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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation 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.

2. 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.

3. 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.

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.

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

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

6. 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.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation
of microcomputer software alone is very difficult, please evaluate the safety of the final products or systems manufactured by
you.

8. 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.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose
manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or regulations. You should not use
Renesas Electronics products or technology described in this document for any purpose relating to military applications or use
by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas
Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

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

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.

(2012.4)
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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 Precautions in 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:

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

Preface

Contents

Overview

A i e

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:

1) 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

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 SH7083, SH7084, SH7085, and SH7086 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 SH7083, SH7084, SH7085,
and SH7086 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 SH7083, SH7084, SH7085, and SH7086 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.

o 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 27,
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 H'xxxx, decimal is xxxx.
Signal notation: An overbar is added to a low-active signal: xxxx
RO1UH0198EJ0600 Rev. 6.00 Page vii of Ix
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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/

SH7083, SH7084, SH7085, and SH7086 Group Manuals:

Document Title
SH7080 Group Hardware Manual This manual
SH-1/SH-2/SH-DSP Software Manual REJ09B0171

Document No.

User's Manuals for Development Tools:

Document Title Document No.

SuperH™ RISC engine C/C++ Compiler, Assembler, REJ10J2202
Optimizing Linkage Editor Compiler Package V.9.04 User's Manual

High-performance Embedded Workshop User's Manual REJ10J2169
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 viii of Ix RO1UH0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Contents

SECHON 1 OVEIVIEW ...eiiiiiiiiiieeeiiieeeeieeeeeteeeeetree e ettt e e e s aeeeeesnsaaeeeennseeeesnsseaeeas 1
1.1 Features of SH7083, SH7084, SH7085, and SHT7086.........ccccceierirerieieeeeeeeeee e 1
1.2 BIOCK DIA@IaAM..ccueeiiiiiiiiiiiiieieeite ettt ettt ettt ettt e bt e e sat e e b e 7
1.3 Pin ASSIZNIMENLS ...eeeutiiiiieiiieiiieeiee ettt sttt e st e et esbeesbeesabeesabeesabeesssaeenbeesnseesases 8
1.4 PN FUNCHONS w.eotiiiiiiiieitiiteteeecteet ettt ettt sttt et s b nbeemae e 13
SECHON 2 CPU ...oiiiieiiie ettt e e e e e e ebae e e et e e e e essaeeeeennses 23
2.1 FRALUTES ....eeieiie ettt et e e et e e ettt e e e ate e e sate e e e nbaeeeensbeeeenaaeeeennreaean 23
2.2 RegiSter CONFIGUIAION. ...ccocutiiiieriieriieeeiee sttt ettt e st e st e st e e st e e sateesabeesateesabeesaneenas 24
2.2.1 General RegiSters (RIN).......cueeviiiiiieniieiieesieeiie ettt 25
2.2.2 CONLIOL REZISIETS ..cevviieiiieiiieeiie ettt ettt et e et e st esbaesbeesabaesasee e 25
223 SYSEM REGISTELS ...ttt sttt ettt e nbees 27
224 Initial Values of REGISIETS. ... .cccuiiiiiiiiieieeie ettt 27
2.3 Data FOTTALS .......eeiieiiiie ettt ettt e et e e e ettt e e eaaeeesentteeesnsaeeeenssaeesanseaeeansseeennns 28
2.3.1 Register Data FOIMaAt...........oooiiiiiiiiiiiiiieieeiceee ettt 28
2.3.2 Memory Data FOIMALS ..........eeviiiriiieiieeiieeiee sttt sttt et sneesiae e ens 28
233 Immediate Data FOrmats........c.ccocueeiiriiiieniniiiicnccceceeceecceeee e 29
2.4 Features Of INSIIUCIONS .. ...covutiiiiiiriieiiteiteetcete ettt ettt ettt et ettt sbe e 29
24.1 RISC TYPE vttt sttt ettt ettt seeese st enseeesenseseenes 29
242 Addressing MOAES ......cc.eeiuieieeieiieeiieeee ettt st 32
243 InStruction FOIMALS ........cocviriiriiiniieiieiieiceccccceeese e 35
2.5 INSTIUCHION SEL...oiniiiniiiiiiiiiie ettt et sttt ettt b ettt et senesbeesaees 39
2.5.1 INSrUCtION SEE DY TYPE.eveeruriieiieiiieeiie ettt sttt ettt sae e siteesareesabeesaneens 39
252 Data Transfer INStruCtiONS. .....cooueiveiierieiiieiteeeeeeeete et 43
253 Arithmetic Operation INSHUCHONS ........cevieiirieriieiieieeee et 45
254 Logic Operation INStIUCLIONS .........cc.eeiieiieeiieieriieieeie ettt 47
255 Shift INSEIUCHIONS ......veeurieiiiiieiieceiceee ettt 48
2.5.6 Branch INSIUCHIONS ....c..couiiiiriiniieiieieeteeteee ettt 49
2.5.7 System Control INStrUCHIONS......cocvierieriiierieeiieerte ettt eee e esbeesaee e 50
2.0 PrOCESSING STALES. ....eetieitieiietietieteet ettt ettt sttt et e sbt e bt e b et e e besaee et e sbeenbeeaee 52
Section 3 MCU Operating MOdES ........ceeeriieiiiiieniieeiieeeeeeee et 55
3.1 Selection of Operating MOAES .......cc.ueiviiiriiiniiiniieteee ettt ettt 55
3.2 INPU/OULPUL PINS .couuiiiiiiiiiiiiiieeieeseeete ettt et ettt e sttt e sbeesseesabeesnseesanes 56
33 OPETAtiNG MOAES......ueiiiiieiiieiiierte ettt ettt et e st e st estteesibeesibeesabeessbeesabeenaseesnseennseenns 57
3.3.1 Mode 0 (MCU Extension Mode 0) ........ccooviiieiiieieiiieeeeiiee e e 57
332 Mode 1 (MCU Extension Mode 1) ........cooouiiiiiiieeieiiieeeeeee e 57
RO1UH0198EJ0600 Rev. 6.00 Page ix of Ix

Oct 16, 2014 RRENESAS



333 Mode 2 (MCU EXtension Mode 2) .......coooeeiirreieeeeeeeiiireeee e eeeevveeeee e 57

334 Mode 3 (Single Chip MOde) .....ccceeeiiiiiriiiiiieeiieeiie ettt ettt svee e 57
3.4 AAAIESS AP ..cuiiiiiieeiie ettt sttt ettt et e e at e et e e nat e e aaeebaeebaeeaee s 58
35 Initial State in This LST....ccooiiiiiiiiii ettt 65
3.6  Note on Changing Operating MOdE.........ccoeiuieiiieiirieniieieeeeee ettt 65
Section 4 Clock Pulse Generator (CPG) .........oieeeeeiiiiiieeeeeeeeeeeiiciieeeeeee e 67
4.1 FRALUIES ...ttt ettt ettt et et st sbe bt et sae e b e b e i ens 67
4.2 INPUL/OULPUL PINIS..eiiiiiiiiieiii ittt sttt st et e st esateesbeesabeesabaesabeesabeesaseens 71
4.3 Clock Operating MOME........cccueiiiriieriiiieiieiie ettt ettt st st s sae e s 72
4.4 ReZISIEr DESCIIPIOMS ...uvtetieuiieiieeiieetteettete et ettt e stee st e bt e e et e estesbee bt e beenteeatesneesaeesaeeneeenes 77
4.4.1 Frequency Control Register (FRQCR) .......ccociiiiiiiiiiniiieeeceeeeeee 77
4.4.2 Oscillation Stop Detection Control Register (OSCCR) ....ccceeevveiiiiienieiriiienieens 80
4.5 Changing Fr@QUENCY ......ccouieiiiiiiieiiie ettt ettt ettt e st e st e st e e st e e sabeesabeesaneenaeas 81
4.0 OSCIIALOL ...ttt ettt ettt st 82
4.6.1 Connecting Crystal RESONAtOr .........coeeieiriiiiiiiiiieieeceeeeeeeeee e 82
4.6.2 External Clock Input Method............cociriiiiiiiiieeeeeeee e 83
4.7  Function for Detecting OSCillator StOP .......c.eereeruirierierieie ettt 84
4.8 USAZE INOLES ..ottt ettt ettt ettt sttt st e s e st e s bt e st e e sabeesabeesabeesabeesabeesaseesabeesabs 85
4.8.1 Note on Crystal RESONALOT .......cevviiriieriieniieeieeeite ettt sttt esreesbeesaee e 85
4.8.2 Notes 0n Board DeSIZN ....c.ueiuiiiriiiiiieeiieeiieeieeeite ettt siee e e saee e 85
Section 5 Exception Handling ..........cocooiiiiiiiiiiiiiiccecceeees 87
5.1 OVEIVIBW ..ttt et et et et e bt e bt et e e ateeate s et et e et e eae e e st e st e et anteemeeeaeesseeabeeseensesaeesaeanseenseans 87
5.1.1 Types of Exception Handling and Priority ........c.cccovcveevvieiniiiniiennienniccieeeene 87
5.1.2 Exception Handling Operations ..........o..eevveerieenieeniieenieeiee e sieeesieesveesveeenne 88
5.1.3 Exception Handling Vector Table ..........ccocveriieniiiniieniienieeieecieeniee e 89
5.2 RSEES ettt b ettt s h e bt ettt e at e b e bt e b e eatenbees 91
521 TYPES OF RESELS ...cveouiiiiiiiiiieitieieeteeeteere ettt 91
522 POWET-0OMn RESEL....cooutiiiiiiiiieiieieeeeee ettt 91
5.2.3 ManUAl RESET .....cc.eeriiiiieiieiiiieiieneeeee ettt st 92
53 AAAIESS EITOTS ..ottt sttt ettt st st sae et st sae et enneeas 93
5.3.1 Address EITOr SOUICES ......ooueeiiriirienieniieiceicete sttt ettt 93
532 Address Error EXCEption SOUICE......c..ceiiirieiriiriinienieenieeieeieeitesie e 94
54 INEETTUPLS..cctitiitiitiettetet ettt ettt ettt ettt et bbbttt e bt e b sb e e bttt eae e ene e 95
54.1 INEEITUPE SOUICES. ...t e 95
5.4.2 INEETTUPE PLIOTILY ..eeniieiiiieeiieeiee ettt st 96
543 Interrupt Exception Handling ..........cccoeveeviiieniiiniiiiiiieeeecicesiee e 96
5.5 Exceptions Triggered by INSIIUCHIONS ....ccocveerveiriieniieiiienieerieerte e enreesiee e sieeesiee e 97
5.5.1 Types of Exceptions Triggered by InStructions ...........cceceecvevenievieneneneneneenee. 97
Page x of Ix RO1UHO198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



5.5.2 TTap INSTIUCHIONS c..eveeiiieiiieeieete ettt ettt et e st e s e e saeees 97

553 Illegal S10t INSIUCTIONS ...eevvierieeiiierieeiie ettt ettt e st esaeesbeesnee e 98
5.54 General [llegal INStIUCHIONS ...euveiriiierieeiiierie ettt ettt e e eaee s esaee e 98
5.6  Cases when Exceptions Are ACCEPLEd.......coueeriruiriiiieniieiieieeteeitesieeee e e 99
5.7  Stack States after Exception Handling Ends...........ccoocoiiiiiiiiiiiiiieeeceeeee e, 100
5.8 USAZE NOLES ...eeeueeeiieeiie ettt ettt ettt et e et et e e s aeeseeesbeenbeemeeeateeste st e teenteenteeneesneenneas 102
5.8.1 Value of Stack Pointer (SP) ......coooouviiiiiiiieee e 102
5.8.2 Value of Vector Base Register (VBR) ......cocvvriiiiiiiniiiiiieeeeeeeeceeeeee 102
5.8.3 Address Errors Caused by Stacking for Address Error Exception Handling.... 102
5.8.4 Notes on Slot Illegal Instruction Exception Handling .........c.ccccccevieiiienieniennen. 103
Section 6 Interrupt Controller (INTC) ......ccceiiiiiiiiiieiiieeieeeeecee e 105
6.1 FRALUIES ... ..ottt st e st s 105
6.2 INPUH/OUIPUL PINS..eiiiiiiiiiiiiiiiiieeiee ettt sttt ettt e sbe e saaeesabeenatessaneeanees 107
6.3 RegIStEr DESCTIPIONS .....vieiiieiieeiiierie ettt ettt ettt e s b e e sateesabe e st e e sabeenaeeessseenseeas 108
6.3.1 Interrupt Control Register O (ICRO)......cccoviiiiiiiiiiiiiiieiieeeeeceeceeceee 109
6.3.2 IRQ Control Register (IRQCR) .....cc.eoiiiiiiiiiiieiieeee e 110
6.3.3 IRQ Status register (IRQSR) ....ooouiiiiiiiiiieee e 113
6.3.4 Interrupt Priority Registers A to F and H to M (IPRA to IPRF and IPRH to
IPRM) 118
0.4 TNEETTUPE SOUICES ...eeeurieitieeiieiteeeteesteesteesteestteesbeeseteesateesaseessseenseeessseenseeensseenseesnssesnseenn 121
6.4.1 External INtEITUPLS ......ooveruieriiiiieiiinie ettt s 121
6.4.2 On-Chip Peripheral Module INterrupts ..........ccoecueveeriereenierieneeneeieeieeieeeeens 122
6.4.3 User Break INIrTUPL ......oevieiieieiieieeieee ettt 122
6.5 Interrupt Exception Handling Vector Table..........ccooevviiiiiiiniiiniiiieciceeeeeceeeeen 123
6.6 INETTUPL OPETALION ...eevirieiiieiiiienieesieeeite et ettt et e estteesiaeesaaeestaeebeesbaeebeesbaesseessaesnseens 127
6.6.1 INEETTUPL SEQUENICE .....veeneieeniieeiieeiie ettt ettt e st e ebeesaes 127
6.6.2 Stack after Interrupt Exception Handling ...........c.ccoccevoiniiniininncnncnienceee 130
6.7  Interrupt Response TImMe.........coeeiiiriiieiiirieeieeierte ettt 130
6.8  Data Transfer with Interrupt Request Signals..........coccoooiviiiiiiiiiieeeceeeeeeee e 132
6.8.1 Handling Interrupt Request Signals as Sources for DTC Activation and
CPU Interrupts, but Not DMAC ACtVAtiON.....cccceeiiieeriieiiieeiierieesieesieesaeenns 133
6.8.2 Handling Interrupt Request Signals as Sources for DMAC Activation,
but Not CPU Interrupts and DTC Activation.........coceeeevieevieriienieneeneeneeneennes 134
6.8.3 Handling Interrupt Request Signals as Sources for DTC Activation,
but Not CPU Interrupts and DMAC AcCtivation.........ccccoeeereereerienieneeneeneeene 134
6.8.4 Handling Interrupt Request Signals as Sources for CPU Interrupts,
but Not DTC and DMAC ACHVALION ......ccceereenieeiiniiniieieeieereneeneenieeee e 134
6.9 USAZE INOLC....uvtieiieeiie et ettt ettt et e et et e et e e beeesbte s baeeabaesabeeeaseesabaesaseesasaesaseesaseesnseenn 134
RO1UHO198EJ0600 Rev. 6.00 Page xi of Ix

Oct 16, 2014 RRENESAS



Section 7 User Break Controller (UBC).........oooiiiiiiiiiiiiieeiiieeeeeeiiieeeeee e 135

7.1 FALUTES ...ttt ettt st e st e st e e s abe e s et e e sabe e snbeesabeennbeenabaens 135
7.2 INPUUOUIPUL PiNS.coiiiiiiiiiiiiiiiieieeieeste ettt sttt et e st esbeesabeesabeesabeesanee e 138
7.3 RegiSter DESCIIPHIONS .. .eeutiitiiiiiieitie sttt ettt st sttt et esbeenbeens 139
7.3.1 Break Address Register A (BARA) .....occiiiiiieiieeeeee ettt 140
732 Break Address Mask Register A (BAMRA)........cooiiiiiiiiiiiieeeeeeeeeee 140
733 Break Bus Cycle Register A (BBRA) .....coocuiiiiiiiiiiiiiieeeeeeeceeeee 141
734 Break Data Register A (BDRA) (Only in F-ZTAT Version)........ccccecveevveennenn. 143
7.3.5 Break Data Mask Register A (BDMRA) (Only in F-ZTAT Version) .............. 144
7.3.6 Break Address Register B (BARB) ...cccoiiiiiiniiiiiiieiecceeecee 145
7.3.7 Break Address Mask Register B (BAMRB) .......ccccoeiiiiiiiiniineececeeceee 146
7.3.8 Break Data Register B (BDRB) (Only in F-ZTAT Version) .........cccceeeeeeeenn. 147
739 Break Data Mask Register B (BDMRB) (Only in F-ZTAT Version)............... 148
7.3.10  Break Bus Cycle Register B(BBRB) .....cccccoviiiiiiiiiiiiiieeiceeceeieeee, 149
7.3.11 Break Control Register (BRCR) ........covouiiiiiiniiiiiiiecicceec et 151
7.3.12  Execution Times Break Register (BETR) (Only in F-ZTAT Version)............. 156
7.3.13  Branch Source Register (BRSR) (Only in F-ZTAT Version).......c.ccceccevueeneenne. 157
7.3.14  Branch Destination Register (BRDR) (Only in F-ZTAT Version)................... 158
T4 OPETALON ..ottt ettt ettt e ettt ettt e bt e ebte s bt e e bt e sabteeabeesabeesabeesabeesasaesabeasaseenn 159
7.4.1 Flow of the User Break Operation ..........ccccueevveeniienieenieenieenieeneeeiee e 159
7.4.2 User Break on Instruction Fetch Cycle........coocvvviiiniiiiniiiniiiiccieeeceeeeeen 160
7.4.3 User Break on Data Access CYCLe ....c..ovuiriiniinieiiiniiiieiieneeeee e 161
74.4 Sequential Break..........oooeiiiiiiiiiieeee e 162
7.4.5 Value of Saved Program COUNLET ............coeevuieiieiiieieeie et 162
7.4.6 PO TTACE .ottt sttt ettt e s 163
7.4.7 USAZE EXAMPIES...cccuviiiiiiiiiiiiiieiieeite ettt ettt sttt sneesanee s 164
7.5 USAZE INOLES .ttt ettt et et e e st e et ee st e sabe e s bt esabeesabeessbeesabeesabeessseessbeessseenssesnnseenasennns 169
Section 8 Data Transfer Controller (DTC).......ooooiiviiiiiiiiiieiieeeeciireeeeee e, 171
8.1 FRALUTES ...ttt e et e e ettt e e et e e e ate e e e te e e e e nteeeenbaeeeannaaeean 171
8.2 ReEZISIET DESCIIPIIONS ...eeiutiiiiiiiiieeiteeite ettt ettt ettt et et e st esate e sabeesateesabeesasee e 173
8.2.1 DTC Mode Register A (IMRA) .....oooiiiiiieiieneeeeeece et 174
8.2.2 DTC Mode Register B (IMRB)......cccceiviiiiiiiiieiececie et 175
8.2.3 DTC Source Address Register (SAR)......cocevieiieniiniiniiiienieneec e 177
8.2.4 DTC Destination Address Register (DAR)......cccooiiriiiiiiiniieeceeeeeee 177
8.2.5 DTC Transfer Count Register A (CRA) ...cc.ooiiiiiiiiiieie e, 178
8.2.6 DTC Transfer Count Register B (CRB).........coooiiiiiiiiiiiiiiiiiieeceeeeeee 179
8.2.7 DTC Enable Registers A to E (DTCERA to DTCERE).......ccccccooevevviieniennnnn. 180
8.2.8 DTC Control Register (DTCCR) .......covvuiiriiiniiiiienieeieeieete et 181
8.2.9 DTC Vector Base Register (DTCVBR).......ccceiiiiiiiiiiiiinienceceeeeeeee 183
Page xii of Ix RO1UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



8.2.10  Bus Function Extending Register (BSCEHR) ..........ccccceiiiiiniiiniiiniiiniienieens 183

8.3 ACHVALION SOUICES . ..eeuveenieeiiieiteriienitenttenteet ettt et sttente et e ebeeaaesitesbeesbeesaeenaesmeesmeesbeenseensenns 184
8.4  Location of Transfer Information and DTC Vector Table..........cccccocveerveirciieniieeniieeneennne 184
8.5 OPCIALION ..ttt ettt ettt sb et ettt s bt s bt bt e bt et et st e bt e nbee b ens 189
8.5.1 Transfer Information Read Skip Function ............cccecevieviininininicncnienieniennens 194
8.5.2 Transfer Information Writeback Skip Function..........ccccocevverivvineeiiiencncnnens 195
8.5.3 Normal Transfer MOde .......c..cooeevieriiiiienienieiiieeeeeececeereeeee e e 195
8.5.4 Repeat Transfer MOde...........ovvueeriiiniieniierieetceeeete ettt 196
8.5.5 Block Transfer MOde ........coocovuiriiriiniinieieeienienieneeeete et 198
8.5.6 Chain TransTer ......coouiiiiiiiii ettt 199
8.5.7 Operation TIMING . ......cceerierieiieieeiert ettt ettt e et e saeeneeens 201
8.5.8 Number of DTC Execution CYCIes .......cccceverieiienieieeieeieeeceieeieee e 204
8.5.9 DTC Bus Release Timing .......c.ceevveerieenieiniitenieeiee ettt ettt 206
8.5.10  DTC Activation Priority Order .........ccccueeeueiriiieriiieiiieeieesieeeiee e eieesieesnee e 209
8.6 DTC Activation DY INTEITUPL.....cccueeriiierieiiiieiie et eite et eiee sttt e st e steesbeesbeesbeesanee e 210
8.7  Examples of Use 0f the DTC .....c..cooiiiiiiiiiiiiiiiceceteeeee ettt 211
8.7.1 Normal Transfer MOAE .......c.occuvieriiieiieeiecie ettt 211
8.7.2 Chain Transfer when Counter = 0........ccccveeviieeiiieiiieeiee e eree e e re e 211
8.8 TNEETTUPE SOUICES ...eeneiieiiiiiiieeieeee ettt ettt ettt et e bt e sate et ebaeebeesbeeensee s 213
8.9 USAZE INOLES c.eeireeiieesiieeritt e sttt ettt ettt et e ettt et e e bt essbbeeabaessbaeenbaeensaesnbeesasaesnseesnsaesnseean 213
8.9.1 Module Standby Mode SN ......ccovveeeriiiiiiieriieiiieeite et sre e 213
8.9.2 ON-Chip RAM Lottt sttt ettt nae 213
8.9.3 DTCE Bit SEHNZ....cveiuietieeieiieieieiesie ettt et e te st ae st steseeeteeseeneensesesesens 213
8.9.4 Chain TranSTEr .....ueeeiiiiciieciie ettt e et e s te e s reeebe e e b e e e beeesbeeenbeesenas 213

8.9.5 Transfer Information Start Address, Source Address,
and Destination AddIess ......c..cooeeuiriereenieniieienieneeneeeee et 214
8.9.6 Access to DMAC or DTC Registers through DTC.........cccooiiviiieeieeniiienieenne. 214
8.9.7 Notes on IRQ Interrupt as DTC Activation SOUICE ......c..cecvevvenieenieenienieneennen. 214
8.9.8 Notes on SCI and SCIF as DTC Activation SOUICES ..........cccueevuveereeecreeereennes 214
8.9.9 Clearing Interrupt Source Flag........c.coceeviiviiiinininiiiinieienienenceeeeeeeienens 214
8.9.10  Conflict between NMI Interrupt and DTC Activation .........cccccevvveeeveeenieeneennne 215
8.9.11  Operation when a DTC Activation Request Is Cancelled While in Progress ... 215
Section 9 Bus State Controller (BSC)........ccviiiiiiiiiiiiee e 217
9.1 FRALUTES ...t e e e et e e et e e e e tae e e e tbeeeenteeeeentaaeeannaaeean 217
9.2 INPU/OULPUL PINS ..cnviniiiiiiiiiiiiiieiie ettt st 220
9.3 ATEA OVEIVIBW ..ottt ettt ettt ettt et e e e s st satesaeesaeeanesanesueeseenreeas 222
9.3.1 ATCA DIVISION .c.utiiiiiiiiieiieic sttt sttt et e ens 222
9.3.2 AdAIESS IMAP ...eeeiiieiiiecieeetee sttt sttt e sttt et e st esbeenaes 222
9.4 RegiSter DESCIIPHIONS ..c..eetiiiiiiieitieiteeiteett ettt sttt ettt et st sbe e bt et e 241
RO1UH0198EJ0600 Rev. 6.00 Page xiii of Ix

Oct 16, 2014 RRENESAS



94.1 Common Control Register (CMNCR) ......c.covviiiiiiinieiiiiieeceeeeceeeeeen 242

942 CSn Space Bus Control Register (CSnBCR) (n =010 8) ...eeevvvvveriierciiriiiennnnne 244
9.4.3 CSn Space Wait Control Register (CSnWCR) (N =010 8) .eovvvevvevriieiiennnne 249
944 SDRAM Control Register (SDCR).....c..coveriiriiniinieniiieeiestenteeeeee e 272
9.4.5 Refresh Timer Control/Status Register (RTCSR).....ccoceviiviiiieniiiiiieceee 275
9.4.6 Refresh Timer Counter (RTCNT)....cccueeviiiiiiieiieeieeee et 277
94.7 Refresh Time Constant Register (RTCOR) ......ccoceevvieiniiiniieiniiiieeieeeeeeen 278
9.4.8 Bus Function Extending Register (BSCEHR) ........ccccooviiiviiiniiiiniiiiiiieeen 279
9.5 (0015 21510 ) H U USSR RPSRRUPRRRRNt 285
9.5.1 Endian/Access Size and Data Alignment.........c.cccoceeveenirnieniinieeneenienieneeene 285
952 Normal Space INErface .........cccoveeerieiiieniinenieeneeeeecese e 288
9.5.3 ACCESS WALt CONMIOL...cuviieiiiieiieeiie e eiee ettt et este e reeeae e b e e s aeesebeessseeenas 294
9.54 CSn Assert Period EXLENSION ............co.ovuieuvueeeeeeeeeeeseeseeseeseseeseessessessesesssnees 296
9.5.5 MPX-I/O INEEITACE ....eouviieiieeiiieiieeite ettt ettt n 297
9.5.6 SDRAM INEITACE .....eevuviieiiiiiiieeiie ettt ettt n 302
9.5.7 Burst ROM (Clock Asynchronous) Interface ........c...cecceveeveenerncnicneencenene. 338
9.5.8 SRAM Interface with Byte Selection ........c..ccccecvevvevienenenienineneeeeieeeieneenen 340
9.5.9 PCMCTA INEEITACE ....eouveeeeiceiicieeetecete ettt ettt e ea e e ae e b v ens 345
9.5.10  Burst MPX-I/O INETTaCE ...ccueevuiiiiiiiiiieieeeiteeee et 352
9.5.11 Burst ROM (Clock Synchronous) Interface...........ccocveevieiniernieiniensieeiieeieenn 357
9.5.12  Wait between AcCCeSS CYCIES ..couiiriiiiiiiiiieiiieeiee ettt sre e 358
0.5.13  BUS AIDIITALION ..eeeeivieeiiieiiiieeieeiieeteesiteesieeesiteeteesteeeaeessbeessseesnseesnseessseennseenns 371
0.5.14  ONEIS..ueitieiieieeeeeeteeete ettt ettt et ettt ettt et s ra e reeeteereeans 377
9.5.15  Access to On-Chip FLASH and On-Chip RAM by CPU ........ccccvcirieieienenn 379
9.5.16  Access to On-Chip Peripheral I/O Registers by CPU. .........ccccccevvieriiiinieennnnns 379
9.5.17  Access to External Memory by CPU .........ccociviiiiiiiiniiinieeieeeeee e 381
Section 10 Direct Memory Access Controller (DMAC)........cccooeiiiinienennnen. 385
DO B o i 1 SRR 385
10.2  INPUE/OULPUL PINS ..ottt ettt et sttt et e et e seeesaeeaens 387
10.3  RegiSter DESCIIPOMNS ....ccouiiriiiiiieiiieeiee ettt ettt sttt sttt st e sbeesbeesbeesabeesanee e 388
10.3.1 DMA Source Address Registers_0 to _3 (SAR_0to SAR_3) .ccccecvvvvveriennnen. 389
10.3.2  DMA Destination Address Registers_0 to _3 (DAR_0 to DAR_3) ................. 390
10.3.3  DMA Transfer Count Registers_0 to _3 (DMATCR_0 to DMATCR_3) ........ 390
10.3.4  DMA Channel Control Registers_0 to _3 (CHCR_0 to CHCR_3)................... 391
10.3.5 DMA Operation Register (DMAOR) .....c..ccccoceririeieienineneneneneeeeeeieneenne 396
10.3.6  Bus Function Extending Register (BSCEHR) ..........cccccooviiiniiiniiiniiiniiiieene 398
104 OPETALION ..eeiiiieiiieiieerieerte ettt ettt e site et e et e e bt e ebeessbaessseesabaeesseesabaessseesabaesnseesnsaesnseenns 399
10.4.1  DMA Transfer FIOW .......ccccociiiiiiiiiiiiiieeie ettt sttt et sire e sine e 399
10.4.2  DMA Transfer REQUESES ......cc.covueiiiriiniiiieiieeeeiteieeeeeste e 401
Page xiv of Ix R01UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



