVSSO | AVSS1 | XCOUT VSS vce P31 P25 P21 P22 2
1| PO5 EMLE VCL XCIN XTAL EXTAL P33 P26 P24 P23 1
A B c D E F G H J K
Note:  This figure indicates the power supply pins and I/O port pins. For the pin configuration, see Table 1.9, List of
Pin and Pin Functions (100-Pin TFLGA).
Figure 1.8 Pin Assignment (100-Pin TFLGA)
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PE2 [ pC2
PE1 [ PC3
PEO ] PC4
PD7 [ PC5
PD6 [ PC6
PD5 ] PC7
PD4 [ P50
PD3 P51
PD2 ] P52
PD1 P53
O RX64M Group
PDO ] P54
par] & PLQP0O100KB-A P55
P46 [] 88 . VSS_USB
P45 [] s (100—p|n LFQFP) USB0_DP
P44 [] 90 ( H ) USBO_DM
P43[] 91 Top VIeW VCC_USB
P42 [ 92 P12
P41[] 93 P13
VREFLO [] 94 P14
P40 [] 95 P15
VREFHO [] 9 P16
AvVCCO [ 97 P17
P07 [] 98 P20
AVSSO [] 9 O p21
100 P22
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Note:

This figure indicates the power supply pins and I/O port pins. For the pin configuration,
see Table 1.10, List of Pin and Pin Functions (100-Pin LFQFP).

Figure 1.9

Pin Assignment (100-Pin LFQFP)
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RX64M Group

1. Overview

Table 1.5 List of Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA) (1/7)
Pin Memory Interface
Number Timer Communication Camera Interface
177-Pin
TFLGA | Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFBGA | Control I/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
Al AVSS0O
A2 AVCCO
A3 VREFLO
A4 P42 IRQ10- ANO002
DS
A5 P46 IRQ14- ANO006
DS
A6 VCC
A7 VSS
A8 P94 A20/D20 ET1_ERXDO/
RMII1_RXDO
A9 VCC
Al10 P97 A23/D23 ET1_ERXD3
All PD6 D6[A6/D6] MTIC5V/MTIOC8A/ MMC_DO0-B/ IRQ6 AN106
POE4# SDHI_DO0-B/
QIO0-B/
QMO-B
Al2 P60 CSo# ET1_TX_EN/
RMII1_TXD_EN
Al13 P63 CS3#/CAS#
Al4 PE1 D9[A9/D9] MTIOC4C/MTIOC3B/ | TXD12/SMOSI12/ MMC_D5-B ANEX1
GTIOC1B-A/PO18 SSDA12/TXDX12/
SI0X12
Al15 PE2 D10[A10/D10] | MTIOC4A/ RXD12/SMISO12/ MMC_D6-B IRQ7-DS | AN100
GTIOCOB-A/PO23/ SSCL12/
TIC3 RXDX12
Bl P05 IRQ13 DAl
B2 P07 IRQ15 ADTRGO#
B3 P40 IRQ8-DS | ANOOO
B4 P41 IRQ9-DS | ANOO1
B5 P47 IRQ15- ANO07
DS
B6 P91 Al17/D17 ET1_COL/SCK7 AN115
B7 P92 A18/D18 POE4# ET1_CRS/ AN116
RMII1_CRS_DV/
RXD7/SMISO7/SSCL7
B8 PD1 D1[A1/D1] MTIOC4B/ CTX0 IRQ1 AN109
GTIOC1A-E/POEO#
B9 P96 A22/D22 ET1_ERXD2
B10 PD4 D4[A4/D4] MTIOC8B/POE11# MMC_CMD-B/ | IRQ4 AN112
SDHI_CMD-B/
QSSL-B
B11 PG1 D25 ET1_RX_ER/
RMIIL_RX_ER
B12 VSS
B13 P64 CS4#/WE#
B14 PEO D8[A8/D8] MTIOC3D/ SCK12 MMC_D4-B ANEXO
GTIOC2B-A
B15 PE3 D11[A11/D11] MTIOC4B/ CTS12#/RTS12#/ MMC_D7-B AN101
GTIOC2A-A/PO26/ SS12#/
POE8#/TOC3 ETO_ERXD3
C1 AVSS1
Cc2 AVCC1
C3 VREFHO
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RX64M Group

1. Overview

Table 1.5 List of Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA) (2/7)
Pin Memory Interface
Number Timer Communication Camera Interface
177-Pin
TFLGA | Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFBGA | Control I/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
C4 P43 IRQ11-DS | ANOO03
C5 P45 IRQ13- ANO05
DS
C6 P90 A16/D16 ET1_RX_DV/ AN114
TXD7/SMOSI7/SSDA7
Cc7 PDO DO[AO0/DO] GTIOC1B-E/POE4# IRQO AN108
Cc8 PD2 D2[A2/D2] MTIOCA4D/ CRXO0 MMC_D2-B/ IRQ2 AN110
GTIOCOB-E/TIC2 SDHI_D2-B/
QI02 B
C9 PD3 D3[A3/D3] MTIOC8D/ MMC_D3-B/ IRQ3 AN111
GTIOCOA-E/POES8#/ SDHI_D3-B/
TOC2 QIO3-B
C10 PGO D24 ET1_RX_CLK/
REF50CK1
Ccl11 VCC
C12 P62 CS2#/RASH#
C13 PE4 D12[A12/D12] | MTIOC4D/MTIOC1A/ | ETO_ERXD2 AN102
GTIOC1A-A/PO28
Cl14 VSS
C15 P70 SDCLK
D1 PO1 TMCIO RXD6/SMISO6/ IRQ9 AN119
SSCL6
D2 P02 TMCI1 SCK6 IRQ10 AN120
D3 PO3 IRQ11 DAO
D4 P00 TMRIO TXD6/SMOSI6/ IRQ8 AN118
SSDAG6
D5 P44 IRQ12- AN004
DS
D6 P93 A19/D19 POEO# ET1_LINKSTA/CTS7#/ AN117
RTS7#/SS7#
D7 P95 A21/D21 ET1_ERXD1/
RMII1_RXD1
D8 VSS
D9 PD5 D5[A5/D5] MTIC5W/MTIOCS8C/ MMC_CLK-B/ IRQ5 AN113
POE10# SDHI_CLK-B/
QSPCLK-B
D10 PD7 D7[A7/D7] MTIC5U/POEQO# MMC_D1-B/ IRQ7 AN107
SDHI_D1-B/
QIO1-B/QMI-B
D11 P61 CS1#/SDCS#
D12 PE5 D13[A13/D13] | MTIOC4C/MTIOC2B/ | ETO_RX_CLK/ IRQ5 AN103
GTIOCOA-A REF50CKO
D13 VCC
D14 PE7 D15[A15/D15] | MTIOC6A/ MMC_RES#-B/ | IRQ7 AN105
GTIOC3A-E/TOC1 SDHI_WP-B
D15 P65 CS5#/CKE
El PJ5 POES8# CTS2#/RTS2#/SS2#
E2 EMLE
E3 PF5 IRQ4
E4 VSS
E5*1
E12 PE6 D14[A14/D14] | MTIOC6C/ MMC_CD-B/ IRQ6 AN104
GTIOC3B-E/TIC1 SDHI_CD-B
E13 TRDATAO PG2 D26 ET1_TX_CLK
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RX64M Group

1. Overview

Table 1.5 List of Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA) (3/7)
Pin Memory Interface
Number Timer Communication Camera Interface
177-Pin
TFLGA | Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFBGA | Control I/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
E14 TRDATA1 PG3 D27 ET1_ETXDO/
RMII1_TXDO
E15 P67 CS7#/DQM1 MTIOC7C/ CRX2 IRQ15
GTIOC1B-C
F1 VBATT
F2 VCL
F3 PJ3 EDACK1 MTIOC3C ETO_EXOUT/
CTS6#/RTS6#/
CTSO#/RTSO#/
SS6#/SS0#
F4 BSCANP
F12 P66 CS6#/DQMO MTIOC7D/ CTX2
GTIOC2B-C
F13 TRSYNC PG4 D28 ET1_ETXD1/
RMII1_TXD1
F14 PAO AO/BCO#/ MTIOC4A/MTIOC6D/ | SSLA1-B/
DQM2 GTIOCOB-C/TIOCAO/ | ETO_TX_EN/
CACREF/PO16 RMIIO_TXD_EN
F15 VSS
Gl XCIN
G2 XCOUT
G3 MD/FINED
G4 TRST# PF4
G12 TRCLK PG5 D29 ET1_ETXD2
G13 TRDATA2 PG6 D30 ET1_ETXD3
G14 PA1 A1/DQM3 MTIOCOB/MTCLKC/ SCK5/SSLA2-B/ IRQ11
MTIOC7B/ ETO_WOL
GTIOC2A-C/TIOCBO/
PO17
G15 VCC
H1 XTAL P37
H2 VSS
H3 RES#
H4 UPSEL P35 NMI
H12 PA4 A4 MTIC5U/MTCLKA/ TXD5/SMOSI5/ IRQ5-DS
TIOCA1/TMRIO/PO20 | SSDA5/SSLAO-B/
ETO_MDC
H13 PA3 A3 MTIOCOD/MTCLKD/ RXD5/SMISO5/ IRQ6-DS
TIOCDO/TCLKB/PO19 | SSCL5/
ETO_MDIO
H14 PA2 A2 MTIOC7A/ RXD5/SMISO5/
GTIOC1A-C/PO18 SSCL5/SSLA3-B
H15 TRDATA3 PG7 D31 ET1_TX_ER
J1 EXTAL P36
J2 VCC
J3 P34 MTIOCOA/TMCI3/ SCK6/SCKO0/ IRQ4
PO12/POE10# ETO_LINKSTA
J4 T™MS PF3
J12 PA5 A5 MTIOC6B/ RSPCKA-B/
GTIOCOA-C/TIOCBY/ | ETO_LINKSTA
PO21
J13 VSS
Ji4 PA7 A7 TIOCB2/P0O23 MISOA-B/
ETO_WOL
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RX64M Group

1. Overview

Table 1.5 List of Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA) (4/7)
Pin Memory Interface
Number Timer Communication Camera Interface
177-Pin
TFLGA | Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFBGA | Control I/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
J15 PA6 A6 MTIC5V/MTCLKB/ CTS5#/RTS5#/SS5#/
GTETRG-C/TIOCA2/ MOSIA-B/
TMCI3/PO22/POE10# | ETO_EXOUT
K1 P33 EDREQ1 MTIOCOD/TIOCDO/ RXD6/RXDO0/ PCKO IRQ3-DS
TMRI3/PO11/POE4#/ | SMISO6/
POE11# SMISO0/SSCL6/
SSCLO/CRX0
K2 P32 MTIOCOC/TIOCCO/ TXD6/TXDO0/ VSYNC IRQ2-DS
TMO3/PO10/ SMOSI6/SMOSI0/
RTCOUT/RTCIC2/ SSDA6/SSDAO0/
POEO#/POE10# CTXo0/
USBO_VBUSEN
K3 TDI PF2 RXD1/SMISO1/
SSCL1
K4 TCK PF1 SCK1
K12 PB2 A10 TIOCC3/TCLKC/ CTS4#/RTSA#ICTS6#/
PO26 RTS6#/SSA4#/SS6#/
ETO_RX_CLK/
REF50CKO
K13 P71 Al18/CS1# ETO_MDIO
K14 VCC
K15 PBO A8 MTIC5WI/TIOCA3/ RXD4/RXD6/SMISO4/ IRQ12
PO24 SMISO6/SSCL4/
SSCL6/ETO_ERXD1/
RMII0O_RXD1
L1 P31 MTIOC4D/TMCI2/ CTS1#/RTS1#/ IRQ1-DS
PO9/RTCIC1 SS1#/ET1_MDC
L2 P30 MTIOC4B/TMRI3/ RXD1/SMISO1/ IRQO-DS
PO8/RTCICO/POE8# SSCL1/
ET1_MDIO
L3 TDO PFO TXD1/SMOSI1/
SSDA1
L4 P25 CS5#/ MTIOC4C/MTCLKB/ RXD3/SMISO3/ HSYNC ADTRGO#
EDACK1 TIOCA4/PO5 SSCL3/
SSIDATAL
L12 PB6 Al4 MTIOC3D/TIOCA5/ RXD9/ETO_ETXD1/
PO30 RMIIO_TXD1
L13 PB3 All MTIOCOA/MTIOC4A/ | SCK4/SCK6/
TIOCD3/TCLKD/ ETO_RX_ER/
TMOO0/PO27/POE11# | RMIIO_RX_ER
L14 PB1 A9 MTIOCOC/MTIOCAC/ | TXD4/TXD6/SMOSI4/ IRQ4-DS
TIOCB3/TMCIO/PO25 | SMOSI6/SSDA4/
SSDAG/ETO_ERXDO/
RMII0O_RXDO
L15 P72 A19/CS2# ETO_MDC
M1 P27 CS7# MTIOC2B/TMCI3/PO7 | SCK1/ET1_WOL
M2 P26 CS6# MTIOC2A/TMO1/PO6 | TXD1/CTS3#/
RTS3#/SMOSI1/
SS3#/SSDA1/
ET1_EXOUT
M3 P24 CSa#l MTIOC4A/MTCLKA/ SCK3/ PIXCLK
EDREQ1 TIOCB4/TMRI1/PO4 USBO_VBUSEN/
SSISCK1
M4 P86 MTIOC4D/ RXD10 PIXD1
GTIOC2B-B/TIOCAO
M5 VCC_USB P12 WR3#/BC3# MTIC5U/TMCI1 RXD2/SMISO2/ IRQ2
SSCL2/
SCLO[FM+]
M6 AVCC_
USBA
RO1UH0377EJ0110 Rev.1.10 RENESAS Page 104 of 2936

Oct 24, 2016



RX64M Group
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Table 1.5 List of Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA) (5/7)
Pin Memory Interface
Number Timer Communication Camera Interface
177-Pin
TFLGA | Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSP, RIIC, (QSPI, SDHI, S12ADC,
LFBGA | Control I/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) | Interrupt | R12DA
M7 USBA_ P11 MTIC5V/TMCI3 SCK2/USBA_VBUS/ IRQ1
RREF USBA_VBUSEN
M8 VCC_ P10 ALE MTIC5W/TMRI3 USBA_OVRCURA IRQO
USBA
M9 P50 WRO#/WR# TXD2/SMOSI2/SSDA2
M10 PC5 A21/CS2#/ MTIOC3B/MTCLKD/ SCKB8/RSPCKA-A/ MMC_D5-A
WAIT# GTIOC1A-D/TMRI2/ RTS8#/ETO_ETXD2
PO29
M11 P81 EDACKO MTIOC3D/ RXD10/ETO_ETXDO/ MMC_D3-A/
GTIOCO0B-D/PO27 RMIIO_TXDO SDHI_CD-A/
QIO3-A
M12 P77 CS7# PO23 TXD11/ETO_RX_ER/ MMC_CLK-A/
RMIIO_RX_ER SDHI_CLK-A/
QSPCLK-A
M13 PB7 A15 MTIOC3B/TIOCB5/ TXD9/ETO_CRS/
PO31 RMIIO_CRS_DV
M14 PB5 Al13 MTIOC2A/MTIOC1B/ SCK9/RTS9#/
TIOCB4/TMRI1/PO29/ | ETO_ETXDO/
POE4# RMIIO_TXDO
M15 PB4 Al12 TIOCA4/PO28 CTS9#/ETO_TX_EN/
RMIIO_TXD_EN
N1 VCC
N2 P23 EDACKO MTIOC3D/MTCLKD/ TXD3/CTSO#/ PIXD7
GTIOCOA-B/TIOCD3/ | RTSO#/SMOSI3/
PO3 SSO0#/SSDA3/
SSISCKO
N3 P22 EDREQO MTIOC3B/MTCLKC/ SCKO0/ PIXD6
GTIOC1A-B/TIOCC3/ | USBO_OVRCURB/
TMOO0/PO2 USBA_OVRCURB/
AUDIO_MCLK
N4 P15 MTIOCOB/MTCLKB/ RXD1/SCK3/ PIXDO IRQ5
GTETRG-B/TIOCB2/ SMISO1/SSCL1/
TCLKB/TMCI2/PO13 CRX1-DS/
USBA_VBUSEN/
SSIwWS1
N5 P12 WR3#/BC3# MTIC5U/TMCI1 RXD2/SMISO2/ IRQ2
SSCL2/
SCLO[FM+]
N6 VSS_USB
N7 VSS2_
USBA
N8 VSS1_
USBA
N9 P51 WR1#/BC1#/ SCK2
WAIT#
N10 UB PC7 A23/CS0# MTIOC3A/MTCLKB/ TXD8/MISOA-A/ MMC_D7-A IRQ14
GTIOC3A-D/TMO2/ ETO_COL
TOCO0/PO31/CACREF
N11 P82 EDREQ1 MTIOC4A/ TXD10/ETO_ETXD1/ MMC_D4-A
GTIOC2A-D/PO28 RMIIO_TXD1
N12 PC3 A19 MTIOC4D/ TXD5/SMOSI5/ MMC_DO0-A/
GTIOC1B-D/TCLKB/ SSDA5/ SDHI_DO0-A/
PO24 ETO_TX_ER QIO0-A/
QMO-A
N13 PCO Al16 MTIOC3C/TCLKC/ CTS5#/RTS5#/SS5#/ IRQ14
PO17 SSLA1-A/ETO_ERXD3
N14 P73 CS3# PO16 ETO_WOL
N15 VSS
P1 VSS
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RX64M Group

