LENESANS

The revision list can be viewed directly by clicking the title page.
The revision list summarizes the locations of revisions and
additions. Details should always be checked by referring to the
relevant text.

-
®
@
ﬂ\
»
<
o
=
-
o

SH7146 Group

User's Manual: Hardware

W
N

Renesas 32-Bit RISC Microcomputer
SuperH™ RISC engine Family

SH7146 R5F7146
R5M7146
SH7149 R5F7149
R5M7149

Renesas Electronics
www.renesas.com ReV.4.00 Sep 201 0


Revision list
The revision list can be viewed directly by clicking the title page. The revision list summarizes the locations of revisions and additions. Details should always be checked by referring to the relevant text.


Notice

1. All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

2. 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.

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

4. 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.

5. When exporting the 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. You should not use Renesas
Electronics products or the 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. 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.

6. 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.

7. Renesas Electronics products are classified according to the following three quality grades: "Standard", "High Quality", and
"Specific". The recommended applications for each Renesas Electronics product depends on the product's quality grade, as
indicated below. 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 categorized as "Specific" without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. 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 an
application categorized as "Specific" or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is "Standard" unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

"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.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

"Specific": Aircraft; acrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

8. 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.

9. 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 system
manufactured by you.

10.  Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. 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.

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

12.  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.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautionsin the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord 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 may occur due to the false recognition of the pin state as an input signal.
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 LSl 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 one with a different type number,

confirm that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.
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Configuration of This Manual

This manual comprises the following items:

1. General Precautions in the Handling of MPU/MCU Products
2. Configuration of This Manual

3. Preface

4. Contents

5. Overview

6.

Description of Functional Modules
* CPU and System-Control Modules
*  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix
e Product Type, Package Dimensions, etc.

10. Main Revisions for This Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

The SH7146 and SH7149 Group RISC (Reduced Instruction Set Computer) microcomputers
include a Renesas original RISC CPU as its core, and the peripheral functions required to
configure a system.

Target Users: This manual was written for users who will be using the SH7146 and SH7149
Group in the design of application systems. Target users are expected to understand
the fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of the SH7146 and SH7149 Group to the target users.
Refer to the SH-1/SH-2/SH-DSP Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU's functions
Read the SH-1/SH-2/SH-DSP Software Manual.

e In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the

register. The addresses, bits, and initial values of the registers are summarized in section 23,

List of Registers.

Examples:  Register name: The following notation is used for cases when the same or a
similar function, e.g. serial communication interface, is
implemented on more than one channel:

XXX_N (XXX is the register name and N is the channel
number)
Bit order: The MSB is on the left and the LSB is on the right.

Number notation: ~ Binary is B'xxxx, hexadecimal is Hxxxx, decimal is xxxx.

Signal notation: An overbar is added to a low-active signal: xxxx

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/
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SH7146 and SH7149 Group Manuals:

Document Title

Document No.

SH7146 Group Hardware Manual

This manual

SH-1/SH-2/SH-DSP Software Manual

REJ09B0171

User's Manuals for Development Tools:

Document Title

Document No.

SuperH™ RISC engine C/C++ Compiler, Assembler, REJ10B0152
Optimizing Linkage Editor Compiler Package V.9.00 User's Manual

SuperH™ RISC engine High-performance Embedded Workshop 3 REJ10B0025
User's Manual

SuperH RISC engine High-Performance Embedded Workshop 3 Tutorial REJ10B0023

Application note:

Document Title

Document No.

SuperH RISC engine C/C++ Compiler Package Application Note

REJ05B0463

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

Page vi of xlii

RENESAS

RO1UH0049EJ0400 Rev. 4.00
Sep 24, 2010



Section 1 Overview

1.1 Features of SH7146 and SH7149.........ccoceviiiiiinininiinincneencee
1.2 Block DIiagrami......ccccueevieeiiieiiiieeiie ettt sttt st
1.3 Pin ASSIZNMENLS ...eovviiiieeiieiiieeiieeieeeiee et eieeeiee st esaeesbeesbeeeaee
1.4 Pin FUNCHONS ..o
Section 2 CPU......ooiiiiiieeeeee ettt e
2.1 FEALUIES .....eeiiiiiiiiiiiiceeec ettt
2.2 Register Configuration...........cceeeeueerrueeriieeriieeniieenieesieessieeseeesveennns
2.2.1 General Registers (Rn).......cccovcvvevviienieenieeniienieenieennene
2.2.2 Control REZISIETS ...couveeriiiiiiiiieenieceieeeec e
223 System REGISIETS ...cccuvieruiiiriiiiiieeiieeiieeieeieete e
224 Initial Values of RegiSters........ccoeoueveeneenerieiierceeeeee
2.3 Data FOrmats......cocueoiiriiniiiiiiiiiencenceeeteeteetese e
2.3.1 Register Data Format...........cccoecveeriieniieenieenieenieeeeeene,
2.3.2 Memory Data FOrmats ........ccceevcvevvveenieenieenieeie e,
2.3.3 Immediate Data Formats...........cccceeeviiieeeciieenciiee e
2.4 Features of INStrUCHIONS.........eccviiiiieeieeriieeie e eve e esve e
24.1 RISC TYPE -ttt
2.4.2 Addressing MOdes ........cceeeeveerieenieeniienieesieeeieesiee e
243 Instruction FOrmats ...........ccoceeveeviennieniieniicneeneenceiceiene
2.5 INSIIUCHION SEL...eoiiiiiiiiiiiiieritereecec ettt
2.5.1 Instruction Set by TYPe....cooceerveeriieiriiiniieiieeeceeeeee,
2.5.2 Data Transfer InStructions...........cccveeveeeceeenveecieeeseeennen.
253 Arithmetic Operation InStructions ...........ccceceercveeenueennne.
2.5.4 Logic Operation InStructions ..........cceeceeeeveeeniversieeereennnnn.
2.5.5 Shift INStruCtionS.......cocvereirieniiniiiiinieneeeeeere e
2.5.6 Branch Instructions ........c..ceeeevieeviencienienieneeneencenieeeene
2.5.7 System Control InStructions..........ceeevveeveeeneeeneeeneeeneen.
2.6 Processing StaleS........ccoveerieeriiieniienieeniieenee ettt

Section 3 MCU Operating Modes
Selection of Operating Modes...........ceecveeerierciieinieniieesreeeiee e
INPU/OULPUL PINS .eoniiiiiiiiiiieieeieee ettt
Operating MOdEs.......ccocveeeieiiiiiriiiiieeeeeeeeeee e
3.3.1 Mode 0 (MCU Extension Mode Q) ..........ccoeveeunrieneeeennnn.
332 Mode 1 (MCU Extension Mode 1) .....cccceeeeevecinvieneeeennnn.

3.1
3.2
33

Contents

RO1UH0049EJ0400 Rev. 4.00
Sep 24, 2010 RENESAS

Page vii of xlii



333 Mode 2 (MCU EXtension Mode 2) ......ccceeeeiiiieeeiiiieeeiieeeciee e eeiree e eeveee e 49

3.3.4 Mode 3 (Single Chip MOde) .....ccceieviiriiiirieeiieete ettt et 49
3.4 AAAIESS MAD .ttt et st st e et s re s 50
35 Initial State in This LST.....ccoiiii e 52
3.6 Note on Changing Operating MOde........c.c.covviiiieiiiiiiiiiiiieeec ettt 52
Section 4 Clock Pulse Generator (CPG) ......cccuvvvviiiviiiiiiieieiieeeeeeeieeeeee e, 53
4.1 FEALUTES ... ..ttt sttt st st e et ane e 53
4.2 INPUH/OULPUL PINS...eiiiiiiiiiiieieeeee ettt ettt ettt be e b e ae et 57
4.3 Clock Operating MOde.........ccoeiieuieiiieiieieee ettt ettt ettt et saee e enes 58
4.4 RegiSter DESCIIPHIONS .....eetieiieiieiieetieet ettt ettt sttt ettt e e st e sae et e e eteeatesaeesaeeseeeneeenes 63
4.4.1 Frequency Control Register (FRQCR) ......c.covciiiiiiiiiiiiieiieeeeeeeee e 63
4.4.2 Oscillation Stop Detection Control Register (OSCCR) ....cocvvevcveiviiienciieniienieens 66
4.5 Changing Fr@QUENICY .....ccocviiiiiiiiieiiie ettt ettt ettt st e st e esbeesbeesaeesabeeeseesanes 67
T T 0 1143 1110 OSSPSR 68
4.6.1 Connecting Crystal RESONAtOr ..........cceeiuieiiiiiiieieieeee e 68
4.6.2 External Clock Input Method............cccociiiiiiiiiiiiiieeecece e 69
4.7  Function for Detecting OSCillator STOP .....eeovveeriieeiiieriieiieerite ettt sene e 70
4.8 USAZE INOLES c.uvieiiieeiiieeiteeeteeste e st e site e st e e sttt e sttt e s tteesateebaeesteenbeeesteebaeensaesabeeensaesnsaesseesnns 71
4.8.1 Note on Crystal RESONALOT ........cevviieriiiiiierieeiieerte ettt 71
4.8.2 Notes on Board DeSign ........coouieiieiiiiieieeieee et 71
Section 5 Exception Handling ..........c.coocooiiiiiiiiiiiiiiniieeeecneceeeeeeene 73
5.1 OVEIVIBW ..ottt ettt ettt ettt ettt et ettt bt e s bt e bt et e bt e et e satesbeesbeenbeemtesbeesbeenbeenneens 73
5.1.1 Types of Exception Handling and Priority ........c.cccovcverveeniiieniieeniiienieenieesieenns 73
5.1.2 Exception Handling OPerations ..........cocveerveenieerieenieeniieenieeseeesieeesnesssveenanenns 74
5.1.3 Exception Handling Vector Table..........cccocieiieiiniiiienieeeeee e 75
5.2 RESELS .ttt ettt ettt ettt bt e e aee et e e st e e 77
5.2.1 TYPES OF RESELS .....eeueieiiieiieeiieei ettt ettt 77
522 POWET-On RESEL....couviiiiiiiiiiiiiiiiese ettt 77
5.2.3 MaAnUAal RESEL .....cueeiieiiiiiiierieiiereeccc ettt st 78
5.3 AAAIESS EITOTS ..ottt sttt ettt ettt st s sae e b eneeas 79
5.3.1 AdAress EITOT SOUICES ....cc.ueeriiiniiiniieniiienieeriteesteesite ettt e sae et esaae e 79
5.3.2 Address Error EXCeption SOUICE........ccocuiiriiiriiiiiieiiieenieeieceteeiee et 80
T 11115 0 41| o O O OO OO OO P PP PPRR PP PPRRPPRON 81
5.4.1 TNLETTUPE SOUICES...eeuviiiiieeiieeite ettt et et eit e et e et e sbeesbeesabeesabeesabeesasaesnbeesnseees 81
5.4.2 INEETTUPE PIIOTILY ..veeiviiiiieiiieie ettt ettt ettt e s e e s esaaee e 82
543 Interrupt Exception Handling .........ccceevieiiieiiiieiiieiiieeeesieesveesieesee e 82
5.5 Exceptions Triggered by INSIIUCHONS .....cocueeiuieiiieiieiieiiesie et 83
5.5.1 Types of Exceptions Triggered by InStructions ..........ccccoeeeveeneieiieeienieneeneene. 83
Page viii of xlii RO1UH0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



5.5.2 Trap INSIUCTIONS ...eeeuvieeiieeiieete ettt et ete et e re et e e sir e e et e esabeenaaeesaseenseees 83

553 Tllegal S10t INSLIUCHIONS ...eevuvieeiieeiieeiieeieeeiee et et e sttt sbe et eesreesareesareenaeees 84
554 General [llegal INStIUCHIONS ......eeeiviiirieeiieeteeieeee ettt 84
5.6  Cases when EXceptions Are€ ACCEPLEd......c.ueeruiiriiinieiiiienieenieeeiee ettt 85
5.7 Stack States after Exception Handling Ends ..........ccccoooiiviiiiiiiiiiiiiie e 86
5.8 USAZE INOLES c.veeiiieeiiiesiteeete et sit e e st e sttt e sttt e st e esibeesateebteesteenbaeesteebaeesaesabaeenseesnsaesseesnns 88
5.8.1 Value of Stack PoOINter (SP) ....uvvvieiiiiiieeieeeeeeeeee e 88
582 Value of Vector Base Register (VBR) ......coociviiiiiiiiiiieeieceecec e, 88
5.83 Address Errors Caused by Stacking for Address Error Exception Handling....... 88
5.84 Notes on Slot Illegal Instruction Exception Handling..............cc.ccocoeiiiiinnnn. 89
Section 6 Interrupt Controller (INTC) ....c..oiiiiiiiiiiiiiiiieeee e 91
6.1 FRATUIES ...t s 91
6.2 INPUL/OULPUL PINS..eiiiiiiiiiiiiieiiieeite ettt sttt sttt ettt sit et e e sateesabeensseenaneenns 93
6.3 Register DeSCIIPLIONS .........oiiiiiiiiiiieiiee et s e s 94
6.3.1 Interrupt Control Register 0 (ICRO).........cccooiiiiiiiiiiicccee 95
6.3.2 IRQ Control Register (IRQCR) .....ccoouiiriiiiiiiiiiieiiiietcceeec e 96
6.3.3 IRQ Status register (IRQSR)......cooiuiiriiiiiieeie et 98
6.3.4 Interrupt Priority Registers A, Dto F, and Hto L
(IPRA, IPRD to IPRF, and IPRH t0 IPRL) ....c..ccccceviriiniiniiiiiiiniceiceeeenne 101
0.4 TNEETTUPE SOUICTES ... eetieiieteeie ettt ette et et et et eseeeseesaeesbeesbeebeeneeeatesseesseeseenteenteeneeeneenneas 104
6.4.1 External INEITUPLS .....ccoueeiiieiieiietieceieteete ettt et 104
6.4.2 On-Chip Peripheral Module INterrupts .........coecveerieeeieerieenieenieeee e 105
6.4.3 User Break INTeITUPL .......covuieirieiiiieieeeee et 105
6.5 Interrupt Exception Handling Vector Table..........cccoecviviiiieiiiiiiieniieiiieeee e, 106
6.0 INETTUPL OPETALION ...eeeirieiiieiiienieesieestee st esiteestee sttt e siteesaseesabeenseeessseensseessseensseessseenssees 109
6.6.1 INEerrupt SEQUENCE ......c..oiuiiiiiiiiiiiei e 109
6.6.2 Stack after Interrupt Exception Handling ..........ccoooeviiiiiniiiiiiiniieeeeeee 112
6.7  Interrupt ReSPOnSe TIMe. ......coouieiieiiieiieiieeiieeteete ettt sttt 112
6.8 Data Transfer with Interrupt Request Signals.......cccoeceevviieniiiniieeniiienieenieesieeee e 114
6.8.1 Handling Interrupt Request Signals as Sources for DTC Activation and
CPU INTEITUPLS c.vvteeireeiiteriieeriteesiteesiteestee sttt e sibeesateesabeessteessbeessseesbeessseesnseesnsens 115
6.8.2 Handling Interrupt Request Signals as Sources for DTC Activation,
DUt NOt CPU INEEITUPLS ...eoneeeeniiieiieeiiieeieeniieeeee sttt 115
6.8.3 Handling Interrupt Request Signals as Sources for CPU Interrupts,
but Not DTC ACHVAION.........cociiiiiiiiiiiiiiiieeceeece e 116
0.9 USAZE INOLC...outieieiieiieeitteeie ettt ettt et e et e e bt e e bt e s baeebeesabaeenbeesabaesaseesabaesnseesasaesnseeen 116
Section 7 User Break Controller (UBC) ......ccoocvvveiiiiiiiieeeieeeeeeeiieeeee e 117
7.1 FRATUIES ...ttt ettt e sttt e st e st e st e s 117
RO1UHO049EJ0400 Rev. 4.00 Page ix of xli

Sep 24, 2010 RENESAS



7.2 INPUL/OULPUL PINS.couiiiiiiiiiiiiiieeie ettt sttt sttt e st esiteesebeesabeesareenaneenns 119
7.3 RegiSter DESCIIPLIONS ....eeeuiiiiiieeiie ettt eite ettt et etee st e etee s beesbeesabeeeabeesnbeesaseesnbeesaseenns 120
7.3.1 Break Address Register A (BARA) ....oooiiiiiiiiiiieeeeeeeee 121
732 Break Address Mask Register A (BAMRA)......coooiiiiiiniiiiiiiiiieeceeeeece 121
7.3.3 Break Bus Cycle Register A (BBRA) ......oooiiiiiiiiiiiiiiecececeee, 122
73.4 Break Data Register A (BDRA) (F-ZTAT Version Only).......cccoevveevveennennnen. 124
7.3.5 Break Data Mask Register A (BDMRA) (F-ZTAT Version Only) .................. 125
7.3.6 Break Address Register B (BARB) .....cccooiiiiiiiiniieieeeeeceeeeeee e 126
7.3.7 Break Address Mask Register B (BAMRB) ......ccocooviiiiiiiniiiiiiccicceece 127
7.3.8 Break Data Register B (BDRB) (F-ZTAT Version Only) .....c.c.ccoeveeviiennennnee. 128
7.3.9 Break Data Mask Register B (BDMRB) (F-ZTAT Version Only)................... 129
7.3.10  Break Bus Cycle Register B (BBRB) .....cccccocuiviiiiiiiiiiiieiieeieceeee e 130
7.3.11 Break Control Register (BRCR) .....ccccooviiiiiiiniiiiiieeiiecieececeeeeee e 132
7.3.12  Execution Times Break Register (BETR) (F-ZTAT Version Only)................. 137
7.3.13  Branch Source Register (BRSR) (F-ZTAT Version Only)......ccccceeveeenieenncnn. 138
7.3.14  Branch Destination Register (BRDR) (F-ZTAT Version Only) ........cccccceueeen. 139
T4 OPETALION ..eeniieiiiieiteeite ettt ettt ettt et e bt e s bt e et e s bt e e bt e s bt e eabeesabeesabeesabeesanee e 140
7.4.1 Flow of the User Break Operation ............occueevveeriienieeneeenieeieeenieeieeeineeneees 140
7.4.2 User Break on Instruction Fetch Cycle.......ccoviivviiiniieniiiniecieeeeeeeeeeee, 141
7.4.3 User Break on Data Access CYCIe ...uuiiviiiiiiiriiiiiieeiee et 142
7.4.4 Sequential Breaki.......ooviiiiiiiiiiie e 143
7.4.5 Value of Saved Program COUNLET ..........c.cecueeiirieiieiieieee e 143
7.4.6 PO TTACE c.eveeiiie ettt ettt et e et e et e s ve e e baeeabeeenbaeenseeessaeenseeennes 144
7.4.7 USAZE EXAMPIES....ccuiiiiiieiiieiiieie ettt ettt et esae e st e snbeesaees 145
7.5 USAZE INOLES 1.ttt ettt ettt ettt ettt et e ettt et e e bt e s beeeabeesabaeeasaesnbaeenseesabaesnseesaseannseenn 150
Section 8 Data Transfer Controller (DTC) ........uvvvviiiiiiiiiiiiieeiieeeeieeieeeeeeeeeeeens 153
8.1 FRALUIES ...ttt e e e e st e e et e e e at e e e e tte e e ettt e e e taeeeennbaeeenraeeeas 153
8.2 RISt DESCIIPHIONS ..eeeuviiiiiieiiieriteeite ettt ettt ettt e st e st e sabeesateesareesaeee e 155
8.2.1 DTC Mode Register A (IMRA) .....oooviiiiiiiieeteete et 156
8.2.2 DTC Mode Register B (MRB).......ccccoviiiiiiiniieniienieeeieeciee et 157
8.2.3 DTC Source Address Register (SAR)....c.covvieriiiiiiiieniieniieeiee et 159
8.2.4 DTC Destination Address Register (DAR)........coveeeniiiniiinieniiiiieeeceeeee, 159
8.2.5 DTC Transfer Count Register A (CRA) ....oooiieiieieeieeecieeee et 160
8.2.6 DTC Transfer Count Register B (CRB).......ccccociiiiiiiiiiiiceceeeeeee 161
8.2.7 DTC Enable Registers A to E (DTCERA to DTCERE) ........cccccovivvviiiinennen. 162
8.2.8 DTC Control Register (DTCCR) .....c.uevviiiiiiiiieeriienieeeiee ettt 163
8.2.9 DTC Vector Base Register (DTCVBR)....c..cooviiiviiiiiiiiicieceeeeeee e 165
8.2.10  Bus Function Extending Register (BSCEHR) .........ccoceeviiiiiiiiniiiiiiiiiiieee 165
8.3 ACHVALION SOUICES ... .eeivieieiieeiiestieeteesteesteestseesseessreessseessseessseessseessseessesesssesssesassseansens 166
Page x of xlii RO1UH0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



8.4  Location of Transfer Information and DTC Vector Table..........cccccocervienincincencnnennen. 166
8.5 (00155 ¢: 1102 JEO OO RRRORPRRUPRRP 170
8.5.1 Transfer Information Read Skip Function ...........ccccoceeiiriiniiniiniieeeeee, 175
8.5.2 Transfer Information Writeback Skip Function...........cccccooveiieiinininenenne. 176
853 Normal Transfer MOe .........cooieriieiiieiieieeeeie ettt 176
8.5.4 Repeat Transfer MOde.........c..oeuiiiiiiiiiiiiiecie ettt 177
8.5.5 Block Transfer MOde .........oocoviiriiiiieiinienieiicnieeeenicee et 179
8.5.6 Chain Transfer .......cooeiviiiiiiiie et 180
8.5.7 OPeration TIMING . ....ueerieeriiieieeiteerteet ettt ettt ettt beeesbre e 182
8.5.8 Number of DTC Execution CYCles .......ccceeiiiiiiieiienieriereeeee e 185
8.5.9 DTC Bus Release Timing ..........ccccoooiiiiiiiiiiiiiiiiiieiccceeece e 187
8.5.10  DTC Activation Priority OTder .........ccocceeeeuieriuieriiieiiieniienieeeiee st sieesvee e 190
8.6  DTC Activation DY INTEITUPL.....ccveeriiirieeiiiieiieeiie ettt ettt site e reesiteesabeesineesaneens 191
8.7  Examples of Use Of the DTC.......cooiiiiiiiiiieiieeciie ettt ettt s e 192
8.7.1 Normal Transfer MOE .........cooieiuieiiieiieieeeee et 192
8.7.2 Chain Transfer when Counter = 0.........cccoiieiiiiieniere e 192
8.8 INLEITUPL SOUICES. ...c.uiiiiiiiiiiiiiiiiiiiieeteee ettt ettt st s s 194
8L TUSAZE NOLES c.eeeuviieiieeiie et ettt ette et te et e st e et e e s bt e sabeesabeesabeesaseesabe e sseensseensseensnesnsaeeanesnns 194
8.9.1 Module Standby Mode SN .......ceecveerriieriiieiiieeiie ettt 194
8.9.2 ON-Chip RAM ..ottt sttt 194
8.9.3 DTCE Bit SEtHNE ....ccuveeuteeiietieiteeieeie ettt ettt et sb e sbe e e eae s 194
8.9.4 Chain Transfer .......cooieiieii e 194
8.9.5 Transfer Information Start Address, Source Address,
and Destination AdAIess .........coeeveeiirienienienieneeeeee et 194
8.9.6 Access to DTC Registers through DTC .........coocieviiiniiiiniiiiniiinieeeieeeiee e 195
8.9.7 Notes on IRQ Interrupt as DTC Activation SOUICE ........ccceevvveerieersieencieeniieennns 195
8.9.8 Notes on SCI as DTC AcCtivation SOUICES ......c.c.cercueerrueeriieernieenieenieenieeseeenane 195
8.9.9 Clearing Interrupt Source Flag...........occoiiiiiiiiiiiiiiiicecececeeee 195
8.9.10  Conflict between NMI Interrupt and DTC Activation .........c.cccccveevererereenene 195
8.9.11  Operation When a DTC Activation Request Is Cancelled While
TN P OGI@SS e eutieeiieeiteeitt ettt ettt et e st e st e st e e sabee st e e sabeesabeesabeesateesasaesnseas 195
Section 9 Bus State Controller (BSC).....oooovviuiveiiiiiiiiieeeeeeeeeeeeeeee e, 197
9.1 FRATUIES ...ttt ettt e s et e sate et e s e 197
9.2 Input/Output PINS......ccooiiiiiiiii e 199
9.3 ATECA OVEIVIBW ..ttt sttt ettt ettt ettt et sat e st e st e bt et e bt saeesbeesbeenaeemneensenas 199
9.3.1 ATEA DIVISION ..ottt 199
9.3.2 AdATESS MAP ....eeeniiieiieeie ettt ettt ettt ettt et aae e 199
9.4 Register DeSCIIPLIONS ......ccueiiiiiiiiiiiiieieieee et 203
9.4.1 Common Control Register (CMNCR) ......cccccooviiiiiiiiiiiiiiiiecececeece 203
RO1UHO049EJ0400 Rev. 4.00 Page xi of xli

Sep 24, 2010 RENESAS



942 CSn Space Bus Control Register (CSnBCR) (n=0and 1) ......ccceevveevireenenne. 205

943 CSn Space Wait Control Register (CSh'WCR) (n=0and 1)......ccecceevevveenennne. 208
944 Bus Function Extending Register (BSCEHR) .........c..ccccooiiiiiiiiiniice 210
9.5 OPETALION ...ttt et et e e s s s ne s 214
9.5.1 Endian/Access Size and Data Alighment...........cccoceoviiiiiniiniiiiiicnicnieeeee 214
9.5.2 Normal Space INtEITace. .......cevveeriieriiiiiieieee et 216
9.5.3 Access Wait CONMIOL .....coouiiiiiiiniiniiiiieiieieetceee ettt 220
9.5.4 CSn Assert Period EXtENSION ...........c.vvevevreceeeeeeeeeeeeeeeeeeeseseeseeseeses e 222
955 Wait between Access CYCIES .......ooiiiiiiiiiiiiiiiiicc e 223
9.5.6 BUS ATDILIAtION ....veieeiiiieeeeiiie ettt ettt e e e eee e e ae e e et e e eeneaeeeenneeeas 226
9.5.7 OREIS ..ttt ettt ettt ettt et e e e st e e bt e bt e beeaeenteeneeeae 230
9.5.8 Access to On-Chip FLASH and On-Chip RAM by CPU .........cccoeevveviiennennen. 231
9.5.9 Access to On-Chip Peripheral I/O Registers by CPU ........cccccooviveveeniiienieenne. 231
9.5.10  Access to External Memory by CPU .........ccocvviiiiiiiiiiiiiece e 233
Section 10 Multi-Function Timer Pulse Unit 2 (MTU2).........coooviiiiiiieiieeieeenns 237
L0 B Y. 1 (TSRS 237
10.2  INPU/OULPUL PINS.cuiiiiiiieiiiiiieeiie ettt sttt sttt st e st e e s beesaaeesebeenaseesnseenaneenns 243
10.3  RegiSter DESCIIPHIONS ....eeeiieiiieeiieetieeitesiteeiee st e et e st e eteesbteeabee s beesabeesabeesnseesnbaesaseenns 244
10.3.1  Timer Control Register (TCR)......cccceooiiiriiiiiiiniieiiieeieesieesiee e 248
10.3.2  Timer Mode Register (TMDR) .....c..coiiiiriiiiiiiiiiiiiieecieeeec e 252
10.3.3  Timer I/O Control Register (TIOR) ......cccccceriiiriiiiiiniiiniiinieeieeeceeeeee 255
10.3.4  Timer Compare Match Clear Register (TCNTCMPCLR).......cccccccevceernieennnenn. 274
10.3.5  Timer Interrupt Enable Register (TIER).......c.ccecceerviiieiiiiiiieiicieeeeeieeeene 275
10.3.6  Timer Status Register (TSR)....cccceeviiiiiiiiiiiniieseeeceee e 280
10.3.7  Timer Buffer Operation Transfer Mode Register (TBTM).........ccccevvvrrvveennnne 288
10.3.8  Timer Input Capture Control Register (TICCR)...........ccccociiiiiiiniiniiniane 289
10.3.9  Timer Synchronous Clear Register (TSYCR).......cccooiiiiiiiiiiiiiiiiiiieieee 291
10.3.10 Timer A/D Converter Start Request Control Register (TADCR) ..................... 293
10.3.11 Timer A/D Converter Start Request Cycle Set Registers
(TADCORA_4 and TADCORB_4) .....ccociimiiniiniiieiiteiieeeneeieeieeie e 296
10.3.12 Timer A/D Converter Start Request Cycle Set Buffer Registers
(TADCOBRA_4 and TADCOBRB_4).....cceeiiiiiiieeeeeeeeeeeeie e 296
10.3.13  Timer Counter (TCNT)...cccccuiiieeiie ettt e e e et e s 297
10.3.14 Timer General Register (TGR) ......c.ccooieeiiiiiiiniiiiiinieeececeec e 297
10.3.15 Timer Start Register (TSTR) ..ccocviiviiiiiiiiieieeieeteeeese e 298
10.3.16 Timer Synchronous Register (TSYR).....ccccovviieriiiiiiiiiiiniieieeieeeee e 300
10.3.17 Timer Counter Synchronous Start Register (TCSYSTR) .....cccceecvvvvviirnieennenne 302
10.3.18 Timer Read/Write Enable Register (TRWER) .......c.ccoccoviiiniiiinniiniiiiineee 305
10.3.19 Timer Output Master Enable Register (TOER) ............c.ccocoiiiiiiiiiiinninn. 306
Page xii of xlii RO1UHO0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



10.3.20 Timer Output Control Register I (TOCR1) ......cccceeeviiiriiiniiiniieniieeiee e, 307

10.3.21 Timer Output Control Register 2 (TOCR2) .......cccceevvuieriiirriiieniienieeeiee e, 310
10.3.22 Timer Output Level Buffer Register (TOLBR) .........ccccoeiiiiiiiiiiiiececee 313
10.3.23 Timer Gate Control Register (TGCR).....cc...covvueiriiirieiniiiniiiieeicenieceeeeen 314
10.3.24 Timer Subcounter (TCINTS) ......uriiiiiiiieeee e 316
10.3.25 Timer Dead Time Data Register (TDDR).......ccccecciviriieniiiiniieieeiieeiee e, 317
10.3.26 Timer Cycle Data Register (TCDR) .....c.coocuviiriieriiiiiiieeiie ettt 317
10.3.27 Timer Cycle Buffer Register (TCBR)......ccccevvuiiriiiniiiiiirieeieerieeieeeeeeen 318
10.3.28 Timer Interrupt Skipping Set Register (TITCR) .....cccccovieivieiniiiniciniiiieeen. 318
10.3.29 Timer Interrupt Skipping Counter (TITCNT)........cccooiiiiiiiiiiiiiiiciiceee 320
10.3.30 Timer Buffer Transfer Set Register (TBTER) ........cccoeoviiiiiiiiiiiieieeee 321
10.3.31 Timer Dead Time Enable Register (TDER).........ccccocevviiiniiirniieniienieenieeenn 323
10.3.32 Timer Waveform Control Register (TWCR) ......ccccovveviiiinieniieieeiceieeen 324
10.3.33  Bus Master INterface ........coceeeerieiieiiiiiiiciicnceecieccetceteseee e 326
LO.4  OPETALION ..ottt ettt ettt e sat e e bt e sbt e e bt e e s bt e e bt e e sate e bt e e sabeebeeesaneeneees 327
10.4.1  Basic FUNCHONS ...coouiiiiiiiieiiiieceececee ettt 327
10.4.2  Synchronous OPeration............coeueerieerieeniienieenieenieeeiee st eetee st esreeseee e 333
10.4.3  BUuffer Operation.........cc.eevcueereiieniiiiniiesieesieesieeeieesieeeieesbeeebeesbeeebeessaeeaeas 335
10.4.4  Cascaded OPEration ........cccueeriieruienieeniieenieesieeeieesteesseessaeesseesseesseesnssesnses 339
1045 PWM MOUES ....conveiniiiiiiniiiniieiteieeteete sttt sttt ettt eae e 344
10.4.6  Phase Counting MoOde..........ccooeuiiiiiiiiiiiiiiiiiei et 349
10.4.7  Reset-Synchronized PWM Mode.........c.ccociiiiiiniiiiiiiiiiiiieniceieeceeeeen 356
10.4.8  Complementary PWM Mode..........cccooiiiiiiiiiiiiiiiiiciceccce e 359
10.4.9  A/D Converter Start Request Delaying Function............cceccveevveerieencieenneennnen. 404
10.4.10 MTU2-MTU2S Synchronous Operation............cceeecveercieerrieeesieesreeeneeeenveennnns 408
10.4.11 External Pulse Width Measurement...........cc.cceeeevueeieneenieniennieniieneeneeneeneeenns 414
10.4.12 Dead Time COMPENSAtION. ..cc.etirurtirirerieeniieenieenteesieeereesbeesreesbeesreesveeenees 415
10.4.13 TCNT Capture at Crest and/or Trough in Complementary PWM Operation ... 417
10.5  INEETTUPE SOUICES ...ccuuiiiiiieiiiiiteeite et ettt ettt ettt et e et e s be e et e s sbeeeabeesbeesabeesbaesanee s 418
10.5.1  Interrupt Sources and Prioriti€s..........ceeeveeriiieriiieniierieeniienieenieesre e esre e 418
10.5.2  DTC ACHVALION. c...eouiiiieiieiieriteniestentteie ettt ettt sttt sate e e saeenaeene 420
10.5.3  A/D Converter ACHVAION ....c..ccoueerierrierierterieeneenteeteeiteeitesteesieesieesaeeaeseesieenne 421
10.6  Operation TIMING.......cooueeruiiirieiiiienteeite ettt ettt ettt et e ettt e st e e bt e sbeeebeeesaneeneees 423
10.6.1  Input/Output TIMING .....eeeveeiriiiiieeiieerteete ettt ettt et e e 423
10.6.2  Interrupt Signal TImMING.......cocovieiiiriiiiiieiiieeeete ettt 430
TO.7  USAZE INOLES c.uvveenereeiieeeiieeite ettt ettt et e ettt e bt e et e ebaeesbeessbtesabeesabaeesseesabaesaseesaseesnseesasaennseenn 435
10.7.1  Module Standby Mode Setting ..........cccceeriereriieriiieiiieeiie e 435
10.7.2  Input ClocK RESIICHONS ....eevuviiiiieiiiieiieeiie ettt ettt ettt e sbee e 435
10.7.3  Caution on Period SEHNE ........cooviiriiiirriiiiieeieeiteeteeee ettt 436
10.7.4  Contention between TCNT Write and Clear Operations...........ccecceeevvveeneeennee. 436
RO1UHO049EJ0400 Rev. 4.00 Page xiii of xlii

Sep 24, 2010 RENESAS



10.7.5  Contention between TCNT Write and Increment Operations.............cccveenee. 437

10.7.6  Contention between TGR Write and Compare Match.........ccccceevvvenveenveennenn. 438
10.7.7  Contention between Buffer Register Write and Compare Match ..................... 439
10.7.8  Contention between Buffer Register Write and TCNT Clear ..........ccceecuennee.e. 440
10.7.9  Contention between TGR Read and Input Capture..............cccccovireniiniannnnne. 441
10.7.10 Contention between TGR Write and Input Capture............cceceevcvveeveeeriieennnnenns 442
10.7.11 Contention between Buffer Register Write and Input Capture............cceeerueeee. 443
10.7.12 TCNT_2 Write and Overflow/Underflow Contention
iN Cascade CONNECTION. ......eiiuieeieiieieeiieeteeeteente et eteeteseeesee e et eeeneeeneeebeesaeennes 443
10.7.13  Counter Value during Complementary PWM Mode Stop.......ccccceeeveervieeennnenne 445
10.7.14 Buffer Operation Setting in Complementary PWM Mode ..........ccccoecvreernennne. 445
10.7.15 Reset Sync PWM Mode Buffer Operation and Compare Match Flag .............. 446
10.7.16  Overflow Flags in Reset Synchronous PWM Mode...........ccocvvvieercieeriieenneene 447
10.7.17 Contention between Overflow/Underflow and Counter Clearing..................... 448
10.7.18 Contention between TCNT Write and Overflow/Underflow............ccccceeneee. 449
10.7.19 Cautions on Transition from Normal Operation or PWM Mode 1 to
Reset-Synchronized PWM Mode...........cccoooiiiiiiiiiiiiiiiiiceececeee 449
10.7.20  Output Level in Complementary PWM Mode and
Reset-Synchronized PWM MOdE..........coocuiiviiiniiiniieniieiieeeieesieesiee e 450
10.7.21 Interrupts in Module Standby Mode ..........covcvieriiieriieniiieniieeieeeiee e 450
10.7.22  Simultaneous Capture of TCNT_1 and TCNT_2 in Cascade Connection........ 450
10.7.23 Notes on Output Waveform Control During Synchronous Counter
Clearing in Complementary PWM Mode .........ccocevieiieiieiinieeeeeeecereeeen 451
10.8  MTU2 Output Pin INitialiZation.......ceeeruieeriieriieeiieeiie et eiee st e sree e e e e seaeesiaeesaneens 453
10.8.1  Operating MOAES......ccueeriieriieiiieeiieeiteeieestteeiee st e eteesbressseesbeeeseesbaeeseeens 453
10.8.2  ReSet Start OPETatiOn .....ccueeeueeeruieeiiieeriieeiteeieeeiteesteesteesbeesseesbeesseesseesseenes 453
10.8.3  Operation in Case of Re-Setting Due to Error During Operation, etc............... 454
10.8.4  Overview of Initialization Procedures and Mode Transitions in Case of
Error during Operation, €C. ........coueriereerieeiieeieeiesteesieeieeteete e seee e e e 455
Section 11 Multi-Function Timer Pulse Unit 2S (MTU2S) .....ccoovvvivvreireeeeiinnnns 485
T1.1  INPU/OULPUL PINS.cuiiiiiiiiiieiiieeiie ettt sttt ettt st e ste e st esaaeeseteesaseesnseenaneenns 489
11.2 Register DeSCIIPIONS .....c..coouiiiiiiiiiieiieie et 490
Section 12 Port Output Enable (POE) .......ccccccoiiiiiiiiiiiiiiececeeeeeeee 493
T2.1  FEALUIES..ccuueiuiiiiiieitiiieiteteee ettt ettt ettt ettt et s e st e s bt e bt e bt et saeesaeesbeenneenteens 493
12.2  INPU/OULPUL PINS.cuiiiiiiiiiieiiie ettt ettt ettt st e st e st e s beesabeesibeenaseesnseenaneenns 495
12.3  RegiSter DESCIIPHONS ....veeuiiiiiieeiieitieeitesiteeite et e et e sbeeeteesabeesabeesbeesabeesabeesnseesnbaesnseesns 497
12.3.1  Input Level Control/Status Register 1 (ICSRI) ........cccoociiiiiiiiiniiiiieee. 498
12.3.2  Output Level Control/Status Register 1 (OCSRI) ....cccceeviiiinniiniiiiniiiiiceeene 502
Page xiv of xli RO1UHO049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



12.3.3  Input Level Control/Status Register 2 (ICSR2) .......ccceeviiiniiiniiieniieeiee e, 503

12.3.4  Output Level Control/Status Register 2 (OCSR2) ......ccccvveviivniiieriienieenieeenen. 507
12.3.5  Input Level Control/Status Register 3 (ICSR3) .....cocooeriiiiiiiiniiiiceee, 508
12.3.6  Software Port Output Enable Register (SPOER) .........cccccceeiiiiiiiinieiereee 510
12.3.7  Port Output Enable Control Register I (POECR1).....cc..cccoceiviiiniciniiinieenen. 511
12.3.8  Port Output Enable Control Register 2 (POECR2)......c.ccccocvvvcieeriiiencieerreenen. 513
124 OPETALION ...eeiniiieiiieiieeete ettt ettt e ste ettt e st e ettt e sabeesseeesabeessbeessbeensseesabeesseensseesseesssesnseeas 516
12.4.1  Input Level Detection OPeration..........ccueerveerieenieenieenieenieesieesseesseesveesnens 517
12.4.2  Output-Level Compare OPeration ..........cocceeevueerieerieenieennieenieenieenieesveesnees 518
12.4.3  Release from High-Impedance State...........ccccecvevverieneniniereeieneenieneneneeeeeene 519
12,5 IEETTUPES ..ttt ettt ettt et ettt st e bt st e e et e s beeeabeesabeeeabeeebaeenbaees 520
12,6 USAZE INOLC..coutieireeiieeiteeite ettt ettt et e et e et e ettesbeeeabeesabtessbeesabaesabeesabaesaseesabeesnseesasaensseeas 521
12.6.1  Pin State When a Power-On Reset Is Issued from the Watchdog Timer .......... 521
Section 13 Watchdog Timer (WDT).....ccooviiriiiiniieiiieeeeeeeeeeite e 523
I31 FRALUIES ..ceueeiiiieiieettt ettt ettt bt e bt ettt e bt st e et e s bt e et e sabeeeabeesabeeebeees 523
13.2  Input/Output Pin fOor WDT .....cooiiiiiieie ettt 525
13.3  RegiSter DESCIIPLONS ...uvieiiiiiiieiiienieeetteste et e ste ettt et e e sbe e st e e sabeeabeesabeesseesaseensneas 526
13.3.1 Watchdog Timer Counter (WTCNT)....cccueeviiiriieriieiieeeieesieesiee e 526
13.3.2  Watchdog Timer Control/Status Register (WTCSR).......ccccvvvvvienieeniienieennnen. 527
13.3.3  Notes on RegiSter ACCESS.....cc.uiiuiiiiiiiiiiiiiii et 529
L34 OPETALION ..ottt ettt ettt e sat e e bt e sab e e bt e e s bt e e bt e e sabe e bt e e sabeebeeesaneebeeen 530
13.4.1  Revoking Software Standbys.........ccccuerierierienieiieieeeeeee e 530
13.4.2  Using Watchdog Timer MOde............cooveeriieniieniieniienieeeieeeiee st 530
13.4.3  Using Interval Timer MOde...........coouiiriieniieniieniierieeeiee sttt 531
13.5  TNEEITUPE SOUICE ...eeeuvieeniieeiieeiie ettt eiteeiteettesteeebeesabeessbeeesbeesabaesabeesseesaseesnseesnseesnsaesnseens 532
1306 USAZE NNOL..cuetiiiieiiit ettt ettt sttt st e e st e et e sabeesateesabeeeaeee s 532
13.6.1  WTCNT Setting ValUe ......c.cecueriiiieiieieeie et 532
Section 14 Serial Communication Interface (SCI) ........cccoviiiiiiiiiiiiiiiiiieiieeens 533
TAT  FEALUIES ...ccueeuieiiieiiie ittt ettt ettt be et et sat e sbt e sbe et et e eateeenesbeenbeesaees 533
14.2  INPUH/OULPUL PINS .eiiiiiiiiiiiiieiieeiteee ettt ettt et ettt e s aaesabeesbaeenbeesnbaeensee s 535
14.3  RegiSter DESCIIPLOMS ....uveiuiiiiiiieiiieriieeite ettt ettt ettt ettt e sat e bt e sabeebe e e saneeneees 536
14.3.1  Receive Shift Register (SCRSR)......cccooiiiiiiiiiiieeeee e 537
14.3.2  Receive Data Register (SCRDR) .......cooiiiiiiiiiiiiiiiiiiiieeceeeec e 537
14.3.3  Transmit Shift Register (SCTSR) .....c.covvuiiriiiiiiiiriiiiiieeee et 537
14.3.4  Transmit Data Register (SCTDR)......cocciiviiiiiiiiriieniiiniteeieeieereeee e 538
14.3.5  Serial Mode Register (SCSMR).....cccoeeviiiiiiiiiieiiieeieeteeeeeee e 538
14.3.6  Serial Control Register (SCSCR)......ccoviiiiiiiiiiiiiinieeieceeeee e 541
14.3.7  Serial Status Register (SCSSR).....cooiiiiiiiiiiiiiiiniieieeceeee e 544
RO1UHO0049EJ0400 Rev. 4.00 Page xv of xlii