10.4.3  Channel Priority ....cocceooieerieiniiinieenieerieereeeete ettt ettt s 404
10.4.4  DMA Transfer TYPES.....eeecueeriiiriieiiierteeriteente ettt esireeieeesteesieeesineesseesnanesnsees 408
10.4.5  Number of Bus Cycle States and DREQ Pin Sampling Timing ...........c........... 417
10.4.6  Operation TiMING......coverteeririerieriientee ettt ettt s st enee e 421
TO.5  USAZE INOLES c.ueeeeeeiiteeiteee ettt ettt ettt et b et st e ettt s bt e st e sabeesabeesbeesaneean 423
10.5.1  Notes on Output from DACK Pin......cccoiiiiiiiiiiiiieeeeeceeee e 423
10.5.2  DMA Transfer by Peripheral Modules ...........cccoeviirveiniiiniiiniiinieenieenieeen 423
10.5.3  Module Standby Mode Setting ..........ccecueeriierieeniienieeieereeeiee e eeeeseee e 423
10.5.4  Access to DMAC and DTC Registers through DMAC ........ccccccevvieviieniennnnnn. 424
10.5.5 Note on SCI as DMAC Activation SOUICE ..........cceeerueeniieienienienieenieeneesee e 424
10.5.6 CHOCR SELINE ..coveeiieiieiieeiieettete ettt ettt ettt ete b e sbeeaeeee e 424
10.5.7  Note on Multiple Channel ACtiVation............cevveruieieeieniesieeieee e 424
10.5.8  Note on Transfer Request INpUL.........coocueeiiiiriiiiiiinieiieeeeeee e 424
10.5.9  Conlflict between NMI Interrupt and DMAC Activation ...........cceceeevveenveennen. 424
10.5.10 Notes on Using Peripheral Module Request Modes ...........cceevverveenieinnennnenn 425
10.5.11 Number of Cycles per Access to On-Chip RAM by DMAC ........c..ccoceveenene. 428
10.5.12 Note on DMAC Transfer in Burst Mode when Activation Source Is MTU?2 ... 428
10.5.13 Bus Function Extending Register (BSCEHR) .........cccccooiiiiiiiiniineiieeee 428
Section 11 Multi-Function Timer Pulse Unit 2 (MTU2) .......ccoovvvvvivrvieeeieiiinnns 429
L1 FRAUIES ..ottt et st sttt et st st sbe e bt et e e e e sanesaaesaees 429
11.2 INput/OULPUL PINS ..ottt ettt st 435
11.3  RegiSter DESCIIPHIONS ... .eeuieiieiieiiieiieet et ce ettt ettt ettt ettt et e e st e sbee b ebeeeeeneeeanas 436
11.3.1  Timer Control Register (TCR)......ccccciiiiiiiiieieeeeeeeee e 440
11.3.2  Timer Mode Register (TMDR) .....cccccooriiiiiiinieiiiiiieeeeeeeee e 445
11.3.3  Timer I/O Control Register (TTOR) ........ccccuvrriirniiirieiiieieeieeieete e 448
11.3.4  Timer Compare Match Clear Register (TCNTCMPCLR).........ccccceevvvrrrennnnn. 467
11.3.5  Timer Interrupt Enable Register (TIER)........cccccooiiviiniiiniiniiniiiciicceceee 468
11.3.6  Timer Status Register (TSR).....cccoiiiiiiiiiiee e 473
11.3.7  Timer Buffer Operation Transfer Mode Register (TBTM).........cccccceveerurenennne. 481
11.3.8  Timer Input Capture Control Register (TICCR)........cccccocvevieiiricniineniennne. 482
11.3.9  Timer Synchronous Clear Register (TSYCR).....ccccoovviviiiiniinniiiiecieeieeeeen 484
11.3.10 Timer A/D Converter Start Request Control Register (TADCR)..................... 486
11.3.11 Timer A/D Converter Start Request Cycle Set Registers
(TADCORA_4 and TADCORB_4) ....ccueiiiiiieiieieeieeeee et 491
11.3.12 Timer A/D Converter Start Request Cycle Set Buffer Registers
(TADCOBRA_4 and TADCOBRB_4)......cccootiiiiiiiinininineneneeeeeeeeeeenes 491
11.3.13  Timer Counter (TCNT).....ooiiiiiieeeieee ettt e e e e esva e e e eavaeaeeaes 492
11.3.14 Timer General Register (TGR) ........cccoocviiriiiniiiiiiiieceeeee e 492
11.3.15 Timer Start Register (TSTR) ...cc.coveriiiiiiiiiiieeeeeee e 493
RO1UHO198EJ0600 Rev. 6.00 Page xv of Ix
Oct 16, 2014 RENESAS



11.3.16 Timer Synchronous Register (TSYR)....cccccovviiriiiiiiiniiiiieeeeeiee 495

11.3.17 Timer Counter Synchronous Start Register (TCSYSTR) ....ccccceevvevviviriiieninenne 497

11.3.18 Timer Read/Write Enable Register (TRWER) .......ccccocciiiiiniiiiiiiiniieiieenieene 500

11.3.19 Timer Output Master Enable Register (TOER) .........cccccooiiniininniniiiniineeene 501

11.3.20 Timer Output Control Register 1 (TOCRI).....cccccoeriiiiiiiiiieeieeeeee e 502

11.3.21 Timer Output Control Register 2 (TOCR2).......cccceviiiieiiiiieeeieeeeeeie e 505

11.3.22 Timer Output Level Buffer Register (TOLBR) ........cocceiniiiiiiiiiiniiiiiienieene 508

11.3.23 Timer Gate Control Register (TGCR) ........coccuevviiiiiiniiiiiiieiiecieeieeeeeie e 509

11.3.24  Timer Subcounter (TCNTS) ....coouiiiiiiieeeee e e e 511

11.3.25 Timer Dead Time Data Register (TDDR).......cccccccevviiniiniinininienieneeeeee 512

11.3.26 Timer Cycle Data Register (TCDR) .......ccccooieiieiiiieiieieeeeee e 512

11.3.27 Timer Cycle Buffer Register (TCBR)........ccccoeiiiiiiiiiiiieeeeeee e 513

11.3.28 Timer Interrupt Skipping Set Register (TITCR).......cocceervieriiiiiiinieinieeieene 513

11.3.29 Timer Interrupt Skipping Counter (TITTCNT)......ccovvveviiiiirieniieiiieeieeeieeeieene 515

11.3.30 Timer Buffer Transfer Set Register (TBTER) ........cccceceiviiiiniiiniiiniiiiiienieene 516

11.3.31 Timer Dead Time Enable Register (TDER) .........ccccceoiiiiiiiniiniiniiiicee 518

11.3.32  Timer Waveform Control Register (TWCR) ........cocceiiiiiiiiniieeee 519

11.3.33  Bus Master INTerface.......ccceecuiiiiiieeiiieiiieeiie sttt eee e baeeane s 521

L1.:4  OPETALION ..eeiniiiiiieiiie ettt ettt ettt b e et e s bt e s bt e sabteeabeesabeesabeesabeesabeesabeesaseenns 522

11.4.1  Basic FUNCHONS ...couiiiieiieieeieiicitenieecec ettt e 522

11.4.2  Synchronous OPeration...........c.c.eeeueerieeniierieeniieenieesieesreesseesseesseessseessseenes 528

11.4.3  BUffer Operation .........ccocueiierieniiiniiiieetesiteicee ettt st 530

11.4.4  Cascaded OPEration ...........cceceevueerierierienieenieeieeteeteesteenteeteeeeseesreesseenseeeeens 534

11.4.5  PWM MOGES....cuiiiiiiieieeieee ettt ettt ettt et eb ettt e eae s eas 539

11.4.6  Phase Counting MOE........ccceeiruiiiiiiiiiiieniie ittt 544

11.4.7  Reset-Synchronized PWM MoOdEe .........coccueiviiiniiiiiiiiniieiieenieecieesiee s 552

11.4.8  Complementary PWIM MOdE.......ccccierieiiiiiiiieeiieiiieciie sttt svee e snee e 555

11.4.9  A/D Converter Start Request Delaying Function..........c.cccccoeeevveeeevevenennenne. 602

11.4.10 MTU2-MTU2S Synchronous Operation............ccceeeueeueriereereeseeseeseeeseeneeenns 607

11.4.11 External Pulse Width Measurement...........ccccveevueerreeeieeriveenieeesveeseeesveesneenns 613

11.4.12 Dead Time COMPENSALION .....eerurerrureeriiieniieerieenieesteesteesreesteesteesaseesseesseenns 614
11.4.13 TCNTU_S/TCNTV_S5/TCNTW_5 Capture at Crest and/or

Trough in Complementary PWM Operation...........cceeeveevvveerceeenveenieeenveenneenns 616

L11.5  INEETTUPE SOUICES . ...eoutetietieieeieeite sttt ettt et ettt ettt e b et et st esbtesbeenbeeaesateeaeesbeenbeenteens 617

11.5.1  Interrupt Sources and Priorities .........cccceevieriieieeienieiieieeeee e 617

11.52  DTC/DMAC ACHVALION .....eenvieiiieiieiieeiiesieeteeieeiteeeeesieesteeteeeeesstesseesseeseeeeeenee 619

11.53  A/D Converter ACHVAION........cocuerierieniieniiereeeeeeenteereere e see e sre e ene e 620

11.6 Operation TIMNG.......cocvveerueeriiieriieiiteeieesteesteesteesteesbeesbeesaseessseessseessseessseessaeessseenseeens 622

11.6.1  Input/Output TIMINE ....eeerveeriiierieeiieeieeite ettt eiee st e stee e e sbeesbeesaree e 622

11.6.2  Interrupt Signal TIMING ......cooceeviiiiiriiinienieieeete sttt 629

Page xvi of Ix R01UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



T1.7  USAZE INOLES ettt ettt ettt ettt ettt ettt st s bt st e et esbeesabeesabeesabeesabaesnseean 634

11.7.1  Module Standby Mode Setting ..........ccecveerrierieeniierieeiieerreeieeeiteeieesieeeeee s 634
11.7.2  Input ClocK RESIIICIONS ..eveeruriiniiieniiienieeniienieeriieesre et sreesiteesreeseteesaveenaees 634
11.7.3  Caution on Period Setting ...........cccceereiriiiiirienieiieieetesiteeee et 635
11.7.4  Contention between TCNT Write and Clear Operations...........ccceeeeeveeereeeneenne. 635
11.7.5  Contention between TCNT Write and Increment Operations..............ccceeu...... 636
11.7.6  Contention between TGR Write and Compare Match ..........ccocceeveeeniiinienneen. 637
11.7.7  Contention between Buffer Register Write and Compare Match ..................... 638
11.7.8  Contention between Buffer Register Write and TCNT Clear .........c.cccouveeneee. 639
11.7.9  Contention between TGR Read and Input Capture...........ccceevereeereeveiennenene. 640
11.7.10 Contention between TGR Write and Input Capture............ccceeeeeerieneeneeennne. 641
11.7.11 Contention between Buffer Register Write and Input Capture.......................... 642
11.7.12 TCNT_2 Write and Overflow/Underflow Contention in
Cascade CONNECION .....c...erueerieriiriiritenieenteete et eite sttt et etesaeesbeesaeeaeemeeeae 642
11.7.13  Counter Value during Complementary PWM Mode Stop .........cceceverveervennnenn 644
11.7.14 Buffer Operation Setting in Complementary PWM Mode ...........c.cccoeeruenneenne 644
11.7.15 Reset Sync PWM Mode Buffer Operation and Compare Match Flag .............. 645
11.7.16 Overflow Flags in Reset Synchronous PWM Mode..........ccccoevivierenieneeennne 646
11.7.17 Contention between Overflow/Underflow and Counter Clearing..................... 647
11.7.18 Contention between TCNT Write and Overflow/Underflow............c.cccoeenenne 648
11.7.19 Cautions on Transition from Normal Operation or PWM Mode 1 to
Reset-Synchronized PWM Mode........c.ccooceiviiniiiiniinieiieeeieeesee e 648
11.7.20 Output Level in Complementary PWM Mode and
Reset-Synchronized PWM Mode..........cccoinininininieieiiniineneneneeeeeeenene 649
11.7.21 Interrupts in Module Standby Mode ..........c.covvueiriiiniieiniienieiieeieeieeeeeeen 649
11.7.22  Simultaneous Capture of TCNT_1 and TCNT_2 in Cascade Connection........ 649
11.7.23 Notes on Output Waveform Control During Synchronous Counter Clearing
in Complementary PWM Mode ..........coceiiiniiniiiiiiiiiieieeeeieeeeeeeeeeee e 650
11.7.24 Notes on Using the A/D Converter Start Request Delaying Function in
Complementary PWM MOde........ccooiuiiiiieiieiiiieeeeee et 651
11.8  MTU2 Output Pin InitialiZation..........coovierieiiiiinieiiiceieeiteeee ettt 653
11.8.1  Operating MOGES. ......cccuvieriiiriieriienieesteesiteesteeriteesitesiee s ireebeesbaeenbeesbaesnseens 653
11.8.2  Reset Start OPeration ......cccueerveeruierieerieenieenieesteesreesieeesteessaeessseesseessnesnsees 653
11.8.3  Operation in Case of Re-Setting Due to Error During Operation, etc............... 654
11.8.4  Overview of Initialization Procedures and Mode Transitions in Case of
Error during Operation, €C. .........ecueeuerierierierieeieeiesitesieesteeeeeeeseeeseeeseeenee s 655
Section 12 Multi-Function Timer Pulse Unit 2S (IMTU2S) .....ccovvvvvvvvveeneeeennn. 685
12,1 INPUHOULPUL PINS ..eiiiiiiiiiiiiiieiiecieeeeeee ettt ettt ettt ettt e s e et e sabeebeeesaneensee s 689
12.2 RegiSter DESCIIPLIONS .....coueiuieiieiieiiieniieieeit ettt sttt st 690
RO1UHO198EJ0600 Rev. 6.00 Page xvii of Ix
Oct 16, 2014 RENESAS



Section 13 Port Output Enable (POE) ..........coooiiiiiiiiiiiiiieeieeeeeeiieeeee 693

L1301 FRALUIES....cuueiuiiiiiieiieeiieiteteee ettt ettt et ettt s bt e s bt e bt et satesaeesbeenbeenaeens 693
132 INPUUOUIPUL PiNS.cuiiiiiiiiiiiiiieeie ettt ettt ettt e st e e sbeesabeesabaesanee e 695
13.3  RegiSter DESCIIPLIONS ....ccueeuviiieiiiiiriiierit ettt sttt st sae b saea 697
13.3.1  Input Level Control/Status Register 1 (ICSR1) ...c..ccccocenenenininieneneeecieienne. 698
13.3.2  Output Level Control/Status Register I (OCSRI1) .....cccceviiiiiiiiieiiriereene 702
13.3.3  Input Level Control/Status Register 2 (ICSR2) ......ccccoceiriiiiniiiniiinieiieeieene 703
13.3.4  Output Level Control/Status Register 2 (OCSR2)......cccceevveviiirnieniiiiieeeieene 707
13.3.5  Input Level Control/Status Register 3 (ICSR3) ......cceeviiriiieniiiniienieeieeieene 708
13.3.6  Software Port Output Enable Register (SPOER) ..........cccceviriiiiininiiniiee 710
13.3.7  Port Output Enable Control Register 1 (POECR1)........cccooiiiiiiiiiiniiiee 711
13.3.8  Port Output Enable Control Register 2 (POECR2).........cccoooeeiiriiiiiniieee 713
1314 OPETALION ..einiiiiiiieiie ettt ettt ettt bt e e bt e s bt e e bt e st aeeabeesabeesabeesabeesabeesabaesaneenns 719
13.4.1  Input Level Detection OPeration ..........ccecceeeveeerieernieeniieeniieesieesieesseesseesneenns 721
13.4.2  Output-Level Compare OPeration ...........cceeveveerveerveenieenueenieeeneeeseessseeenieesne 722
13.4.3  Release from High-Impedance State ............cccceeveriinieniinenncnicieenceneeeee 723
13.5  TIEOTTUPLES ..ttt ettt ettt ettt et ettt e e st e et s e e sabeesabeesabeesabeesanee e 724
13,6 USAZE INNOLE ..ottt ettt ettt ettt et e et e et een e esee e st e sbeebeenbeemeesneesaeeseeeseenneans 725
13.6.1  Pin State when a Power-On Reset Is Issued from the Watchdog Timer........... 725
Section 14 Watchdog Timer (WDT) ....cccooiiiiiiiiiieeecee e, 727
LA T FRALUIES....cuueeutieiiieiieeiteet ettt ettt ettt e bt et et s bt e s bt e s bt e bt e bt saeesaeesbeenbeenteans 727
14.2  Input/Output Pin for WDT ...c..cciiiiiiiiiiiiciceeetee ettt 729
14.3  RegiSter DeSCIIPHIONS ... ceteetieieeiie ittt ettt ettt ettt ettt ettt e saeesaeesaeeeeeneeeneeeneenaeans 730
14.3.1  Watchdog Timer Counter (WTCNT).....ccccerviiriiiiiieniieiieenieesieeeieeseeseeee 730
14.3.2  Watchdog Timer Control/Status Register (WTCSR)......cccccevvviriiirnciiiniieenieene 731
14.3.3  NOteS ON REZISIET ACCESS .eevuvierurieeiieriieeiiesiieeitesreeeteesteesteesbeesiseesseesneenes 733
T4.4  OPCTALION «..couieniieiieeiieeite ettt ettt ettt ettt et e a e bt e s bt e b e e be e bt satesbtenbeenbeenteeatesbaesbeenbeens 734
14.4.1  Revoking Software Standbys........cccecerierieriieiiieeeieeeee e 734
14.4.2  Using Watchdog Timer Mode ..........ccooiiiieiiiiiinienieieecee e 734
14.4.3  Using Interval Timer MOde .........coccuievieiiiiiniiiiieiiieeite ittt 736
14.5  TNEETTUPE SOUICE ...eeuvieiiieeiieeitieeitesiteetee st e eteesbtesbeesabeesaseesabaessseessseessseessseensseessseesanesnns 736
14,6 USAZE INOLES c..eeeutieeiiie ettt eieeeiteette st e et e sbtesabeesebeesabeesabeesaseessseesaseeasseensseensseenssesnsseenanesns 737
14.6.1  WTCNT Setting ValUe ....cc.cooueiiiiiiniiieiieeeteteeeeee et 737
14.6.2  Timer VATIAtiON ...cccueeieriieitieieeie et seee sttt tte st e st et eeteeseesseesbeebeeneeeneeeee 737
14.6.3  System Reset by WDTOVF Signal........ccccooviieiiiiiiiiiiieiieeeeeesceeee e 738
14.6.4  Manual Reset in Watchdog Timer Mode.........cccccovvieriiiiriiieniiiniiienieenieeeieene 738
14.6.5 Internal Reset in Watchdog Timer Mode...........ccccovverciiiniiieniiienieenieesieeneeene 738
Page xviii of Ix RO1UHO198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Section 15 Serial Communication Interface (SCI) ......ccovvvveiieiiiiiiiiiiiieeeeeeeeenns 739

I5.1  FRAUIES ...ceuiiiiiieiieiteetet ettt st a et st sat e s bt b ettt e e sanesaaenaeen 739
152 INPUUOUIPUL PINS..eiiiiiiiiiiiiieiieeieeeeeee ettt ettt ettt ettt e s b e et e et e eaeeesabeensee s 741
15.3  RegiSter DESCIIPLIONS .....eetieiieiiieitieiteeitest ettt sttt ettt st sbe et s 742
15.3.1  Receive Shift Register (SCRSR).....cccoooiiiiiiiieieeeeeeee e 743
15.3.2  Receive Data Register (SCRDR) .....cccocoiiiiiiiiiieieieeeeeeeee e 743
15.3.3  Transmit Shift Register (SCTSR) ..c...ooviiiniiiniiiiiiieceeeetceee e 743
15.3.4  Transmit Data Register (SCTDR)......coocieriiiniiiiiiieiieeeeeee et 744
15.3.5  Serial Mode Register (SCSMR).....c.cooviirriiiniieiteiecie et 744
15.3.6  Serial Control Register (SCSCR)....cccciviiiiiriiniiiiiiiieieseeeeee e 747
15.3.7  Serial Status Register (SCSSR) ...cc.coiiiiiiiiiiieeeeee e 750
15.3.8  Serial Port Register (SCSPTR) .....c.cooiiiiiiiieieeeeeteeee e 756
15.3.9  Serial Direction Control Register (SCSDCR)........coovueriiiinienniiiienieeieeeen 759
15.3.10 Bit Rate Register (SCBRR) .....cccuiiiiiiiiiieiieitectceecte e 760
154 OPETAON ..eeeiuiiieiieeiit ettt ettt et e et e e stte ettt eabeebte e sbeebeeessbeenseesssesnseesssesnseean 772
I5.:4.1  OVEIVIEW...oiuiiiiiiiieiieieete ettt ettt sttt ettt sttt et ettt sbte s bt e bt ebeenaesae 772
15.4.2  Operation in ASynchronous Mode ............ccoeceerierieiiieienienieeee e 774
15.4.3  Clock Synchronous MOdE..........ceeieruierieniieieeieseeieeie ettt 784
15.4.4  Multiprocessor Communication FUNCHON.........cccetiviiriiiinieniiiiienieeeeeeen 793
15.4.5  Multiprocessor Serial Data TransSmiSSION ......cceeecveerrueeriieeriieerieerieenieenreennnees 795
15.4.6  Multiprocessor Serial Data RECeption .........ccocceeviierieriiiinieniieeieciee e 797
15.5 Interrupt Sources and DMAC/DTC .......cciiiiiiiiiiiiiiiiieiteeet ettt 800
15.6  Serial Port Register (SCSPTR) and SCI Pins .....ccoccoviiiiinieiieieeeeeeeeee e 801
I5.7  USAZE NNOLES ...eeeueeeiieeiieeiieette it ettt et et e st e bt e e e st e eaeesh e e sbeebe e bt eatesatesaee st enteenteeneesneeeneenneas 803
15.7.1  SCTDR Writing and TDRE Flag........cccccoviiriiiniiiniiiiiiieeieeeeeec e 803
15.7.2  Multiple Receive Error OCCUITENCE .......ceevveieiieriieiiieeiieeiieeiie e eieesvee e 803
15.7.3  Break Detection and ProCessing ..........ccceerveerieeniienieenieenieenieeneessieesieesvees 804
15.7.4  Sending a Break Signal........ccccocoiiiniiniiiiiiiiieieeeeeee e 804

15.7.5 Receive Data Sampling Timing and Receive Margin
(ASYNChIONOUS MOAE). ... cotieiieiieiiieiieeicete ettt 804
15.7.6  Note on Using DMAC or DTC .....ccccuiiiiiiiiiiieiitetecte ettt 806
15.7.7  Note on Using External Clock in Clock Synchronous Mode..........cc.c.cocueneen. 806
15.7.8  Module Standby Mode Setting ..........ccecveeriieriieeniierieeiieerreeiee e eieesiee e 806
Section 16 Serial Communication Interface with FIFO (SCIF) ........................ 807
TO.1  FRALUIES...ccuviieiieetieeiiee ettt et et e e te et e e s tte e tbeessaeetee e sbeesseeessbeesseeessaaenseeensseenseeensseenseean 807
16.2  INPUI/OULPUL PINS ..coiiiiiiiiiiiiiiieieeeeee ettt ettt et sttt et et e e b s 809
16.3  RegiSter DESCIIPOMNS .....veieiieiiieiiierieeie ettt ettt ettt et e sttt e st e e sabeesabeensseesaseenanees 810
16.3.1  Receive Shift Register (SCRSR).......ccoviiiiiiiniiiiiiiecieeeeete e 810
16.3.2  Receive FIFO Data Register (SCFRDR) ........ccccooiiiiiiiiniiiiiiiiienieceeeee 811
RO1UHO198EJ0600 Rev. 6.00 Page xix of Ix

Oct 16, 2014 RRENESAS



16.3.3  Transmit Shift Register (SCTSR) ....ccooiiriiiiiiiiiiiiiiieiieeeeeeee e 811

16.3.4  Transmit FIFO Data Register (SCFTDR)......cccocceiiiiiiiiiiiieniienieecieecieeieee 812
16.3.5  Serial Mode Register (SCSMR)........cociiriiiiiiiiiniiiiiieeiieeieesieesieeste e 812
16.3.6  Serial Control Register (SCSCR)....c..cooiiriiiiiiiiienieieeeeeeee e 815
16.3.7  Serial Status Register (SCFSR) ......cccooiiiiiiiiieeeeeeee e 820
16.3.8  Bit Rate Register (SCBRR) .....c.coiiiiiiiiiiieiceee e 828
16.3.9  FIFO Control Register (SCFCR) ......ccccceviiiiiiiniiiiiieeicneeeceeieeeeieee 839
16.3.10 FIFO Data Count Register (SCFDR)......cccccovviiriiiiiiieeiieiiieniee sttt 842
16.3.11 Serial Port Register (SCSPTR) .....cc.cooviiiiiiiiiiiiicieeeteereeee e 843
16.3.12 Line Status Register (SCLSR) ....cccccoviiiiiniiiiiiiienieieeeeeee e 846
(T A 0 0TS 15 o) 1 OSSR PURRTRR 847
L0.4. 1 OVEIVIEW oiitiieiiieiiieeiieeiee et e st e e teesteeeaeesebeee st essseessseessseessseesssaassseessseensseenes 847
16.4.2  Operation in ASynchronous MOde .........ccccceevuieriiiriiieniiieiiieniee e 849
16.4.3  Clock Synchronous MOdE..........c.coeuierieeriienieenieeiieeite e eieesieeeieesveesvee e 860
16.5 SCIF Interrupt Sources and DTC.......ccccoiiiiiiiiiiiieniieeieeeeecee st sre e 868
16.6  Serial Port Register (SCSPTR) and SCIF Pins ....ccc.coceiieiiiniiniiiiiiinceceiceceeeeeens 869
L160.7  USAZE INNOLES ...eueeieeeietieteeteete et e et e ste e bt et et eat e et e et e e beenteesteeseesbeesbeenseeneeeneesaeesseenseenseans 872
16.7.1  SCFTDR Writing and TDFE Flag .........ccccoecivoieiiieieiesere e 872
16.7.2  SCFRDR Reading and RDF Flag .........cccccooviiiniiiiiiiiiiiicicieeieeeeeee 872
16.7.3  Break Detection and ProCesSing ..........cceeeeervuieriiieriieeniiienieenieenieenveesveenneens 873
16.7.4  Sending a Break Signal..........ccccoeeiiiiiiiiiiiiiiieeie et 873