1. Overview

Table 1.5 List of Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA) (6/7)
Pin Memory Interface
Number Timer Communication Camera Interface
177-Pin
TFLGA | Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSP, RIIC, (QSPI, SDHI, S12ADC,
LFBGA | Control I/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) | Interrupt | R12DA
P2 P17 MTIOC3A/MTIOC3B/ SCK1/TXD3/ PIXD3 IRQ7 ADTRG1#
MTIOC4B/ SMOSI3/SSDA3/
GTIOCOB-B/TIOCBO/ | SDA2-DS/
TCLKD/TMO1/PO15/ SSITXDO
POES8#
P3 P87 MTIOCA4C/ TXD10 PIXD2
GTIOC1B-B/TIOCA2
P4 P14 MTIOC3A/MTCLKA/ CTS1#/RTS1#/ IRQ4
TIOCBS5/TCLKA/ SS1#/ICTX1/
TMRI2/PO15 USBO_OVRCURA
P5 USBO_DP
P6 AVSS
USBA
P7 USBA_DM
P8 P10 ALE MTIC5W/TMRI3 USBA_OVRCURA IRQO
P9 P52 RD# RXD2/SMISO2/
SSCL2
P10 P83 EDACK1 MTIOCA4C/ CTS10#/ETO_CRS/
GTIOCOA-D RMII0_CRS_DV/
SCK10
P11 PC6 A22/CS1# MTIOC3C/MTCLKA/ RXD8/MOSIA-A/ MMC_D6-A IRQ13
GTIOC3B-D/TMCI2/ ETO_ETXD3
TICO/PO30
P12 PC4 A20/CS3# MTIOC3D/MTCLKC/ SCK5/CTS8#/SSLAO- | MMC_D1-A/
GTETRG-D/TMCI1/ A/ETO_TX_CLK SDHI_D1-A/
PO25/POEO# QIO1-A/QMI-A
P13 PC2 Al18 MTIOC4B/ RXD5/SMISO5/ MMC_CD-A/
GTIOC2B-D/TCLKA/ SSCL5/SSLA3-A/ SDHI_D3-A
PO21 ETO_RX_DV/
P14 P75 CS5# PO20 SCK11/RTS11/ MMC_RES#-A/
ETO_ERXDO/ SDHI_D2-A
RMII0_RXDO/
P15 VCC
R1 P21 MTIOC1B/MTIOC4A/ RXDO0/SMISO0/ PIXD5 IRQ9
GTIOC2A-B/TIOCA3/ | SSCLO/
TMCI0/PO1 USBO_EXICEN/
USBA_EXICEN/
SSIWS0
R2 P20 MTIOC1A/TIOCB3/ TXDO/SMOSI0/ PIXD4 IRQ8
TMRIO/POO SSDAO/USBO_ID/
USBA_ID/
SSIRXDO
R3 P16 MTIOC3C/MTIOC3D/ | TXD1/RXD3/ IRQ6 ADTRGO#
TIOCB1/TCLKC/ SMOSI1/SMISO3/
TMO2/PO14/ SSDA1/SSCL3/
RTCOUT SCL2-DS/
USBO_VBUS/
USBO_VBUSEN/
USBO_OVRCURB
R4 P13 WR2#/BC2# MTIOCOB/TIOCAS5/ TXD2/SMOSI2/ IRQ3 ADTRG1#
TMO3/PO13 SSDA2/
SDAO[FM+]
R5 USBO_DM
R6 PVSS_
USBA
R7 USBA_DP
R8 P11 MTIC5V/TMCI3 SCK2/
USBA_VBUS/
USBA_VBUSEN
R9 P53*2 BCLK
R10 VSS
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RX64M Group

1. Overview

Table 1.5 List of Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA) (7/7)
Pin Memory Interface
Number Timer Communication Camera Interface
177-Pin
TFLGA | Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSP, RIIC, (QSPI, SDHI, S12ADC,
LFBGA | Control I/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) | Interrupt | R12DA
R11 VCC
R12 P80 EDREQO MTIOC3B/PO26 SCK10/RTS10#/ MMC_D2-A/
ETO_TX_EN/ SDHI_WP-A/
RMIIO_TXD_EN QIO2-A
R13 P76 CS6# PO22 RXD11/ETO_RX_CLK/ | MMC_CMD-A/
REF50CKO SDHI_CMD-A/
QSSL-A
R14 P74 A20/CS4# PO19 CTS11#/ETO_ERXD1/
RMII0O_RXD1
R15 PC1 Al17 MTIOC3A/TCLKD/ SCK5/SSLA2-A/ IRQ12
PO18 ETO_ERXD2

Note 1. The 176-pin LFBGA does not include the E5 pin.
Note 2. The BCLK function is multiplexed with the 1/0 port function for pin P53, so the port function is not available if the external bus is

enabled.
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RX64M Group

1. Overview

Table 1.6 List of Pin and Pin Functions (176-Pin LFQFP) (1/7)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
LFQFP | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) | Interrupt | R12DA
1 AVSS0
2 P05 IRQ13 DAl
3 AvCCl
4 PO3 IRQ11 DAO
5 AVSS1
6 P02 TMCI1 SCK6 IRQ10 AN120
7 PO1 TMCIO RXD6/SMISO6/ IRQ9 AN119
SSCL6
8 P00 TMRIO TXD6/SMOSI6/ IRQ8 AN118
SSDA6
9 PF5 IRQ4
10 EMLE
1 PJ5 POES# CTS2#/RTS2#/SS2#
12 Vss
13 PJ3 EDACK1 MTIOC3C ETO_EXOUT/
CTS6#/RTS6#/
CTSO#/RTSO#/
SS6#/SS0#
14 VCL
15 VBATT
16 NC
17 TRST# PF4
18 MD/FINED
19 XCIN
20 XCOUT
21 RES#
22 XTAL P37
23 VSsS
24 EXTAL P36
25 vce
26 UPSEL P35 NMI
27 P34 MTIOCOA/TMCI3/ SCK6/SCKO/ IRQ4
PO12/POE10# ETO_LINKSTA
28 P33 EDREQ1 MTIOCOD/TIOCDO/ RXD6/RXDO/ PCKO IRQ3-DS
TMRI3/PO11/POE4#/ | SMISO6/
POE11# SMISO0/SSCL6/
SSCLO/CRX0
29 P32 MTIOCOC/TIOCCO/ TXD6/TXDO/ VSYNC IRQ2-DS
TMO3/PO10/ SMOSI6/SMOSIO/
RTCOUT/RTCIC2/ SSDAG/SSDAO/
POEO#/POE10# CTXo0/
USBO_VBUSEN
30 T™S PF3
31 TDI PF2 RXD1/SMISO1/
SsCL1
32 P31 MTIOC4D/TMCI2/ CTSI#/RTS1#/ IRQ1-DS
POY/RTCIC1 SSI#/ET1_MDC
33 P30 MTIOC4B/TMRI3/ RXD1/SMISO1/ IRQO-DS
PO8/RTCICO/POES# | SSCL1/
ET1_MDIO
34 TCK PF1 SCK1
35 TDO PFO TXD1/SMOSI1/
SSDAL
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RX64M Group 1. Overview
Table 1.6 List of Pin and Pin Functions (176-Pin LFQFP) (2/7)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSP, RIIC, (QSPI, SDHI, S12ADC,
LFQFP | Control I/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) | Interrupt | R12DA
36 P27 CST# MTIOC2B/TMCI3/PO7 | SCK1/ET1_WOL
37 P26 CS6# MTIOC2A/TMO1/PO6 | TXD1/CTS3#/
RTS3#/SMOSI1/
SS3#/SSDAL/
ET1_EXOUT
38 P25 CS5#/ MTIOC4C/MTCLKB/ | RXD3/SMISO3/ HSYNC ADTRGO#
EDACK1 TIOCA4/PO5 SSCL3/
SSIDATAL
39 vce
40 P24 csa#/ MTIOC4A/MTCLKA/ | SCK3/ PIXCLK
EDREQ1 TIOCB4/TMRIL/PO4 | USBO_VBUSEN/
SSISCK1
41 VSS
42 P23 EDACKO MTIOC3D/MTCLKD/ | TXD3/CTSO#/ PIXD7
GTIOCOA-B/TIOCD3/ | RTSO#/SMOSI3/
PO3 SSO#/SSDA3/
SSISCKO
43 P22 EDREQO MTIOC3B/MTCLKC/ | SCKO/ PIXD6
GTIOC1A-B/TIOCC3/ | USBO_OVRCURB/
TMOO0/PO2 USBA_OVRCURB/
AUDIO_MCLK
44 P21 MTIOC1B/MTIOC4A/ | RXDO/SMISOO/ PIXD5 IRQ9
GTIOC2A-BITIOCA3/ | SSCLO/
TMCIO/PO1 USBO_EXICEN/
USBA_EXICEN/
SSIWS0
45 P20 MTIOC1A/TIOCB3/ TXDO/SMOSI0/ PIXD4 IRQ8
TMRIO/POO SSDAO/USBO_ID/
USBA_ID/
SSIRXDO
46 P17 MTIOC3A/MTIOC3B/ | SCK1/TXD3/ PIXD3 IRQ7 ADTRG1#
MTIOC4B/ SMOSI3/SSDA3/
GTIOCOB-B/TIOCBO/ | SDA2-DS/
TCLKD/TMO1/PO15/ | SSITXDO
POES#
47 P87 MTIOCA4C/ TXD10 PIXD2
GTIOC1B-B/TIOCA2
48 P16 MTIOC3C/MTIOC3D/ | TXD1/RXD3/ IRQ6 ADTRGO#
TIOCB1/TCLKC/ SMOSI1/SMISO3/
TMO2/PO14/ SSDA1/SSCL3/
RTCOUT SCL2-DS/
USBO_VBUS/
USBO_VBUSEN/
USBO_OVRCURB
49 P86 MTIOC4D/ RXD10 PIXD1
GTIOC2B-B/TIOCAQ
50 P15 MTIOCOB/MTCLKB/ | RXD1/SCK3/ PIXDO IRQ5
GTETRG-B/TIOCB2/ | SMISO1/SSCL1/
TCLKB/TMCI2/PO13 | CRX1-DS/
USBA_VBUSEN/
SSIWS1
51 P14 MTIOC3A/MTCLKA/ | CTS1#/RTS1#/ IRQ4
TIOCBS/TCLKA/ SS1#/CTX1/
TMRI2/PO15 USBO_OVRCURA
52 P13 WR2#/BC2# | MTIOCOB/TIOCAS/ TXD2/SMOSI2/ IRQ3 ADTRG1#
TMO3/PO13 SSDA2/
SDAO[FM+]
53 P12 WR3#/BC3# | MTIC5U/TMCI1 RXD2/SMISO2/ IRQ2
sscL2/
SCLO[FM+]
54 VCC_USB
55 USBO_DM
56 USBO_DP
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RX64M Group 1. Overview
Table 1.6 List of Pin and Pin Functions (176-Pin LFQFP) (3/7)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SCIh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFQFP | Control /0 Port SDRAMC CMTW, POE, CAC) | CAN, USB, SSI) MMCIF, PDC) | Interrupt | R12DA
57 VSS_UsB
58 AVCC_
USBA
59 USBA_
RREF
60 AVSS_
USBA
61 PVSS_
USBA
62 VSS2_
USBA
63 USBA_DM
64 USBA_DP
65 VSS1_
USBA
66 vce_
USBA
67 P11 MTIC5V/TMCI3 SCK2/USBA_VBUS/ IRQ1
USBA_VBUSEN
68 P10 ALE MTIC5W/TMRI3 USBA_OVRCURA IRQO
69 P53+1 BCLK
70 P52 RD# RXD2/SMISO2/SSCL2
71 P51 WR1#/BC1#/ SCK2
WAIT#
72 P50 WRO#/WR# TXD2/SMOSI2/SSDA2
73 VSS
74 P83 EDACK1 MTIOCAC/ CTS10#/ETO_CRS/
GTIOCOA-D RMII0_CRS_DV/
SCK10
75 vce
76 uB PC7 A23/CSO# MTIOC3A/MTCLKB/ | TXD8/MISOA-A/ MMC_D7-A IRQ14
GTIOC3A-DITMO2/ ETO_COL
TOCO/PO31/CACREF
77 PC6 A22/CS1# MTIOC3C/MTCLKA/ | RXD8/MOSIA-A/ MMC_D6-A IRQ13
GTIOC3B-D/TMCI2/ | ETO_ETXD3
TICO/PO30
78 PC5 A21/CS2# MTIOC3B/MTCLKD/ | SCK8/RSPCKA-A/ MMC_D5-A
WAIT# GTIOC1A-DITMRI2/ | RTS8#/ETO_ETXD2
PO29
79 P82 EDREQ1 MTIOC4A/ TXD10/ETO_ETXD1/ | MMC_D4-A
GTIOC2A-D/IPO28 RMII0_TXD1
80 P81 EDACKO MTIOC3D/ RXD10/ETO_ETXDO/ | MMC_D3-A/
GTIOCOB-D/PO27 RMII0_TXDO SDHI_CD-A/
QIO3-A
81 P80 EDREQO MTIOC3B/PO26 SCK10/RTS10#/ MMC_D2-A/
ETO_TX_EN/ SDHI_WP-A/
RMIIO_TXD_EN QIO2-A
82 PC4 A20/CS3# MTIOC3D/MTCLKC/ | SCK5/CTS8#/SSLAO- | MMC_D1-A/
GTETRG-D/TMCI1/ | A/ETO_TX_CLK SDHI_D1-A/
PO25/POEO# QIO1-A/IQMI-A
83 PC3 A19 MTIOC4D/ TXD5/SMOSIS/ MMC_DO-A/
GTIOC1B-D/ITCLKB/ | SSDAS/ SDHI_DO-A/
PO24 ETO_TX_ER QIO0-A/
QMO-A
84 P77 CST# PO23 TXD11/ETO_RX_ER/ | MMC_CLK-A/
RMII0_RX_ER SDHI_CLK-A/
QSPCLK-A
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RX64M Group

1. Overview

Table 1.6 List of Pin and Pin Functions (176-Pin LFQFP) (4/7)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SCIh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
LFQFP | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) | Interrupt | R12DA
85 P76 CS6# PO22 RXD11/ETO_RX_CLK/ | MMC_CMD-A/
REF50CKO SDHI_CMD-A/
QSSL-A
86 PC2 A18 MTIOC4B/ RXD5/SMISO5/ MMC_CD-A/
GTIOC2B-DITCLKA/ | SSCL5/SSLA3-A/ SDHI_D3-A
PO21 ETO_RX_DV
87 P75 CS5# PO20 SCK11/RTS11#/ MMC_RES#-A/
ETO_ERXDO/ SDHI_D2-A
RMII0_RXDO
88 P74 A20/CS4# PO19 CTS11#/ETO_ERXD1/
RMII0_RXD1
89 PC1 A17 MTIOC3A/TCLKD/ SCK5/SSLA2-A/ IRQ12
PO18 ETO_ERXD2
90 vce
91 PCO A16 MTIOC3C/TCLKC/ CTSS#/RTS5#/SS5#/ IRQ14
PO17 SSLA1-A/ETO_ERXD3
92 VSS
93 P73 CS3# PO16 ETO_WOL
94 PB7 A15 MTIOC3B/TIOCBS/ TXDY/ETO_CRS/
PO31 RMII0_CRS_DV
95 PB6 Al4 MTIOC3D/TIOCA5/ RXDY/ETO_ETXD1/
PO30 RMII0_TXD1
96 PB5 A13 MTIOC2A/MTIOC1B/ | SCKO/RTS9#/
TIOCB4/TMRI1/PO29/ | ETO_ETXDO/
POE4# RMII0_TXDO
97 PB4 A12 TIOCA4/PO28 CTSO#/ETO_TX_EN/
RMIIO_TXD_EN
98 PB3 A1l MTIOCOA/MTIOC4A/ | SCK4/SCK6/
TIOCD3/TCLKD/ ETO_RX_ER/
TMOO/PO27/POE11# | RMIIO_RX_ER
99 PB2 A10 TIOCC3/TCLKC/ CTS4#IRTSA#ICTS6H/
PO26 RTS6#/SS4#/SS6#!
ETO_RX_CLK/
REF50CK0
100 PB1 A9 MTIOCOC/MTIOCAC/ | TXD4/TXD6/SMOSI4/ IRQ4-DS
TIOCB3/TMCIO/PO25 | SMOSI6/SSDA4/
SSDAG/ETO_ERXDO/
RMII0_RXDO
101 P72 A19/CS2# ETO_MDC
102 P71 A18/CS1# ETO_MDIO
103 vce
104 PBO A8 MTICS5W/TIOCA3/ RXD4/RXD6/SMISO4/ IRQ12
PO24 SMISO6/SSCL4/
SSCL6/ETO_ERXD1/
RMII0_RXD1
105 VSS
106 PA7 A7 TIOCB2/P0O23 MISOA-B/
ETO_WOL
107 PAG6 A6 MTIC5V/MTCLKB/ CTSS#/RTS5#/SS5#/
GTETRG-C/TIOCA2/ | MOSIA-B/
TMCI3/PO22/POE10# | ETO_EXOUT
108 PA5 A5 MTIOC6B/ RSPCKA-B/
GTIOCOA-C/TIOCB1/ | ETO_LINKSTA
PO21
109 PA4 A4 MTIC5U/MTCLKA/ TXD5/SMOSIS/ IRQ5-DS
TIOCAL/TMRIO/PO20 | SSDAS/SSLAO-B/
ETO_MDC
110 PA3 A3 MTIOCOD/MTCLKD/ | RXD5/SMISO5/ IRQ6-DS
TIOCDO/TCLKB/PO19 | SSCLS5/
ETO_MDIO
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RX64M Group

1. Overview

Table 1.6 List of Pin and Pin Functions (176-Pin LFQFP) (5/7)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SCIh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
LFQFP | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) | Interrupt | R12DA
111 TRDATA3 PG7 D31 ET1_TX_ER
112 PA2 A2 MTIOC7A/ RXD5/SMISO5/
GTIOC1A-C/PO18 SSCL5/SSLA3-B
113 TRDATA2 PG6 D30 ET1_ETXD3
114 PAL A1/DQM3 MTIOCOB/MTCLKC/ | SCK5/SSLA2-B/ IRQ11
MTIOC7B/ ETO_WOL
GTIOC2A-C/TIOCBO/
PO17
115 vce
116 TRCLK PGS D29 ET1_ETXD2
117 VSss
118 PAO AO/BCO#/ MTIOC4A/MTIOC6D/ | SSLAL-B/
DQM2 GTIOCOB-C/TIOCAO/ | ETO_TX_EN/
CACREF/PO16 RMII0_TXD_EN
119 TRSYNC PG4 D28 ET1_ETXD1/
RMII1_TXD1
120 P67 CS7#/DQM1 | MTIOC7C/ CRX2 IRQ15
GTIOC1B-C
121 TRDATA1 PG3 D27 ET1_ETXDO/
RMIIZ_TXDO
122 P66 CS6#/DQMO | MTIOC7D/ CTX2
GTIOC2B-C
123 TRDATAO PG2 D26 ET1_TX_CLK
124 P65 CS5#/CKE
125 PE7 D15[A15/D15] | MTIOCBA/ MMC_RES#-B/ | IRQ7 AN105
GTIOC3A-E/TOC1 SDHI_WP-B
126 PE6 D14[A14/D14] | MTIOC6C/ MMC_CD-B/ IRQ6 AN104
GTIOC3B-E/TIC1 SDHI_CD-B
127 vce
128 P70 SDCLK
129 VSsS
130 PES D13[A13/D13] | MTIOC4C/MTIOC2B/ | ETO_RX_CLK/ IRQ5 AN103
GTIOCOA-A REF50CKO
131 PE4 D12[A12/D12] | MTIOC4D/MTIOC1A/ | ETO_ERXD2 AN102
GTIOC1A-A/PO28
132 PE3 D11[A11/D11] | MTIOC4B/ CTS12#/RTS12#/ MMC_D7-B AN101
GTIOC2A-A/IPO26/ SS12#/
POES#/TOC3 ETO_ERXD3
133 PE2 D10[A10/D10] | MTIOC4A/ RXD12/SMISO12/ MMC_D6-B IRQ7-DS | AN100
GTIOCOB-A/PO23/ SScCL12/
TIC3 RXDX12
134 PE1 D9[A9/DY] MTIOCAC/MTIOC3B/ | TXD12/SMOSI12/ MMC_D5-B ANEX1
GTIOC1B-A/PO18 SSDA12/TXDX12/
SIOX12
135 PEO D8[A8/D8] MTIOC3D/ SCK12 MMC_D4-B ANEX0
GTIOC2B-A
136 P64 CSA#IWE#
137 P63 CS3#/CASH#
138 P62 CS2#/RASH
139 P61 CS1#/SDCS#
140 VSS
141 P60 CSo# ET1_TX_EN/
RMIIZ_TXD_EN
142 vce
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RX64M Group