Sep 24, 2010 RENESAS



14.3.8  Serial Port Register (SCSPTR) ....cccoiviiiiiiiiiieeieeieeteete et 550

14.3.9  Serial Direction Control Register (SCSDCR).......ccccceeviiiniieniieniiinieeiieeneene 552

14.3.10 Bit Rate Register (SCBRR) .....cc.ooiiiiiiiiieieeeeeeeeeee e 553

T4 4 OPETALION ..ottt ettt ettt et st e st e s e st e st e e st e sabeesabeesabeesabeesabeesaseenas 564

T4 4T OVEIVIEW..ooutieuiieeieetieetiete et ettt st s e steeste et e et e e st e st e e bt et e enbeeneeeneesneesseenseeneeenes 564

14.4.2  Operation in ASynchronous Mode............ccoevueerieeniieniieeniiienieenieesieesreeeiee s 566

14.4.3  Clock Synchronous MOdE...........ceevuiiriieriiieiiiieeiieeiie et esieeesreesveeseneens 576

14.4.4  Multiprocessor Communication FUNCHON ........ccceeeviieriieiiieniiieniienieerieeeene 585

14.4.5  Multiprocessor Serial Data TranSmiSSION ........ccecveerveerieerieeniieenieenieeneeeneeens 586

14.4.6  Multiprocessor Serial Data RECEPtON .........coveeriiiiiiieiiiiiiiniececiec e 588

14.5 SCI Interrupt Sources and DTC ........c..ccccooiiiiiiiiiiiiiceec e 591

14.6  Serial Port Register (SCSPTR) and SCI Pins ........ccccevviiinieiniieiieeieeie e 592

T4.7  USAZE INOLES c.eeeutieeiiieetteeieeetteetee st eeteesiteesabeesateesabeesateesaseensseassseesseensseesseenssessseesnennns 594

14.7.1  SCTDR Writing and TDRE FIag........ccccccctiiiiiiiiiiiieeiieeeeeiee et 594

14.7.2  Multiple Receive Error OCCUITENCe ............ccuiviiiiiiiiiiiiiiiiiicnec e 594

14.7.3  Break Detection and Processing ............cccceeeeiuieiiiiiiiiiiiniinicicicceeseeeeee 595

14.7.4  Sending a Break Signal...........cccoooiiiiiiiiiiiiiiii e 595

14.7.5  Receive Data Sampling Timing and Receive Margin (Asynchronous Mode).. 595

14.7.6  Note on USinNg DTC .....ccocuiiiiiiiiiieiieeeiieete ettt sttt 597

14.7.7  Note on Using External Clock in Clock Synchronous Mode..........cc..ccceeunene. 597

14.7.8  Module Standby Mode Setting ...........ccccecueriiiiiiieiiiiiiieiieeeeee e 597

Section 15 A/D Converter (ADQC) ....uveeii it 599

I5.1  FEALUIES...cuueeuiiiiiiitiiieiteteee ettt ettt ettt et s bt e s bt e b et et saeesaeesbeeaeenneens 599

152 INPU/OULPUL PINS.cuiiiiiiiiiiiiiieeiie ettt ettt sttt e st e e s ebeesabeesebeesaseesnseenaneenes 601

15.3  RegiSter DESCIIPLIONS .. .eiiiiiiiieeiieitieeieeetteeiee et et e sbtesteesbeeeabeesbeesabeesabeesaseesabeesaseenns 602
15.3.1  A/D Data Registers 0, 2, 4, 6, and 8 to 15 (ADDRO, ADDR?2,

ADDR4, ADDRG6, and ADDRS8 t0 ADDRIS) ...cceoviiiiiiieieieceeeeee 603

15.3.2  A/D Control/Status Registers_0 to _2 (ADCSR_0 to ADCSR_2)......ccc.ccuee. 604

15.3.3  A/D Control Registers_0 to _2 (ADCR_0 to ADCR_2).....ccccceevverrieerrienieanns 607

15.3.4  A/D Trigger Select Registers_0 and _1 (ADTSR_0 and ADTSR_1)................ 610

154 OPETALION ..eeeuiieiiiieeiieeiie et eiteette et e et e st e et e s bt e ebeesabeesaseesabaessseesabaessseesabeeasseesnsaesnseens 616

1541 SiNELe MOE.......oiiiiiiiiiiiiieeeeteet ettt ettt 616

1542 Continuous SCan MOdEe..........covuiiriiiiiiiiiiiiiiieete ettt 616

15.4.3  Single-Cycle Scan MoOde.........cocueiviiiniiiniiiieeieeieeteesieeeste et 617

15.4.4  Input Sampling and A/D Conversion Time .........ccccceeevuieriieenienniieeneeenieeneens 617

15.4.5  A/D Converter Activation by MTU2 or MTU2S.......ccccvviiimiiiniiieieeiieeeene 620

15.4.6  External Trigger Input Timing.......ccccecveereiieriiieriieniieeiee et eiee e 620

15.47  2-Channel SCANMING ........ccceeuirieiienierie ettt ettt teesee et sreeseeenee e e enes 621

15.5 Interrupt Sources and DTC Transfer ReqUest..........cccoeveeiiriiinienienieeecee e 622

Page xvi of xi RO1UH0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



15.6  Definitions of A/D CONVEISION ACCUIACY .....cccuverrrrerrureeriieenreenieesreesreesseesreessseessseessses 623

15,7 USAZE INOLES cuvveeniteeiiteeite et ettt e site et e et e et e esbaeesbeesabeeenbeesabaeeaseesabaesaseesaseesnseesasaennseenn 626
15.7.1  Module Standby Mode Setting ..........ccoceervieiriiiriiiiiieniieeteeee et 626
15.7.2  Permissible Signal Source Impedance .............ccocceeriiiiiiiinieiniiinieneceeeee. 626
15.7.3  Influences on AbSOIULE ACCUIACY ...ccoverueruieruieniieiieieeiie et stee et 626
15.7.4  Range of Analog Power Supply and Other Pin Settings........cc.ccceveveerveerueennne. 627
15.7.5  Notes on Board DeSi@N .......cccceeivuiiiriiiiiieniienieenieesieeeiee st eiee s eiee e 627
15.7.6  Notes on Noise COUNEIMEASUIES .......eoveerueerreruereenreenieenieereerenreseeseeesseenseenne 628
Section 16 Compare Match Timer (CMT).......ccoouiiiiiiiiiiiiniiiiiieieeeeeeeeee 629
LO.1  FOALUIES ...ccuteeniieieeie ettt ettt ettt ettt ettt e s a e bt e be e bt et eeatesae e bt et e enteeneeeseenbeesanas 629
16.2  RegiSter DESCIIPLONS ...uveeiiieriiieiiiesieerteeste et site ettt et e sttt e sbe e st e e sabeesbeesabeesseesaseesneas 630
16.2.1  Compare Match Timer Start Register (CMSTR) .....cccccevivivieeniiiieiiieeeeeen. 631
16.2.2  Compare Match Timer Control/Status Register (CMCSR) ........ccocvvvvvvennennen. 631
16.2.3  Compare Match Counter (CMCNT) ......oooiiiiiiiiieieeeeeee e 633
16.2.4  Compare Match Constant Register (CMCOR) .........cccccoviiiiiniiiiiieeie e 633
LT T 1<) 14 o) 1 USRI 634
16.3.1  Interval Count OPeration .........ccocueerieerieenieerieenieesieesreesieesseesseesseessseesssens 634
16.3.2  CMOCNT CoUnt TimiNg......ceeeveeiriieeriieenieeniieenieenteesieesreesteesseesseessseesveesnsens 634
LR S 1111 0 41 o] OO OO OO PR PRRUPRR 635
16.4.1  CMT Interrupt Sources and DTC Activation..........ccceecueeiereeneeneenieeiesceneenn 635
16.4.2  Timing of Setting Compare Match Flag ..........cccoocieiiiiiiiniiiiceeeee 635
16.4.3  Timing of Clearing Compare Match Flag..........cccccooiiiiiiiniiniiieiiececee 636
16.5  USAZE INOLES cuvveenireeiiieriie ettt ettt e rite et e e bt e eateeebeeesbeessbaeesbeesabaeesseesasaesaseesaseesnseesasaennseens 637
16.5.1  Module Standby Mode Setting ..........cceceerciereriieriiieiiieeiie e eee e 637
16.5.2  Conflict between Write and Compare-Match Processes of CMCNT ............... 637
16.5.3  Conflict between Word-Write and Count-Up Processes of CMCNT ............... 638
16.54  Conflict between Byte-Write and Count-Up Processes of CMCNT................. 639
16.5.5 Compare Match between CMCNT and CMCOR .......c..cccociviriieiivininininenne 639
Section 17 Pin Function Controller (PFC)..........oooiviiiiiiiieieiiieieeeeiveeeeeeee e 641
17.1  RegiSter DESCIIPLONS ..e.vveeiiieiieeiiieste et este et site ettt et e ettt esbeesibeesabeesreesabeesseesaseensneas 658
17.1.1  Port A I/O Register L (PAIORL) .....cccooiiiiiiiiieieeeee e 659
17.1.2  Port A Control Registers L1 to L4 (PACRLI1 to PACRLA4).......ccccccevcuevriennen. 659
17.1.3  Port B I/O Register L, H (PBIORL, PBIORH) ..........ccccoeiiiiiiiiiiiieicee 673
17.1.4  Port B Control Registers L1, L2, HI (PBCRL1, PBCRL2, PBCRHI)............. 674
17.1.5  Port D I/O Register L (PDIORL) (SH7149 Only) ......coceveriririieieiencneneeene 681
17.1.6  Port D Control Registers L1 to L4 (PDCRL1 to PDCRL4) (SH7149 Only) .... 681
17.1.7  Port E I/O Registers L, H (PEIORL, PEIORH) .........cccceeoiiiiiiiiiieeeee 688
RO1UHO0049EJ0400 Rev. 4.00 Page xvii of xlii

Sep 24, 2010 RENESAS



17.1.8  Port E Control Registers L1 to L4, H1, H2 (PECRLI1 to PECRLA4,

PECRHI1, PECRH2).....ccueiiiiiiiiiiiiiieeceicetteteteeteseeeee ettt 689

17.1.9  IRQOUT Function Control Register (IFCR) .......ccoccceeviiriiiniiiiiiiniiiienieene 706

17.2 USAZE INOLES ..ottt ettt ettt ettt ettt e st e bt e sa e e bt e e sbte e bt e e saeesbeeenneenans 707
Section 18 I/O POITS.....cciiiiiiiieeeiiiee ettt et e e e sara e e e e 709
I8.1  POIT Aottt ettt ettt et ettt st st she e bt ettt et sbe e b teens 710
18.1.1  RegiSter DeSCIIPLIONS ...cevcvreeiieiiieeiieeiieeiteeite et esiteesereesibeesareesibeesareessseesaseens 712

18.1.2  Port A Data Register L (PADRL) .....cccceiiiiiiiiiiiiieecceceeceeeeee 712

18.1.3  Port A Port Register L (PAPRL) .....coooiiiiiiiiiiiiiceeeteeeeeeeeeeeene 714

I8.2 POt Bttt ettt ettt ettt a e bttt et e et e eneeeneeneen 715
18.2.1  RegiSter DeSCIIPLIONS ...cevvieeiieiiieeiieeitieeiteesite et enteeniteesibeesereesibeesareessseesaneens 716

18.2.2  Port B Data Registers H and L (PBDRH and PBDRL) .......ccccccevcvieviiiniennnnne 716

18.2.3  Port B Port Registers H and L (PBPRH and PBPRL)..........ccccceeviiiniiiniiennne 719

18.3  POrt D (SH7149 ONLY) ..ottt ettt ettt ettt sttt et e 721
18.3.1  RegiSter DESCIIPLIONS ...ccoveeeueiriieeitieiieeite ettt ettt et ettt e s e saeee s 722

18.3.2  Port D Data Register L (PDDRL) ......cccccoiiiiiiiiiiiiiieecceceeceeeeee 722

18.3.3  Port D Port Register L (PDPRL) ......cccceeviiiiiiiiiiiiieeieeeeee e 724

L84 POITE .ottt ettt sttt ettt et s 725
18.4.1  RegiSter DeSCIIPLIONS ...cevvreeiieiiieeiieeitieeiteesite et eniteesereesibeesareessbeessreessseesaseens 727

18.4.2  Port E Data Registers H and L (PEDRH and PEDRL) ........cccccccoviiniiiniennneen. 727

18.4.3  Port E Port Registers H and L (PEPRH and PEPRL) ..........ccccccoviiiniiniinnnen. 730

I8.5 POt F ettt ettt ettt ettt et e s ae e bt ettt e et e eneeeneeneens 732
18.5.1  RegiSter DeSCIIPIONS ...ceevveeeiieeiieeiieeiieeite ettt et esiteesireesebeesereesibeesareessseenaseens 733

18.5.2  Port F Data Register L (PFDRL) .......cccceeiiiiniiiiiiiieciceeeete et 733
Section 19 Flash MemMOTY........ccoouiiiiiiiiiiiieeiiieeeieeeeee et 735
LOT  FRAUIES ...uveeeueieeitteeete ettt ettt et e s et e st e sb e sate e b beesabeebteesbbeebaeennneenas 735
LO.2 OVEIVIEW oottt ettt et e et e st s e sab e sat e e sat e e sabeesateesateesmteenaneenns 737
19.2.1  BIOCK DI@Iam....cc.ueevuiieiiieeiieniieeieesiee et sieeeite st eiee s e eieesbaeeaeeebaeeaneens 737

19.2.2  Operating MOGE ......ccccueeiiieeiieiiieeiee et eite et eiteeste et esiteesabeesabeesabeesabeesaseens 738

19.2.3  MOdE COMPATISON...ccuuriririerireeririerieenteesreesteesteesteesseessseessseessseeesseesssseessseens 740

19.2.4  Flash Memory Configuration...........ccccceveeerererieeenienenenenreneeeeeeeenneseenes 741

19.2.5  BIOCK DIVISION ..ceeuiiiiiiiiiieiitieniieeeiteeseteeee ettt ettt ettt s esree e 742

19.2.6  Programming/Erasing Interface...........ccccoeeeriririieiiinininnininccececiccneene, 742

19.3  INPU/OULPUL PINS.cuiiiiiiiiiieiiieeiie ettt sttt sttt st s e e s beesaaeesabeesaseesnseenaneenns 745
19.4  RegiSter DESCIIPHONS ....eeetieiiieeiieiiieeieesiteeiee st e et e sbteeteesabeeeabeessbeesabeesabeesnseesabaesaseenns 745
1941  REZISLETS weeeiurieeiieiiieeieeeieeetee st e et e st e ettesbeeette s beeesbeesbaeenstesbeeensseesseensneens 745

19.4.2  Programming/Erasing Interface RegiSters ..........ccevvevenenenininieeienicnicncnenne. 748

19.43  Programming/Erasing Interface Parameters ...........cccoceveverenericeiencnicnenenne. 755

Page xviii of xli RO1UHO049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



19.4.4 RAM Emulation Register (RAMER).......cccccoviiiiniiiiiiiiiniieiiieeiee st 770

19.5 On-Board Programming MO ...........ccceeeiiiiiriiiiiienieenieesie et sieesree e e st esreesbee e 772

19.5.1  BOOtMOME ..ottt ettt ettt et et n 772

1952 User Program Mode............ccciiiiiiiiiiiiiiiiiiee e 776

19.5.3  USer BOOt MOE.......ciiiiiiiiiiiiiiieeiic ettt 785

196 PrOTECHION ....eoueiinieeiieiiieeiteettetc ettt ettt ettt st sttt ettt sat e sae e bt et et eenesenesbaenaees 790

19.6.1  Hardware ProteCtion .........ccccecuerierierieneeniieiieieeieenteeieete et sieesaee i e eaeene 790

19.6.2  Software ProteCtion.......c..ccoeevieriiriiiiieneenieeieeteeieetteieete ettt 791

19.6.3  EITOTr PrOtECHION. ...eouiiiiiiiiiiiitieiteete ettt ettt s 791

19.7  Flash Memory Emulation in RAM ... 793

JO.8  USAZE NNOLES ...ttt ettt s st st e e e eaeenees 796

19.8.1  Switching between User MAT and User Boot MAT .......cccccevvviiiniienneeinieennnen. 796

19.8.2  Interrupts during Programming/Erasing ..........ccceceeveveeriieervieeniieesnieesieeerneenens 797

19.8.3  Other NOTES ...ouviviiiieieeiieeteetteteee ettt ettt ettt et sae e 800

19.9  Supplementary INfOrmation ...........cccoeveriririeieienineneeeee et 802
19.9.1  Specifications of the Standard Serial Communications Interface

10 BOOE IMOAE ...ttt 802

19.9.2  Areas for Storage of the Procedural Program and Data for Programming........ 832

19.10 Programmer MOME ..........cooviiiiiiriieniieniee sttt stee st e st e st e sbeesabeesabaeeabeesabeesnseesnbeesnseas 840

Section 20 Masked ROM........coccoiiiiiiiiiiiiiiieteeeee et 841

201 USAZE INOLE...ccuutieiiteiiteritteett ettt ettt ettt sb et ettt s b e et e st e st esabeesabeesabeesaneeen 842

20.1.1  Module Standby Mode Setting ........c.ccoveeeveirnieriiiiiieeie ettt 842

Section 21 RAM ..ot 843

211 USAZE INOLES ceveeiiieiiteeitteeite e st ettt e sttt ettt ettt et e e bt e ebeeebaeenaeesabaeenseesnbaeenseesabeesnseesaseesnseenn 844

21.1.1  Module Standby Mode Setting ..........ccoceerveirnieriiiiiienie ettt 844

21.1.2  AdAIess BITOT ..c...oiiiiiiiiiiiiieie ettt e 844

21.1.3  Initial Values in RAM .....cccccoiiiiiiiiiee e 844

Section 22 Power-Down MoOdEs ..........cocueiiiiriiiiiiiiiinienieeeceeeeeeeeeee e 845

221 FEALUIES ....cveeieeieeieeite ettt ettt ettt ettt st sbe bt e bt st s bt e bt e bt ettt e eatesaae b e naees 845

22.1.1  Types of POWer-Down Modes ..........ccoeouerierieniiniieie e 845

222 INPUU/OULPUL PINS ..ciiiiiiiiiiiiiiiteeiee ettt ettt et s s 847

223 RegIStEr DESCIIPLIONS ....uviiiiiiiiiiieiiie ittt ettt ettt ettt e saa e e sat e st e e sat e e saaeenaeees 848

22.3.1  Standby Control Register 1 (STBCRI)...ccccceoviirriiiniiiiieieeieeeeeeeeeee e 848

22.3.2  Standby Control Register 2 (STBCR2).....ccccovvieriiiniieiieieeieereeee e 849

22.3.3  Standby Control Register 3 (STBCR3).....cceoviiriiiiniieiieieeitereeeee e 850

22.3.4  Standby Control Register 4 (STBCR4)...ccc.cooiiiiiiiiiiiiieieeeeeeeeeeeen 851

22.3.5  Standby Control Register 5 (STBCRS)...cocueiiiiiiiiiiiiiiieieeieeeeceeeeen 853

RO1UHO0049EJ0400 Rev. 4.00 Page xix of xlii

Sep 24, 2010 RENESAS



22.3.6  Standby Control Register 6 (STBCRO)......cccceeveiiiiiiinieiiieeieesieeeiee s 854

22.3.7  RAM Control Register (RAMOCR)......c.ceeviiriiiiiiiiiiieeieeiieete et 855
22,4 SIEEP MOAE ...ttt ettt et et h e bt ettt ente et e saeeaeen 856
22.4.1  Transition to S1eep MOde........coviiiriiiiiiiniiiiieeeeeeeteeee e 856
22.4.2  Canceling S1Eep MOde.......cocuiiiiiiiiiiiiieiieeiieete ettt 856
22.5  Software Standby MOGE..........ccvcuieriiiiiiieniie ittt ettt eee e ee sttt e st esatessbaeenaneeas 857
22.5.1  Transition to Software Standby MoOde .........ccceevvieriiiniiieniienieeieenee e 857
22.5.2  Canceling Software Standby Mode..........ccceecuieriiiiriiieiiieiiieeieeeeeee e 858
22.6  Deep Software Standby MOdE .........cceoereririeiininininieteeetentese et 859
22.6.1  Transition to Deep Software Standby Mode...........ccccocerinerieieniencncnincnene 859
22.6.2  Canceling Deep Software Standby Mode .........c.ccceveverinenievienieneneneneeenns 859
227  Module Standby MOGE........cccuviiriiriiiiiieeiie ettt ettt iaeesaneens 860
22.7.1  Transition to Module Standby Mode ..........cocueeriiiiieiniiinieenieeieesiee e 860
22.7.2  Canceling Module Standby FUNCHON.........coocuiiriiieniiiiiiieniieeie e 860
228 USAZE INOL... ettt ettt ettt ettt e sa e st e sa e e s ate e be e e sate e bt e e see e beeeaeeea 861
22.8.1  Current Consumption while Waiting for Oscillation to be Stabilized .............. 861
22.8.2  Executing the SLEEP INStrUCHON ....coc.veevieiniiirieeniierieerieceeeseeeiec e 861
Section 23 List Of REGISIETS.....cccviiieriiieeiiieeiieeeiee ettt seree s 863
23.1 Register Address Table (In the Order from Lower Addresses) ......oocveeveveercveercreesiveensueenns 864
23.2  ReISEr Bit LiSt..c..ieiiiiiiiiiiieiiee ettt sttt ettt ae e en 876
23.3  Register States in Each Operating Mode .............cccooiiiiiiiiniiiiiiiiici e 894
Section 24 Electrical CharaCteriStiCs .........eeuvvieriiiiriieeniieeriie et 905
24.1  Absolute Maximum RatiNES ......cceeriiirieriiierieeriieerie ettt et sre st esaeesineesaneens 905
24.2  DC CRATACLEIISTICS «.uveeuteeurerurerieriienieenteenteete ettt eitesteesteeteeteeetesteesbeesbeeueenseemeesueesseenseenseens 906
24.3  AC CRATACIETISTICS .veerureeitiertieeieeetteeiee sttt e st e et e st e st e st e sabeesabeesateesmteesneeesseeesaneenns 910
24.3.1  ClOCK TIMUNG ...ouiiiiiiiietieieeie ettt ettt ettt eteeete e seesaeesaeesaeesaeenseeneeens 911
24.3.2  Control Signal TImMiNg ........ccccooiiiiiiiiiiiiiiiii e e 914
24.3.3  AC BUS TiMINEZ ..ceiitiiiiiiiiieeiie ettt ettt site et e st e e sibeesabeesebeesaneens 917
24.3.4  Multi Function Timer Pulse Unit 2 (MTU2) Timing.........ccceecveevvveerveenveennenns 923
24.3.5  Multi Function Timer Pulse Unit 2S (MTU2S) Timing ......cccccceevveerveenveennenne 924
24.3.6  T/O POrt TIMING....cccuieiieieiieeiieitteste ettt ettt eete s tee st esbeebeeaeeneesneeene 925
24377  Watchdog Timer (WDT) Timing........cccccoceeviiiiiiiiiiiiiiieiieieeeciccie e 926
24.3.8  Serial Communication Interface (SCI) Timing........cccecceeveerierieneeneeneeieeeenne 927
24.3.9  Port Output Enable (POE) Timing.........cccceerierrieriieeiieeiieeieeieeenieeesieeesineens 929
24.3.10 UBC Triger TIMING ...ccccvveereieiiiieiieeiieeieeesieeenieesieeesitesieeesieessseeessseessseensneens 930
24.3.11  A/D Converter TiMiNgG.......cccueeriieriieeriienieenieesreesieesieesteeeieesbeeesaeessseesnaneens 931
24.3.12 AC Characteristics Measurement CONditions ............ceceerrieerreeriieenseenieenneeenns 932
244 A/D Converter CRaraCteriStiCS . ....eeuuitrrueertiieiiieriieeieesieeeteesiteetee st e eteesbeeeseesbeesneeeas 933
Page xx of xli RO1UHO049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



24.5 Flash Memory CRAraCteriStiCS .....ovieruerrureriernreerieeriteeniteeieeesteeeieeessreeseesseesseessseessees 934

24,6 USAZE INOLC...ccuveeririeriiieiiteeite et et e sttt ettt e tteebte e bteebeeebaeanseesabaeenseesabaesnsaesaseesnseessaennseean 935

24.6.1  Notes on Connecting V; Capacitor...........ccoceeiiiiiiviiiiniiiiiiicicicc 935
APPENAIX ..ttt st sre e 937
A PIN STALES .ottt et sttt et s sreea 937
B. Processing of UnUSEd PinS........coccuviiiiiriiiiiieieerieeiee sttt sttt ane e 943
C. Pin States of Bus Related Signals ........coccvevieiiiiiniieniienieeieee e 944
D Product Code LINEUP ......ccoouiiiiiiiiiiiiiiiic it 946
E Package DIMENSIONS .......cc.ooiiiiiiiiiiiiiiiie et e e 947
Main Revisions for This Edition..........ccccoeviiiiiiiiiiiiiiiiiiiccceeeceeee 949
INAEX et 959
RO1UHO0049EJ0400 Rev. 4.00 Page xxi of xlii

Sep 24, 2010 RENESAS



Page xxii of xlii RO1UH0049EJ0400 Rev. 4.00
RENESAS Sep 24, 2010



Figures

Section 1 Overview

Figure 1.1
Figure 1.2
Figure 1.3

Section 2
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4

Section 3
Figure 3.1
Figure 3.2
Figure 3.3

BIOCK DAQZIAM ....ttieiiiieiieeiie ettt ettt ettt ettt et e et eesaaeesabeenaneenes 6
Pin Assignments Of SH7T46 .....cccooviiiiiiiiiiiieieeiteete ettt 7
Pin Assignments of SH7149 (LQFP Version) ........cceccceveveeriieeniiienneesiieeenieesieeenineens 8
CPU
CPU Internal Register Configuration..........ccceecueeruerrierienieneesieeie et 16
Register Data FOIMAL .........c.cooiiiiiiiiiiiieniie ettt st s 20
Memory Data FOIMAL..........c.coviiiiiieniiiniie ittt sttt ettt sieesaee s 20
Transitions between Processing States .........cceevveeriveeniiieniieenieenieenieesiieesveessveennne 44
MCU Operating Modes
Address Map for Each Operating Mode in SH7146 ..........coocoovieiiiiiniiniiieeee 50
Address Map for Each Operating Mode in SH7149 .........cooccvivviiniiiiiiiiieeieeen, 51
Reset Input Timing when Changing Operating Mode ...........coocveeveieeriiieniieenieennnen. 52

Section 4 Clock Pulse Generator (CPG)

Figure 4.1 Block Diagram of Clock Pulse GENerator...........cccceevuereerieneenienieeieeieeee e 54
Figure 4.2 Connection of Crystal Resonator (EXample) ........cccocevieriinienieniniiieienienceeee 68
Figure 4.3 Crystal Resonator Equivalent CirCUt .........c.eevcveerviieriiieiniieeiieesiieeite et 68
Figure 4.4 Example of External Clock CONNECtion..........ccceeevueerniieenieenieenieenieesieesreesieenane 69
Figure 4.5 Cautions for Oscillator Circuit Board Design..........cccceevvieviiiinieniieinienieeeeeeen. 71
Figure 4.6 Recommended External Circuitry around PLL...........cccccooiiiiiniiiiniiicnee 72
Section 6 Interrupt Controller (INTC)

Figure 6.1 Block Diagram of INTC ......cociiiiiiiiiiiienieee ettt 92
Figure 6.2 Block Diagram of IRQ3 to IRQO Interrupts Control ...........ccceecverveneeneeneenneenne. 105
Figure 6.3 Interrupt Sequence FIOWChArt ........coc.eeviiiiiiiniiiiiieniic et 111
Figure 6.4 Stack after Interrupt Exception Handling ...........coccoeveeiiniiniiniiiiinenceceieeee 112
Figure 6.5 IRQ Interrupt Control Block Diagram ..........cccceeveerieneeniinciiinieeieeieneeneeeene 114
Figure 6.6 On-Chip Module Interrupt Control Block Diagram............cccccoceereeneencenenniennnen. 115
Section 7 User Break Controller (UBC)

Figure 7.1 Block Diagram of UBC ........cooiiiiiiiiiiiiieieeeteeteete ettt ettt 118
Section 8 Data Transfer Controller (DTC)

Figure 8.1 Block Diagram of DTC......c.ccooiiiiiiiiiiiiiiiieiientesteteeee et 154
RO1UHO0049EJ0400 Rev. 4.00 Page xxiii of xlii
Sep 24,2010 RENESAS



Figure 8.2
Figure 8.3
Figure 8.4
Figure 8.5

Figure 8.6
Figure 8.7

Figure 8.8

Figure 8.9
Figure 8.10

Figure 8.11

Figure 8.12

Figure 8.13

Figure 8.14

Figure 8.15

Figure 8.16

Transfer Information on Data Area...........cccooceviviiiiiiniiniininiiiccececeee 167
Correspondence between DTC Vector Address and Transfer Information .......... 167
Flowchart of DTC OPeration.............cceeoeeruierieenieeiieiesiesee e sieesee e eee e sneesaeens 171
Transfer Information Read Skip Timing (Activated by On-Chip Peripheral Module;
I¢: Bo: Pd =1: 1/2: 1/2; Data Transferred from On-Chip Peripheral Module to

On-Chip RAM; Transfer Information Is Written in 3 States).........ccoceevcveereeenne. 175
Memory Map in Normal Transfer Mode ...........cooveeviiinieeniienieeniienieesieesieeee 177
Memory Map in Repeat Transfer Mode

(When Transfer Source Is Specified as Repeat Area).........ccoceveeveenieesieecieneenee. 178
Memory Map in Block Transfer Mode

(When Transfer Destination Is Specified as Block Area)........cccccecevienieniencnnne. 180
Operation of Chain Transfer.........coceeviiiiiieniieiieee e 181

Example of DTC Operation Timing: Normal Transfer Mode or Repeat Transfer
Mode (Activated by On-Chip Peripheral Module; 1¢: Bd: Py =1: 1/2: 1/2; Data
Transferred from On-Chip Peripheral Module to On-Chip RAM;

Transfer Information Is Written in 3 CYCles).......cooverieniininneniieiienierceeeeeene 182
Example of DTC Operation Timing: Block Transfer Mode with Block Size = 2
(Activated by On-Chip Peripheral Module; I¢: Bo: Pdp =1: 1/2: 1/2; Data
Transferred from On-Chip Peripheral Module to On-Chip RAM;

Transfer Information Is Written in 3 Cycles)......coceevvieriieeniieniieeniienieenieenieenane 182
Example of DTC Operation Timing: Chain Transfer (Activated by On-Chip
Peripheral Module; 1¢: B¢: P =1: 1/2: 1/2; Data Transferred from On-Chip
Peripheral Module to On-Chip RAM; Transfer Information Is Written

TN 3 CYCIES) ettt ettt sttt st e st sab e st sbeeeaaeas 183
Example of DTC Operation Timing: Normal or Repeat Transfer in Short Address
Mode (Activated by On-Chip Peripheral Module; I¢: Bo: Py =1: 1/2: 1/2; Data
Transferred from On-Chip Peripheral Module to On-Chip RAM;

Transfer Information Is Written in 3 Cycles).......cooverienienenneniiinieneeneeneeieeene 183
Example of DTC Operation Timing: Normal or Repeat Transfer with DTPR = 1
(Activated by On-Chip Peripheral Module; 1¢: Bo: Pdp =1: 1/2: 1/2; Data
Transferred from On-Chip Peripheral Module to On-Chip RAM;

Transfer Information Is Written in 3 Cycles)......occceeviiirieiniiiniieiniienieenieesieenae 184
Example of DTC Operation Timing: Normal or Repeat Transfer

(Activated by IRQ; I¢: Bo: P =1: 1/2: 1/2; Data Transferred from On-Chip
Peripheral Module to On-Chip RAM; Transfer Information Is

WIItEN 1N 3 CYCIES) ..ot 184
Example of DTC Operation Timing: Conflict of Two Activation Requests

in Normal Transfer Mode (Activated by On-Chip Peripheral Module;

1¢: B¢: P = 1: 1/2: 1/2; Data Transferred from On-Chip Peripheral Module to
On-Chip RAM; Transfer Information Is Written in 3 Cycles)......c..cccveeveeenene 189

Page xxiv of xlii

RO1UH0049EJ0400 Rev. 4.00
RENESAS Sep 24, 2010



Figure 8.17  Example of DTC Activation in Accordance with Priority .......c.ccocceecvervienicneenne. 190
Figure 8.18  Activation of DTC by INEITUPL ....eeovvieriiiiiieiiieeiieeiie ettt 191
Figure 8.19  Chain Transfer when Counter = 0......c..cccceceevierinininineeieeieceneeeeceeeeeneene e 193

Section 9 Bus State Controller (BSC)

Figure 9.1 Block Diagram of BSC ........cooiiiiiiiiiiniieeieeciteeitese ettt 198
Figure 9.2 Normal Space Basic Access Timing (Access Wait 0) .....cccoocveevveeenieeniieeniieenieenns 216
Figure 9.3 Continuous Access for Normal Space 1 Bus Width = 16 Bits, Longword Access,

WM Bit in CSnWCR = 0 (Access Wait = 0, Cycle Wait = 0) ....coceeveeiieniennennee. 217
Figure 9.4 Continuous Access for Normal Space 2 Bus Width = 16 Bits, Longword Access,

WM Bit in CSnWCR =1 (Access Wait = 0, Cycle Wait = 0) ....cccceevueeieniennennee. 218
Figure 9.5 Example of 16-Bit Data-Width SRAM Connection ........c...cccceceevveneeneeneenneenne. 219
Figure 9.6 Example of 8-Bit Data-Width SRAM CONNECtioN ........cccceerveeerieeriiieereeeniieeneens 219
Figure 9.7 Wait Timing for Normal Space Access (Software Wait Only).......cccccceeeereenenne. 220
Figure 9.8 Wait State Timing for Normal Space Access

(Wait State Insertion Using WAIT Signal)........c.ccoooenieniiiinninienieececeee 221
Figure 9.9 CSn Assert Period EXtENSION .......ccevirieienieiieniininteeeteiee st 222
Figure 9.10  Bus Arbitration When DTC Activation Request Occur during External Space

AcCesS fTOmM CPU.......cooiiiiiiiiiiiiieiceeece et 227
Figure 9.11  Bus Arbitration TIMiNg.......ccoveeriuieiiieriiieiiieeite ettt ettt seeesbeesbeesbee e 229
Figure 9.12  Timing of Write Access to On-Chip Peripheral I/O Registers

When IQ:Bh:iPh = 4:2:2 .o 232
Figure 9.13  Timing of Read Access to On-Chip Peripheral I/O Registers

When IQ:Bh:iPh = 4:2:1 oot 232
Figure 9.14  Timing of Write Access to Word Data in External Memory

When I$:B¢ = 2:1 and External Bus Width is 8 Bits........cccoeevveciieciieienienieienee, 234
Figure 9.15 Timing of Read Access with Condition I¢:B¢p = 4:1 and

External Bus Width > Data Width .........cccocoeiiiiiiiiiiniiicceeeeceeeee 235

Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Figure 10.1  Block Diagram of MTU2Z.........cooiiiiiiiiiiiiiieeieeieeite ettt 242
Figure 10.2  Complementary PWM Mode Output Level Example..........cccccocevviiniiniinienennne. 309
Figure 10.3 PWM Output Level Setting Procedure in Buffer Operation............cccccceveneenennee. 314
Figure 10.4  Example of Counter Operation Setting Procedure............c.ccoeceeveeniencienienicneene. 327
Figure 10.5  Free-Running Counter OPeration...........c..cecueevueruerierieneeneeneenieeieseesieesseenieenees 328
Figure 10.6  Periodic Counter OPeration .............ccoceeeuieriieiiinienieenieneenieenreeee e seeseereennes 329
Figure 10.7  Example of Setting Procedure for Waveform Output by Compare Match ........... 329
Figure 10.8  Example of 0 Output/1 Output Operation..........c..ceceeeceereereerienieenieeceeereneeneenes 330
Figure 10.9  Example of Toggle Output Operation...........coceeevereereeneeniennienienieneenieeneeeenaees 330
Figure 10.10 Example of Input Capture Operation Setting Procedure.............cccccceceevvenienennne. 331
RO1UHO0049EJ0400 Rev. 4.00 Page xxv of xlii

Sep 24, 2010 RENESAS



Figure 10.11
Figure 10.12
Figure 10.13
Figure 10.14
Figure 10.15
Figure 10.16
Figure 10.17
Figure 10.18
Figure 10.19

Figure 10.20
Figure 10.21
Figure 10.22
Figure 10.23
Figure 10.24
Figure 10.25
Figure 10.26
Figure 10.27
Figure 10.28
Figure 10.29
Figure 10.30
Figure 10.31
Figure 10.32
Figure 10.33
Figure 10.34
Figure 10.35
Figure 10.36

Figure 10.37
Figure 10.38
Figure 10.39
Figure 10.40
Figure 10.41
Figure 10.42
Figure 10.43
Figure 10.44
Figure 10.45
Figure 10.46
Figure 10.47
Figure 10.48

Example of Input Capture Operation..........c.eeeveerveerieenieenieeniieenieesseeseeesiseennns 332
Example of Synchronous Operation Setting Procedure............ccceecveevveeniienineennne 333
Example of Synchronous Operation ............ccceeeeereerieerienieseeseesieesie e e eie e 334
Compare Match Buffer Operation .............cooceereereerieeiieeieniesceseeie e 335
Input Capture Buffer Operation ..........cccceevevierieneeniieiieeieeieeesee e 336
Example of Buffer Operation Setting Procedure .............ccecceevvierniiinieenieeniennnns 336
Example of Buffer Operation (1) ........ccccueerieeniiinieeniienieenieesieesiee e 337
Example of Buffer Operation (2)........ccccveerieeniienieeniienieenieesieesiee e siee s 338
Example of Buffer Operation When TCNT_0 Clearing Is Selected

for TGRC_0 to TGRA_O Transfer Timing .........ccceoceeveerienienieneeeeeee e 339
Cascaded Operation Setting Procedure............cccoerieiieieniinieiieieeseeceeeeeee 340
Cascaded Operation EXample (2)......ccoceevveerrieeriiieniiieniieniteeieeeiee st 341
Cascaded Operation EXample (D) ....c.eevcveiiiiiiniiieiiiieniieeiieeee ettt 341
Cascaded Operation EXample (C).....cveevveiirieriiiinieiiieenieeie et e e 342
Cascaded Operation EXample (d) .......cooceereeiieiiiniinieniereseecec e 343
Example of PWM Mode Setting Procedure............ccccovierieneeniineiiiiceienceeee 346
Example of PWM Mode Operation (1)........ccccecueeierienienieneenieeieeee e 347
Example of PWM Mode Operation (2)........ccocueerveerieenieenieenieenieeeieeeieeeneee e 347
Example of PWM Mode Operation (3)........coocveerieerieerieeniiienieenieeeieesieeeeee e 348
Example of Phase Counting Mode Setting Procedure ..........ccccccevveeiviiieniiirnneennne. 349
Example of Phase Counting Mode 1 Operation..........c.cceceereeneeneeneeeieeneeneenens 350
Example of Phase Counting Mode 2 Operation..........c.ceceereereenueeneereeneeneeneens 351
Example of Phase Counting Mode 3 Operation..........c.ceeeereereeneeneeeieeneeneenens 352
Example of Phase Counting Mode 4 Operation...........c..cceecveervieeriieeeneensieeeneeennne 353
Phase Counting Mode Application Example.........ccccccoovieriiiiniiniiiinieniieeeeee 355
Procedure for Selecting Reset-Synchronized PWM Mode.........c.cccoevveriieninennne. 357
Reset-Synchronized PWM Mode Operation Example