16.7.5  Receive Data Sampling Timing and Receive Margin
(ASYNChIONOUS MOAE).....cuieuiieiiieiieitieieeie ettt ettt e 873
16.7.6  Module Standby Mode Setting .........ceeeereeriieriieieniieriieieeie et 875
16.7.7  Note on UsSiNg DTC .....cooiiiiiiiiiieiiiieteete ettt 875
16.7.8  FER Flag and PER Flag of Serial Status Register (SCFSR).........cccccevvivennen. 875
Section 17 Synchronous Serial Communication Unit (SSU) .......cccccceeeeniennen. 877
) B oY i 1| (XSO 877
17.2 INPUt/OULPUL PINS.c..eviiiiiiiiiiiiiiieitieeeee ettt ettt 879
17.3  RegiSter DESCIIPLOMNS ....ccocuiiriiieiieiiteeite ettt ettt sttt sttt st e et e sbeesbeesabeesanee e 880
17.3.1 SS Control Register H (SSCRH) .......ooviiiiiiiiiiiiieiiecee et 881
17.3.2  SS Control Register L (SSCRL) ..ccc.eiviiiiiiiiiieeitecieeeite ettt 883
17.3.3  SS Mode Register (SSMR) .....coouiiiiiiiiiiieiieieceteeteeeeee e 884
17.3.4  SS Enable Register (SSER) ....cccuoiiiiiiiieieieeeeeeeeee e 885
17.3.5  SS Status Register (SSSR) ...cueiiiiiiiieeeeeee e 887
17.3.6  SS Control Register 2 (SSCR2) ...cc.ceiiiiiriiiiiieiteiieeieeseeeste et 891
17.3.7  SS Transmit Data Registers 0 to 3 (SSTDRO to SSTDR3)......ccoccvvvciverieennnnne 892
17.3.8  SS Receive Data Registers 0 to 3 (SSRDRO to SSRDR3).......ccocvvviiiniiennnnne 893
17.3.9  SS Shift Register (SSTRSR)....c.cooiiiiiiiiiieiieeeetee et 894
Page xx of Ix R01UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



174 OPETALON ..ottt ettt ettt et ettt e sbe e e bt e bt e e bt e e bt e e bt e esbbesabeeebbeenbeeesabeenbeean 895

17.4.1  Transfer CIOCK ......cocevieriiiiiiriinienieneee ettt s 895
17.4.2  Relationship of Clock Phase, Polarity, and Data ..........c.ccccceevviirnieniieiniiennennn 895
17.4.3  Relationship between Data Input/Output Pins and Shift Register .................... 896
17.4.4  Communication Modes and Pin FUNCtions ............cccceevviervieeniienieenieesreeeenn 898
17.4.5  SSU MOME....ccuiiieiiiieieeeeeetete ettt ettt ettt e s st ene et ensesessesse e 900
17.4.6  SCS Pin Control and COnflict EITOT..............ccoooveevveveereeseseeeeeeeeeeeesreeees oo, 909
17.4.7  Clock Synchronous Communication MOde ...........ccccueervierieenieenieenieenveennnenn 911
17.5 SSU Interrupt Sources and DTC .........cooiiiiiiiiiiiieiceeee et 917
17.6 USAZE INOLES ...ttt ettt sttt a e b e s sttt e 918
17.6.1  Module Standby Mode Setting ..........cccceererirerieeienieieieneneneeeeeeeereeeeene 918
17.6.2  Access to SSTDR and SSRDR RegISters........ccceereereeerieneneneneneeeereeenenne 918
17.6.3  Continuous Transmission/Reception in SSU Slave Mode.........ccccceevvvrurennnen. 918
17.6.4  Note for Reception Operations in SSU Slave Mode........ccccceevveerieenieeneennnnnn 918
17.6.5 Note on Master Transmission and Master Transmission/Reception
Operations in SSU MOdE .....c..coviriiiiiiiiieiieieeieeeeeeee et 919
17.6.6  Note 0N DTC Transfers........cccuieeueeriieriieeniiesie et esee e esve e esveeseeeesereeeee s 919
Section 18 T°C Bus INterface 2 (TIC2) ....vveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneen. 921
L8] FRALUIES ...ceueiiiiiieiiiteeiteettecet ettt ettt a ettt st st et e bt e e e e senesaaenaees 921
18.2  INPUH/OULPUL PiNS ..eiiiiiiiiiiiiiiiieciteeieeeee sttt ettt ettt et et s e et e ab e e e e esabeenaee s 923
18.3  RegiSter DESCIIPLIONS .....ccveiuieiieiiiiiiieniieieett ettt ettt st 924
18.3.1  I’C Bus Control Register 1 (ICCR1)........c.coruivieeeeiceeeeeeeeeecseeeee e 924
18.3.2  I’C Bus Control Register 2 (ICCR2) ........c.cocuevreeeeeeeeeeeeeeeeeeeeeeseereeseneenan 927
18.3.3 I’'C Bus Mode Register (ICMR) ....coouiiiiiiiiiiiiiieeieeteeec ettt 929
18.3.4  I’C Bus Interrupt Enable Register (ICIER) ..........cccovvevvvmieeeieerieeieeeeeeneeeeenanns 931
18.3.5  I’C Bus Status Register (ICSR)......coviirereveeiieeeeerereseieeeseeeeseseseseseseseesenenas 933
18.3.6  I’C Bus Slave Address Register (SAR).........c.ccooeueviurveeieereeeieeeeerecee e 937
18.3.7  I’C Bus Transmit Data Register (ICDRT).........ccccceoeourmerrrereeeiereceeeeeeerereenans 938
18.3.8  I’C Bus Receive Data Register (ICDRR)..........ccccovomuivereiueieieiereceeeeereeean 938
18.3.9  I’C Bus Shift Register (ICDRS)...........ccccevevruriereeeieieeeeseseseess e 938
18.3.10 NF2CYC Register (NF2CYC) ...veviiiiiriiiniiniieiieteeeeie ettt 939
184 OPETALON ..eeiuiieeniieeitt ettt ettt ettt ettt e ettt e saae ettt e bbeebte s sbeebeeesssesnsaeessesnseeessesnseeas 940
18.4.1  TPCBUS FOIMAL........oiuiviieeeceeeeeceeie ettt 940
18.4.2  Master Transmit OPEration ..........cccecueverererinerieeeeteiesientenrenenreeeeneeneeneenenne 941
18.4.3  Master Receive OpPeration...........cecuecueruerienerinenieeeieneeieneensenseneeeseeneeneeeenenne 944
18.4.4  Slave TranSmit OPETation .......cccceeeruierrierriieerieeiteeriteeieeesteesieeesiteesbeeeseeeenaees 947
18.4.5  Slave Receive OPeration..........cccveeruieerieesiieenieeiieerieeeieeesreesieeessreenseessssesnsees 950
18.4.6  Clock Synchronous Serial FOrmat ..........ccccceevvueeriieniieiniiienieenieenieenieeseeeiees 951
18.4.7  INOISE FIILEI ..ootiiiiiiiiiiiieeee et 955
RO1UHO198EJ0600 Rev. 6.00 Page xxi of Ix

Oct 16, 2014 RRENESAS



18.4.8  Using the IICRST Bit to Reset I'C Bus Interface 2 ...........cccocccovvevvuevevrnenennnn. 956

18.4.9  EXAMPIE Of USE...coviieiiiiiiieiie ittt sttt sttt ettt steesateesiteesabeesiaeenaneenes 957
18.5 Interrupt Sources and DTC ......coouiiiiiiieiiiiieeiee ettt ettt e st e sane e 961
18.6  Operation Using the DTC .........cooiiiiiiiiiiiiiiieiteteeeee ettt 963
18.7  Bit Synchronous CiICUI.......c.ceeriririririeieienientene ettt ettt st sttt nesaesne e 964
I18.8  USAZE INOLE ...ttt ettt aeene e 965
18.8.1  Module Standby Mode Setting .........cccceeevuiiriieriiiiriienieenieeneeeste et 965
18.8.2  Issuance of Stop Condition and Repeated Start Condition ...........ceecveerveennennne 965
18.8.3  Issuance of a Start Condition and Stop Condition in Sequence...............c........ 965
18.8.4  Settings for Multi-Master Operation...........cceecueeeerierieenierrienienieneeneeee e 965
18.8.5 Reading ICDRR in Master Receive Mode..........ccceceevvenienieneninicnenieecieneennen 965
18.8.6  Access to ICE and IICRST Bits during I'C Bus Operations................ccce.u..... 966
18.8.7  Using the IICRST Bit to Initialize the RegiSters...........cccoveevvieiriiienieiniennieene 967
18.8.8  Operation of I'C Bus Interface 2 while ICE = 0 ........c.cocoevevevvieeererereiceeennns 967
18.8.9  Notes on Switching from Master Transmit Mode to Master Receive Mode .... 967
18.8.10 DTC Transfers Using the IIRXI Interrupt as the SOUrce ......c...ccceveereeneeenne. 968
18.8.11 DTC Transfers Using the IITXI Interrupt as the Source...........cccceceeveverennenne. 968
Section 19 A/D Converter (ADQC) .......ooooiiiiiieieeee e 969
LO.1  FRALUIES....c..eiuiieiiiiiieiieiteteec ettt ettt ettt et s bt sbe e s bt e bt et satesaeesbeenbeenbeens 969
19.2  INPUH/OULPUL PiNS.cuiiiiiiiiiiiiiieeiie ettt ettt et sttt st e st e e sbeesabaesabaesanee e 971
19.3  RegiSter DESCIIPLIONS ....cc.eeuviuieiiiiriiiirtt ettt sttt st saeae e 972
19.3.1  A/D Data Registers 0 to 15 (ADDRO to ADDRI1S)....ccccooiiiiiiiiiiieeee 973
19.3.2  A/D Control/Status Registers_0 to _2 (ADCSR_0 to ADCSR_2).................... 974
19.3.3  A/D Control Registers_0 to _2 (ADCR_0 to ADCR_2)......cocceevviierieiniennneane 977
19.3.4  A/D Trigger Select Registers_0 and _1 (ADTSR_0 and ADTSR_1)............... 980
194 OPETALON ...eeniiiiiiieiiteiteerte ettt ettt e ste et e et e e bt e e bt e s baeesbeesabaeenseesabaesnseesabaesnseesnsaesnseenns 986
19.4.1  SINGIE MOGE.....couiiiiiiiieiiiieiie ettt sttt 986
19.4.2  Continuous Scan MOde........cceeiuieiiiiiiiiirieieeeee et 986
19.4.3  Single-Cycle Scan Mode .........cccoevinirininineeieteienenese et saenes 987
19.4.4  Input Sampling and A/D Conversion Time .........ccccceeveerniienieeniieeniieenieenieene 987
19.4.5  A/D Converter Activation by MTU2 or MTU2S.......cccoiiviiiniiiiniieieenieeieene 990
19.4.6  External Trigger Input Timing.......c.ccocveeeeiieriiieniiieniienieenieeneeesie e eseeesiee e 990
19.477  2-Channel SCANNING ........ccceeririiiiienienieie ettt s 991
19.5 Interrupt Sources and DMAC and DTC Transfer Requests.........ccccoeevereeereeercienecniennns 992
19.6  Definitions of A/D CONVETSION ACCUIACY .....cccoverrerreruermeeneerenientenrentesesseeseeeennesensensensens 993
19.7  USAZE INOLES .eeutieeiiee ettt ettt ettt sttt s e et e st e s bt e sa bt e sabeesbbeesubeesbteesabeenbbeenanenns 996
19.7.1  Module Standby Mode Setting .........cccceeeeuiiriiieriiieiiieniienieeneee e enre e esee e 996
19.7.2  Permissible Signal Source Impedance............ccecceevviieriiiiiiiieniieniienieesieeeieee 996
19.7.3  Influences on ADSOIULE ACCUIACY ..c..ccuevuirvieuieuienreieienieniene et 996
Page xxii of Ix RO1UHO198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



19.7.4  Range of Analog Power Supply and Other Pin Settings.......c.cccceeveevveinuenneen. 997

19.7.5  Notes on Board DeSi@n ........cccueeriiiiiiiniieniienieeieerteete et ere e siae e s 997
19.7.6  Notes on Noise COUNEIMEASUIES .......ccuerueerreeruierinienienreerenreneeneenseenseseennes 998
Section 20 Compare Match Timer (CMT) .....ccceeeviiiiniiiiniiiiiieeieeeeeeeeeee 999
20,1 FEAIUIES..ccoutteeiii ittt ettt ettt e sat e ebt e e sbt e e bt e ba e e ebe e e bt e e bee s baeenee s 999
20.2  RegiSter DESCTIPLOMNS ... ..eeruiiiiieiiiierteerite ettt ettt et ettt ettt e saeesbeeeaaesaree 1000
20.2.1  Compare Match Timer Start Register (CMSTR) .....ccccocvirviieriiiiiiiienieenieeee, 1001
20.2.2  Compare Match Timer Control/Status Register (CMCSR) .......ccccevcvveruennee. 1002
20.2.3  Compare Match Counter (CMOCNT) ....cc.coviriiiieniiniiiicreeneeieeeeeeeeeieeae 1003
20.2.4  Compare Match Constant Register (CMCOR) ........ccccccoviiriinieiieiinieseeen. 1004
O T 0 0153 v 15 o] 1 OO OSSR 1005
20.3.1  Interval Count OPeration .........ccoceereeerierriieenieniiieenieeeieeeieesbeesbeesateesreesaees 1005
20.3.2  CMOCNT CoUNt TIMINEZ..ccouvtiriiierieeiiierieeiteerteeieeeieeebeesreesbeesbeesiseesseenanes 1005
B O 111155 4 4 o £SO RPRRRPR 1006
20.4.1  Interrupt Sources and DTC Transfer Requests ..........cocceeveveenieiinieniencennen. 1006
20.4.2  Timing of Setting Compare Match Flag ............ccocoiiiiiiiiniiniiieeeieceee 1007
20.4.3  Timing of Clearing Compare Match Flag..........ccccooviiiniiiiiiiiiiieeeee 1007
20.5  USAZE INOLES c.uuteeiteeiieeeiieeite ettt ettt ettt et e e s bt e e bt e s bt e sabeesabeesabeesabeesateesabeenaees 1008
20.5.1  Module Standby Mode Setting ..........ccccueervierieeriienieeiieeeeeiee e sieesree e 1008
20.5.2  Conlflict between Write and Compare-Match Processes of CMCNT ............. 1008
20.5.3  Conflict between Word-Write and Count-Up Processes of CMCNT ............. 1009
20.5.4  Conflict between Byte-Write and Count-Up Processes of CMCNT............... 1010
20.5.5 Compare Match between CMCNT and CMCOR ..........cccoociiiiiiieiinieienen. 1010
Section 21 Pin Function Controller (PFC)......cccvvviiiiiiiiiieeeieecceeeevveeeeeee. 1011
21.1  RegiSter DeSCIIPHONS ......eiriieriieriiiertterteeste et este et ste et esate et e e saaeebbeesaeesnbaeenanesases 1064
21.1.1  Port A I/O Register L, H (PAIORL, PAIORH) .......ccccocoiiiiniiiniiieieeee, 1066

21.1.2  Port A Control Registers L1 to L4, H1 to H4
(PACRLI to PACRL4, PACRHI t0 PACRH4)......ccooiiiiiiiieeeeeeeeeeeeeae 1067
21.1.3  Port B I/O Register L (PBIORL) .......ccccocevimininininieieiecee e 1105
21.1.4  Port B Control Registers L1 to L3 (PBCRL1 to PBCRL3 ) .....cccccecvevvenneennen. 1105
21.1.5  Port C I/O Registers L, H (PCIORL, PCIORH) ........cccccoevviiiniiiiniienieenieenee. 1115

21.1.6  Port C Control Registers L1 to L4, H1 to H3
(PCCRLI1 to PCCRL4, PCCRHI1 to PCCRH3)......ccceiiiiieieeieeeeeeeeeeee 1116
21.1.7  Port D I/O Registers L, H (PDIORL, PDIORH)..........ccccceviriiinieieieienee. 1130

21.1.8  Port D Control Registers L1 to L4, H1 to H4
(PDCRLI1 to PDCRL4, PDCRHI1 to PDCRH4)......cccccveniiiinininineneeeeiene 1131
21.1.9  Port E I/O Registers L, H (PEIORL, PEIORH) .......cccccccocenininininininieeneee 1151
RO1UHO198EJ0600 Rev. 6.00 Page xxiii of Ix

Oct 16, 2014 RRENESAS



21.1.10

Port E Control Registers L1 to L4, H1, H2

(PECRLI1 to PECRL4, PECRHI1, PECRH2) .....c.cccoevieiieiieiecieeeeee e 1152

21.1.11 High-Current Port Control Register (HCPCR) .........ccccevviiiviiinienieiiieene 1183
21.1.12 TRQOUT Function Control Register (IFCR) ........ccccceouerieniininiiniinceiciene 1185

21,2 USAEE NNOLES ...eeeetietieteeteeteeiteetteste e bt et e eat e et e e st e e bt enteeseesseesbeeabeeneesatesaee st enseenseeneesseansens 1186
Section 22 T/O POTS...cccuiiiiiiiiiiieeiie ettt ettt et s 1187
22,1 POTE A ettt bbbt ettt b e bbbt bttt et et be e 1188
22.1.1  RegiSter DeSCIIPLIONS ...cccviieiieiiieriieiieeete et et siteesteesreeseeeesbreebeesbaeeaee s 1192

22.1.2  Port A Data Registers H and L (PADRH and PADRL)........c.ccecceeviniincannene 1192

22.1.3  Port A Port Registers H and L (PAPRH and PAPRL).........cccccecciviiiiininne 1198

0 ) B - J OSSR STS RS 1203
22.2.1  RegiSter DEeSCIIPHONS ...ccovtiriiiriiierieenieeeie ettt ettt ettt e e s 1204

22.2.2  Port B Data Register L (PBDRL) .....c.cccoeviiiiiiiiiieniieieeeeeeeeeee e 1204

22.2.3  Port B Port Register L (PBPRL).......c.cccoviiiiniiiiiiiniieieeecteeeeee e 1207

223 POTE C ottt ettt ettt b e a e h e at sttt e b bt ebeehe bt eneent et et et e 1209
22.3.1  RegiSter DEeSCIIPLIONS ..c..ueeueiiuiereieriieieeieeiteetee et eteeetesteesbeesteeeesetesaeesaeeeeens 1211

22.3.2  Port C Data Registers H and L (PCDRH and PCDRL) ........c.ccecceecivienraannn. 1211

22.3.3  Port C Port Registers H and L (PCPRH and PCPRL) ........ccccccoooiiiiiiniinnneen. 1214

22,4 POTE Dottt bbbttt 1217
22.4.1  RegiSter DeSCIIPLIONS ...ccccviieiieriieeiieiieeeie et enteesiteenteesteesaeeesbaeebeesbaeeneee s 1219

22.4.2  Port D Data Registers H and L (PDDRH and PDDRL)..........cccccociviineanne 1219

22.4.3  Port D Port Registers H and L (PDPRH and PDPRL).........cccccoccoviiiniinnnenn. 1222

22,5 POTEE .ottt ettt ettt ettt et b e beeteene e st ent et e s e tenee 1225
22.5.1  RegiSter DeSCIIPHONS ...ccouvtiriieriierieerteerte ettt ettt ettt s 1229

22.5.2  Port E Data Registers H and L (PEDRH and PEDRL).......c.ccccecvevviiniiennnenn. 1229

22.5.3  Port E Port Registers H and L (PEPRH and PEPRL) .........ccccocvveviininnnnnenn. 1233

22,0 POTEF oottt bttt e a ettt b et beeh e bt et ettt ee 1237
22.6.1  RegiSter DEeSCIIPLIONS ..c...eeueiriiertiertieieeteeteeteestee it eteeetesteesaeesaeetesetesseesaeeneeens 1238

22.6.2  Port F Data Register L (PFDRL) .......ccccoeiiiiiiieiieieeeceeeee e 1238
Section 23 Flash MemOTY......ccccuiiiiiiieiiieeiieeieeeieeesee et 1241
2301 FRALUIES. ccuutiiiiieeiie ettt sttt et e e st e e bt e sabee st e e sabaesabeesabeesabeesabeesabeesnbeesnbeesares 1241
23.2 OVEIVIBW ..eeeuiiiiitieie ettt e et e te sttt s heehe e st e st et et et e ebeeb e eaeeseeseemtensesbeabeabeebeeseeneentensensenes 1243
23.2.1  BILOCK DIa@ram......c.coiuieiiiiiiiiieiiieieee ettt e 1243

2322 Operating MOE .......ocueeiuieiieiieieeiee sttt ettt st sttt et st sae et 1244

23.2.3  Mo0Ode COMPATISON ...eeuveriuiieeiieeiieeieesteestee et ettt esbteesitesbeeebeesbeesaseesabeesaseens 1246

23.2.4  Flash Memory Configuration...........ccocceeeeueeriieeniieenieenieenieenieesreesieesveeeeeens 1247

23.2.5  BIOCK DIVISION c.utiiiiiiiiiiiieeiie ettt sttt sttt ettt et e st et esbaeensee s 1248

23.2.6  Programming/Erasing Interface............ccoceveereriiniiniiniiniciicnienceneeceee 1249

Page xxiv of Ix

RO1UH0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



233 INPUH/OULPUL PINS ..coiiiiiiiiiiiieiieeee ettt ettt st 1251

234 RegiSter DESCIIPOMNS .....veiruiieriieiiiertterie ettt ettt ste et e saae et eesareebbeesaeesnbaeensnesanes 1251

2341 REZISIETS .uveieiieeiieiiieeite et ette et e et e st e st e st e s bt e sbeesateesabeesaseessbeenaseensseenseas 1251

23.4.2  Programming/Erasing Interface RegiSters .........ccoceeverviiriineenennienienieneeen. 1254

23.4.3  Programming/Erasing Interface Parameters ............cccocceveeevieniecieienieneenen. 1261

23.44  RAM Emulation Register (RAMER).......cccooooiiiiiiiiiiiiiiceeeeeeeeeeee 1276

23.5 On-Board Programming MOAE ...........coceeivuieriiiiiieniiieiiieeiee sttt 1278

2351 BOOtMOGE ..ottt sttt 1278

23.5.2  User Program MOdE.........ccueeviiiiieriiiiiiieeiie ettt te e e 1282

23.53  USer BOOt MOME.......coiuiiiiiiiiiiiiteiteteeeeteste ettt 1293

B B o (0] 15170 1 B OSSR 1298

23.6.1  Hardware ProteCtion ...........cccceeruieriieniieiieiesiesieeste ettt 1298

23.6.2  Software ProteCtion..........cocuerieriieiiieniieiinieneereee ettt 1299

23.6.3  EITOT PrOtECtION. c...eoutieiiiiiiiieiicteet ettt 1299

23.7  Flash Memory Emulation in RAM ......ccccooviiiiiiiiieiie ettt 1301

23,8 USAZE NNOLES ...eueeieeiiieieett ettt ettt ettt ettt b et e bttt eat e sbt e bt et e esbeebtesbaesbe e beenbesaeenae 1304

23.8.1  Switching between User MAT and User Boot MAT .........cccoeiiiieiinienienen. 1304

23.8.2  Interrupts during Programming/Erasing ...........cccecceveerieenieeieneenieesieeeeseennen 1305

23.8.3  Other NOES ...coueeruiiiieiieieeie ettt ettt ettt eneesr e sanesaeenneen 1307

23.9  Supplementary INfOrmMation .........c.eevveerieerieeiiieiie ettt sttt st esreeseeeesaaeenaeas 1309
23.9.1  Specifications of the Standard Serial Communications Interface in

BOOt IMOME ...ttt sttt ettt 1309

23.9.2  Areas for Storage of the Procedural Program and Data for Programming...... 1339

23.10 Programmer MO .........coouieiieiieiieieeieee ettt ettt ettt et b et e 1346

Section 24 Mask ROM ........oooiiiiiiiiiiiiiete e 1347

24,1 USAZE INOLES .uuveeureeiiieeiieesiie e st ettt este ettt estte ettt e ateesbtessbaeesbeessbeesaseesabeesaseesnseesnseesnseennses 1348

24.1.1  Module Standby Mode SEtting ........ccccereererrieriiereenieieeieeteneeteeieeee e seeen 1348

Section 25 RAM ..o e 1349

251 USAEZE INOLES ettt ettt ettt ettt ettt ettt et s e st e e sttt s bt e sabeesabeesabeesabeesateesabaenaees 1350

25.1.1  Module Standby Mode Setting ..........ccecueeriierieriiiinieeiieeeeeiee e eieeseee e 1350

25.1.2  AdAIess EITOT.....c.coouiiiiniiiiiiiinienieiee ettt 1350

25.1.3  Initial Values in RAM......ccccooiiiiiiiiiiiiiniteeeee et 1350

Section 26 Power-Down MOdEes ........c.c.cecveiviiriiinieniiiinicnieceeeeeec e 1351

20.1  FEATUTES.....c.ueeiieiiiieiiee ettt ettt et ettt bt e e s st eae 1351

26.1.1  Types of POWer-Down MOdES ..........c.covueeriirnieeniiiiieeiie et siee e 1351

26.2  INPUH/OUIPUL PINS..eiiiiiiiiiiiiiieiieeieeeteee ettt ettt et ettt e e aeesabaesnsaesaes 1353

26.3  RegiSter DESCIIPLIONS .....eeutiiuiieiiieiieetieteeteete ettt ettt ettt st st 1354

RO1UHO198EJ0600 Rev. 6.00 Page xxv of Ix

Oct 16, 2014 RRENESAS



26.3.1  Standby Control Register 1 (STBCRI)......ccoviiviiiiiiiniiiiiiiiieieeiceeeeen 1354

26.3.2  Standby Control Register 2 (STBCR2).......cccccevviiiiiieniieniienieesieeieeeeeeen 1355
26.3.3  Standby Control Register 3 (STBCR3).......coooieviiiiiiiniieiiienieesieete e 1356
26.3.4  Standby Control Register 4 (STBCR4)......cccevvieniiniiniiiiiiineececeeeceee 1357
26.3.5  Standby Control Register 5 (STBCRYS)......cccuevveiiniineninininieieeeeereeciennens 1359
26.3.6  Standby Control Register 6 (STBCRO).......cccoeviiriiiiiiiiieeeeeeeeeee 1360
26.3.7 RAM Control Register (RAMOCR)........coocuiiriiiniiiiiiiieeiieeeeeteeiee e 1361
264 SIEEP MOAE .....oeiiieiiieeite ettt sttt et st sttt s e e et e e baeeaaeeabee 1362
26.4.1  Transition to SIEEP MOde.......ccovuieriiiiiiiiiiieiieeeieesieeete ettt s 1362
26.4.2  Canceling Sleep MOde........ccceeriiiiiiiiiienienieeieeeeesete et 1362
26.5 Software Standby MOdEe........cccueeiiruiirieiieeeieet ettt 1363
26.5.1  Transition to Software Standby Mode ...........cccoeiieiiniiiiiiiieceeeeeee 1363
26.5.2  Canceling Software Standby Mode ..........ccocueeviirnieiniiiiiieeieeeeee e 1364
26.6  Deep Software Standby MOE .......cccvivriiiriiirieeie ettt 1365
26.6.1  Transition to Deep Software Standby Mode...........ccevcvienieeniernieeniesieeeeeen. 1365
26.6.2  Canceling Deep Software Standby Mode..........cccceverviiniiniininniniineeneeene 1365
26.7  Module Standby MOdE..........ocuiiiuiiiiiieiietee ettt 1366
26.7.1  Transition to Module Standby Mode ..........cceeeeiiriiniinienieeee e 1366
26.7.2  Canceling Module Standby Function.........cc.ccceeceerieeniiieniennieenieeiceeeeeenn 1366
26.8  USAZE INOLE ..eveeiiieiiiieeiiteeite ettt et st et e sttt e st e e st e e sabeessteesabeessteesabeessseesaseensseesaseensnas 1367
26.8.1  Current Consumption while Waiting for Oscillation to Be Stabilized............ 1367
26.8.2  Executing the SLEEP INStruCtion .......cc.coouerieniienieniienienienieenieeiceee e 1367
Section 27  List Of REZISTEIS...cccuuiiiiiiiiiiieiiiieeiieeeteeee et 1369
27.1 Register Address Table (In the Order from Lower Addresses) .........cocceeveeeveecreecueneennen. 1370
272 REZISIET BIt LS. .iiiuiiiiiieiiieiieeiieeete ettt sttt st e st e st e st e e sbeesabaesnsaesans 1385
27.3  Register States in Each Operating Mode ...........ccceeviiieriiiiniieniiieniienieenieesieesee e 1413
Section 28 Electrical CharacCteriStiCs .......cooueerruieerniieeriiieeniieeeieeeeiieesreee e 1427
28.1  Absolute Maximum Ratings .........ccccevieiiieiiniiiieiiieieeie ettt 1427
28.2  DC CRAraCteriStiCS .e..verureruieieeiieiinieenieeteeteetest sttt e e st sae et en e eene s e re e neeneeanesanes 1428
28.3  AC CRAraCteriSTICS .e..verueeueeiieieriieeieenteeteete ettt ettt et st sb e ae et et sbee b e beenesanesaees 1435
28.3.1  ClOCK THMING ....eeuiiniiieiiteiie ettt sttt 1436
28.3.2  Control Signal TIMiNG ....cccceooveriieriiriiiienienieeieeteete sttt se e 1439
28.3.3  AC BUS TIMING . c.eeeuieiiieiieieeie ettt ettt ettt st e st steetesaee st e saeeneeene 1442
28.3.4  Direct Memory Access Controller (DMAC) Timing.......ccccoceevereeeeveneeuenens 1479
28.3.5  Multi Function Timer Pulse Unit 2 (MTU2) Timing..........ccecceevveereernueenneen. 1480
28.3.6  Multi Function Timer Pulse Unit 2S (MTU2S) Timing ........cccceceevverruvennnen. 1482
28.3.7 /O POIt TIMING..c..ecueiuiriieieeiieiteieietestest ettt sttt et 1483
28.3.8  Watchdog Timer (WDT) Timing.......cccceeveereerieriienienienieeienieneenieeneeee e 1484
Page xxvi of Ix R01UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