1. Overview

Table 1.6 List of Pin and Pin Functions (176-Pin LFQFP) (6/7)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SCIh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
LFQFP | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) | Interrupt | R12DA
143 PD7 D7[A7/D7] MTIC5U/POEO# MMC_D1-B/ IRQ7 AN107
SDHI_D1-B/
QIO1-B/QMI-B
144 PG1 D25 ET1_RX_ER/
RMIIL_RX_ER
145 PD6 D6[A6/D6] MTIC5V/MTIOC8A/ MMC_DO0-B/ IRQ6 AN106
POE4# SDHI_DO-B/
QIO00-B/
QMO-B
146 PGO D24 ET1_RX_CLK/
REF50CK1
147 PD5 D5[AS/D5] MTIC5W/MTIOC8C/ MMC_CLK-B/ | IRQ5 AN113
POE10# SDHI_CLK-B/
QSPCLK-B
148 PD4 D4[A4/D4] MTIOC8B/POE11# MMC_CMD-B/ | IRQ4 AN112
SDHI_CMD-B/
QSSL-B
149 P97 A23/D23 ET1_ERXD3
150 PD3 D3[A3/D3] MTIOC8D/ MMC_D3-B/ IRQ3 AN111
GTIOCOA-E/POES#/ SDHI_D3-B/
TOC2 QIO3-B
151 VSS
152 P96 A22/D22 ET1_ERXD2
153 vce
154 PD2 D2[A2/D2] MTIOC4D/ CRX0 MMC_D2-B/ IRQ2 AN110
GTIOCOB-E/TIC2 SDHI_D2-B/
Qlo2_B
155 P95 A21/D21 ET1_ERXD1/
RMII1_RXD1
156 PD1 D1[A1/D1] MTIOC4B/ CTX0 IRQ1 AN109
GTIOC1A-E/POEO#
157 P94 A20/D20 ET1_ERXDO/
RMII1_RXDO
158 PDO DO[A0/DO] GTIOC1B-E/POE4# IRQO AN108
159 P93 A19/D19 POEO# ET1_LINKSTA/CTS7# AN117
RTS7#/SST#
160 P92 A18/D18 POE4# ET1_CRS/ AN116
RMII1_CRS_DV/
RXD7/SMISO7/SSCL7
161 P91 A17/D17 ET1_COL/SCK7 AN115
162 Vss
163 P90 A16/D16 ET1_RX_DV/ AN114
TXD7/SMOSI7/SSDA7
164 vce
165 P47 IRQ15- AN007
DS
166 P46 IRQ14- AN006
DS
167 P45 IRQ13- AN005
DS
168 P44 IRQ12- AN004
DS
169 P43 IRQ11-DS | ANOO3
170 P42 IRQ10- AN002
DS
171 P41 IRQ9-DS | ANOOL
172 VREFLO
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RX64M Group

1. Overview

Table 1.6 List of Pin and Pin Functions (176-Pin LFQFP) (7/7)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
176-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFQFP Control 1/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
173 P40 IRQ8-DS | ANOOO
174 VREFHO
175 AVCCO
176 PO7 IRQ15 ADTRGO#

Note 1. The BCLK function is multiplexed with the 1/0 port function for pin P53, so the port function is not available if the external bus is
enabled.
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RX64M Group

1. Overview

Table 1.7 List of Pin and Pin Functions (145-Pin TFLGA) (1/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
145-Pin | Clock System EXDMAC TMR, PPG, RTC, SCIh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
TFLGA | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) | Interrupt | R12DA
Al AVSS0
A2 P07 IRQ15 ADTRGO#
A3 P40 IRQ8-DS | ANO0O
A4 P42 IRQ10- AN002
DS
A5 P45 IRQ13- AN005
DS
A6 P90 A16 TXD7/SMOSI7/SSDAT? AN114
A7 P92 A18 POE4# RXD7/SMISO7/SSCL7 AN116
A8 PD2 D2[A2/D2] MTIOC4D/ CRX0 MMC_D2-B/ IRQ2 AN110
GTIOCOB-E/TIC2 SDHI_D2-B/
Ql02-B
A9 PD6 D6[A6/D6] MTIC5V/MTIOCSA/ MMC_DO0-B/ IRQ6 AN106
POE4# SDHI_DO-B/
QIO0-B/
QMO-B
A10 VSsS
ALl P62 CS2#/RASH#
A12 PE1 D9[A9/DY] MTIOC4C/MTIOC3B/ | TXD12/SMOSI12/ MMC_D5-B ANEX1
GTIOC1B-A/PO18 SSDA12/TXDX12/
Slox12
A13 PE3 D11[A11/D11] | MTIOC4B/ CTS12#/RTS12#/ MMC_D7-B AN101
GTIOC2A-AIPO26/ SS12#/ETO_ERXD3/
POES#/TOC3
Bl AvCCl
B2 AVCCO
B3 P05 IRQ13 DAl
B4 VREFLO
B5 P43 IRQ11-DS | AN0O3
B6 P47 IRQ15- AN007
DS
B7 P91 A7 SCK7 AN115
B8 PDO DO[A0/DO] GTIOC1B-E/POE4# IRQO AN108
B9 PD4 D4[A4/D4] MTIOC8B/POE11# MMC_CMD-B/ | IRQ4 AN112
SDHI_CMD-B/
QsSsL-B
B10 vce
B11 P61 CS1#/SDCS#
B12 PE2 D10[A10/D10] | MTIOC4A/ RXD12/SMISO12/ MMC_D6-B IRQ7-DS | AN100
GTIOCOB-A/PO23/ SSCL12/RXDX12/
TIC3
B13 PE4 D12[A12/D12] | MTIOCAD/MTIOCIA/ | ETO_ERXD2 AN102
GTIOC1A-A/PO28
c1 AVSS1
c2 P02 TMCI1 SCK6 IRQ10 AN120
C3 VREFHO
C4 P41 IRQ9-DS | ANOO1
C5 P46 IRQ14- AN006
DS
Cé VSS
c7 PD1 D1[A1/D1] MTIOC4B/ CTX0 IRQ1 AN109
GTIOC1A-E/POEO#
cs PD3 D3[A3/D3] MTIOC8D/ MMC_D3-B/ IRQ3 AN111
GTIOCOA-E/POES#/ SDHI_D3-B/
TOC2 QIO3-B
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RX64M Group

1. Overview

Table 1.7 List of Pin and Pin Functions (145-Pin TFLGA) (2/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
145-Pin | Clock System EXDMAC TMR, PPG, RTC, SCIh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
TFLGA | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) | Interrupt | R12DA
c9 PD7 D7[A7/D7] MTIC5U/POEO# MMC_D1-B/ IRQ7 AN107
SDHI_D1-B/
QIO1-B/QMI-B
C10 P63 CS3#/CASH
c11 PEO D8[A8/DS8] MTIOC3D/ SCK12 MMC_D4-B ANEX0
GTIOC2B-A
C12 P70 SDCLK
C13 VSSs
D1 P00 TMRIO TXD6/SMOSI6/SSDA6G IRQ8 AN118
D2 PF5 IRQ4
D3 P03 IRQ11 DAO
D4 PO1 TMCIO RXD6/SMISO6/SSCL6 IRQ9 AN119
D5 vce
D6 P93 A19 POEO# CTSTH#IRTST#/SST# AN117
D7 PD5 DS5[AS/D5] MTIC5W/MTIOC8C/ MMC_CLK-B/ | IRQ5 AN113
POE10# SDHI_CLK-B/
QSPCLK-B
D8 P60 CSo#
D9 P64 CS4#/WE#
D10 PE7 D15[A15/D15] | MTIOC6A/ MMC_RES#-B/ | IRQ7 AN105
GTIOC3A-E/TOC1 SDHI_WP-B
D11 vce
D12 PES D13[A13/D13] | MTIOC4C/MTIOC2B/ | ETO_RX_CLK/ IRQ5 AN103
GTIOCOA-A REF50CKO
D13 PE6 D14[A14/D14] | MTIOC6C/GTIOC3B- MMC_CD-B/ IRQ6 AN104
E/TIC1 SDHI_CD-B
E1l VSSs
E2 VCL
E3 PJ5 POES# CTS2#/RTS2#/SS2#
E4 EMLE
E5 P44 IRQ12- AN004
DS
E10 PAO AO/BCO# MTIOC4A/MTIOC6D/ | SSLA1-B/
GTIOCOB-C/TIOCAO/ | ETO_TX_EN/
CACREF/PO16 RMIIO_TXD_EN
E1l P66 CS6#/DQMO | MTIOCT7D/ CTX2
GTIOC2B-C
E12 P65 CS5#/CKE
E13 P67 CS7#/DQM1 | MTIOCT7C/ CRX2 IRQ15
GTIOC1B-C
F1 XCIN
F2 XCOoUuT
F3 PJ3 EDACK1 MTIOC3C ETO_EXOUT/CTS6#/
RTS6#/CTSO#/RTSO#/
SS6#/SS0#
F4 VBATT
F10 PA3 A3 MTIOCOD/MTCLKD/ | RXD5/SMISO5/ IRQ6-DS
TIOCDO/TCLKB/PO19 | SSCL5/ETO_MDIO
F11 VSS
F12 PAL Al MTIOCOB/MTCLKC/ | SCK5/SSLA2-B/ IRQ11
MTIOC7B/ ETO_WOL
GTIOC2A-C/TIOCBO/
PO17
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RX64M Group

1. Overview

Table 1.7 List of Pin and Pin Functions (145-Pin TFLGA) (3/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
145-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
TFLGA Control 1/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
F13 PA2 A2 MTIOC7A/ RXD5/SMISO5/
GTIOC1A-C/PO18 SSCL5/SSLA3-B
Gl XTAL P37
G2 RES
G3 MD/FINED
G4 BSCANP
G10 PA5 A5 MTIOC6B/TIOCB1/ RSPCKA-B/
GTIOCOA-C/PO21 ETO_LINKSTA
G11 PA6 A6 MTIC5V/MTCLKB/ CTS5#/RTS5#/SS5#/
GTETRG-C/TIOCA2/ | MOSIA-B/
TMCI3/PO22/POE10# | ETO_EXOUT
G12 VCC
G13 PA4 A4 MTIC5U/MTCLKA/ TXD5/SMOSI5/ IRQ5-DS
TIOCA1/TMRIO/PO20 | SSDA5/SSLA0-B/
ETO_MDC
H1 EXTAL P36
H2 vce
H3 VSS
H4 UPSEL P35 NMI
H10 P72 A19/CS2# ETO_MDC
H11 P71 A18/CS1# ETO_MDIO
H12 PBO A8 MTIC5WI/TIOCAS3/ RXD4/RXD6/SMISO4/ IRQ12
PO24 SMISO6/SSCL4/
SSCL6/ETO_ERXD1/
RMIIO_RXD1
H13 PA7 A7 TIOCB2/P0O23 MISOA-B/ETO_WOL
J1 TRST# P34 MTIOCOA/TMCI3/ SCK6/SCKO/ IRQ4
PO12/POE10# ETO_LINKSTA
J2 P33 EDREQ1 MTIOCOD/TIOCDO/ RXD6/RXD0/SMISO6/ | PCKO IRQ3-DS
TMRI3/PO11/POE4#/ | SMISO0/SSCL6/
POE11# SSCLO/CRX0
J3 P32 MTIOCOC/TIOCCO/ TXD6/TXD0/SMOSI6/ | VSYNC IRQ2-DS
TMO3/PO10/ SMOSIO/SSDA6/
RTCOUT/RTCIC2/ SSDAO/CTX0/
POEO#/POE10# USBO_VBUSEN
J4 TDI P30 MTIOC4B/TMRI3/ RXD1/SMISO1/SSCL1 IRQO0-DS
PO8/RTCICO/POE8#
J10 PB3 All MTIOCOA/MTIOC4A/ SCK4/SCKe6é/
TIOCD3/TCLKD/ ETO_RX_ER/
TMOO0/PO27/POE11# | RMIIO_RX_ER
J11 PB4 Al12 TIOCA4/PO28 CTS9#/ETO_TX_EN/
RMIIO_TXD_EN
J12 PB2 A10 TIOCC3/TCLKC/ CTS4#/RTSA4#ICTS6#/
PO26 RTS6#/SS4#/SS6#/
ETO_RX_CLK/
REF50CKO
J13 PB1 A9 MTIOCOC/MTIOCA4C/ | TXD4/TXD6/SMOSI4/ IRQ4-DS
TIOCB3/TMCIO/PO25 | SMOSI6/SSDA4/
SSDA6/ETO_ERXDO/
RMII0_RXDO
K1 TCK P27 CS7# MTIOC2B/TMCI3/PO7 | SCK1
K2 TDO P26 CS6# MTIOC2A/TMO1/PO6 | TXD1/CTS3#/RTS3#/
SMOSI1/SS3#/SSDA1
K3 TMS P31 MTIOC4D/TMCI2/ CTS1#/RTS1#/SS1# IRQ1-DS
PO9/RTCIC1
K4 P15 MTIOCOB/MTCLKB/ RXD1/SCK3/SMISO1/ | PIXDO IRQ5
GTETRG-B/TIOCB2/ SSCL1/CRX1-DS/
TCLKB/TMCI2/PO13 SSIWS1
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RX64M Group

1. Overview

Table 1.7 List of Pin and Pin Functions (145-Pin TFLGA) (4/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
145-Pin | Clock System EXDMAC TMR, PPG, RTC, SCIh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
TFLGA | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) | Interrupt | R12DA
K5 TRDATA2 P54 ALE/EDACKO | MTIOC4B/TMCI1 CTS2#/RTS2#/SS2#/
CTX1/ETO_LINKSTA
K6 P53*1 BCLK
K7 P51 WR1#/BC1#/ SCK2
WAIT#
K8 vce
K9 TRDATAO P80 EDREQO MTIOC3B/PO26 SCK10/RTS10#/ MMC_D2-A/
ETO_TX_EN/ SDHI_WP-A/
RMIIO_TXD_EN QIO2-A
K10 P76 CS6# PO22 RXD11/ETO_RX_CLK/ | MMC_CMD-A/
REF50CKO SDHI_CMD-A/
QSSL-A
K11 PB7 A15 MTIOC3B/TIOCBS/ TXDY/ETO_CRS/
PO31 RMII0_CRS_DV
K12 PB6 Al14 MTIOC3D/TIOCAS/ RXDY/ETO_ETXD1/
PO30 RMII0_TXD1
K13 PBS A13 MTIOC2A/MTIOC1B/ | SCKO/RTS9#/
TIOCB4/TMRI1/PO29/ | ETO_ETXDO/
POE4# RMII0_TXDO
L1 P25 CS5# MTIOCAC/MTCLKB/ | RXD3/SMISO3/ HSYNC ADTRGO#
EDACK1 TIOCA4/PO5 SSCL3/SSIDATAL
L2 P23 EDACKO MTIOC3D/MTCLKD/ | TXD3/CTSO#/RTSO#/ | PIXD7
GTIOCOA-B/TIOCD3/ | SMOSI3/SS0#/
PO3 SSDA3/SSISCKO
L3 P16 MTIOC3C/MTIOC3D/ | TXD1/RXD3/SMOSI1/ IRQ6 ADTRGO#
TIOCBL/TCLKC/ SMISO3/SSDA1/
TMO2/PO14/ SSCL3/SCL2-DS/
RTCOUT USBO_VBUS/
USBO_VBUSEN/
USBO_OVRCURB
L4 P24 CS4#l MTIOC4A/MTCLKA/ | SCK3/ PIXCLK
EDREQ1 TIOCB4/TMRI1/PO4 | USBO_VBUSEN/
SSISCK1
L5 P13 MTIOCOB/TIOCA5/ TXD2/SMOSI2/ IRQ3 ADTRG1#
TMO3/PO13 SSDA2/SDAO[FM+]
L6 P56 EDACK1 MTIOC3C/TIOCAL
L7 P52 RD# RXD2/SMISO2/SSCL2
L8 TRCLK P83 EDACK1 MTIOCAC/ CTS10#/ETO_CRS/
GTIOCO0A-D RMII0_CRS_DV/
SCK10
L9 PC5 A21/CS2# MTIOC3B/MTCLKD/ | SCK8/RSPCKA-A/ MMC_D5-A
WAIT# GTIOC1A-DITMRI2/ | RTSS8#/ETO_ETXD2
PO29
L10 PC4 A20/CS3# MTIOC3D/MTCLKC/ | SCK5/CTS8#/ MMC_D1-A/
GTETRG-D/TMCI1/ SSLAO-A/ SDHI_D1-A/
PO25/POEO# ETO_TX_CLK QIO1-A/IQMI-A
L11 pC2 A18 MTIOC4B/ RXD5/SMISO5/ MMC_CD-A/
GTIOC2B-DITCLKA/ | SSCL5/SSLA3-A/ SDHI_D3-A
PO21 ETO_RX_DV
L12 P73 CS3# PO16 ETO_WOL
L13 VsSs
M1 P22 EDREQO MTIOC3B/MTCLKC/ | SCKO/ PIXD6
GTIOC1A-B/TIOCC3/ | USBO_OVRCURB/
TMOO0/PO2 AUDIO_MCLK
M2 P17 MTIOC3A/MTIOC3B/ | SCK1/TXD3/SMOSI3/ | PIXD3 IRQ7 ADTRG1#
MTIOC4B/ SSDA3/SDA2-DS/
GTIOCOB-B/TIOCBO/ | SSITXDO
TCLKD/TMO1/PO15/
POES#
M3 P86 MTIOC4D/ RXD10 PIXD1
GTIOC2B-B/TIOCAQ
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RX64M Group