(When TOCR’s OLSN =1 and OLSP = 1) ..cccoiiiiiiiiiiiinininicicceceeee 358
Block Diagram of Channels 3 and 4 in Complementary PWM Mode.................. 361
Example of Complementary PWM Mode Setting Procedure.............c.cccoceeeueenee. 362
Complementary PWM Mode Counter Operation ...........c..ceceeeeereenueenueenneeeeenns 363
Example of Complementary PWM Mode Operation.............ceeceeeeeeveereeneeneenneens 365
Example of Operation without Dead Time.........cccceevuervieriiniieniinienienieiceieeene 368
Example of PWM Cycle Updating .........ccocceveerieeiiiriienienienieneeneeeeeeeseesieenieens 369
Example of Data Update in Complementary PWM Mode ........ccccceveeiriiniennnen. 371
Example of Initial Output in Complementary PWM Mode (1) .....c.cccocveeveeiennes 372
Example of Initial Output in Complementary PWM Mode (2) .......cccocevverueennn. 373
Example of Complementary PWM Mode Waveform Output (1)......c..ccceeueenens 375
Example of Complementary PWM Mode Waveform Output (2).........cccceevueenenn. 375
Example of Complementary PWM Mode Waveform Output (3)........ccceceevueennene 376

Page xxvi of xlii

R0O1UH0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



Figure 10.49
Figure 10.50
Figure 10.51
Figure 10.52
Figure 10.53
Figure 10.54
Figure 10.55
Figure 10.56
Figure 10.57

Figure 10.58
Figure 10.59
Figure 10.60
Figure 10.61
Figure 10.62
Figure 10.63

Figure 10.64

Figure 10.65

Figure 10.66

Figure 10.67

Figure 10.68
Figure 10.69
Figure 10.70
Figure 10.71
Figure 10.72
Figure 10.73
Figure 10.74

Example of Complementary PWM Mode 0% and 100% Waveform Output (1)..376
Example of Complementary PWM Mode 0% and 100% Waveform Output (2)..377
Example of Complementary PWM Mode 0% and 100% Waveform Output (3).. 377
Example of Complementary PWM Mode 0% and 100% Waveform Output (4).. 378
Example of Complementary PWM Mode 0% and 100% Waveform Output (5).. 378

Example of Toggle Output Waveform Synchronized with PWM Output............. 379
Counter Clearing Synchronized with Another Channel.............ccccceevieiniieniennnns 380
Timing for Synchronous Counter Clearing...........ccceevveeevueerrieeneeenieenieesveennens 382
Example of Procedure for Setting Output Waveform Control at Synchronous
Counter Clearing in Complementary PWM Mode .........ccccovoieiiiiiiniencenieieeee 383
Example of Synchronous Clearing in Dead Time during Up-Counting

(Timing (3) in Figure 10.56; Bit WRE of TWCR in MTU2 IS 1)..cccceevvvinunennneen. 384
Example of Synchronous Clearing in Interval Tb at Crest

(Timing (6) in Figure 10.56; Bit WRE of TWCR in MTU2 IS 1)..ccccevviienureenneen. 384
Example of Synchronous Clearing in Dead Time during Down-Counting

(Timing (8) in Figure 10.56; Bit WRE of TWCRIS 1)..ccccoviiiiiiiiiiiiiiiiiiiceee 385
Example of Synchronous Clearing in Interval Tb at Trough

(Timing (11) in Figure 10.56; Bit WRE of TWCR IS 1).cccccoviiiiniiiiiiiiiiiiiienee. 386
MTU2-MTU2S Synchronous Clearing-Suppressed Interval Specified

by SCC Bit in TWCR ..ottt 387
Example of Procedure for Suppressing MTU2-MTU2S Synchronous

COUNLET CLEATTNE ...c..veeieeietietieteeie ettt ettt ettt e et ste st e satesbee st et enbeenneas 388

Example of Synchronous Clearing in Dead Time during Up-Counting

(Timing (3) in Figure 10.56; Bit WRE Is 1 and Bit SCC Is 1

N TWCR Of MTU2ZS) ..ottt 389
Example of Synchronous Clearing in Interval Tb at Crest

(Timing (6) in Figure 10.56; Bit WRE Is 1 and Bit SCC Is 1

i TWCR Of MTU2ZS) ..ottt st 390
Example of Synchronous Clearing in Dead Time during Down-Counting

(Timing (8) in Figure 10.56; Bit WRE Is 1 and Bit SCC Is 1

IN TWCR of MTU2S) ..o 391
Example of Synchronous Clearing in Interval Tb at Trough (Timing (11)

in Figure 10.56; Bit WRE Is 1 and Bit SCC Is 1 in TWCR of MTU2S) .............. 392
Example of Counter Clearing Operation by TGRA_3 Compare Match............... 393
Example of Output Phase Switching by External Input (1)......ccceceevvenienienennne. 394
Example of Output Phase Switching by External Input (2).........ccccceceevieneencnne. 395

Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (1) . 395
Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (2) . 396
Example of Interrupt Skipping Operation Setting Procedure ..........c..cccceeveennennne. 397
Periods during which Interrupt Skipping Count Can be Changed.............c......... 398

RO1UHO0049EJ0400 Rev. 4.00

Sep 24, 2010

Page xxvii of xlii

RENESAS



Figure 10.75 Example of Interrupt SKipping Operation...........cceeeeueerrueereieerneenrieeenieessieeeneeeennes 398
Figure 10.76 Example of Operation when Buffer Transfer Is Suppressed
(BTE1 =0and BTEO = 1) c.ceoeiiiiiieieienieeneeeieeeeeeeentesie ettt 400
Figure 10.77 Example of Operation when Buffer Transfer Is Linked
with Interrupt Skipping (BTELl =1 and BTEO =0) ....ccceoiiiieiieiieeeceeeeee 401
Figure 10.78 Relationship between Bits T3AEN and T4VEN in TITCR and
Buffer Transfer-Enabled Period............ccccooviviniiiiiiiiiiniiiiccccee 402
Figure 10.79 Example of Procedure for Specifying A/D Converter
Start Request Delaying FUNCtion ..........cocceeeieiieiieiinieieeieeeeeee e 404
Figure 10.80 Basic Example of A/D Converter Start Request Signal (TRG4AN) Operation.... 405
Figure 10.81 Example of A/D Converter Start Request Signal (TRG4AN) Operation
Linked with Interrupt SKipPing.......ccceeeeeriiieriieiiiieeiee ettt ettt s 406
Figure 10.82 Example of A/D Converter Start Request Signal (TRG4AN) Operation
Linked with Interrupt SKipping.......ccceeveeviiierieeriiieeieeeiee ettt s 407
Figure 10.83 Example of Synchronous Counter Start Setting Procedure ...........ccccceoceeneeennen. 408
Figure 10.84 (1) Example of Synchronous Counter Start Operation
(MTU2-to-MTU?2S Clock Frequency Ratio = 1:1)..c.cccoenininieiieniniiniiinnns 409
Figure 10.84 (2) Example of Synchronous Counter Start Operation
(MTU2-to-MTU2S Clock Frequency Ratio = 1:2) ....coeviieniiiniiiniieniiceeeee, 410
Figure 10.84 (3) Example of Synchronous Counter Start Operation
(MTU2-to-MTU2S Clock Frequency Ratio = 1:3)....cccoviiiiinieniiiiiciiceee 410
Figure 10.84 (4) Example of Synchronous Counter Start Operation
(MTU2-to-MTU2S Clock Frequency Ratio = 1:4) ......ccooceeiieniiniiniiiciiceeee 411
Figure 10.85 Example of Procedure for Specifying MTU2S Counter
Clearing by MTU2 Flag Setting SOUICE .......coooveerieeriienieenieenieenieeiee e 412
Figure 10.86 (1) Example of MTU2S Counter Clearing Caused by MTU?2 Flag
SEttNG SOUICE (1) couveeuiieiiiiiieiieieeeet ettt ettt sttt st 413
Figure 10.86 (2) Example of MTU2S Counter Clearing Caused by MTU2 Flag Setting
SOUICE (2).nriiiiiiiie ettt et e e et e e et e e eeae e e e e teeeeetaeeeeeateeeeeaaeaeanns 413
Figure 10.87 Example of External Pulse Width Measurement Setting Procedure..................... 414
Figure 10.88 Example of External Pulse Width Measurement (Measuring High Pulse Width)414
Figure 10.89 Delay in Dead Time in Complementary PWM Operation..........c.ccccccceeerreenennen. 415
Figure 10.90 Example of Dead Time Compensation Setting Procedure............ccocceveeneniennnen. 416
Figure 10.91 Example of Motor Control Circuit Configuration ..........ccccceceevveereereeneenennuennens 416
Figure 10.92 TCNT Capturing at Crest and/or Trough in Complementary PWM Operation.... 417
Figure 10.93 Count Timing in Internal Clock Operation (Channels 0 to 4).........c..ccccceevveeenen. 423
Figure 10.94 Count Timing in Internal Clock Operation (Channel 5) .........c.cccocceveenienienennnen. 423
Figure 10.95 Count Timing in External Clock Operation (Channels 0 t0 4) .......c..ccccceeuveeenene 423
Figure 10.96 Count Timing in External Clock Operation (Phase Counting Mode)................... 424
Figure 10.97 Output Compare Output Timing (Normal Mode/PWM Mode).........ccccceveeruenne. 424

Page xxviii of xlii

RO1UHO0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



Figure 10.98 Output Compare Output Timing (Complementary PWM Mode/

Reset Synchronous PWIM MoOde)........ccceiiviieriiiinieeniienieenieesieesiee e seieesvee e 425
Figure 10.99 Input Capture Input Signal TIming .......cccceveveriririeeiienenenenieeeeerereneseseeeeene 425
Figure 10.100 Counter Clear Timing (Compare Match) (Channels 0 t0 4) .......cccceevieenieenneennne 426
Figure 10.101 Counter Clear Timing (Compare Match) (Channel 5)..........ccoooeeviiinieinieenneenne 426
Figure 10.102 Counter Clear Timing (Input Capture) (Channels 0 t0 5) ......cccocveevieeriieenieeniueenne 427
Figure 10.103 Buffer Operation Timing (Compare Match) ..........cceecvievieeniieniieiniienieenieeeieene 427
Figure 10.104 Buffer Operation Timing (Input Capture).........ccoccveevieeerveenieeniieenieenieenieesieenane 427
Figure 10.105 Buffer Transfer Timing (When TCNT Cleared)........c.ccoeoeevienienieenienienienieneene. 428

Figure 10.106 Transfer Timing from Buffer Register to Temporary Register (TCNTS Stop) .... 428
Figure 10.107 Transfer Timing from Buffer Register to Temporary Register

(TCONTS OPEIAtING) «eeuvveerureeriiieriieniteeieesiteeieesteeeteessbeeeaeessbaesseessbaeesseessseesnses 429
Figure 10.108 Transfer Timing from Temporary Register to Compare Register............c........... 429
Figure 10.109 TGI Interrupt Timing (Compare Match) (Channels 0 t0 4) ......coccceevveerceernieennnen. 430
Figure 10.110 TGI Interrupt Timing (Compare Match) (Channel 5).......c.ccocceeveeiieienienieneene. 430
Figure 10.111 TGI Interrupt Timing (Input Capture) (Channels 0 t0 4) .......cccoveevereienienieneenne. 431
Figure 10.112 TGI Interrupt Timing (Input Capture) (Channel 5).........ccooceeveeneeiinienienieneene. 431
Figure 10.113 TCIV Interrupt Setting Timing .........coeceervveeriieeiiiieniieeiiieeieeeiee et eieeesiee e 432
Figure 10.114 TCIU Interrupt Setting Timing .........coecueervveeriieeiiiieniieeiiieeieeeieeeiee et eneee e 432
Figure 10.115 Timing for Status Flag Clearing by CPU (Channels 0 t0 4) ......c.ccceoeveevieernueennnen. 433
Figure 10.116 Timing for Status Flag Clearing by CPU (Channel 5)......c..cccccoveeviniiiniencneene. 433
Figure 10.117 Timing for Status Flag Clearing by DTC Activation (Channels 0 to 4) ............... 434
Figure 10.118 Timing for Status Flag Clearing by DTC Activation (Channel 5) ...........c..c........ 434
Figure 10.119 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode................ 435
Figure 10.120 Contention between TCNT Write and Clear Operations ........cc..ccccceceeevervenneennee. 436
Figure 10.121 Contention between TCNT Write and Increment Operations...........ccecceeueeeueennee. 437
Figure 10.122 Contention between TGR Write and Compare Match.........cccccooeeveiviinicncnnene. 438
Figure 10.123 Contention between Buffer Register Write and Compare Match ...........ccccc..e..e. 439
Figure 10.124 Contention between Buffer Register Write and TCNT Clear ..........cccccecvevuenneenee. 440
Figure 10.125 Contention between TGR Read and Input Capture (Channels 0 to 4) .................. 441
Figure 10.126 Contention between TGR Read and Input Capture (Channel 5)..........ccccccoueenneee. 441
Figure 10.127 Contention between TGR Write and Input Capture (Channels 0 to 4) ................. 442
Figure 10.128 Contention between TGR Write and Input Capture (Channel 5)...........cccceeneeee. 442
Figure 10.129 Contention between Buffer Register Write and Input Capture ............ccceeveneeee. 443
Figure 10.130 TCNT_2 Write and Overflow/Underflow Contention

With Cascade CONNECHON. ......c.uiiiuiiirieiiiierieeiee ettt ettt sat e st e st esaree e 444
Figure 10.131 Counter Value during Complementary PWM Mode Stop ........cccceceeecvevvenveneenne. 445
Figure 10.132 Buffer Operation and Compare-Match Flags in Reset Synchronous

PWM MOGE......coiiiiiiiiiiieieicieniee ettt sttt s s 446
Figure 10.133 Reset Synchronous PWM Mode Overflow Flag.........cc.ccoooeeniininniniiinicnicncene. 447
RO1UHO0049EJ0400 Rev. 4.00 Page xxix of xlii

Sep 24, 2010 RENESAS



Figure 10.134 Contention between Overflow and Counter Clearing.........cc..cocceeveereeneeneennennnen. 448

Figure 10.135 Contention between TCNT Write and OVerflow ..........cccoecveevvieenciieiniienneeeneennen. 449
Figure 10.136 Condition (1) Synchronous Clearing Example ...........cccceierriiiiniinienieneeeeene 451
Figure 10.137 Condition (2) Synchronous Clearing Example ...........cccceieeiiininiiiienenieeeene 452
Figure 10.138 Error Occurrence in Normal Mode, Recovery in Normal Mode ...............c.c...... 456
Figure 10.139 Error Occurrence in Normal Mode, Recovery in PWM Mode 1..........ccccveenneenne 457
Figure 10.140 Error Occurrence in Normal Mode, Recovery in PWM Mode 2 ...........cccceeeneeenee 458
Figure 10.141 Error Occurrence in Normal Mode, Recovery in Phase Counting Mode ............. 459
Figure 10.142 Error Occurrence in Normal Mode, Recovery in Complementary

PWM MOGE ..ottt sttt s st 460
Figure 10.143 Error Occurrence in Normal Mode, Recovery in Reset-Synchronized

PWM MOGE ..ottt 461
Figure 10.144 Error Occurrence in PWM Mode 1, Recovery in Normal Mode............c.cccoueeee. 462
Figure 10.145 Error Occurrence in PWM Mode 1, Recovery in PWM Mode 1..........ccccveeuneeenne 463
Figure 10.146 Error Occurrence in PWM Mode 1, Recovery in PWM Mode 2............cccoeeeeeee. 464
Figure 10.147 Error Occurrence in PWM Mode 1, Recovery in Phase Counting Mode.............. 465
Figure 10.148 Error Occurrence in PWM Mode 1, Recovery in Complementary

PWM MOGE ...ttt 466
Figure 10.149 Error Occurrence in PWM Mode 1, Recovery in Reset-Synchronized

PWM MOGE ...ttt 467
Figure 10.150 Error Occurrence in PWM Mode 2, Recovery in Normal Mode.............c...c.ce...e. 468
Figure 10.151 Error Occurrence in PWM Mode 2, Recovery in PWM Mode 1...........cccceeneeee. 469
Figure 10.152 Error Occurrence in PWM Mode 2, Recovery in PWM Mode 2...........cccceueeneee. 470
Figure 10.153 Error Occurrence in PWM Mode 2, Recovery in Phase Counting Mode.............. 471
Figure 10.154 Error Occurrence in Phase Counting Mode, Recovery in Normal Mode ............. 472
Figure 10.155 Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 1 ............. 473
Figure 10.156 Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 2 ............. 474
Figure 10.157 Error Occurrence in Phase Counting Mode, Recovery

in Phase Counting MOde..........cceeiiiiiiiiiiiiiieniteieeieee ettt 475
Figure 10.158 Error Occurrence in Complementary PWM Mode, Recovery

1N NOTMAl MOME.......ooiiiiiiiiiiiiiciiceeee et s 476
Figure 10.159 Error Occurrence in Complementary PWM Mode, Recovery

INPWM MOAE 1 ..o 477
Figure 10.160 Error Occurrence in Complementary PWM Mode, Recovery

in Complementary PWM MoOde........c.cooeiiiiiiniiniiiiiiieienieneieeeeeee e 478
Figure 10.161 Error Occurrence in Complementary PWM Mode, Recovery

in Complementary PWM Mode..........coceiiiiiiniiniiiiiiieieceececcccere e 479
Figure 10.162 Error Occurrence in Complementary PWM Mode, Recovery

in Reset-Synchronized PWM Mode ...........coceveeniiiiniiiniinienieneeieee e 480
Page xxx of xlii RO1UH0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



Figure 10.16
Figure 10.16
Figure 10.16

Figure 10.16

Section 12
Figure 12.1
Figure 12.2
Figure 12.3
Figure 12.4
Figure 12.5

Section 13
Figure 13.1
Figure 13.2
Figure 13.3

Section 14

3 Error Occurrence in Reset-Synchronized PWM Mode, Recovery

I NOrmal MOde........ccuiiiiiiiiiiiiiiiiciicceceeee e 481
4 Error Occurrence in Reset-Synchronized PWM Mode, Recovery

INPWM MOAE 1 ..ottt e 482
5 Error Occurrence in Reset-Synchronized PWM Mode, Recovery

in Complementary PWM MOde........ccccociriiriiniiniiiiiieiieniccecneeniceneeieeie e 483
6 Error Occurrence in Reset-Synchronized PWM Mode, Recovery

in Reset-Synchronized PWM Mode ...........ccoceeviinieiiinnienicniiinicncencenceeeeieenene 484

Port Output Enable (POE)

Block Diagram of POE .......c..cocooviiiiiiiiiiniinieieeecctetesteee e 494
Falling Edge Detection .........ccoceeviiieiieiiiieeiie ettt ettt et et 517
Low-Level Detection OPeration .............ceeevueerriieeniieeniieeniieeniieeneeesieeesneeseeeseneens 518
Output-Level Compare OPEration ........c.ceevveerueeerieenieenieenieesieesieesseesreessseenane 518
Pin State When a Power-On Reset Is Issued from the Watchdog Timer .............. 521
Watchdog Timer (WDT)

Block Diagram of WDT......ccoouiiiiiiiiieeiie ettt 524
Writing to WTCNT and WTCSR ...cooiiiiiiiiiiieeeeeceeee e 529
Operation in Watchdog Timer Mode

(When WTCNT Count Clock Is Specified to P$/32 by CKS2 to CKSO)............. 531

Serial Communication Interface (SCI)

Figure 14.1  Block Diagram of SCI ........cooiiiiiiiiiiiiiiiiiiitecte ettt 534
Figure 14.2  Example of Data Format in Asynchronous Communication

(8-Bit Data with Parity and Two Stop Bits).......cccceveueeriiiniiiiniienieeniieeiee e, 566
Figure 14.3  Sample Flowchart for SCI Initialization ...........ccccceceerierienienieninieeenieseeeee 569
Figure 14.4  Sample Flowchart for Transmitting Serial Data ........c.ccooceeveioiinieniencnncnicneee. 570
Figure 14.5 Example of Transmission in Asynchronous Mode

(8-Bit Data, Parity, One Stop Bit).....ccocceeviiiriieiniiinieenieeeeeeeeeee e 572
Figure 14.6  Sample Flowchart for Receiving Serial Data (1) ......c.cccocenienienieniiniiniienieneene. 573
Figure 14.6 ~ Sample Flowchart for Receiving Serial Data (2) ......c.cccoceeveenienieniincieniienieneenne. 574
Figure 14.7  Example of SCI Receive Operation (8-Bit Data, Parity, One Stop Bit)................ 576
Figure 14.8  Data Format in Clock Synchronous Communication ..........cc.ccecueeveervenveneeneene. 576
Figure 14.9  Sample Flowchart for SCI Initialization ...........cccccocerierieneeniinennienienienieneene 578
Figure 14.10 Sample Flowchart for Transmitting Serial Data ..........ccccoecieiiiniienienieicnncneee. 579
Figure 14.11 Example of SCI Transmit Operation..........c..cccceeeuervuerierienienieriieeeeeeeeeseeneennes 580
Figure 14.12 Sample Flowchart for Receiving Serial Data (1) ......c.cccoceveiniinieiiniiniiencneee. 581
Figure 14.12 Sample Flowchart for Receiving Serial Data (2) ......c.cccoceeveeneeneenennieniienicneene. 582
Figure 14.13 Example of SCI Receive Operation ...........coceeeereerernienieneeneenieeieeeenreneenieenees 583
RO1UHO0049EJ0400 Rev. 4.00 Page xxxi of xlii
Sep 24,2010 RENESAS



Figure 14.14
Figure 14.15

Figure 14.16
Figure 14.17

Figure 14.18
Figure 14.18
Figure 14.19
Figure 14.20
Figure 14.21
Figure 14.22

Section 15
Figure 15.1
Figure 15.2
Figure 15.3
Figure 15.4
Figure 15.5
Figure 15.6
Figure 15.7
Figure 15.8

Section 16
Figure 16.1
Figure 16.2
Figure 16.3
Figure 16.4
Figure 16.5
Figure 16.6
Figure 16.7

Section 18
Figure 18.1
Figure 18.2
Figure 18.3
Figure 18.4
Figure 18.5
Figure 18.6
Figure 18.7

Sample Flowchart for Transmitting/Receiving Serial Data...........ccoocveevvveneennen. 584
Example of Communication Using Multiprocessor Format

(Transmission of Data H'AA to Receiving Station A).........cccceeveeiieienienieneenne. 586
Sample Multiprocessor Serial Transmission Flowchart ............ccccooveeiiiiiiiinnnn. 587
Example of SCI Operation in Reception

(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit) ........c.cceceevveennnenn. 588
Sample Multiprocessor Serial Reception Flowchart (1) .......ccoceevvviinienniiineennnen. 589
Sample Multiprocessor Serial Reception Flowchart (2) .......ccccveevivivienneeinieennnen. 590
SCKIO Bit, SCKDT Bit, and SCK Pif.......cccccceriiirieieieiese et 592
SPBIO Bit, SPBDT Bit, and TXD Pin......cccccoociiiiieieieierieseceeeeee e 593
Receive Data Sampling Timing in Asynchronous Mode.........cc.ccccecvecvenencnennnene 596
Example of Clock Synchronous Transfer Using DTC..........ccoooeeviiivieeniienieennne 597

A/D Converter (ADC)

Block Diagram of A/D Converter (for One Module)..........cccceeoeereenienieneaniennnen. 600
A/D Conversion TIiMiNg .......cceereerierieniieieeieetie sttt 618
External Trigger Input Timing........ccooeevieiiiiinienieneeee e 620
Example of 2-Channel SCANNing ..........ccceevvueeriieniieeniienieenieeeiee st sieeeiee e 621
Definitions of A/D CONVErsion ACCUTACY .....cc.eerrveerrueeriieeerieerniieeieesrieeenieessieeenaees 624
Definitions of A/D CONVErsion ACCUTACY ......c.eerrveerrueeriiieriiieriiieeiiesniieeieessieeeaees 625
Example of Analog INput CIrCUit........covuieiiriinienieniierieeieec e 627
Example of Analog Input Protection CirCUuit ...........cceeveerernenienienienienieenieenens 628

Compare Match Timer (CMT)

Block Diagram of CMT .....cccueiiiiiiiiiiieieeeiee ettt 629
COUNLET OPETALION ...eevviieiiieiiieeiie et eiee et eiee et e it e e bt e e beeesbteebeesbaeebeeenbaeeaeas 634
COUNE TIMING . ..centiinieiiiieiie ettt ettt sb et st st sbee e 634
Timing of CIMFE S@ttNg.......ccoueeriiiriiriiiieiie ettt 636
Conflict between Write and Compare-Match Processes of CMCNT ................... 637
Conflict between Word-Write and Count-Up Processes of CMCNT ................... 638
Conflict between Byte-Write and Count-Up Processes of CMCNT..................... 639
I/0 Ports
POt A (SHTT46) ..ottt s 710
POrt A (SHTT49) ..ottt s 711
POTt B (SHT7T40) ..ottt ettt e 715
POTt B (SHT7T49) ..ottt 715
POTE Dottt ettt 721
POIt E (SH7T46) ..ottt s 725
POrt E (SH7149) ..ottt 726

Page xxxii of xlii

RO1UH0049EJ0400 Rev. 4.00
RENESAS Sep 24, 2010



Figure 18.8

Section 19
Figure 19.1
Figure 19.2
Figure 19.3
Figure 19.4
Figure 19.5
Figure 19.6
Figure 19.7
Figure 19.8
Figure 19.9
Figure 19.10
Figure 19.11
Figure 19.12
Figure 19.13
Figure 19.14
Figure 19.15
Figure 19.16
Figure 19.17
Figure 19.18
Figure 19.19
Figure 19.20

Figure 19.21
Figure 19.22
Figure 19.23
Figure 19.24
Figure 19.25
Figure 19.26

Section 20
Figure 20.1

Section 21
Figure 21.1

Section 24
Figure 24.1
Figure 24.2

POTtF o 732
Flash Memory
Block Diagram of Flash Memory .........ccccceiieiiiiiniiinieniesieeeeeeee e 737
Mode Transition of Flash MemoOry .........ccccceiieiiiniiiieieeeeeeeee e 738
Flash Memory Configuration..........coceeerieenieenieenieenieenieesreesieesieesieesveesneesas 741
Block Division of User MAT.......cccccooiiiiiiiniiieiieieeccceccee e 742
Overview of User Procedure Program...........cccoocveeeviiiiienniiinieenieeieeieesieee 743
System Configuration in Boot Mode ..........cccceevieiiiiiiienierieeee e 772
Automatic Adjustment Operation of SCI Bit Rate...........cccoociriiniinineneene. 773
State Transitions in Boot MOde ...........ccoceriiiiiiiiinieiieieeee e 775
Programming/Erasing Overview FIOW .........cccccoviiiiiiiniiiiniienicenicceieesiee e 776
RAM Map after DOWnload ........cceeevieiiiiinieiniieieeieeeeeeesee e 777
Programming ProCedure ..............coovuiiniiiiniiiniienieeeeeesee ettt 778
Erasing PrOCEAUIE ..........coouiiiiiiiieeieetee et s 783
Procedure for Programming User MAT in User Boot Mode..........ccccceeeneenennee. 786
Procedure for Erasing User MAT in User Boot Mode...........cccoceviinienieneenicnne. 788
Transitions to and from Error Protection State .........c..ccocceveevievieienicnicnicneene. 792
Emulation of Flash Memory in RAM ........cccccoviiiiiiiiiiiiiciieeeeeeceee e 793
Example of Overlapped RAM Operation ...........ccecceeevueeeneeinieenieenieenieenieeneeens 794
Programming of Tuned Data ...........ccccoeviriiiiieiiiniininienieececeeeese e 795
Switching between User MAT and User Boot MAT .........cccooevivieiencnincninnene 797
Timing of Contention between SCO Download Request
and INerrupt REQUEST......coviiiiiiiiiiiiiectt ettt 798
Flow of Processing by the Boot Program ...........ccccccovceiiiiiniiinnieniieiniceieeeene 803
Sequence of Bit-Rate MatChing ..........coccueeviiiniiiniiieniieiieenieeeeesiee e 804
Formats in the Communications Protocol..........ccccccceiiininininiienenienenineeeens 805
Sequence of New Bit Rate Selection ...........ccceeieiierieniiniinciniiiecieeeeeeeeene 817
Sequence of Programming..........ccceeveererieiienieneenieeieeteetesitesiee et 821
SeqUENCE Of BraSUIe.......ccocueiiiiiiiiiiiieniee ettt sttt 825
Masked ROM
Masked ROM Block Diagram ..........ccoceeveenernieniiniienienieniceieeieeieeesee e 841
RAM
On-chip RAM AdAIESSES......couviruiiiiiiieiieiieieeieeieseee e 843
Electrical Characteristics
EXTAL Clock INput Timing......cceeeeerieeniernienienienienteneenieeieeieere et 911
CK Clock Output TIMING......ccueerieerieeriieiieiietenitenitenieeie ettt st sieesieenie e eanens 912

RO1UHO0049EJ0400 Rev. 4.00

Sep 24, 2010

Page xxxiii of xlii

RENESAS



Figure 24.3
Figure 24 .4
Figure 24.5

Figure 24.6
Figure 24.7
Figure 24.8
Figure 24.9
Figure 24.10
Figure 24.11
Figure 24.12
Figure 24.13
Figure 24.14

Figure 24.15

Figure 24.16
Figure 24.17
Figure 24.18
Figure 24.19
Figure 24.20
Figure 24.21
Figure 24.22
Figure 24.23
Figure 24.24
Figure 24.25
Figure 24.26
Figure 24.27

Appendix
Figure E.1
Figure E.2

Power-On Oscillation Settling Timing ........ccceeeverveeriiieniieeniienieenieenieesveesreenes 912

Oscillation Settling Timing on Return from Standby (Return by Reset)............... 912
Oscillation Settling Timing on Return from Standby

(Return by NMI or IRQ) ..ccouviiiiiiiiiieiieeieeteett ettt 913
Reset Input TImINg .......oooiiiiiiiiiii e 915
Interrupt Signal INPUt TIMING ..ccveevveeeriiiniieeiee ettt 915
Interrupt Signal Output TIMING ....cccveeeviieriiieeiieriieeee ettt 916
Bus Release TimiNg .......cocveerieerieeniieniienieenieesiee sttt stee st e st e sieesabeeseeesans 916
Pin Driving Timing in Standby Mode .........cccccceviniriniieniininineneeieeneneeeeeene 916
Basic Bus Timing for Normal Space (NO Wait) .......c.ccceveneninenieiencnencneeeene 918
Basic Bus Timing for Normal Space (One Software Wait Cycle)...........cccceueeueee 919
Basic Bus Timing for Normal Space (One External Wait Cycle)..........c.ccceevueennne 920
Basic Bus Timing for Normal Space (One Software Wait Cycle,

External Wait Cycle Valid (WM Bit = 0), No Idle Cycle) ........ccecueervveeniienueennne. 921
CS Extended Bus Cycle for Normal Space (SW =1 Cycle,

HW =1 Cycle, One External Wait Cycle)........c.ccoceveriecienenininenieieeceieneene, 922
MTU2 Input/Output TIMING ....covevveriiriiriieieienienene ettt e 923
MTU?2 Clock Input Timing......ccecveeeriierriieiniieeiieeiieeite ettt et e sree e 923
MTU2S Input/Output TIMING ...ccveeerrieriieiiieeiie ettt ettt eeee e 924
I/O Port Input/Output TimiNg .......ceevueeriiiiriieniiieiiieeiee ettt et 925
WDT TIMING ..ottt ettt st sa e e 926
Input Clock TIMINE...c..ovvieiirieieieiieneet ettt s 927
SCT Input/Output TIMING.....ccvevviruirieiieieiiiereeeeeeeetestese sttt 928
POE INPUE TIMINZ.c..eeiiiiiiieeiiieeiee sttt sttt sttt s e e 929
UBC Trig@er TiMINg ...eeevviiiiieiiieeiieeite ettt ettt ettt et e st e sateesaneesaee 930
External Trigger Input Timing.......coccveeviiiiiiiiiiiiiieeieeteeteeee et 931
OUtPUt LoAd CIrCUIL ....eeeieiieieeiieeiieeite sttt st st 932
Connection 0f VCL Capacitor ........ccc.eeouerierierienieeniienieeiesiesitesieesieesieenee e sieeene 935
FP-BOWYV ...ttt sttt ettt e 947
FP-TOOUV ..ttt st sttt s st 948

Page xxxiv of xlii

RO1UH0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



Tables

Section 1 Overview

TabIe 1.1 FRALUIES ..eueieutiiiiiieieeie ettt ettt sb et st st sbe et et et e sanesbeenbeen 2
Table 1.2 Pin FUNCHONS. .....ooiiiiiiiiiiiie ettt 9
Section 2 CPU

Table 2.1  Initial Values of REZISTETS .....cceveruiririeiiiiieriertieereee ettt 19
Table 2.2  Word Data Sign EXtENSION .....ccccueeriiiiiiiiiiiiiiieiiee ettt 21
Table 2.3  Delayed Branch INSIUCLIONS ......eeeveririieriiieiiieeiieeriteeite et esveesiteesreesateesreeneeees 22
TaDIE 2.4 T Bl cueeeiiiiieieeeeeeeee ettt ettt et et st st ea 22
Table 2.5  Access to Immediate Data.........coceoiiriiriiiiiiiiniiricneecceecee e 23
Table 2.6 Access t0 ADSOIUtE AdAIESS ......cc.eeiuieiiieiieiieieetie ettt 23
Table 2.7  Access With DISplaCemMeNnt. ......cccueeruiiiiiiiiiiiiiiierieeeeeieeeee et 24
Table 2.8  Addressing Modes and Effective Addresses .........cveceeieeierienieiienieneeeeeeieeene 24
Table 2.9 Instruction FOIMALS .......cocevoiiriiiienieniiiiciicetceit ettt 28
Table 2.10  INStIUCHON TYPES...vtiriiiiiieeiieiiieetieeiteeteeeiteetee st esteeebeeebeesbaeebeeesreensneesssesnsnees 31
Table 2.11  Data Transfer INStrUCtIONS .....c...ooeeriiriiiiiriinieieeieeteeteete ettt eaeeas 35
Table 2.12  Arithmetic Operation INSIrUCHONS .........coocuiiiiiiiiiiiieeieeeeeeeeteeee e 37
Table 2.13  Logic Operation INSIrUCTIONS..........cc.iiiiiiiiiiiiiiiiieii et 39
Table 2.14  Shift INSIIUCHIONS ...ceuviiiieieeiieieie ettt ettt te st e st e bt et e te et e eaeesaeeeeens 40
Table 2.15  Branch INSIIUCHONS .......oocviriiriiiienieiceic ettt ettt 41
Table 2.16  System Control INSIIUCHONS .......eevviriiiieriiieiiieeiteerieeeiee et eieeeire e e eireeieeesareseee s 42
Section 3 MCU Operating Modes

Table 3.1  Selection of Operating MOdeS ...........cocuirieriiiieieeieee ettt 47
Table 3.2 Pin CONfIGUIATION ...eviitiiiieieeie ettt ettt ettt et e et et e et e ae e teeteeneeas 48
Section 4 Clock Pulse Generator (CPG)

Table 4.1 Operating Clock for Each Module .........c.ccocuieeviiiiiiniiiiiieeie e 56
Table 4.2 Pin CONfIGUIATION ...euiitietiiieeie ettt ettt et e et e eaeesae e teeaeeneeas 57
Table 4.3 Clock Operating MOAE ..........coovuieiiiiiiiiiiiieieee ettt 58
Table 44  Frequency Division Ratios Specifiable with FRQCR ..........c.ccoccoveririnieciininininns 59
Table 4.5  Register CONTIGUIAtION .....eeviiiiiieeiieiiieeiee ettt ae e sireeareesaveeeeees 63
Table 4.6 ~ Damping Resistance Values (Reference Values) ........cccceveveeviieniieniiiniceniienieee. 68
Table 4.7  Crystal Resonator CharacCteriStiCs .........eevuierrueeriiieriieeriieerireenieesieesreesreesseesnesnseees 69
Section 5 Exception Handling

Table 5.1  Types of Exceptions and Priority ...........cccecerierieriieiinieeie e 73
RO1UHO0049EJ0400 Rev. 4.00 Page xxxv of xlii
Sep 24,2010 RENESAS



Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6
Table 5.7
Table 5.8
Table 5.9
Table 5.10
Table 5.11

Timing for Exception Detection and Start of Exception Handling ............cccceceeunee. 74

Vector Numbers and Vector Table Address Offsets .........cccccoviviviiiiccncnininenne. 75
Calculating Exception Handling Vector Table Addresses ..........ccceeveeeveerneeeneennne 76
RESEE STALUS ..ottt sttt sttt st 77
Bus Cycles and Address EIrors........c.coooiiiiiiiiiiiiiiiiiccceecce e 79
TNEETTUPE SOUICES ..cvvveeniieeiieeiie ettt ettt ettt st e et esbeesabeesabeesabeesabeessbeesabeennne 81
INEETTUPE PLIOTIY...eeruiieiiieiieeiie ettt ettt et et e sbe e st esabaesanes 82
Types of Exceptions Triggered by INStIUCIONS.......eeevveeriieeerieeriiieirieeiieerieesieeenieeens 83
Delay Slot Instructions, Interrupt Disabled Instructions, and Exceptions................. 85
Stack Status after Exception Handling Ends..........cccoooiiiiiiiniiniiiiieeeeee 86

Section 6 Interrupt Controller (INTC)

Table 6.1
Table 6.2
Table 6.3
Table 6.4

Pin Configuration..........c.eeeueeriieriieeiiierieerie ettt ettt e sreesebeesbeesabeesbeesebeesbeennne 93
Register CONfigUIation ........ccc.eiiiieriiieiniieeiiteeriteeiteeite et eite et et esaeesbaeesaaeeneee 94
Interrupt Exception Handling Vectors and Priorities .........ccccceeveervieenneeniiecnnieennnen. 106
Interrupt ReSpONSe TIME ......cccueeevuiiriiiiiiiiiiieeieceiteete ettt 113

Section 7 User Break Controller (UBC)

Table 7.1
Table 7.2
Table 7.3

Pin Configuration............cooueeriieriieeiieenieerte ettt ettt et siteesabe e eaeesaseens 119
Register CONfigUIAtioN ........cccueirriieriiieiiiieeite ettt stee et e st e st esbeesaeesbeesaseeeas 120
Data Access Cycle Addresses and Operand Size Comparison Conditions ............. 142

Section 8 Data Transfer Controller (DTC)

Table 8.1
Table 8.2
Table 8.3
Table 8.4
Table 8.5

Table 8.6
Table 8.7
Table 8.8
Table 8.9
Table 8.10
Table 8.11

Register CONfigUIAtioN ........cccveeiriieriiieiiieeiie ettt et siee et et e st e sbeesaeesbeesaseeeas 155
Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs................. 168
DTC Transfer MOAES .......cocucoeereeriieniiriietenieneeneeniteee ettt 170
DTC Transfer Conditions (Chain Transfer Conditions Included)..............cc........... 172
Transfer Information Writeback Skip Condition and Writeback

SKIPPEA REZISLEIS ....eueeueieiieeiieeiie ettt ettt ettt ettt sae et e e 176
Register Function in Normal Transfer Mode ...........ccceeviiinieeniiiniiiiieeieeieeneeene 176
Register Function in Repeat Transfer Mode ..........cooceeviiinieinieeniienieenieenieeseeene 178
Register Function in Block Transfer Mode...........ccovvevviiinieeniieniieieerieeeieeeeeene 179
DTC EXECULION STATUS .....eeeuteieiieeieeeieeeite ettt ettt ettt e s bt esbeesbeeeanees 185
Number of Cycles Required for Each Execution State ...........ccccoocveveeiieeniencnne. 186
DTC Bus Release TIming .......c.coecueierieriiiiinienieeeieeeiec ettt ettt 188

Section 9 Bus State Controller (BSC)

Table 9.1
Table 9.2
Table 9.3

Pin Configuration............coeueeriieriieeiiienie ettt ettt te et esabeesiaeesaneens 199
Address Map (Single-Chip Mode) ......ccccueeriiiniiiniiinieiiiieeieceeeee e 200
Address Map (SH7149 in On-Chip ROM-Enabled Mode)...........cccccceoeeniiiinncnne. 201

Page xxxvi of xlii

RO1UH0049EJ0400 Rev. 4.00
RENESAS Sep 24, 2010



Table 9.4
Table 9.5
Table 9.6
Table 9.7
Table 9.8

Table 9.9

Table 9.10
Table 9.11

Address Map (SH7149 in On-Chip ROM-Disabled Mode)........ccccccevvvvercrerrunennnen. 202
Register CONfigUIAtioN .........covvierieiiiierieeriieete ettt sete e aeesateesabeesaeees 203
16-Bit External Device Access and Data Alignment .............cocceeveeveeienienceneenne. 214
8-Bit External Device Access and Data Alignment ..........cccceevveeniienieeneeenieennenn. 215
Minimum Number of Idle Cycles between CPU Access Cycles

in Normal Space INtErface..........cevvieriieiiiiiniieeie et 224
Minimum Number of Idle Cycles between Access Cycles

during DTC Transfer for the Normal Space Interface.........cccoeeeevciieniieniieeniennnnen. 225
Number of Cycles for Access to On-Chip Peripheral I/O Registers ..............c........ 231
Number of External AcCess CYCIES....ccuuriiriiiiiiieiieieeieete sttt 233

Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Table 10.1  MTU2 FUNCHONS .......viiiiieiiiieeiiie et e ettt e eeiee e et e e e eiv e e e eebaeeesasaeeeereeeeensseeesanseeas 238
Table 10.2  Pin CONfiGUIAtION ....cccuvieriieiiiieiieeiie ettt ettt ettt e steesabeesbeesibeessbeesnbeesnseenane 243
Table 10.3 Register CONfIUIAtION ......cc.eeiuieiiiiiieiieetieieete ettt ettt se e 244
Table 10.4 CCLRO to CCLR2 (Channels 0, 3, and 4) ........cccueeeeeuiieeeieeeeeeeeeeeee e 249
Table 10.5 CCLRO to CCLR2 (Channels 1 and 2)........cccooeeeiiiieeiieeeeieeeeeeeeeeeee e 249
Table 10.6  TPSCO to TPSC2 (Channel 0)..........coeeeuiiiiiiiiieiiiiee et e 250
Table 10.7 TPSCO to TPSC2 (Channel 1).......cc.ceeeiiiiiiiiiiieiiiee ettt 250
Table 10.8 TPSCO to TPSC2 (Channel 2).......c..ceeeiiiiiieiiieeiiiee et eeree et e e e 251
Table 10.9 TPSCO to TPSC2 (Channels 3 and 4).........ccoveeeeiieeeeeeee e 251
Table 10.10 TPSC1 and TPSCO (Channel 5) .........coouiiiioiiieeeeeee e 252
Table 10.11 Setting of Operation Mode by Bits MDO to MD3..........ccocciiiiiienienieeeieeieieene 254
Table 10.12 TIORH_O (Channel 0)..........eeeiiiiiiiiiiiiiiieeeeeiiiiieeeee et ee e eeeeearree e e eeeerraree e 257
Table 10.13 TIORL_O (Channel 0) .........cocveiiiiiiieeeiiie ettt evee e et e e e eeevnee s 258
Table 10.14 TIOR_1 (Channel 1).....cccouueeiiiiioiiiiiiiiee ettt eee e e e e eeearareeeeeeeens 259
Table 10.15 TIOR_2 (Channel 2)...........cooueeeeeeieeeeeeeee et e e e 260
Table 10.16 TIORH_3 (Channel 3).........cccouiiiiiiiieieiee e 261
Table 10.17 TIORL_3 (Channel 3) ........cooouiiiiiiiee et 262
Table 10.18 TIORH_4 (Channel 4)........uueeeiiieieeiiiieeee ettt eeeeeree e eeeearareee e 263
Table 10.19 TIORL_4 (Channel 4) ........coooviiiiiiiieeeiiiee ettt evae e e eare e e e rn e e e eaareeas 264
Table 10.20 TIORH_O (Channel 0)..........eeeiiiiiiiiiiiieieee et eeeeearree e e eeeeaareeee e 265
Table 10.21 TIORL_O (Channel 0) .........coouiiiioiiieeeieie e 266
Table 10.22 TIOR_1 (Channel 1)......cc..ocooueiiieiieeeeeeee e 267
Table 10.23 TIOR_2 (Channel 2)...........coouueeeeeieeeeeeee et e e 268
Table 10.24 TIORH_3 (Channel 3)........uuveiiiiiiiiiiiiiie ettt ee e e eeeaararee e 269
Table 10.25 TIORL_3 (Channel 3) .......ccoociiiiiiiiieeeiiieeeeitee ettt et e e eav e e e e e e e eavaee s 270
Table 10.26 TIORH_4 (Chanmel 4)........uuveeiiieieiiiieeee et ee e eeeearaeeeee e 271
Table 10.27 TIORL_4 (Channel 4) ........ooooeeiiioeee e 272
Table 10.28 TIORU_S5, TIORV_S, and TIORW_5 (Channel 5)..........cccceeeiiieeeeiieieeiieceee. 273
RO1UHO0049EJ0400 Rev. 4.00 Page xxxvii of xlii
Sep 24,2010 RENESAS



Table 10.29 Setting of Transfer Timing by BF1 and BFO Bits ......c..coccoveeniiniiniiiiniiniceeen. 295

Table 10.30 Output Level Select FUNCHON. .......cioiiiiiiiiiieciie ettt s 308
Table 10.31 Output Level Select FUNCHON. ..........cccoiiiiiiiiiiiiiiiicece e 309
Table 10.32 Setting of Bits BF1 and BFO .........cccooiiiiiiieee e 311
Table 10.33 TIOCA4D Output Level Select FUNCHON. .........cooviiviiiiiiiniiiiieieeeceeeeeceeeee 311
Table 10.34 TIOC4B Output Level Select FUNCHON.........c.covvieriieniienieeieeieeeeee e 312
Table 10.35 TIOC4C Output Level Select FUNCHON.........c.covvieriieniienieeieeieee e 312
Table 10.36 TIOC4A Output Level Select FUNCHION..........coocvieriieriiinieiieeieeiceeeeee e 312
Table 10.37 TIOC3D Output Level Select FUNCHION. .........coovieviiiiiiiniiiiiiieeeceeeeeceeeee 312
Table 10.38 TIOC4B Output Level Select FUNCHON. .........cooviiiiiiiiiiieiiceieeeceeeeeceeeeee. 313
Table 10.39 Output level Select FUNCHion............cccoociiiiiiiiiiiiiiiiccc e 316
Table 10.40 Setting of Interrupt Skipping Count by Bits 3ACOR2 to 3ACORO..............c......... 319
Table 10.41 Setting of Interrupt Skipping Count by Bits 4VCOR2 to 4VCORO........................ 319
Table 10.42 Setting of Bits BTE1 and BTEO ........cccoooiiiiiiiiiiiiieeecceeee e 322
Table 10.43 Register Combinations in Buffer Operation............cccoecueveereeneeneeienenieseeeeene 335
Table 10.44 Cascaded COMDBINAIONS ......ceeruterriiiiniiiiiieriieerteeste ettt et et e e e saeees 339
Table 10.45 TICCR Setting and Input Capture Input Pins.........cccocceirviiniiiiiniiniiiiniiiiiieeee. 340
Table 10.46 PWM Output Registers and Output Pins..........cccoeveeeviiinienniiinieeieeeeeee e 345
Table 10.47 Phase Counting Mode Clock INput Pins........cccceevieiniiiniinniiiiecieeieeee e 349
Table 10.48 Up/Down-Count Conditions in Phase Counting Mode 1 .........ccceevvievieenrieniennnen. 350
Table 10.49 Up/Down-Count Conditions in Phase Counting Mode 2..............cccceciiiiniinncnen. 351
Table 10.50 Up/Down-Count Conditions in Phase Counting Mode 3 .........ccccoccevrnienniieniennnnen. 352
Table 10.51 Up/Down-Count Conditions in Phase Counting Mode 4 ...........cccccceevierniieniennneen. 353
Table 10.52 Output Pins for Reset-Synchronized PWM Mode ..........cccoovieviieniiinieeniienieeen, 356
Table 10.53 Register Settings for Reset-Synchronized PWM Mode .........cccccevvviinienneeininennnen. 356
Table 10.54 Output Pins for Complementary PWM Mode.........ccccceeviieriiieniiienciieiiieeiee e, 359
Table 10.55 Register Settings for Complementary PWM Mode...........coooeeveeiieiiiieniinieeeene 360
Table 10.56 Registers and Counters Requiring InitialiZation...........ccoeceeeveeenierniiinienniceneennee. 366
Table 10.57 MTU2 INLEITUPLS ...c.veiiiiiiiiiiiiieiieiieie ettt ettt 419
Table 10.58 Interrupt Sources and A/D Converter Start Request Signals.........cccoocvveevvirneennnen. 422
Table 10.59 Mode Transition COMbBINAIONS.......cocueruiriiriiniieiieiertertereeeee et 454

Section 11 Multi-Function Timer Pulse Unit 2S (MTU2S)

Table 11.1  MTUZ2S FUNCLONS ......eiiiiiriiiiiieiiie ittt ettt e s e saeees 486
Table 11.2 Pin Configuration........c.cccccouereriririeienienenenieeeeeetetestese et s 489
Table 11.3  Register CONfIGUIAtION ....cccviiriiieriiieiiiie ettt ettt e sreesateesabeesaeees 490

Section 12 Port Output Enable (POE)

Table 12.1  Pin Configuration........c.cccccouiieririeieienieninenieeeeeetetestese et s 495
Table 12.2  Pin COmMDINAtIONS ......ccceuviiiiiieeeeeiiiiieeeeeeeeeciee e e e e e eetare e e e e e e eeearreeeeeeeeesasrreeeeaeeennns 496
Page xxxviii of xlii RO1UHO0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



Table 12.3
Table 12.4
Table 12.5

Section 13
Table 13.1
Table 13.2
Table 13.3

Section 14

Register CONfigUIAtioN .........covvierieiiieenieerieeite ettt et e e e sabeesanees 497
Target Pins and Conditions for High-Impedance Control.............ccccveevveenvieneeens 516
Interrupt Sources and CONAItIONS .........eevveerieeriieriienieeeeeriee et 520
Watchdog Timer (WDT)

WDT Pin CONfigUIAtION ....ecvvieiieiiieeiieeiieerieeeiteeste et e e esireesbeesebeesabeesereesaneenane 525
Register CONfigUIAtioN .........covvierieiiieenieerieeite ettt et e e e sabeesanees 526
INEETTUPE SOUICE.....eeiiieiiieiieeiieeeie ettt ettt ettt et e et e et e et e e sbeebeeesaeensees 532

Serial Communication Interface (SCI)

Table 14.1  Pin CONfIGUIATION ...o.uiitiiiiiiiiiiesieet ettt ettt e ettt e eneeeeeesneenes 535
Table 14.2  Register CONTIGUIAtION ... .eevviiriiieeiieeiieniieeieeetteeiee et e st e st e eteesbeeeeeesbeesnseeenes 536
Table 14.3  SCSMR SENZS.....ceectitiiieeiieeiie ettt ettt erte ettt erte ettt e sebeesabeesbeessbeessseessseessseennne 554
Table 14.4 Bit Rates and SCBRR Settings in Asynchronous Mode (1)......ccccceevvvervieeniieennueenns 555
Table 14.5 Bit Rates and SCBRR Settings in Asynchronous Mode (2).........cccoceeeveeniieennuennne 556
Table 14.6  Bit Rates and SCBRR Settings in Asynchronous Mode (3).......ccccceceerveeniieennennne 557
Table 14.7 Bit Rates and SCBRR Settings in Clock Synchronous Mode (1).......ccccccevcveerueenne 558
Table 14.8 Bit Rates and SCBRR Settings in Clock Synchronous Mode (2).......c..cccevcveerueennne 559
Table 14.9 Bit Rates and SCBRR Settings in Clock Synchronous Mode (3).......ccccccevveerueennne 560
Table 14.10 Maximum Bit Rates for Various Frequencies with Baud Rate Generator
(ASynchronous MOAE)........eeeuiiriiiriiiiiieniteete ettt ettt 561
Table 14.11 Maximum Bit Rates with External Clock Input (Asynchronous Mode) ................. 562
Table 14.12 Maximum Bit Rates with External Clock Input (Clock Synchronous Mode)......... 563
Table 14.13 SCSMR Settings and SCI Communication FOrmats ...........ccccueeveeriierreeniieensneennne. 565
Table 14.14 SCSMR and SCSCR Settings and SCI Clock Source Selection ........cc.cccevveeneennee. 565
Table 14.15 Serial Transfer Formats (Asynchronous Mode) ...........cceeveveeriieniieenieeniieeniieesnieennne 567
Table 14.16 Receive Errors and Error Conditions ............ccevveerieenieenrieeniieenneenieeeeeeieeeseeeeane 575
Table 14.17 SCIINEITUPE SOUICES .......coiuiiiiiiiiiieiiieiieii ettt 591
Table 14.18 SCSSR Status Flag Values and Transfer of Received Data ........c..cocccevenencneennee 594
Section 15 A/D Converter (ADC)
Table 15.1  Pin CONfigUIAtION ....cccueierieiiiiierieeiieesie ettt este ettt e sbeesabeesbeesbeessbeessbeesnseennne 601
Table 15.2 Register CONfIUIAtION .........cecuieiiiiiieiieeiierteeie ettt ettt et e 602
Table 15.3  Channel Select LiSt........cootiriiiiiiiiiiiiieiiteeeeeeetesee et 608
Table 15.4 A/D Conversion Time (Single Mode) ........cocceeeviiriieriiiinienieenieeieeseeesieeeeeeae 619
Table 15.5 A/D Conversion Time (SCan MoOde)..........ccoovureriiiiieeiiiiiieiieeeeeeeeiireeeeeeeeeeeireeeeee e 619
Table 15.6  A/D Converter INTEITUPt SOUICTE ......eevuverrurieriieeriienieeritesteesiee st e sieesreesbeesreesnes 622
Table 15.7 Analog Pin SPecifiCatioNns .......ccceervieriieeriieniieeniienieesitesieesbeesreesbeesaeesbeeeaeesane 628
RO1UHO0049EJ0400 Rev. 4.00 Page xxxix of xlii
Sep 24,2010 RENESAS



Section 16 Compare Match Timer (CMT)
Table 16.1 Register CONfIGUIAtION .........cceertierieriieieeie ettt ettt ettt enees 630
Table 16.2  INtEITUPE SOUICE......eieiieiietietiete ettt ettt et e e teeeeeaee st e saeeneeeneeeneeas 635

Section 17 Pin Function Controller (PFC)

Table 17.1 SH7146 Multiplexed Pins (POTt A) ......cooviiriieriiiieeiteeeete et 641
Table 17.2 SH7149 Multiplexed Pins (POTt A) .....ooviiiriieriiiieeieerieete e 642
Table 17.3 SH7146 Multiplexed Pins (POrt B) ........cocoiiiiiiiieieieeeceeeeee e 642
Table 17.4 SH7149 Multiplexed Pins (POrt B) ......cooiiiiiiiiiiiiiiiiieiceeeeeceeee e 643
Table 17.5 SH7149 Multiplexed Pins (POrt D) ......coccuiiiiiiiiiiiiiiiiieeeeceeeeceeee 643
Table 17.6 SH7146 Multiplexed Pins (POrt E).......coccviiiiiiiiiiiieiiiieciceeecec e 644
Table 17.7 SH7149 Multiplexed Pins (POrt E).......coccuiiiiiiiiiiiiiiiiieciceeeee e 645
Table 17.8  Multiplexed Pins (POTt F)....c.cooviiiiiiiniiiiieceeete e 646
Table 17.9 SH7146 Pin Functions in Each Operating Mode ..........c.ccccvineririencncncnencnenne. 647
Table 17.10 SH7149 Pin Functions in Each Operating Mode (1).........ccccceoiiiniiniiniinincinnen. 650
Table 17.11 SH7149 Pin Functions in Each Operating Mode (2).........cccccoeiiiniinicniicninncnnen. 654
Table 17.12 Register CONTIGUIAtION ....cccvieiiieriiieiieeiie ettt saeesateesbeesabeesabeesaeees 658
Table 17.13 Transmit Forms of Input Functions Allocated to Multiple Pins........ccccccceeveeeenen. 707

Section 18 1/0 Ports

Table 18.1 Register CONfIGUIAtION .........cceeruierieriieieeieeie ettt ettt sb b eeeenees 712
Table 18.2 Port A Data Register L (PADRL) Read/Write Operations...........ccccueevverveeenenennnee. 713
Table 18.3 Register CONfIGUIAtION ....cccvieiiiieriiieiiieiie ettt ettt sre et esreesabeesabeesaeees 716
Table 18.4 Port B Data Register (PBDR) Read/Write Operations..........ccceeeveerveenverneeennrennnen. 718
Table 18.5 Register CONfIGUIAtION ....cccvieiiieriiieiiiiriie ettt ettt et sae et e sreesabeesabeenaeees 722
Table 18.6  Port D Data Register L (PDDRL) Read/Write Operations...........cccceeevveeveeeneeennnee. 723
Table 18.7 Register CONfIGUIAtION .........cceiruierieiieieeieeie ettt ettt eeeeneas 727
Table 18.8 Port E Data Register (PEDR) Read/Write Operations ...........ccecceevcveerveeenveenueennnen. 730
Table 18.9 Register CONfIGUIAtION ....cccvieiuiieriiieiiiiiie ettt ettt sae et esreesateesabeenaeees 733
Table 18.10 Port F Data Register L (PFDRL) Read/Write Operations...........cceceevvveercveenveennnenn 734

Section 19 Flash Memory

Table 19.1 (1) Relationship between FWE and MD Pins and Operating Modes (SH7146)........ 739
Table 19.1 (2) Relationship between FWE and MD Pins and Operating Modes (SH7149)........ 739
Table 19.2 Comparison of Programming MOdES ............ceecueerieeriieeniieniiieniienieesieesieesveesnees 740
Table 19.3  Pin CONfiGUIAtION ...cc.uiiiiieiiieiiieeieesiteeieesteeeiee st e st e st e et e sbeeesbeessbeesnbeesnseeensees 745
Table 19.4 (1) Register CONfIGUIAtION .....cccuveeriiiiiiiiiiieiieeie ettt et esreesateesabeesaeees 746
Table 19.4 (2) Parameter Configuration..........ccceerueeueeiinieniesieeie ettt 746
Table 19.5 Register/Parameter and Target Mode..........c...cccoociiiiiiiiiiiiiiiiiiiciecceeeee 747
Page xl of xlii RO1UH0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



Table 19.6 Usable Parameters and Target MoOdes .........cccueevuierrieiiiienienieeee et 756

Table 19.7 Overlapping of RAM Area and User MAT Ar€a.......ccccevvueeviieniieeniiieniieenieenieenane 771
Table 19.8  Peripheral Clock (P¢) Frequency that Can Automatically

Adjust Bit Rate of This LST......cccoiiiiiiiie e 773
Table 19.9  Hardware ProteCtion........c.ueieeuiieieiiieeeeiieeeeiieeeette e et e e eeiaeeeseaeeeenebaeeeesneeeennseeas 790
Table 19.10 Software ProteCtion ........c..ccoeevuiriiriiniiniiiienieriestecete ettt 791
Table 19.11 Initiation Intervals of User Branch Processing..........cccccevveeriiienneeniiienneeniieeeieenne 800
Table 19.12 Initial User Branch Processing Time.........c.coovveeviienieiniieenieeieeeeeiee e siee e 800
Table 19.13 Inquiry and Selection Commands ............cc.ccciiviiiiiiiiiiniini e 806
Table 19.14 Programming and Erasure Commands............ccccocoieiiiiiiiiiiiiiinienicccecceee e 820
Table 19.15 Status COAES .....uuviieeiiiieeeiiieeeiiee ettt e ettt e ettt e e et eeestteesesbeeesssbeeeennsaeesnnnseeesnnseeens 831
Table 19.16 EITOT COUES ....c..oouiriiniiiniieniieiieit ettt sttt ettt sttt 832
Table 19.17 Executable MAT ....c..cooiiiiiiiiieieieeteetetet ettt ettt 833
Table 19.18 (1) Usable Area for Programming in User Program Mode ..........ccccceevverniieeneennne. 834
Table 19.18 (2) Usable Area for Erasure in User Program Mode ..........ccccocvveniinieieeneennee. 835
Table 19.18 (3) Usable Area for Programming in User Boot Mode ........c..cocceeeeeieniinincnennene 836
Table 19.18 (3) Usable Area for Programming in User Boot Mode (cont)..........cceeeevueeuerneennen. 837
Table 19.18 (4) Usable Area for Erasure in User Boot Mode .........cccvvvieeiiiiiiieeiieeieiiiiiveeeeee, 838
Table 19.18 (4) Usable Area for Erasure in User Boot Mode (COnt).........ccoovvuveveieeieeiiiveeeeeeeennn. 839

Section 22 Power-Down Modes

Table 22.1  States of POWer-Down MOdEs ..........cccueeiiiieiieiieeee et 846
Table 22.2  Pin CONfIGUIATION ...outietiiiieiiieiiieseeie ettt ettt ettt et e eneeeeeesneennes 847
Table 22.3  Register CONTIZUIAtION ... .eevviiriiieniieeiieniteeite et eiee et e eiee st e et e sbeesaeesbeesnseeenes 848

Section 24 Electrical Characteristics

Table 24.1  Absolute Maximum Ratings..........cccociiiiiiiiiiiiiiiiii e 905
Table 24.2  DC CharaCteriStICS......ueeeureeruierieeniieeriteeniteerite ettt estte et e e sete st e e bt e sabeesbeesbeesareenanes 906
Table 24.3  Permitted Output Current Values ..........c..ccceiiiiiiiiiiiiiiiiicececeeeeeeee e 909
Table 24.4 Maximum Operating FIEQUENCY ........ccceeviiiriieiniierieeiiterieesie et sveesbeesvee e 910
Table 24.5  ClOCK TIMING ....eeiuieriiieiieeiieeite ettt erte ettt erte ettt eseteestbeesabeesabeesaseessseessseensseessseennne 911
Table 24.6  Control Signal TIMING.......ccccvterieiiiierieeiieerte et erte et erte et eesaee e e seaessbeeeeeeennes 914
Table 24.7  BUs TIMING.....ccooiiiiiiiiiiiie e et 917
Table 24.8  Multi Function Timer Pulse Unit 2 (MTU2) Timing ........ccceecveerveeenieenveenieenneeennne 923
Table 24.9 Multi Function Timer Pulse Unit 2S (MTU2S) Timing......cccccceveeeevieeneeeneeeneennne. 924
Table 24.10 T/O POTt TIMING ..ccouvteririeriieniieeieesieesteesteesteesteesbeesebeesbeesateesseessbeesseessseessseennne 925
Table 24.11 Watchdog Timer (WDT) Timing .......ccceeeeeerieriieirieeiieenreerieesreesieesveesveesvee e 926
Table 24.12 Serial Communication Interface (SCI) Timing ........cccoceervueerciienieeniieesieesieeeieenane 927
Table 24.13 Port Output Enable (POE) Timing ........cccccceeiiiiiiiiiiiiiiiciicriceeeecee e 929
Table 24.14 UBC Trigger TIMING .......c.cocuiiiiiiiiiiiiiiiiieieeeet et 930
RO1UHO049EJ0400 Rev. 4.00 Page xli of xlii

Sep 24, 2010 RENESAS



Table 24.15
Table 24.16
Table 24.17

Appendix
Table A.1
Table A.2
Table B.1

TableC.1

Table C.1
Table D.1

A/D CONVEITET TIMINEZ ..eevuveeeiieiiieeiieiiieeiteeiteeiteeieeeteeeiteebae et e sbaeesaaesnbaeenaneens 931

A/D Converter CharaCteriStiCS .....uieuirrrieriieeeriieritieeiieesieesireesreessreesteessseesseessseesas 933
Flash Memory CharacCteriStiCs.........cuouuiiuiiiiiiiiirieiienieeie et 934
Pin Stat€S (SHTILAO) ..uuveeeeiiiieeeeeeeeeeee et e et e e e e e 937
Pin Stat€S (SHTTLA9) ...uueeeeiiieeeeeeeeeeee et e e e e 940
Processing of Unused Pins........occueeciiiiieniiiiiienieeeeeee et 943
Pin States of Bus Related Signals (1) .....ccoeeureiiiiiiieiieeee e 944
Pin States of Bus Related Signals (2) ......coeoieiiiieiieiieeee e 945
Product Code LiNeup.........ccoiiiiiiiiiiiiiiiiiieiee e 946

Page xlii of xlii

RO1UH0049EJ0400 Rev. 4.00
RENESAS Sep 24, 2010



SH7146 Group Section 1 Overview

Section 1 Overview

1.1 Features of SH7146 and SH7149

This LSI is a single-chip RISC (Reduced Instruction Set Computer) microcomputer that integrates
a Renesas original RISC CPU core with peripheral functions required for system configuration.

The CPU in this LSI has a RISC-type instruction set. Most instructions can be executed in one
state (one system clock cycle), which greatly improves instruction execution speed. In addition,
the 32-bit internal-bus architecture enhances data processing power. With this CPU, it has become
possible to assemble low-cost, high-performance, and high-functioning systems, even for
applications that were previously impossible with microcomputers, such as real-time control,
which demands high speeds.

In addition, this LSI includes on-chip peripheral functions necessary for system configuration,
such as large-capacity ROM and RAM, a data transfer controller (DTC), timers, a serial
communication interface (SCI), an A/D converter, an interrupt controller (INTC), and I/O ports.

This LSI also provides an external memory access support function to enable direct connection to
various memory devices or peripheral LSIs.

These on-chip functions significantly reduce costs of designing and manufacturing application
systems.

There are two versions of on-chip ROM: F-ZTAT™ (Flexible Zero Turn Around Time)* that
includes flash memory, and masked ROM. The flash memory can be programmed with a
programmer that supports programming of this LSI, and can also be programmed and erased by
software. This enables LSI chip to be re-programmed at a user-site while mounted on a board.

The features of this LSI are listed in table 1.1.

Note: * F-ZTAT™ is a trademark of Renesas Electronics Corp.
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Section 1 Overview

SH7146 Group

Table 1.1 Features

Items

Specification

CPU

Central processing unit with an internal 32-bit RISC (Reduced
Instruction Set Computer) architecture

Instruction length: 16-bit fixed length for improved code efficiency
Load-store architecture (basic operations are executed between
registers)

Sixteen 32-bit general registers

Five-stage pipeline

On-chip multiplier: Multiplication operations (32 bits x 32 bits — 64 bits)
executed in two to five cycles

C language-oriented 62 basic instructions

Note:  Some specifications on slot illegal instruction exception handling

in this LSI differ from those of the conventional SH-2. For details,
see section 5.8.4, Notes on Slot lllegal Instruction Exception
Handling.

Operating modes

Operating modes

— Single chip mode

— Extended ROM enabled mode (only in SH7149)
— Extended ROM disabled mode (only in SH7149)
Operating states

— Program execution state

— Exception handling state

— Bus release state (only in SH7149)
Power-down modes

— Sleep mode

— Software standby mode

— Deep software standby mode

— Module standby mode

User break controller
(UBC)

Addresses, data values, type of access, and data size can all be set as
break conditions

Supports a sequential break function
Two break channels

In the masked ROM version, only the L bus instruction fetch address
break (two channels) can be set

Page 2 of 964
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SH7146 Group

Section 1 Overview

Iltems Specification
On-chip ROM e 256 kbytes
On-chip RAM e 8 kbytes

Bus state controller
(BSC)

Address space: A maximum 64 Mbytes for each of two areas (CS0 and

CS1) (only in SH7149)

8-bit external bus (only in SH7149)

16-bit external bus (only in SH7149)

The following features settable for each area independently
— Bus size (8 or 16 bits)

— Number of access wait cycles

— Idle wait cycle insertion

— Supports SRAM

Outputs a chip select signal according to the target area

Data transfer
controller (DTC)
(only in F-ZTAT
version)

Data transfer activated by an on-chip peripheral module interrupt can
be done independently of the CPU transfer.

Transfer mode selectable for each interrupt source (transfer mode is
specified in memory)

Multiple data transfer enabled for one activation source

Various transfer modes

Normal mode, repeat mode, or block transfer mode can be selected.
Data transfer size can be specified as byte, word, or longword

The interrupt that activated the DTC can be issued to the CPU.

A CPU interrupt can be requested after one data transfer completion.

A CPU interrupt can be requested after all specified data transfer
completion.

Interrupt controller
(INTC)

Five external interrupt pins (NMI and IRQ3 to IRQO)
On-chip peripheral interrupts: Priority level set for each module
Vector addresses: A vector address for each interrupt source

User debugging
interface (H-UDI)
(only in F-ZTAT
version)

E10A emulator support

Advanced user
debugger (AUD)
(only in F-ZTAT

version supporting full

functions of E10A)

E10A emulator support

RO1UH0049EJ0400 Rev. 4.00
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Section 1 Overview

SH7146 Group

Iltems Specification
Clock pulse e Clock mode: Input clock can be selected from external input or crystal
generator (CPG) resonator
e Five types of clocks generated:

— CPU clock: Maximum 80 MHz

— Bus clock: Maximum 40 MHz

— Peripheral clock: Maximum 40 MHz

— MTU2 clock: Maximum 40 MHz

— MTU2S clock: Maximum 80 MHz
Watchdog timer e On-chip one-channel watchdog timer
(WDT)

Interrupt generation is supported.

Multi-function timer
pulse unit 2 (MTU2)

Maximum 16 lines of pulse input/output and three lines of pulse input
based on six channels of 16-bit timers

21 output compare and input capture registers
A total of 21 independent comparators
Selection of eight counter input clocks

Input capture function

Pulse output modes

Toggle, PWM, complementary PWM, and reset-synchronized PWM
modes

Synchronization of multiple counters

Complementary PWM output mode

— Non-overlapping waveforms output for 6-phase inverter control
— Automatic dead time setting

— 0% to 100% PWM duty cycle specifiable

— Output suppression

— A/D conversion delaying function

— Dead time compensation

— Interrupt skipping at crest or trough

Reset-synchronized PWM mode

Three-phase PWM waveforms in positive and negative phases can be
output with a required duty cycle

Phase counting mode
Two-phase encoder pulse counting available
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SH7146 Group

Section 1 Overview

Items

Specification

Multi-function timer

pulse unit 28 (MTU2S) |

Subset of MTUZ2, including channels 3 to 5
Operating at 80 MHz max.

Port output enable
(POE)

High-impedance control of waveform output pins in MTU2 and MTU2S

Compare match timer
(CMT)

16-bit counters
Compare match interrupts can be generated
Two channels

Serial communication
interface (SCI)

Clock synchronous or asynchronous mode
Three channels

A/D converter (ADC)

10 bits x 12 channels
Conversion request by external triggers, MTU2, or MTU2S

Three sample-and-hold function units (three channels can be sampled
simultaneously)

I/0O ports

45 general input/output pins and 12 general input pins (SH7146)
63 general input/output pins and 12 general input pins (SH7149)
Input or output can be selected for each bit

Packages

LQFP1414-80 (0.65 pitch) (SH7146)
LQFP1414-100 (0.5 pitch) (SH7149)

Power supply voltage

Vcc:4.0t05.5V
AVcc:4.0t05.5V

RO1UH0049EJ0400 Rev. 4.00
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Section 1 Overview

SH7146 Group

1.2 Block Diagram

The block diagram of this LSI is shown in figure 1.1.

SH2 uBC AUD
CPU 2
L bus (19)
ROM RAM Internal bus
controller
| bus (Bo)
BSC Peripheral bus DTC
controller 1
External bus
Peripheral bus (P¢)
1/10 SCI || CMT || H-UDI || INTC || Power- || WDT || CPG || MTU2||MTU2S || POE || ADC
port 1 down
(PFC) mode
control
[Legend]
ROM:  On-chip ROM DTC: Data transfer controller
RAM:  On-chip RAM PFC: Pin function controller
UBC: User break controller MTU2:  Multi-function timer pulse unit 2
AUD: Advanced user debugger MTU2S: Multi-function timer pulse unit 2 (subset)
H-UDI:  User debugging interface POE: Port output enable
INTC:  Interrupt controller SCl: Serial communication interface
CPG: Clock pulse generator CMT: Compare match timer
WDT:  Watchdog timer ADC: A/D converter
CPU: Central processing unit
BSC: Bus state controller
Notes: 1. Only in F-ZTAT version.

2. Only in F-ZTAT version supporting full functions of E10A.

Figure 1.1 Block Diagram
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SH7146 Group

Section 1 Overview

1.3 Pin Assignments
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PA6/UBCTRG/TCLKA/POE4
PA7/TCLKB/POE5/SCK2
PA8/TCLKC/POE6/RXD2
PA9/TCLKD/POE8/TXD2
PA10/RXDO
PA11/TXDO/ADTRG
PA12/SCKO

Vss

PA13/SCK1

Vce

PA14/RXD1

PA15/TXD1

PB18/POE8
PEO/TIOCOA
PE1/TIOCOB/RXDO
PE2/TIOCOC/TXDO
PE3/TIOCOD/SCKO
PE4/TIOC1A/RXD1
PES5/TIOC1B/TXD1
PEG/TIOC2A/SCK1

Fixed to Vss in the masked ROM version, and used as the FWE input pin in the F-ZTAT version.

2. A pin for the E10A emulator. Fixed to Vcc in the masked ROM version, and used as the ASEMDO input pin in the F-ZTAT version.
3. This pin function is available only in the F-ZTAT version. (Not available in the masked ROM version.)

Figure 1.2 Pin Assignments of SH7146
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Section 1 Overview

SH7146 Group
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Fixed to Vss in the masked ROM version, and used as the FWE input pin in the F-ZTAT version.

2. A pin for the E10A emulator. Fixed to Vcc in the masked ROM version, and used as the ASEMDO input pin in the F-ZTAT version.

3. This pin function is available only in the F-ZTAT version. (Not available in the masked ROM version.)

4. This pin function is available only in F-ZTAT version supporting full functions of E10A.
(Not available in the normal F-ZTAT version and the masked ROM version.)

Figure 1.3 Pin Assignments of SH7149 (LQFP Version)
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SH7146 Group

Section 1 Overview

1.4 Pin Functions

Table 1.2 summarizes the pin functions.

Table 1.2  Pin Functions

Classification Symbol /0 Name Function

Power supply Vce | Power supply Power supply pins. Connect all Vcc
pins to the system. There will be no
operation if any pins are open.

Vss | Ground Ground pin. Connect all Vss pins to
the system power supply (OV). There
will be no operation if any pins are
open.

Vel (0] Power supply for External capacitance pins for internal
internal power-  power-down power supply. Connect
down these pins to Vss via a 0.47 uF

capacitor (placed close to the pins).
Clock PLLVss | PLL ground Ground pin for the on-chip PLL
oscillator

EXTAL External clock Connected to a crystal resonator.

An external clock signal may also be
input to the EXTAL pin.

XTAL (0] Crystal Connected to a crystal resonator.

CK O System clock Supplies the system clock to external
devices.

This pin is not available in the
SH7146.
Operating mode MD1, MDO | Mode set Sets the operating mode. Do not
control change values on these pins during
operation.
Only MD1 is available in the
SH7146.
FWE | Flash memory Pin for flash memory. Flash memory
write enable can be protected against
programming or erasure through this
pin.
RO1UHO0049EJ0400 Rev. 4.00 Page 9 of 964
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SH7146 Group

Classification Symbol /0 Name Function
System control RES I Power-on reset  When low, this LS| enters the power-
on reset state.

MRES Manual reset When low, this LSI enters the

manual reset state.

WDTOVF o Watchdog timer  Output signal for the watchdog timer
overflow overflow. If this pin needs to be

pulled down, use the resistor larger
than 1 MQ to pull this pin down.

BREQ Bus-mastership Low when an external device
request requests the release of the bus

mastership.
This pin is not available in the
SH7146.

BACK O Bus-mastership  Indicates that the bus mastership
request has been released to an external
acknowledge device. Reception of the BACK

signal informs the device which has
output the BREQ signal that it has
acquired the bus.
This pin is not available in the
SH7146.

Interrupts NMI Non-maskable Non-maskable interrupt request pin.

interrupt Fix to high or low level when not in

use.

IRQ3 to IRQO | Interrupt requests Maskable interrupt request pin.
3to0 Selectable as level input or edge

input. The rising edge, falling edge,
and both edges are selectable as
edges.

IRQOUT o Interrupt request Shows that an interrupt cause has
output occurred. The interrupt cause can be

recognized even in the bus release
state.

Address bus A19 1o AO O Address bus Outputs addresses.
No address bus pins are available in
the SH7146.

Data bus D15 to DO I/O  Data bus 16-bit bidirectional bus.
No data bus pins are available in the
SH7146.
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SH7146 Group

Section 1 Overview

Classification Symbol /0 Name Function
Bus control CS1, CS0o 0] Chip select 1 and Chip-select signal for external
0 memory or devices.
No chip select pins are available in
the SH7146.

RD 0] Read Indicates reading of data from

external devices.
This pin is not available in the
SH7146.
WRH 0] Write to upper Indicates a write access to bits 15 to
byte 8 of the external data.
This pin is not available in the
SH7146.
WRL 0] Write to lower Indicates a write access to bits 7 to 0
byte of the external data.
This pin is not available in the
SH7146.

WAIT Wait Input signal for inserting a wait cycle
into the bus cycles during access to
the external space.

This pin is not available in the
SH7146.
Multi function timer- TCLKA, MTU2 timer clock External clock input pins for the
pulse unit 2 (MTU2) TCLKB, input timer.

TCLKC,

TCLKD

TIOCOA, /O  MTU2 input The TGRA_0 to TGRD_O input

TIOCOB, capture/output capture input/output compare

TIOCOC, compare output/PWM output pins.

TIOCOD (channel 0)

TIOCA1A, /O  MTU2 input The TGRA_1 to TGRB_1 input

TIOC1B capture/output capture input/output compare

compare output/PWM output pins.
(channel 1)
TIOC2A, /O  MTU2 input The TGRA_2 to TGRB_2 input
TIOC2B capture/output capture input/output compare
compare output/PWM output pins.
(channel 2)
RO1UHO049EJ0400 Rev. 4.00 Page 11 of 964
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SH7146 Group

Classification Symbol /0 Name Function
Multi function timer- TIOCS3A, /0 MTU2 input The TGRA_3 to TGRD_3 input
pulse unit 2 (MTU2) TIOC3B, capture/output capture input/output compare
TIOC3C, compare output/PWM output pins.
TIOC3D (channel 3)
TIOC4A, /O MTU2 input The TGRA_4 to TGRD_4 input
TIOC4B, capture/output capture input/output compare
TIOCA4C, compare output/PWM output pins.
TIOC4D (channel 4)
TIC5U, | MTUZ2 input The TGRU_5, TGRV_5, and
TIC5V, capture TGRW_5 input capture input pins.
TIC5W (channel 5) Only TIC5U and TIC5V are available
in the SH7146.
Multi function timer- TIOC3BS, /0 MTU2S input The TGRB_3S and TGRD_3S input
pulse unit 2S TIOC3DS capture/output capture input/output compare
(MTU2S) compare output/PWM output pins.
(channel 3)
TIOC4AS, /O MTU2S input The TGRA_4S to TGRD_4S input
TIOC4BS, capture/output capture input/output compare
TIOCA4CS, compare output/PWM output pins.
TIOC4DS (channel 4)
TIC5US, | MTU2S input The TGRU_5S, TGRV_5S, and
TIC5VS, capture TGRW_5S input capture input pins.
TIC5WS (channel 5) Only TIC5US and TIC5VS are
available in the SH7146.
Port output enable POES to | Port output Request signal input to place the
(POE) POEO enable MTU2 and MTU2S waveform output
pins in high impedance state.
While POE functions are selected in
the PFC, pins PB16/POES3,
PB17/POE7, and PB18/POES are
pulled up inside this LSI if no signals
are input to them.
Serial TXD2 to o] Transmit data Transmit data output pins
communication TXDO
interface (SCI) RXD2 to | Receive data Receive data input pins
RXDO
SCK2 to I/O  Serial clock Clock input/output pins
SCKO
Page 12 of 964 RO1UH0049EJ0400 Rev. 4.00
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SH7146 Group Section 1 Overview
Classification Symbol /0 Name Function
A/D converter AN15 to ANS, | Analog input pins Analog input pins.
(ADC) ANG, AN4,
AN2, ANO
ADTRG | A/D conversion  External trigger input pin for starting
trigger input A/D conversion.
AVcc | Analog power Power supply pin for the A/D
supply converter.
Connect all AVcc pins to the system
power supply (Vcc) when the A/D
converter is not used. The A/D
converter does not work if any pin is
open.
AVss | Analog ground  Ground pin for the A/D converter.
Connect it to the system ground (0
V).
Connect all AVss pins to the system
ground (0 V) correctly. The A/D
converter does not work if any pin is
open.
I/O ports PA15to PAO I/O General port 16-bit general input/output port pins.
PB18 to I/O  General port 9-bit general input/output port pins.
PB16, PB18 to PB16 and PB5 to PB2 are
PBS5 to PBO available in the SH7146.
PD15to PDO 1/O  General port 16-bit general input/output port pins.
These port pins are not available in
the SH7146.
PE21to PEO I/O  General port 22-bit general input/output port pins.
PF15 to PF8, | General port 12-bit general input port pins.
PF6, PF4,
PF2, PFO
User break UBCTRG (0] User break Trigger output pin for UBC condition
controller (UBC) trigger output match.
RO1UHO049EJ0400 Rev. 4.00 Page 13 of 964
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SH7146 Group

Classification Symbol /0 Name Function
User debugging TCK I Test clock Test-clock input pin.
;rﬁe&fgclz)e TMS | Test mode select Inputs the test-mode select signal.
(only in F-ZTAT TDI I Testdata input  Serial input pin for instructions and
version) data.
TDO 0] Test data Serial output pin for instructions and
output data.
TRST I Test reset Initialization-signal input pin.
Advanced user AUDATA3to O AUD data Branch destination address output
debugger AUDATAO pins.
EQFL‘JB?I)n SH7149 AUDCK 0] AUD clock Sync-clock output pin.
F-ZTAT version AUDSYNC O AUD sync Data start-position acknowledge-
Supporting full Signal Signal Output pln
functions of E10A)
E10A interface ASEMDO ASE mode Sets the ASE mode.
(only in F-ZTAT When a low level is input, this LSI
version) enters ASE mode. When a high level
is input, this LSI enters the normal
mode. The emulator functions are
available in ASE mode. When no
signal is input, this pin is pulled up
inside this LSI.
ASEBRK I Break request E10A emulator break input pin.
ASEBRKAK O Break mode Indicates that the E10A emulator has
acknowledge entered its break mode.