28.3.9  Serial Communication Interface (SCI) Timing..........cceceevvveeriiieriieenieenuennnnn. 1485

28.3.10 Serial Communication Interface with FIFO (SCIF) Timing..........ccccccevueeneee. 1487
28.3.11 Synchronous Serial Communication Unit (SSU) Timing.........ccccceevcveerveenee. 1489
28.3.12  Port Output Enable (POE) Timing.......c.cceecervueriereeneinienienieneeieeieseesieeneeen 1492
28.3.13 I’C Bus Interface 2 (IIC2) TiMINE ...c.cvvevverueereeeeeceeeeeeeeeeeseeeeseeeeseeae s 1493
28.3.14  UBC Trig@er TimiNg ...ccccoevveruieieieieientinienieeteeie ettt st eeenees 1495
28.3.15  A/D Converter TiMiNg.......coeoueiirieriiieiiieniieeiteeiee ettt e siteesbeesateesreesaees 1496
28.3.16 AC Characteristics Measurement Conditions .........c..ceceevveeeeneeriercienveneennns 1497
28.4  A/D Converter CharaCteriStiCS .......eouteruerrreruenieneenieeientenieenteeteentesreesteesteesesenesseesseennes 1498
28.5  Flash Memory CharacteriStiCs ........ceeruerruerierienieenieeieetenite et et et setesbeesbe e e seee e 1499
28.0  USAZE NNOLC.....eeiueeiieitieiee ettt et et et et e s bt e bt et e eateeatesae e bt enbeemeeeseeebeenbeeseensesneenaes 1500
28.6.1  Notes on Connecting V, Capacitor..........ccccoevueiiiriciiinciiinceeeseee s 1500
YN 0] 11S) 114 USRS 1501
A. PIN STALES ..ottt ettt 1501
B. Processing of Unused Pins........coceviiiiiiiiiiiieiieeeee ettt 1531
C. Pin States of Bus Related Signals .........cceeierieiieiiieieeieseesee e 1532
D. Product Code LINEUP ....cc.eevuiiiiiiiieieeieeieeie ettt ettt et sttt et saee e e e s 1556
E. Package DIMENSIONS ......ccccviiiiiieriiiiiieeiee ettt sttt ettt et e st e st e it e s aaeeaees 1558
Main Revisions for This Edition.........cccccccveeriiiiriiiieiiieeiie e 1563
£ 16 [ QPSPPSR 1647
R0O1UH0198EJ0600 Rev. 6.00 Page xxvii of Ix

Oct 16, 2014 RRENESAS



Page xxviii of Ix R0O1UH0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Figures

SECHON 1 OVEIVIEW ...eeiiiiiiiiiiieiiieeeite ettt ettt ettt e sttt e e s 1
Figure 1.1 BloCK DIa@Iram ........cooiiiiiiiiiiieiieie ettt et sttt et saeenee e emeeeaeas 7
Figure 1.2 Pin Assignments of SH7083 (TQFP1414-100) ......cccccccieviimienieniniinienieneeeereeeenaeen 8
Figure 1.3 Pin Assignments of SH7084.........ccccioiiiiiiieeieeeete et 9
Figure 1.4 Pin Assignments of SH708S5.........cociiiiiiiiiieie ettt 10
Figure 1.5 Pin Assignments of SHT7086...........cccoriiiiiiiiiiiieieeeeeteeeeee et e 11
Figure 1.6 Pin Assignments of SH7083 (P-LFBGA-112) ....ccoiiiiiiiiiiiiieeeceeeeeeee e 12
SeCtioN 2 CPU ..ottt 23
Figure 2.1 CPU Internal Register COnfiguration .............cccoecveerierniienieenieeniieeieeeieesieesveesiee s 24
Figure 2.2 Register Data FOTMAL..........cocciiiiiiiiiiiiiecie ettt sttt ettt et sre et esaae e 28
Figure 2.3 Memory Data FOrmat ..........ccccooiiiiiiiiiiniiiii et 28
Figure 2.4 Transitions between Processing States ..........cecvereereeriieiieeienieseeseenie e eee e saeeniens 52
Section 3 MCU Operating MOdES ........ceeeriiiiriiieniieeiieeieeetee et 55
Figure 3.1 Address Map for Each Operating Mode in SH7083

(256-Kbyte Flash MemOTY VEISION).....c.eervieriuierrieriiieniiesieenieesieesieesseessreesseesaseessseesnne 58
Figure 3.2 Address Map for Each Operating Mode in SH7083

(512-Kbyte Flash Memory VEersion)........ccccoccreeuerereeieienienenenenieeieeneesesessessessesuesseennens 59
Figure 3.3 Address Map for Each Operating Mode in SH7084

(256-Kbyte Flash MemOTY VEISION).......cevuueeriueeriiiniienieenieesiiteeieesieesieesiteesreesabeesseesane 60
Figure 3.4 Address Map for Each Operating Mode in SH7084

(512-Kbyte Flash MemOTY VEISION).....c.eevuieriiieriieriiieriienieesieenieesieesseesreesseesnseessseesnne 61
Figure 3.5 Address Map for Each Operating Mode in SH7085

(256-Kbyte Flash Memory VErsion)........cccceceeeerientieniienieeieeiesieeseeesieeeeeee e seeeseeeneeeneens 62
Figure 3.6 Address Map for Each Operating Mode in SH7085

(512-Kbyte Flash MemOTy VEISION).......cceueeriuieriieniieniienieesieesieesieesieesiteesreesabeesneesaee 63
Figure 3.7 Address Map for Each Operating Mode in SH7086...........ccccocvvvviinniiinieniieiiieeieene 64
Figure 3.8 Reset Input Timing when Changing Operating Mode...........ccccevvieniienienneeiniencieene 65
Section 4 Clock Pulse Generator (CPG)........ccvevevveiiiiieiiiiiiiieeeeeeeeeciieeeee e 67
Figure 4.1 Block Diagram of Clock Pulse Generator ..............cccceereerierienieneenieeieeieeeeseesieenens 68
Figure 4.2 Connection of Crystal Resonator (EXample)........ccocceevvieeriieniieeniiienieenieeniee e 82
Figure 4.3 Crystal Resonator Equivalent CirCUit..........coocueeviieriieenieenieerie et eiee s eeee s 82
Figure 4.4 Example of External Clock CONNECION .....ccocveeriieriierieeniienieenieenieesreesireesreesneenes 83
Figure 4.5 Cautions for Oscillator Circuit Board Design ..........ccoceereereniieniinieneineiiencenceeeae 85
Figure 4.6 Recommended External Circuitry around PLL ..........ccccooiiiiiiiiiiiiieeceeeeee 86
R0O1UH0198EJ0600 Rev. 6.00 Page xxix of Ix

Oct 16, 2014 RRENESAS



Section 6 Interrupt Controller (INTC).....ccccueiiiiiiiiiiiiiieiieeeeeceeeeee e 105

Figure 6.1 Block Diagram of INTC.........cccceeriiiiiiiiieeiieeiee ettt 106
Figure 6.2 Block Diagram of IRQ7 to IRQO Interrupts Control..........cccueevveereerniienseesiieenieenns 122
Figure 6.3 Interrupt Sequence FIOWChArt ..........cccooviiiiiiiiiiiiiiiiic e 129
Figure 6.4 Stack after Interrupt Exception Handling..........c..cooovevieiiiiiiiinineeeeeeeee e, 130
Figure 6.5 IRQ Interrupt Control Block Diagram ............ccooceiieiienieiiiiiieieneeeeee e 132
Figure 6.6 On-Chip Module Interrupt Control Block Diagram ...........cccccceveevieiniiiinieeniieennieene 133
Section 7 User Break Controller (UBC)........uvviiiiiiiiiiiiieiiecceeeeeieeeeeee e 135
Figure 7.1 Block Diagram of UBC .........ccocoiiiiiiiniiiiiiiienieteeeieee ettt 137
Section 8 Data Transfer Controller (DTC).......oooiiveiiiiiiieeieeieiieeicieeeeeeee e, 171
Figure 8.1 Block Diagram of DTIC .........coiiiiiiiiiiiiiiiieiieeeeeteeee sttt 172
Figure 8.2 Transfer Information on Data AT€a........ccceevviiriieiiiieiiiieniieeiee ettt sve e 185
Figure 8.3 Correspondence between DTC Vector Address and Transfer Information............... 185
Figure 8.4 Flowchart of DTC OPEration ...........ccceceevuevieniininininieeeieieiene st 190

Figure 8.5 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) .......cccvveieiiieiiiiieiieeeeeiiieeee e e 194
Figure 8.6 Memory Map in Normal Transfer Mode...........cccoeveeviiriieenieeiiieeiie st 196
Figure 8.7 Memory Map in Repeat Transfer Mode

(When Transfer Source Is Specified as Repeat Area)..........ccecveeveveenenineneeeeneeneennenennen 197
Figure 8.8 Memory Map in Block Transfer Mode

(When Transfer Destination Is Specified as Block Area)........ccccccevveevieinieinieniieennieennne. 199
Figure 8.9 Operation of Chain Transfer..........ccovviiiiiiiiiiniieniieiecece e 200

Figure 8.10 Example of DTC Operation Timing:

Normal Transfer Mode or Repeat Transfer Mode

(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 CYCles)....c..cecvevveriinerinerienieienicieneeeseeeereeeie e 201
Figure 8.11 Example of DTC Operation Timing:

Block Transfer Mode with Block Size =2

(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 CyCles)......ccceeririiriiiiiinienieeeeee e 201
Figure 8.12 Example of DTC Operation Timing: Chain Transfer

(Activated by On-Chip Peripheral Module; 1¢: Bd: Pd =1: 1/2: 1/2;

Data Transferred from On-Chip Peripheral Module to On-Chip RAM;

Transfer Information Is Written in 3 CyCles)......coceeverviriiniinienieiieicneee e 202

Page xxx of Ix RO1UH0198EJ0600 Rev. 6.00
RENESAS Oct 16, 2014



Figure 8.13 Example of DTC Operation Timing:

Normal or Repeat Transfer in Short Address Mode

(Activated by On-Chip Peripheral Module; 1¢: Bd: Pd =1: 1/2: 1/2;

Data Transferred from On-Chip Peripheral Module to On-Chip RAM;

Transfer Information Is Written in 3 CyCles).......cooieriiiiriiiiiiieiie e 202
Figure 8.14 Example of DTC Operation Timing:

Normal or Repeat Transfer with DTPR =1

(Activated by On-Chip Peripheral Module; 1¢: Bd: Pd =1: 1/2: 1/2;

Data Transferred from On-Chip Peripheral Module to On-Chip RAM;

Transfer Information Is Written in 3 CyCles).......cocuevieriiriirieniieiiinceneeeeiceteeeesieeiens 203
Figure 8.15 Example of DTC Operation Timing:

Normal or Repeat Transfer (Activated by IRQ; Ip: Bo: P =1: 1/2: 1/2;

Data Transferred from On-Chip Peripheral Module to On-Chip RAM;

Transfer Information Is Written in 3 CyCles)......occeeviiiniiiniiinieiieeieeieeeeeee e 203
Figure 8.16 Example of DTC Operation Timing:

Conflict of Two Activation Requests in Normal Transfer Mode

(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 CYCles).....cccoevirirereririieieienineneseeceeeneecee 208
Figure 8.17 Example of DTC Activation in Accordance with Priority.........ccececevcieneencnncnnee. 209
Figure 8.18 Activation of DTC by INtEITUPL.......eeviiiiriiiriieiienieeie ettt 210
Figure 8.19 Chain Transfer when Counter = 0 ........ccccceoeniiininiiniiieieieieneene e 212
Section 9 Bus State Controller (BSC).....coooouvveieiiiiiieeeeee e 217
Figure 9.1 Block Diagram of BSC.......cocciiiiiiiiiiiiii ettt 219
Figure 9.2 Normal Space Basic Access Timing (Access Wait 0).....cccceeveeerieenieenieenieeenienneenn 288
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) ........... 290
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) ........... 291
Figure 9.5 Example of 32-Bit Data-Width SRAM Connection..........c..ceceeceereeneenreecrencneneene. 292
Figure 9.6 Example of 16-Bit Data-Width SRAM Connection..........ccceecveerveerveenveeseeeneenneenn 293
Figure 9.7 Example of 8-Bit Data-Width SRAM Connection..........c.cceeeveerueereeenveeneeeneennnenn 293
Figure 9.8 Wait Timing for Normal Space Access (Software Wait Only) ........ccccceeeverennennen. 294
Figure 9.9 Wait State Timing for Normal Space Access

(Wait State Insertion Using WAIT Signal)........ccccoeverenirinirnieiienienineneeesceeeneeenene 295
Figure 9.10 CSn Assert Period EXIENSION. ............ovvveveveeeeeseesseesesesesssssesssssseseessessesnenes 296

Figure 9.11 Access Timing for MPX Space (Address Cycle No Wait, Data Cycle No Wait) ... 298
Figure 9.12 Access Timing for MPX Space (Address Cycle No Wait,
Assert Period Expansion 1.5, Data Cycle No Wait, Negation Period Expansion 1.5)...... 299

R0O1UH0198EJ0600 Rev. 6.00 Page xxxi of Ix

Oct 16, 2014 RRENESAS



Figure 9.13 Access Timing for MPX Space (Address Cycle Wait 1, Data Cycle No Wait) ...... 300
Figure 9.14 Access Timing for MPX Space (Address Cycle Access Wait 1,

Data Cycle Wait 1, External Wait 1) .....ccoovieiiiiiiiniieniieeicerieeeeeeseesee e 301
Figure 9.15 Example of 32-Bit Data Width SDRAM Connection

(RASU and CASU Are NOt USEd)......uveiiiiiiieeeiiee et 303
Figure 9.16 Example of 16-Bit Data Width SDRAM Connection

(RASU and CASU Are NOt USEd)......coruivieiriiieiriiieineieeeeeeeeseeee e 304
Figure 9.17 Example of 16-Bit Data Width SDRAM Connection

(RASU and CASU AT USEA)....ccceiiieiiriiiiee et eeeeieree e eeeeareee e e e eesearaeeeeeeeeeannes 305
Figure 9.18 Burst Read Basic Timing (Auto-Precharge)..........cccceeverieiiiniiniinciiciiinceiceee 319
Figure 9.19 Burst Read Wait Specification Timing (Auto-Precharge).........cocceveveveveeceeenenne. 320
Figure 9.20 Single Read Basic Timing (Auto-Precharge) ..........ccccoceevenenenincninincienciennenne. 321
Figure 9.21 Basic Timing for SDRAM Burst Write (Auto-Precharge) ..........ccccceevrveinieninnnnnns 323
Figure 9.22 Single Write Basic Timing (Auto-Precharge) ........ccccevveveieeiiiienieeniiienieenieeniees 324
Figure 9.23 Burst Read Timing (NO Auto-Precharge)........ccoecveevvieeniieniiieniienieecieeeiee e 326
Figure 9.24 Burst Read Timing (Bank Active, Same Row Address) .......c.ccceceeveevenienieneenienns 327
Figure 9.25 Burst Read Timing (Bank Active, Different Row Addresses) ........cccceceeveeevennenne. 328
Figure 9.26 Single Write Timing (No Auto-Precharge) .........cocceveveeeeienieneninincninieeeieeenen 329
Figure 9.27 Single Write Timing (Bank Active, Same Row Address).........c.ccceceevvercvineeneennnnns 330
Figure 9.28 Single Write Timing (Bank Active, Different Row Addresses).......c..cccceecvereenennn 331
Figure 9.29 Auto-Refresh Timing ......cccceeiiiiiiiiiiiiiieerieee ettt s 333
Figure 9.30 Self-Refresh Timing ........ccoeerieriiiiiniiiieeeeeeeteste ettt 334
Figure 9.31 SDRAM Mode Register Write Timing (Based on JEDEC) ......c..cccocceivveveienncnne. 337

Figure 9.32 Burst ROM (Clock Asynchronous) Access
(Bus Width = 32 Bits, 16 byte Transfer (Number of Burst = 4),

Access Wait for the 1st time = 2, Access Wait for 2nd Time and after = 1) ................... 340
Figure 9.33 Basic Access Timing for SRAM with Byte Selection (BAS =0) ....cccccovvivieneenens 341
Figure 9.34 Basic Access Timing for SRAM with Byte Selection (BAS = 1) .cccooeviiriinienens 342
Figure 9.35 Byte Selection SRAM Wait Timing

(BAS =1, SW[1:0] =01, WR[3:0] = 0001, HW[1:0] = 01) c.cectereriinirinenereeeceereeennen 343
Figure 9.36 Example of Connection with 32-Bit Data Width Byte-Selection SRAM................ 344
Figure 9.37 Example of Connection with 16-Bit Data Width Byte-Selection SRAM................ 344
Figure 9.38 Example of PCMCIA Interface ConNection...........coccueerueeevieerieeniieeniieeniieenieenneenns 346
Figure 9.39 Basic Access Timing for PCMCIA Memory Card Interface............ccccceceeveeneennenns 347
Figure 9.40 Wait Timing for PCMCIA Memory Card Interface

(TED[3:0] = B'0010, TEH[3:0] = B'0001, Hardware Wait = 1) ......c.ccccceververvenucnenennenne. 348
Figure 9.41 Example of PCMCIA Space Assignment

(CSSWCR.SA[1:0] = B'10, CSOWCR.SA[1:0] = B'10) c.cvevirrireiriecrerccnereceeenenne 349
Figure 9.42 Basic Timing for PCMCIA I/O Card Interface ..........ccoccueeveeriiienieencieeniieenieenieenne 350
Page xxxii of Ix R01UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Figure 9.43 Wait Timing for PCMCIA I/O Card Interface Timing

(TED[3:0] = B'0010, TEH[3:0] = B'0001, Hardware Wait 1) .........ccccceeeervreinirieeeniieeens 351
Figure 9.44 Burst MPX Device Connection Example........c..ccocceveenieniniiinienieneenenienreneeneen 352
Figure 9.45 Burst MPX Space Access Timing (Single Read, No Wait or Software Wait 1) ..... 353
Figure 9.46 Burst MPX Space Access Timing

(Single Write, Software Wait 1, Hardware Wait 1) .......cccoooieiiiiiiiniincienceeee e 354
Figure 9.47 Burst MPX Space Access Timing (Burst Read, No Wait or Software Wait 1)...... 355
Figure 9.48 Burst MPX Space Access Timing (Burst Write, No Wait) ........coceeveenervencicnnenen. 356

Figure 9.49 Burst ROM (Clock Synchronous) Access Timing
(Burst Length = 8, Access Wait for the 1st time = 2,

Access Wait for 2nd Time after = 1).......ccooooeiiiiiiiiiieeeeieeeeee e 357
Figure 9.50 Bus Arbitration when DTC and DMAC Compete during

External Space Access from CPU........cccooiiiiiiiiiiiiietec ettt 372
Figure 9.51 Bus Arbitration when DTC or DMAC Activation Request Occurs during

External Space Access from CPU........ccccooiiiiiiiiniiiieeieee ettt 374
Figure 9.52 Bus Arbitration Timing ........ccceevieriieriiiiiiienieieee sttt 376
Figure 9.53 Timing of Write Access to On-Chip Peripheral I/O Registers

When IQ:Bh:Ph = 4:2:2 .ttt st 380
Figure 9.54 Timing of Read Access to On-Chip Peripheral I/O Registers

When IQ:Bh:Phd = 4:2: 1 ..ottt aeesae e saeesseenseens 381
Figure 9.55 Timing of Write Access to Word Data in External Memory

When [¢:B¢ = 2:1 and External Bus Width Is 8 Bits.......cccccooeeriiniiiiniiniiniiicieneeens 383
Figure 9.56 Timing of Read Access with Condition I¢:B¢ = 4:1 and

External Bus Width > Data Width ........c.ccoooiiiiiiiiieeee e 383
Section 10 Direct Memory Access Controller (DMACQC) .......cocccevvvivviiieeennene 385
Figure 10.1 Block Diagram of DMAC ........c.coociiiiiiiiiiiiiienieesieeste ettt sae e s 386
Figure 10.2 DMA Transfer FIOWCRAIt..........ccccoiiiiiiiiiiiiiiieceeeeeee e 400
Figure 10.3 Round-Robin MOde.........c.cooiiiiiiiiiieiiee ettt 405
Figure 10.4 Changes in Channel Priority in Round-Robin Mode..........ccccceocvriiniiniiiieineee. 406
Figure 10.5 Example of Activation Priority Operation of DMAC

(Priority Fixed Mode (CHO > CHI1 > CH2 > CH3)) ..cooovvviiiiiieeieeeieeeiee e 407
Figure 10.6 Data Flow of Dual Address MOde........c.ceovuieriiiniieniienieenieerieente e 409
Figure 10.7 Example of DMA Transfer Timing in Dual Mode

(Source: Ordinary Memory, Destination: Ordinary Memory) ..........cccceeeeeveereenceneeeneene 410
Figure 10.8 Data Flow in Single Address Mode..........cceerieierienienieneerie e 411
Figure 10.9 Example of DMA Transfer Timing in Single Address Mode...........ccccceevveeruennnen. 412
Figure 10.10 DMA Transfer Example in Cycle-Steal Normal Mode

(Dual Address, DREQ Low Level Detection) .........ccccviiieeiiieiiiieeeiiiie e eireeeesiveee e 413
RO1UHO0198EJ0600 Rev. 6.00 Page xxxiii of Ix

Oct 16, 2014 RRENESAS



Figure 10.11 Example of DMA Transfer in Cycle Steal Intermittent Mode

(Dual Address, DREQ Low Level Detection) ........ccccueeeccuieeeeiiiieeeiiiee e 413
Figure 10.12 DMA Transfer Example in Burst Mode

(Dual Address, DREQ Low Level Detection) ........cccueeeecuireeeiuiieeeiiiee e e 414
Figure 10.13 Bus State when Multiple Channels Are Operating...........cccceeeeeeeereeseeesieneeneennens 416
Figure 10.14 Example of DREQ Input Detection in Cycle Steal Mode Edge Detection............ 417
Figure 10.15 Example of DREQ Input Detection in Cycle Steal Mode Level Detection........... 418
Figure 10.16 Example of DREQ Input Detection in Burst Mode Edge Detection..................... 418
Figure 10.17 Example of DREQ Input Detection in Burst Mode Level Detection .................... 419
Figure 10.18 DMA Transfer End Timing (in Cycle Steal Level Detection).........c..ccceeceeneennenn. 419
Figure 10.19 BSC Ordinary Memory Access

(No Wait, Idle Cycle 1, Longword Access to 16-Bit Device) .........cccceeveeeienieenencieneenen. 420

Figure 10.20 Example of Timing of DMAC Operation—Activation by DREQ
(in the Case of Cycle Stealing Transfer, Dual Address Mode, Low-Level Detection,
19:Bd:Pp = 1:1/2:1/2, Data Transfer from External Memory to External Memory,
AN TAI/WATt = 0) .ooiiiiiiiieiececeee et e e e e et e e et e e e et e e e eaneas 421
Figure 10.21 Example of DMAC Operation Timing— Activation by an On-Chip Peripheral
Module (in the Case of Cycle Stealing Transfer, Dual Address Mode,
Low-Level Detection, I¢p:B¢:P¢p = 1:1/2:1/2, and Data Transfer from

On-Chip Peripheral Module to On-Chip RAM) ....cccccoviiiiiiiiiiiiiiieiiieeieesieeeiee s 422
Figure 10.22 Example DMA Transfer Sequence in Peripheral Module Request Mode (RXI) .. 426
Figure 10.23 Example Dummy Transfer Sequence (RXI) ....c..ccooeeviriiniiniiniiniiiciienceceee 427
Section 11 Multi-Function Timer Pulse Unit 2 (MTU2).........ccooevivvreeereeeeennnnn. 429
Figure 11.1 Block Diagram of MTU2 ......cccoiiiiiiiiiiiiiieeeeteeee ettt 434
Figure 11.2 Complementary PWM Mode Output Level Example ..........ccocceeveiiiieniieniieeniienns 504
Figure 11.3 PWM Output Level Setting Procedure in Buffer Operation............cceccevverveeneennens 509
Figure 11.4 Example of Counter Operation Setting Procedure ............c.ccooceeveeniininienienienen. 522
Figure 11.5 Free-Running Counter OPEeration ............ccceerueerueriereenieeneeeneeeieeeeesieesteeeeseeseeesneas 523
Figure 11.6 Periodic Counter OPeration..............eceereererruerierieneenieeeeeeeeiceseeesieeseeeeesseesseensens 524
Figure 11.7 Example of Setting Procedure for Waveform Output by Compare Match.............. 524
Figure 11.8 Example of 0 Output/1 Output OPEration ..........cocueereeerieereernieeesieesiieesireesveesiveenns 525
Figure 11.9 Example of Toggle Output OPeration ............ccceecveervueeriieeriueeriieeniueesireesiseessveessveenns 525
Figure 11.10 Example of Input Capture Operation Setting Procedure ............ccccceverienieneenicns 526
Figure 11.11 Example of Input Capture OPeration ...........cccceeveereereeenieesieeienienieenieeieeeeseesnees 527
Figure 11.12 Example of Synchronous Operation Setting Procedure ............ccceceveeieeiennennen. 528
Figure 11.13 Example of Synchronous Operation.............cccevcveerieeriieenieenieeniieenieenieesveeseeenns 529
Figure 11.14 Compare Match Buffer Operation.............cceeceeevieerieiiiennieiiieeiee st sieesveees 530
Figure 11.15 Input Capture Buffer Operation...........cceevveerieerieeniieiiiieeiee st sieesveesvee e 531
Figure 11.16 Example of Buffer Operation Setting Procedure.........c...ccccooceeveeniincniiinienienen. 531
Page xxxiv of Ix R01UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Figure 11.17
Figure 11.18
Figure 11.19