1. Overview

Table 1.7 List of Pin and Pin Functions (145-Pin TFLGA) (5/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
145-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
TFLGA Control 1/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
M4 P12 TMCI1 RXD2/SMISO2/ IRQ2
SSCL2/SCLO[FM+]
M5 VCC_USB
M6 VSS_USB
M7 P50 WRO#/WR# TXD2/SMOSI2/SSDA2
M8 PC6 A22/CS1# MTIOC3C/MTCLKA/ RXD8/MOSIA-A/ MMC_D6-A IRQ13
GTIOC3B-D/TMCI2/ ETO_ETXD3
TICO/PO30
M9 TRDATA1 P81 EDACKO MTIOC3D/ RXD10/ETO_ETXDO/ MMC_D3-A/
GTIOCO0B-D/PO27 RMIIO_TXDO SDHI_CD-A/
QIO3-A
M10 P77 CS7# PO23 TXD11/ETO_RX_ER/ MMC_CLK-A/
RMIIO_RX_ER SDHI_CLK-A/
QSPCLK-A
M11 PCO Al6 MTIOC3C/TCLKC/ CTS5#/RTS5#/SS5#/ IRQ14
PO17 SSLA1-A/ETO_ERXD3
M12 PC1 A17 MTIOC3A/TCLKD/ SCK5/SSLA2-A/ IRQ12
PO18 ETO_ERXD2
M13 VCC
N1 P21 MTIOC1B/MTIOC4A/ RXDO0/SMISO0/ PIXD5 IRQ9
GTIOC2A-B/TIOCA3/ | SSCLO/
TMCI0/PO1 USBO_EXICEN/
SSIWS0
N2 P20 MTIOC1A/TIOCB3/ TXDO/SMOSI0/ PIXD4 IRQ8
TMRIO/POO SSDAO/USBO_ID/
SSIRXDO
N3 P87 MTIOCA4C/ TXD10 PIXD2
GTIOC1B-B/TIOCA2
N4 P14 MTIOC3A/MTCLKA/ CTS1#/RTS1#/SS1#/ IRQ4
TIOCBS5/TCLKA/ CTX1/
TMRI2/PO15 USBO_OVRCURA
N5 USB0_DM
N6 USBO_DP
N7 TRDATA3 P55 WAIT#/ MTIOC4D/TMO3 CRX1/ETO_EXOUT IRQ10
EDREQO
N8 VSS
N9 UB PC7 A23/CS0# MTIOC3A/MTCLKB/ TXD8/MISOA-A/ MMC_D7-A IRQ14
GTIOC3A-D/TMO2/ ETO_COL
TOCO0/PO31/CACREF
N10 TRSYNC P82 EDREQ1 MTIOC4A/ TXD10/ETO_ETXD1/ MMC_D4-A
GTIOC2A-D/PO28 RMIIO_TXD1
N11 PC3 A19 MTIOCA4D/ TXD5/SMOSI5/ MMC_DO-A/
GTIOC1B-D/TCLKB/ SSDAS/ETO_TX_ER SDHI_DO0-A/
PO24 QIO0-A/
QMO-A
N12 P75 CS5# PO20 SCK11/RTS11#/ MMC_RES#-A/
ETO_ERXDO/ SDHI_D2-A
RMII0_RXDO
N13 P74 A20/CS4# PO19 CTS11#/ETO_ERXD1/
RMIIO_RXD1

Note 1. The BCLK function is multiplexed with the I/O port function for pin P53, so the port function is not available if the external bus is

enabled.

RO1UHO0377EJ0110 Rev.1.10

Oct 24, 2016

ENESAS

Page 119 of 2936



RX64M Group

1. Overview

Table 1.8 List of Pin and Pin Functions (144-Pin LFQFP) (1/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
144-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFQFP Control 1/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
1 AVSS0
2 P05 IRQ13 DA1
3 AVCC1
4 PO3 IRQ11 DAO
5 AVSS1
6 P02 TMCI1 SCK6 IRQ10 AN120
7 PO1 TMCIO RXD6/SMISO6/SSCL6 IRQ9 AN119
8 POO TMRIO TXD6/SMOSI6/SSDA6 IRQ8 AN118
9 PF5 IRQ4
10 EMLE
11 PJ5 POES8# CTS2#/RTS2#/SS2#
12 VSS
13 PJ3 EDACK1 MTIOC3C ETO_EXOUT/CTS6#/
RTS6#/CTSO#/RTSO0#/
SS6#/SS0#
14 VCL
15 VBATT
16 MD/FINED
17 XCIN
18 XCOUT
19 RES
20 XTAL P37
21 VSS
22 EXTAL P36
23 VCC
24 P35 NMI
25 TRST# P34 MTIOCOA/TMCI3/ SCK6/SCKO/ IRQ4
PO12/POE10# ETO_LINKSTA
26 P33 EDREQ1 MTIOCOD/TIOCDO/ RXD6/RXD0/SMISO6/ | PCKO IRQ3-DS
TMRI3/PO11/POE4#/ | SMISOO0/SSCL6/
POE11# SSCLO/CRXO0
27 P32 MTIOCOC/TIOCCO/ TXD6/TXD0O/SMOSI6/ | VSYNC IRQ2-DS
TMO3/PO10/ SMOSIO/SSDA6/
RTCOUT/RTCIC2/ SSDAO/CTX0/
POEO#/POE10# USBO_VBUSEN
28 T™MS P31 MTIOC4D/TMCI2/ CTS1#/RTS1#/SS1# IRQ1-DS
PO9/RTCIC1
29 TDI P30 MTIOC4B/TMRI3/ RXD1/SMISO1/SSCL1 IRQO0-DS
POB8/RTCICO/POES8#
30 TCK P27 CS7# MTIOC2B/TMCI3/PO7 | SCK1
31 TDO P26 CS6# MTIOC2A/TMO1/PO6 | TXD1/CTS3#/RTS3#/
SMOSI1/SS3#/SSDA1
32 P25 CS5#/ MTIOC4C/MTCLKB/ RXD3/SMISO3/ HSYNC ADTRGO#
EDACK1 TIOCA4/PO5 SSCL3/SSIDATAL
33 P24 CS4a#/ MTIOC4A/MTCLKA/ SCK3/ PIXCLK
EDREQ1 TIOCB4/TMRI1/PO4 USBO_VBUSEN/
SSISCK1
34 P23 EDACKO MTIOC3D/MTCLKD/ TXD3/CTSO#/RTSO#/ PIXD7
GTIOCOA-B/TIOCD3/ | SMOSI3/SS0#/
PO3 SSDA3/SSISCKO
35 P22 EDREQO MTIOC3B/MTCLKC/ SCKO0/ PIXD6
GTIOC1A-B/TIOCC3/ | USBO_OVRCURB/
TMOO0/PO2 AUDIO_MCLK
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RX64M Group

1. Overview

Table 1.8 List of Pin and Pin Functions (144-Pin LFQFP) (2/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
144-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFQFP Control 1/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
36 P21 MTIOC1B/MTIOC4A/ RXDO/SMISO0/ PIXD5 IRQ9
GTIOC2A-B/TIOCA3/ | SSCLO/
TMCI0/PO1 USBO_EXICEN/
SSIWS0
37 P20 MTIOC1A/TIOCB3/ TXDO/SMOSI0/ PIXD4 IRQ8
TMRIO/POO SSDAO/USBO_ID/
SSIRXDO
38 P17 MTIOC3A/MTIOC3B/ SCK1/TXD3/SMOSI3/ | PIXD3 IRQ7 ADTRG1#
MTIOC4B/ SSDA3/SDA2-DS/
GTIOCOB-B/TIOCBO/ | SSITXDO
TCLKD/TMO1/PO15/
POES8#
39 P87 MTIOCA4C/ TXD10 PIXD2
GTIOC1B-B/TIOCA2
40 P16 MTIOC3C/MTIOC3D/ | TXD1/RXD3/SMOSI1/ IRQ6 ADTRGO#
TIOCB1/TCLKC/ SMISO3/SSDA1/
TMO2/PO14/ SSCL3/SCL2-DS/
RTCOUT USBO_VBUS/
USBO_VBUSEN/
USBO_OVRCURB
41 P86 MTIOCA4D/ RXD10 PIXD1
GTIOC2B-B/TIOCAO
42 P15 MTIOCOB/MTCLKB/ RXD1/SCK3/SMISO1/ | PIXDO IRQ5
GTETRG-B/TIOCB2/ SSCL1/CRX1-DS/
TCLKB/TMCI2/PO13 SSIws1
43 P14 MTIOC3A/MTCLKA/ CTS1#/RTS1#/SS1#/ IRQ4
TIOCBS5/TCLKA/ CTX1/
TMRI2/PO15 USBO_OVRCURA
44 P13 MTIOCOB/TIOCAS5/ TXD2/SMOSI2/ IRQ3 ADTRG1#
TMO3/PO13 SSDA2/SDAO[FM+]
45 P12 TMCI1 RXD2/SMISO2/ IRQ2
SSCL2/SCLO[FM+]
46 VCC_USB
47 USBO_DM
48 USBO_DP
49 VSS_USB
50 P56 EDACK1 MTIOC3C/TIOCAL
51 TRDATA3 P55 WAIT#/ MTIOC4D/TMO3 CRX1/ETO_EXOUT IRQ10
EDREQO
52 TRDATA2 P54 ALE/EDACKO | MTIOC4B/TMCI1 CTS2#/RTS2#/SS2#/
CTX1/ETO_LINKSTA
53 P53*1 BCLK
54 P52 RD# RXD2/SMISO2/SSCL2
55 P51 WR1#/BC1#/ SCK2
WAIT#
56 P50 WRO#/WR# TXD2/SMOSI2/SSDA2
57 VSS
58 TRCLK P83 EDACK1 MTIOCA4C/ CTS10#/ETO_CRS/
GTIOCOA-D RMIIO_CRS_DV/
SCK10
59 VCC
60 uB PC7 A23/CS0# MTIOC3A/MTCLKB/ TXD8/MISOA-A/ MMC_D7-A IRQ14
GTIOC3A-D/TMO2/ ETO_COL
TOCO0/PO31/CACREF
61 PC6 A22/CS1# MTIOC3C/MTCLKA/ RXD8/MOSIA-A/ MMC_D6-A IRQ13
GTIOC3B-D/TMCI2/ ETO_ETXD3
TICO/PO30
62 PC5 A21/CS2#/ MTIOC3B/MTCLKD/ SCK8/RSPCKA-A/ MMC_D5-A
WAIT# GTIOC1A-D/TMRI2/ RTS8#/ETO_ETXD2
PO29
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RX64M Group

1. Overview

Table 1.8 List of Pin and Pin Functions (144-Pin LFQFP) (3/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
144-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
LFQFP | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) | Interrupt | R12DA
63 TRSYNC P82 EDREQ1 MTIOC4A/ TXD10/ETO_ETXD1/ | MMC_D4-A
GTIOC2A-D/IPO28 RMII0_TXD1
64 TRDATA1 P81 EDACKO MTIOC3D/ RXD10/ETO_ETXDO/ | MMC_D3-A/
GTIOCOB-D/PO27 RMII0_TXDO SDHI_CD-A/
QIO3-A
65 TRDATAO P80 EDREQO MTIOC3B/PO26 SCK10/RTS10#/ MMC_D2-A/
ETO_TX_EN/ SDHI_WP-A/
RMIIO_TXD_EN QIO2-A
66 PC4 A20/CS3# MTIOC3D/MTCLKC/ | SCK5/CTS8#/ MMC_D1-A/
GTETRG-D/TMCI1/ SSLAO-A/ SDHI_D1-A/
PO25/POEO# ETO_TX_CLK/ QIO1-A/IQMI-A
67 PC3 A19 MTIOC4D/ TXD5/SMOSIS/ MMC_DO-A/
GTIOC1B-D/TCLKB/ | SSDAS/ETO_TX_ER | SDHI_DO-A/
PO24 QIO0-A/
QMO-A
68 P77 CS7# PO23 TXD11/ETO_RX_ER/ | MMC_CLK-A/
RMIIO_RX_ER SDHI_CLK-A/
QSPCLK-A
69 P76 CS6# PO22 RXD11/ETO_RX_CLK/ | MMC_CMD-A/
REF50CKO SDHI_CMD-A/
QSSL-A
70 pPC2 A18 MTIOC4B/ RXD5/SMISO5/ MMC_CD-A/
GTIOC2B-D/ITCLKA/ | SSCL5/SSLA3-A/ SDHI_D3-A
PO21 ETO_RX_DV
71 P75 CS5# PO20 SCK11/RTS11/ MMC_RES#-A/
ETO_ERXDO/ SDHI_D2-A
RMII0_RXDO
72 P74 A20/CS4# PO19 CTS11#/ETO_ERXD1/
RMII0_RXD1
73 PC1 AL7 MTIOC3A/TCLKD/ SCK5/SSLA2-A/ IRQ12
PO18 ETO_ERXD2
74 vce
75 PCO A16 MTIOC3C/TCLKC/ CTS5#/RTS5#/SS5#/ IRQ14
PO17 SSLA1-A/ETO_ERXD3
76 Vss
77 P73 CS3# PO16 ETO_WOL
78 PB7 A15 MTIOC3B/TIOCBS/ TXD9/ETO_CRS/
PO31 RMIIO_CRS_DV
79 PB6 Al4 MTIOC3D/TIOCAS/ RXDY/ETO_ETXD1/
PO30 RMIIO_TXD1
80 PB5 A13 MTIOC2A/MTIOC1B/ | SCK9/RTS9#/
TIOCB4/TMRI1/PO29/ | ETO_ETXDO/
POE4# RMII0_TXDO
81 PB4 A12 TIOCA4/PO28 CTSO#/ETO_TX_EN/
RMIIO_TXD_EN
82 PB3 A1l MTIOCOA/MTIOC4A/ | SCK4/SCK6/
TIOCD3/TCLKD/ ETO_RX_ER/
TMOO/PO27/POE11# | RMIIO_RX_ER
83 PB2 A10 TIOCC3/TCLKC/ CTS4#/RTSA#ICTS6#/
PO26 RTS6#/SS4#/SS6#!
ETO_RX_CLK/
REF50CKO
84 PB1 A9 MTIOCOC/MTIOCA4C/ | TXD4/TXD6/SMOSI4/ IRQ4-DS
TIOCB3/TMCIO/PO25 | SMOSI6/SSDA4/
SSDAG/ETO_ERXDO/
RMII0_RXDO
85 P72 A19/CS2# ETO_MDC
86 P71 A18/CS1# ETO_MDIO
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RX64M Group

1. Overview

Table 1.8 List of Pin and Pin Functions (144-Pin LFQFP) (4/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
144-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
LFQFP | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) | Interrupt | R12DA
87 PBO A8 MTIC5W/TIOCA3/ RXD4/RXD6/SMISO4/ IRQ12
PO24 SMISO6/SSCL4/
SSCL6/ETO_ERXD1/
RMII0_RXD1
88 PA7 A7 TIOCB2/PO23 MISOA-B/ETO_WOL
89 PAG6 A6 MTIC5V/MTCLKB/ CTS5#/RTS5#/SS5#/
GTETRG-C/TIOCA2/ | MOSIA-B/
TMCI3/PO22/POE10# | ETO_EXOUT
90 PA5 A5 MTIOC6B/TIOCB1/ RSPCKA-B/
GTIOCOA-C/PO21 ETO_LINKSTA
91 vce
92 PA4 A4 MTIC5U/MTCLKA/ TXD5/SMOSIS/ IRQ5-DS
TIOCAL/TMRIO/PO20 | SSDAS/SSLA0-B/
ETO_MDC
93 VSS
94 PA3 A3 MTIOCOD/MTCLKD/ | RXD5/SMISO5/ IRQ6-DS
TIOCDO/TCLKB/PO19 | SSCL5/ETO_MDIO
95 PA2 A2 MTIOC7A/ RXD5/SMISO5/
GTIOC1A-C/PO18 SSCL5/SSLA3-B
96 PAL Al MTIOCOB/MTCLKC/ | SCK5/SSLA2-B/ IRQ11
MTIOC7B/ ETO_WOL
GTIOC2A-C/TIOCBO/
PO17
97 PAO AO/BCO# MTIOC4A/MTIOC6D/ | SSLAL-B/
GTIOCOB-C/TIOCAO/ | ETO_TX_EN/
CACREF/PO16 RMII0_TXD_EN
98 P67 CS7#/DQM1 | MTIOC7C/ CRX2 IRQ15
GTIOC1B-C
99 P66 CS6#/DQMO | MTIOCT7D/ CTX2
GTIOC2B-C
100 P65 CS5#/CKE
101 PE7 D15[A15/D15] | MTIOC6A/ MMC_RES#-B/ | IRQ7 AN105
GTIOC3A-E/TOC1 SDHI_WP-B
102 PE6 D14[A14/D14] | MTIOC6C/GTIOC3B- MMC_CD-B/ IRQ6 AN104
E/TIC1 SDHI_CD-B
103 vce
104 P70 SDCLK
105 VSSs
106 PE5 D13[A13/D13] | MTIOCAC/MTIOC2B/ | ETO_RX_CLK/ IRQ5 AN103
GTIOCOA-A REF50CK0
107 PE4 D12[A12/D12] | MTIOCAD/MTIOCIA/ | ETO_ERXD2 AN102
GTIOC1A-A/PO28
108 PE3 D11]A11/D11] | MTIOC4B/ CTS12#/IRTS12#/ MMC_D7-B AN101
GTIOC2A-A/IPO26/ SS12#/ETO_ERXD3/
POES#/TOC3
109 PE2 D10[A10/D10] | MTIOC4A/ RXD12/SMISO12/ MMC_D6-B IRQ7-DS | AN100
GTIOCOB-A/PO23/ SSCL12/RXDX12/
TIC3
110 PE1 D9[A9/DY] MTIOCAC/MTIOC3B/ | TXD12/SMOSI12/ MMC_D5-B ANEX1
GTIOC1B-A/PO18 SSDA12/TXDX12/
SIOX12
111 PEO D8[A8/D8] MTIOC3D/ SCK12 MMC_D4-B ANEX0
GTIOC2B-A
112 P64 CS4#WE#
113 P63 CS3#/CASH#
114 P62 CS2#/RASH#
115 P61 CS1#/SDCS#
116 vss
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RX64M Group