Note: The WDTOVF pin should not be pulled down. When absolutely necessary, pull it down
through a resistor of 1 MQ or larger.
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Section 2 CPU

2.1 Features

e General registers: 32-bit register x 16
e Basic instructions: 62
e Addressing modes: 11
Register direct (Rn)
Register indirect (@Rn)
Post-increment register indirect (@Rn+)
Pre-decrement register indirect (@-Rn)
Register indirect with displacement (@disp:4, Rn)
Index register indirect (@RO0, Rn)
GBR indirect with displacement (@disp:8, GBR)
Index GBR indirect (@R0, GBR)
PC relative with displacement (@disp:8, PC)
PC relative (disp:8/disp:12/Rn)

Immediate (#imm:8)

RO1UHO0049EJ0400 Rev. 4.00 Page 15 of 964
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2.2 Register Configuration

There are three types of registers: general registers (32-bit x 16), control registers (32-bit x 3), and
system registers (32-bit x 4).

General register (Rn)
31

RO*1
R1

R2

R3
R4

R5

R6

R7
R8
R9

R10
R11

R12

R13
R14

R15, SP (hardware stack pointer)*2

Status register (SR)
31 9876543210
|----meeeee-- M QI3 12110 ---- 5 T|
Global base register (GBR)
31 0
| GBR |
Vector base register (VBR)
31 0
| VBR |
Multiply and accumulate register (MAC)
31 0
MACH
MACL
Procedure register (PR)
31 0
I PR |
Program counter (PC)
31 0
I PC |

Notes: 1. RO can be used as an index register in index register indirect or index GBR
indirect addressing mode. For some instructions, only RO is used as the
source or destination register.

2. R15is used as a hardware stack pointer during exception handling.

Figure 2.1 CPU Internal Register Configuration
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2.2.1 General Registers (Rn)

There are sixteen 32-bit general registers (Rn), designated RO to R15. The general registers are
used for data processing and address calculation. RO is also used as an index register. With a
number of instructions, RO is the only register that can be used. R15 is used as a hardware stack
pointer (SP). In exception handling, R15 is used for accessing the stack to save or restore the
status register (SR) and program counter (PC) values.

2.2.2 Control Registers

There are three 32-bit control registers, designated status register (SR), global base register
(GBR), and vector base register (VBR). SR indicates a processing state. GBR is used as a base
address in GBR indirect addressing mode for data transfer of on-chip peripheral module registers.
VBR is used as a base address of the exception handling (including interrupts) vector table.

e Status register (SR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

o
o
o
o
o
o

Initial value: 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L[ - [ -1 -[-[-Twuwloa] 159 [ -[s[7]
Initial value: 0 0 0 0 0 0 - 1 1 1 1 0 0
R/W: R R R R R R RW RW RW RW RW RW

by
g .
by
5 '

Bit Read/

Bit name Default Write Description

31to10 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

9 M Undefined R/W Used by the DIVOU, DIV0OS, and DIV1 instructions.

8 Q Undefined R/W Used by the DIVOU, DIVOS, and DIV1 instructions.

7t04 1[3:0] 1111 R/W Interrupt Mask

3,2 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

RO1UHO0049EJ0400 Rev. 4.00 Page 17 of 964
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Bit Read/
Bit name Default Write Description
1 S Undefined R/W S Bit
Used by the multiply and accumulate instruction.
0 T Undefined R/W T Bit

Indicates true (1) or false (0) in the following
instructions: MOVT, CMP/cond, TAS, TST, BT (BT/S),
BF (BF/S), SETT, CLRT

Indicates carry, borrow, overflow, or underflow in the
following instructions: ADDV, ADDC, SUBV, SUBC,
NEGC, DIVOU, DIVOS, DIV1, SHAR, SHAL, SHLR,

SHLL, ROTR, ROTL, ROTCR, ROTCL

e Global-base register (GBR)
This register indicates a base address in GBR indirect addressing mode. The GBR indirect
addressing mode is used for data transfer of the on-chip peripheral module registers and logic
operations.

e Vector-base register (VBR)
This register indicates the base address of the exception handling vector table.
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2.23 System Registers

There are four 32-bit system registers, designated two multiply and accumulate registers (MACH
and MACL), a procedure register (PR), and program counter (PC).

e Multiply and accumulate registers (MACH and MACL)

This register stores the results of multiplication and multiply-and-accumulate operation.
e Procedure register (PR)

This register stores the return-destination address from subroutine procedures.
e Program counter (PC)

The PC indicates the point which is four bytes (two instructions) after the current execution
instruction.

2.24 Initial Values of Registers
Table 2.1 lists the initial values of registers after a reset.

Table 2.1 Initial Values of Registers

Type of register Register Default
General register RO to R14 Undefined

R15 (SP) SP value set in the exception handling vector table
Control register SR I3to 10: 1111 (H'F)

Reserved bits: 0
Other bits: Undefined

GBR Undefined

VBR H'00000000
System register MACH, MACL, PR Undefined

PC PC value set in the exception handling vector table
RO1UHO0049EJ0400 Rev. 4.00 Page 19 of 964
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23 Data Formats
2.3.1 Register Data Format
The size of register operands is always longwords (32 bits). When loading byte (8 bits) or word

(16 bits) data in memory into a register, the data is sign-extended to longword and stored in the
register.

Longword

Figure 2.2 Register Data Format
2.3.2 Memory Data Formats

Memory data formats are classified into bytes, words, and longwords. Byte data can be accessed
from any address. Locate, however, word data at an address 2n, longword data at 4n. Otherwise,
an address error will occur if an attempt is made to access word data starting from an address other
than 2n or longword data starting from an address other than 4n. In such cases, the data accessed
cannot be guaranteed. The hardware stack area, pointed by the hardware stack pointer (SP, R15),
uses only longword data starting from address 4n because this area holds the program counter and
status register.

Address m + 1 Address m + 3
Address m \ Address m + 2 \
314 23 54 7 0
Byte | Byte Byte | Byte

Address 2n  —| Word Word

Address 4n  — Longword

Figure 2.3 Memory Data Format
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233 Immediate Data Formats
Immediate data of eight bits is placed in the instruction code.

For the MOV, ADD, and CMP/EQ instructions, the immediate data is sign-extended to longword
and then calculated. For the TST, AND, OR, and XOR instructions, the immediate data is zero-
extended to longword and then calculated. Thus, if the immediate data is used for the AND
instruction, the upper 24 bits in the destination register are always cleared.

The immediate data of word or longword is not placed in the instruction code. It is placed in a
table in memory. The table in memory is accessed by the MOV immediate data instruction in PC
relative addressing mode with displacement.

24 Features of Instructions
2.4.1 RISC Type

The instructions are RISC-type instructions with the following features:

Fixed 16-Bit Length: All instructions have a fixed length of 16 bits. This improves program code
efficiency.

One Instruction per Cycle: Since pipelining is used, basic instructions can be executed in one
cycle.

Data Size: The basic data size for operations is longword. Byte, word, or longword can be
selected as the memory access size. Byte or word data in memory is sign-extended to longword
and then calculated. Immediate data is sign-extended to longword for arithmetic operations or
zero-extended to longword size for logical operations.

Table 2.2 Word Data Sign Extension

CPU in this LSI Description Example of Other CPUs
MOV.W  @(disp,PC),R1 Sign-extended to 32 bits, R1 ADD.W #H'1234,R0
ADD R1,RO becomes H'00001234, and is
then operated on by the ADD
"""" instruction.

.DATAW H'1234
Note: Immediate data is accessed by @(disp,PC).
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Load/Store Architecture: Basic operations are executed between registers. In operations
involving memory, data is first loaded into a register (load/store architecture). However, bit
manipulation instructions such as AND are executed directly in memory.

Delayed Branching: Unconditional branch instructions means the delayed branch instructions.
With a delayed branch instruction, the branch is made after execution of the instruction
immediately following the delayed branch instruction. This minimizes disruption of the pipeline
when a branch is made. The conditional branch instructions have two types of instructions:
conditional branch instructions and delayed branch instructions.

Table 2.3 Delayed Branch Instructions

CPU in this LSI Description Example of Other CPUs
BRA TRGET ADD is executed before branch to TRGET. ADD.W R1,R0
ADD R1,RO BRA TRGET

Multiply/Multiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operation is
executed in one to two cycles, and a 16 x 16 + 64 — 64 multiply-and-accumulate operation in two
to three cycles. A 32 x 32 — 64 multiply operation and a 32 x 32 + 64 — 64 multiply-and-
accumulate operation are each executed in two to four cycles.

T Bit: The result of a comparison is indicated by the T bit in SR, and a conditional branch is
performed according to whether the result is True or False. Processing speed has been improved
by keeping the number of instructions that modify the T bit to a minimum.

Table 2.4 T Bit

CPU in this LSI Description Example of Other CPUs
CMP/GE R1,R0 When RO > R1, the T bit is set. CMP.W R1,R0

BT TRGETO When RO > R1, a branch is made to TRGETO0. BGE TRGETO

BF TRGETH1 When RO < R1, a branch is made to TRGET1. BLT TRGET1

ADD #-1,R0 The T bit is not changed by ADD. SUB.W #1,R0

CMP/EQ #0,R0 When RO = 0, the T bit is set. BEQ TRGET

BT TRGET A branch is made when RO = 0.

Immediate Data: 8-bit immediate data is placed in the instruction code. Word and longword
immediate data is not placed in the instruction code. It is placed in a table in memory. The table in
memory is accessed with the MOV immediate data instruction using PC relative addressing mode
with displacement.
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Table 2.5  Access to Immediate Data

Type This LSI's CPU Example of Other CPU
8-bit immediate MOV #H'12,RO MOV.B #H'12,R0
16-bit immediate MOV.W @(disp,PC),R0 MOV.W #H'1234,R0

.DATA.W H'1234

32-bit immediate MOV.L @(disp,PC),R0O MOV.L #H'12345678,R0

.DATA.L H'12345678

Note: Immediate data is accessed by @(disp,PC).

Absolute Addresses: When data is accessed by absolute address, place the absolute address value
in a table in memory beforehand. The absolute address value is transferred to a register using the
method whereby immediate data is loaded when an instruction is executed, and the data is
accessed using the register indirect addressing mode.

Table 2.6  Access to Absolute Address

Type CPU in this LSI Example of Other CPUs

Absolute address MOV.L @(disp,PC),R1 MOV.B @H'12345678,R0
MOV.B @R1,R0

.DATA.L H'12345678

Note: Immediate data is referenced by @ (disp,PC).

16-Bit/32-Bit Displacement: When data is accessed using the 16- or 32-bit displacement
addressing mode, the displacement value is placed in a table in memory beforehand. Using the
method whereby immediate data is loaded when an instruction is executed, this value is
transferred to a register and the data is accessed using index register indirect addressing mode.
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Table 2.7  Access with Displacement
Type CPU in this LSI Example of Other CPUs

16-bit displacement MOV.W @(disp,PC),R0

MOV.W @(R0,R1),R2

.DATA.W H'1234

MOV.W @(H'1234,R1),R2

Note: Immediate data is referenced by @ (disp,PC).

2.4.2 Addressing Modes

Table 2.8 lists addressing modes and effective address calculation methods.

Table 2.8  Addressing Modes and Effective Addresses

Addressing Instruction Calculation

Mode Format Effective Address Calculation Method Formula

Register Rn Effective address is register Rn. —

direct (Operand is register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn

indirect

Register @Rn+ Effective address is register Rn contents. A Rn

indirect with constant is added to Rn after instruction After instruction

post-increment execution: 1 for a byte operand, 2 for a word execution

operand, 4 for a longword operand. Byte: Rn + 1 - Rn

Word: Rn + 2 - Rn
Longword: Rn + 4
— Rn

Register @-Rn Effective address is register Rn contents, Byte: Rn—1 — Rn

indirect with decremented by a constant beforehand: 1 fora  \yord: Rn -2 — Rn

pre-decrement byte operand, 2 for a word operand, 4 for a

longword operand.

Longword: Rn — 4
— Rn
(Instruction

executed with Rn
after calculation)

Page 24 of 964
RENESAS

RO1UHO0049EJ0400 Rev. 4.00

Sep 24, 2010



SH7146 Group

Section2 CPU

Addressing Instruction
Mode Format

Effective Address Calculation Method

Calculation
Formula

Register @ (disp:4,
indirect with Rn)
displacement

Effective address is register Rn contents with
4-bit displacement disp added. After disp is
zero-extended, it is multiplied by 1 (byte), 2
(word), or 4 (longword), according to the
operand size.

Rn
+ disp x 1/2/4

disp
(zero-extended)

Byte: Rn + disp
Word: Rn + disp x 2

Longword: Rn +
disp x 4

Index @ (RO, Rn)
register indirect

Effective address is sum of register Rn and RO
contents.

OF ¢ YT

Rn + RO

GBR indirect @ (disp:8,
with GBR)
displacement

Effective address is register GBR contents with
8-bit displacement disp added. After disp is
zero-extended, it is multiplied by 1 (byte), 2
(word), or 4 (longword), according to the
operand size.

GBR
+ disp x 1/2/4

Byte: GBR + disp

Word: GBR + disp x
2

Longword: GBR +
disp x 4

Index GBR @(Ro, Effective address is sum of register GBR and GBR + RO
indirect GBR) RO contents.
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula

PC relative with @(disp:8, Effective address is PC with 8-bit displacement Word: PC + disp
displacement  PC) disp added. After disp is zero-extended, it is x 2

multiplied by 2 (word) or 4 (longword), according Longword:
to the operand size. With a longword operand,  pc&H'FFFFFFFC
the lower 2 bits of PC are masked. +disp x 4

*With longword operand

PC +disp x 2
or
PC&
H'FFFFFFFC
+ disp x 4
PC relative disp:8 Effective address is PC with 8-bit displacement PC + disp x 2
disp added after being sign-extended and

multiplied by 2.

disp
(sign-extended)

PC + disp x 2

disp:12 Effective address is PC with 12-bit displacement PC + disp x 2
disp added after being sign-extended and
multiplied by 2.

PC + disp x 2
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC relative Rn Effective address is sum of PC and Rn. PC + Rn

Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.

#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.

#imm:8 8-bit immediate data imm of TRAPA instruction —
is zero-extended and multiplied by 4.

2.4.3 Instruction Formats

This section describes the instruction formats, and the meaning of the source and destination
operands. The meaning of the operands depends on the instruction code. The following symbols
are used in the table.

xxxx: Instruction code
mmmm: Source register
nnnn: Destination register
iiii: Immediate data

dddd: Displacement
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Table 2.9 Instruction Formats

Destination
Instruction Format Source Operand Operand Sample Instruction
0 type — — NOP
15 0
n type — nnnn: register MOVT Rn
15 0 direct
Control register or nnnn: register STS MACH,Rn
system register direct
Control register or nnnn: pre- STC.L SR,@-Rn
system register decrement register
indirect
m type mmmm: register Control register or LDC Rm,SR
15 0 direct system register
mmmm: post- Control register or LDC.L @Rm+,SR
increment register system register
indirect
mmmm: register — JMP @Rm
indirect
PC relative using — BRAF Rm
Rm
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Destination
Instruction Format Source Operand Operand Sample Instruction
nm type mmmm: register nnnn: register ADD  Rm,Rn
15 0 direct direct
mmmm: register nnnn: register MOV.L Rm,@Rn
direct indirect
mmmm: post- MACH, MACL MAC.W @Rm+,@Rn+
increment register
indirect (multiply-
and-accumulate
operation)
nnnn: * post-
increment register
indirect (multiply-
and-accumulate
operation)
mmmm: post- nnnn: register MOV.L @Rm+,Rn
increment register direct
indirect
mmmm: register nnnn: pre- MOV.L Rm,@-Rn
direct decrement register
indirect
mmmm: register nnnn: index MOV.L Rm,@(R0,Rn)
direct register indirect
md type mmmmdddd: RO (register direct) MOV.B @ (disp,Rm),R0
15 0 register indirect
with displacement
nd4 type RO (register direct) nnnndddd: MOV.B RO, @ (disp,Rn)
15 0 register indirect
with displacement
nmd type mmmm: register nnnndddd: MOV.L Rm, @ (disp,Rn)
15 0 direct register indirect
with displacement

mmmmdddd:
register indirect
with displacement

nnnn: register
direct

MOV.L @ (disp,Rm),Rn

RO1UH0049EJ0400 Rev. 4.00
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Instruction Format

Source Operand

Destination
Operand

Sample Instruction

d type dddddddd: GBR RO (register direct) MOV.L @ (disp,GBR),R0
15 0 indirect with
displacement
RO (register direct) dddddddd: GBR MOV.L RO, @ (disp,GBR)
indirect with
displacement
dddddddad: RO (register direct) MOVA @ (disp,PC),R0
PC relative with
displacement
— ddddddda: BF label
PC relative
d12 type — dddddddddddd: BRA label
15 0 PC relative (label=disp+PC)
nd8 type dddddddd: PC nnnn: register MOV.L @(disp,PC),Rn
15 0 relative with direct
displacement
i type iiiiiidii: Index GBR indirect AND.B #imm, @ (R0,GBR)
15 0 immediate
iididiiidid: RO (register direct) AND #imm,R0
immediate
iiiidiidid: — TRAPA #imm
immediate
ni type iiiiiidii: nnnn: register ADD #imm,Rn
1 0 immediate direct

Note: * In multiply and accumulate instructions, nnnn is the source register.
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2.5 Instruction Set

2.5.1 Instruction Set by Type

Table 2.10 lists the instructions classified by type.

Table 2.10 Instruction Types

Kinds of Number of
Type Instruction Op Code Function Instructions
Data transfer 5 MOV Data transfer 39
instructions Immediate data transfer
Peripheral module data transfer
Structure data transfer
MOVA Effective address transfer
MOVT T bit transfer
SWAP Upper/lower swap
XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
pperatign ADDC Binary addition with carry
instructions
ADDV Binary addition with overflow
CMP/cond  Comparison
DIVA Division
DIVOS Signed division initialization
DIVoU Unsigned division initialization
DMULS Signed double-precision multiplication
DMULU Unsigned double-precision multiplication
DT Decrement and test
EXTS Sign extension
EXTU Zero extension
MAC Multiply-and-accumulate, double-
precision multiply-and-accumulate
MUL Double-precision multiplication
RO1UHO0049EJ0400 Rev. 4.00 Page 31 of 964
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Kinds of Number of

Type Instruction Op Code Function Instructions
Arithmetic 21 MULS Signed multiplication 33
pperatign MULU Unsigned multiplication
instructions

NEG Sign inversion

NEGC Sign inversion with borrow

SuB Binary subtraction

SUBC Binary subtraction with carry

SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
pperatign NOT Bit inversion
instructions

OR Logical OR

TAS Memory test and bit setting

TST T bit setting for logical AND

XOR Exclusive logical OR
Shift 10 ROTL 1-bit left shift 14
instructions ROTR 1-bit right shift

ROTCL 1-bit left shift with T bit

ROTCR 1-bit right shift with T bit

SHAL Arithmetic 1-bit left shift

SHAR Arithmetic 1-bit right shift

SHLL Logical 1-bit left shift

SHLLn Logical n-bit left shift

SHLR Logical 1-bit right shift

SHLRn Logical n-bit right shift
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Kinds of Number of

Type Instruction Op Code Function Instructions
Branch 9 BF Conditional branch, delayed conditional 11
instructions branch (T = 0)

BT Conditional branch, delayed conditional

branch (T =1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 11 CLRT T bit clear 31
F:ontrol . CLRMAC MAC register clear
instructions

LDC Load into control register

LDS Load into system register

NOP No operation

RTE Return from exception handling

SETT T bit setting

SLEEP Transition to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling

Total: 62 142
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The instruction code, operation, and execution cycles of the instructions are listed in the following
tables, classified by type.

Summary of Execution
Instruction Instruction Code Operation Cycles T Bit
Indicated by mnemonic. Indicated in MSB <> Indicates summary of Value when no Value of T bit after
LSB order. operation. wait cycles are instruction is executed
. 1
inserted™ Explanation of Symbols
—: No change
Explanation of Symbols Explanation of Symbols Explanation of Symbols
OP.Sz SRC, DEST mmmm: Source register —, «—: Transfer direction
OP:  Operation code pnnn: Destination (xx):  Memory operand
Sz: Size register .
9 M/Q/T: Flag bits in SR
SRC: Source 0000: RO
DEST: Destination 0001: R1 &: Logical AND of each bit
Rm: Source register e | Logical OR of each bit
Rn: Destination 1111: R15 A: Exclusive logical OR of
register i Immediate data each bit
imm: Immediate data  dddd: Displacement -1 Logical NOT of each bit
disp: Displacement:* <<n: n-bit left shift

>>n: n-bit right shift

Notes: 1. The table shows the minimum number of execution states. In practice, the number of
instruction execution states will be increased in cases such as the following:

e When there is contention between an instruction fetch and a data access

¢ When the destination register of a load instruction (memory — register) is also used
by the following instruction

2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.
For details, see SH-1/SH-2/SH-DSP Software Manual.

Page 34 of 964 RO1UHO0049EJ0400 Rev. 4.00
leNESAS Sep 24,2010



SH7146 Group Section2 CPU

2.5.2 Data Transfer Instructions

Table 2.11 Data Transfer Instructions

Execution

Instruction Operation Code Cycles T Bit

MOV #imm, Rn imm — Sign extension 1110nnnniiiiiiii 1 —
— Rn

MOV.W @ (disp,PC),Rn (disp x 2+ PC) — Sign 1001nnnndddddddd 1 —
extension - Rn

MOV.L @ (disp,PC),Rn (disp x4+ PC)— Rn 1101nnnndddddddd 1 —

MOV Rm, Rn Rm — Rn 0110nnnnmmmm0011 1 —

MOV.B Rm,@Rn Rm — (Rn) 0010nnnnmmmmo000 1 —

MOV.W Rm, @Rn Rm — (Rn) 0010nnnnmmmm0001 1 —

MOV.L Rm,@Rn Rm — (Rn) 0010nnnnmmmm0010 1 —

MOV.B @Rm,Rn (Rm) — Sign extension 0110nnnnmmmm0000 1 —
— Rn

MOV.W @Rm,Rn (Rm) — Sign extension 0110nnnnmmmm0001 1 —
— Rn

MOV.L @Rm,Rn (Rm) - Rn 0110nnnnmmmm0010 1 —

MOV.B Rm,@—Rn Rn-1 - Rn, Rm - (Rn)  0010nnnnmmmm0100 1 —

MOV.W Rm,@—Rn Rn-2 - Rn, Rm - (Rn)  0010nnnnmmmmo0101 1 —

MOV.L Rm,@-Rn Rn—4 — Rn, Rm —» (Rn)  0010nnnnmmmm0110 1 —

MOV.B @Rm+,Rn (Rm) — Sign extension 0110nnnnmmmm0100 1 —
— Rn, Bm+1 - Rm

MOV.W @Rm+,Rn (Rm) — Sign extension 0110nnnnmmmm0101 1 —
— Rn, Bm +2 - Rm

MOV.L @Rm+,Rn (Rm) - Rn,Am +4 - Rm 0110nnnnmmmm0110 1 —

MOV.B RO,@(disp,Rn) RO - (disp + Rn) 10000000nnnndddd 1 —

MOV.W RO,@(disp,Rn) RO - (disp x 2 + Rn) 10000001nnnndddd 1 —

MOV.L Rm,@(disp,Rn) Rm — (disp x 4 + Rn) 0001nnnnmmmmdddd 1 —

MOV.B @(disp,Rm),RO (disp + Rm)— Sign 10000100mmmmdddd 1 —
extension - RO

MOV.W @(disp,Rm),RO (disp x 2 + Rm)— Sign 10000101mmmmdddd 1 —
extension - RO

MOV.L @(disp,Rm),Rn (disp x4+ Rm)— Rn 010lnnnnmmmmdddd 1 —
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Execution

Instruction Operation Code Cycles T Bit

MOV.B Rm,@(RO,Rn) Rm — (RO + Rn) 0000nnnnmmmmO100 1 —

MOV.W Rm,@(RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0101 1 —

MOV.L Rm,@(RO,Rn) Rm — (RO + Rn) 0000nnnnmmmmO110 1 —

MOV.B @(RO,Rm),Rn (RO + Rm) — Sign 0000nnnnmmmm1100 1 —
extension — Rn

MOV.W @ (RO,Rm),Rn (RO + Rm) — Sign 0000nNnnNmmmm1101 1 —
extension — Rn

MOV.L @(RO,Rm),Rn (RO + Rm) — Rn 0000nnnnmmmm1110 1 —

MOV.B RO,@(disp,GBR) RO — (disp + GBR) 11000000dddddddd 1 —

MOV.W RO,@(disp,GBR) RO — (disp x 2 + GBR) 11000001dddddddd 1 —

MOV.L RO,@(disp,GBR) RO — (disp x 4 + GBR) 11000010dddddddd 1 —

MOV.B @ (disp,GBR),R0 (disp + GBR)— Sign 11000100dddddddd 1 —
extension —» RO

MOV.W @ (disp,GBR),R0 (disp x 2 + GBR) —» 11000101dddddddd 1 —
Sign extension - RO

MOV.L @ (disp,GBR),R0 (disp x 4 + GBR) - RO 11000110dddddddd 1 —

MOVA @(disp,PC),R0O dispx4+PC— RO 11000111dddddddd 1 —

MOVT Rn T—Rn 0000nnnn00101001 1 —

SWAP.B Rm, Rn Rm — Swap lowest two 0110nnnnmmmm1000 1 —
bytes - Rn

SWAP.W Rm, Rn Rm — Swap two 0110nnnnmmmml001 1 —
consecutive words — Rn

XTRCT Rm,Rn Rm: Middle 32 bits of 0010nnnnmmmm1101 1 —
Rn — Rn
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2.5.3

Table 2.12 Arithmetic Operation Instructions

Arithmetic Operation Instructions

Execution
Instruction Operation Code Cycles T Bit
ADD Rm, Rn Rn + Rm — Rn 0011lnnnnmmmml100 1 —
ADD #imm, Rn Rn +imm — Rn 0lllnnnniiiiiiii 1 —
ADDC Rm, Rn Rn+Rm+ T — Rn, 0011lnnnnmmmml110 1 Carry
Carry > T
ADDV Rm, Rn Rn + Rm — Rn, 001l1lnnnnmmmmllll 1 Overflow
Overflow > T
CMP/EQ #imm, RO IfRO=imm,1->T 10001000iiidiididii 1 Comparison
result
CMP/EQ Rm,Rn IfRn=Rm,1 >T 0011nnnnmmmm0000 1 Comparison
result
CMP/HS Rm,Rn If Rn > Rm with 0011nnnnmmmm0010 1 Comparison
unsigned data, 1 > T result
CMP/GE Rm,Rn If Rn > Rm with signed 0011nnnnmmmmO011 1 Comparison
data,1 > T result
CMP/HI Rm,Rn If Rn > Rm with 0011lnnnnmmmmO0110 1 Comparison
unsigned data, 1 > T result
CMP/GT Rm,Rn If Rn > Rm with signed 001lnnnnmmmmO0111 1 Comparison
data,1 > T result
CMP/PZ Rn IfRn>0,1—>T 0100nnnn00010001 1 Comparison
result
CMP/PL Rn fRn>0,1>T 0100nnnn00010101 1 Comparison
result
CMP/STR Rm, Rn If Rn and Rm have an 0010nnnnmmmm1100 1 Comparison
equivalent byte, 1 > T result
DIV1 Rm, Rn Single-step division 001lnnnnmmmm0100 1 Calculation
(Rn/Rm) result
DIVOS Rm, Rn MSB of Rn — Q, MSB 0010nnnnmmmmO111 1 Calculation
of Rm->M,M"Q->T result
DIVOU 0 —» M/QT 0000000000011001 1 0
DMULS.L Rm,Rn Signed operation of 001llnnnnmmmm1101 2 to 5% —
Rn x Rm — MACH,
MACL 32 x 32 — 64 bits
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Execution
Instruction Operation Code Cycles T Bit
DMULU.L Rm,Rn Unsigned operation of 001lnnnnmmmm0101 2 to 5* —
Rn x Rm - MACH,
MACL 32 x 32 — 64 bits
DT Rn Rn-1—->ARnifRN=0,1— 0100nnnnooo10000 1 Comparison
T,else0—>T result
EXTS.B Rm,Rn A byte in Rm is sign- 0110nnnnmmmm1110 1 —
extended — Rn
EXTS.W Rm,Rn A word in Rm is sign- 0110nnnnmmmm1111 1 —
extended — Rn
EXTU.B Rm,Rn A byte in Rm is zero- 0110nnnnmmmml100 1 —
extended — Rn
EXTU.W Rm,Rn A word in Rm is zero- 0110nnnnmmmml101 1 —
extended — Rn
MAC.L @Rm+,@Rn+  Signed operation of (Rn) 0000nnnnmmmm1111 2 to 5* —
x (Rm) + MAC — MAC,
32 x 32 + 64 — 64 bits
MAC.W @Rm+, @Rn+  Signed operation of (Rn) 0100nnnnmmmm1111 2 to 4* —
x (Rm) + MAC — MAC,
16 x 16 + 64 — 64 bits
MUL.L Rm, Rn Rn x Rm —» MACL 0000nnnnmmmm0111 2 to 5% —
32 x 32 — 32 bits
MULS.W Rm,Rn Signed operation of Rn 0010nnnnmmmm1111 1 to 3* —
x Rm — MAC
16 x 16 — 32 bits
MULU.W Rm,Rn Unsigned operation of 0010nnnnmmmm1110 1 to 3* —
Rn x Rm — MAC
16 x 16 — 32 bits
NEG Rm, Rn 0-Rm — Rn 0110nnnnmmmm1011 1 —
NEGC Rm, Rn 0-Rm-T — Rn, 0110nnnnmmmm1010 1 Borrow
Borrow —» T
SUB Rm, Rn Rn-Rm — Rn 001lnnnnmmmm1000 1 —
SUBC Rm, Rn Rn-Rm-T — Rn, 001lnnnnmmmm1010 1 Borrow
Borrow —» T
SUBV Rm, Rn Rn-Rm — Rn, 0011nnnnmmmm1011 1 Overflow
Underflow —» T
Note: * Indicates the number of execution cycles for normal operation.
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2.54

Logic Operation Instructions

Table 2.13 Logic Operation Instructions

Execution

Instruction Operation Code Cycles T Bit

AND Rm,Rn Rn & Rm — Rn 0010nnnnmmmm1001 1 —

AND  #imm, RO RO & imm — RO 11001001iiiiiiii 1 —

AND.B #imm, @ (R0, GBR) (RO + GBR) & imm — 11001101iiiiiiii 3 —
(RO + GBR)

NOT Rm,Rn ~Rm — Rn 0110nnnnmmmm0111 1 —

OR Rm, Rn Rn | Rm — Rn 0010nnnnmmmm1011 1 —

OR #imm, RO RO | imm — RO 11001011iiiiiiii 1 —

OR.B #imm,@(RO,GBR) (RO + GBR)|imm — 11001111iiiiiiii 3 —
(RO + GBR)

TAS.B @Rn If (Rn)is 0,1 > T; 0100nnnn00011011 4 Test result
1 — MSB of (Rn)

TST Rm, Rn Rn & Rm; if the result 0010nnnnmmmm1000 1 Test result
is0,1>T

TST #imm, RO RO & imm; if the result 11001000iiiiiiii 1 Test result
is0,1->T

TST.B #imm, @ (RO, GBR) (RO + GBR) & imm; 11001100iiiiiiii 3 Test result
iftheresultis 0,1 > T

XOR Rm,Rn Rn~ARm — Rn 0010nnnnmmmm1010 1 —

XOR #imm, RO RO A imm — RO 11001010iiiiiiii 1 —

XOR.B #imm, @ (R0, GBR) (RO + GBR)Aimm —» 11001110iiiiiiii 3 —
(RO + GBR)
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2.5.5 Shift Instructions

Table 2.14 Shift Instructions

Execution

Instruction Operation Code Cycles T Bit
ROTL Rn T < Rn « MSB 0100nnnn00000100 1 MSB
ROTR Rn LSB—>Rn—>T 0100nnnn00000101 1 LSB
ROTCL Rn T<RneT 0100nnnn00100100 1 MSB
ROTCR Rn T>Rn—>T 0100nnnn00100101 1 LSB
SHAL Rn T« Rn«0 0100nnnn00100000 1 MSB
SHAR Rn MSB - Rn—>T 0100nnnn00100001 1 LSB
SHLL Rn T« Rn«0 0100nnnn00000000 1 MSB
SHLR Rn 0>Rn->T 0100nnnn00000001 1 LSB
SHLL2 Rn Rn<<2 —Rn 0100nnnn00001000 1 —
SHLR2 Rn Rn>>2 — Rn 0100nnnn00001001 1 —
SHLL8 Rn Rn << 8 - Rn 0100nnnn00011000 1 —
SHLR8 Rn Rn>>8 — Rn 0100nnnn00011001 1 —
SHLL16 Rn Rn << 16 - Rn 0100nnnn00101000 1 —
SHLR16 Rn Rn>>16 — Rn 0100nnnn00101001 1 —
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2.5.6 Branch Instructions

Table 2.15 Branch Instructions

Execution

Instruction Operation Code Cycles T Bit

BF label If T=0,dispx2+PC— 10001011dddddddd 3/1%* —
PC;
if T=1, nop

BF/S 1label Delayed branch, if T =0, 10001111dddddddd 2/1* —
disp x 2 + PC - PC;
if T=1, nop

BT label IfT=1,dispx2+PC— 10001001dddddddd 3/1* —
PC;
if T=0, nop

BT/S label Delayed branch, if T =1, 10001101dddddddd 2/1%* —
disp x 2 + PC — PC;
if T=0, nop

BRA label Delayed branch, 1010dddddddddddd 2 —
disp x 2+ PC - PC

BRAF Rm Delayed branch, 0000mmmm00100011 2 —
Rm + PC - PC

BSR label Delayed branch, PC — PR, 1011dddddddddddd 2 —
disp x 2+ PC - PC

BSRF Rm Delayed branch, PC — PR, 0000mmmm00000011 2 —
Rm + PC - PC

JMP  @Rm Delayed branch, Rm — PC  0100mmmm00101011 2 —

JSR  @Rm Delayed branch, PC — PR, 0100mmmm00001011 2 —
Rm — PC

RTS Delayed branch, PR - PC  0000000000001011 2 —

Note: * One cycle when the branch is not executed.
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2.5.7 System Control Instructions

Table 2.16 System Control Instructions

Execution
Instruction Operation Code Cycles T Bit
CLRT 0->T 0000000000001000 1 0
CLRMAC 0 - MACH, MACL 0000000000101000 1 —
LDC  Rm, SR Rm —» SR 0100mmmm00001110 6 LSB
LDC Rm,GBR Rm — GBR 0100mmmm00011110 4 —
ILDC Rm,VBR Rm — VBR 0100mmmm00101110 4 —
LDC.L @Rm+, SR (Rm) - SR,Rm +4 - Rm 0100mmmm00000111 8 LSB
LDC.L @Rm+, GBR (Rm) -» GBR, Rm +4 — 0100mmmm00010111 4 —
Rm
LDC.L @Rm+, VBR (Rm) - VBR, Rm + 4 — 0100mmmm00100111 4 —
Rm
LDS Rm,MACH Rm — MACH 0100mmmm00001010 1 —
LDS Rm,MACL Rm — MACL 0100mmmm00011010 1 —
LDS Rm,PR Rm — PR 0100mmmm00101010 1 —
LDS.L @Rm+, MACH (Rm) - MACH, Rm +4 — 0100mmmm00000110 1 —
Rm
LDS.L @Rm+, MACL (Rm) - MACL,Rm+4 —» 0100mmmm00010110 1 —
Rm
ILDS.L @Rm+, PR (Rm) - PR,Rm +4 - BRm 0100mmmm00100110 1 —
NOP No operation 0000000000001001 1 —
RTE Delayed branch, 0000000000101011 5 —
Stack area —» PC/SR
SETT 15T 0000000000011000 1 1
SLEEP Sleep 0000000000011011 4% —
STC SR,Rn SR - Rn 0000nnnn00000010 1 —
STC GBR,Rn GBR — Rn 0000nnnn00010010 1 —
STC VBR,Rn VBR — Rn 0000nnnn00100010 1 —
STC.L SR, @-Rn Rn—4 — Rn, SR — (Rn) 0100nnnn00000011 1 —
STC.L GBR,@Rn Rn—-4 - Rn, GBR — (Rn) 0100nnnn00010011 1 —
STC.L VBR, @Rn Rn—-4 — Rn, VBR — (Rn)  0100nnnn00100011 1 —
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Execution
Instruction Operation Code Cycles T Bit
STS MACH,Rn MACH — Rn 0000nnnn00001010 1 —
STS MACL,Rn MACL — Rn 0000nnNnn00011010 1 —
STS PR,Rn PR — Rn 0000nnnn00101010 1 —
STS.L MACH, @Rn Rn-4 — Rn, MACH — (Rn) 0100nnnn00000010 1 —
STS.L MACL, @Rn Rn—-4 — Rn, MACL — (Rn) 0100nnnn00010010 1 —
STS.L PR, @Rn Rn—-4 — Rn, PR — (Rn) 0100nnnn00100010 1 —
TRAPA #imm PC/SR — Stack area, 11000011iiiiiiii 8 —

(imm x 4 + VBR) — PC

Note: * Number of execution cycles until this LSI enters sleep mode.
About the number of execution cycles:

The table lists the minimum number of execution cycles. In practice, the number of
execution cycles will be increased depending on the conditions such as:

e When there is a conflict between instruction fetch and data access

¢ When the destination register of a load instruction (memory — register) is also used
by the instruction immediately after the load instruction.

RO1UH0049EJ0400 Rev. 4.00
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2.6

Processing States

The CPU has the five processing states: reset, exception handling, bus release, program execution,
and power-down. Figure 2.4 shows the CPU state transition.

From any state
when RES =0

When internal power-on reset by WDT
or internal manual reset by WDT occurs.

Bus request,
cleared

v

Bus release state~ ~

N p»’
N

Bus request

generated

Bus request Bus request

From any state except
deep software standby mode
when RES = 1 and MRES =0

Exception
handling state
us request
generated
Except!on Exception
processing -
processing
source
ends
occurs
Bus request
cleared
Program

execution state

Reset state

NMI interrupt or IRQ
interrupt occurs

generated cleared SSBY bit =1 and SSBY bit =1 and
SSBY bit =0 STBYMD bit = 1 STBYMD bit = 0
for SLEEP for SLEEP for SLEEP
instruction instruction instruction
: |
! Sleep mods Software Deep software i
! P standby mode standby mode |
' i
Power-down mode
Figure 2.4 Transitions between Processing States
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e Reset state

The CPU is reset. When the RES pin is low, the CPU enters the power-on reset state. When the
RES pin is high and MRES pin is low, the CPU enters the manual reset state.

e Exception handling state

This state is a transitional state in which the CPU processing state changes due to a request for
exception handling such as a reset or an interrupt.

When a reset occurs, the execution start address as the initial value of the program counter
(PC) and the initial value of the stack pointer (SP) are fetched from the exception handling
vector table. Then, a branch is made for the start address to execute a program.

When an interrupt occurs, the PC and status register (SR) are saved in the stack area pointed to
by SP. The start address of an exception handling routine is fetched from the exception
handling vector table and a branch to the address is made to execute a program.

Then the processing state enters the program execution state.
e Program execution state

The CPU executes programs sequentially.
e Power-down state

The CPU stops to reduce power consumption. The SLEEP instruction makes the CPU enter
sleep mode, software standby mode, or deep software standby mode.

e Bus release state

In the bus release state, the CPU releases access rights to the bus to the device that has
requested them.
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Section 3 MCU Operating Modes

3.1 Selection of Operating Modes

This LSI has four MCU operating modes and three on-chip flash memory programming modes.
The operating mode is determined by the setting of FWE, MD1, and MDO pins. Table 3.1 shows
the allowable combinations of these pin settings; do not set these pins in the other way than the
shown combinations.

When power is applied to the system, be sure to conduct power-on reset.

The MCU operating mode can be selected from MCU extension modes 0 to 2 and single chip
mode. For the on-chip flash memory programming mode, boot mode, user boot mode, and user
program mode which are on-chip programming modes are available.

Table 3.1  Selection of Operating Modes

Pin Setting Bus Width of CS0 Space

Mode No. FWE MD1 MDO*' Mode Name  On-Chip ROM SH7146 SH7149

ModeO O 0 0 MCU extension Not active — 8
mode 0

Mode1 O 0 1 MCU extension Not active — 16
mode 1

Mode2 O 1 0 MCU extension Active — Set by CSOBCR in BSC
mode 2

Mode3 0 1 1 Single chip Active — —
mode

Mode 4** 1 0 0 Boot mode Active — —

Mode 5+ 1 0 1 User boot Active — Set by CSOBCR in BSC
mode

Mode 6+ 1 1 0 User Active — Set by CSOBCR in BSC

Mode 7+2 1 1 1 programming — —
mode

Notes: 1. The SH7146 does not have the MDO pin and only supports the following operating
modes according to the combination of the FWE and MD1 pins.

Single chip mode: FWE pin = 0 and MD1 pin = 1

Boot mode: FWE pin =1 and MD1 pin =0

User programming mode: FWE pin= 1 and MD1 pin = 1
2. Flash memory programming mode.

RO1UHO049EJ0400 Rev. 4.00 Page 47 of 964
Sep 24, 2010 RENESAS



Section 3 MCU Operating Modes SH7146 Group

3.2 Input/Output Pins
Table 3.2 describes the configuration of operating mode related pin.

Table 3.2  Pin Configuration

Pin Name Input/Output Function

MDO Input Designates operating mode through the level applied to this pin

MD1 Input Designates operating mode through the level applied to this pin

FWE Input Enables, by hardware, programming/erasing of the on-chip flash
memory
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33 Operating Modes

3.3.1 Mode 0 (MCU Extension Mode 0)

CSO0 space becomes external memory spaces with 8-bit bus width in SH7149.
3.3.2 Mode 1 (MCU Extension Mode 1)

CSO0 space becomes external memory spaces with 16-bit bus width in SH7149.
3.33 Mode 2 (MCU Extension Mode 2)

The on-chip ROM is active and CSO space can be used in this mode.