Figure 11.20
Figure 11.21
Figure 11.22
Figure 11.23
Figure 11.24
Figure 11.25
Figure 11.26
Figure 11.27
Figure 11.28

Figure 11.29
Figure 11.30
Figure 11.31
Figure 11.32
Figure 11.33
Figure 11.34
Figure 11.35
Figure 11.36

Figure 11.37
Figure 11.38
Figure 11.39
Figure 11.40
Figure 11.41
Figure 11.42
Figure 11.43
Figure 11.44
Figure 11.45
Figure 11.46
Figure 11.47
Figure 11.48
Figure 11.49
Figure 11.50
Figure 11.51
Figure 11.52

Example of Buffer Operation (1).......ccoceevieiniiiniiiiiiiieeiceeeeeceteeiee e 532
Example of Buffer Operation (2).......cccceevvueerieenieenieenieenieesee et enieeeieesiee s 533
Example of Buffer Operation When TCNT_0 Clearing Is Selected for

TGRC_0 to TGRA_O Transfer Timing........ccccecuervuerienieneinenie ettt 534
Cascaded Operation Setting Procedure ...........ccccoeveieerinieeiienieneeseee e 535
Cascaded Operation EXample (2) .......ccooeevierieniieiinieeieieeeee et 536
Cascaded Operation EXample (D) ......cooviirieiniiiniiiiiiiectceieeec e 536
Cascaded Operation EXample (C) ....cveevvierieeniienieeiieenieerie et 537
Cascaded Operation EXample (d) ......coocveeriueeniieniieiniienieeiceee et 538
Example of PWM Mode Setting Procedure ...........ccccooceevienennenieniinieneeneeeene 541
Example of PWM Mode 1 Operation............ccecueeeereesieenieesieeieeieseeseeseeeseeeee s 542
Example of PWM Mode 2 Operation...........cccecueeeereeniienieenieeieeieseeseeeneeeneeeee s 542
Example of PWM Mode Operation

(PWM Waveform Output with 0% Duty and 100% Duty) ........cccceevevieriieniiienseenieenieens 543
Example of Phase Counting Mode Setting Procedure..........ccocceevveeniennereneennnnn. 545
Example of Phase Counting Mode 1 Operation ............ceoeeveeeeereeneeneeneenieneennes 546
Example of Phase Counting Mode 2 Operation ............ceceeveeeveeeeneeneeneeneeseennes 547
Example of Phase Counting Mode 3 Operation ............ceceeveeeueeeereeneeneeneeeeennes 548
Example of Phase Counting Mode 4 Operation ............ccceeeeeveerneenniensieesnieenneenn 549
Phase Counting Mode Application Example..........cccccovvveeviiiniennieinieeiee e 551
Procedure for Selecting Reset-Synchronized PWM Mode.........cccccovvveevivineennnnn. 553
Reset-Synchronized PWM Mode Operation Example

(When TOCR’S OLSN =1 and OLSP = 1) c..cciiiiiiiiiieieincceeeeeeeeseeees e 554
Block Diagram of Channels 3 and 4 in Complementary PWM Mode .................. 557
Example of Complementary PWM Mode Setting Procedure............c.cccoccenuenenne. 558
Complementary PWM Mode Counter Operation..........ccceeveereveenveenveenieeeneesnneens 560
Example of Complementary PWM Mode Operation ............ccceeveeerveenieeeneennnnns 562
Example of Operation without Dead Time.........cccccecuerienienenienieniencenceceeee 565
Example of PWM Cycle Updating.........ccoceerieriieiiinienieniiesieeeee et 567
Example of Data Update in Complementary PWM Mode...........cocevererreeencnnne 569
Example of Initial Output in Complementary PWM Mode (1).....c.cccoceeveeiennenne. 570
Example of Initial Output in Complementary PWM Mode (2).....cccccocuereeneennnne 571
Example of Complementary PWM Mode Waveform Output (1) ........ccoeevuenenne. 573
Example of Complementary PWM Mode Waveform Output (2) ........cccceevueenenne 573
Example of Complementary PWM Mode Waveform Output (3) ........cccceeurenenne 574
Example of Complementary PWM Mode 0% and 100% Waveform Output (1)..575
Example of Complementary PWM Mode 0% and 100% Waveform Output (2) .. 575
Example of Complementary PWM Mode 0% and 100% Waveform Output (3) .. 576
Example of Complementary PWM Mode 0% and 100% Waveform Output (4) .. 576
Example of Complementary PWM Mode 0% and 100% Waveform Output (5) .. 577

Figure 11.53

R0O1UH0198EJ0600 Rev. 6.00

Oct 16, 2014

Page xxxv of Ix

RRENESAS



Figure 11.54 Example of Toggle Output Waveform Synchronized with PWM Output............. 578

Figure 11.55 Counter Clearing Synchronized with Another Channel ..........c..ccoccecerviiniencnnnens 579
Figure 11.56 Timing for Synchronous Counter CIearing ..........cc.cceevvueerueerrieeesieeniieeniieesveenveenns 581
Figure 11.57 Example of Procedure for Setting Output Waveform Control at

Synchronous Counter Clearing in Complementary PWM Mode.........cccoeoeniineniennnnnen. 582
Figure 11.58 Example of Synchronous Clearing in Dead Time during Up-Counting

(Timing (3) in Figure 11.56; Bit WRE of TWCR in MTU2 IS 1).ccccovviiiiiiiniiniiieieenne 583
Figure 11.59 Example of Synchronous Clearing in Interval Tb1 at Crest

(Timing (6) in Figure 11.56; Bit WRE of TWCR in MTU2 IS 1)....coceviinieninieniennennee. 583
Figure 11.60 Example of Synchronous Clearing in Dead Time during Down-Counting

(Timing (8) in Figure 11.56; Bit WRE of TWCR IS 1) .ccoooiiiiiiiiieieeieeeeeee 584
Figure 11.61 Example of Synchronous Clearing in Interval Tb2 at Trough

(Timing (11) in Figure 11.56; Bit WRE of TWCR IS 1) ...coociiiiiiiiiiiiiiieieeeieeeeee, 584
Figure 11.62 MTU2-MTU2S Synchronous Clearing-Suppressed Interval Specified by

SCC Bt in TWECRS ..ottt ettt 585
Figure 11.63 Example of Procedure for Suppressing MTU2-MTU2S Synchronous

COUNLET CLATINE ... veeueeeueieuieetieettet et et et et et e sttt et e et e s aeeste et e e teesteeseesseenbeebeeneesaeeenes 586

Figure 11.64 Example of Synchronous Clearing in Dead Time during Up-Counting

(Timing (3) in Figure 11.56; Bit WRE Is 1 and Bit SCC Is 1 in TWCRS of MTU?2S) ... 587
Figure 11.65 Example of Synchronous Clearing in Interval Tb at Crest

(Timing (6) in Figure 11.56; Bit WRE Is 1 and Bit SCC Is 1 in TWCRS of MTU?2S) .... 588
Figure 11.66 Example of Synchronous Clearing in Dead Time during Down-Counting

(Timing (8) in Figure 11.56; Bit WRE Is 1 and Bit SCC Is 1 in TWCRS of MTU?2S) .... 589
Figure 11.67 Example of Synchronous Clearing in Interval Tb at Trough

(Timing (11) in Figure 11.56; Bit WRE Is 1 and Bit SCC Is 1 in TWCRS of MTU2S) .. 590

Figure 11.68 Example of Counter Clearing Operation by TGRA_3 Compare Match................ 591
Figure 11.69 Example of Output Phase Switching by External Input (1)........ccocceverviinvienienens 592
Figure 11.70 Example of Output Phase Switching by External Input (2)........ccccceverviervienieniens 593

Figure 11.71 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (1).. 593
Figure 11.72 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (2).. 594

Figure 11.73 Example of Interrupt Skipping Operation Setting Procedure............ccecueevveeruenne 595
Figure 11.74 Periods during which Interrupt Skipping Count Can Be Changed........................ 596
Figure 11.75 Example of Interrupt SKipping Operation ...........ccecceeerveeerieeniieeniieenieenireenieesneenne 596

Figure 11.76 Example of Operation when Buffer Transfer Is Suppressed (BTE[1:0] = B'01)... 598
Figure 11.77 Example of Operation when Buffer Transfer Is Linked with

Interrupt Skipping (BTE[1:0] = B'10) ..ccueieriririeieieieeneseeeeeeeectenesrese e 599
Figure 11.78 Relationship between Bits T3AEN and T4VEN in Timer Interrupt

Skipping Set Register (TITCR) and Buffer Transfer-Enabled Period .........c..cccccccueeueenee. 600
Figure 11.79 Example of Procedure for Specifying A/D Converter

Start Request Delaying FUNCHION .......coc.eevuiiiiiiiniiieiiciieeeececeeeeee et 602
Page xxxvi of Ix RO1UH0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Figure 11.80 Basic Example of A/D Converter Start Request Signal (TRG4AN) Operation .... 603
Figure 11.81 Example of A/D Converter Start Request Signal (TRG4AN)

Operation Linked with Interrupt SKIPPINg .....cccveevverrieinieeiiienieete et 605
Figure 11.82 Example of A/D Converter Start Request Signal (TRG4AN)

Operation Linked with Interrupt SKipping.........cccoceereerienenienieieseeee e 606
Figure 11.83 Example of Synchronous Counter Start Setting Procedure..............ccccceveeuennenen. 607
Figure 11.84 (1) Example of Synchronous Counter Start Operation

(MTU2-to-MTU2S Clock Frequency Ratio = 1:1) .cucievieiriiiniiiiiiiiieciee e 608
Figure 11.84 (2) Example of Synchronous Counter Start Operation

(MTU2-to-MTU2S Clock Frequency Ratio = 1:2) ....cooeeviiiiiiiiiniiiiiiciciececeee 609
Figure 11.84 (3) Example of Synchronous Counter Start Operation

(MTU2-to-MTU?2S Clock Frequency Ratio = 1:3)..c..ccevirininiiiiiinininiceeceeceeecenne 609
Figure 11.84 (4) Example of Synchronous Counter Start Operation

(MTU2-to-MTU2S Clock Frequency Ratio = 1:4) .....covieeiiiiniiiiiiiieeeeeieeeiee s 610
Figure 11.85 Example of Procedure for Specifying MTU2S Counter

Clearing by MTU2 Flag Setting SOUICE ......cccueeueruieniienieenienienienieenieenieenie et sieesieenieenieens 611
Figure 11.86 (1) Example of MTU2S Counter Clearing Caused by MTU2 Flag

SELHNZ SOUICE (1) 1eueitietieiietiee ettt ettt ettt st e bt e bt e bt etesneesaeesaeeneeenes 612
Figure 11.86 (2) Example of MTU2S Counter Clearing Caused by MTU2 Flag

SELNZ SOUTCE (2) 1envveeiuiieiiieiiienie ettt st ettt e et eesbaeestee s bbeeaeessbaesnbeesnbaesseesnbeesseeses 612
Figure 11.87 Example of External Pulse Width Measurement Setting Procedure...................... 613
Figure 11.88 Example of External Pulse Width Measurement

(Measuring High Pulse Width) ........cccooiiiiiiiiiiieeee e 613
Figure 11.89 Example of Motor Control Circuit Configuration............c.cceceeeeerererereeeeneenenn 614
Figure 11.90 Delay in Dead Time in Complementary PWM Operation ........c..ccceceeevveeneennneenn 615
Figure 11.91 Example of Dead Time Compensation Setting Procedure ...........cccccoceeverecnncnnee. 615
Figure 11.92 TCNTU_S/TCNTV_S5/TCNTW_5 Capturing at Crest and/or

Trough in Complementary PWM Operation...........cccceceevervieriienieneeneenienienieseenieenieens 616
Figure 11.93 Count Timing in Internal Clock Operation (Channels 0 to0 4) ........cccceceeevevvenennene 622
Figure 11.94 Count Timing in Internal Clock Operation (Channel 5)........c.ccocecevervecieniencnnn. 622
Figure 11.95 Count Timing in External Clock Operation (Channels 0 t0 4) .........cccceeeeereenennee. 622
Figure 11.96 Count Timing in External Clock Operation (Phase Counting Mode).................... 623
Figure 11.97 Output Compare Output Timing (Normal Mode/PWM Mode).........ccccecvveruvennnenn. 623
Figure 11.98 Output Compare Output Timing

(Complementary PWM Mode/Reset Synchronous PWM Mode).........cccceeeeevieneeneennne. 624
Figure 11.99 Input Capture Input Signal Timing.........cccceveverinireriienenienenineneeeeeeeereeenene 624
Figure 11.100 Counter Clear Timing (Compare Match) (Channels 0 to0 4).........ccoceevveenienneene 625
Figure 11.101 Counter Clear Timing (Compare Match) (Channel 5)........ccccccevcvverieenieeneenncnn. 625
Figure 11.102 Counter Clear Timing (Input Capture) (Channels 0 t0 5)......ccceecveevveerveeneennnnnn 626
Figure 11.103 Buffer Operation Timing (Compare Match)...........ccoceevirviiniinienienninienieneeen. 626
RO1UHO0198EJ0600 Rev. 6.00 Page xxxvii of Ix

Oct 16, 2014 RRENESAS



Figure 11.104
Figure 11.105
Figure 11.106
Figure 11.107

Figure 11.108
Figure 11.109
Figure 11.110
Figure 11.111
Figure 11.112
Figure 11.113
Figure 11.114
Figure 11.115
Figure 11.116
Figure 11.117
Figure 11.118
Figure 11.119
Figure 11.120
Figure 11.121
Figure 11.122
Figure 11.123
Figure 11.124
Figure 11.125
Figure 11.126
Figure 11.127
Figure 11.128
Figure 11.129
Figure 11.130
Figure 11.131

Figure 11.132
Figure 11.133

Figure 11.134
Figure 11.135
Figure 11.136
Figure 11.137

Buffer Operation Timing (Input Capture) .........cceeceeerieenieenieenieenieeee e 626
Buffer Transfer Timing (when TCNT Cleared) .......c..ccoceeveeviercienieneeneenennnenne 627
Transfer Timing from Buffer Register to Temporary Register (TCNTS Stop)... 627
Transfer Timing from Buffer Register to Temporary Register

(TCONTS OPEIAtING) «..veeuveeueeeueeriienieesteeteeteetteetee bt eteeteseeesseesbeenteeseeentesaeasseenseenseentesneenseas 628
Transfer Timing from Temporary Register to Compare Register ....................... 628
TGI Interrupt Timing (Compare Match) (Channels 0 t0 4)......cccccevvveevvenneenneen. 629
TGI Interrupt Timing (Compare Match) (Channel 5) ........ccoceeviieviiiieiinieennenn. 629
TGI Interrupt Timing (Input Capture) (Channels 0 t0 4)......ccceveveevveenveenvennnen. 630
TGI Interrupt Timing (Input Capture) (Channel 5) .........cccceeveeverieneencencnnnenne. 630
TCIV Interrupt Setting Timing........ccecveeeeriereerie ettt 631
TCIU Interrupt Setting Timing........c.cecueeeerierieieeee ettt 631
Timing for Status Flag Clearing by CPU (Channels 0 t0 4)........cccccoceereeneenne. 632
Timing for Status Flag Clearing by CPU (Channel 5) .......cccccevvveevieenieennennnen. 632
Timing for Status Flag Clearing by DTC Activation (Channels 0 to 4).............. 633
Timing for Status Flag Clearing by DTC Activation (Channel 5)..........c..c........ 633
Timing for Status Flag Clearing by DMAC Activation ..........ccccceveeveereeneennenne 633
Phase Difference, Overlap, and Pulse Width in Phase Counting Mode............... 634
Contention between TCNT Write and Clear Operations............ccceeeveeveeeneeennneen. 635
Contention between TCNT Write and Increment Operations ...........cccceeveveennee. 636
Contention between TGR Write and Compare Match ..........ccoeeeevevieeneennieennen. 637
Contention between Buffer Register Write and Compare Match........................ 638
Contention between Buffer Register Write and TCNT Clear..........ccccecceveueenee. 639
Contention between TGR Read and Input Capture (Channels O to 4)................. 640
Contention between TGR Read and Input Capture (Channel 5) ...........ccoeeeneen. 640
Contention between TGR Write and Input Capture (Channels 0 to 4)................ 641
Contention between TGR Write and Input Capture (Channel 5) .........c.ccoveenee. 641
Contention between Buffer Register Write and Input Capture............c..ccouenee.e. 642
TCNT_2 Write and Overflow/Underflow Contention with

CaSCAAE COMMECTION. ....eutiueieietietieieeteeteettesteesteete et et e eaeeste et e e teentesseesbeenseebeenseeneesas 643
Counter Value during Complementary PWM Mode Stop.......cccceevveeviirneenneen. 644
Buffer Operation and Compare-Match Flags in

Reset Synchronous PWIM MOdE........ccc.iiiiiiiiiiniienieeniienieenieeste ettt sreeseeesine e 645
Reset Synchronous PWM Mode Overflow Flag ..........cccccoceniiniincniiiennncne. 646
Contention between Overflow and Counter Clearing .........ccccceceveeereereenennenne 647
Contention between TCNT Write and Overflow..........ccccoeeeeiieiiineniciceneee 648
Condition (1) Synchronous Clearing Example.........cc.cccoeviiinieiniiiinienneeinieeneen. 650
Condition (2) Synchronous Clearing Example..........c.cccoevuvevieeniiiiniennieeniienennn 651

Figure 11.138
Figure 11.139

A/D Converter Start Request Operation when 0 Is Written to

TADCOBRA_4/TADCOBRB_4.......coooiiiiiiiieieieieneeee et 652

Page xxxviii of Ix

RO1UH0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Figure 11.140 A/D Converter Start Request Operation

when Same Value as TCDR Is Written to TADCOBRA_4/TADCOBRB _4................... 652
Figure 11.141 Error Occurrence in Normal Mode, Recovery in Normal Mode............ccec....... 656
Figure 11.142 Error Occurrence in Normal Mode, Recovery in PWM Mode 1...........cccceueeeee. 657
Figure 11.143 Error Occurrence in Normal Mode, Recovery in PWM Mode 2.............cc.c...... 658
Figure 11.144 Error Occurrence in Normal Mode, Recovery in Phase Counting Mode............. 659
Figure 11.145 Error Occurrence in Normal Mode, Recovery in

Complementary PWM MOE.........coovuiiiiiiiiiiniienieeniteeteerie ettt et sinesieesiaesnnee s 660
Figure 11.146 Error Occurrence in Normal Mode, Recovery in

Reset-Synchronized PWM Mode..........ocooviiiiiiiiniiniiiiieieeiestesteseee et 661
Figure 11.147 Error Occurrence in PWM Mode 1, Recovery in Normal Mode......................... 662
Figure 11.148 Error Occurrence in PWM Mode 1, Recovery in PWM Mode 1 ........................ 663
Figure 11.149 Error Occurrence in PWM Mode 1, Recovery in PWM Mode 2 ........................ 664
Figure 11.150 Error Occurrence in PWM Mode 1, Recovery in Phase Counting Mode............ 665
Figure 11.151 Error Occurrence in PWM Mode 1, Recovery in

Complementary PWM MOdE........cocuoiiiiiiniiiiiiiieieniieieeeeee ettt 666
Figure 11.152 Error Occurrence in PWM Mode 1, Recovery in

Reset-Synchronized PWM Mode..........oc.ooiiiiiiiiiiieieieeeee ettt 667
Figure 11.153 Error Occurrence in PWM Mode 2, Recovery in Normal Mode......................... 668
Figure 11.154 Error Occurrence in PWM Mode 2, Recovery in PWM Mode 1 ............cc.ec..... 669
Figure 11.155 Error Occurrence in PWM Mode 2, Recovery in PWM Mode 2 ................c....... 670
Figure 11.156 Error Occurrence in PWM Mode 2, Recovery in Phase Counting Mode............ 671
Figure 11.157 Error Occurrence in Phase Counting Mode, Recovery in Normal Mode ............ 672
Figure 11.158 Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 1............ 673
Figure 11.159 Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 2............ 674
Figure 11.160 Error Occurrence in Phase Counting Mode, Recovery in

Phase Counting MO ..........eovuiiiiieiiieeiie ettt sttt e st seteesbeesibeesbeesaeeesabeenssees 675
Figure 11.161 Error Occurrence in Complementary PWM Mode, Recovery in

NOIMAL MOAE ...ttt ettt sbe et et st satesaeeee e e eneeeneens 676
Figure 11.162 Error Occurrence in Complementary PWM Mode, Recovery in

PWIM MOGE 1 ..ottt sttt ettt st 677
Figure 11.163 Error Occurrence in Complementary PWM Mode, Recovery in

Complementary PWM MO ..........ooviiiiiiiiniiiiitiieete ettt s svee e 678
Figure 11.164 Error Occurrence in Complementary PWM Mode, Recovery in

Complementary PWM MOdE........c.ccocueviiiiiiinininininicicientetenieeteeeeeereeeve e 679
Figure 11.165 Error Occurrence in Complementary PWM Mode, Recovery in

Reset-Synchronized PWM Mode..........ccccooiiiiriiniiiieiiiieneneeneesieeie e 680
Figure 11.166 Error Occurrence in Reset-Synchronized PWM Mode, Recovery in

NOIMAL MOttt e 681
RO1UHO0198EJ0600 Rev. 6.00 Page xxxix of Ix

Oct 16, 2014 RRENESAS



Figure 11.167 Error Occurrence in Reset-Synchronized PWM Mode, Recovery in

PWM MOAE 1 ..ot 682
Figure 11.168 Error Occurrence in Reset-Synchronized PWM Mode, Recovery in

Complementary PWM MOdEe.......cccooiiiiiiiiiiiiiiiieieeeeeeeeteeee et 683
Figure 11.169 Error Occurrence in Reset-Synchronized PWM Mode, Recovery in

Reset-Synchronized PWM MOdE ........ccoooiiiiiiiiiiiieee et 684
Section 13 Port Output Enable (POE) ........ccoooiiiiiiiiiiiieieeeeeeeeeeeeeee 693
Figure 13.1 Block Diagram of POE...........cccoooiiiiiiiiiiiiiice ettt 694
Figure 13.2 Falling Edge DeteCtion.........cocuiiuiiriiiniieiieiieieeiienitenttesie ettt siens 721
Figure 13.3 Low-Level Detection Operation............ceecueeueriereeneenieeeeeieeeeseeesieesieeeeeeeseesnees 722
Figure 13.4 Output-Level Compare OPeration...........ceceeeueeeereereenieenieeeeeieseeeseeeseeeeeeseseesnees 722
Figure 13.5 Pin State when a Power-On Reset Is Issued from the Watchdog Timer ................. 725
Section 14 Watchdog Timer (WDT) ....cccooiiiiiiiiiiieeeeeee e, 727
Figure 14.1 Block Diagram of WDT .......cccoooiiiiiiiiiiiiiieceteeeee ettt 728
Figure 14.2 Writing to WTCNT and WTCSR ........oooiiiiieeee e 733
Figure 14.3 Operation in Watchdog Timer Mode

(When WTCNT Count Clock Is Specified to P¢/32 by CKS2 to CKS0).....c.coevveruenenne. 735
Figure 14.4 Operation in Interval Timer MoOde ..........coccuevviiiiiiiiieiiieeiee et 736
Figure 14.5 Example of System Reset Circuit Using WDTOVF Signal .........ccccccoceeviinviinnnen. 738
Section 15 Serial Communication Interface (SCI)........cccccovveeeiiiiieeniiiieeeee, 739
Figure 15.1 Block Diagram of SCl........c.cooiiiiiiiiiieiietet et 740
Figure 15.2 Example of Data Format in Asynchronous Communication

(8-Bit Data with Parity and Two Stop Bits when LSB-First Transfer is Selected)........... 774
Figure 15.3 Sample Flowchart for SCI Initialization (Asynchronous Mode).........cccccecuereenncnnn 777
Figure 15.4 Sample Flowchart for Transmitting Serial Data (Asynchronous Mode)................. 778
Figure 15.5 Example of Transmission in Asynchronous Mode

(8-Bit Data with Parity and One Stop Bit when LSB-First Transfer is Selected)............. 780
Figure 15.6 Sample Flowchart for Receiving Serial Data (Asynchronous Mode) (1)................ 781
Figure 15.6 Sample Flowchart for Receiving Serial Data (Asynchronous Mode) (2)................ 782
Figure 15.7 Example of SCI Receive Operation

(8-Bit Data with Parity and One Stop Bit when LSB-First Transfer is Selected)............. 784
Figure 15.8 Data Format in Clock Synchronous Communication

(when LSB-First Transfer is Selected)........c.oiieiuiiiieiiieiiiiee e 784
Figure 15.9 Sample Flowchart for SCI Initialization (Clock Synchronous Mode)..................... 786

Figure 15.10 Sample Flowchart for Transmitting Serial Data (Clock Synchronous Mode)....... 787
Figure 15.11 Example of SCI Transmit Operation (when LSB-First Transfer is Selected) ....... 788
Figure 15.12 Sample Flowchart for Receiving Serial Data (Clock Synchronous Mode) (1)...... 789

Page xl of Ix RO1UH0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Figure 15.12 Sample Flowchart for Receiving Serial Data (Clock Synchronous Mode) (2)...... 790
Figure 15.13 Example of SCI Receive Operation (when LSB-First Transfer is Selected)......... 791
Figure 15.14 Sample Flowchart for Transmitting/Receiving Serial Data

(Clock Synchronous MOe) .........ceueriereiriiiriiiienienieeie ettt st st 792
Figure 15.15 Example of Communication Using Multiprocessor Format

(Transmission of Data H'AA to Receiving Station A).........cceceeeeiieneeninne e 794
Figure 15.16 Sample Multiprocessor Serial Transmission Flowchart ...........c..ccccoceeviniinnnnen. 796
Figure 15.17 Example of SCI Operation in Reception

(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit, LSB-first) .........cc.cccceuenn. 797
Figure 15.18 Sample Multiprocessor Serial Reception Flowchart (1).......ccccooceeveeninienicneennen. 798
Figure 15.18 Sample Multiprocessor Serial Reception Flowchart (2)........ccccoveverevereeeeeenenee 799
Figure 15.19 SPBI1IO Bit, SPB1DT bit, and SCK Pin ........ccccccvevieinineininieneiereecseen 801
Figure 15.20 SPBOIO Bit, SPBODT bit, and TXD Pinl.....cccccceririreririiiiieninencreneeceieeeen 802
Figure 15.21 Receive Data Sampling Timing in Asynchronous Mode ..........ccccccevvveerreenvennnnen. 805
Figure 15.22 Example of Clock Synchronous Transfer Using DMAC or DTC ...............c......... 806
Section 16 Serial Communication Interface with FIFO (SCIF) ........................ 807
Figure 16.1 Block Diagram of SCIF.........cccooiiiiiiiiiiiieieeee et 808
Figure 16.2 Example of Data Format in Asynchronous Communication