1. Overview

Table 1.8 List of Pin and Pin Functions (144-Pin LFQFP) (5/5)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
144-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFQFP Control 1/0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
117 P60 CSo#
118 VCC
119 PD7 D7[A7/D7] MTIC5U/POEQO# MMC_D1-B/ IRQ7 AN107
SDHI_D1-B/
QIO1-B/QMI-B
120 PD6 D6[A6/D6] MTIC5V/MTIOC8A/ MMC_DO0-B/ IRQ6 AN106
POE4# SDHI_DO0-B/
QIO0-B/QMO-
B
121 PD5 D5[A5/D5] MTIC5W/MTIOCS8C/ MMC_CLK-B/ IRQ5 AN113
POE10# SDHI_CLK-B/
QSPCLK-B
122 PD4 D4[A4/D4] MTIOC8B/POE11# MMC_CMD-B/ | IRQ4 AN112
SDHI_CMD-B/
QSSL-B
123 PD3 D3[A3/D3] MTIOC8D/ MMC_D3-B/ IRQ3 AN111
GTIOCOA-E/POES8#/ SDHI_D3-B/
TOC2 QIO3-B
124 PD2 D2[A2/D2] MTIOC4D/ CRXO0 MMC_D2-B/ IRQ2 AN110
GTIOCOB-E/TIC2 SDHI_D2-B/
QI02-B
125 PD1 D1[A1/D1] MTIOC4B/ CTX0 IRQ1 AN109
GTIOC1A-E/POEO#
126 PDO DO[A0/DQ] GTIOC1B-E/POE4# IRQO AN108
127 P93 A19 POEO# CTS7#/RTST#ISST# AN117
128 P92 A18 POE4# RXD7/SMISO7/SSCL7 AN116
129 P91 Al7 SCK7 AN115
130 VSS
131 P90 Al6 TXD7/SMOSI7/SSDA7 AN114
132 VCC
133 P47 IRQ15- ANO007
DS
134 P46 IRQ14- ANO006
DS
135 P45 IRQ13- ANO005
DS
136 P44 IRQ12- ANO004
DS
137 P43 IRQ11-DS | ANO03
138 P42 IRQ10- AN002
DS
139 P41 IRQ9-DS | ANOO1
140 VREFLO
141 P40 IRQ8-DS | ANOOO
142 VREFHO
143 AVCCO
144 P07 IRQ15 ADTRGO#

Note 1. The BCLK function is multiplexed with the I/O port function for pin P53, so the port function is not available if the external bus is

enabled.
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RX64M Group

1. Overview

Table 1.9 List of Pin and Pin Functions (100-Pin TFLGA) (1/4)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
100-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSP, RIIC, (QSP!I, SDHI, S12ADC,
TFLGA | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) Interrupt | R12DA
AL P05 IRQ13 DAl
A2 AVCC1
A3 P07 IRQ15 ADTRGO#
A4 VREFLO
A5 P43 IRQ11- | ANOO3
DS
A6 PDO DO[A0/DQ] GTIOC1B-E/POE4# IRQO AN108
A7 PD4 DA4[A4/DA4] MTIOCS8B/POE11# MMC_CMD-B/ | IRQ4 AN112
SDHI_CMD-B/
QSSL-B
A8 PEO D8[A8/DS] MTIOC3D/GTIOC2B- | SCK12 MMC_D4-B ANEX0
A
A9 PE1 DY[A9/DY] MTIOCAC/MTIOC3B/ | TXD12/SMOSI12/ MMC_D5-B ANEX1
GTIOC1B-A/PO18 SSDA12/TXDX12/
SIoX12
A10 PE2 D10[A10/ MTIOC4A/GTIOCOB- | RXD12/SMISO12/ MMC_D6-B IRQ7-DS | AN100
D10] A/PO23/TIC3 SSCL12/RXDX12
Bl EMLE
B2 AVSS0
B3 AVCCO
B4 P40 IRQ8-DS | ANO0O
B5 P44 IRQ12- | ANOO4
DS
B6 PD1 D1[A1/D1] MTIOC4B/GTIOC1A- | CTX0 IRQ1 AN109
E/POEO#
B7 PD3 D3[A3/D3] MTIOC8D/GTIOCOA- MMC_D3-B/ IRQ3 AN111
E/POES#/TOC2 SDHI_D3-B/
QIO3-B
B8 PD6 D6[A6/D6] MTIC5V/MTIOC8A/ MMC_DO-B/ IRQ6 AN106
POE4# SDHI_DO0-B/
QIO0-B/QMO-B
B9 PD7 D7[A7/D7] MTIC5U/POEO# MMC_D1-B/ IRQ7 AN107
SDHI_D1-B/
QIO1/QMI-B
B10 PE3 D11[A11/ MTIOC4B/GTIOC2A- | CTS12#/RTS12#/ MMC_D7-B AN101
D11] A/PO26/POES#/TOC3 | SS12#/ETO_ERXD3
c1 VCL
c2 AVSS1
C3 PJ3 EDACK1 MTIOC3C ETO_EXOUT/CTS6#/
RTS6#/CTSO#/RTSO#/
SS6#/SSO#
c4 VREFHO
c5 P42 IRQ10- | AN002
DS
C6 P47 IRQ15- | ANOO7
DS
c7 PD2 D2[A2/D2] MTIOC4D/GTIOCOB- | CRX0 MMC_D2-B/ IRQ2 AN110
E/TIC2 SDHI_D2-B/
QI02-B
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RX64M Group

1. Overview

Table 1.9 List of Pin and Pin Functions (100-Pin TFLGA) (2/4)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
100-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSP, RIIC, (QSP!I, SDHI, S12ADC,
TFLGA | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) Interrupt | R12DA
cs PD5 DS5[AS5/D5] MTIC5W/MTIOC8C/ MMC_CLK-B/ IRQ5 AN113
POE10# SDHI_CLK-B/
QSPCLK-B
c9 PE5 D13[A13/ MTIOCAC/MTIOC2B/ | ETO_RX_CLK/ IRQ5 AN103
D13] GTIOCOA-A REF50CKO
C10 PE4 D12[A12/ MTIOCA4D/MTIOCI1A/ | ETO_ERXD2 AN102
D12] GTIOC1A-A/IPO28
D1 XCIN
D2 XCOUT
D3 MD/FINED
D4 VBATT
D5 P45 IRQ13- | ANOO5
DS
D6 P46 IRQ14- | ANOO6
DS
D7 PE6 D14[A14/ MTIOC6C/GTIOC3B- MMC_CD-B/ IRQ6 AN104
D14] E/TIC1 SDHI_CD-B
D8 PE7 D15[A15/ MTIOC6A/GTIOC3A- MMC_RES#-B/ | IRQ7 AN105
D15] E/TOC1 SDHI_WP-B
D9 PAL Al MTIOCOB/MTCLKC/ | SCK5/SSLA2-B/ IRQ11
MTIOC7B/GTIOC2A- | ETO_WOL
CITIOCBO/PO17
D10 PAO AO/BCO# MTIOCA4A/MTIOC6D/ | SSLA1-B/
GTIOCOB-C/TIOCAO/ | ETO_TX_EN/
CACREF/PO16 RMIIO_TXD_EN
=1 XTAL P37
E2 Vss
E3 RES#
E4 TRST# P34 MTIOCOA/TMCI3/ SCK6/SCKO/ IRQ4
PO12/POE10# ETO_LINKSTA
E5 P41 IRQ9-DS | ANOO1
E6 PA2 A2 MTIOC7A/GTIOC1A- | RXD5/SMISO5/
C/PO18 SSCL5/SSLA3-B
E7 PAG A6 MTIC5V/MTCLKB/ CTS5#/RTS5#/SS5#/
GTETRG-C/TIOCA2/ | MOSIA-B/
TMCI3/PO22/POEL0# | ETO_EXOUT
E8 PA4 A4 MTIC5U/MTCLKA/ TXD5/SMOSIS/ IRQ5-DS
TIOCAL/TMRIO/PO20 | SSDAS/SSLAO-B/
ETO_MDC
E9 PAS A5 MTIOC6B/TIOCBL/ RSPCKA-B/
GTIOCO0A-C/PO21 ETO_LINKSTA
E10 PA3 A3 MTIOCOD/MTCLKD/ | RXD5/SMISOS/ IRQ6-DS
TIOCDO/TCLKB/PO19 | SSCL5/ETO_MDIO
F1 EXTAL P36
F2 vcc
F3 UPSEL P35 NMI
F4 P32 MTIOCOC/TIOCCO/ TXD6/TXDO/SMOSI6/ IRQ2-DS
TMO3/PO10/ SMOSI0/SSDAG/
RTCOUT/RTCIC2/ SSDAO/CTXO0/
POEO#/POE10# USBO_VBUSEN
F5 P12 TMCI1 RXD2/SMISO2/ IRQ2
SSCL2/SCLO[FM+]
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RX64M Group

1. Overview

Table 1.9 List of Pin and Pin Functions (100-Pin TFLGA) (3/4)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
100-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSP, RIIC, (QSP!I, SDHI, S12ADC,
TFLGA | Control /0 Port SDRAMC CMTW, POE, CAC) CAN, USB, SSl) MMCIF, PDC) Interrupt | R12DA
F6 PB3 A1l MTIOCOA/MTIOC4A/ | SCK6/ETO_RX_ER/
TIOCD3/TCLKD/ RMII0_RX_ER
TMOO/PO27/POE11#
F7 PB2 A10 TIOCC3/TCLKC/ CTS6#/RTS6#SS6H/
PO26 ETO_RX_CLK/
REF50CK0
F8 PBO A8 MTICSW/TIOCA3/ RXD6/SMISO6/ IRQ12
PO24 SSCL6/ETO_ERXD1/
RMII0_RXD1
F9 PA7 A7 TIOCB2/PO23 MISOA-B/ETO_WOL
F10 Vss
Gl P33 EDREQ1 MTIOCOD/TIOCDO/ RXD6/RXDO/SMISO6/ IRQ3-DS
TMRI3/PO11/POE4#/ | SMISO0/SSCL6/
POE11# SSCLO/CRX0
G2 T™S P31 MTIOC4D/TMCI2/ CTSI#/RTS1#/SS1# IRQ1-DS
POY/RTCIC1
G3 TDI P30 MTIOC4B/TMRI3/ RXD1/SMISO1/SSCL1 IRQO-DS
PO8/RTCICO/POES#
G4 TCK p27 CST# MTIOC2B/TMCI3/PO7 | SCK1
G5 P53+l BCLK
G6 P52 RD# RXD2/SMISO2/SSCL2
G7 PB5 A13 MTIOC2A/MTIOC1B/ | SCK9/RTS9#/
TIOCB4/TMRI1/PO29/ | ETO_ETXDO/
POE4# RMII0_TXDO
G8 PB4 Al2 TIOCA4/PO28 CTSO#/ETO_TX_EN/
RMIIO_TXD_EN
G9 PB1 A9 MTIOCOC/MTIOCAC/ | TXD6/SMOSI6/ IRQ4-DS
TIOCB3/TMCIO/PO25 | SSDAG/ETO_ERXDO/
RMII0_RXDO
G10 vce
H1 TDO P26 CSe# MTIOC2A/TMO1/PO6 | TXD1/CTS3#/RTS3#/
SMOSI1/SS3#/SSDA1L
H2 P25 CS5#/ MTIOCAC/MTCLKB/ | RXD3/SMISO3/ ADTRGO#
EDACK1 TIOCA4/PO5 SSCL3/SSIDATAL
H3 P16 MTIOC3C/MTIOC3D/ | TXD1/RXD3/SMOSI1/ IRQ6 ADTRGO#
TIOCBL/TCLKC/ SMISO3/SSDA1/
TMO2/PO14/ SSCL3/SCL2-DS/
RTCOUT USBO_VBUS/
USBO_VBUSEN/
USBO_OVRCURB
H4 P15 MTIOCOB/MTCLKB/ | RXD1/SCK3/SMISO1/ IRQ5
GTETRG-B/TIOCB2/ | SSCL1/CRX1-DS/
TCLKB/TMCI2/PO13 | SSIWS1
H5 P55 WAIT# MTIOC4D/TMO3 CRX1/ETO_EXOUT IRQ10
EDREQO
H6 P54 ALE/ MTIOC4B/TMCI1 CTS2#/RTS2#/SS2#/
EDACKO CTX1/ETO_LINKSTA
H7 uB PC7 A23/CS0# MTIOC3A/MTCLKB/ | TXD8/MISOA-A/ IRQ14
GTIOC3A-DITMO2/ ETO_COL
TOCO/PO31/CACREF
H8 PC6 A22/CS1# MTIOC3C/MTCLKA/ | RXD8/MOSIA-A/ IRQ13
GTIOC3B-D/TMCI2/ | ETO_ETXD3
TICO/PO30
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RX64M Group 1. Overview
Table 1.9 List of Pin and Pin Functions (100-Pin TFLGA) (4/4)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
100-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSP!I, SDHI, S12ADC,
TFLGA | Control /0 Port SDRAMC CMTW, POE, CAC) | CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
H9 PB6 Al4 MTIOC3D/TIOCA5/ RXD9/ETO_ETXD1/
PO30 RMII0_TXD1
H10 PB7 A15 MTIOC3B/TIOCB5/ TXD9/ETO_CRS/
PO31 RMII0O_CRS_DV
J1 P24 CSa#l MTIOC4A/MTCLKA/ SCK3/
EDREQ1 TIOCB4/TMRI1/PO4 USBO_VBUSEN/
SSISCK1
J2 P21 MTIOC1B/MTIOC4A/ RXDO0/SMISO0/ IRQ9
GTIOC2A-B/TIOCA3/ | SSCLO/
TMCIO0/PO1 USBO_EXICEN/
SSIWSO0
J3 P17 MTIOC3A/MTIOC3B/ SCK1/TXD3/SMOSI3/ IRQ7 ADTRG1#
MTIOC4B/GTIOCOB- SSDA3/SDA2-DS/
B/TIOCBO/TCLKD/ SSITXDO
TMO1/PO15/POE8#
J4 P13 MTIOCOB/TIOCAS/ TXD2/SMOSI2/ IRQ3 ADTRG1#
TMO3/P0O13 SSDA2/SDAO[FM+]
J5 VSS_USB
J6 VCC_USB
J7 P50 WRO#/WR# TXD2/SMOSI2/SSDA2
J8 PC4 A20/CS3# MTIOC3D/MTCLKC/ SCK5/CTS8#/SSLAO-
GTETRG-D/TMCI1/ A/ETO_TX_CLK
PO25/POEO#
J9 PCO Al6 MTIOC3C/TCLKC/ CTS5#/RTS5#/SS5#/ IRQ14
PO17 SSLA1-A/ETO_ERXD3
J10 PC1 Al7 MTIOC3A/TCLKD/ SCK5/SSLA2-A/ IRQ12
PO18 ETO_ERXD2
K1 P23 EDACKO MTIOC3D/MTCLKD/ TXD3/CTSO#/RTSO#/
GTIOCOA-B/TIOCD3/ | SMOSI3/SS0#/
PO3 SSDA3/SSISCKO
K2 P22 EDREQO MTIOC3B/MTCLKC/ SCKO0/
GTIOC1A-B/TIOCC3/ | USBO_OVRCURB/
TMOO0/PO2 AUDIO_MCLK
K3 P20 MTIOC1A/TIOCB3/ TXDO/SMOSI0/ IRQ8
TMRIO/POO SSDAO/USBO_ID/
SSIRXDO
K4 P14 MTIOC3A/MTCLKA/ CTS1#/RTS1#/SS1#/ IRQ4
TIOCBS5/TCLKA/ CTX1l/
TMRI2/PO15 USBO_OVRCURA
K5 USBO_DM
K6 USBO_DP
K7 P51 WR1#/BC1#/ SCK2
WAIT#
K8 PC5 A21/CS2#/ MTIOC3B/MTCLKD/ SCKB8/RSPCKA-A/
WAIT# GTIOC1A-D/TMRI2/ RTS8#/ETO_ETXD2
PO29
K9 PC3 A19 MTIOC4D/GTIOC1B- | TXD5/SMOSI5/
D/TCLKB/PO24 SSDAS/ETO_TX_ER
K10 PC2 A18 MTIOC4B/GTIOC2B- RXD5/SMISO5/
D/TCLKA/PO21 SSCL5/SSLA3-A/
ETO_RX_DV