3.34 Mode 3 (Single Chip Mode)

All ports can be used in this mode, however the external address cannot be used.

RO1UHO049EJ0400 Rev. 4.00
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34 Address Map

The address maps for the operating modes are shown in figures 3.1 and 3.2.

H'00000000

H'0003FFFF
H'00040000

HFFFF8FFF
H'FFFF9000

H'FFFFAFFF

Mode 3
Single chip mode

On-chip ROM (256 kbytes)

Reserved area

On-chip RAM (8 kbytes)

H'FFFFB000

H'FFFFBFFF
HFFFFC000

HFFFFFFFF

Reserved area

On-chip peripheral
1/O registers

Figure 3.1 Address Map for Each Operating Mode in SH7146
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H'00000000

H'000FFFFF
H'00100000

H'03FFFFFF
H'04000000

HO40FFFFF
H04100000

HFFFF8FFF
H'FFFF9000

H'FFFFAFFF

Modes 0 and 1
On-chip ROM disabled mode

CSO0 space

Reserved area

CSH1 space

Reserved area

On-chip RAM (8 kbytes)

H'FFFFB000

H'FFFFBFFF
HFFFFC000

HFFFFFFFF

Reserved area

On-chip peripheral
1/0 registers

H'00000000

H'0003FFFF
H'00040000

H01FFFFFF
H'02000000

H'020FFFFF
H02100000

H'03FFFFFF
H'04000000

HO40FFFFF
H04100000

HFFFF8FFF
HFFFF9000

HFFFFAFFF
HFFFFBO00

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 2 Mode 3
On-chip ROM enabled mode Single chip mode
H'00000000
On-chip ROM (256 kbytes) On-chip ROM (256 kbytes)
H'0003FFFF
H'00040000
Reserved area
CSO0 space
Reserved area
CS1 space
Reserved area
Reserved area
HFFFF8FFF
H'FFFF9000
On-chip RAM (8 kbytes) On-chip RAM (8 kbytes)
HFFFFAFFF
H'FFFFB000
Reserved area Reserved area
HFFFFBFFF
H'FFFFC000
On-chip peripheral On-chip pgripheral
1/0 registers /0 registers
HFFFFFFFF

Figure 3.2 Address Map for Each Operating Mode in SH7149
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3.5 Initial State in This LSI

In the initial state of this LSI, some of on-chip modules are set in module standby state for saving
power. When operating these modules, clear module standby state according to the procedure in
section 22, Power-Down Modes.

3.6 Note on Changing Operating Mode

When changing operating mode while power is applied to this LSI, make sure to do it in the
power-on reset state (that is, the low level is applied to the RES pin).

« JUULIUULIUUL

MD1, MDO X
t *
MDS

-
RES \ /

Note: * See section 24.3.2, Control Signal Timing.

Figure 3.3 Reset Input Timing when Changing Operating Mode
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Section 4 Clock Pulse Generator (CPG)

This LSI has a clock pulse generator (CPG) that generates an internal clock (I), a bus clock (B¢),
a peripheral clock (P¢), and clocks (MI¢ and MP¢) for the MTU2S and MTU2 modules. The CPG
also controls power-down modes.

4.1 Features

e Five clocks generated independently
An internal clock (I9) for the CPU; a peripheral clock (P¢) for the on-chip peripheral modules;
a bus clock (B¢ = CK) for the external bus interface; a MTU2S clock (Ml¢) for the on-chip
MTU2S module; and a MTU?2 clock (MP9) for the on-chip MTU2 module.

e Frequency change function
Frequencies of the internal clock (I$), bus clock (B¢), peripheral clock (P$), MTU2S clock
(MI¢), and MTU?2 clock (MP¢) can be changed independently using the divider circuit within
the CPG. Frequencies are changed by software using the frequency control register (FRQCR)
setting.

e Power-down mode control
The clock can be stopped in sleep mode and standby mode and specific modules can be
stopped using the module standby function.

e Oscillation stop detection

If the clock supplied through the clock input pin stops for any reason, the timer pins can be
automatically placed in the high-impedance state.
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Figure 4.1 shows a block diagram of the clock pulse generator.

Oscillator unit

>~ _ MTU2S clock
i (Mig)
: > MTU2 clock
. (MPo)
Divider >
Crystal 1 >
XTAL BI— f | >
oscillator _| PLLcircuit | | i}g . » Internal clock
T " (x8) “1/4 - (19)
EXTAL X > x1/8 >
Oscillation Oscillation stop - __ Peripheral clock
stop detection detection circuit > (Pd)
. Bus clock
. (B =CK)
ok B—<] «
T CPG control unit T
Clock frequency Standby
control circuit control circuit
|osccr| [Fracr] | sTBCR1| [sTBCR2| | sTBCR3| | sTBCR4| | STBCR5 | [STBCRSE|
\
' !
( Bus interface
A
\
[Legend] 4 Internal bus )
FRQCR: Frequency control register
OSCCR: Oscillation stop detection control register
STBCR1: Standby control register 1
STBCR2: Standby control register 2
STBCR3: Standby control register 3
STBCR4: Standby control register 4
STBCR5: Standby control register 5
STBCR6: Standby control register 6
Figure 4.1 Block Diagram of Clock Pulse Generator
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The clock pulse generator blocks function as follows:

PLL Circuit: The PLL circuit multiples the clock frequency input from the crystal oscillator or
the EXTAL pin by 8. The multiplication ratio is fixed at x8.

Crystal Oscillator: The crystal oscillator is an oscillator circuit when a crystal resonator is
connected to the XTAL and EXTAL pins.

Divider: The divider generates clocks with the frequencies to be used by the internal clock (I9),
bus clock (Bo), peripheral clock (Pp), MTU2S clock (MI¢), and MTU2 clock (MP¢).

The frequencies can be selected from 1, 1/2, 1/3, 1/4, and 1/8 times the frequency output from the
PLL circuit. The division ratio should be specified in the frequency control register (FRQCR).

Oscillation Stop Detection Circuit: This circuit detects an abnormal condition in the crystal
oscillator.

Clock Frequency Control Circuit: The clock frequency control circuit controls the clock
frequency according to the setting in the frequency control register (FRQCR).

Standby Control Circuit: The standby control circuit controls the state of the on-chip oscillator
circuit and other modules in sleep or standby mode.

Frequency Control Register (FRQCR): The frequency control register (FRQCR) has control
bits for the frequency division ratios of the internal clock (I¢), bus clock (Bo), peripheral clock
(Pd), MTU2S clock (MI¢), and MTU2 clock (MP¢).

Oscillation Stop Detection Control Register (OSCCR): The oscillation stop detection control
register (OSCCR) has an oscillation stop detection flag and a bit for selecting flag status output
through an external pin.

Standby Control Registers 1 to 6 (STBCR1 to STBCR6): The standby control register
(STBCR) has bits for controlling the power-down modes. For details, see section 22, Power-Down
Modes.
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Table 4.1 shows the operating clock for each module.

Table 4.1 Operating Clock for Each Module

Operating Clock Operating Module Operating Clock Operating Module
Internal clock (1¢) CPU Peripheral clock (P$) POE
UBC SCl
ROM A/D
RAM CMT
WDT
Bus clock (B¢) BSC MTU2 clock (MP¢) MTU2
DTC MTU2S clock (Ml¢) MTU2S
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4.2 Input/Output Pins
Table 4.2 shows the CPG pin configuration.

Table 4.2  Pin Configuration

Pin Name Abbr. /0 Description

Crystal input/output XTAL Output Connects a crystal resonator.

pins . . EXTAL Input Connects a crystal resonator or an external clock.
(clock input pins)

Clock output pin CK Output Outputs an external clock.

Note: To use the clock output (CK) pin, appropriate settings may be needed for the pin in the pin
function controller (PFC) in some cases. For details, refer to section 17, Pin Function
Controller (PFC).
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4.3 Clock Operating Mode
Table 4.3 shows the clock operating mode of this LSI.

Table 4.3  Clock Operating Mode

Clock Operating Clock VO
Mode Source Output PLL Circuit Input to Divider
1 EXTAL inputor  CK* ON (x8) x8

crystal resonator

Note: * To output the clock through the clock output (CK) pin, appropriate settings should be
made in the pin function controller (PFC). For details, refer to section 17, Pin Function
Controller (PFC).

Mode 1: The frequency of the external clock input from the EXTAL pin is multiplied by 8 in the
PLL circuit before being supplied to the on-chip modules in this LSI, which eliminates the need to
generate a high-frequency clock outside the LSI. Since the input clock frequency ranging from 5
MHz to 12.5 MHz can be used, the internal clock (I¢) frequency ranges from 10 MHz to 80 MHz.

Maximum operating frequencies:
I = 80 MHz, B¢ = 40 MHz, P$ = 40 MHz, MI¢ = 80 MHz, and MP¢ = 40 MHz

Table 4.4 shows the frequency division ratios that can be specified with FRQCR.
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Table 4.4  Frequency Division Ratios Specifiable with FRQCR

FRQCR Division Ratio

:nl:xll-tipli- Setting Clock Ratio Clock Frequency (MHz)*

cation Input

Ratio 16 B Py Mip MP) I¢ By Py Mip MP Clock 1§ By Py Mip MP¢

*x8 1/8 1/8 1/8 1/8 1/8 1 1 1 1 1 10 10 10 10 10 10
1/4 1/8 1/8 1/8 1/8 2 1 1 1 1 200 10 10 10 10
1/4 1/8 1/8 1/4 1/8 2 1 1 2 1 20 10 10 20 10
1/4 1/4 1/8 1/8 1/8 2 2 1 1 1 20 20 10 10 10
1/4 1/4 1/8 1/4 1/8 2 2 1 2 1 20 20 10 20 10
1/4 1/4 1/8 1/4 1/4 2 2 1 2 2 20 20 10 20 20
14 1/4 1/4 1/4 1/4 2 2 2 2 2 20 20 20 20 20
/3 13 13 1/3 1/3 83 83 83 83 8/3 26 26 26 26 26
12 1/8 1/8 1/8 1/8 4 1 1 1 1 40 10 10 10 10
1/2 1/8 1/8 1/4 1/8 4 1 1 2 1 40 10 10 20 10
12 1/8 1/8 1/2 1/8 4 1 1 4 1 40 10 10 40 10
12 14 1/8 1/8 1/8 4 2 1 1 1 40 20 10 10 10
1/2 1/4 1/8 1/4 1/8 4 2 1 2 1 40 20 10 20 10
12 14 1/8 1/4 1/4 4 2 1 2 2 40 20 10 20 20
1/2 1/4 1/8 1/2 1/8 4 2 1 4 1 40 20 10 40 10
12 14 1/8 1/2 1/4 4 2 1 4 2 40 20 10 40 20
12 1/4 1/4 1/4 1/4 4 2 2 2 2 40 20 20 20 20
12 1/4 1/4 12 1/4 4 2 2 4 2 40 20 20 40 20
12 12 1/8 1/8 1/8 4 4 1 1 1 40 40 10 10 10
1/2 12 1/8 1/4 1/8 4 4 1 2 1 40 40 10 20 10
12 12 1/8 1/4 1/4 4 4 1 2 2 40 40 10 20 20
1/2 12 1/8 12 1/8 4 4 1 4 1 40 40 10 40 10
12 12 1/8 1/2 1/4 4 4 1 4 2 40 40 10 40 20
12 12 1/8 1/2 172 4 4 1 4 4 40 40 10 40 40
12 1/2 1/4 1/4 1/4 4 4 2 2 2 40 40 20 20 20
12 12 1/4 1/2 1/4 4 4 2 4 2 40 40 20 40 20
12 12 1/4 12 12 4 4 2 4 4 40 40 20 40 40

R0O1UHO0049EJ0400 Rev. 4.00 Page 59 of 964

Sep 24, 2010 RENESAS



Section 4 Clock Pulse Generator (CPG) SH7146 Group

FRQCR Division Ratio

PLL
Setting Clock Ratio Clock Frequency (MHz)*

Multipli-
cation Input
Ratio ) B¢ Pd Mi¢ MPo I Bé Pp Mlp MP$ Clock I B¢ Py Mip MPY

x8 12 12 12 12 12 4 4 4 4 4 10 40 40 40 40 40
i1 1/8 1/8 1/8 1/8 8 1 1 1 1 80 10 10 10 10
i1 18 1/8 1/4 1/8 8 1 1 2 1 80 10 10 20 10
i1 1/8 1/8 12 1/8 8 1 1 4 1 80 10 10 40 10
i1 18 18 11 1/8 8 1 1 8 1 80 10 10 80 10
i1 14 18 1/8 1/8 8 2 1 1 1 80 20 10 10 10
11 14 1/8 1/4 1/8 8 2 1 2 1 80 20 10 20 10
11 14 18 1/4 1/4 8 2 1 2 2 80 20 10 20 20
i1 14 1/8 12 1/8 8 2 1 4 1 80 20 10 40 10
171 14 18 12 1/4 8 2 1 4 2 80 20 10 40 20
i1 14 1/8 11 1/8 8 2 1 8 1 80 20 10 80 10
i1 14 1/8 11 1/4 8 2 1 8 2 80 20 10 80 20
171 14 14 1/4 1/4 8 2 2 2 2 80 20 20 20 20
171 14 1/4 12 1/4 8 2 2 4 2 80 20 20 40 20
i1 14 14 11 1/4 8 2 2 8 2 80 20 20 80 20
7M1 13 13 1/3 1/3 8 8/3 8/3 8/3 8/3 80 26 26 26 26
i1 13 13 11 1/3 8 8/3 83 8 8/3 80 26 26 80 26
i1 12 18 1/8 1/8 8 4 1 1 1 80 40 10 10 10
71 12 1/8 1/4 1/8 8 4 1 2 1 80 40 10 20 10
171 12 18 1/4 1/4 8 4 1 2 2 80 40 10 20 20
7M1 12 1/8 12 1/8 8 4 1 4 1 80 40 10 40 10
i1 12 18 12 1/4 8 4 1 4 2 80 40 10 40 20
7M1 12 1/8 12 12 8 4 1 4 4 80 40 10 40 40
7M1 12 1/8 11 1/8 8 4 1 8 1 80 40 10 80 10
i1 12 18 11 1/4 8 4 1 8 2 80 40 10 80 20
7M1 12 1/8 11 12 8 4 1 8 4 80 40 10 80 40
171 12 14 1/4 1/4 8 4 2 2 2 80 40 20 20 20
171 12 1/4 12 1/4 8 4 2 4 2 80 40 20 40 20
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FRQCR Division Ratio

I\PIII;II-tipIi- Setting Clock Ratio Clock Frequency (MHz)*

cation Input

Ratio ¢ Bo6 P Mo MPo lp Bd P MIp MP$ Clock o B¢ P$ Mlp MP¢o

x8 71 12 14 12 12 8 4 2 4 4 10 80 40 20 40 40
i1 12 1/4 11 1/4 8 4 2 8 2 80 40 20 80 20
i1 12 14 11 12 8 4 2 8 4 80 40 20 80 40
i1 12 12 12 12 8 4 4 4 4 80 40 40 40 40
M1 12 12 11 12 8 4 4 8 4 80 40 40 80 40
i1 11 1/4 1/4 1/4 8 8 2 2 2 5 40 40 10 10 10
i1 11 1/4 12 1/4 8 8 2 4 2 40 40 10 20 10
i1 11 1/4 12 12 8 8 2 4 4 40 40 10 20 20
i1 11 1/4 11 1/4 8 8 2 8 2 40 40 10 40 10
i1 11 1/4 11 12 8 8 2 8 4 40 40 10 40 20
i1 11 14 11 11 8 8 2 8 8 40 40 10 40 40
i1 11 13 1/3 1/3 8 8 8/3 8/3 8/3 40 40 13 13 13
i1 11 13 11 1/3 8 8 8/3 8 8/3 40 40 13 40 13
i1 11 13 11 11 8 8 8/3 8 8 40 40 13 40 40
M1 11 12 12 12 8 8 4 4 4 40 40 20 20 20
i1 11 12 11 12 8 8 4 8 4 40 40 20 40 20
M1 11 12 11 11 8 8 4 8 8 40 40 20 40 40
M1 11 11 11 11 8 8 8 8 8 40 40 40 40 40
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Notes: *

1.

Clock frequencies when the input clock frequency is assumed to be the shown value.
The PLL multiplication ratio is fixed at x8. The division ratio can be selected from x1,
x1/2, x1/3, x1/4, and x1/8 for each clock by the setting in the frequency control register.
The output frequency of the PLL circuit is the product of the frequency of the input from
the crystal resonator or EXTAL pin and the multiplication ratio (x8) of the PLL circuit.

The input to the divider is always the output from the PLL circuit.

The internal clock (l¢) frequency is the product of the frequency of the input from the
crystal resonator or EXTAL pin, the multiplication ratio (x8) of the PLL circuit, and the
division ratio of the divider. The resultant frequency must be a maximum of 80 MHz
(maximum operating frequency).

The bus clock (B¢) frequency is the product of the frequency of the input from the
crystal resonator or EXTAL pin, the multiplication ratio (x8) of the PLL circuit, and the
division ratio of the divider. The resultant frequency must be a maximum of 40 MHz and
equal to or lower than the internal clock (1) frequency.

The peripheral clock (P¢) frequency is the product of the frequency of the input from the
crystal resonator or EXTAL pin, the multiplication ratio (x8) of the PLL circuit, and the
division ratio of the divider. The resultant frequency must be a maximum of 40 MHz and
equal to or lower than the bus clock (B¢) frequency.

When using the MTU2S and MTUZ2, the MTU2S clock (Ml¢) frequency must be equal to
or lower than the internal clock (19) frequency and equal to or higher than the MTU2
clock (MP¢) frequency. The MTU2 clock (MP¢) frequency must be equal to or lower
than the MTU2S clock (Ml¢) frequency and the bus clock (B¢) frequency, and equal to
or higher than the peripheral clock frequency (P¢). The MTU2S clock (Ml¢) frequency
and MTU2 clock (MP¢) frequency are the product of the frequency of the input from the
crystal resonator or EXTAL pin, the multiplication ratio (x8) of the PLL circuit, and the
division ratio of the divider.

The frequency of the CK pin is always be equal to the bus clock (B¢) frequency.
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4.4 Register Descriptions
The CPG has the following registers.

For details on the addresses of these registers and the states of these registers in each processing
state, see section 23, List of Registers.

Table 4.5  Register Configuration

Abbrevia-
Register Name tion R/W Initial Value Address Access Size
Frequency control register FRQCR R/W  H'36DB H'FFFFE800 16
Oscillation stop detection OSCCR R/W  H00 HFFFFE814 8

control register

4.4.1 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register that specifies the frequency division ratios for the
internal clock (I), bus clock (B¢), peripheral clock (Pd), MTU2S clock (MId), and MTU2 clock
(MP¢). FRQCR can be accessed only in words.

FRQCR is initialized to H'36DB only by a power-on reset (except a power-on reset due to a WDT
overflow).

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ - ] IFo[2:0] BFC[2:0] | PFC[2:0] | MIFC[2:0] MPFC[2:0]
Initialvalve: 0 0 1 1 0 1 1t 0o 1 1 0 1 10 1 1

R/W: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
14t0 12 IFC[2:0] 011 R/W Internal Clock (l¢) Frequency Division Ratio
Specify the division ratio of the internal clock (l¢)
frequency with respect to the output frequency of PLL
circuit. If a prohibited value is specified, subsequent
operation is not guaranteed.
000: x1
001: x1/2
010: x1/3
011: x1/4
100: x1/8
Other than above: Setting prohibited
11t09 BFC[2:0] 011 R/W Bus Clock (B¢) Frequency Division Ratio
Specify the division ratio of the bus clock (Bo)
frequency with respect to the output frequency of PLL
circuit. If a prohibited value is specified, subsequent
operation is not guaranteed.
000: x1
001: x1/2
010: x1/3
011: x1/4
100: x1/8
Other than above: Setting prohibited
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Initial
Bit Bit Name Value R/W Description
8t06 PFC[2:0] 011 R/W Peripheral Clock (P¢) Frequency Division Ratio
Specify the division ratio of the peripheral clock (P¢)
frequency with respect to the output frequency of PLL
circuit. If a prohibited value is specified, subsequent
operation is not guaranteed.
000: x1
001: x1/2
010: x1/3
011: x1/4
100: x1/8
Other than above: Setting prohibited
5t03 MIFC[2:0] 011 R/W MTU2S Clock (Ml¢) Frequency Division Ratio
Specify the division ratio of the MTU2S clock (Ml¢)
frequency with respect to the output frequency of PLL
circuit. If a prohibited value is specified, subsequent
operation is not guaranteed.
000: x1
001: x1/2
010: x1/3
011: x1/4
100: x1/8
Other than above: Setting prohibited
2t00 MPFCI[2:0] 011 R/W MTU2 Clock (MP¢) Frequency Division Ratio
Specify the division ratio of the MTU2 clock (MP¢)
frequency with respect to the output frequency of PLL
circuit. If a prohibited value is specified, subsequent
operation is not guaranteed.
000: x1
001: x1/2
010: x1/3
011: x1/4
100: x1/8
Other than above: Setting prohibited
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4.4.2 Oscillation Stop Detection Control Register (OSCCR)

OSCCR is an 8-bit readable/writable register that has an oscillation stop detection flag and selects
flag status output to an external pin. OSCCR can be accessed only in bytes.

5 4 3 2 1 0
L[ -1 -T-1- [s] - [&

al
0 0 0 0 0 0

Initial value: 0
R/W: R

Initial
Bit Bit Name Value R/W

R R R R R R/W

Description

7t03 — AllO R

Reserved

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

2 OSCSTOP 0 R

Oscillation Stop Detection Flag

[Setting conditions]

e When a stop in the clock input is detected during
normal operation

o When software standby mode is entered

[Clearing conditions]

e By a power-on reset input through the RES pin

* When software standby mode is canceled

Reserved

This bit is always read as 0. The write value should
always be 0.

0 OSCERS 0 R/W

Oscillation Stop Detection Flag Output Select

Selects whether to output the oscillation stop

detection flag signal through the WDTOVF pin.

0: Outputs only the WDT overflow signal through the
WDTOVF pin

1: Outputs the WDT overflow signal and the
oscillation stop detection flag signal through the
WDTOVF pin
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4.5

Changing Frequency

Selecting division ratios for the frequency divider can change the frequencies of the internal clock
(I9), bus clock (B¢), peripheral clock (P¢p), MTU2S clock (MI¢), and MTU2 clock (MP¢). This is
controlled by software through the frequency control register (FRQCR). The following describes
how to specify the frequencies.

1.

In the initial state, [FC2 to IFCO = H'O11 (x1/4), BFC2 to BFCO = H'011 (x1/4), PFC2 to
PFCO = H'011 (x1/4), MIFC2 to MIFCO = H'011 (x1/4), and MPFC2 to MPFCO = H'011
(x1/4).

Stop all modules except the CPU, on-chip ROM, and on-chip RAM.

3. Set the desired values in bits IFC2 to IFCO, BFC2 to BFCO, PFC2 to PFC0, MIFC2 to MIFCO,

and MPFC2 to MPFCO bits. Since the frequency multiplication ratio in the PLL circuit is fixed
at x8, the frequencies are determined only be selecting division ratios. When specifying the
frequencies, satisfy the following condition: internal clock (Ip) > bus clock (B¢) > peripheral
clock (P¢). When using the MTU2S clock and MTU?2 clock, specify the frequencies to satisfy
the following condition: internal clock (I¢) > MTU2S clock (MI¢$) > MTU2 clock (MP¢) >
peripheral clock (P¢) and bus clock (B¢) > MTU2 clock (MP¢). Code to rewrite values of
FRQCR should be executed in the on-chip ROM or on-chip RAM.

After an instruction to rewrite FRQCR has been issued, the actual clock frequencies will
change after (1 to 24n) cyc + 11B¢ + 7P¢.

n: Division ratio specified by the BFC bit in FRQCR (1, 1/2, 1/3, 1/4, or 1/8)

cyc: Clock obtained by dividing EXTAL by 8 with the PLL.

Note: (1 to 24n) depends on the internal state.
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4.6 Oscillator
Clock pulses can be supplied from a connected crystal resonator or an external clock.
4.6.1 Connecting Crystal Resonator

A crystal resonator can be connected as shown in figure 4.2. Use the damping resistance (Rd)
listed in table 4.6. Use a crystal resonator that has a resonance frequency of 5 to 12.5 MHz. It is
recommended to consult the crystal resonator manufacturer concerning the compatibility of the
crystal resonator and the LSI.

EXTAL ———1— I—rh-
XTAL [—M——

Ry Cio Cp4 = C 5 =18 to 22 pF (Reference values)

Figure 4.2 Connection of Crystal Resonator (Example)

Table 4.6 Damping Resistance Values (Reference Values)

Frequency (MHz) 5 8 10 125
Rd (Q2) (Reference values) 500 200 0 0

Figure 4.3 shows an equivalent circuit of the crystal resonator. Use a crystal resonator with the
characteristics listed in table 4.7.

Cp

L gs,
XTAL — EXTAL
]

|
C

I
I
0

Figure 4.3 Crystal Resonator Equivalent Circuit
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Table 4.7  Crystal Resonator Characteristics

Frequency (MHz) 5 8 10 12.5
Rs Max. (Q) (Reference values) 120 80 60 50
Co Max. (pF) (Reference values) 7 7 7 7

4.6.2 External Clock Input Method

Figure 4.4 shows an example of an external clock input connection. In this case, make the external
clock high level to stop it when in software standby mode. During operation, make the external
input clock frequency 5 to 12.5 MHz.

When leaving the XTAL pin open, make sure the parasitic capacitance is less than 10 pF.

Even when inputting an external clock, be sure to wait at least the oscillation stabilization time in
power-on sequence or in releasing software standby mode, in order to ensure the PLL stabilization
time.

EXTAL J-I_l-l_l-l_ External clock input

XTAL Open state

Figure 4.4 Example of External Clock Connection
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4.7 Function for Detecting Oscillator Stop
This CPG detects a stop in the clock input if any system abnormality halts the clock supply.

When no change has been detected in the EXTAL input for a certain period, the OSCSTOP bit in
OSCCR is set to 1 and this state is retained until a power-on reset is input through the RES pin or
software standby mode is canceled. If the OSCERS bit is set to 1 at this time, an oscillation stop
detection flag signal is output through the WDTOVF pin. In addition, the high-current ports (pins
to which the TIOC3B, TIOC3D, and TIOC4A to TIOC4D signals in the MTU2 and the TIOC3BS,
TIOC3DS, and TIOC4AS to TIOC4DS signals in the MTU2S are assigned) can be placed in high-
impedance state regardless of the PFC setting. For details, refer to appendix A, Pin States.

Even in software standby mode, these pins can be placed in high-impedance state. For details,
refer to appendix A, Pin States. These pins enter the normal state after software standby mode is
canceled. Under an abnormal condition where oscillation stops while the LSI is not in software
standby mode, LSI operations other than the oscillation stop detection function become
unpredictable. In this case, even after oscillation is restarted, LSI operations including the above
high-current pins become unpredictable.

Even while no change is detected in the EXTAL input, the PLL circuit in this LSI continues
oscillating at a frequency range from 100 kHz to 10 MHz (depending on the temperature and
operating voltage).
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4.8 Usage Notes

4.8.1 Note on Crystal Resonator

A sufficient evaluation at the user’s site is necessary to use the LSI, by referring the resonator
connection examples shown in this section, because various characteristics related to the crystal
resonator are closely linked to the user’s board design. As the oscillator circuit's circuit constant
will depend on the resonator and the floating capacitance of the mounting circuit, the value of each
external circuit’s component should be determined in consultation with the resonator
manufacturer. The design must ensure that a voltage exceeding the maximum rating is not applied
to the oscillator pin.

4.8.2 Notes on Board Design

Measures against radiation noise are taken in this LSI. If further reduction in radiation noise is
needed, it is recommended to use a multiple layer board and provide a layer exclusive to the
system ground.

When using a crystal resonator, place the crystal resonator and its load capacitors as close as
possible to the XTAL and EXTAL pins. Do not route any signal lines near the oscillator circuitry
as shown in figure 4.5. Otherwise, correct oscillation can be interfered by induction.

Avoid —— Signal A Signal B

c This LS
o+ [ T XTAL
 m—— '
[ T EXTAL
Cui : :

Figure 4.5 Cautions for Oscillator Circuit Board Design
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A circuitry shown in figure 4.6 is recommended as an external circuitry around the PLL. Separate
the PLL power lines (PLLVss) and the system power lines (Vcc, Vss) at the board power supply
source, and be sure to insert bypass capacitors CB and CPB close to the pins.

PLLVgg

—— CPB=0.47 uF*
e
% CB=0.1pF" Jr-
VSS

77

(Recommended values are shown.)

Note: * CB and CPB are laminated ceramic type.

Figure 4.6 Recommended External Circuitry around PLL
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Section 5 Exception Handling

5.1 Overview

5.1.1 Types of Exception Handling and Priority

Exception handling is started by four sources: resets, address errors, interrupts and instructions and
have the priority, as shown in table 5.1. When several exceptions are detected at once, they are
processed according to the priority.

Table 5.1 Types of Exceptions and Priority

Exception Exception Source Priority

Reset Power-on reset High
A

Manual reset

Interrupt User break (break before instruction execution)

Address error  CPU address error (instruction fetch)

Instruction General illegal instructions (undefined code)

lllegal slot instruction (undefined code placed immediately after a
delayed branch instruction*' or instruction that changes the PC value*®)

Trap instruction (TRAPA instruction)

Address error  CPU address error (data access)

Interrupt User break (break after instruction execution or operand break)

Address error  DTC address error (data access)

Interrupt NMI
IRQ v
On-chip peripheral modules Low
Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and
BRAF.

2. Instructions that change the PC value: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF,
TRAPA, BF/S, BT/S, BSRF, BRAF, LDC Rm,SR, LDC.L @Rm+,SR.

RO1UHO049EJ0400 Rev. 4.00 Page 73 of 964
Sep 24, 2010 RENESAS



Section 5 Exception Handling SH7146 Group

5.1.2 Exception Handling Operations

The exceptions are detected and the exception handling starts according to the timing shown in
table 5.2.

Table 5.2  Timing for Exception Detection and Start of Exception Handling

Exception Timing of Source Detection and Start of Exception Handling
Reset Power-on reset  Started when the RES pin changes from low to high or when the
WDT overflows.
Manual reset Started when the MRES pin changes from low to high or when the
WDT overflows.
Address error Detected during the instruction decode stage and started after the

Interrupt execution of the current instruction is completed.

Instruction  Trap instruction Started by the execution of the TRAPA instruction.

General illegal  Started when an undefined code placed at other than a delay slot

instructions (immediately after a delayed branch instruction) is decoded.
lllegal slot Started when an undefined code placed at a delay slot
instructions (immediately after a delayed branch instruction) or an instruction

that changes the PC value is detected.

When exception handling starts, the CPU operates

Exception Handling Triggered by Reset: The initial values of the program counter (PC) and
stack pointer (SP) are fetched from the exception handling vector table (PC from the address
H'00000000 and SP from the address H'00000004 when a power-on reset. PC from the address
H'00000008 and SP from the address H'0000000C when a manual reset.). For details, see section
5.1.3, Exception Handling Vector Table. H'00000000 is then written to the vector base register
(VBR), and H'F (B'1111) is written to the interrupt mask bits (I3 to 10) in the status register (SR).
The program starts from the PC address fetched from the exception handling vector table.

Exception Handling Triggered by Address Error, Interrupt, and Instruction: SR and PC are
saved to the stack indicated by R15. For interrupt exception handling, the interrupt priority level is
written to the interrupt mask bits (I3 to 10) in SR. For address error and instruction exception
handling, bits I3 to I0 are not affected. The start address is then fetched from the exception
handling vector table and the program starts from that address.
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5.1.3 Exception Handling Vector Table

Before exception handling starts, the exception handling vector table must be set in memory. The
exception handling vector table stores the start addresses of exception handling routines. (The
reset exception handling table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets. The
vector table addresses are calculated from these vector numbers and vector table address offsets.
During exception handling, the start addresses of the exception handling routines are fetched from
the exception handling vector table that is indicated by this vector table address.

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows how vector
table addresses are calculated.

Table 5.3 Vector Numbers and Vector Table Address Offsets

Exception Handling Source Vector Number Vector Table Address Offset

Power-on reset PC 0 H'00000000 to H'00000003
SP 1 H'00000004 to H'00000007
Manual reset PC 2 H'00000008 to H'0000000B
SP 3 H'0000000C to H'0000000F
General illegal instruction 4 H'00000010 to H'00000013
(Reserved for system use) 5 H'00000014 to H'00000017
lllegal slot instruction 6 H'00000018 to H'0000001B
(Reserved for system use) 7 H'0000001C to H'0000001F
8 H'00000020 to H'00000023
CPU address error 9 H'00000024 to H'00000027
DTC address error 10 H'00000028 to H'0000002B
Interrupt NMI 11 H'0000002C to H'0000002F
User break 12 H'00000030 to H'00000033
(Reserved for system use) 13 H'00000034 to H'00000037
31 H'0000007C to H'0000007F
Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
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Exception Handling Source Vector Number Vector Table Address Offset
Interrupt IRQO 64 H'00000100 to H'00000103
IRQ1 65 H'00000104 to H'00000107
IRQ2 66 H'00000108 to H'0000010B
IRQ3 67 H'0000010C to H'0000010F
(Reserved for system use) 68 H'00000110 to H'00000113
69 H'00000114 to H'00000117
70 H'00000118 to H'0000011B
71 H'0000011C to H'0000011F
On-chip peripheral module* 72 H'00000120 to H'00000123
255 H'000003FC to H'000003FF

Note: * For details on the vector numbers and vector table address offsets of on-chip peripheral
module interrupts, see table 6.3.

Table 5.4  Calculating Exception Handling Vector Table Addresses

Exception Source Vector Table Address Calculation
Resets Vector table address = (vector table address offset)
= (vector number) x 4
Address errors, interrupts, Vector table address = VBR + (vector table address offset)
instructions

= VBR + (vector number) x 4

Notes: 1. VBR: Vector base register
2. Vector table address offset: See table 5.3.
3. Vector number: See table 5.3.
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5.2 Resets
5.2.1 Types of Resets

Resets have priority over any exception source. There are two types of resets: power-on resets and
manual resets. As table 5.5 shows, both types of resets initialize the internal status of the CPU. In
power-on resets, all registers of the on-chip peripheral modules are initialized; in manual resets,
they are not.

Table 5.5 Reset Status

Conditions for Transition to

Reset State Internal State
On-Chip
WDT Peripheral POE, PFC,
Type RES Overflow MRES CPU,INTC Module 1/0 Port
Power-on reset Low  — — Initialized Initialized Initialized
High  Overflow High Initialized Initialized Initialized
Manual reset High  Not overflowed Low Initialized Not initialized Not initialized

5.2.2 Power-On Reset

Power-On Reset by RES Pin: When the RES pin is driven low, this LSI enters the power-on
reset state. To reliably reset this LSI, the RES pin should be kept low for at least the oscillation
settling time when applying the power or when in standby mode (when the clock is halted) or at
least 20 tcyc when the clock is operating. During the power-on reset state, CPU internal states and
all registers of on-chip peripheral modules are initialized. See appendix A, Pin States, for the
status of individual pins during power-on reset mode.

In the power-on reset state, power-on reset exception handling starts when driving the RES pin
high after driving the pin low for the given time. The CPU operates as follows:

1. The initial value (execution start address) of the program counter (PC) is fetched from the
exception handling vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception handling vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (I3 to 10)
of the status register (SR) are set to HF (B'1111).

4. The values fetched from the exception handling vector table are set in PC and SP, then the
program starts.
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Be certain to always perform power-on reset exception handling when turning the system power
on.

Power-On Reset by WDT: When WTCNT of the WDT overflows while a setting is made so that
a power-on reset can be generated in watchdog timer mode of the WDT, this LSI enters the
power-on reset state.

The frequency control register (FRQCR) in the clock pulse generator (CPG) and the watchdog
timer (WDT) registers are not initialized by the reset signal generated by the WDT (these registers
are only initialized by a power-on reset from the RES pin).

If a reset caused by the signal input on the RES pin and a reset caused by a WDT overflow occur
simultaneously, the RES pin reset has priority, and the WOVF bit in WTCSR is cleared to 0.
When the power-on reset exception handling caused by the WDT is started, the CPU operates as
follows:

1. The initial value (execution start address) of the program counter (PC) is fetched from the
exception handling vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception handling vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (I3 to 10)
of the status register (SR) are set to HF (B'1111).

4. The values fetched from the exception handling vector table are set in the PC and SP, then the
program starts.

5.2.3 Manual Reset

When the RES pin is high and the MRES pin is driven low, the LSI becomes to be a manual reset
state. To reliably reset the LSI, the MRES pin should be kept at low for at least the duration of the
oscillation settling time that is set in WDT when in software standby mode (when the clock is
halted) or at least 20 Loye when the clock is operating. During manual reset, the CPU internal status
is initialized. Registers of on-chip peripheral modules are not initialized. When the LSI enters
manual reset status in the middle of a bus cycle, manual reset exception processing does not start
until the bus cycle has ended. Thus, manual resets do not abort bus cycles. However, once MRES
is driven low, hold the low level until the CPU becomes to be a manual reset mode after the bus
cycle ends. (Keep at low level for at least the longest bus cycle). See appendix A, Pin States, for
the status of individual pins during manual reset mode.

In the manual reset status, manual reset exception processing starts when the MRES pin is first
kept low for a set period of time and then returned to high. The CPU will then operate in the same
procedures as described for power-on resets.
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5.3 Address Errors

5.3.1 Address Error Sources

Address errors occur when instructions are fetched or data is read from or written to, as shown in
table 5.6.

Table 5.6  Bus Cycles and Address Errors

Bus Cycle

Type Bus Master Bus Cycle Description Address Errors

Instruction CPU Instruction fetched from even address None (normal)

fetch Instruction fetched from odd address Address error occurs
Instruction fetched from a space other than  None (normal)
on-chip peripheral module space
Instruction fetched from on-chip peripheral Address error occurs
module space
Instruction fetched from external memory Address error occurs
space in single chip mode

Data CPU or DTC Word data accessed from even address None (normal)

read/write Word data accessed from odd address Address error occurs
Longword data accessed from a longword None (normal)
boundary
Longword data accessed from other thana  Address error occurs
long-word boundary
Byte or word data accessed in on-chip None (normal)
peripheral module space
Longword data accessed in 16-bit on-chip None (normal)
peripheral module space
Longword data accessed in 8-bit on-chip None (normal)
peripheral module space
External memory space accessed when in ~ Address error occurs
single chip mode
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5.3.2 Address Error Exception Source

When an address error exception is generated, the bus cycle which caused the address error ends,
the current instruction finishes, and then the address error exception handling starts. The CPU
operates as follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value to be saved is the start address
of the instruction which caused an address error exception. When the instruction that caused
the exception is placed in the delay slot, the address of the delayed branch instruction which is
placed immediately before the delay slot.

3. The start address of the exception handling routine is fetched from the exception handling

vector table that corresponds to the generated address error, and the program starts executing
from that address. This branch is not a delayed branch.
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54 Interrupts
54.1 Interrupt Sources

Table 5.7 shows the sources that start the interrupt exception handling. They are NMI, user break,
IRQ, and on-chip peripheral modules.

Table 5.7 Interrupt Sources

Number of
Type Request Source Sources
NMI NMI pin (external input) 1
User break User break controller (UBC) 1
IRQ IRQO to IRQ3 pins (external input) 4
On-chip peripheral module Multi-function timer pulse unit 2 (MTU2) 28
Multi-function timer pulse unit 2S (MTU2S) 13
Data transfer controller (DTC) 1
Watchdog timer (WDT) 1
A/D converter (A/D_0, A/D_1, and A/D_2) 3

Compare match timer (CMT_0 and CMT_1) 2

Serial communication interface (SCI_0, SCI_1, 12
and SCI_2)

Port output enable (POE) 3

All interrupt sources are given different vector numbers and vector table address offsets. For
details on vector numbers and vector table address offsets, see table 6.3.
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54.2 Interrupt Priority

The interrupt priority is predetermined. When multiple interrupts occur simultaneously
(overlapped interruptions), the interrupt controller (INTC) determines their relative priorities and
starts the exception handling according to the results.

The priority of interrupts is expressed as priority levels O to 16, with priority O the lowest and
priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is always
accepted. The priority level of the user break interrupt is 15. IRQ interrupt and on-chip peripheral
module interrupt priority levels can be set freely using the interrupt priority registers A, D to F,
and H to L (IPRA, IPRD to IPRF, and IPRH to IPRL) of the INTC as shown in table 5.8. The
priority levels that can be set are 0 to 15. Level 16 cannot be set. For details on IPRA, IPRD to
IPRF, and IPRH to IPRL, see section 6.3.4, Interrupt Priority Registers A, Dto F,and Hto L
(IPRA, IPRD to IPRF, and IPRH to IPRL).

Table 5.8  Interrupt Priority

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level. Can be masked.

IRQ Oto 15 Set with interrupt priority registers A, D to F,
On-chip peripheral module Ia;SLI—)i.to L (IPRA, IPRD to IPRF, and IPRH to

54.3 Interrupt Exception Handling

When an interrupt occurs, the interrupt controller (INTC) ascertains its priority level. NMI is
always accepted, but other interrupts are only accepted if they have a priority level higher than the
priority level set in the interrupt mask bits (I3 to 10) of the status register (SR).