(8-Bit Data with Parity and Two Stop Bits).......cccueeriirniiriiiiiieicciieeee e 849
Figure 16.3 Sample Flowchart for SCIF InitialiZation ..........ccccceeveveerieeneeenieenieeeieeeieesieeeneenn 852
Figure 16.4 Sample Flowchart for Transmitting Serial Data.........ccccceeeeviieiienienieneenenieneeee. 853
Figure 16.5 Example of Transmit Operation (8-Bit Data, Parity, One Stop Bit)..........ccccceuee.ee. 855
Figure 16.6 Example of Operation Using Modem Control (CTS)...........oovvevververeenrsrsrsrnrenes 855
Figure 16.7 Sample Flowchart for Receiving Serial Data ..........ccocceevviieiiiinieiniiinieiiceieeeen 856
Figure 16.8 Sample Flowchart for Receiving Serial Data (CONt)......ccceevveerveereeenienreeeieeeneenn 857
Figure 16.9 Example of SCIF Receive Operation (8-Bit Data, Parity, One Stop Bit)................ 859
Figure 16.10 Example of Operation Using Modem Control (RTS)..........coevvevereerrrerrsrenrnnens 859
Figure 16.11 Data Format in Clock Synchronous Communication ..............cceceeeeereeesueeveneenen. 860
Figure 16.12 Sample Flowchart for SCIF InitialiZation..........cccceeeueriereeneerieieeiesieeieee e 862
Figure 16.13 Sample Flowchart for Transmitting Serial Data..........cccceeieviriinieninienncnennen. 863
Figure 16.14 Example of SCIF Transmit Operation............ccceecueerieenueeneeeneeeneeeneeenreesneenenees 864
Figure 16.15 Sample Flowchart for Receiving Serial Data (1)......cccooeeeviienieenieinieenieeieeeen 865
Figure 16.16 Sample Flowchart for Receiving Serial Data (2)......cc.ccooceeviivienienienenienienieen. 865
Figure 16.17 Example of SCIF Receive OPeration ...........ccccceeeveeierieneenieeiieeieseceseeesieeeeeee e 866
Figure 16.18 Sample Flowchart for Transmitting/Receiving Serial Data............cccceevverennnnen. 867
Figure 16.19 RTSIO Bit, RTSDT Bit, and RTS Pifl.........co.covervurrerereeereseseeeseseeeeeeeseesanseenan. 869
Figure 16.20 CTSIO Bit, CTSDT bit, and CTS Pinl .........cooovvrvereeeeeeeeseseereeeseeeseeseeseseenens 870
Figure 16.21 SCKIO Bit, SCKDT bit, and SCK Pin........ccccoceriririiiieiinieninineneeeeeeen 870
Figure 16.22 SPBIO Bit, SPBDT bit, and TXD Pin.......cccccooeiiiniiniiiiiiiiinieieceeeeee e, 871
RO1UHO198EJ0600 Rev. 6.00 Page xli of Ix

Oct 16, 2014 RRENESAS



Figure 16.23 Receive Data Sampling Timing in Asynchronous Mode .........ccccccocvvevveeriieeneeene 874

Section 17 Synchronous Serial Communication Unit (SSU) .......cccccceeeeniennen. 877
Figure 17.1 Block Diagram of SSU........cooiiiiiiiiiiiieee et 878
Figure 17.2 Relationship of Clock Phase, Polarity, and Data..........ccccoceeverererieieciencncncnnenne. 895
Figure 17.3 Relationship between Data Input/Output Pins and the Shift Register..................... 897
Figure 17.4 Example of Initial Settings in SSU Mode .........coovuieriiiiiiiniiinieieeeiieeee e 901
Figure 17.5 Example of Transmission Operation (SSU Mode)........ccceeeueeriierieeriiieniieenirienieenns 903
Figure 17.6 Flowchart Example of Data Transmission (SSU Mode) ..........ccceveerviieeiieeriieeniueens 904
Figure 17.7 Example of Reception Operation (SSU Mode) .........ccceeveieienienineninieicieienenne. 906
Figure 17.8 Flowchart Example of Data Reception (SSU Mode) .......ccccceverenenereneeeevennennen 907
Figure 17.9 Flowchart Example of Simultaneous Transmission/Reception (SSU Mode).......... 908
Figure 17.10 Conflict Error Detection Timing (Before Transfer) ...........cooceevvieeniiinieinienneenne 909
Figure 17.11 Conflict Error Detection Timing (After Transfer End) ........cccocceviiiiniininnnnnns 910
Figure 17.12 Example of Initial Settings in Clock Synchronous Communication Mode........... 911
Figure 17.13 Example of Transmission Operation

(Clock Synchronous Communication Mode) .........cceeoueriereeneeiieeieiieecesieeie e 912
Figure 17.14 Flowchart Example of Transmission Operation

(Clock Synchronous Communication Mode) ..........ceeveervieriiiiiiiieniiieiiieniee e 913
Figure 17.15 Example of Reception Operation

(Clock Synchronous Communication MOde) .........cceevueeeriieriiieiniieniiiesieesieesieesieesveenaees 914
Figure 17.16 Flowchart Example of Data Reception

(Clock Synchronous Communication Mode) .........ccceouerierieieeiieeieeieseeeeeee e 915
Figure 17.17 Flowchart Example of Simultaneous Transmission/Reception

(Clock Synchronous Communication Mode) ..........ceeveerrieriiiiiiieniiieeieeniee e 916
Section 18 I°C Bus Interface 2 (IIC2).......cuouieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee. 921
Figure 18.1 Block Diagram of I'C Bus INEIface 2.........cccevrvieeieruieerrinienieiseeisissiessssesssenes 922
Figure 18.2 External Circuit Connections of I/O Pins.........ccccoceevveieiienininininineceeeecieeenen 923
Figure 18.3 I°C BUS FOIMALS. ..........coiviieiieieieeiieeiesisie st 940
Figure 18.4 T°C BUS TIMING......c.oovivieereeeeeteceeeeee e s es s seneen 940
Figure 18.5 Master Transmit Mode Operation Timing (1) .......ccccceervieerieriiienieeniiienieenieenieenne 942
Figure 18.6 Master Transmit Mode Operation Timing (2).......ccccceeereeerieeiiiieniieeniieenieenieenneenns 942
Figure 18.7 Flowchart of Initialization of I'C Bus INterface 2..........cccocooevevrueveirverereenerereeennns 943
Figure 18.8 Master Receive Mode Operation Timing (1) ......coceeveeeevievienieneneneneneneeeeieeenen 945
Figure 18.9 Master Receive Mode Operation Timing (2) ......cccceveeeeeevienieneneneneneneeeeeeeennen 946
Figure 18.10 Slave Transmit Mode Operation Timing (1) .......ccccceevieeveirnienieeriienieenieeeieene 948
Figure 18.11 Slave Transmit Mode Operation Timing (2) ........cccceeereeerieerriieereeniieeniieenieesiveens 949
Figure 18.12 Slave Receive Mode Operation Timing (1)......cccceeveerrieenieeniiieniieenieenieenieenieenne 950
Figure 18.13 Slave Receive Mode Operation Timing (2)......c.ccceceererreriieneeneenennieniencenieeniens 951
Page xlii of Ix RO1UHO198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Figure 18.14

Clock Synchronous Serial Transfer Format (LSB-First Operation) ............cc........ 951

Figure 18.15 Transmit Mode Operation Timing (LSB-First Operation) .......c..ccccceceeveenernncnee. 952
Figure 18.16 Receive Mode Operation Timing (LSB-First Operation).........c..ccecceveeveervernennee. 954
Figure 18.17 Operation Timing For Receiving One Byte (LSB-First Operation) ..................... 954
Figure 18.18 Block Diagram of Noise Filter .........cccccceverininininiiiiiieicnineneeeeeceeeeecene 955
Figure 18.19 Sequence for Using the IICRST Bit to Reset I'C Bus Interface 2 ...........ccco........ 956
Figure 18.20 Sample Flowchart for Master Transmit Mode..........cccccoccervverienienieniinsenineneenen. 957
Figure 18.21 Sample Flowchart for Master Receive Mode ...........ccoceeveeviieiinienieneenenncnnennne. 958
Figure 18.22 Sample Flowchart for Slave Transmit Mode.........c..ccoceevuirviiniinienienennienrcnnenee. 959
Figure 18.23 Sample Flowchart for Slave Receive Mode ..........ccecvecveviiniininincnieicicicienenne, 960
Figure 18.24 The Timing of the Bit Synchronous Circuit ..........ceccecvevverveneninieneneneeeeieneenenne 964
Section 19 A/D Converter (ADQC)......oooiieiieiiiieeeeeee e 969
Figure 19.1 Block Diagram of A/D Converter (for One Module) .........cccccecvevienieneenenncnncnnee. 970
Figure 19.2 A/D Conversion TIming ........cccceceroierienienienienienieneentenieeteete ettt esre e 988
Figure 19.3 External Trigger Input TIming ........ccccevvevierininiininiinicieieieeneeeee e 990
Figure 19.4 Example of 2-Channel SCanning ..........cccceceeererinereeienienieneneneneneeeeeeeeneenenne 991
Figure 19.5 Definitions of A/D Conversion ACCULACY ..........cceirueeueuirueneruisueerineeesiesneeseseenes 994
Figure 19.6 Definitions of A/D Conversion ACCUTACY .......ccceevvieeerueenreenuierrenrreneenreesreesnesnennees 995
Figure 19.7 Example of Analog INput CIrCUit .........coceereerirnierienienieniteiieieneenieesieeie e nnees 996
Figure 19.8 Example of Analog Input Protection CirCuit..........ccocceveevieniievienieneeneenienreneenneen 998
Section 20 Compare Match Timer (CMT) .....ccceeeviiiiiiiiiiiiiiiiieiieeeeeeeeeee 999
Figure 20.1 Block Diagram of CMT .........ccoccoiiiiiiiiiiiiiiciceceee s 999
Figure 20.2  Counter OPEration .........cc.cecuerierierieenierieneenieeteere ettt ereenesnesiee st e e ene e e 1005
Figure 20.3  Count TIMING «...cccveeierieiiiiirieneereeeecetc sttt ettt ettt st eae e e 1005
Figure 20.4 Timing of CMFEF Settng ........cccceeviiriiniiniiiiiiinieenieeieeteetesitene ettt 1007
Figure 20.5 Conflict between Write and Compare-Match Processes of CMCNT .................... 1008
Figure 20.6 Conflict between Word-Write and Count-Up Processes of CMCNT.................... 1009
Figure 20.7 Conflict between Byte-Write and Count-Up Processes of CMCNT ..................... 1010
Section 22 I/O POITS ....o.eieuiiiiiiiiiiiiciicieteeeet e 1187
Figure 22.1 Port A (SHT7083)....couiioieiieieeieete ettt sttt st s 1188
Figure 22.2 Port A (SHT7084) ....ccuui ittt sttt st 1189
Figure 22.3 POrt A (SH7085)..c..c.iiiieirieieierieieiertetete ettt ettt eb e st 1190
Figure 22.4 Port A (SH7080).....c.coirieirieieiiriiieierieteiestetete ettt ettt b e st 1191
Figure 22.5 POrt B (SH7083) ....c.ooiiiiiieieereeereeeeee ettt 1203
Figure 22.6 Port B (SH7084, SH7085, SHT7080)........ccccereriririeininieineneeeeneecseneeeereeeaene 1203
Figure 22.7 Port C (SH7083, SH7084, SHT7085).....cccceeimiieirieirenieenenieceeneeesreneeesreeenene 1209
Figure 22.8 POIt C (SH7080) ....c.ccciriiriiriiiriinieenentctntenteteestee ettt 1210
RO1UHO0198EJ0600 Rev. 6.00 Page xliii of Ix
Oct 16,2014 RENESAS



Figure 22.9 Port D (SH7083, SH7084).......ccoeiiiiieieieieeeeeteeeee e 1217
Figure 22.10 Port D (SH7085, SHT7086)......c.ccccetriiieinieieinieietnereeseteeseeee e ne 1218
Figure 22.11 POrt E (SH7083) ..cuuiiiiiiiieee ettt sttt st s 1225
Figure 22.12 POt E (SHT7084) ....coueiiiiiiiieeiteeeeeeetest ettt ettt 1226
Figure 22.13 POrt E (SH7085) ....couiriiiiiirieirieieienieetesetete ettt s 1227
Figure 22.14 POrt E (SH7080) ....cc.evteuiiiiriiiriiieenietet ettt ettt s 1228
Figure 22.15 Port F (SH7083, SH7084, SHT7085) ....ccctertiriiriniineriniieteteteteieneeeenie e 1237
Figure 22.16 POrt F (SHT70860) .....ueeeuiiiiieeiiteiteete ettt sttt sttt e s e e 1237
Section 23 Flash MeMmMOTY .......coouiiiiiiiiiiiiiieieeteee et 1241
Figure 23.1 Block Diagram of Flash MemoOry ...........cccceeveeiiriiinienieeeie e 1243
Figure 23.2 Mode Transition of Flash Memory..........ccccoooeeririiinienieneeieeieseiee e 1244
Figure 23.3 Flash Memory Configuration .............coocueerieerieenieenieenieenieenieesie e 1247
Figure 23.4 Block Division of User MAT .......c.covviiiiiiiniieniienieerieerteeee et 1248
Figure 23.5 Overview of User Procedure Program .........cc.cccoeceeviieniiiiniieniieenieenieenieeseeee 1249
Figure 23.6 System Configuration in Boot Mode..........c.cceceiiiniiniininiiiienececiceeeeene 1278
Figure 23.7 Automatic Adjustment Operation of SCI Bit Rate........c.ccceovevvevenincniniencceneenns 1279
Figure 23.8 State Transitions in Boot MOde...........cooiiiiiiiiiiiiiiieeeeee e 1281
Figure 23.9 Programming/Erasing Overview FIOW .........ccocccovviiniiiiniiiiniienieieceeeneeseeee, 1282
Figure 23.10 RAM Map after DOwnload...........cccueeviiiniiiniiinieiiieeieeieeteeee e 1283
Figure 23.11 Programming ProCedUure. ..........cccueevuiiiiiieriiieiiiecieesieeeiee st 1284
Figure 23.12 Erasing Procedure .............cocoiiiiiiiiiiiiiieiiencecet ettt 1289
Figure 23.13 Sample Procedure of Repeating RAM Emulation, Erasing,

and Programming (OVETVIEW) .......cccecueuiruerieniertineniieieeteeetentesresie st sie sttt enenseneene e 1292
Figure 23.14 Procedure for Programming User MAT in User Boot Mode .........cccccccceeveennnnee. 1294
Figure 23.15 Procedure for Erasing User MAT in User Boot Mode............cccccoceevivrcrinicnnennen. 1296
Figure 23.16 Transitions to and from Error Protection State..........ccccccevcveeviierniieniieeniienieeennen. 1300
Figure 23.17 Emulation of Flash Memory in RAM ......c..ccocoiiiiiiiiniiiiieceeeceeeeen 1301
Figure 23.18 Example of Overlapped RAM Operation

(SH7083: 256-kbyte Flash Memory Version) ..........cccceecueeeereeneenennieniesicenieenieesee e 1302
Figure 23.19 Programming of Tuned Data (SH7083: 256-kbyte Flash Memory Version) ...... 1303
Figure 23.20 Switching between User MAT and User Boot MAT .......ccccoecvvvviienieenieeniennnen. 1305
Figure 23.21 Timing of Contention between SCO Download Request and

INEEITUPt REQUEST ..ottt et sttt 1306
Figure 23.22 Flow of Processing by the Boot Program.............cccooceiiiiiniinenieiiecee e 1310
Figure 23.23 Sequence of Bit-Rate Matching.............ccceeieeiiiiiiiinieieeeeeee e 1311
Figure 23.24 Formats in the Communications Protocol ............ccocceeviiiniiiinieiniiiinieenieenieeee. 1312
Figure 23.25 Sequence of New Bit Rate SeleCtion..........ccccvevveeriienieeniienieeieeneeenee e 1324
Figure 23.26 Sequence of Programming ..........ccccceevueeriieniieniieeniienieenieesieesieesveeseeesive e 1328
Figure 23.27 Sequence of EraSure .........ccoccovieiiiiinienieiieeeieee et 1332
Page xliv of Ix RO1UHO198EJ0600 Rev. 6.00

RENESAS Oct 16, 2014



Section 24 MasK ROM ....ooeiiiiiiiiiiieeeee ettt e e e e e eeasaaeeeseseaeeens 1347

Figure 24.1 Mask ROM BloCK Diagram........cccueevuierriiiiiiieniiieiiieeite st sveeseee e 1347
Section 25 RAM ... 1349
Figure 25.1 On-chip RAM AdAIESSES ......coevuerirriririieieieienientene ettt s 1349
Section 28 Electrical CharaCteriStiCs .........cooouerueerieriiienieniieenieeieeneeeeeeneens 1427
Figure 28.1 EXTAL Clock INPUt TIMING ....eeevuviiriiiiiiiiiiieeiie ittt sae e e siae e 1436
Figure 28.2 CK Clock Output TimiNg .....ceecveerieerieeriienieeieeerteeniteesteeieeesieeeieeesaeesbeesseesans 1437
Figure 28.3 Power-On Oscillation Settling Timing ........c.ccecceevuerienieneenienienieneeeeeeee e 1437
Figure 28.4 Oscillation Settling Timing on Return from Standby (Return by Reset)............... 1437
Figure 28.5 Oscillation Settling Timing on Return from Standby (Return by NMI or IRQ).... 1438
Figure 28.6 Reset INPUL TImING .....ccocveeriiiriiiiiiiirieeieeieete ettt et s 1440
Figure 28.7 Interrupt Signal Input Timing.........coecueeriiirniieeniiienieenieenre e 1440
Figure 28.8 Interrupt Signal Output TimiNg .....ceevveeriiiiieeiieiiieeiee ettt e e 1441
Figure 28.9 Bus Release Timing.......cceeoueiieiiiiiiniiieiieseeieeeeeete sttt s 1441
Figure 28.10 Pin Driving Timing in Standby Mode ...........ccccoeiiriiiienieiieieee e 1441
Figure 28.11 Basic Bus Timing for Normal Space (No Wait)........cccoeoeiiienieniiiiiienceeene 1445
Figure 28.12 Basic Bus Timing for Normal Space (One Software Wait Cycle) ..........c........... 1446
Figure 28.13 Basic Bus Timing for Normal Space (One External Wait Cycle) .........cc..c..c..... 1447

Figure 28.14 Basic Bus Timing for Normal Space
(One Software Wait Cycle, External Wait Cycle Valid (WM Bit = 0),

NO IAIE CYCLE) ...ttt ettt ettt ettt e sbe e beebeeaee e 1448
Figure 28.15 CS Extended Bus Cycle for Normal Space
(SW =1 Cycle, HW =1 Cycle, One External Wait Cycle)......c...coccereevervircininnienncne 1449

Figure 28.16 Bus Cycle of SRAM with Byte Selection

(SW =1 Cycle, HW =1 Cycle, One External Wait Cycle,

BAS =0 (UB/LB in Write Cycle Controlled)) ........c..coovverererersressresseseessessessesnennen. 1450
Figure 28.17 Bus Cycle of SRAM with Byte Selection

(SW =1 Cycle, HW =1 Cycle, One External Wait Cycle, BAS =1

(ﬁ in Write Cycle Controlled)).......cueerveeriiiiieiniieiieeieeteeteeeeee et 1451
Figure 28.18 MPX-I/O Interface Bus Cycle

(Three Address Cycles, One Software Wait Cycle, One External Wait Cycle).............. 1452
Figure 28.19 Burst MPX-1/O Interface Bus Cycle Single Read Write

(One Address Cycle, One Software Wait CYCle).......cceerieiieiieniiiieriieie e 1453
Figure 28.20 Burst MPX-1/O Interface Bus Cycle Single Read Write

(One Address Cycle, One Software Wait Cycle, One External Wait Cycle).................. 1454
Figure 28.21 Burst MPX-1/O Interface Bus Cycle Burst Read Write

(One Address Cycle, One Software Wait CYCle).......covueeriienieeniiiiieeie e sieeeeeene 1455
R0O1UH0198EJ0600 Rev. 6.00 Page xlv of Ix

Oct 16, 2014 RRENESAS



Figure 28.22 Burst MPX-1/O Interface Bus Cycle Burst Read Write

(One Address Cycle, One Software Wait Cycle, External Wait Cycle) .......c...ccocuvenee. 1456
Figure 28.23 Burst ROM Read Cycle

(One Software Wait Cycle, One External Wait Cycle, One Burst Wait Cycle,

TWO BUISES) ..eettiiieieee ettt ettt e e e e ettt e e e e e e e e eatbaaeeeeaeeeensaaaeeeeeeeeenssesaeaaeeans 1457
Figure 28.24 Synchronous DRAM Single Read Bus Cycle

(Auto Precharge, CAS Latency 2, WTRCD = 0 Cycle, WTRP =0 Cycle).................... 1458
Figure 28.25 Synchronous DRAM Single Read Bus Cycle

(Auto Precharge, CAS Latency 2, WTRCD =1 Cycle, WTRP =1 Cycle).................... 1459
Figure 28.26 Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles)

(Auto Precharge, CAS Latency 2, WTRCD = 0 Cycle, WTRP =1 Cycle).................... 1460
Figure 28.27 Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles)

(Auto Precharge, CAS Latency 2, WTRCD =1 Cycle, WTRP =0 Cycle).................... 1461
Figure 28.28 Synchronous DRAM Single Write Bus Cycle

(Auto Precharge, TRWL = 1 CYCI@) .c.uivriiiiiiiiiieiiieeieeeiteeiteie ettt 1462
Figure 28.29 Synchronous DRAM Single Write Bus Cycle

(Auto Precharge, WTRCD =2 Cycles, TRWL =1 Cycle)......ccccceveenienerriniineeseene 1463
Figure 28.30 Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

(Auto Precharge, WTRCD = 0 Cycle, TRWL =1 Cycle) ...ccccceevviinieriiiiieciciieeeene 1464
Figure 28.31 Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

(Auto Precharge, WTRCD =1 Cycle, TRWL =1 Cycle) ...cccccevviienieriiiiieeiieeieeeene 1465

Figure 28.32 Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles)

(Bank Active Mode: ACT + READ Commands, CAS Latency 2,

WTRCD = 0 CYCIR) ..ttt ettt st sttt sa e st een 1466
Figure 28.33 Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles)

(Bank Active Mode: READ Command, Same Row Address, CAS Latency 2,

WTRCD =0 CYCLE) .ttt st 1467
Figure 28.34 Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles)

(Bank Active Mode: PRE + ACT + READ Commands, Different Row Addresses,

CAS Latency 2, WTRCD = 0 CYClE)..c.uueiuieiieieiieeiienieeieeie ettt 1468
Figure 28.35 Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

(Bank Active Mode: ACT + WRITE Commands, WTRCD = 0 Cycle,

TRWL = 0 CYCLE) .ttt ettt st s 1469
Figure 28.36 Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

(Bank Active Mode: WRITE Command, Same Row Address, WTRCD = 0 Cycle,

TRWL = 0 CYCLE) .ttt ettt 1470
Figure 28.37 Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

(Bank Active Mode: PRE + ACT + WRITE Commands, Different Row Addresses,

WTRCD =0 Cycle, TRWL = 0 CYCIE) ...eevveriiiiiiieiiieiieeiteete ettt 1471

Page xlvi of Ix RO1UH0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Figure 28.38

Synchronous DRAM Auto-Refreshing Timing

(WTRP =1 Cycle, WTRC = 3 CYCIES)..ccoviiriiiiiieniieiieenieesiieete et et 1472
Figure 28.39 Synchronous DRAM Self-Refreshing Timing

(WTRP =1 Cycle, WTRC =3 CYClES)...coeerieiiiiiniiiniieieeieeesiteseeie et 1473
Figure 28.40 Synchronous DRAM Mode Register Write Timing (WTRP = 1 Cycle)............. 1474
Figure 28.41 PCMCIA Memory Card Interface Bus Timing .........cccoeeeeveeieeneniencenceeeene 1475
Figure 28.42 PCMCIA Memory Card Interface Bus Timing

(TED = 2.5 Cycles, TEH = 1.5 Cycles, One External Wait Cycle) ........cccccveevueervueennnnn. 1476
Figure 28.43 PCMCIA I/O Card Interface Bus Timing.........cccceeeeveervieencieeniieenieenieenieesveenne 1477
Figure 28.44 PCMCIA I/O Card Interface Bus Timing

(TED = 2.5 Cycles, TEH = 1.5 Cycles, One External Wait Cycle) ........ccccceveeevvenerennnnne 1478
Figure 28.45 DREQ INput TImMiNg ......cccoeriririririeeieienenenteeeniteieetetere st senaenes 1479
Figure 28.46 MTU2 Input/Output Timing........coevueerriiiiiieriiieiiieeiee ettt 1480
Figure 28.47 MTU2 Clock INput Timing .....ccccveerieriiiiiieeiieeiieeiee ettt sieesieesveeseeeesive e 1481
Figure 28.48 MTU2S Input/Output Timing.......ccccveerueirrieriiieiiienieesieeeieesieesieesreeseeesveenanes 1482
Figure 28.49 1/O Port Input/Output Timing........cocuereeriereiriiniirienieenieeieeeeee st 1483
Figure 28.50 WDT TIIMNG ...coovieiieieeieeie ettt ettt ettt ettt et st satesbeesbeeteeneeeneesaeenaeens 1484
Figure 28.51 Input CLOCK TIiMINg .....cooueeiuieiieiiiniieriieie ettt ettt sttt enaens 1485
Figure 28.52 SCI Input/Output Timing ........coecveeriiieriiiiniieiniienieenie ettt 1486
Figure 28.53 Input ClOCK TimiNg ...cccveervieriiieniienieenieeeie ettt sre et eaeesbeeeaae e 1487
Figure 28.54 SCIF Input/Output TIMINg .....ceevuvierieeiieiriieeiieeieeeieesieeeieesreesteesneeseeeeseaeenenes 1488
Figure 28.55 SSU Timing (Master, CPHS = 1) ..ccccooiiiiiniiiiiiieeeeteeeeee e 1490
Figure 28.56 SSU Timing (Master, CPHS = 0) ....cc.ccceviiiiiiininininineneceeceeneeese e 1490
Figure 28.57 SSU Timing (Slave, CPHS = 1) c.ooiiiiiiiiciiiieeeeeeceeneeene e 1491
Figure 28.58 SSU Timing (Slave, CPHS = 0) ...cooiiiiiiiiiiieeeeeeee e 1491
Figure 28.59 POE INPUE TIMNG «.........veveveeeeseeeeeeeeeeeeeeeee s seese s e s s s s sseseessesseseeenes 1492
Figure 28.60 T’C2 INput/Output TImMiNg........ccceeveveiieieieirereeeiieeeeeeeesesesessess et eeseseesesesnas 1494
Figure 28.61 UBC Trigger TIMING ....c..coiviriieiiieieiiieie ettt 1495
Figure 28.62 External Trigger Input Timing ........cccceceevvevieiiinininiininteeeiecnene e 1496
Figure 28.63 Output Load CirCUIL.......ccuerueriiririririieieienienienteetenteeeetetere et naenes 1497
Figure 28.64 Connection of V, Capacifor ..........ccceoiviiiiiiiniiiiiiiiiiicciccceeene 1500
APPCIAIX .ttt ettt ettt e e e ens 1501
Figure E.1 TEFP-T00BV ...c.coiiiiiiiiiiiitie ettt st et 1558
Figure B2 FP-T12EV oottt st s 1559
Figure E.3 FP-144LYV .ottt st 1560
Figure B4 FP-1TO0EV ......ccooiiiiiiiiie ettt 1561
Figure E.5 BP-112V ..ottt ettt ettt et ettt et e s baeeaaesats 1562