Note 1. The BCLK function is multiplexed with the I/O port function for pin P53, so the port function is not available if the external bus is

enabled.
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Table 1.10 List of Pin and Pin Functions (100-Pin LFQFP) (1/4)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
100-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSPI, RIIC, (QSPI, SDHI, S12ADC,
LFQFP Control I/0 Port CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt R12DA
1 AVCC1
2 EMLE
3 AVSS1
4 PJ3 EDACK1 MTIOC3C ETO_EXOUT
CTS6#/RTS6#/CTSO0#/
RTSO#/SS6#/SS0#
5 VCL
6 VBATT
7 MD/FINED
8 XCIN
9 XCouT
10 RES#
11 XTAL P37
12 VSS
13 EXTAL P36
14 VCC
15 UPSEL P35 NMI
16 TRST# P34 MTIOCOA/TMCI3/ SCK6/SCKO0/ IRQ4
PO12/POE10# ETO_LINKSTA
17 P33 EDREQ1 MTIOCOD/TIOCDO/ RXD6/RXDO0/SMISO6/ IRQ3-DS
TMRI3/PO11/POE4#/ | SMISO0/SSCL6/
POE11# SSCLO/CRX0
18 P32 MTIOCOC/TIOCCO/ TXD6/TXD0O/SMOSI6/ IRQ2-DS
TMO3/PO10/ SMOSI0/SSDA6/
RTCOUT/RTCIC2/ SSDAO/CTXO0/
POEO#/POE10# USBO_VBUSEN
19 T™S P31 MTIOC4D/TMCI2/ CTS1#/RTS1#/SS1# IRQ1-DS
PO9/RTCIC1
20 TDI P30 MTIOC4B/TMRI3/ RXD1/SMISO1/SSCL1 IRQO-DS
PO8/RTCICO/POE8#
21 TCK P27 CS7# MTIOC2B/TMCI3/PO7 | SCK1
22 TDO P26 CS6# MTIOC2A/TMO1/PO6 | TXD1/CTS3#/RTS3#/
SMOSI1/SS3#/SSDA1
23 P25 CS5#/ MTIOC4C/MTCLKB/ RXD3/SMISO3/ ADTRGO#
EDACK1 TIOCA4/PO5 SSCL3/SSIDATAL
24 P24 CSa#/ MTIOC4A/MTCLKA/ SCK3/
EDREQ1 TIOCB4/TMRI1/PO4 USBO_VBUSEN/
SSISCK1
25 P23 EDACKO MTIOC3D/MTCLKD/ TXD3/CTSO#/RTSO#/
GTIOCOA-B/TIOCD3/ | SMOSI3/SS0#/
PO3 SSDAB3/SSISCKO0
26 P22 EDREQO MTIOC3B/MTCLKC/ SCKO/
GTIOC1A-B/TIOCC3/ | USBO_OVRCURB/
TMOO0/PO2 AUDIO_MCLK
27 P21 MTIOC1B/MTIOC4A/ RXDO0/SMISO0/ IRQ9
GTIOC2A-B/TIOCA3/ | SSCLO/
TMCI0/PO1 USBO_EXICEN/
SSIWS0
28 P20 MTIOC1A/TIOCB3/ TXD0O/SMOSI0/ IRQ8
TMRIO/POO SSDAOQ/USBO_ID/
SSIRXDO
29 P17 MTIOC3A/MTIOC3B/ | SCK1/TXD3/SMOSI3/ IRQ7 ADTRG1#
MTIOC4B/ SSDA3/SDA2-DS/
GTIOCOB-B/TIOCBO/ | SSITXDO
TCLKD/TMO1/PO15/
POES8#
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Table 1.10 List of Pin and Pin Functions (100-Pin LFQFP) (2/4)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
100-Pin | Clock System EXDMAC TMR, PPG, RTC, SCih, RSP, RIIC, (QSPI, SDHI, S12ADC,
LFQFP | Control /0 Port CMTW, POE, CAC) | CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
30 P16 MTIOC3C/MTIOC3D/ | TXD1/RXD3/SMOSI1/ IRQ6 ADTRGO#
TIOCBL/TCLKC/ SMISO3/SSDAL/
TMO2/PO14/ SSCL3/SCL2-DS/
RTCOUT USBO_VBUS/
USBO_VBUSEN/
USBO_OVRCURB
31 P15 MTIOCOB/MTCLKB/ | RXD1/SCK3/SMISO1/ IRQ5
GTETRG-B/TIOCB2/ | SSCL1/CRX1-DS/
TCLKB/TMCI2/PO13 | SSIWS1
32 P14 MTIOC3A/MTCLKA/ | CTSI#/RTS1#/SS1#/ IRQ4
TIOCB5/TCLKA/ CTX1/
TMRI2/PO15 USBO_OVRCURA
33 P13 MTIOCOB/TIOCAS/ TXD2/SMOSI2/ IRQ3 ADTRG1#
TMO3/PO13 SSDA2/SDAO[FM+]
34 P12 TMCI1 RXD2/SMISO2/ IRQ2
SSCL2/SCLO[FM+]
35 VCC_USB
36 USBO_DM
37 USBO_DP
38 VSS_USB
39 P55 WAIT#/ MTIOC4D/TMO3 CRX1/ETO_EXOUT IRQ10
EDREQO
40 P54 ALE/EDACKO | MTIOC4B/TMCI1 CTS2#/RTS2#ISS2#/
CTX1/ETO_LINKSTA
41 P53*1 | BCLK
42 P52 RD# RXD2/SMIS0O2/SSCL2
43 P51 WRI1#/BC1#/ SCK2
WAIT#
44 P50 WRO#/WR# TXD2/SMOSI2/SSDA2
45 uB PC7 A23/CSO0# MTIOC3A/MTCLKB/ | TXD8/MISOA-A/ IRQ14
GTIOC3A-D/ITMO2/ ETO_COL
TOCO/PO31/CACREF
46 PC6 A22/CS1# MTIOC3C/MTCLKA/ | RXD8/MOSIA-A/ IRQ13
GTIOC3B-D/TMCI2/ | ETO_ETXD3
TICO/PO30
47 PC5 A21/CS2#/ MTIOC3B/MTCLKD/ | SCK8/RSPCKA-A/
WAIT# GTIOC1A-DITMRI2/ | RTS8#/ETO_ETXD2
PO29
48 PC4 A20/CS3# MTIOC3D/MTCLKC/ | SCK5/CTS8#/
GTETRG-D/TMCI1/ | SSLAO-A/
PO25/POEO# ETO_TX_CLK
49 PC3 A19 MTIOC4D/ TXD5/SMOSI5/
GTIOC1B-D/ITCLKB/ | SSDAS/ETO_TX_ER
PO24
50 pPC2 A18 MTIOC4B/ RXD5/SMISO5/
GTIOC2B-DITCLKA/ | SSCL5/SSLA3-A/
PO21 ETO_RX_DV
51 PC1 A17 MTIOC3A/TCLKD/ SCK5/SSLA2-A/ IRQ12
PO18 ETO_ERXD2
52 PCO Al6 MTIOC3C/TCLKC/ CTSS#/RTS5#/SS5#/ IRQ14
PO17 SSLA1-A/ETO_ERXD3
53 PB7 A15 MTIOC3B/TIOCBS5/ TXDY/ETO_CRS/
PO31 RMIIO_CRS_DV
54 PB6 Al4 MTIOC3D/TIOCAS/ RXD9Y/ETO_ETXD1/
PO30 RMIIO_TXD1
55 PBS Al3 MTIOC2A/MTIOC1B/ | SCKY/RTS9#/
TIOCB4/TMRI1/PO29/ | ETO_ETXDO/
POE4# RMIIO_TXDO
56 PB4 A12 TIOCA4/PO28 CTS9#/ETO_TX_EN/
RMIIO_TXD_EN
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Table 1.10 List of Pin and Pin Functions (100-Pin LFQFP) (3/4)
Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
100-Pin | Clock System EXDMAC TMR, PPG, RTC, SClh, RSP, RIIC, (QSPI, SDHI, S12ADC,
LFQFP | Control /0 Port CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt | R12DA
57 PB3 All MTIOCOA/MTIOC4A/ | SCKB/ETO_RX_ER/
TIOCD3/TCLKD/ RMIIO_RX_ER
TMOO/PO27/POE11#
58 PB2 A10 TIOCC3/TCLKC/ CTS6#/RTS6#SS6#]
PO26 ETO_RX_CLK/
REF50CKO
59 PB1 A9 MTIOCOC/MTIOC4C/ | TXD6/SMOSI6/ IRQ4-DS
TIOCB3/TMCIO/PO25 | SSDAG/ETO_ERXDO/
RMII0_RXDO
60 vce
61 PBO A8 MTIC5W/TIOCA3/ RXD6/SMISO6/ IRQ12
PO24 SSCL6/ETO_ERXD1/
RMII0_RXD1
62 VsSs
63 PA7 A7 TIOCB2/P0O23 MISOA-B/ETO_WOL
64 PAG6 A6 MTIC5V/MTCLKB/ CTS5#/RTS5#/SS5#!
GTETRG-C/TIOCA2/ | MOSIA-B/
TMCI3/PO22/POE10# | ETO_EXOUT
65 PA5 A5 MTIOC6B/TIOCB1/ RSPCKA-B/
GTIOC0A-C/PO21 ETO_LINKSTA
66 PA4 A4 MTIC5U/MTCLKA/ TXD5/SMOSI5/ IRQ5-DS
TIOCAL/TMRIO/PO20 | SSDAS/SSLAO-B/
ETO_MDC
67 PA3 A3 MTIOCOD/MTCLKD/ | RXD5/SMISO5/ IRQ6-DS
TIOCDO/TCLKB/PO19 | SSCL5/ETO_MDIO
68 PA2 A2 MTIOC7A/ RXD5/SMISO5/
GTIOC1A-C/PO18 SSCL5/SSLA3-B
69 PAL Al MTIOCOB/MTCLKC/ | SCK5/SSLA2-B/ IRQ11
MTIOC7B/ ETO_WOL
GTIOC2A-C/TIOCBO/
PO17
70 PAO AO/BCO# MTIOC4A/MTIOC6D/ | SSLAL-B/
GTIOCOB-CITIOCAO/ | ETO_TX_EN/
CACREF/PO16 RMIIO_TXD_EN
71 PE7 D15[A15/D15] | MTIOC6A/ MMC_RES#-B/ | IRQ7 AN105
GTIOC3A-E/TOC1 SDHI_WP-B
72 PE6 D14[A14/D14] | MTIOC6C/GTIOC3B- MMC_CD-B/ IRQ6 AN104
E/TIC1 SDHI_CD-B
73 PE5 D13[A13/D13] | MTIOC4C/MTIOC2B/ | ETO_RX_CLK/ IRQ5 AN103
GTIOCOA-A REF50CKO
74 PE4 D12[A12/D12] | MTIOC4D/MTIOC1A/ | ETO_ERXD2 AN102
GTIOC1A-A/PO28
75 PE3 D11[A11/D11] | MTIOC4B/ CTS12#/RTS12#/ MMC_D7-B AN101
GTIOC2A-A/IPO26/ SS12#/ETO_ERXD3
POES#/TOC3
76 PE2 D10[A10/D10] | MTIOC4A/ RXD12/SMISO12/ MMC_D6-B IRQ7-DS | AN100
GTIOCOB-A/PO23/ SSCL12/RXDX12
TIC3
77 PE1 D9[A9/DY] MTIOCAC/MTIOC3B/ | TXD12/SMOSI12/ MMC_D5-B ANEX1
GTIOC1B-A/PO18 SSDA12/TXDX12/
SIOX12
78 PEO D8[A8/D8] MTIOC3D/ SCK12 MMC_D4-B ANEXO0
GTIOC2B-A
79 PD7 D7[A7/D7] MTIC5U/POEQO# MMC_D1-B/ IRQ7 AN107
SDHI_D1-B/
QlO1-B/
QMI-B
80 PD6 D6[A6/D6] MTIC5V/MTIOCSA/ MMC_DO0-B/ IRQ6 AN106
POE4# SDHI_DO-B/
QIO0-B/
QMO-B
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Table 1.10 List of Pin and Pin Functions (100-Pin LFQFP) (4/4)

Pin Memory Interface
Number Timer Communication Camera Interface
Power Supply Bus (MTU, GPT, TPU, (ETHERC, SClg,
100-Pin | Clock System EXDMAC TMR, PPG, RTC, SCih, RSP, RIIC, (QSPI, SDHI, S12ADC,
LFQFP | Control 1/0 Port CMTW, POE, CAC) CAN, USB, SSI) MMCIF, PDC) Interrupt R12DA
81 PD5 D5[A5/D5] MTIC5W/MTIOCS8C/ MMC_CLK-B/ IRQ5 AN113
POE10# SDHI_CLK-B/
QSPCLK-B
82 PD4 D4[A4/D4] MTIOC8B/POE11# MMC_CMD-B/ IRQ4 AN112
SDHI_CMD-B/
QSSL-B
83 PD3 D3[A3/D3] MTIOC8D/ MMC_D3-B/ IRQ3 AN111
GTIOCOA-E/POE8#/ SDHI_D3-B/
TOC2 QIO3-B
84 PD2 D2[A2/D2] MTIOC4D/ CRXO0 MMC_D2-B/ IRQ2 AN110
GTIOCOB-E/TIC2 SDHI_D2-B/
QlO2-B
85 PD1 D1[A1/D1] MTIOC4B/ CTX0 IRQ1 AN109
GTIOC1A-E/POEO#
86 PDO DO[AO/DO] GTIOC1B-E/POE4# IRQO AN108
87 P47 IRQ15-DS | ANOO7
88 P46 IRQ14-DS | ANO06
89 P45 IRQ13-DS | AN0O5
90 P44 IRQ12-DS | ANO0O4
91 P43 IRQ11-DS | ANOO3
92 P42 IRQ10-DS | AN002
93 P41 IRQ9-DS | ANOO1
94 VREFLO
95 P40 IRQ8-DS | ANOOO
96 VREFHO
97 AVCCO
98 P07 IRQ15 ADTRGO#
99 AVSSO0
100 P05 IRQ13 DAl

Note 1. The BCLK function is multiplexed with the I/O port function for pin P53, so the port function is not available if the external bus is

enabled.
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2.

CPU

The RXVv2 instruction set architecture (RXv2) has upward compatibility with the RXv1 instruction set architecture
(RXv1).

Adoption of variable-length instruction format

As with RXv1, the RXv2 CPU has short formats for frequently used instructions, facilitating the development of

efficient programs that take up less memory.
Powerful instruction set

The RXv2 supports 109 selected instructions. Moreover, DSP instructions and floating-point operation instructions

are added, thus realizing high-speed arithmetic processing.

Versatile addressing modes

The RXv2 CPU has 11 versatile addressing modes, with register-register operations, register-memory operations,

and bitwise operations included. Data transfer between memory locations is also possible.

Features

Minimum instruction execution rate: One clock cycle

Address space: 4-Gbyte linear addresses
Register set of the CPU

General purpose: Sixteen 32-bit registers
Control: Ten 32-bit registers
Accumulator: Two 72-bit registers

Variable-length instruction format (lengths from one to eight bytes)

109 instructions/11 addressing modes

Basic instructions: 75

Floating-point operation instructions: 11

DSP instructions: 23

Processor modes

Supervisor mode and user mode

Vector tables

Exception vector table and interrupt vector table

Memory protection unit

Data arrangement
Selectable as little endian or big endian
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2.2 Register Set of the CPU

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

General-purpose register Control register

b31 b0 b31 b0
RO (SP)* ISP (Interrupt stack pointer)
R1 USP (User stack pointer)
R2 :
R3 | INTB (Interrupt table register) |
R4 | PC (Program counter) |
R5
R6 | PSW (Processor status word) |
R7 [ BPC (Backup PC) |
R8
o [ BPsw (Backup Psw) |
R10 | FINTV (Fast interrupt vector register) |
R11

| FPSW (Floating-point status word) |

R12
R13 | EXTB (Exception table register) |
R14
R15

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

| ACC1 (Accumulator 1) |

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

Figure 2.1 Register Set of the CPU
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221

General-Purpose Registers (RO to R15)

This CPU has sixteen 32-bit general-purpose registers (RO to R15). R0 to R15 can be used as data registers or address
registers.
RO, a general-purpose register, also functions as the stack pointer (SP).
The stack pointer is switched to operate as the interrupt stack pointer (ISP) or user stack pointer (USP) by the value of the
stack pointer select bit (U) in the processor status word (PSW).

2.2.2 Control Registers

This CPU has the following ten control registers.

Interrupt stack pointer (ISP)

User stack pointer (USP)

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

Processor status word (PSW)

Backup PC (BPC)

Backup PSW (BPSW)

Fast interrupt vector register (FINTV)
Floating-point status word (FPSW)
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2.2.2.1 Interrupt Stack Pointer (ISP)/User Stack Pointer (USP)
b31 b0
|SP T T 1 1 1 T T T T T T 1 1 T T T T T T T 1 1 T T T T T T
Value after reser 0 1 0 1 0 1 1 1 O 1 L L L 1 0 1 1 1 1 O 1 L L 1 1 1 1 1 O 1 L L L 1 0 1 0
b31 bo
USP T T T T T T T T T T T T T T T T T T T T T T T T T T T T
Valueafterreset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 000000000 0
The stack pointer (SP) can be either of two types, the interrupt stack pointer (ISP) or the user stack pointer (USP).
Whether the stack pointer operates as the ISP or USP depends on the value of the stack pointer select bit (U) in the
processor status word (PSW).
2.2.2.2 Exception Table Register (EXTB)
b31 bo

Valueafterreset: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The exception table register (EXTB) specifies the address where the exception vector table starts.

2.2.2.3 Interrupt Table Register (INTB)

Value after reset: Undefined

The interrupt table register (INTB) specifies the address where the interrupt vector table starts.

2224 Program Counter (PC)

Value after reset: Contents of addresses FFFFFFFCh to FFFFFFFFh

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

by an MVTIPL instruction generates a privileged instruction exception.

Note 2.
Note 3.

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

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

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

Z Flag (Zero Flag)
This flag is set to 1 if the result of an operation is 0; otherwise its value is set to 0.

S Flag (Sign Flag)
This flag is set to 1 if the result of an operation is negative; otherwise its value is set to 0.

O Flag (Overflow Flag)
This flag is set to 1 if the result of an operation overflows; otherwise its value is set to 0.

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

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

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

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

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

2.2.2.6 Backup PC (BPC)

Value after reset: Undefined

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

b31

1 1
Value after reset: Undefined

The backup PSW (BPSW) is provided to speed up response to interrupts.
After a fast interrupt has been generated, the contents of the processor status word (PSW) are saved in the BPSW. The

allocation of bits in the BPSW corresponds to that in the PSW.

2.2.2.8 Fast Interrupt Vector Register (FINTV)

Value after reset: Undefined

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

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

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

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

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

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

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

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

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

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

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

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

Explanation of Floating-Point Rounding Modes

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

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

e Rounding towards +w : An inexact result is rounded to the nearest available value in the direction of positive infinity.

¢ Rounding towards —o : An inexact result is rounded to the nearest available value in the direction of negative infinity.

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

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

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

e When 0 is written to the bit by the MVTC and POPC instructions, the bit is set to 0; the bit retains the previous value

when 1 is written by the instruction.

DN Flag (0 Flush Bit of Denormalized Number)
When this bit is set to 0, a denormalized number is handled as a denormalized number. When this bit is setto 1, a
denormalized number is handled as 0.

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

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

EX Bit (Inexact Exception Enable)

When any of five floating-point exceptions specified in the IEEE754 standard is generated by the floating-point

RO1UHO0377EJ0110 Rev.1.10 RENESAS Page 141 of 2936
Oct 24, 2016



RX64M Group 2. CPU

operation instruction, the bit decides whether the CPU will start handling the exception. When the bit is set to 0, the
exception handling is masked; when the bit is set to 1, the exception handling is enabled.

FV Flag (Invalid Operation Flag), FO Flag (Overflow Flag), FZ Flag (Division-by-Zero Flag),
FU Flag (Underflow Flag), and FX Flag (Inexact Flag)
While the exception handling enable bit (Ej) is 0 (exception handling is masked), if any of five floating-point exceptions
specified in the IEEE754 standard is generated, the corresponding bit is set to 1.
e When Ej is 1 (exception handling is enabled), the value of the flag remains.
e When the corresponding flag is set to 1, it remains 1 until it is set to 0 by software. (accumulation flag)

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

2.2.3 Accumulator

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

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

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

Range for reading and writing

by MVTACGU and MVFACGU Range for reading by MVFACMI
b95 b72b71 b64 b63 b48 b47 b32 b31 b16 b1l5 b0
ACCO | —F | | | | |
b95 b72b71 b64 b63 b48 ba7 b32 b31 b16 b15 b0
AcCl | —d | | | | |
Range for reading and writing Range for reading and writing
by MVTACHI and MVFACHI by MVTACLO and MVFACLO

Value after reset: Undefined

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

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

2.3.1 Supervisor Mode

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

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

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

o Interrupt stack pointer (ISP)

e Exception table register (EXTB)

e Interrupt table register (INTB)

e Backup PSW (BPSW)

e Backup PC (BPC)

o Fast interrupt vector register (FINTV)

2.3.3 Privileged Instruction

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

2.3.4 Switching Between Processor Modes

Manipulating the processor mode select bit (PM) in the processor status word (PSW) switches the processor mode.
However, rewriting to the PM bit by executing an MVVTC or a POPC instruction is prohibited. Switch the processor mode
by following the procedures described below.