When an interrupt is accepted, exception handling begins. In interrupt exception handling, the
CPU saves SR and the program counter (PC) to the stack. The priority level of the accepted
interrupt is written to bits I3 to I0 in SR. Although the priority level of the NMI is 16, the value set
in bits I3 to 10 is H'F (level 15). Next, the start address of the exception handling routine is fetched
from the exception handling vector table for the accepted interrupt, and program execution
branches to that address and the program starts. For details on the interrupt exception handling, see
section 6.6, Interrupt Operation.
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5.5 Exceptions Triggered by Instructions
5.5.1 Types of Exceptions Triggered by Instructions

Exception handling can be triggered by the trap instruction, illegal slot instructions, and general
illegal instructions, as shown in table 5.9.

Table 5.9  Types of Exceptions Triggered by Instructions

Type Source Instruction Comment

Trap instruction TRAPA —

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,
instructions* immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

branch instruction (delay slot) or BRAF

instructions that changes the PC  |nstryctions that changes the PC value: JMP,

value JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF, LDC Rm,SR,
LDC.L @Rm+,SR

General illegal Undefined code anywhere —
instructions* besides in a delay slot

Note: * The operation is not guaranteed when undefined instructions other than H'F0O00 to
H'FFFF are decoded.

5.5.2 Trap Instructions

When a TRAPA instruction is executed, the trap instruction exception handling starts. The CPU
operates as follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

3. The CPU reads the start address of the exception handling routine from the exception handling
vector table that corresponds to the vector number specified in the TRAPA instruction,
program execution branches to that address, and then the program starts. This branch is not a
delayed branch.
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553 Illegal Slot Instructions

An instruction placed immediately after a delayed branch instruction is called "instruction placed
in a delay slot". When the instruction placed in the delay slot is an undefined code, illegal slot
exception handling starts after the undefined code is decoded. Illegal slot exception handling also
starts when an instruction that changes the program counter (PC) value is placed in a delay slot
and the instruction is decoded. The CPU handles an illegal slot instruction as follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the target address of the
delayed branch instruction immediately before the undefined code or the instruction that
rewrites the PC.

3. The start address of the exception handling routine is fetched from the exception handling
vector table that corresponds to the exception that occurred. Program execution branches to
that address and the program starts. This branch is not a delayed branch.

554 General Illegal Instructions

When an undefined code placed anywhere other than immediately after a delayed branch
instruction (i.e., in a delay slot) is decoded, general illegal instruction exception handling starts.
The CPU handles the general illegal instructions in the same procedures as in the illegal slot
instructions. Unlike processing of illegal slot instructions, however, the program counter value that
is stacked is the start address of the undefined code.
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5.6 Cases when Exceptions Are Accepted

When an exception other than resets occurs during decoding the instruction placed in a delay slot
or immediately after an interrupt disabled instruction, it may not be accepted and be held shown in
table 5.10. In this case, when an instruction which accepts an interrupt request is decoded, the
exception is accepted.

Table 5.10 Delay Slot Instructions, Interrupt Disabled Instructions, and Exceptions

Exception
General
Address lllegal Slot lllegal Trap
Occurrence Timing Error Instruction Instruction Instruction Interrupt
Instruction in delay slot x#? — k2 — x#°
Immediately after interrupt S S Y x4
disabled instruction*’
[Legend]
\: Accepted
x: Not accepted

— Does not occur
Notes: 1. Interrupt disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, and STS.L

2. An exception is accepted before the execution of a delayed branch instruction.
However, when an address error or a slot illegal instruction exception occurs in the
delay slot of the RTE instruction, correct operation is not guaranteed.

3. An exception is accepted after a delayed branch (between instructions in the delay slot
and the branch destination).

4. An exception is accepted after the execution of the next instruction of an interrupt
disabled instruction (before the execution two instructions after an interrupt disabled
instruction).
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5.7 Stack States after Exception Handling Ends
The stack states after exception handling ends are shown in table 5.11.

Table 5.11 Stack Status after Exception Handling Ends

Types Stack State
Address error (when the instruction T T
that caused an exception is placed in
h | | Address of )
the delay slot) SP — delayed branch instruction 32 bits
SR 32 bits
Address error (other than above) T T
Address of instruction that .
SP = | Caused exception 32 bits
SR 32 bits
Interrupt T T
Address of instruction .
SP = | after executed instruction 32 bits
SR 32 bits
Trap instruction T T
Address of instruction .
SP = | after TRAPA instruction 32 bits
SR 32 bits
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Types

Stack State

lllegal slot instruction

Address of
SP — delayed branch instruction

32 bits

SR

32 bits

General illegal instruction

SP Address of

general illegal instruction 32 bits

SR 32 bits
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5.8 Usage Notes
5.8.1 Value of Stack Pointer (SP)

The SP value must always be a multiple of 4. If it is not, an address error will occur when the
stack is accessed during exception handling.

5.8.2 Value of Vector Base Register (VBR)

The VBR value must always be a multiple of 4. If it is not, an address error will occur when the
stack is accessed during exception handling.

5.8.3 Address Errors Caused by Stacking for Address Error Exception Handling

When the SP value is not a multiple of 4, an address error will occur when stacking for exception
handling (interrupts, etc.) and address error exception handling will start after the first exception
handling is ended. Address errors will also occur in the stacking for this address error exception
handling. To ensure that address error exception handling does not go into an endless loop, no
address errors are accepted at that point. This allows program control to be passed to the handling
routine for address error exception and enables error processing.

When an address error occurs during exception handling stacking, the stacking bus cycle (write) is
executed. When stacking the SR and PC values, the SP values for both are subtracted by 4,
therefore, the SP value is still not a multiple of 4 after the stacking. The address value output
during stacking is the SP value whose lower two bits are cleared to 0. So the write data stacked is
undefined.
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5.8.4 Notes on Slot Illegal Instruction Exception Handling

Some specifications on slot illegal instruction exception handling in this LSI differ from those of
the conventional SH-2.

e Conventional SH-2: Instructions LDC Rm,SR and LDC.LL. @Rm+,SR are not subject to the slot
illegal instructions.

e This LSI: Instructions LDC Rm,SR and LDC.LL. @Rm+,SR are subject to the slot illegal
instructions.

The supporting status on our software products regarding this note is as follows:

Compiler

This instruction is not allocated in the delay slot in the compiler V.4 and its subsequent versions.
Real-time OS for pITRON specifications

1. HI7000/4, HI-SH7
This instruction does not exist in the delay slot within the OS.

2. HI7000
This instruction is in part allocated to the delay slot within the OS, which may cause the slot
illegal instruction exception handling in this LSI.

3. Others
The slot illegal instruction exception handling may be generated in this LSI in a case where the
instruction is described in assembler or when the middleware of the object is introduced.
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Section 6 Interrupt Controller (INTC)

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU.

6.1 Features

e 16 levels of interrupt priority
e NMI noise canceller function

e Occurrence of interrupt can be reported externally (IRQOUT pin)
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Figure 6.1 shows a block diagram of the INTC.

RQOUT 4T —
1
! 5
! 5
: £ »
Lad

M —+———— £

IRQ0 —+—P 3
! Input %

IRQ1 | > control 3

IRQ2 —:—P g

— p )

IRQ3 X 5 c Interrupt
| =) o request
| E’) ©

1-DTC------- . Y — =
I I =
U i g 312 [1]io]
1
Nk ! | et req j | CcPU
usc _! T |_i (interrupt request) » = !
woT | € | (Interrupt request) g i
T S T L BN 1
cMT ! o I_1 (Interrupt request) > i
MTU2 | 2 || (Interrupt request) > |
T 73 L » 1
AD _! S 1 (Interrupt request) » !
T o L » 1
scr ! [} |1 (Interrupt request) > !
I
MTU2S _! O 1 :(Interrupt request) » !
T = L » 1
POE | Q I (Interrupt request) ; I
T =) L] » 1
1 o [ 1
1 O [ 1
1 [N 1
1 [ 1
| o v i
1 [ 1
| ¥ ICRo A | |
1 [ 1
| ! IRQCR —— | |
ftTTTTTTTo oo IPRA, IPRD to IPRF !
, ) \
| IRQSR IPRH 10 IPRL. |
I
: 0 (g
| Bus ' T
1 5]
:< Module bus interface g
1 <
b e - - INTG- === m - e == -
[Legend]
UBC: User break controller ICRO: Interrupt control register 0
WDT:  Watchdog timer IRQCR: IRQ control register
CMT: Compare match timer IRQSR: IRQ status register
SCl: Serial communication interface IPRA, IPRD to IPRF,
MTU2:  Multi-function timer pulse unit 2 IPRH to IPRL: Interrupt priority registers A, Dto F,and Hto L
MTU2S: Multi-function timer pulse unit 2S SR: Status register
A/D: A/D converter DTCERA to DTCERE: DTC enable registers A to E
POE: Port output enable
DTC: Data transfer controller

Figure 6.1 Block Diagram of INTC
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6.2 Input/Output Pins

Table 6.1 shows the INTC pin configuration.

Table 6.1 Pin Configuration

Name Symbol 1/O0 Function
Non-maskable interrupt input pin ~ NMI Input  Input of non-maskable interrupt request
signal
Interrupt request input pins IRQO0to  Input Input of maskable interrupt request
IRQ3 signals
Interrupt request output pin IRQOUT Output Output of notification signal when an

interrupt has occurred
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6.3 Register Descriptions

The interrupt controller has the following registers. For details on the addresses of these registers
and the states of these registers in each processing state, see section 23, List of Registers.

Table 6.2  Register Configuration
Abbrevia-
Register Name tion R/W Initial Value Address Access Size
Interrupt control register 0 ICRO R/W  H'x000 H'FFFFEQ00 8, 16
IRQ control register IRQCR R/W  H'0000 HFFFFE902 8,16
IRQ status register IRQSR R/W  H'Fx00 H'FFFFEQ04 8, 16
Interrupt priority register A IPRA R/W  H'0000 H'FFFFE906 8, 16
Interrupt priority register D IPRD R/W  H'0000 H'FFFFE982 16
Interrupt priority register E IPRE R/W  H'0000 H'FFFFE984 16
Interrupt priority register F IPRF R/W  H'0000 H'FFFFE986 16
Interrupt priority register H IPRH R/W  H'0000 H'FFFFE98A 16
Interrupt priority register | IPRI R/W  H'0000 HFFFFE98C 16
Interrupt priority register J IPRJ R/W  H'0000 HFFFFE98E 16
Interrupt priority register K IPRK R/W  H'0000 H'FFFFE990 16
Interrupt priority register L IPRL R/W  H'0000 H'FFFFE992 16
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6.3.1 Interrupt Control Register 0 (ICR0)

ICRO is a 16-bit register that sets the input signal detection mode of the external interrupt input pin
NMI and indicates the input signal level on the NMI pin.

Bt: 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lwo] - [ -] - [ -] -[ Jwwe] J-J-J-J-J-J-7J-1]
Iniialvalue: * 0o o0 o0 ©0 O o0 ©0 O 0 0 O 0 0 0 0
RW. R R R R R R R RW R R R R R R R R

Note: * The initial value is 1 when the level on the NMI pin is high, and 0 when the level on the pin is low.

Initial
Bit Bit Name Value R/W Description
15 NMIL * R NMI Input Level
Indicates the state of the signal input to the NMI pin.
This bit can be read to determine the NMI pin level. This
bit cannot be modified.
0: State of the NMI input is low
1: State of the NMI input is high
14t09 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
8 NMIE 0 R/W NMI Edge Select
0: Interrupt request is detected on the falling edge of the
NMI input
1: Interrupt request is detected on the rising edge of the
NMI input
7100 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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6.3.2 IRQ Control Register (IRQCR)

IRQCR is a 16-bit register that sets the input signal detection mode of the external interrupt input
pins IRQO to IRQ3.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ -] -] -1 -1 -1-1-1] - |mosis|rasosiraeisirazes|iraris|iraios|iraots/iracog]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15t08 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
7 IRQ31S 0 R/W IRQS3 Sense Select
6 IRQ30S 0 R/W Set the interrupt request detection mode for pin IRQS3.
00: Interrupt request is detected at the low level of pin
IRQ3
01: Interrupt request is detected at the falling edge of
pin IRQ3
10: Interrupt request is detected at the rising edge of
pin IRQ3
11: Interrupt request is detected at both the falling and
rising edges of pin IRQ3
5 IRQ21S 0 R/W IRQ2 Sense Select
4 IRQ20S 0 R/W Set the interrupt request detection mode for pin IRQ2.
00: Interrupt request is detected at the low level of pin
IRQ2
01: Interrupt request is detected at the falling edge of
pin IRQ2
10: Interrupt request is detected at the rising edge of
pin IRQ2
11: Interrupt request is detected at both the falling and
rising edges of pin IRQ2
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Initial
Bit Bit Name Value R/W Description
3 IRQ11S 0 R/W IRQ1 Sense Select
2 IRQ10S 0 R/W Set the interrupt request detection mode for pin IRQ1.
00: Interrupt request is detected at the low level of pin
IRQ1
01: Interrupt request is detected at the falling edge of
pin IRQ1
10: Interrupt request is detected at the rising edge of
pin IRQ1
11: Interrupt request is detected at both the falling and
rising edges of pin IRQ1
1 IRQO1S 0 R/W IRQO Sense Select
0 IRQO0S 0 R/W Set the interrupt request detection mode for pin IRQO.
00: Interrupt request is detected at the low level of pin
IRQO
01: Interrupt request is detected at the falling edge of
pin IRQO
10: Interrupt request is detected at the rising edge of
pin IRQO
11: Interrupt request is detected at both the falling and
rising edges of pin IRQO
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6.3.3

IRQ Status register (IRQSR)

IRQSR is a 16-bit register that indicates the states of the external interrupt input pins IRQO to
IRQ3 and the status of interrupt request.

Bit: 15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
| | - | | - | IRO3L| IR02L| IHQ1L| IHOOL| - | - | - | - | IRQSF| IR02F| IRQ1F| IRQOFl
Initial value: 1 1 1 # # # 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R RW RW RW RW

Note: * The initial value is 1 when the level on the corresponding IRQ pin is high, and 0 when the level on the pin is low.

Bit

Bit Name

Initial
Value

R/W Description

151012

All1

R Reserved

These bits are always read as 1. The write value

should always be 1.

11

IRQ3L

R Indicates the state of pin IRQS.
0: State of pin IRQ3 is low
1: State of pin IRQ3 is high

10

IRQ2L

R Indicates the state of pin IRQ2.
0: State of pin IRQ2 is low
1: State of pin IRQ2 is high

IRQ1L

R Indicates the state of pin IRQ1.
0: State of pin IRQ1 is low
1: State of pin IRQ1 is high

IRQOL

R Indicates the state of pin IRQO.
0: State of pin IRQO is low
1: State of pin IRQO is high

7t04

All0

R Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name Value R/W Description
3 IRQ3F 0 R/W Indicates the status of an IRQS interrupt request.

e When level detection mode is selected

0: An IRQ3 interrupt has not been detected
[Clearing condition]
Driving pin IRQ3 high

1: An IRQS interrupt has been detected
[Setting condition]
Driving pin IRQ3 low

e When edge detection mode is selected

0: An IRQ3 interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ3F = 1
— Accepting an IRQS interrupt

1: An IRQS interrupt request has been detected
[Setting condition]
Detecting the specified edge of pin IRQ3

2 IRQ2F 0 R/W Indicates the status of an IRQ2 interrupt request.

¢ When level detection mode is selected
0: An IRQ2 interrupt has not been detected
[Clearing condition]
Driving pin IRQ2 high
1: An IRQ2 interrupt has been detected
[Setting condition]
Driving pin IRQ2 low

¢ When edge detection mode is selected

0: An IRQ2 interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ2F = 1
— Accepting an IRQ2 interrupt

1: An IRQ2 interrupt request has been detected
[Setting condition]
Detecting the specified edge of pin IRQ2
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Initial
Bit Bit Name Value R/W Description
1 IRQ1F 0 R/W Indicates the status of an IRQ1 interrupt request.

¢ When level detection mode is selected
0: An IRQ1 interrupt has not been detected
[Clearing condition]
Driving pin IRQ1 high
1: An IRQ1 interrupt has been detected
[Setting condition]
Driving pin IRQ1 low
¢ When edge detection mode is selected
0: An IRQ1 interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ1F =1
— Accepting an IRQ1 interrupt
1: An IRQ1 interrupt request has been detected
[Setting condition]
Detecting the specified edge of pin IRQ1
0 IRQOF 0 R/W Indicates the status of an IRQO interrupt request.
e When level detection mode is selected
0: An IRQO interrupt has not been detected
[Clearing condition]
Driving pin IRQO high
1: An IRQO interrupt has been detected
[Setting condition]
Driving pin IRQO low

e When edge detection mode is selected
0: An IRQO interrupt has not been detected

[Clearing conditions]
— Writing 0 after reading IRQOF = 1
— Accepting an IRQO interrupt
1: An IRQO interrupt request has been detected
[Setting condition]
Detecting the specified edge of pin IRQO

Note: * The initial value is 1 when the level on the corresponding IRQ pin is high, and 0 when
the level on the pin is low.
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634 Interrupt Priority Registers A, D to F, and H to L. (IPRA, IPRD to IPRF, and

IPRH to IPRL)

Interrupt priority registers are nine 16-bit readable/writable registers that set priority levels from 0
to 15 for interrupts except NMI. For the correspondence between interrupt request sources and

IPR, refer to table 6.3. Each of the corresponding interrupt priority ranks are established by setting
a value from H'0 to H'F in each of the four-bit groups 15 to 12, 11 to 8, 7 to 4 and 3 to 0. Reserved
bits that are not assigned should be set H'O (B'0000).

Bit: 15 14 13 12 11 10 9 8 7 6 5 1 0
| IPR[15:12] ‘ IPR[11:8] ‘ IPR[7:4] IPRI[3:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0

RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial

Bit Bit Name Value R/W Description

15t0 12 IPR[15:12] 0000 R/W Set priority levels for the corresponding interrupt
source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

Priority level 0 (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

Priority level 15 (highest)
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Bit Bit Name

Initial
Value

R/W Description

11t08 IPR[11:8]

0000

R/W Set priority levels for the corresponding interrupt
source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:

Priority level 0 (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

1111: Priority level 15 (highest)

7to4  IPR[7:4]

0000

R/W Set priority levels for the corresponding interrupt
source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

Priority level 0 (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

Priority level 15 (highest)
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Initial
Bit Bit Name Value R/W Description
3t00 IPR[3:0] 0000 R/W Set priority levels for the corresponding interrupt

source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

Priority level 0 (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

Priority level 15 (highest)

Note: Name in the tables above is represented by a general name. Name in the list of register is,
on the other hand, represented by a module name.
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6.4 Interrupt Sources

6.4.1 External Interrupts

There are four types of interrupt sources: User break, NMI, IRQ, and on-chip peripheral modules.
Individual interrupts are given priority levels (0 to 16, with O the lowest and 16 the highest).
Giving an interrupt a priority level of 0 masks it.

NMI Interrupt: The NMI interrupt is given a priority level of 16 and is always accepted. An NMI
interrupt is detected at the edge of the pins. Use the NMI edge select bit (NMIE) in interrupt
control register 0 (ICRO) to select either the rising or falling edge. In the NMI interrupt exception
handler, the interrupt mask level bits (I3 to 10) in the status register (SR) are set to level 15.

IRQ3 to IRQO Interrupts: IRQ interrupts are requested by input from pins IRQO to IRQ3. Use
the IRQ sense select bits (IRQ31S, TRQ30S to IRQO1S, and IRQO0S) in the IRQ control register
(IRQCR) to select the detection mode from low level detection, falling edge detection, rising edge
detection, and both edge detection for each pin. The priority level can be set from 0 to 15 for each
pin using the interrupt priority register A (IPRA).

In the case that the low level detection is selected, an interrupt request signal is sent to the INTC
while the IRQ pin is driven low. The interrupt request signal stops to be sent to the INTC when the
IRQ pin becomes high. It is possible to confirm that an interrupt is requested by reading the IRQ
flags IRQ3F to IRQOF) in the IRQ status register (IRQSR).

In the case that the edge detection is selected, an interrupt request signal is sent to the INTC when
the following change on the IRQ pin is detected: from high to low in falling edge detection mode,
from low to high in rising edge detection mode, and from low to high or from high to low in both
edge detection mode. The IRQ interrupt request by detecting the change on the pin is held until the
interrupt request is accepted. It is possible to confirm that an IRQ interrupt request has been
detected by reading the IRQ flags (IRQ3F to IRQOF) in the IRQ status register (IRQSR). An IRQ
interrupt request by detecting the change on the pin can be withdrawn by writing 0 to an IRQ flag
after reading 1.

In the IRQ interrupt exception handling, the interrupt mask bits (I3 to I0) in the status register
(SR) are set to the priority level value of the accepted IRQ interrupt. Figure 6.2 shows the block
diagram of the IRQ3 to IRQO interrupts.
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IRQSR.IRQNL
IRQCR.IRQN1S  |RQSR.IRQNF
IRQCR.IRQNOS
) Level 15
IRQn pins detection S 3 CPU interrupt
3 £ request
Edge s a 3 a
detection
R DTC activation
RESIRQnN request
(Acceptance of IRQn interrupt/
writing O after reading IRQnF = 1) n=3t00

Figure 6.2 Block Diagram of IRQ3 to IRQO0 Interrupts Control

6.4.2 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are interrupts generated by the following on-chip peripheral
modules.

Since a different interrupt vector is allocated to each interrupt source, the exception handling
routine does not have to decide which interrupt has occurred. Priority levels between 0 and 15 can
be allocated to individual on-chip peripheral modules in interrupt priority registers D to F and H to
L (IPRD to IPRF and IPRH to IPRL). On-chip peripheral module interrupt exception handling sets
the interrupt mask level bits (I3 to I0) in the status register (SR) to the priority level value of the
on-chip peripheral module interrupt that was accepted.

6.4.3 User Break Interrupt

A user break interrupt has a priority level of 15, and occurs when the break condition set in the
user break controller (UBC) is satisfied. User break interrupt requests are detected by edge and are
held until accepted. User break interrupt exception handling sets the interrupt mask level bits (I3
to 10) in the status register (SR) to level 15. For more details on the user break interrupt, see
section 7, User Break Controller (UBC).
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6.5 Interrupt Exception Handling Vector Table

Table 6.3 lists interrupt sources, their vector numbers, vector table address offsets, and interrupt
priorities.

Individual interrupt sources are allocated to different vector numbers and vector table address
offsets. Vector table addresses are calculated from the vector numbers and vector table address
offsets. For interrupt exception handling, the start address of the exception handling routine is
fetched from the vector table address in the vector table. For the details on calculation of vector
table addresses, see table 5.4.

IRQ interrupts and on-chip peripheral module interrupt priorities can be set freely between 0

and 15 for each pin or module by setting interrupt priority registers A, D to F and H to L (IPRA,
IPRD to IPRF, and IPRH to IPRL). However, when interrupt sources whose priority levels are
allocated with the same IPR are requested, the interrupt of the smaller vector number has priority.
This priority cannot be changed. Priority levels of IRQ interrupts and on-chip peripheral module
interrupts are initialized to level O at a power-on reset. If the same priority level is allocated to two
or more interrupt sources and interrupts from those sources occur simultaneously, they are
processed by the default priority order shown in table 6.3.

Table 6.3 Interrupt Exception Handling Vectors and Priorities

Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
User break 12 H'00000030 — High
External pin NMI 11 H'0000002C — 4

IRQO 64 H'00000100 IPRA15 to IPRA12

IRQ1 65 H'00000104 IPRA11 to IPRAS8

IRQ2 66 H'00000108 IPRA7 to IPRA4

IRQ3 67 H'0000010C IPRAS to IPRAO
MTU2_0 TGIA_O 88 H'00000160 IPRD15 to IPRD12

TGIB_O 89 H'00000164

TGIC_O 90 H'00000168

TGID_O0 91 H'0000016C

TCIV_O 92 H'00000170 IPRD11 to IPRD8

TGIE_O 93 H'00000174 v

TGIF_0 94 H'00000178 Low
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Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
MTU2_1 TGIA_1 96 H'00000180 IPRD7 to IPRD4 High
TGIB_1 97 H'00000184 4
TCIV_1 100 H'00000190 IPRDS3 to IPRDO
TCIU_A1 101 H'00000194
MTU2_2 TGIA_2 104 H'000001A0 IPRE15 to IPRE12
TGIB_2 105 H'000001A4
TCIV_2 108 H'000001B0 IPRE11 to IPRES8
TCIU_2 109 H'000001B4
MTU2_3 TGIA_3 112 H'000001CO IPRE7 to IPRE4
TGIB_3 113 H'000001C4
TGIC_3 114 H'000001C8
TGID_3 115 H'000001CC
TCIV_3 116 H'000001D0 IPRES3 to IPREOQ
MTU2_4 TGIA_4 120 H'000001EOQ IPRF15 to IPRF12
TGIB_4 121 H'000001E4
TGIC_4 122 H'000001E8
TGID_4 123 H'000001EC
TCIV_4 124 H'000001F0 IPRF11 to IPRF8
MTU2_5 TGIU_5 128 H'00000200 IPRF7 to IPRF4
TGIV_5 129 H'00000204
TGIW_5 130 H'00000208
POE (MTU2) OEN 132 H'00000210 IPRF3 to IPRFO
OEI3 133 H'00000214
MTU2S_3 TGIA_3S 160 H'00000280 IPRH7 to IPRH4
TGIB_3S 161 H'00000284
TGIC_3S 162 H'00000288
TGID_3S 163 H'0000028C \/
TCIV_3S 164 H'00000290 IPRH3 to IPRHO Low

RO1UH0049EJ0400 Rev. 4.00

Sep 24, 2010

RENESAS

Page 107 of 964



Section 6 Interrupt Controller (INTC)

SH7146 Group

Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
MTU2S_4 TGIA_4S 168 H'000002A0 IPRI15 to IPRI12 High
TGIB_4S 169 H'000002A4 A
TGIC_4S 170 H'000002A8
TGID_4S 171 H'000002AC
TCIV_4S 172 H'000002B0 IPRI11 to IPRI8
MTU2S_5 TGIU_5S 176 H'000002C0 IPRI7 to IPRI4
TGIV_5S 177 H'000002C4
TGIW_5S 178 H'000002C8
POE (MTU2S) OEI2 180 H'000002D0 IPRI3 to IPRIO
CMT_0 CMI_O 184 H'000002E0 IPRJ15 to IPRJ12
CMT_1 CMI_1 188 H'000002F0 IPRJ11 to IPRJ8
WDT ITI 196 H'00000310 IPRJ3 to IPRJO
A/D_0 and ADI_O 200 H'00000320 IPRK15 to IPRK12
A/D_1 ADI_1 201 H00000324
A/D_2 ADI_2 204 H'00000330 IPRK11 to IPRK8
SCI_0 ERI_O 216 H'00000360 IPRL15 to IPRL12
RXI_0 217 H'00000364
TXI_0 218 H'00000368
TEI_O 219 H'0000036C
SCI_1 ERI_1 220 H'00000370 IPRL11 to IPRL8
RXI_1 221 H'00000374
TXI_1 222 H'00000378
TEI_1 223 H'0000037C
SCI_2 ERI_2 224 H'00000380 IPRL7 to IPRL4
RXI_2 225 H'00000384
TXI_2 226 H'00000388 v
TEI_2 227 H'0000038C Low
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6.6 Interrupt Operation
6.6.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 6.3 is a flowchart of the
operations.

1. The interrupt request sources send interrupt request signals to the interrupt controller.

2. The interrupt controller selects the highest priority interrupt from interrupt requests sent,
according to the priority levels set in interrupt priority registers A, D to F, and H to L (IPRA,
IPRD to IPRF, and IPRH to IPRL). Interrupts that have lower-priority than that of the selected
interrupt are ignored*. If interrupts that have the same priority level or interrupts within a same
module occur simultaneously, the interrupt with the highest priority is selected according to
the default priority shown in table 6.3.

3. The interrupt controller compares the priority level of the selected interrupt request with the
interrupt mask bits (I3 to 10) in the status register (SR) of the CPU. If the priority level of the
selected request is equal to or less than the level set in bits I3 to 10, the request is ignored. If
the priority level of the selected request is higher than the level in bits I3 to 10, the interrupt
controller accepts the request and sends an interrupt request signal to the CPU.

4. When the interrupt controller accepts an interrupt, a low level is output from the IRQOUT pin.
5. The CPU detects the interrupt request sent from the interrupt controller in the decode stage of
an instruction to be executed. Instead of executing the decoded instruction, the CPU starts

interrupt exception handling.

6. SR and PC are saved onto the stack.

7. The priority level of the accepted interrupt is copied to bits (I3 to I0) in SR.

8. When the accepted interrupt is sensed by level or is from an on-chip peripheral module, a high
level is output from the IRQOUT pin. When the accepted interrupt is sensed by edge, a high
level is output from the IRQOUT pin at the moment when the CPU starts interrupt exception
processing instead of instruction execution as noted in 5. above. However, if the interrupt
controller accepts an interrupt with a higher priority than the interrupt just to be accepted, the
IRQOUT pin holds low level.

9. The CPU reads the start address of the exception handling routine from the exception vector
table for the accepted interrupt, branches to that address, and starts executing the program.
This branch is not a delayed branch.
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Notes: The interrupt source flag should be cleared in the interrupt handler. To ensure that an
interrupt source that should have been cleared is not inadvertently accepted again, read
the interrupt source flag after it has been cleared, confirm that it has been cleared, and
then execute an RTE instruction.

* Interrupt requests that are designated as edge-detect type are held pending until the
interrupt requests are accepted. IRQ interrupts, however, can be cancelled by accessing
the IRQ status register (IRQSR). Interrupts held pending due to edge detection are
cleared by a power-on reset or a manual reset.
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Program
execution state

User break?

#1%3

IRQOUT = low

Save SR to stack

Save PC to stack

Copy interrupt
level to I3 to 10

IRQOUT = high ~ |***3

Read exception
vector table

v

Branch to exception
handling routine

[ \ 4 \4 y

Notes: 13 to |0 are interrupt mask bits in the status register (SR) of the CPU

1. IRQOUT is the same signal as the interrupt request signal to the CPU (see figure 6.1).
Therefore, IRQOUT is output when the request priority level is higher than the level in bits 13-10 of SR.

2. When the accepted interrupt is sensed by edge, a high level is output from the IRQOUT pin at the moment when
the CPU starts interrupt exception processing instead of instruction execution (namely, before saving SR to stack).
However, if the interrupt controller accepts an interrupt with a higher priority than the interrupt just to be accepted
and has output an interrupt request to the CPU, the IRQOUT pin holds low level.

3. The IRQOUT pin change timing depends on a frequency dividing ratio between the internal (I¢) and bus (B¢)
clocks. This flowchart shows that the frequency dividing ratios of the internal (I$) and bus (B¢) clocks are the same.

Figure 6.3 Interrupt Sequence Flowchart
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6.6.2 Stack after Interrupt Exception Handling

Figure 6.4 shows the stack after interrupt exception handling.

Address
4n -8 pCc* 32 bits | <] SP*2
an -4 SR 32 bits
4n

Notes: 1. PC is the start address of the next instruction (instruction at the return address) after the executed

instruction.
2. Always make sure that SP is a multiple of 4

Figure 6.4 Stack after Interrupt Exception Handling

6.7 Interrupt Response Time

Table 6.4 lists the interrupt response time, which is the time from the occurrence of an interrupt
request until the interrupt exception handling starts and fetching of the first instruction of the
interrupt handling routine begins.
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Table 6.4 Interrupt Response Time
Number of Cycles
Peripheral
Item NMI IRQ Modules Remarks
DTC active judgment — 2 x Beyc 1 x Pcyc

Interrupt priority decision

1 xlcyc + 2 x

1xlcyc+ 1 x 1 xlcyc + 2 x

and comparison with mask  Pcyc Pcyc Pcyc

bits in SR

Wait for completion of X (=0) X (=0) X (=0) The longest sequence is

sequence currently being for interrupt or address-

executed by CPU error exception handling
(X=7xlcyc+m1+m2
+ m3+m4). If an
interrupt-masking
instruction follows,
however, the time may
be even longer.

Time from start of interrupt 8 x Icyc + 8 x lcyc + 8 x lcyc + Performs the saving PC

exception handling until
fetch of first instruction of
exception handling routine
starts

m1+m2+m3

m1+m2+m3 m1+m2+m3

and SR, and vector
address fetch.

Interrupt Total: 9 x lcyc + 2 x 9 xleyc+ 1 x 9 x lcyc + 3 x
response Pcyc + m1+m2 Pcyc +2 x Beyc + Pcyc + m1 + m2
time +m3+ X mi+m2+m3+ +m3+X
X
Minimum®*: 12 x lcyc + 12 x leyc + 12 x leyc + SR, PC, and vector table
2 x Pcyc 1 x Pcyc + 3 x Pcyc are all in on-chip RAM.
2 x Beyc
Maximum: 16 x lcyc + 16 x lcyc + 16 x lcyc +
2 x Pcyc + 2 x 1 x Pcyc + 3 x Peyc + 2 x
(m1+m2+m3) 2xBcyc+2x (m1 +m2+ m3)
+m4 (m1+m2+m3) +m4
+m4
Notes: * Inthe case thatm1=m2=m3=m4 =1 x Icyc.

m1 to m4 are the number of cycles needed for the following memory accesses.
m1: SR save (longword write)

m2: PC save (longword write)

m3: Vector address read (longword read)

m4: Fetch first instruction of interrupt service routine
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6.8 Data Transfer with Interrupt Request Signals
The following data transfers can be done using interrupt request signals:
e Activate DTC only; CPU interrupts depend on DTC settings

The INTC masks a CPU interrupt when the corresponding DTCE bit is 1. The conditions for
clearing DTCE and interrupt source flag are shown below.

DTCE clear condition = DTC transfer end e DTCECLR
Interrupt source flag clear condition = DTC transfer end ¢« DTCECLR
where DTCECLR = DISEL + counter 0

Figures 6.5 and 6.6 show control block diagrams.

Standby control

Standby cancel
determination
A

| IRQ edge detector
| (in standby mode)

Interrupt controller

IRQ pin
- — Interrupt request to CPU
IRQ detection Interrupt priority g
determination w
A DTC
»| DTC activation
request
! DTCER :
DTCE clear DTCECLR
Transfer end
IRQ flag clear by DTC
Figure 6.5 IRQ Interrupt Control Block Diagram
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Interrupt controller

Interrupt request to CPU
»

|

Interrupt priority
determination

Interrupt source DTC

DTC activation
request

DTCE clear DTCECLR

Interrupt source
p Transfer end

flag clear Interrupt source flag clear by DTC

«
<

Figure 6.6 On-Chip Module Interrupt Control Block Diagram

6.8.1 Handling Interrupt Request Signals as Sources for DTC Activation and CPU

Interrupts

For DTC, set the corresponding DTCE bits and DISEL bits to 1.
2. When an interrupt occurs, an activation request is sent to the DTC.

When completing a data transfer, the DTC clears the DTCE bit to 0 and sends an interrupt
request to the CPU. The activation source is not cleared.

4. The CPU clears the interrupt source in the interrupt handling routine then checks the transfer
counter value. When the transfer counter value is not 0, the CPU sets the DTCE bit to 1 and
allows the next data transfer. If the transfer counter value = 0, the CPU performs the necessary
end processing in the interrupt processing routine.

6.8.2 Handling Interrupt Request Signals as Sources for DTC Activation, but Not CPU
Interrupts

For DTC, set the corresponding DTCE bits to 1 and clear the DISEL bits to 0.
2. When an interrupt occurs, an activation request is sent to the DTC.

3. When completing a data transfer, the DTC clears the activation source. No interrupt request is
sent to the CPU because the DTCE bit is held at 1.

4. However, when the transfer counter value = 0, the DTCE bit is cleared to 0 and an interrupt
request is sent to the CPU.

5. The CPU performs the necessary end processing in the interrupt handling routine.
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6.8.3 Handling Interrupt Request Signals as Sources for CPU Interrupts, but Not DTC
Activation

1. For DTC, clear the corresponding DTCE bits to 0.
2. When an interrupt occurs, an interrupt request is sent to the CPU.

3. The CPU clears the interrupt source and performs the necessary processing in the interrupt
handling routine.

6.9 Usage Note

The interrupt source flag should be cleared in the interrupt handler. To ensure that an interrupt
source that should have been cleared is not inadvertently accepted again, read the interrupt source
flag after it has been cleared, confirm that it has been cleared, and then execute an RTE
instruction.
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Section 7 User Break Controller (UBC)

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective self-monitoring debugger, enabling the chip to debug
programs without using an in-circuit emulator. Break conditions that can be set in the UBC are
instruction fetch or data read/write access, data size, data contents, address value, and stop timing
in the case of instruction fetch.

In the masked ROM version, only the L bus instruction fetch address break (two channels) can be
set.

71 Features
The UBC has the following features:

1. The following break comparison conditions can be set.
Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on channels A
and B (sequential break setting: channel A and then channel B match with break conditions,
but not in the same bus cycle).

e Address

Comparison bits are maskable in 1-bit units.

One of the two address buses (L-bus address (LAB) and I-bus address (IAB)) can be selected.
e Data

32-bit maskable.

One of the two data buses (L-bus data (LDB) and I-bus data (IDB)) can be selected.
e Buscycle

Instruction fetch or data access
e Read/write
e Operand size

Byte, word, and longword
2. A user-designed user-break interrupt exception processing routine can be run.

3. In an instruction fetch cycle, it can be selected that a user break is set before or after an
instruction is executed.

4. Maximum repeat times for the break condition (only for channel B): 2" — 1 times.

5. Eight pairs of branch source/destination buffers.
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Figure 7.1 shows a block diagram of the UBC.

A LDB
ethel IDB A 1AB LAB Internal bus
J J A A
ol Access _ ¢ »
©"| comparator BBRA
- BARA
Address
- comparator _BAMRA
- Data * <—_<—>BDF{A*
> comparator _BDMRA*
- Channel A
| Access
" | comparator BBRB
> BARB
_ | Address
| comparator BAMRB
> Data * <—_<—>BDRB*
»| comparator
BDMRB*
- Channel B BETR*
> BRSR*
PC trace *
> BRDR*
Yy v \ »|  Control BRCR
\
I—» User break int t t v
CPU state ser break interrupt reques
signals
[Legend]
BBRA: Break bus cycle register A BDRB: Break data register B
BARA: Break address register A BDMRB: Break data mask register B
BAMRA: Break address mask register A BETR: Execution times break register
BDRA: Break data register A BRSR: Branch source register
BDMRA: Break data mask register A BRDR: Branch destination register
BBRB: Break bus cycle register B BRCR: Break control register
BARB: Break address register B
BAMRB: Break address mask register B
Note: * Supported only by the F-ZTAT version.
Figure 7.1 Block Diagram of UBC
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7.2 Input/Output Pins
Table 7.1 shows the UBC pin configuration.

Table 7.1 Pin Configuration

Pin Name Symbol 110 Function

User break trigger output UBCTRG Output UBC condition match trigger output pin.
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7.3 Register Descriptions

The user break controller has the following registers. For details on register addresses and register
states during each processing, refer to section 23, List of Registers.

Table 7.2  Register Configuration
Abbrevia-
Register Name tion R/W Initial Value Address Access Size
Break address register A BARA R/W  H'00000000 H'FFFFF300 32
Break address mask register A BAMRA R/W  H'00000000 H'FFFFF304 32
Break bus cycle register A BBRA R/W  H'0000 H'FFFFF308 16
Break data register A BDRA* R/W  H'00000000 H'FFFFF310 32
Break data mask register A BDMRA* R/W  H'00000000 H'FFFFF314 32
Break address register B BARB R/W  H'00000000 H'FFFFF320 32
Break address mask register B BAMRB R/W  H'00000000 H'FFFFF324 32
Break bus cycle register B BBRB R/W  H'0000 HFFFFF328 16
Break data register B BDRB* R/W  H'00000000 H'FFFFF330 32
Break data mask register B BDMRB* R/W  H'00000000 H'FFFFF334 32
Break control register BRCR R/W  H'00000000 H'FFFFF3CO 32
Branch source register BRSR* R H'Oxxxxxxx  H'FFFFF3D0O 32
Branch destination register BRDR* R H'Oxxxxxxx  H'FFFFF3D4 32
Execution times break register BETR* R/W  H'0000 H'FFFFF3DC 16
Note: * Supported only in the F-ZTAT version.
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7.3.1 Break Address Register A (BARA)

BARA is a 32-bit readable/writable register. BARA specifies the address used as a break condition
in channel A.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAA31 | BAA30 | BAA29 | BAA28 | BAA27 | BAA26 | BAA25 | BAA24 | BAA23 | BAA22 | BAA21 | BAA20 | BAA19 | BAA18 | BAA17 | BAA1 6|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAA15| BAA14| BAA13| BAA12| BAA11 | BAA10| BAA9 | BAA8 | BAA7 | BAA6 | BAA5 | BAA4 | BAA3 | BAA2 | BAA1 | BAAO |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description

31to0 BAA31to AllO R/W Break Address A
BAA O

Store the address on the LAB or IAB specifying break
conditions of channel A.