R0O1UH0198EJ0600 Rev. 6.00

Oct 16, 2014

Page xlvii of Ix

RRENESAS



Page xlviii of Ix RO1UH0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



SECHON 1 OVEIVIEW ...eeiiiiiiiiiiieiiieeeite ettt ettt ettt e sttt e e s 1
Table 1.1 FEATUIES ..cootiiiiiiiiieeee ettt ettt sttt et e s et 2
Table 1.2 Pin FUNCHONS......c..oociiiiiiiiiiiiieeccc ettt 13
SECtioN 2 CPU ..ottt 23
Table 2.1  Initial Values Of REZISIEIS .....cc.eivuiiiiiiiiiiiieiiiie et 27
Table 2.2 Word Data Sign EXtENSION ..c..coueruiriiiieiiiinientieesteeitetetetetesre sttt e 29
Table 2.3 Delayed Branch INStrUCHIONS ........eecueiieiiiiniieiieie et 30
TabIE 2.4 T Bl oottt ettt sttt 30
Table 2.5  Access to Immediate Data........c.cccovereeniiiiiiiiniiniiiiieecececeeeeeesee e 31
Table 2.6 Access t0 AbSOIUtE AdAIESS .....cocuevviriirieniiiieiieteeteeetee ettt 31
Table 2.7  Access With DiSplaCement ...........ccuerieriiriiiiiiienieeieeieetesee et 32
Table 2.8 Addressing Modes and Effective Addresses .........ccoevereereerenieneeneereee e 32
Table 2.9  InStruction FOIMALS ........ceeiiiiiiiiiiie ettt s 36
Table 2.10  INStIUCHION TYPES...eeeiuitiitieriieiiieeite ettt sttt e st ste e st e st e st e e sabeesabeesateesabeesaneenas 39
Table 2.11  Data Transfer INStrUCtIONS .....c..cocuervirierieriiiinieneeeeteetest ettt 43
Table 2.12  Arithmetic Operation INStrUCHONS........evvuiiiriieiieeiie ettt 45
Table 2.13  Logic Operation INSIIUCTIONS ....c..ceiutiriieriiiriieientenieeieete ettt s 47
Table 2.14  Shift INSEIUCLIONS ......eeitiitieiieieeie ettt ettt sttt ae ettt e seeeeeenee 48
Table 2.15  Branch INSIUCHIONS .......cc.ieiiiiiiitieiieieeie ettt et 49
Table 2.16  System Control INSTIUCHONS .......eeuiiiiiieiiiieiiieeiee ettt sttt e e 50
Section 3 MCU Operating MOdES .........cccueeiuieriiiiiiinieeieerie et 55
Table 3.1  Selection of Operating Modes™ " ...............ccooeuevrueueecuereeeeeseeeeeesie e enenan 55
Table 3.2 Pin CONIGUIAtION .....eoouiiiieiieiieetiecteete ettt ettt et s sae e 56
Section 4 Clock Pulse Generator (CPG) ........ccvvveeveiiiiieiiiiieieeeeeeeeeeecireeeeeee e 67
Table 4.1 Operating Clock for Each Module ...........ccooiiriiiiiiiiniieiiieeiee it 70
Table 4.2 Pin CONfigUIation .........ccueeiiiiiiiiiiiie ittt eeite sttt st steesbeesteesbeesabeesabeesaneens 71
Table 4.3 Clock Operating MOE ......c..cooueiruieriiiieiienterieeie ettt ettt 72
Table 4.4  Frequency Division Ratios Specifiable with FRQCR ...........ccccooviiiiiiiiiiiie 73
Table 4.5  Register CONfiUIAtION .........cecuiiuieiuieriieieeie ettt ettt ettt sae e eee e 77
Table 4.6  Damping Resistance Values (Reference Values) .........ccooceeeviiiiiiniiinnieniiiiiienneee 82
Table 4.7  Crystal Resonator CharaCteriStiCS ........eevierrierreeerieesiieeriieeiieesieeesieesreesseesreesseesns 82
Section 5 Exception Handling ..........ccccoiiiiiiiiiiiiiiiiiieeeeeeeeee s 87
Table 5.1  Types of Exceptions and Priority ...........ccccceeciriirienieriieieeieseeeeie e 87
RO1UHO198EJ0600 Rev. 6.00 Page xlix of Ix
Oct 16, 2014 RENESAS



Table 5.2  Timing for Exception Detection and Start of Exception Handling ..............c...c........ 88
Table 5.3  Vector Numbers and Vector Table Address OffSets .........cocceveeverciencieneencencnnnennee. 89
Table 5.4  Calculating Exception Handling Vector Table Addresses .........ccooceeveveervieencveeniueennns 90
Table 5.5 RESEE STATUS ..cu.eitiiiiiieiieete ettt ettt st sttt ettt st e beenbeenaes 91
Table 5.6  Bus Cycles and Address EITOIS ........cocceeeieiiiiininininieiceccesieneseeeee e 93
Table 5.7 INTEITUPE SOUTCES .....couiiiiiiiiiiiiiieii et e 95
Table 5.8 INETTUPL PrIOTILY ..eoouviiiiiiiiiiiiieeieeeeeteeee ettt ettt s 96
Table 5.9  Types of Exceptions Triggered by INStructions............cecvveeveeriieeineeniieeniieesieeniieennne 97
Table 5.10 Delay Slot Instructions, Interrupt Disabled Instructions, and Exceptions................. 99
Table 5.11  Stack Status after Exception Handling Ends...........cccccoceeviininiiniiniiniiiiniciicens 100
Section 6 Interrupt Controller (INTC).....ccccueiiiiiiiiiiiiieeiieeceecee e 105
Table 6.1  Pin Configuration ...........coccceeiuiiiiiiiiiiiiieeiee ettt ettt s e e 107
Table 6.2  RegiSter CONfIGUIAtION .......cevviiiriieriieeiieeiie et eieeeiee st e steesbeesaeesbeesareesareesaneenns 108
Table 6.3  Interrupt Exception Handling Vectors and Priorities ........c.ccoevveeveeeiiiencieenireenneenne 124
Table 6.4  Interrupt RESPONSE TiMe .....ccoueruiiriiiriiiriiiiieieriiertetee ettt 131
Section 7 User Break Controller (UBC).........oooiiiiiiiiiiiiieeieieeeeeiiineeeeeee e 135
Table 7.1  Pin Configuration ...........cocceeviuiiiiiiiiiiiiieeiee ettt sttt ettt e s e e 138
Table 7.2 RegiSter CONTIGUIAtION .......cevvieeiiieriieeiieeiieeitesieeeiee st e sieesbeesaeesbeesareesareesaneenns 139
Table 7.3  Data Access Cycle Addresses and Operand Size Comparison Conditions............. 161
Section 8 Data Transfer Controller (DTC).......ooooiiiiiiiiiiiiieiiiieeciireeeeee e, 171
Table 8.1  Register CONfiUIAtION ..........ceviiiieriieiieieetiest ettt sttt eeeeee st esaeeneeens 173
Table 8.2  Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEks................. 186
Table 8.3  DTC Transfer MOAES .......ccccovuiriiriiniiiiiiieienieneeeeie ettt st 189
Table 8.4  DTC Transfer Conditions (Chain Transfer Conditions Included).......................... 191
Table 8.5  Transfer Information Writeback Skip Condition and

Writeback SKipped REZISIEIS......coueruieiriiiiiiiinienienenteeeteeeeee e 195
Table 8.6  Register Function in Normal Transfer Mode ..........c.ccceeeveneninincnenienecieneneenne. 195
Table 8.7  Register Function in Repeat Transfer Mode ..........cooceevieiniiiniinnieiiiieeieenieeeieee 197
Table 8.8  Register Function in Block Transfer Mode............cocceevcienieiniiiniieenieeieeieeeeene 198
Table 8.9  DTC EXECUION StALUS.....cooutiriiriiriiinieenieeiieteeitenitenieete et st siee et et seeesieesaeenreens 204
Table 8.10 Number of Cycles Required for Each Execution State ...........ccocceveevenviinieneenienns 205
Table 8.11 DTC Bus Release Timing ........ccccoeereieriieiieienieieeseeie ettt e saeeseeens 207
Section 9 Bus State Controller (BSC) .....ccovvvieiiiiiiiiiieeeeee e, 217
Table 9.1 Pin Configuration ...........cooieeiuiiiriieiiie ettt e st e s e s esaaee e 220
Table 9.2  Address Map: SH7083 (256-Kbyte Flash Memory Version) in

On-Chip ROM-Enabled MOde.........cccooeiiiiiiniiiiiiiieieeteetesteeeeee et 222
Page | of Ix RO1UHO198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Table 9.3  Address Map: SH7083 (256-Kbyte Flash Memory Version) in

On-Chip ROM-Disabled MOdE.........c.coecuiiriieriiiniieniienieesieeseeesiieeste e sneeieesieesnee s 223
Table 9.4  Address Map: SH7083 (512-Kbyte Flash Memory Version) in

On-Chip ROM-Enabled MOde.........ccccooriiiiiiiiiiiieieieeieeeseeste sttt 224
Table 9.5  Address Map: SH7083 (512-Kbyte Flash Memory Version) in

On-Chip ROM-Disabled MOde..........ccooiiriiiiieieeieeereeee ettt 225
Table 9.6  Address Map: SH7084 (256-Kbyte Flash Memory Version) in

On-Chip ROM-Enabled MOdE.........ccooviiiieiiiiiiieeiie ettt sine s sine e s 226
Table 9.7  Address Map: SH7084 (256-Kbyte Flash Memory Version) in

On-Chip ROM-Disabled MOde..........ccooiiriiiiiriiniinieniieeeeeee sttt 228
Table 9.8  Address Map: SH7084 (512-Kbyte Flash Memory Version) in

On-Chip ROM-Enabled Mode........c..cocoviririeiiiiiiienienineeeeeeeetenecete et 229
Table 9.9  Address Map: SH7084 (512-Kbyte Flash Memory Version) in

On-Chip ROM-Disabled MOdE.........c.covcuiiiiiiniieniieniienieesieesteeniteeste e esaeeieesseesnee s 230
Table 9.10 Address Map: SH7085 (256-Kbyte Flash Memory Version) in

On-Chip ROM-Enabled MOde.........cccccoviiiiiiiiiiiieieeeeeestesee sttt 232
Table 9.11 Address Map: SH7085 (256-Kbyte Flash Memory Version) in

On-Chip ROM-Disabled MOde..........ccooiiriiiiieiieieeierieieee ettt 233
Table 9.12  Address Map: SH7085 (512-Kbyte Flash Memory Version) in

On-Chip ROM-Enabled MOdE.........c.cooriiiieiiiieiieeiie ettt et sae e siaeeiee s 234
Table 9.13  Address Map: SH7085 (512-Kbyte Flash Memory Version) in

On-Chip ROM-Disabled MOde..........ccooieriiiiiiiiniinieieeeeeee sttt 236
Table 9.14  Address Map: SH7086 in On-Chip ROM-Enabled Mode...........cccceceeveienienennnnne. 237
Table 9.15  Address Map: SH7086 in On-Chip ROM-Disabled Mode........c..cccceceeveveuenuennenne. 239
Table 9.16  Register CONfIGUIAtION .....cc.ceeriiiriiiiiiiiiieeiteeite ettt ettt et s 241
Table 9.17 32-Bit External Device Access and Data Alignment ..........cceeveveerveenveeneeeneennnnenn 285
Table 9.18  16-Bit External Device Access and Data Alignment ..........cceeveveerveenveeneeeneenneenn 286
Table 9.19  8-Bit External Device Access and Data Alignment ............ccccceveveninineecenenenne. 287
Table 9.20 Relationship between BSZ[1:0], A2ROW[1:0]//A3ROW[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (1)-1.....cccccevirrirniniiniannnns 307
Table 9.20 Relationship between BSZ[1:0], A2ZROW[1:0]//A3ROW[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (1)-2.....cccceeveviercverrveervennnnenn 308
Table 9.21 Relationship between BSZ[1:0], A2ROW[1:0]//A3ROWT[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (2)-1.......ccccereevervuenvueneennens 309
Table 9.21 Relationship between BSZ[1:0], A2ROW[1:0]//A3ROW[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (2)-2......cccceeveererereereeneannenns 310
Table 9.22  Relationship between BSZ[1:0], A2ZROW[1:0]//A3ROW[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (3) .....ccceevveercrieriueenveeriveennnenn 311
Table 9.23  Relationship between BSZ[1:0], A2ROW[1:0]//A3ROWT[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (4)-1......cccceeveeviriieniieneenens 312
RO1UHO198EJ0600 Rev. 6.00 Page i of Ix

Oct 16, 2014 RRENESAS



Table 9.23  Relationship between BSZ[1:0], A2ZROW[1:0]//A3ROW[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (4)-2.......cceveerrreerieercreeniueenns 313
Table 9.24 Relationship between BSZ[1:0], A2ROW[1:0]//A3ROWT[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (5)-1.....ccccceverveiriencencnnncnne 314
Table 9.24 Relationship between BSZ[1:0], A2ROW[1:0]//A3ROW[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (5)-2......ccceeverveeriereereennnne 315
Table 9.25 Relationship between BSZ[1:0], A2ZROW[1:0]//A3ROW[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (6)-1.......ceeeervrierieerireeniueenns 316
Table 9.25 Relationship between BSZ[1:0], A2ROWT[1:0]//A3ROWT[1:0],

A2COL[1:0]/A3COL[1:0], and Address Multiplex Output (6)-2.........ccccerveereereereenuenne 317
Table 9.26  Relationship between Access Size and Number of Bursts...........cecceceecveveciencnnenne. 318
Table 9.27  Access Address in SDRAM Mode Register WIite........ccoecveevevveneneneneneeceeenenen 336
Table 9.28 Relationship between Bus Width, Access Size, and Number of Bursts.................. 339
Table 9.29 Minimum Number of Idle Cycles between CPU Access Cycles in

Normal SPace INLETTACE ......cccuvieiiiiiiiieie ittt esaee e 360
Table 9.30 Minimum Number of Idle Cycles between Access Cycles during

DMAC Dual Address Mode and DTC Transfer for the Normal Space Interface............. 361
Table 9.31 Minimum Number of Idle Cycles during DMAC Single Address Mode Transfer to

the Normal Space Interface from the External Device with DACK .........c..ccccccoeeinnne 362
Table 9.32 Minimum Number of Idle Cycles between Access Cycles of CPU,

the DMAC Dual Address Mode, and DTC for the SDRAM Interface........cccoceveeeeeennnen 364
Table 9.33 Minimum Number of Idle Cycles between Access Cycles of

the DMAC Single Address Mode for the SDRAM Interface (1)......cccceeeveveeniencenieeenne. 367
Table 9.34 Minimum Number of Idle Cycles between Access Cycles of

the DMAC Single Address Mode for the SDRAM Interface (2)........cceceevveerieeenveeneennns 370
Table 9.35 Number of Cycles for Access to On-Chip Peripheral I/O Registers ........c..ccceeueeenee 379
Table 9.36 Number of External ACCesS CYCIES....cccuuiviiirriiiriieriieniienieerieeste et esreeseeesee s 382
Section 10 Direct Memory Access Controller (DMAC).......ccccocevvviniencneennen. 385
Table 10.1  Pin CONFIGUIAION .....cuiiiiiieieieieiesteeie ettt ettt sttt e eate et e st enaeens 387
Table 10.2  Register CONfIGUIAtION .......cevviiiiiiiiiiieiiieeiee ettt ettt ettt e e e saeee e 388
Table 10.3  Selecting External Request Modes with RS Bits ........cccceeviiiiieiiiiiiiieniceiieeeieee 401
Table 10.4 Selecting External Request Detection with DL, DS Bits ......cccceevviiiiiienciienieenienns 402
Table 10.5 Selecting External Request Detection with DO Bit .......ccccooiiiiiniiniiniiniiiniiniees 402
Table 10.6  Selecting On-Chip Peripheral Module Request Modes with RS3 to RSO Bits ....... 403
Table 10.7 Supported DMA Transfers ..........coceeierierieneiieeie ettt 408
Table 10.8 Relationship between Request Modes and Bus Modes by

DMA Transfer CatEZOTY .....ccevveeruierieerieenitenieenteenteesteesieessbeessaeesbeesseesseessseesseessseens 415
Table 10.9 Number of Cycles per Access to On-Chip RAM by DMAC .........ccocovvviiiviiienienns 428
Page lii of Ix RO1UHO198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Section 11 Multi-Function Timer Pulse Unit 2 (MTU2) ........ccoovvviiinrrieeeieeennnnn, 429

Table 11.1  MTU2 FUNCHOMNS .....eovuiiiiiiiiniiiiieieeieeieeteetentte ettt sttt et sanenaees 430
Table 11.2  Pin CONfigUIation ..........c.eevvuieriieniienieeieesieete sttt et esaeesareesineenene s 435
Table 11.3  Register COnfiguration ............coceereerieerieriierienieneeneenee ettt ettt seee i 436
Table 11.4 CCLR[2:0] (Channels 0, 3, and 4) ........ooooimiiiieiee e 441
Table 11.5 CCLR[2:0] (Channels 1 and 2) ........cccoooiioiuiiiieiiiee e 441
Table 11.6  TPSC[2:0] (Channel 0)......c.cccereeeriririeieieniiieniesieeieeieeit ettt st 442
Table 11.7  TPSC[2:0] (Chanmel 1)........oeieiieiiueiiiieeiieiiirieee et eeerireee e e e eeearreeeeeeeeeaanees 442
Table 11.8  TPSC[2:0] (Chanmel 2).......eeeeeeieeiieieieeeeeeeiieeeee e eeeireee e eeeereeeeeeeeeearreeeeeeeeeaanees 443
Table 11.9 TPSC[2:0] (Channels 3 and 4) .......ccoceeeiieiiiieeiieeieeeieeeieeeve e esreesveesereesveesenes 443
Table 11.10 TPSC[1:0] (Channel 5).........ccceeieieieieieieiesieee sttt ese e eneeneeneas 444
Table 11.11 Setting of Operation Mode by Bits MD[3:0].......cccceiieiiriiiiieienieeeeeeee e 447
Table 11.12 TIORH_0 (Channel 0).......ccccccerereriririiieieniiienieeeeeeiceitee et 450
Table 11.13 TIORL_O (Channel 0) .......c.ccocereeerieieieieienieniesieeieeiceiteet et st 451
Table 11.14 TIOR_1 (Channel 1).......cccooeriririnieieieieiesieseneeiee ettt 452
Table 11.15 TIOR_2 (Channel 2).........ooooiuiiiieiiieeeeiiee et ettt ettt et e et eeeaae e e eaaeeeeareaeenens 453
Table 11.16 TIORH_3 (Channel 3).........ccccoeirieieieieieiesieee ettt 454
Table 11.17 TIORL_3 (Channel 3) .........cccceeieieieieieieiesieee ettt sse e see s eneeneas 455
Table 11.18 TIORH_4 (Channel 4).......ccccocerireririeieieientineneeeeeeeetet et 456
Table 11.19 TIORL_4 (Channel 4) .......ccccocerieerieieieieiesiesiesieeieeieei ettt st 457
Table 11.20 TIORH_O (Channel 0).......c..cocerirerieiiieieienienesieseei ettt 458
Table 11.21 TIORL_O (Channel O) ........cccviiiiiiiiieeiiii ettt et eete e e e eaee e e evaeeeeaens 459
Table 11.22 TIOR_1 (Channel 1).......cccoooiiieirieieieieiesie sttt 460
Table 11.23 TIOR_2 (Channel 2)........ccoccirieieieieieieieeie ettt eieeeeeteee et ssesse e e eseeneensenseneas 461
Table 11.24 TIORH_3 (Channel 3).......ccccoceririririiiiieientenenieseeiceicetee et 462
Table 11.25 TIORL_3 (Channel 3) .......ccccocerieeririeieieienieesiesieeicei ettt 463
Table 11.26 TIORH_4 (Channel 4)..........cccovireririiieieieneesieeeece ettt 464
Table 11.27 TIORL_4 (Channel 4) ........coouiiiioiiieeeciie ettt e e e evae e e evreeeenens 465
Table 11.28 TIORU_S, TIORV_S, and TIORW_5 (Channel 5)........ccocceverereeenieieieieieenne. 466
Table 11.29 Setting of Transfer Timing by BF[1:0] Bits ......ccccceevieiiiienininienineneeieicicieneenen 489
Table 11.30 Output Level Select FUNCHON. ........cooouiiiiiiiiiiiiiiecieeieeee ettt 504
Table 11.31 Output Level Select FUNCHON.........ccocviiiiiiiiieieerieeieeseeeee et 504
Table 11.32 Setting of Bits BE[1:0] .....coiiiiiiiiiieiiee ettt 506
Table 11.33 TIOC4D Output Level Select FUNCHON........c.ccooieiiiniiniiiiiiieieieceicceeeee e, 506
Table 11.34 TIOC4B Output Level Select FUNCHON .........coiieiieriiiieiieieeeeeeeee e 507
Table 11.35 TIOC4C Output Level Select FUNCHON ........cceoieiieiieiieieieeeeeeeeee e 507
Table 11.36  TIOC4A Output Level Select FUNCHON..........cooviiiiiiiiiiiiiieicctcceeeeeeen 507
Table 11.37 TIOC3D Output Level Select FUNCHON.........cooviiriiiniiiiieiecieeceeeee e 507
Table 11.38 TIOC4B Output Level Select FUNCHON .........ccccvievieiniiiniieiccieeeceeee e 508
Table 11.39 Output level Select FUNCHON ........ccueiiiiiiiiiiiiiiiieeececeeeeeee e 511
RO1UHO198EJ0600 Rev. 6.00 Page liii of Ix

Oct 16, 2014 RRENESAS



Table 11.40 Setting of Interrupt Skipping Count by Bits 3ACOR[2:0] ........ccccevievircienieninnnnne 514

Table 11.41 Setting of Interrupt Skipping Count by Bits 4VCOR[2:0].....ccceeeveeririenireiniieeennne 514
Table 11.42 Setting of Bits BTE[1:0] ....cooouiiiiiiiiieiiecieeecete ettt st 517
Table 11.43 Register Combinations in Buffer Operation..........cc..ceceveueroienieniencnneniienienienens 530
Table 11.44 Cascaded COMDINAIONS ......cccueeiiriertietieieeieette st ee ettt e steseeeseeeseeeteeaeeseeenaeeeeens 534
Table 11.45 TICCR Setting and Input Capture Input Pins........cccceveriiiiiiniininniecieeeeeee 535
Table 11.46 PWM Output Registers and Output Pins..........coeceeeviiiniieniieiniienieeniecieeieeeeee 540
Table 11.47 Phase Counting Mode Clock Input Pins.........cccoccveerviieniieniiieniienieerieenieenieesieee 544
Table 11.48 Up/Down-Count Conditions in Phase Counting Mode 1 ..........ccccceevviierieeriieennenne 546
Table 11.49 Up/Down-Count Conditions in Phase Counting Mode 2 ..........c.ccceceeverviinieneeniens 547
Table 11.50 Up/Down-Count Conditions in Phase Counting Mode 3 .............cooceeviiiininnienenns 548
Table 11.51 Up/Down-Count Conditions in Phase Counting Mode 4 ..........c.ccccceevvreeecrenncnne. 549
Table 11.52 Output Pins for Reset-Synchronized PWM Mode ..........ccocceeriiiiniiiniiiinieeniennieene 552
Table 11.53 Register Settings for Reset-Synchronized PWM Mode ..........cccoeeceiviiiiniiieniiiennienne 552
Table 11.54 Output Pins for Complementary PWM Mode.........ccccovuieniiinienieeiiieeieenieesieenne 555
Table 11.55 Register Settings for Complementary PWM Mode...........coccevienieniincnienienieniens 556
Table 11.56 Registers and Counters Requiring Initialization............cccceeeeeveeneeneenenienieneeeane 563
Table 11.57 MTU2 INEEITUPLS ..c.veeeieeeeieeieeieeeteente et e teestestte st eteeteeseesatesaeeseeeeeeneesneesseesseeseans 618
Table 11.58 Interrupt Sources and A/D Converter Start Request Signals..........ccocveeveeriieennienne 621
Table 11.59 Mode Transition COmMDINAtIONS.......cceeruerriirieriinienieieeerte ettt eieeas 654
Section 12 Multi-Function Timer Pulse Unit 2S (MTU2S) ....ccoovvvvveiiieiiiinnnns 685
Table 12.1  MTU2S FUNCHOMNS .......eeiuiiiieiieitieeteeie ettt ettt ettt seeeeeetesaeeseeeneeeeeens 686
Table 12.2  Pin CONiIGUIAION ....c..ooveririirieieietintene ettt ettt sttt naenes 689
Table 12.3  Register CONfIGUIAtION .......ccvvitiriieiiiieiiieeiie ettt sttt ettt e s esaeee e 690
Section 13 Port Output Enable (POE).......c.ccoooiiiiiiiiniiieecee, 693
Table 13.1  Pin Configuration..........cocceieieieieniinininieteeeieseene ettt 695
Table 13.2  Pin COMDINAIONS ...cc.uiieiiiieitieriieiteete ettt ette sttt et eteeseesetesaeeseeeeeeeeeaeesneesseeneeans 696
Table 13.3  Register Configuration ...........cecueeuerinerininieieienieneneeeee ettt eenes 697
Table 13.4 Target Pins and Conditions for High-Impedance Control..............ccocceeeveeniennnenne 719
Table 13.5 Interrupt Sources and CONAitiONS.........c.eeeruierrieeriiieriiieniiieeieenteeeieesbeesreesreesaee e 724
Section 14 Watchdog Timer (WDT) ....cccooiiiiiiiiiiiieeeecee e, 727
Table 14.1  WDT Pin COnfigUuration.......c..ccccoeeereeieienienienenineneeteeeteniestes et neneennes 729
Table 14.2  Register CONfiUIAtION ..........cevieiieiiieiieieetiestieie ettt ste st see e eaeesaeesaeeneeens 730
Table 14.3  TNLETTUPL SOUICE. ...ccvuvirtiieiieiiieeite ettt ettt ettt e et sb e st e st esabeesabeesabeesareesaneenns 736
Section 15 Serial Communication Interface (SCI)..........ccooveiiiiiiiiiceiiiieeee, 739
Table 15.1  Pin CONfiguration ........coccioueiiiiieniiiiiieete ettt sttt st e e ens 741
Page liv of Ix RO1UHO198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Table 15.2  Register CONfIGUIAtION .....cc.eeeriiiiiiiiiiiiieeieete ettt ettt e saae e s 742

Table 15.3  SCSMR SENES....ccoviiiiieriieiieerie ettt erte ettt esteesiteesiaeesteeesbaeesbeessseenseessssesseeas 761
Table 15.4 Bit Rates and SCBRR Settings in Asynchronous Mode (1).......ccceceeevveenvirnieenncnn. 762
Table 15.4 Bit Rates and SCBRR Settings in Asynchronous Mode (2).......c..cccceevervienveneennen. 763
Table 15.4 Bit Rates and SCBRR Settings in Asynchronous Mode (3).......cccceeeereeienieneennen. 764
Table 15.5 Bit Rates and SCBRR Settings in Clock Synchronous Mode (1).......cccceeeeuereennen. 765
Table 15.5 Bit Rates and SCBRR Settings in Clock Synchronous Mode (2)..........cccceeevueennneen. 766
Table 15.5 Bit Rates and SCBRR Settings in Clock Synchronous Mode (3).........cccecveervennnenn. 767
Table 15.6 Maximum Bit Rates for Various Frequencies with Baud Rate Generator

(ASYNCHIONOUS MOAE) ....veeuiiiiiiiiiieiteeee ettt ettt st st s ae e e 768
Table 15.7 Maximum Bit Rates for Various Frequencies with Baud Rate Generator