(1) Switching from user mode to supervisor mode

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

(2) Switching from supervisor mode to user mode

Executing an RTE instruction when the value of the copy of the PSW.PM bit that has been preserved on the stack is 1 or
an RTFI instruction when the value of the copy of the PSW.PM bit that has been preserved in the backup PSW (BPSW)
is 1 causes a transition to user mode. In the transition to user mode, the value of the stack pointer designation bit (the U
bit in the PSW) becomes 1.
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2.4 Data Types
The RXv2 CPU can handle four types of data: integer, floating-point, bit, and string.
For details, refer to RX Family RXv2 Instruction Set Architecture User's Manual: Software.
24.1 Integer
An integer can be signed or unsigned. For signed integers, negative values are represented by two's complements.
b7 bo
Signed byte (8-bit) integer
b7 bo
Unsigned byte (8-bit) integer m
b15 b0
Signed word (16-bit) integer |S‘ u ‘ L |
b15 b0
Unsigned word (16-bit) integer | L ‘ o |
b31 bo
Slgned |OngW0rd (32'b|t) Integer |S\ L L L L L L ‘ L L L L L L L ‘ L L L ‘ L L L L L L L |
b31 bo
UnSIgned |0ngword (32-blt) Integer | L L L L L L L ‘ L L L L L L L ‘ L L L ‘ L L L L L L L |
S: Signed bit
Figure 2.2 Integer
RO1UHO0377EJ0110 Rev.1.10 RENESAS Page 144 of 2936

Oct 24, 2016



RX64M Group 2. CPU

2.4.2 Floating-Points

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

b31 b0
Single-preCiSIon floating-pOint |S‘ L L L \E L L L L L L L L L L L L L L I:\ L L L L L L L L L L

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

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

Figure 2.3 Floating-Point

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

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

2.4.3 Bitwise Operations

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

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

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

Register £ |
#bit, Rn p 2 anpe . .
(bit: 31100, 0to18) Lo oo oo oo v | T #30, R (register R1, bit 30)
Memory
b b7 b0 Example
it, mem .
(bit: 7 to 0) L —» #2,[R2] (address [R2], bit 2)
Figure 2.4 Bit
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24.4 Strings

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

SUNTIL, and SWHILE.

String of byte (8-bit) data
<« 8>

String of word (16-bit) data
<« 16 —

String of longword (32-bit) data

< 32 >
Figure 2.5 String
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25 Endian

For the RXv2 CPU, instructions are little endian, but the treatment of data is selectable as little or big endian.

251

Switching the Endian

As arrangements of bytes, the RX64M Group supports both big endian, where the higher-order byte (MSB) is at location
0, and little endian, where the lower-order byte (LSB) is at location 0.
For details on the endian setting, see section 3, Operating Modes.

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

In the tables,

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

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

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

D31to D24

D23 to D16

D15 to D8

D7 to DO

General purpose register: Rm

Table 2.1

HH

HL

LH

LL

32-Bit Read Operations when Little Endian has been Selected

Operation

Address of src

Reading a 32-bit unit
from address O

Reading a 32-bit unit
from address 1

Reading a 32-bit unit
from address 2

Reading a 32-bit unit
from address 3

Reading a 32-bit unit
from address 4

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

Operation

Address of src

Reading a 32-bit unit
from address 0

Reading a 32-bit unit
from address 1

Reading a 32-bit unit
from address 2

Reading a 32-bit unit
from address 3

Reading a 32-bit unit
from address 4

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

Operation | reading an 8-bit unit

from address 0

Reading an 8-bit unit
from address 1

Reading an 8-bit unit
from address 2

Reading an 8-bit unit
Address of src from address 3
Address 0
Address 1
Address 2

Address 3

Transfer to LL

Transfer to LL

Transfer to LL

Transfer to LL
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Table 2.10

8-Bit Read Operations when Big Endian has been Selected

Operation
Address of src

Reading an 8-bit unit
from address 0

Reading an 8-bit unit
from address 1

Reading an 8-bit unit
from address 2

Reading an 8-bit unit
from address 3

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

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

descriptions of registers

2.5.3

in the relevant sections.

Notes on Access to I/O Registers

Ensure that access to 1/O registers is in accord with the following rules.

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

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

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

extension specifier

(-.memex).
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254 Data Arrangement

25.4.1 Data Arrangement in Registers

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

Byte (8-bit) data

b7 o]0}

L]

b1l5 b0
Word (16-bit) data L.
b31 bo
Longword (32-blt) data S | I S ‘ Iy ‘ Iy |
MSB LSB
Figure 2.6 Data Arrangement in Registers
2.5.4.2 Data Arrangement in Memory

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

as little endian or big endian. Figure 2.7 shows the arrangement of data in memory.

Data type Address Data image Data image
(Little endian) (Big endian)
b7 b0 b7 b0
1-bit data addesst [ 7 [ 6543|210 765 ]4al3[2]1]o0
Byte data AddressL [MsB! f i ! i i iLSB MSB{ { { i . | iLSB
Word data Address M LSB MSB
AddressM +1 |MSB LSB
Longword data Address N LSB MSB
Address N + 1
Address N + 2
AddressN +3 |[MSB LSB

Figure 2.7 Data Arrangement in Memory

255 Notes on the Allocation of Instruction Codes

The allocation of instruction codes to an external space where the endian differs from that of the chip is prohibited. If the
instruction codes are allocated to the external space, they must be allocated to areas where the endian setting is the same

as that for the chip.
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2.6

Vector Table

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

2.6.1

Exception Vector Table

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

Figure 2.8 shows the exception vector table.

b31

b0

EXTB

ExtBase

Value after reset: FFFFFF80h

ExtBase + 04h

—
ExtBase + 08h
—

ExtBase + 50h
S

ExtBase + 54h
e

ExtBase + 58h

——»
ExtBase + 5Ch
—>

ExtBase + 60h

ExtBase + 64h
—>

ExtBase + 68h

ExtBase + 6Ch
—>

ExtBase + 70h
ExtBase + 74h

—>
ExtBase + 78h
—>

.

(Reserved)

(Reserved)

(Reserved)

Privileged instruction exception

Access exception

(Reserved)

Undefined instruction exception

(Reserved)

Floating-point exception

(Reserved)

(Reserved)

(Reserved)

(Reserved)

Non-maskable interrupt

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

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

Each vector in the interrupt vector table has a vector number from 0 to 255. Each of the INT instructions, which act as the
sources of unconditional traps, is allocated to the vector that has the same number as is specified as the operand of the
instruction itself (from 0 to 255). The BRK instruction is allocated to the vector with number 0. Furthermore, vector
numbers (from 0 to 255) are allocated to interrupt requests in a fixed way for each product. For more on interrupt vector
numbers, see section 15.3.1, Interrupt Vector Table.

b31 b0
INTB L L L L L L L I L L L L L \ln\tB|a§e\ L L L L L I L L L L L L L

IntBase + 4 - 40

IntBase + 8 - 1
= 42
f f Interrupt vectors are
- ] allocated in this order.

IntBase + 1020 - =
= J255 ¥
Figure 2.9 Interrupt Vector Table
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2.7 Operation of Instructions
2.7.1 Restrictions on RMPA and String-Manipulation Instructions

2.7.1.1 Transfer Size and Data Prefetching

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

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

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

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

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

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

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

2.7.1.2 Access to the External Space

Although the external space has a per-area ending-switching facility (only for data), the allocation of data to be handled
by RMPA or string-manipulation instructions (SCMPU, SMOVB, SMOVF, SMOVU,SSTR, SUNTIL, and SWHILE
instructions) to an area where the endian differs from that of the chip is prohibited, and operation is not guaranteed if this
restriction is not observed. If data to be handled by RMPA or string-manipulation instructions are allocated to the
external space, they must be allocated to areas where the endian setting is the same as that for the chip.

2.7.1.3 Access to I/0 Registers

The allocation of data to be handled by RMPA or string-manipulation instructions (SCMPU, SMOVB, SMOVF,
SMOVU, SSTR, SUNTIL, and SWHILE instructions) to 1/O registers is prohibited, and operation is not guaranteed if
this restriction is not observed.
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2.8 Number of Cycles

2.8.1 Instruction and Number of Cycle

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

following meanings.
#IMM: Immediate
flag: bit, flag
Rs, Rs2, Rd, Rd2, Ri, Rb: General-purpose register
As, Ad: Accumulator
CR: Control register
dsp: displacement
pcdsp: displacement

Table 2.13 Number of Cycles for Arithmetic/logic Instructions

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

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

e NOP

¢ {ROLC, RORC, SAT} “Rd”

e SBB “Rs, Rd”

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

e DIV “#IMM, Rd"/“Rs, Rd” 3to 20*1

e DIVU “#IMM, Rd"/"Rs, Rd” 2to 18*1

e {EMUL, EMULU} “#IMM, Rd"/“Rs, Rd” 2

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

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

e DIV “[Rs], Rd / dsp[Rs], Rd” 5to 22

e DIVU“[Rs], Rd / dsp[Rs], Rd” 4t0 20

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

e RMPA.B

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

o RMPA.W

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

e RMPA.L

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

Note 1. The number of cycles for the dividing instruction varies according to the divisor and dividend.

Note 2. floor (x): Max. integer that is smaller than x.
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Table 2.14 Number of Cycles for Transfer Instructions
Mnemonic
Instruction (indicates the common operation when the size is omitted) Number of Cycles

Transfer instructions

(register-register, immediate-

register)

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

e SCCnd “Rd”

e {STNZ, STZ} “#IMM, Rd"/ “Rs, Rd”

e XCHG “Rs, Rd” 2

Transfer instructions
(load operation)

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

Throughput: 1
Latency: 2*1

e LDL “[Rs], Rd”

e POP “Rd”

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

e POPM “Rd-Rd2” Throughput: n

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

Transfer instructions
(store operation)

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

PUSH “Rs”

PUSHC “CR”

scend “[Rd]’“dsp[Rd]’

STC “Rs, [Rd]”

1

PUSHM “Rs-Rs2”

n
n: Number of registers*3

Transfer instructions
(memory-register)

XCHG “[Rs], Rd"/“dsp[Rs], Rd”

2

Transfer instructions
(memory-memory)

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

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

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

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

Note 2.

Note 3.

Table 2.15 Number of Cycles for Bit Manipulation Instructions

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

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

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

e BMCnd “#IMM, [Rd]"/*#IMM, dsp[Rd]"

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

Instruction Number of Cycles

Bit manipulation instructions
(register)

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

Instruction

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

Number of Cycles

Branch instructions

e BCnd “pcdsp”
* {BRA, BSR} “pcdsp’/“Rs”
e {JMP, JSR} “Rs”

Branch taken: 3
Branch not taken: 1

e RTE

o RTFI

¢ RTS

RTSD “#IMM”

6
3
5
5

e RTSD “#IMM, Rd-Rd2”

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

?: Conditional operator

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

as “throughput” is counted.

Table 2.17 Number of Cycles for Floating-Point Operation Instructions

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

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

Table 2.18 Number of Cycles for DSP Instructions

Instruction

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

Number of Cycles

DSP instructions

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

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

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

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

1
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Table 2.19 Number of Cycles for String Manipulation Instructions

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

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

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

Table 2.20 Number of Cycles for System Manipulation Instructions

Mnemonic

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

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

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

Table 2.21 Numbers of Cycles for Response to Interrupts

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

Judgment of priority order

CPU N cycles

Number of cycles from notification to acceptance of
the interrupt request

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

CPU Pre-processing by hardware

Saving the current PC and PSW values in RAM

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

Branching to the start of the exception handling
routine

4 cycles 6 cycles

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

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

table above, see Table 2.13 to Table 2.20.

The timing of interrupt acceptance depends on the execution state of the instruction. For more information on this, see
section 14.3.1, Acceptance Timing and Saved PC Value.

RO1UHO0377EJ0110 Rev.1.10
Oct 24, 2016

ENESAS Page 159 of 2936



RX64M Group 3. Operating Modes

3. Operating Modes

3.1 Operating Mode Types and Selection

There are two types of operating-mode selection: one is be selected by the level on pins at the time of release from the
reset state, and the other is selected by software after release from the reset state.

Table 3.1 shows the relationship between levels on the mode-setting pins (MD and PC7/UB) on release from the reset
state and the operating mode selected at that time. For details on each of the operating modes, see section 3.3, Details
of Operating Modes. Operation starts with the on-chip ROM (code flash memory and data flash memory) enabled and
the external bus disabled, regardless of the mode in which operation started. Set the SYSCRO.EXBE bit to 1 (external
bus enabled) to enable the external bus.

Table 3.1 Selection of Operating Modes by the Mode-Setting Pins on Release from the Reset State
Mode-Setting Pin SYSCRO Initial State
MD*1 PC7/UB*2 Operating Mode ROME EXBE
High — Single-chip mode 1 (On-chip ROM 0 (External bus
Low Low Boot mode (SCI interface) enabled) disabled)
High Boot mode (USB interface)

User boot mode

Note 1. Do not change the level on the MD pin while the MCU is operating.
Note 2. The PC7 pin, which is multiplexed with the UB pin function, may also be used as a general port pin.

Table 3.2 gives a list of the operating mode settings that can be made with system control register 0 (SYSCRO). For
details on each of the operating modes, see section 3.3, Details of Operating Modes.

Table 3.2 Selection of Operating Modes by Register Setting

SYSCRO

ROME EXBE Operating Mode

0 (On-chip ROM disabled)*! 0 (external bus disabled) Single-chip mode, user boot mode

1 (On-chip ROM enabled) 0 (external bus disabled)

0 (On-chip ROM disabled)*! 1 (external bus enabled) On-chip ROM disabled extended mode
1 (On-chip ROM enabled) 1 (external bus enabled) On-chip ROM enabled extended mode

Note 1. Once the ROME bit is set to 0, it cannot be reverted to 1.

The endian is selectable in single-chip mode and user boot mode. Endian is selected by the endian selection bits
(MDE[2:0]) in the endian select register (MDE). Table 3.3 lists the correspondence between the setting and endian. For
details on selection of endian, see section 7.2.5, Endian Select Register (MDE).

Table 3.3 Selection of Endian
Setting of the MDE[2:0] Bits Selected Endian
000b Big endian
111b Little endian
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3.2 Register Descriptions
3.2.1 Mode Monitor Register (MDMONR)
Address(es): 0008 0000h
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — — — — — — — — — MD
Value after reset: 0 0 0 0 0 0 0 X 0 0 0 0 0 0 0 0/1*1
Bit Symbol Bit Name Description R/W
b0 MD MD Pin Status Flag 0: The MD pin is low. R
1: The MD pin is high.
b7 to bl — Reserved These bits are read as 0.
b8 — Reserved The read value is undefined.
b15 to b9 — Reserved These bits are read as 0.
Note 1. This affects the level on the MD pin at the time of release from the reset state.
3.2.2 Mode Status Register (MDSR)
Address(es): 0008 0002h
b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
— — — — — — — — — — |uBTS| — — — — —
Value after reset: 0 0 0 0 0 0 0 0 0 0 0/1*1 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b0 — Reserved This bit is read as 1.
b4tobl — Reserved These bits are read as 0.
b5 UBTS User Boot Mode Startup Flag 0: Started with single-chip mode.
1: Started with user boot mode.
bl5tob6 — Reserved These bits are read as 0. R

Note 1. Depends on the operating mode at startup.
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3.2.3 System Control Register 0 (SYSCRO)

Address(es): 0008 0006h

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

| | I KEYI[T:O] | | | — — — — — — | EXBE | ROME
Value after reset: 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b0 ROME On-Chip ROM Enable 0: The on-chip ROM is disabled. R/W
1: The on-chip ROM is enabled.
bl EXBE External Bus Enable 0: The external bus is disabled. R/IW
1: The external bus is enabled.
b7tob2 — Reserved These bits are read as 0. The write value should be 0. R/W
bl15to b8 KEY[7:0] SYSCRO Key Code These bits control permission and prohibition of writing to the R/(W)*1

SYSCRO register. To modify the SYSCRO register, write 5Ah to the
eight higher-order bits and the desired value to the eight lower-order
bits as a 16-bit unit.

Note 1. Write data is not retained.

ROME Bit (On-Chip ROM Enable)

The ROME bit enables or disables the on-chip ROM (code flash memory and data flash memory).

Once set to 0, it cannot be reverted to 1.

A 0 should not be written to this bit while a program is being executed from the on-chip ROM (code flash memory and
data flash memory). After writing a O to this bit, be sure to disable the on-chip ROM by changing the ROME bit to 0
before proceeding with further processing.

EXBE Bit (External Bus Enable)

The EXBE bit enables or disables the external bus.

Do not write 0 to this bit while a program is running from an external address space. Write 0 to this bit after access to the
external bus is completed. Furthermore, when an external address space is included in the range of transfer by the bus
masters other than the CPU (DMAC, DTC, EXDMAC, and EDMAC), prohibit DMA transfer before writing 0 to this bit.
After writing to the EXBE bit, confirm that its value has actually changed before proceeding with further processing.
When the EXBE bit is set to 1, the related 1/O port settings must also be changed as required. For details, see section 23,
Multi-Function Pin Controller (MPC).
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3.24 System Control Register 1 (SYSCR1)

Address(es): 0008 0008h

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

SBYRA|ECCRA
- - - - - - - - ME ME - - - - — | RAME
Value after reset: 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Bit Symbol Bit Name Description R/W

b0 RAME RAM Enable 0: The RAM is disabled. R/W
1: The RAM is enabled.

b5tobl — Reserved These bits are read as 1. The write value should be 1. R/W

b6 ECCRAME ECCRAM Enable 0: The ECCRAM is disabled. R/W
1: The ECCRAM is enabled.

b7 SBYRAME Standby RAM Enable 0: The standby RAM is disabled. R/W
1: The standby RAM is enabled.

bl5to b8 — Reserved These bits are read as 0. The write value should be 0. R/IW

RAME Bit (RAM Enable)

The RAME bit enables or disables the RAM.

A 0 should not be written to this bit during access to the RAM. When accessing the RAM immediately after changing the
RAME bit from 0 to 1, make sure that the RAME bit is 1 before the access.

Even when the RAME bit is set to 0, the RAM retains its value. However, the voltage must be maintained at no less than
the specified RAM standby voltage (VRAM), which is stipulated in section 64, Electrical Characteristics.