7.3.2 Break Address Mask Register A (BAMRA)

BAMRA is a 32-bit readable/writable register. BAMRA specifies bits masked in the break address
specified by BARA.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

| BAMA31 | BAMA30 | BAMA29 | BAMA28 | BAMA27 | BAMA26 | BAMA25 | BAMA24 | BAMA23 | BAMA22 | BAMA21 | BAMA20 | BAMA19 | BAMA18 | BAMA17 | BAMA1 6|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAMA15|BAMA14|BAMA13|BAMA12|BAMA11 |BAMA10| BAMA9 | BAMA8 | BAMA7 | BAMA6| BAMA5 | BAMA4 | BAMA3 | BAMA2 | BAMA1 | BAMAOl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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Initial
Bit Bit Name Value R/W Description
31t00 BAMA31to AllO R/W Break Address Mask A

BAMA 0 Specify bits masked in the channel A break address bits
specified by BARA (BAA31 to BAAO).

0: Break address bit BAAn of channel A is included in
the break condition

1: Break address bit BAAn of channel A is masked and
is not included in the break condition

Note: n=311t00

7.3.3 Break Bus Cycle Register A (BBRA)

BBRA is a 16-bit readable/writable register, which specifies (1) bus master for I bus cycle, (2) L
bus cycle or I bus cycle, (3) instruction fetch or data access, (4) read or write, and (5) operand size
in the break conditions of channel A.

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - [ - [ - [ - [ - ‘CPA2*‘CPA1*‘CPAO*‘CDA1* CDAO‘IDA1*‘IDAO ‘RWA1*‘RWAO‘SZA1*‘SZAO*I

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R RW RW RW RW RW RW RW RW RW RW RW

Note: * In the masked ROM version, this bit is used as a reserved bit. This bit is always read as 0. The write value should always be 0.

Initial
Bit Bit Name Value R/W Description
15t0 11 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
10 CPA2%* 0 R/W Bus Master Select A for | Bus
9 CPA1* 0 R/W Select the bus master when the | bus is selected as the
8 CPAO* 0 R/W bus cycle of the channel A break condition. However,
when the L bus is selected as the bus cycle, the setting
of the CPA2 to CPAO bits is disabled.
000: Condition comparison is not performed
xx1: The CPU cycle is included in the break condition
x1x: Setting prohibited
1xx: The DTC cycle is included in the break condition
Page 122 of 964 RO1UH0049EJ0400 Rev. 4.00

RENESAS Sep 24, 2010



SH7146 Group Section 7 User Break Controller (UBC)

Initial
Bit Bit Name Value R/W Description
7 CDA1* 0 R/W L Bus Cycle/l Bus Cycle Select A

6 CDAO 0 R/W Select the L bus cycle or | bus cycle as the bus cycle of
the channel A break condition.

00: Condition comparison is not performed

01: The break condition is the L bus cycle

10: The break condition is the | bus cycle

11: The break condition is the L bus cycle
5 IDA1* 0 R/W Instruction Fetch/Data Access Select A

4 IDAO 0 R/W Select the instruction fetch cycle or data access cycle as
the bus cycle of the channel A break condition.

00: Condition comparison is not performed
01: The break condition is the instruction fetch cycle
10: The break condition is the data access cycle

11: The break condition is the instruction fetch cycle or
data access cycle

3 RWA1* 0 R/W Read/Write Select A

2 RWAOQ 0 R/W Select the read cycle or write cycle as the bus cycle of
the channel A break condition.

00: Condition comparison is not performed

01: The break condition is the read cycle

10: The break condition is the write cycle

11: The break condition is the read cycle or write cycle
SZA1* 0 R/W Operand Size Select A

0 SZA0* 0 R/W Select the operand size of the bus cycle for the channel
A break condition.

00: The break condition does not include operand size
01: The break condition is byte access

10: The break condition is word access

11: The break condition is longword access

Note:  When specifying the operand size, specify the
size which matches the address boundary.

[Legend]

X: Don't care.

Note: * In the masked ROM version, these bits are reserved bits. They are always read as 0,
and the write value should always be 0.
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7.34 Break Data Register A (BDRA) (F-ZTAT Version Only)

BDRA is a 32-bit readable/writable register. The control bits CDA1 and CDAO in BBRA select
one of two data buses for break condition A.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BDA31 | BDA30 | BDA29 | BDA28 | BDA27 | BDA26 | BDA25 | BDA24 | BDA23 | BDA22 | BDA21 | BDA20 | BDA19 | BDA18 | BDA17 | BDA16|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[0A15| BDA14] BDAT3 | BDA12| BDAT1 |BDATO| BDAS | BDAS | BDAT | BDAG | BDAS | BDAY | BDAS | BDA | BDAT | BDAG |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
31to0 BDA31to AlO R/W Break Data Bit A
BDAO Stores data which specifies a break condition in channel

A.
If the | bus is selected in BBRA, the break data on IDB is
set in BDA31 to BDAO.
If the L bus is selected in BBRA, the break data on LDB
is set in BDA31 to BDAO.

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDRA as the break data.
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7.3.5 Break Data Mask Register A (BDMRA) (F-ZTAT Version Only)

BDMRA is a 32-bit readable/writable register. BDMRA specifies bits masked in the break data
specified by BDRA.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

|BDMA31 |BDMA30| BDMA29|BDMA28 | BDMA27 | BDMA26| BDMA25 | BDMA24 | BDMA23 | BDMA22| BDMA21 |BDMA20 | BDMA19 | BDMA18| BDMA17|BDMA16|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BDMA15|BDMA14|BDMA13|BDMA12|BDMA11|BDMA10| BDMA9| BDMAS | BDMA7 | BDMA6| BDMA5| BDMA4 | BDMA3 | BDMA2| BDMA1 | BDMADl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description

31to0 BDMA31to AllO R/W Break Data Mask A
BDMA 0O

Specifies bits masked in the break data of channel A
specified by BDRA (BDA31 to BDAO).

0: Break data BDAnN of channel A is included in the
break condition

1: Break data BDAnN of channel A is masked and is not
included in the break condition
Note: n=31100
Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDMRA as the break mask data in BDRA.
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7.3.6 Break Address Register B (BARB)

BARB is a 32-bit readable/writable register. BARB specifies the address used as a break condition
in channel B. Control bits CDB1 and CDBO in BBRB select one of the two address buses for
break condition B.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BABS1 | BAB30| BAB29 | BAB28 | BAB27 | BAB26| BAB25 | BAB24 | BAB23 | BAB22| BAB21 | BAB20 | BAB19 | BAB18| BAB17 | BAB16|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[eaB15| BAB14| BAB13| BABI2| BABI1 |BABIO| BABY | BABS | BABY | BABS | BABS | BAB4 | BABS | BAB2 | BABI | BARO |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description

31to0 BAB31to AllO R/W Break Address B

BAB 0 Stores an address which specifies a break condition in
channel B.
If the | bus or L bus is selected in BBRB, an IAB or LAB
address is set in BAB31 to BABO.
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7.3.7 Break Address Mask Register B (BAMRB)

BAMRSB is a 32-bit readable/writable register. BAMRB specifies bits masked in the break address
specified by BARB.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

|BAMB31 |BAMB30 | BAMB29 | BAMB28 | BAMB27 | BAMB26 | BAMB25 | BAMB24 | BAMB23 | BAMB22 | BAMB21 | BAMB20 | BAMB19 | BAMB18 | BAMB17 | BAMB16|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

|BAMB15|BAMB14| BAMB13| BAMB12| BAMB11 |BAMB10| BAMB9 | BAMB8 | BAMB7 | BAMB6 | BAMBS5 | BAMB4 | BAMB3 | BAMB2 | BAMB1 | BAMBOl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description

31to0 BAMB31to AllO R/W Break Address Mask B

BAMB 0 Specifies bits masked in the break address of channel B
specified by BARB (BAB31 to BABO).
0: Break address BABN of channel B is included in the
break condition
1: Break address BABnN of channel B is masked and is
not included in the break condition
Note:n=311t00
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7.3.8 Break Data Register B (BDRB) (F-ZTAT Version Only)

BDRB is a 32-bit readable/writable register. The control bits CDB1 and CDBO0 in BBRB select
one of the two data buses for break condition B.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BDBS1 | BDB30| BDB29 | BDB28 | BDB27 | BD826| BDB25 | BDB24 | BDB23 | BDB22 | BDB21 | BDB20 | BDB19 | BDB18| BDB17 | BDB16|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BDB15|BDB14| BDB13| BDB12|BDB11 |BDB10| BDB9 | BDB8 | BDB7 | BDB6 | BDB5 | BDB4 | BDB3 | BDB2 | BDB1 | BDBO |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
31to0 BDB31to AlO R/W Break Data Bit B
BDBO Stores data which specifies a break condition in channel
B.

If the | bus is selected in BBRB, the break data on IDB is
set in BDB31 to BDBO.

If the L bus is selected in BBRB, the break data on LDB
is set in BDB31 to BDBO.
Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDRB as the break data.
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7.3.9 Break Data Mask Register B (BDMRB) (F-ZTAT Version Only)

BDMRB is a 32-bit readable/writable register. BDMRB specifies bits masked in the break data
specified by BDRB.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

|BDMBS1 |BDMBSO| BDMB29|BDMB28 | BDMB27 | BDM826| BDMB25 | BDMB24 | BDMB23 | BDM822| BDMB21 |BDMBZO | BDMB19 | BDMB18| BDMB17|BDMB16|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BDMBWS|BDMB14|BDMB13|BDMB12|BDMBW1|BDMB10| BDMBQ| BDMBS | BDMB7 | BDMBG| BDMBS| BDMB4 | BDMB3 | BDMBZ| BDMB1 | BDMBDl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description

31to0 BDMB31to AllO R/W Break Data Mask B
BDMB 0

Specifies bits masked in the break data of channel B
specified by BDRB (BDB31 to BDBO).

0: Break data BDBn of channel B is included in the
break condition

1: Break data BDBn of channel B is masked and is not
included in the break condition
Note: n=31100
Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDMRB as the break mask data in BDRB.
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7.3.10  Break Bus Cycle Register B (BBRB)

BBRB is a 16-bit readable/writable register, which specifies (1) bus master for I bus cycle, (2) L
bus cycle or I bus cycle, (3) instruction fetch or data access, (4) read or write, and (5) operand size
in the break conditions of channel B.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I . ‘ _ ‘ . ‘ B ‘ B ‘ CPB2* RWBO l SZB1* l SZBO*I
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R RW RW RW RW RW RW RW RW RW RW RW

CPB1* | CPBO*

IDBO IRWBW

CDB1*‘ CDBO l IDB1*

Note: * Inthe masked ROM version, this bit is used as a reserved bit. This bit is always read as 0. The write value should always be 0.

Initial
Bit Bit Name Value R/W Description
15to 11 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
10 cpPB2* 0 R/W Bus Master Select B for | Bus
9 CcPB1* 0 R/W Select the bus master when the | bus is selected as
8 CPBO* 0 R/W the bus cycle of the channel B break condition.

However, when the L bus is selected as the bus cycle,
the setting of the CPB2 to CPBO bits is disabled.

000: Condition comparison is not performed

xx1: The CPU cycle is included in the break condition

x1x: Setting prohibited

1xx: The DTC cycle is included in the break condition
7 CDB1* 0 R/W L Bus Cycle/l Bus Cycle Select B

6 CDBO R/W Select the L bus cycle or | bus cycle as the bus cycle
of the channel B break condition.

o

00: Condition comparison is not performed
01: The break condition is the L bus cycle
10: The break condition is the | bus cycle
11: The break condition is the L bus cycle
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Bit Bit Name

Initial
Value

R/W

Description

5 IDB1*
4 IDBO

0
0

R/W
R/W

Instruction Fetch/Data Access Select B

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel B break condition.

00: Condition comparison is not performed
01: The break condition is the instruction fetch cycle
10: The break condition is the data access cycle

11: The break condition is the instruction fetch cycle or
data access cycle

3 RWB1*
2 RWBO

R/W
R/W

Read/Write Select B

Select the read cycle or write cycle as the bus cycle of
the channel B break condition.

00: Condition comparison is not performed

01: The break condition is the read cycle

10: The break condition is the write cycle

11: The break condition is the read cycle or write cycle

SZB1*
0 SZB0*

R/W
R/W

Operand Size Select B

Select the operand size of the bus cycle for the
channel B break condition.

00: The break condition does not include operand size
01: The break condition is byte access

10: The break condition is word access

11: The break condition is longword access

Note:  When specifying the operand size, specify the
size which matches the address boundary.

[Legend]
X: Don't care.

Note: * In the masked ROM version, these bits are reserved bits. They are always read as 0,
and the write value should always be 0.
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7.3.11 Break Control Register (BRCR)
BRCR sets the following conditions:

1. Channels A and B are used in two independent channel conditions or under the sequential
condition.

A user break is set before or after instruction execution.

»

Specify whether to include the number of execution times on channel B in comparison
conditions.

Determine whether to include data bus on channels A and B in comparison conditions.
Enable PC trace.
Select the UBCTRG output pulse width.

Specify whether to request the user break interrupt when channels A and B match with
comparison conditions.

Nk

BRCR is a 32-bit readable/writable register that has break conditions match flags and bits for
setting a variety of break conditions.

Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ UTRGWI[1:0] ‘ UBIDB ‘ - ‘ UBIDA ‘ - I

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R RW R/W RW R R/W R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ig% ‘ i‘é“B" ‘ Egm EDCE';Q PCTE* PCBA‘ - ‘ - ‘DBEA* PCBB ‘DBEB* ‘ SEQ* ‘ ‘ETBE*I
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RW RW RW RW RW RW R R RW R/W R/W R R/W R R R/W

Note: * In the masked ROM version, this bit is used as a reserved bit. This bit is always read as 0. The write value should always be 0.
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Initial
Bit Bit Name Value R/W Description
31t022 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
21,20 UTRGWI[1:0] 00 R/W UBCTRG Output Pulse Width Select
Select the UBCTRG output pulse width when the break
condition matches.
00: Setting prohibited.
01: UBCTRG output pulse widthis 3to 4 t,
10: UBCTRG output pulse width is 7 to 8 1,
11: UBCTRG output pulse width is 15t0 16 t,
Note: t, indicates the period of one cycle of the
external bus clock (B¢ = CK).
19 UBIDB 0 R/W User Break Disable B
Enables or disables the user break interrupt request
when the channel B break conditions are satisfied.
0: User break interrupt request is enabled when break
conditions are satisfied
1: User break interrupt request is disabled when break
conditions are satisfied
18 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
17 UBIDA 0 R/W User Break Disable A
Enables or disables the user break interrupt request
when the channel A break conditions are satisfied.
0: User break interrupt request is enabled when break
conditions are satisfied
1: User break interrupt request is disabled when break
conditions are satisfied
16 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
15 SCMFCA 0 R/wW L Bus Cycle Condition Match Flag A
When the L bus cycle condition in the break conditions
set for channel A is satisfied, this flag is setto 1. In
order to clear this flag, write 0 into this bit.
0: The L bus cycle condition for channel A does not
match
1: The L bus cycle condition for channel A matches
14 SCMFCB 0 R/W L Bus Cycle Condition Match Flag B
When the L bus cycle condition in the break conditions
set for channel B is satisfied, this flag is setto 1. In
order to clear this flag, write 0 into this bit.
0: The L bus cycle condition for channel B does not
match
1: The L bus cycle condition for channel B matches
13 SCMFDA* 0 R/W | Bus Cycle Condition Match Flag A
When the | bus cycle condition in the break conditions
set for channel A is satisfied, this flag is setto 1. In
order to clear this flag, write 0 into this bit.
0: The | bus cycle condition for channel A does not
match
1: The | bus cycle condition for channel A matches
12 SCMFDB* 0 R/W | Bus Cycle Condition Match Flag B
When the | bus cycle condition in the break conditions
set for channel B is satisfied, this flag is setto 1. In
order to clear this flag, write 0 into this bit.
0: The | bus cycle condition for channel B does not
match
1: The I bus cycle condition for channel B matches
11 PCTE* 0 R/W PC Trace Enable

0: Disables PC trace
1: Enables PC trace
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Initial
Bit Bit Name Value R/W Description
10 PCBA 0 R/W PC Break Select A
Selects the break timing of the instruction fetch cycle
for channel A as before or after instruction execution.
0: PC break of channel A is set before instruction
execution
1: PC break of channel A is set after instruction
execution
9,8 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
7 DBEA* 0 R/W Data Break Enable A
Selects whether or not the data bus condition is
included in the break condition of channel A.
0: No data bus condition is included in the condition of
channel A
1: The data bus condition is included in the condition of
channel A
6 PCBB 0 R/W PC Break Select B
Selects the break timing of the instruction fetch cycle
for channel B as before or after instruction execution.
0: PC break of channel B is set before instruction
execution
1: PC break of channel B is set after instruction
execution
5 DBEB* 0 R/W Data Break Enable B
Selects whether or not the data bus condition is
included in the break condition of channel B.
0: No data bus condition is included in the condition of
channel B
1: The data bus condition is included in the condition of
channel B
4 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
3 SEQ* 0 R/W Sequence Condition Select
Selects two conditions of channels A and B as
independent or sequential conditions.
0: Channels A and B are compared under independent
conditions
1: Channels A and B are compared under sequential
conditions (channel A, then channel B)
2,1 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
0 ETBE* 0 R/W Number of Execution Times Break Enable

Enables the execution-times break condition only on
channel B. If this bit is 1 (break enable), a user break
interrupt is requested when the number of break
conditions matches with the number of execution times
that is specified by BETR.

0: The execution-times break condition is disabled on
channel B

1: The execution-times break condition is enabled on
channel B

Note: * Inthe masked ROM version, these bits are reserved bits. They are always read as 0,
and the write value should always be 0.
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7.3.12  Execution Times Break Register (BETR) (F-ZTAT Version Only)

BETR is a 16-bit readable/writable register. When the execution-times break condition of channel
B is enabled, this register specifies the number of execution times to make the break. The
maximum number is 2> — 1 times. When a break condition is satisfied, it decreases BETR. A user
break interrupt is requested when the break condition is satisfied after BETR becomes H'0001.

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ; | ; | ; | ; | BET[11:0] |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15t012 — AllO R Reserved

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

11to0 BET[11:0] AllO R/W Number of Execution Times
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7.3.13  Branch Source Register (BRSR) (F-ZTAT Version Only)

BRSR is a 32-bit read-only register. BRSR stores bits 27 to 0 in the address of the branch source
instruction. BRSR has the flag bit that is set to 1 when a branch occurs. This flag bit is cleared to 0
when BRSR is read, the setting to enable PC trace is made, or BRSR is initialized by a power-on
reset or manual reset. Other bits are not initialized by a reset. The eight BRSR registers have a
queue structure and a stored register is shifted at every branch.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| SVF ‘ - ‘ - ‘ - ‘BSA27‘BSA26‘BSAZS‘BSAM‘BSAZS‘BSAZZ‘BSA21 ‘BSAZO‘BSA19‘BSA18‘BSA17‘BSA16|

Initial value: 0 0 0 0 - - - - - - - - - - - -

R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BSA15‘BSA14‘BSA13‘BSA12‘ BSA11‘BSA10‘ BSA9 ‘ BSA8 ‘ BSA7 ‘ BSA6 ‘ BSA5 ‘ BSA4 ‘ BSA3 ‘ BSA2 ‘ BSA1 ‘ BSA0 |

Initial value: - - - - - - - - - - - - - - -
R/W: R R R R R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W  Description
31 SVF 0 R BRSR Valid Flag

Indicates whether the branch source address is stored.
This flag bit is set to 1 when a branch occurs. This flag
is cleared to 0 when BRSR is read, the setting to
enable PC trace is made, or BRSR is initialized by a
power-on reset.

0: The value of BRSR register is invalid
1: The value of BRSR register is valid
30to28 — AllO R Reserved

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

27100 BSA27to Undefined R Branch Source Address
BSAO Store bits 27 to 0 of the branch source address.
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7.3.14  Branch Destination Register (BRDR) (F-ZTAT Version Only)

BRDR is a 32-bit read-only register. BRDR stores bits 27 to 0 in the address of the branch
destination instruction. BRDR has the flag bit that is set to 1 when a branch occurs. This flag bit is
cleared to O when BRDR is read, the setting to enable PC trace is made, or BRDR is initialized by
a power-on reset or manual reset. Other bits are not initialized by a reset. The eight BRDR
registers have a queue structure and a stored register is shifted at every branch.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| DVF ‘ - ‘ - ‘ - ‘BDA27‘BDA26‘BDAZS‘BDA24‘BDA23‘BDA22‘BDA21‘BDAZO‘BDA19‘BDA18‘BDA17‘BDA16|

Initial value: 0 0 0 0 - - - - - - - - - - - -
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BDA15‘BDA14‘BDA13‘BDA12‘BDA11‘BDAw‘ BDA9 ‘ BDA8 ‘ BDA7 ‘ BDA6 ‘ BDA5 ‘ BDA4 ‘ BDA3 ‘ BDA2 ‘ BDA1 ‘ BDAO |

Initial value: - - - - - - - - - - - - - - -
R/W: R R R R R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W  Description
31 DVF 0 R BRDR Valid Flag

Indicates whether a branch destination address is
stored. This flag bit is set to 1 when a branch occurs.
This flag is cleared to 0 when BRDR is read, the
setting to enable PC trace is made, or BRDR is
initialized by a power-on reset.

0: The value of BRDR register is invalid
1: The value of BRDR register is valid
30to28 — AllO R Reserved

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

27t0 0 BDA27to Undefined R Branch Destination Address
BDAO Store bits 27 to 0 of the branch destination address.
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7.4 Operation

7.4.1 Flow of the User Break Operation

The flow from setting of break conditions to user break exception processing is described below:

1.

The break addresses are set in the break address registers (BARA or BARB). The masked
addresses are set in the break address mask registers (BAMRA or BAMRB). The break data is
set in the break data register (BDRA or BDRB). The masked data is set in the break data mask
register (BDMRA or BDMRB). The bus break conditions are set in the break bus cycle
registers (BBRA or BBRB). Three groups of BBRA or BBRB (L bus cycle/I bus cycle select,
instruction fetch/data access select, and read/write select) are each set. No user break will be
generated if even one of these groups is set with B'00. The respective conditions are set in the
bits of the break control register (BRCR). Make sure to set all registers related to breaks before
setting BBRA or BBRB.

When the break conditions are satisfied, the UBC sends a user break interrupt request to the

CPU and sets the L bus condition match flag (SCMFCA or SCMFCB) and the I bus condition

match flag (SCMFDA or SCMFDB) for the appropriate channel.

The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) can

be used to check if the set conditions match or not. The matching of the conditions sets flags,

but they are not reset. Before using them again, 0 must first be written to them and then reset
flags.

There is a chance that matches of the break conditions set in channels A and B occur almost at

the same time. In this case, there will be only one user break request to the CPU, but these two

conditions match flags could be both set.

When selecting the I bus as the break condition, note the following:

— The CPU and DTC are connected to the I bus. The UBC monitors bus cycles generated by
all bus masters that are selected by the CPA2 to CPAO bits in BBRA or the CPB2 to CPB0
bits in BBRB, and compares the conditions for a match.

— I bus cycles (including read fill cycles) resulting from instruction fetches on the L bus by
the CPU are defined as instruction fetch cycles on the I bus, while other bus cycles are
defined as data access cycles.

— The DTC only issue data access cycles for I bus cycles.

— If a break condition is specified for the I bus, even when the condition matches in an I bus
cycle resulting from an instruction executed by the CPU, at which instruction the user
break is to be accepted cannot be clearly defined.
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7.4.2 User Break on Instruction Fetch Cycle

1. When L bus/instruction fetch/read/word, longword, or not including the operand size is set in
the break bus cycle register (BBRA or BBRB), the break condition becomes the L bus
instruction fetch cycle. Whether it breaks before or after the execution of the instruction can
then be selected with the PCBA or PCBB bit in the break control register (BRCR) for the
appropriate channel. If an instruction fetch cycle is set as a break condition, clear LSB in the
break address register (BARA or BARB) to 0. A user break cannot be generated as long as this
bit is set to 1.

2. If the break condition matches when a user break on instruction fetch is specified so that the a
break is generated before the execution of the instruction, the user break is generated at the
point when it has become deterministic that the instruction will be executed after it is fetched.
This means this feature cannot be used on instructions fetched by overrun (instructions fetched
at a branch or during an interrupt transition, but not to be executed). When this kind of break
condition is set for the delay slot of a delayed branch instruction, the user break is generated
prior to execution of the delayed branch instruction.

Note: If a branch does not occur at a delay condition branch instruction, the subsequent
instruction is not recognized as a delay slot.

3. When the break condition is specified so that a user break is generated after execution of the
instruction, the instruction that has met the break condition is executed and then the user break
is generated before the next instruction is executed. As with pre-execution user breaks, this
cannot be used with overrun fetch instructions. When this kind of break condition is set for a
delayed branch instruction and its delay slot, a user break is not generated until the first
instruction at the branch destination.

4. When an instruction fetch cycle is set, the break data register (BDRA or BDRB) is ignored.
Therefore, break data cannot be set for the user break of the instruction fetch cycle.

5. If the I bus is set for a user break of an instruction fetch cycle, the condition is determined for
the instruction fetch cycles on the I bus. For details, see 5 in section 7.4.1, Flow of the User
Break Operation.
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7.4.3 User Break on Data Access Cycle

1. If the L bus is specified as a break condition for data access break, condition comparison is
performed for the address (and data) accessed by the executed instructions, and a user break
occurs if the condition is satisfied. If the I bus is specified as a break condition, condition
comparison is performed for the addresses (and data) of the data access cycles that are issued
on the I bus by all bus masters including the CPU, and a user break occurs if the condition is
satisfied. For details on the CPU bus cycles issued on the I bus, see 5 in section 7.4.1, Flow of
the User Break Operation.

2. The relationship between the data access cycle address and the comparison condition for each
operand size is listed in table 7.3.

Table 7.3  Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits 31 to 2
Word Compares break address register bits 31 to 1 to address bus bits 31 to 1
Byte Compares break address register bits 31 to 0 to address bus bits 31 to 0

This means that when address H'00001003 is set in the break address register (BARA or
BARB), for example, the bus cycle in which the break condition is satisfied is as follows
(where other conditions are met).
Longword access at H'00001000
Word access at H'00001002
Byte access at H'00001003

3. When the data value is included in the break conditions:

When the data value is included in the break conditions, either longword, word, or byte is
specified as the operand size of the break bus cycle register (BBRA or BBRB). When data
values are included in break conditions, a user break is generated when the address conditions
and data conditions both match. To specify byte data for this case, set the same data in two
bytes at bits 15 to 8 and bits 7 to 0 of the break data register (BDRA or BDRB) and break data
mask register (BDMRA or BDMRB). When word or byte is set, bits 31 to 16 of BDRA or
BDRB and BDMRA or BDMRB are ignored.

4. If the L bus is selected, a user break occurs on ending execution of the instruction that matches
the break condition, and immediately before the next instruction is executed. However, when
data is also specified as the break condition, the break may occur on ending execution of the
instruction following the instruction that matches the break condition. If the I bus is selected,
the instruction at which the user break will occur cannot be determined. When this kind of user
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break occurs at a delayed branch instruction or its delay slot, the user break may not actually
take place until the first instruction at the branch destination.

7.4.4 Sequential Break

1.

By setting the SEQ bit in BRCR to 1, the sequential break is issued when a channel B break
condition matches after a channel A break condition matches. A user break is not generated
even if a channel B break condition matches before a channel A break condition matches.
When channels A and B conditions match at the same time, the sequential break is not issued.
To clear the channel A condition match when a channel A condition match has occurred but a
channel B condition match has not yet occurred in a sequential break specification, clear the
SEQ bit in BRCR to 0 and clear the condition match flag to O in channel A.

2. In sequential break specification, the L or I bus can be selected and the execution times break
condition can be also specified. For example, when the execution times break condition is
specified, the break condition is satisfied when a channel B condition matches with BETR =
H'0001 after a channel A condition has matched.

7.4.5 Value of Saved Program Counter

When a user break occurs, the address of the instruction from where execution is to be resumed is
saved in the stack, and the exception handling state is entered. If the L bus is specified as a break
condition, the instruction at which the user break should occur can be clearly determined (except
for when data is included in the break condition). If the I bus is specified as a break condition, the
instruction at which the user break should occur cannot be clearly determined.

1.

When instruction fetch (before instruction execution) is specified as a break condition:

The address of the instruction that matched the break condition is saved in the stack. The
instruction that matched the condition is not executed, and the user break occurs before it.
However when a delay slot instruction matches the condition, the address of the delayed
branch instruction is saved in the stack.

When instruction fetch (after instruction execution) is specified as a break condition:

The address of the instruction following the instruction that matched the break condition is
saved in the stack. The instruction that matches the condition is executed, and the user break
occurs before the next instruction is executed. However when a delayed branch instruction or
delay slot matches the condition, these instructions are executed, and the branch destination
address is saved in the stack.
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3. When data access (address only) is specified as a break condition:

The address of the instruction immediately after the instruction that matched the break
condition is saved in the stack. The instruction that matches the condition is executed, and the
user break occurs before the next instruction is executed. However when a delay slot
instruction matches the condition, the branch destination address is saved in the stack.

4. When data access (address + data) is specified as a break condition:

When a data value is added to the break conditions, the address of an instruction that is within
two instructions of the instruction that matched the break condition is saved in the stack. At
which instruction the user break occurs cannot be determined accurately.

When a delay slot instruction matches the condition, the branch destination address is saved in
the stack. If the instruction following the instruction that matches the break condition is a
branch instruction, the user break may occur after the branch instruction or delay slot has
finished. In this case, the branch destination address is saved in the stack.

7.4.6 PC Trace

1. Setting PCTE in BRCR to 1 enables PC traces. When branch (branch instruction, and interrupt

exception) is generated, the branch source address and branch destination address are stored in
BRSR and BRDR, respectively.

2. The values stored in BRSR and BRDR are as given below due to the kind of branch.

— If a branch occurs due to a branch instruction, the address of the branch instruction is saved
in BRSR and the address of the branch destination instruction is saved in BRDR.

— If a branch occurs due to an interrupt or exception, the value saved in stack due to
exception occurrence is saved in BRSR and the start address of the exception handling
routine is saved in BRDR.

3. BRSR and BRDR have eight pairs of queue structures. The top of queues is read first when the
address stored in the PC trace register is read. BRSR and BRDR share the read pointer. Read
BRSR and BRDR in order, the queue only shifts after BRDR is read. After switching the
PCTE bit (in BRCR) off and on, the values in the queues are invalid.

4. Since eight pairs of queue are shared with the AUD, set the PCTE bit in BRCR to 1 after
setting the MSTP25 bit in STBCRS to 0 and the AUDSRST bit in STBCR6 to 1. Although the
AUD is only available in the F-ZTAT version supporting full functions of the E10A, this
setting should also be made in the normal F-ZTAT version.
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7.4.7 Usage Examples

Break Condition Specified for L Bus Instruction Fetch Cycle:

(Example 1-1)

Register specifications

BARA =H'00000404, BAMRA = H'00000000, BBRA = H'0054, BDRA = H'00000000,
BDMRA = H'00000000, BARB = H'00008010, BAMRB = H'00000006, BBRB = H'0054,
BDRB = H'00000000, BDMRB = H'00000000, BRCR = H'00000400

Specified conditions: Channel A/channel B independent mode

<Channel A>
Address:  H'00000404, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel B>

Address:  H'00008010, Address mask: H'00000006

Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction of address H'00000404 is executed or before
instructions of addresses H'00008010 to H'00008016 are executed.

(Example 1-2)

Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056, BDRA = H'00000000,
BDMRA = H'00000000, BARB = H'0003722E, BAMRB = H'00000000, BBRB = H'0056,
BDRB = H'00000000, BDMRB = H'00000000, BRCR = H'00000008

Specified conditions: Channel A/channel B sequential mode

<Channel A>
Address: H'00037226, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read/word
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<Channel B>

Address: H'0003722E, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read/word

After an instruction with address H'00037226 is executed, a user break occurs before an
instruction with address H'0003722E is executed.

(Example 1-3)

Register specifications

BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BDRA = H'00000000,
BDMRA = H'00000000, BARB = H'00031415, BAMRB = H'00000000, BBRB = H'0054,
BDRB = H'00000000, BDMRB = H'00000000, BRCR = H'00000000

Specified conditions: Channel A/channel B independent mode

<Channel A>
Address:  H'00027128, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/write/word

<Channel B>

Address:  H'00031415, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

On channel A, no user break occurs since instruction fetch is not a write cycle. On channel B,

no user break occurs since instruction fetch is performed for an even address.

(Example 1-4)

Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BDRA = H'00000000,
BDMRA = H'00000000, BARB = H'0003722E, BAMRB = H'00000000, BBRB = H'0056,
BDRB = H'00000000, BDMRB = H'00000000, BRCR = H'00000008

Specified conditions: Channel A/channel B sequential mode

<Channel A>
Address:  H'00037226, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/write/word
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<Channel B>

Address: H'0003722E, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read/word

Since instruction fetch is not a write cycle on channel A, a sequential condition does not
match. Therefore, no user break occurs.

(Example 1-5)

e Register specifications
BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BDRA = H'00000000,
BDMRA = H'00000000, BARB = H'00001000, BAMRB = H'00000000, BBRB = H'0057,
BDRB = H'00000000, BDMRB = H'00000000, BRCR = H'00000001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode

<Channel A>
Address:  H'00000500, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read/longword
The number of execution-times break enable (5 times)

<Channel B>

Address:  H'00001000, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read/longword

On channel A, a user break occurs after the instruction of address H'00000500 is executed four
times and before the fifth time.

On channel B, a user break occurs before an instruction of address H'00001000 is executed.
(Example 1-6)

e Register specifications

BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BDRA = H'00000000,
BDMRA = H'00000000, BARB = H'00008010, BAMRB = H'00000006, BBRB = H'0054,
BDRB = H'00000000, BDMRB = H'00000000, BRCR = H'00000400

Specified conditions: Channel A/channel B independent mode
<Channel A>

Address:  H'00008404, Address mask: H'O0000FFF

Data: H'00000000, Data mask: H'00000000
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Bus cycle: L bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel B>

Address:  H'00008010, Address mask: H'00000006

Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with addresses H'00008000 to H'0O0008FFE is
executed or before an instruction with addresses H'00008010 to H'00008016 are executed.

Break Condition Specified for L Bus Data Access Cycle:

(Example 2-1)

Register specifications

BARA =H'00123456, BAMRA = H'00000000, BBRA = H'0064, BDRA = H'12345678,
BDMRA = H'FFFFFFFF, BARB = H000ABCDE, BAMRB = H'000000FF, BBRB = H'006A,
BDRB = H'0000A512, BDMRB = H'00000000, BRCR = H'00000080

Specified conditions: Channel A/channel B independent mode

<Channel A>
Address:  H'00123456, Address mask: H'00000000
Data: H'12345678, Data mask: HFFFFFFFF

Bus cycle: L bus/data access/read (operand size is not included in the condition)
<Channel B>

Address: H'O00ABCDE, Address mask: H'000000FF

Data: H'0000A512, Data mask: H'00000000

Bus cycle: L bus/data access/write/word

On channel A, a user break occurs with longword read from address H'00123454, word read
from address H'00123456, or byte read from address H'00123456. On channel B, a user break
occurs when word H'A512 is written in addresses H'000ABCO00 to H'O0OOABCEFE.
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Break Condition Specified for I Bus Data Access Cycle:

(Example 3-1)

Register specifications

BARA =H'00314154, BAMRA = H'00000000, BBRA = H'0194, BDRA = H'12345678,
BDMRA = HFFFFFFFF, BARB = H'00055555, BAMRB = H'00000000, BBRB = H'01A9,
BDRB = H'00007878, BDMRB = H'00000FOF, BRCR = H'00000080

Specified conditions: Channel A/channel B independent mode

<Channel A>
Address: H'00314154, Address mask: H'00000000
Data: H'12345678, Data mask: H'FFFFFFFF

Bus cycle: Ibus (CPU cycle)/instruction fetch/read (operand size is not included in the
condition)

<Channel B>

Address:  H'00055555, Address mask: H'00000000

Data: H'00000078, Data mask: H'0000000F

Bus cycle: Ibus (CPU cycle)/data access/write/byte

On channel A, a user break occurs when instruction fetch is performed for address H'00314156
in the external memory space.

On channel B, a user break occurs when byte data H'7x is written in address H'00055555 in the
external memory space by the CPU.

RO1UHO049EJ0400 Rev. 4.00 Page 149 of 964
Sep 24, 2010 RENESAS



Section 7 User Break Controller (UBC) SH7146 Group

7.5 Usage Notes

1. The CPU can read from or write to the UBC registers via the I bus. Accordingly, during the
period from executing an instruction to rewrite the UBC register till the new value is actually
rewritten, the desired user break may not occur. In order to know the timing when the UBC
register is changed, read from the last written register. Instructions after then are valid for the
newly written register value.

2. UBC cannot monitor access to the L bus and I bus in the same channel.
Note on specification of sequential break:

A condition match occurs when a B-channel match occurs in a bus cycle after an A-channel
match occurs in another bus cycle in sequential break setting. Therefore, no user break occurs
even if a bus cycle, in which an A-channel match and a channel B match occur simultaneously,
is set.

4. When a user break and another exception occur at the same instruction, which has higher
priority is determined according to the priority levels defined in table 5.1 in section 5,
Exception Handling. If an exception with higher priority occurs, the user break is not
generated.

— Pre-execution break has the highest priority.

— When a post-execution break or data access break occurs simultaneously with a re-
execution-type exception (including pre-execution break) that has higher priority, the re-
execution-type exception is accepted, and the condition match flag is not set (see the
exception in the following note). The user break will occur and the condition match flag
will be set only after the exception source of the re-execution-type exception has been
cleared by the exception handling routine and re-execution of the same instruction has
ended.

— When a post-execution break or data access break occurs simultaneously with a
completion-type exception (TRAPA) that has higher priority, though a user break does not
occur, the condition match flag is set.

5. Note the following exception for the above note.

If a post-execution break or data access break is satisfied by an instruction that generates a

CPU address error by data access, the CPU address error is given priority to the user break

interrupt. Note that the UBC condition match flag is set in this case.

6. Note the following when a user break occurs in a delay slot.

If a pre-execution break is set at the delay slot instruction of the RTE instruction, the user

break does not occur until the branch destination of the RTE instruction.

7. User breaks are disabled during UBC module standby mode. Do not read from or write to the

UBC registers during UBC module standby mode; the values are not guaranteed.
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8. Do not set a post-execution break at a SLEEP instruction or a branch instruction for which a
SLEEP instruction is placed in the delay slot. In addition, do not set a data access break at a
SLEEP instruction or one or two instructions before a SLEEP instruction.

9. When the DTC or DMAC is in operation, the UBC cannot correctly determine access to the
external space by the CPU via the I bus. To determine access to the external space via the I bus
in the above situation, select all bus masters. This makes it impossible to determine conditions
of access with specified bus masters. However, when a bus master can be inferred from data
values, the relevant data values can be included as a condition that indicates a particular bus
master.
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Section 8 Data Transfer Controller (DTC)

This LSI includes a data transfer controller (DTC). The DTC can be activated to transfer data by
an interrupt request.

8.1 Features

e Transfer possible over any number of channels:

e Chain transfer
Multiple rounds of data transfer is executed in response to a single activation source
Chain transfer is only possible after data transfer has been done for the specified number of
times (i.e. when the transfer counter is 0)

e Three transfer modes
Normal/repeat/block transfer modes selectable
Transfer source and destination addresses can be selected from increment/decrement/fixed

o The transfer source and destination addresses can be specified by 32 bits to select a 4-Gbyte
address space directly

o Size of data for data transfer can be specified as byte, word, or longword
e A CPU interrupt can be requested for the interrupt that activated the DTC
A CPU interrupt can be requested after one data transfer completion
A CPU interrupt can be requested after the specified data transfer completion
e Read skip of the transfer information specifiable
e Writeback skip executed for the fixed transfer source and destination addresses
e Module stop mode specifiable
e Short address mode specifiable
o Bus release timing selectable from five types

e Priority of the DTC activation selectable from two types

Figure 8.1 shows a block diagram of the DTC. The DTC transfer information can be allocated to
the data area*.

Note: * When the transfer information is stored in the on-chip RAM, the RAME bit in
RAMCR must be set to 1.
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8.2 Register Descriptions

DTC has the following registers. For details on the addresses of these registers and the states of
these registers in each processing state, see section 23, List of Registers.

These six registers MRA, MRB, SAR, DAR, CRA, and CRB cannot be directly accessed by the
CPU. The contents of these registers are stored in the data area as transfer information. When a
DTC activation request occurs, the DTC reads a start address of transfer information that is stored
in the data area according to the vector address, reads the transfer information, and transfers data.
After the data transfer, it writes a set of updated transfer information back to the data area.

On the other hand, DTCERA to DTCERE, DTCCR, and DTCVBR can be directly accessed by the

CPU.
Table 8.1 Register Configuration

Abbrevia-
Register Name tion R/W Initial Value Address Access Size
DTC enable register A DTCERA R/W  H'0000 H'FFFFCC80 8, 16
DTC enable register B DTCERB R/W  H'0000 HFFFFCC82 8, 16
DTC enable register C DTCERC R/W  H'0000 H'FFFFCC84 8, 16
DTC enable register D DTCERD R/W  H'0000 H'FFFFCC86 8, 16
DTC enable register E DTCERE R/W  H'0000 HFFFFCC88 8, 16
DTC control register DTCCR R/W  H'00 H'FFFFCC90 8
DTC vector base register DTCVBR R/W  H'00000000 H'FFFFCC94 8, 16,32
Bus function extending register BSCEHR R/W  H'0000 H'FFFFE89A 8, 16
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8.2.1

DTC Mode Register A (MRA)

MRA selects DTC operating mode. MRA cannot be accessed directly by the CPU.

Bit

Bit Name

Bit: 7

5 4 3 2 1 0

| MDJ[1:0]

| S7[1:0] | SM[1:0] | - | - |

Initial value:
R/W:

Initial
Value R/W

Description

7,6

MD[1:0]

Undefined —

DTC Mode 1 and 0

Specify DTC transfer mode