ECCRAME Bit (ECCRAM Enable)

The ECCRAME bit enables or disables the ECCRAM.

A 0 should not be written to this bit during access to the ECCRAM. When accessing the ECCRAM immediately after
changing the ECCRAME bit from 0 to 1, make sure that the ECCRAME bit is 1 before the access.

Even when the ECCRAME bit is set to 0, the ECCRAM retains its value. However, the voltage must be maintained at no
less than the specified RAM standby voltage (VRAM), which is stipulated in section 64, Electrical Characteristics.

SBYRAME Bit (Standby RAM Enable)

The SBYRAME bit enables or disables the standby RAM.

A 0 should not be written to this bit during access to the standby RAM. When accessing the standby RAM immediately
after changing the SBYRAME bit from 0 to 1, make sure that the SBYRAME bit is 1 before the access.

Even when the SBYRAME bit is set to 0, the standby RAM retains its value. However, the voltage must be maintained at
no less than the specified RAM standby voltage (VRAM), which is stipulated in section 64, Electrical
Characteristics.
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3.3 Details of Operating Modes

3.3.1 Single-Chip Mode

In single-chip mode, the external bus is disabled (SYSCRO.EXBE bit = 0) so that all I/O port pins are available for use as
input or output port pins, inputs or outputs for peripheral functions, or as interrupt inputs.

If the high level is on the MD pin at the time of release from the reset state, the chip starts in single-chip mode. The on-
chip ROM is enabled (SYSCR0.ROME bit = 1) at this time. The on-chip ROM can be disabled by software (by clearing
the SYSCR0.ROME bit to 0), but it cannot be re-enabled (by setting the SYSCR0.ROME bit to 1) once this is done.
Setting the SYSCRO.EXBE bit to 1 (enabling the external bus) causes a transition to on-chip ROM enabled extended
mode or to on-chip ROM disabled extended mode, making the external bus available.

3.3.2 On-Chip ROM Enabled Extended Mode

In this mode, the on-chip ROM is enabled (SYSCR0.ROME bit = 1) and the external bus extension is enabled
(SYSCRO.EXBE bit = 1). This mode allows some 1/O ports to be used as data bus input/output, address bus output, or
bus control signal input/output. For details, see section 23, Multi-Function Pin Controller (MPC).

After the chip has started up in single-chip mode, setting the SYSCRO0.EXBE bit to 1 (external bus enabled) causes it to
make the transition to on-chip ROM enabled extended mode.

Writing 0 to the SYSCRO.EXBE bit (external bus disabled) causes a transition to single-chip mode (on-chip ROM
enabled).

Writing 0 to the SYSCR0.ROME bit (on-chip ROM disabled) causes a transition to on-chip ROM disabled extended
mode.

3.3.3 On-Chip ROM Disabled Extended Mode

In this mode, the on-chip ROM is disabled (SYSCRO0.ROME bit = 0) and the external bus extension is enabled
(SYSCRO.EXBE bit = 1). This mode allows some /O ports to be used as data bus input/output, address bus output, or
bus control signal input/output. For details, see section 23, Multi-Function Pin Controller (MPC).

After the chip has started up in single-chip mode, setting the SYSCRO0.EXBE bit to 1 (external bus enabled) and setting
the SYSCRO0.ROME bit to 0 (on-chip ROM disabled) causes it to make the transition to on-chip ROM disabled extended
mode.

In this mode, the on-chip ROM cannot be enabled by setting the SYSCR0.ROME bit to 1.

Writing 0 to the SYSCRO.EXBE bit (external bus disabled) causes a transition to single-chip mode (on-chip ROM
disabled).

3.34 Boot Mode

In this mode, the on-chip flash memory modifying program (boot program) stored in a dedicated area within the MCU
operates. The on-chip ROM (code flash memory and data flash memory) can be modified from outside the MCU by
using a universal asynchronous receiver/transmitter (SCI1). For details, see section 63, Flash Memory.

The chip starts up in boot mode if the low level is on both the MD and UB pins on release from the reset state.

3.35 USB Boot Mode

In this mode, the on-chip flash memory modifying program (USB boot program) stored in the boot area at the time of
shipping operates. On-chip ROM (code flash memory and data flash memory) can be modified from outside the MCU by
using the USB. For details, see section 63, Flash Memory.

The chip starts up in boot mode (with the USB interface) if the low level is on the MD pin and the high level is on the UB
pin on release from the reset state while UB code A is not 5573 6572h, 426F 6F74h.
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3.3.6 User Boot Mode

In user boot mode, an on-chip flash memory modifying program (user boot program) created by the user operates. After
release from the reset state, the chip starts up in a state equivalent to single-chip mode.

After programming the prescribed values for UB code A and the UB code B, the chip starts up in user boot mode if the
low level is on the MD pin and the high level is on the PC7 pin on release from the reset state. For UB code A and UB
code b, see section 7, Option-Setting Memory.

After the chip has started up in user boot mode, setting the SYSCRO0.EXBE bit to 1 (external bus enabled) causes it to
make the transition to on-chip ROM enabled extended mode.

Note:  In user boot mode, do not make a transition to software standby mode or deep software standby mode.
Note:  The setting in the OFSO/OFSL1 registers is ineffective in user boot mode, and the value becomes FFFF FFFFh.
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3.4 Transitions of Operating Modes

3.4.1 Operating Mode Transitions Determined by the Mode-Setting Pins

Figure 3.1 shows operating mode transitions determined by the settings of the MD pin and the PC7/UB pin.

RES#=Low
MD=Low
PC7/UB=High
RES#=High

Single-chip mode MD=Low
PC7/UB=Low

RES#=High

USB boot mode
or
user boot mode™

RES#=Low

Boot mode

Note 1. To start the chip in user boot mode, settings for the UB code A and UB code B in the option setting
memory are required along with the levels set on the mode-setting pins.

Figure 3.1 Mode-Setting Pin Level and Operating Mode
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3.4.2 Operating Mode Transitions According to Register Setting

Figure 3.2 shows operating mode transitions according to the setting of the ROME and EXBE bits in SYSCRO.

Release from
reset

Single-chip mode
User boot mode

On-chip ROM: Enabled (ROME = 1)

External bus: Disabled (EXBE = 0)

On-chip ROM: Disabled (ROME = 0)

External bus: Disabled (EXBE = 0)

On-chip ROM enabled extended mode

On-chip ROM: Enabled (ROME = 1)
External bus: Enabled (EXBE = 1)

On-chip ROM disabled extended mode

On-chip ROM: Disabled (ROME = 0)
External bus: Enabled (EXBE = 1)

Figure 3.2

Setting of SYSCR0.ROME and EXBE Bits and Operating Modes
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4. Address Space

4.1

Address Space

This MCU has a 4-Gbyte address space, consisting of the range of addresses from 0000 0000h to FFFF FFFFh. That is,
linear access to an address space of up to 4 Ghytes is possible, and this contains both program and data areas.
Figure 4.1 shows the memory maps in the respective operating modes. Accessible areas will differ according to the

operating mode and states of control bits.

0000 0000h

0008 0000h
000A 4000h
000A 6000h
0010 0000h
0011 0000h
0012 0040h
0012 0070h
007E 0000h
007F 0000h
007F 8000h
007F 9000h

007F E0OOh
0080 0000h
0O0FF 8000h

0100 0000h

FEFF FOOOh

FF00 0000h

FF7F 8000h

FF80 0000h

FFCO0 0000h

FFFF FFFFh

Single-chip mode**

On-chip RAM 2

Peripheral I/O registers

Standby RAM

Peripheral I/O registers
On-chip ROM
(data flash memory)

Reserved area*®

On-chip ROM (option-setting memory)

Reserved area*®

On-chip ROM (write only)**

Reserved area*®

FCU-RAM area**

Reserved area*®

Peripheral 1/O register

Reserved area*®

ECC-RAM

Reserved area*®

On-chip ROM (FCU firmware)
(read only)**

Reserved area*®

On-chip ROM (user boot)
(read only)

Reserved area*®

On-chip ROM (program ROM)
(read only)*

0000 0000h

0008 0000h
000A 4000h
000A 6000h
0010 0000h

0011 0000h
0012 0040h
0012 0070h
007E 0000h
007F 0000h
007F 8000h
007F 9000h

007F E00Oh
0080 0000h
00FF 8000h

0100 0000h

0800 0000h

1000 0000h

FEFF FOOOh

FF00 0000h

FF7F 8000h

FF80 0000h

FFCO 0000h

FFFF FFFFh

On-chip ROM enabled
extended mode

On-chip RAM "2

Peripheral I/O registers

Standby RAM

Peripheral I/O registers

On-chip ROM
(data flash memory)

Reserved area*®

On-chip ROM (option-setting memory)

Reserved area**

On-chip ROM (write only)*

Reserved area*’

FCU-RAM area*’

Reserved area*®

Peripheral 1/O register

Reserved area*’

ECC-RAM

| . External address space
r (CS area)

External address space
(SDRAM area)

- Reserved area*® -

On-chip ROM (FCU firmware)
(read only)**

Reserved area*®

On-chip ROM (user boot)
(read only)

Reserved area*®

On-chip ROM (program ROM)
(read only)**

0000 0000h

0008 0000h
000A 4000h
000A 6000h
0010 0000h

00FF 8000h

0100 0000h

0800 0000h

1000 0000h

FF00 0000h

FFFF FFFFh

On-chip ROM disabled
extended mode

On-chip RAM"Z

Peripheral I/O registers

Standby RAM

Peripheral I/O registers

Reserved area*®

ECC-RAM

| . External address space
"‘ CS area)

External address space
(SDRAM area)

~ Reserved area*® =

External address space

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

Code Data

Flash Flash

Memory Memory RAM

Capacity ~ Address Capacity ~ Address Capacity ~ Address

4 Mbytes ~ FFCO 0000h to FFFF FFFFh 64 Kbytes 0010 0000h to 0010 FFFFh 512 0000 0000h to 0007 FFFFh
Kbytes

3 Mbytes  FFDO 0000h to FFFF FFFFh Y

2.5 Mbytes  FFD8 0000h to FFFF FFFFh

2 Mbytes  FFEO 0000h to FFFF FFFFh

Note 3. Reserved areas should not be accessed.
Note 4. The FCU-RAM and the on-chip ROM (FCU firmware) are reserved in products that do not include the FCU-RAM. For
details on the FCU, see section 63, Flash Memory.

Figure 4.1

Memory Map in Each Operating Mode
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4.2 External

Address Space

The external address space is divided into CS areas (CS0 to CS7) and SDRAM area (SDCS). The CS areas are divided
into up to eight areas (CSO0 to CS7), each corresponding to the CSn# signal output from a CSn# (n = 0 to 7) pin.

Figure 4.2 shows the address ranges corresponding to the individual CS areas (CS0 to CS7) and SDRAM areas (SDCS)
in on-chip ROM disabled extended mode.

0000 0000h 0100 0000h
RAM
0008 0000h Peripheral 1/O registers
000A 4000h Standby RAM
000A 6000h Peripheral I/O registers 01FF FFFFh
0010 0000h 0200 0000h
B . O02FF FFFFh
has Reserved area* st 0300 0000h
03FF FFFFh
0100 0000h 0400 0000h
) External address space .J
T = 04FF FFFFh
CS area) 0500 0000h
0800 0000h External address space 05FF FFFFh
(SDRAM area) 0600 0000h
1000 0000h
06FF FFFFh
0700 0000h
07FF FFFFh
0800 0000h
== Reserved area* -
OFFF FFFFh
FFO00 0000h FFO0 0000h
External address space*?
area)
FFFF FFFFh FFFF FFFFh
Note 1. Reserved areas should not be accessed.

Note 2. The CSO0 area is disabled in on-chip ROM enabled extended mode.
In this mode, the address space for addresses above 1000 0000h is as shown in figure on this
section, Memory Map in Each Operating Mode.

CS7 (16 Mbytes)

CS6 (16 Mbytes)

CS5 (16 Mbytes)

CS4 (16 Mbytes)

CS3 (16 Mbytes)

CS2 (16 Mbytes)

CS1 (16 Mbytes)

SDCS (128 Mbytes)

CS0 (16 Mbytes)

Figure 4.2 Correspondence between External Address Spaces and CS Areas
(In On-Chip ROM Disabled Extended Mode)
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5. I/O Registers

This section gives information on the on-chip 1/0O register addresses. The information is given as shown below. Notes on
writing to registers are also given at the end.

(1) /O register addresses (address order)

Registers are listed from the lower allocation addresses.

o Registers are classified according to module symbols.

e The number of access cycles indicates the number of cycles based on the specified reference clock.

e Among the internal I/O register area, addresses not listed in the list of registers are reserved. Reserved addresses

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

(2) Notes on writing to I/O registers

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

As described in the following examples, special care is required for the cases in which the subsequent instruction must be
executed after the post-update 1/O register value is actually reflected.

[Examples of cases requiring special care]

e The subsequent instruction must be executed while an interrupt request is disabled with the IEN;j bit in IERn of the
ICU (interrupt request enable bit) set to 0.

e A WAIT instruction is executed immediately after the preprocessing for causing a transition to the low power
consumption state.

In the above cases, after writing to an 1/O register, wait until the write operation is completed using the following
procedure and then execute the subsequent instruction.

(@) Write to an I/O register.

(b) Read the value from the 1/O register to a general register.

(c) Execute the operation using the value read.

(d) Execute the subsequent instruction.

[Instruction examples]
e Buyte-size /0 registers

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

;; Next process

e Word-size I/O registers

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

;; Next process
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e Longword-size 1/0O registers

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

;; Next process

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

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

For the number of 1/O register access cycles, refer to Table 5.1, List of I/O Registers (Address Order).
The number of access cycles to 1/O registers is obtained by following equation.*1

Number of access cycles to 1/0 registers = Number of bus cycles for internal main bus 1 +
Number of divided clock synchronization cycles +
Number of bus cycles for internal peripheral busses 1 to 6

The number of bus cycles of internal peripheral bus 1 to 6 differs according to the register to be accessed.

When peripheral functions connected to internal peripheral bus 2 to 6 or registers for the external bus control unit (except
for bus error related registers) are accessed, the number of divided clock synchronization cycles is added.

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

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

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

In the external bus control unit, the sum of the number of bus cycles for internal main bus 1 and the number of divided
clock synchronization cycles will be one cycle of BCLK at a maximum. Therefore, one BCLK is added to the number of
access cycles shown in Table 5.1.

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

(4) Notes on Sleep Mode and Mode Transitions

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

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

The allocation of data to be handled by RMPA or string-manipulation instructions to 1/O registers is prohibited, and
operation is not guaranteed if this restriction is not observed.
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5.1 I/O Register Addresses (Address Order)

Table 5.1 List of /0O Registers (Address Order) (1 /69)

. Number of Access Cycles
Module Register Number |Access Related | Reference
Address Symbol | Register Name Symbol of Bits |Size ICLK > PCLK | ICLK < PCLK | Function |Page
0008 0000h |SYSTE |[Mode Monitor Register MDMONR 16 16 3ICLK Operati | 161
M ng
Modes
0008 0002h |SYSTE |[Mode Status Register MDSR 16 16 3ICLK Operati |161
M ng
Modes
0008 0006h |SYSTE |System Control Register 0 SYSCRO 16 16 3ICLK Operati | 162
M ng
Modes
0008 0008h | SYSTE |System Control Register 1 SYSCR1 16 16 3ICLK Operati | 163
M ng
Modes
0008 000Ch |SYSTE | Standby Control Register SBYCR 16 16 3ICLK Low 349
M Power
Consum
ption
0008 0010h |SYSTE |[Module Stop Control Register A MSTPCRA 32 32 3ICLK Low 350
M Power
Consum
ption
0008 0014h |SYSTE |Module Stop Control Register B MSTPCRB 32 32 3ICLK Low 352
M Power
Consum
ption
0008 0018h | SYSTE |Module Stop Control Register C MSTPCRC 32 32 3ICLK Low 354
M Power
Consum
ption
0008 001Ch |SYSTE |[Module Stop Control Register D MSTPCRD 32 32 3ICLK Low 355
M Power
Consum
ption
0008 0020h | SYSTE |System Clock Control Register SCKCR 32 32 3ICLK Clock 295
M Generat
ion
Circuit
0008 0024h | SYSTE |System Clock Control Register 2 SCKCR2 16 16 3ICLK Clock 297
M Generat
ion
Circuit
0008 0026h |SYSTE |System Clock Control Register 3 SCKCR3 16 16 3ICLK Clock 298
M Generat
ion
Circuit
0008 0028h |SYSTE [PLL Control Register PLLCR 16 16 3ICLK Clock 299
M Generat
ion
Circuit
0008 002Ah |SYSTE |PLL Control Register 2 PLLCR2 8 8 3ICLK Clock [300
M Generat
ion
Circuit
0008 0030h |SYSTE |External Bus Clock Control Register BCKCR 8 8 3ICLK Clock 301
M Generat
ion
Circuit
0008 0032h |SYSTE |[Main Clock Oscillator Control Register MOSCCR 8 8 3ICLK Clock 302
M Generat
ion
Circuit
0008 0033h | SYSTE |Sub-Clock Oscillator Control Register SOSCCR 8 8 3ICLK Clock 304
M Generat
ion
Circuit
0008 0034h | SYSTE |Low-Speed On-Chip Oscillator Control Register LOCOCR 8 8 3ICLK Clock 305
M Generat
ion
Circuit
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Table 5.1 List of 1/O Registers (Address Order) (2 / 69)

. Number of Access Cycles
Module Register Number |Access Related | Reference
Address Symbol | Register Name Symbol of Bits [Size ICLK > PCLK | ICLK < PCLK |Function |Page
0008 0035h | SYSTE |IWDT-Dedicated On-Chip Oscillator Control Register |ILOCOCR 8 8 3ICLK Clock 306
M Generat
ion
Circuit
0008 0036h | SYSTE |High-Speed On-Chip Oscillator Control Register HOCOCR 8 8 3ICLK Clock 307
M Generat
ion
Circuit
0008 0037h | SYSTE [High-Speed On-Chip Oscillator Control Register 2 HOCOCR2 8 8 3ICLK Clock 308
M Generat
ion
Circuit
0008 003Ch |SYSTE |Oscillation Stabilization Flag Register OSCOVFSR 8 8 3ICLK Clock 309
M Generat
ion
Circuit
0008 0040h | SYSTE |Oscillation Stop Detection Control Register OSTDCR 8 8 3ICLK Clock 311
M Generat
ion
Circuit
0008 0041h |SYSTE |Oscillation Stop Detection Status Register OSTDSR 8 8 3ICLK Clock 312
M Generat
ion
Circuit
0008 00AOh | SYSTE |Opera