(Clock Synchronous MOE) .......c.eeuerierueerieiieeie ettt ettt s sae e 769
Table 15.8 Maximum Bit Rates with External Clock Input (Asynchronous Mode) ................. 770
Table 15.9 Maximum Bit Rates with External Clock Input (Clock Synchronous Mode)......... 771
Table 15.10 SCSMR Settings and SCI Communication Formats ............cccceceercviervieencieencieennnenn 773
Table 15.11 SCSMR and SCSCR Settings and SCI Clock Source Selection ...........cccccecuevuennee. 773
Table 15.12 Serial Transfer Formats (Asynchronous Mode) .........ccccoeeeeerrieneenienieeiienieseenenn 775
Table 15.13 Receive Errors and Error Conditions .............ooeeriereeriienieeienieneeieeieeee e 783
Table 15.14 SCI INLEITUPL SOUTCES ....uvverrieiiieeiieiiteeiee et etee st e st e st e sieeesiaeesbeeesbbeenbeesnbaeenee s 801
Table 15.15 SCSSR Status Flag Values and Transfer of Received Data ........cccccovveevviennennnnn. 803
Section 16 Serial Communication Interface with FIFO (SCIF) ..........ocoeevvenn.e. 807
Table 16.1  Pin CONIGUIAION ....cc.eoueiuiiiiiiriinieniiieeet ettt sttt 809
Table 16.2  Register CONfIUIALION .........coeertieriieiieieeie ettt ettt iee et e st eeeeteeneeeaeas 810
Table 16.3  SCSMR SEHNES......coerueriiieieniintene ettt ettt et sa et sbe st neneenes 829
Table 16.4 Bit Rates and SCBRR Settings in Asynchronous Mode ...........ccccecvvevveenveenuennnen. 830
Table 16.5 Bit Rates and SCBRR Settings in Asynchronous Mode .........c.cccoecvvevveenvienueennen. 831
Table 16.6 Bit Rates and SCBRR Settings in Asynchronous Mode ...........ccccevceeveenencnnennee. 832
Table 16.7 Bit Rates and SCBRR Settings in Clock Synchronous Mode ...........cccceevuerieneenen. 833
Table 16.8 Bit Rates and SCBRR Settings in Clock Synchronous Mode ...........cccceeveeieneenen. 834
Table 16.9  Bit Rates and SCBRR Settings in Clock Synchronous Mode ..........ccccceveerneennnen. 835
Table 16.10 Maximum Bit Rates for Various Frequencies with Baud Rate Generator

(ASYNCHTONOUS MOAE) ...enviiiniiieiiieiieeite ettt ettt ettt sttt e st e sbe e sabeesabeesnbeesasaees 836
Table 16.11 Maximum Bit Rates with External Clock Input (Asynchronous Mode) ................. 837
Table 16.12 Maximum Bit Rates with External Clock Input (Clock Synchronous Mode)......... 838
Table 16.13 SCSMR Settings and SCIF Communication Formats..............ccoecevieiiniennennenen. 848
Table 16.14 SCSMR and SCSCR Settings and SCIF Clock Source Selection .........c...ccccueennee. 848
Table 16.15 Serial Communication Formats (Asynchronous Mode).........ccccccevcveervieencveenveennnenn 850
Table 16.16 SCIF INLEITUPL SOUICES....ceecviiriieriieriieniiesieenteesteesteesteesteeesiaeenteeessresnaeessssesssees 868
RO1UHO198EJ0600 Rev. 6.00 Page Iv of Ix

Oct 16, 2014 RRENESAS



Section 17 Synchronous Serial Communication Unit (SSU).........cccoecveenneenns 877

Table 17.1  Pin Configuration ...........coccueeiuieirieniiieiiieeiee ettt sttt e st e e e sbeesaeesbeesanee e 879
Table 17.2  Register CONTIGUIAtION .......cevvieiriieriieiiieeiieeite et e eieesttesteesbeesaeesbeesseesbeesaseenes 880
Table 17.3  Setting of DATS Bits in SSCRL and Corresponding SSTDR .........ccccceceiviiniencns 892
Table 17.4  Setting of DATS Bit in SSCRL and Corresponding SSRDR..........cccceceveveieiennenne. 893
Table 17.5 Communication Modes and Pin States of SSI and SSO Pins.........ccccoceevievcvieenens 898
Table 17.6 Communication Modes and Pin States of SSCK Pin........c.cccoooeviiiiiiiniiiniinnnen. 899
Table 17.7 Communication Modes and Pin States of SCS Pinl..........ccoueueveeeeeereeseereseeeenen. 899
Table 17.8  SSU INLEITUPL SOUICES....eeruveeiieeriieiiieeiiee ettt eiteetteeieesbeeebeesbeesbeesaseesaseessreesaseenns 917
Section 18 T°C Bus INterface 2 (TIC2).......cueueeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 921
Table 18.1 I’C Bus Interface Pin CONfigUIation.............ccc.evvueverviesiereieeiesiseeie e sssenes 923
Table 18.2  Register CONfIGUIAtION .......ccvviiiiiiiiiiiiiieeiie ettt sttt ettt et e sre e na 924
Table 18.3  Transfer Rate........cccooiiriiiiiiiiiiiiieecteeeete ettt 926
Table 18.4  TNETTUPL REQUESES ...uveerurieeiieiiieeieeeieeete et et esteeiee e te et esbeesbeesabeesabeesabeesaneenes 962
Table 18.5 Example of Processing Using DTC ........ccccociiiiiiiniininiieneeeceesteseeieeeae 963
Table 18.6  Time for Monitoring SCL .......cccccciriririiieiiiieneeeeeteeetee sttt 964
Section 19 A/D Converter (ADQC) .......ooooiiiiiieieeee e 969
Table 19.1  Pin Configuration ...........cocueeiiieiiieriiieiiie et eite ettt st e st esaee st esaeesbeesanee e 971
Table 19.2  Register CONTIGUIAtION .......eevviiiriieriieeiiieeiteeieeeiteeiee st et esbeesaeesbeesneesabeesaseenes 972
Table 19.3  Channel Select LSt ......cccoriiiiiiiiiiiiiieieeetete ettt nieens 978
Table 19.4 A/D Conversion Time (Single Mode) ........ccccoeierieiieninienierereee e 989
Table 19.5 A/D Conversion Time (Scan Mode) .......ccccveevuieiciieeiiieniiieeieecieeeve e eeveesveesne e 989
Table 19.6  A/D Converter INtETTUPL SOUICE ........eeeuieriiiiiiieiiieeiee ettt ettt 992
Table 19.7  Analog Pin SPeCifiCations .........ccceeriierieiiiienieeiieeee ettt s 998
Section 20 Compare Match Timer (CMT) .....cccooiiiiiiiiiniiieeeeeeeeee, 999
Table 20.1 Register ConfigUuration ...........ceceeciirieriiesiieieeieeiesteesie ettt eeeaeeesee e e 1000
Table 20.2  INLEITUPE SOUICES ..ceuvieeuriiiiieeiieeiieeete ettt ettt ettt ettt et sttt ssae e bt e sbaeeaees 1006
Section 21 Pin Function Controller (PFC) ..........cooomiivivieiiieiiiieeiieeeeeeeeeeenns 1011
Table 21.1  SH7083 Multiplexed Pins (POTt A) ....ccocueeriieiiiiiiieiiierieecieereeee e 1011
Table 21.2  SH7084 Multiplexed Pins (POrt A) .......ccoeeiiieiiniiiiiiiiieie e 1011
Table 21.3  SH7085 Multiplexed Pins (POrt A) .......cooieiieiiiieiieieieee e 1012
Table 21.4 SH7086 Multiplexed Pins (POrt A) .......ccceeiieiieiiiieiieieee e 1013
Table 21.5 SH7083 Multiplexed Pins (POrt B) .....ccccoviiiiiiiniiiiiiieeeeeeeeee e, 1015
Table 21.6  SH7084/SH7085/SH7086 Multiplexed Pins (Port B) ........ccccoeveninincnenincenene. 1015
Table 21.7 SH7083/SH7084/SH7085 Multiplexed Pins (Port C) ........ccceoevenerencnenineennene. 1016
Table 21.8  SH7086 Multiplexed Pins (POrt C) .......ccceeviiriiiiiiiiniiiieiienencecee e 1016
Page Ivi of Ix RO1UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Table 21.9 SH7083/SH7084 Multiplexed Pins (Port D) .......ccccoevereiieniiiiininineneneeceeens 1017
Table 21.10 SH7085/SH7086 Multiplexed Pins (Port D) ......ccccveveiiiiiiiniiiniienieerieerieeseeeee, 1018
Table 21.11 SH7083 Multiplexed Pins (POTt E)......ccccceovieriiiiiiiiniiiiiieniiecieeeeeeeee e 1020
Table 21.12 SH7084 Multiplexed Pins (POIt E)......c.cccocciviiiiiiiiiiiiiiiiieeeeeeeeeeee 1021
Table 21.13 SH7085 Multiplexed Pins (POrt E)......ccccooiiiiiiiiiiiiiieeeeeeeeeeee e 1022
Table 21.14 SH7086 Multiplexed Pins (POrt E).......cccooiiiiiiiiiiiiiieeeeee e 1023
Table 21.15 SH7083/SH7084/SH7085 Multiplexed Pins (Port F).......cccoceoevininineniniceniennens 1024
Table 21.16 SH7086 Multiplexed Pins (POrt F) ......cccccooviiriiiiiiiiiiiiieeeceeeeeee e 1025
Table 21.17 SH7083 Pin Functions in Each Operating Mode (1) .......cccoecvvevieriieineeniiienieenne. 1026
Table 21.17 SH7083 Pin Functions in Each Operating Mode (2)......c..cceceeveenerieneeneencnnecnne. 1030
Table 21.18 SH7084 Pin Functions in Each Operating Mode (1) ......cccceeeevernerienienieeeee 1034
Table 21.18 SH7084 Pin Functions in Each Operating Mode (2) .......ccceeoeereererienieneeieeee 1038
Table 21.19 SH7085 Pin Functions in Each Operating Mode (1) .......cccoeveevieriiiinieniienieennne. 1042
Table 21.19 SH7085 Pin Functions in Each Operating Mode (2).......cccoevvevveriienneencieesieenne 1047
Table 21.20 SH7086 Pin Functions in Each Operating Mode (1) .......cccoecvvevieriieeneeniienieenne. 1052
Table 21.20 SH7086 Pin Functions in Each Operating Mode (2)......c..ccoceeveevereieneencencnnenne. 1058
Table 21.21 Register CONfigUIAtion ..........c.ceiueerierierierieiieeie et eece sttt ettt 1064
Table 21.22 Transmit Forms of Input Functions Allocated to Multiple Pins...........cccceeueneeee. 1186
Section 22 T/O POTLS ....ooueeiiiiiiieieeeeeeee et 1187
Table 22.1  Register CONTIGUIAION ......c.ceevuiieriiiiiieeiee et ciee st eiee st sree e e sbeesaeeseteesabeenaeas 1192
Table 22.2  Port A Data Register (PADR) Read/Write Operations ..........c..ceceeevereeneenueneene. 1198
Table 22.3  Register COnfigUIation ............ceceerierienienierieeie et ece sttt ettt e e eee e 1204
Table 22.4  Port B Data Register L. (PBDRL) Read/Write Operations ...........ccccceeeeveeenueenenne 1206
Table 22.5 Register CONFIGUIAION .......ceevuiiriiiiiiieeiet ettt ettt e 1211
Table 22.6  Port C Data Register (PCDR) Read/Write Operations...........cccceeevueeerieencveerueennne 1214
Table 22.7 Register CONTIGUIAtION ......c.ceevuiieriiiiiieeiee ettt eiee sttt e st esbeesaeeseteesaaeenanas 1219
Table 22.8  Port D Data Register (PDDR) Read/Write Operations ..........c..ceceeevereeneenuennene. 1222
Table 22.9  Register CONfiguration .........c.ccoceeerererieieienieniene sttt ettt eaeeeenens 1229
Table 22.10 Port E Data Register (PEDR) Read/Write Operations ...........cccceceevereeneeneeeeenne. 1233
Table 22.11 Register CONTIGUIAION .......eeeruiiriiiiiiieeiie ettt ettt ettt et e s 1238
Table 22.12 Port F Data Register L (PFDRL) Read/Write Operations...........ccccveeveerveesveennne. 1240
Section 23 Flash MEMOTY ........coouiiiiiiiiiiiiiieeieceeeeee et 1241
Table 23.1 (1)  Relationship between FWE and MD Pins and Operating Modes

(SH7083 and SHT084) .....c.erueieiiriiieiiieieitrietet ettt ettt 1245
Table 23.1 (2) Relationship between FWE and MD Pins and Operating Modes

(SH7085 and SHT080) .....ceuteieieriiienieeieeieeiteit ettt sttt ettt st be st ebe et 1245
Table 23.2  Comparison of Programming MOdES ............cecerrruieriieeinieniiieniienieesieesieesveenaees 1246
Table 23.3  Pin CONfiguration .........cccceeeeriieierienieniieneeeee ettt s 1251
RO1UHO198EJ0600 Rev. 6.00 Page Ivii of Ix
Oct 16, 2014 RENESAS



Table 23.4 (1) Register CONfigUIation............covvveerieeriieniienieerieerte ettt 1252

Table 23.4 (2) Parameter CONfigUuration............ceevcueeriieeriieniieeniienreenie e esee e e e seeeesreenaees 1252
Table 23.5 Register/Parameter and Target Mode..........covvvevieiiiieniiiniienieeieeseeesee e 1253
Table 23.6  Usable Parameters and Target Modes ...........cocevverieneininneiienienieeieeieeieeieeene 1262
Table 23.7 Overlapping of RAM Area and User MAT Area........ccocceeveeeeenieneenieeieeieeeeens 1277
Table 23.8  Peripheral Clock (P¢) Frequency that Can Automatically Adjust Bit Rate of

THIS STttt ettt sttt sa e nnen 1279
Table 23.9  Hardware ProteCtion........c..ccoeevuiriiniinieniiniinicnitenieeteetc ettt 1298
Table 23.10 SOftware ProteCtiON .....c...coeerirriiiiinieniieiieieeteeteeete ettt 1299
Table 23.11 Initiation Intervals of User Branch Processing............cooccevervienieninnienicnieneennen. 1307
Table 23.12 Initial User Branch Processing Time..........ccccoceeririiiiiinienieieeeeeceeee e 1307
Table 23.13 Inquiry and Selection COMMANS .........cecueeiiiriirierieieee e 1313
Table 23.14 Programming and Erasure Commands.........cc..ccevveeenieenieiniieniennieenieeseeeseeee 1327
Table 23.15 Status COAS ....cccueeiiriiriinieeieeie ettt ettt ettt st e ettt sanesbeenbeebeas 1338
Table 23.16 EITOT COAES .....eoouiriiriiiienieeieeie ettt ettt ettt st eae et s be e es 1339
Table 23.17 Executable MAT .....cccccooiiiiieieeete ettt 1340
Table 23.18 (1) Usable Area for Programming in User Program Mode............ccccceerrnnnne. 1341
Table 23.18 (2) Usable Area for Erasure in User Program Mode ..........cccooceeiiiienienneenne. 1342
Table 23.18 (3) Usable Area for Programming in User Boot Mode ..........cccceeevieriiennennee. 1343
Table 23.18 (3) Usable Area for Programming in User Boot Mode (cont).........cccceeeuneneee. 1344
Table 23.18 (4) Usable Area for Erasure in User Boot Mode ...........ccceeevviieeiiiieeciieecieee, 1345
Table 23.18 (4) Usable Area for Erasure in User Boot Mode (cont)...........ccccueeeeeieeeeennenn. 1346
Section 26 Power-Down MoOdes...........oocveiriiriiiiiinieinicnieeecceeeee e 1351
Table 26.1  States of POWer-Down MOdEs.........cc.cocuerierienieniinniiienieieieeeeeeeseereere e 1352
Table 26.2  Pin CONfigUIation .........c.coiuierieiiiienieenieesieesie ettt et ste et e saeeseeeeseaeeanas 1353
Table 26.3  Register CONfIGUIAtION ........eeriiiriienieeiieerieerie ettt e siteesreesieeesbeeseeeesaseenenas 1354
Section 28 Electrical CharaCteriStiCS ......curuurreerrurieeeriirieeesiiieeeesireeeeesereeeennns 1427
Table 28.1  Absolute Maximum Ratings..........cceceeiirieiiiiieieie e 1427
Table 28.2  DC CharacteriStiCs .......cceervereeriientirienieniienieereeresresteesseereseeesaeesaeesseennessnesseennees 1428
Table 28.3  DC CharacteriStiCS ......ceoueeuereereeriirienieniienieeteereseesieesteeeeseeesaeesseeseeanessnesseensens 1431
Table 28.4  Permitted Output Current ValUesS........cccueerieeriierieenieenieeiieeneeeiee e esieeeene e 1434
Table 28.5 Maximum Operating FreqUeNCY ........ccccceverieririiiiiiiienieeeeeeeceeee e 1435
Table 28.6  CLOCK TIMING ...c..eeiieiiiiieeiieieee ettt ettt sttt ettt e e e e eateeseesseenaeas 1436
Table 28.7  Control Signal TIMING......ccccvereriririeeeiericiertenese ettt eene 1439
Table 28.8  BUS TIMINZ......eiiiiiiiiiirieeiteeteeiie ettt ettt ettt et e et eesbeeesbaeenaees 1442
Table 28.9 Direct Memory Access Controller (DMAC) Timing .......cc.ccoceeveeneenveecuenveneennen. 1479
Table 28.10 Multi Function Timer Pulse Unit 2 (MTU2) Timing .......cccccceevueercieervreenveenveene. 1480
Table 28.11 Multi Function Timer Pulse Unit 2S (MTU2S) Timing........cccecceveevverueneenneennen. 1482
Page Iviii of Ix RO1UHO198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



Table 28.12 T/O Port TImMING ........cccociiiiiiiiiiiiiiiiiiiciie e 1483

Table 28.13 Watchdog Timer (WDT) Timing ........ccccveevieriiiiiiiieniieiieenieesieesee e eene e 1484
Table 28.14 Serial Communication Interface (SCI) Timing .......ccccceevvevciieriieencieeniieenieenieenne. 1485
Table 28.15 Serial Communication Interface with FIFO (SCIF) Timing .........ccccccceeveevucneenne. 1487
Table 28.16 Synchronous Serial Communication Unit (SSU) Timing .......c.cccceveevereverceeneenns 1489
Table 28.17 Port Output Enable (POE) Timing .......ccccoceeerireririnieeeienienieneneneseeeeeeeeenens 1492
Table 28.18 I’C Bus Interface 2 (IIC2) TIMINZ et 1493
Table 28.19 UBC Trig@er TiMING .......cevcvieriieriiienieeiieeieeiteeieeeitesteesreesbeesiteesbeesaseessseennnas 1495
Table 28.20 A/D CONVErter TIMING ....ccoveerieeriieiriieeiieeiieeitesiteeieesieesreesbeesteesbeesaseessseenanas 1496
Table 28.21 A/D Converter CharacCteriStiCs ........evverrrrerierrieeeireeeiieeerieesreesseesseesseessseesseensns 1498
Table 28.22 Flash Memory CharaCteriStiCS.......courertererierieneneriineeeeteeetenresresreseeeneeeeenenens 1499
APPEIAIX ¢ttt et ettt st s e e e eanee 1501
Table A.1  Pin States (SHT7083) ..cuioiiieiieieeiecieeie ettt ettt saeeaeesaessne e 1501
Table A.2  Pin States (SHT084) ...c..uviiiiieeeeeeeeee ettt te e e eavae e eireeaeas 1507
Table A.3  Pin States (SHT7085) ..occuuiiiieeeeeee e ettt et e eaaea e 1513
Table A4 Pin StateS (SHT080) .....ccovieiieeieitieeieeie ettt ettt ettt eve e et ees 1522
Table B.1  Processing of Unused Pins ..........coccoeoiiiiiiiiiiiieceeeeeeeeee e 1531
Table C.1  Pin States of Bus Related Signals (1) ......ccoocueeviiriieniiiniiienieenieenieeieeeeeeeee. 1532
Table C.1  Pin States of Bus Related Signals (2) ......ccoovueeviiiiiieniiieiiieriienieerieesveesee e 1533
Table C.1  Pin States of Bus Related Signals (3) ......ccoovueriiiiiiieniiieiiienieeeieeeieesveesee e 1535
Table C.1  Pin States of Bus Related Signals (4) ......c.ccooeeviriiiniiniinieiieieeeeeeeeeee e 1536
Table C.1  Pin States of Bus Related Signals (5) ......cccceveeririiriinieieeeeeeeeeeee e 1538
Table C.1  Pin States of Bus Related Signals (6) ........cceoeeririieriinieieieeeeeeeeee e 1539
Table C.1  Pin States of Bus Related Signals (7) ......coovueeviiiiiieniieiiienieenieeieeeieeee e 1541
Table C.1  Pin States of Bus Related Signals (8) ......ccoovueriiiiiiieniieiiierieeeieeeieesieeee e 1542
Table C.1  Pin States of Bus Related Signals (9) ......ccooievviiiiiieniieiiieniieeieeeieeseeee e 1544
Table C.1  Pin States of Bus Related Signals (10).......cccccoveriiriiniiniiiniiienieieeeeeee e 1545
Table C.1  Pin States of Bus Related Signals (11)......ccccceeiiriiriiniiieiieeeeceeeeeee e 1547
Table C.1  Pin States of Bus Related Signals (12).......ccccoeririiiriinienieieeeeceeeeeee e 1549
Table C.1  Pin States of Bus Related Signals (13).....cccceeeviiiiiiniiiiiieniieeieeeieeeieesee e 1550
Table C.1  Pin States of Bus Related Signals (14) ......ccceeevueiiiiieeiieiniieniieeieeeiee e 1552
Table C.1  Pin States of Bus Related Signals (15).....cocueeviiiiiieniieiiieeiieeieeeiee e 1554
Table D.1  Product Code LINQUP.......ccceeriieierienieniienieeieeie ettt 1556
RO1UH0198EJ0600 Rev. 6.00 Page lix of Ix

Oct 16, 2014 RRENESAS



Page Ix of Ix RO1UH0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



SH7080 Group Section 1 Overview

Section 1 Overview

1.1 Features of SH7083, SH7084, SH7085, and SH7086

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 direct memory access controller (DMAC), a data
transfer controller (DTC), timers, a serial communication interface (SCI), a serial communication
interface with FIFO (SCIF), a synchronous serial communication unit (SSU), an A/D converter, an
interrupt controller (INTC), I/O ports, and an I’C bus interface 2 (ILC2).

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 reduces costs of designing and manufacturing application
systems.

In terms of on-chip ROM, F-ZTAT™ (Flexible Zero Turn Around Time)* version incorporating
flash memory and mask ROM version are available. 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

SH7080 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 LS| 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
— Extended ROM disabled mode
Operating states

— Program execution state

— Exception handling state

— Bus release state
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

On-chip ROM

256 kbytes or 512 kbytes
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Section 1 Overview

Items

Specification

On-chip RAM

16 kbytes or 32 kbytes

Bus state controller
(BSC)

Address space divided into nine areas: Eight areas (CS0 to CS7), each
a maximum of 64 Mbytes, and one area (CS8) of a maximum of 1
Gbytes (a total of three areas in SH70883, eight areas in
SH7084/SH7085, and nine areas in SH7086)

8-bit external bus

16-bit external bus

32-bit external bus (only in SH7085/SH7086)

The following features settable for each area independently
— Bus size (8, 16, or 32 bits)

— Number of access wait cycles

— Idle wait cycle insertion

— Specifying the memory to be connected to each area enables direct
connection to SRAM, SRAM with byte selection, burst ROM (clock
synchronous or asynchronous), MPX-I/O, burst MPX-I/O, SDRAM,
and PCMCIA

Outputs a chip select signal according to the target area

Direct memory access
controller (DMAC)

Four channels
External request available
Burst mode and cycle steal mode

Data transfer
controller (DTC)

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.
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SH7080 Group

Items

Specification

Interrupt controller
(INTC)

Nine external interrupt pins (NMI and IRQ7 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

Clock pulse
generator (CPG)

Clock mode: Input clock can be selected from external input or crystal
resonator

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
(WDT)

On-chip one-channel watchdog timer

Interrupt generation is supported.
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ltems Specification

Multi-function timer e Maximum 16 lines (maximum 13 lines in SH7083) of pulse input/output
pulse unit 2 (MTU2) and three lines of pulse input based on six channels of 16-bit timers

e 21 output compare and input capture registers
e Atotal of 21 independent comparators

e Selection of eight counter input clocks

e Input capture function

e Pulse output modes

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

e Synchronization of multiple counters
o Complementary PWM output mode

— Six-phase (four-phase in SH7083) non-overlapping waveforms
output for 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

e Reset-synchronized PWM mode

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

e Phase counting mode
Two-phase encoder pulse counting available

Multi-function timer e Subset of MTU2, including channels 3 to 5
pulse unit 28 (MTU2S) |

Operating at 80 MHz max.

Port output enable « High-impedance control of waveform output pins in MTU2 and MTU2S
(POE)

Compare match timer e 16-bit counters
(CMT)

e Compare match interrupts can be generated
e Two channels

Serial communication e  Clock synchronous or asynchronous mode

interface (SCI) e Three channels
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SH7080 Group

Items

Specification

Serial communication
interface with FIFO
(SCIF)

Clock synchronous or asynchronous mode
Separate 16-byte FIFO registers for transmission and reception
One channel

Synchronous serial
communication unit
(SSU)

Master mode or slave mode selectable
Standard mode or bidirectional mode selectable
Transmit/receive data length can be selected from 8, 16, and 32 bits.

Full-duplex communication (transmission and reception executed
simultaneously)

Consecutive serial communication
One channel

I°C bus interface 2
(1c2)

(SH7084, SH7085,
and SH7086 only)

Conforming to Philips I°C bus interface

Master mode and slave mode supported

Continuous transfer

I’C bus format or clock synchronous serial format selectable

One channel

A/D converter (ADC)

10 bits x 8 channels (in SH7083/SH7084/SH7085)

10 bits x 16 channels (in SH7086)

Conversion request by external triggers, MTU2, or MTU2S

Two sample-and-hold function units (two channels can be sampled
simultaneously) (in SH7083/SH7084/SH7085)

Three sample-and-hold function units (three channels can be sampled
simultaneously) (in SH7086)

I/O ports

65 general input/output pins and eight general input pins (SH7083)
76 general input/output pins and eight general input pins (SH7084)
100 general input/output pins and eight general input pins (SH7085)
118 general input/output pins and 16 general input pins (SH7086)
Input or output can be selected for each bit

Packages

TQFP1414-100 (0.5 pitch) (SH7083)
LQFP2020-112 (0.65 pitch) (SH7084)
LQFP2020-144 (0.5 pitch) (SH7085)
LQFP2424-176 (0.5 pitch) (SH7086)

Power supply voltage

Vcc:3.0to 3.6 Vor4.0to 5.5V
AVcc:4.0t0 5.5V
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1.2 Block Diagram

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

SH2 uBC AUD
CPU #2

L bus (1¢)
ROM RAM Internal bus

controller
| bus (B¢)
BSC Peripheral bus DTC DMAC
controller

|

External bus

Peripheral bus (P¢)

110 SCI SCIF || CMT || H-UDI || INTC || Power- || WDT || CPG || MTU2||MTU2S || POE || SSU || lIC2 || ADC
port #1 down #3
(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 SClI: Serial communication interface
CPG: Clock pulse generator SCIF:  Serial communication interface with FIFO
WDT: Watchdog timer SSuU: Synchronous serial communication unit
CPU: Central processing unit lic2: 12C bus interface 2
BSC: Bus state controller CMT: Compare match timer
DMAC: Direct memory access controller ADC: A/D converter

Notes: 1. Only in F-ZTAT version
2. Only in F-ZTAT version supporting full functions of E10A
3. SH7084, SH7085, and SH7086 only

Figure 1.1 Block Diagram
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1.3

Pin Assignments

PA15/CK
PLLVss
Ve

Vee

PB4/RASL/IRQ2/POE2

1)
W
'O
S
) (7]
g o2>25
T LD
i) QOO0
@ W NN
< = o Or-rADITH
SE _<__, 8583838
= = S-A®DF
B350%og 33808833
Oa>Z=W=X>aoo0o0aoaoo

Vee

PD6/D6/TIC5VS
PD7/D7/TIC5WS

Vss

(2}
L
[in}
PEO/DREQO/TIOCOA/TMS*® [ |76
PE1/TENDO/TIOCOB/TRST*® [_|77
PE2/DREQ1/TIOCOC/TDI*® []78
PE3/TEND1/TIOCOD/TDO*
PE4/TIOC1A/RXD3/TCK** |80
Vss []
PFO/ANO [
PF1/AN1 ]
PF2/AN2 []
PF3/AN3 []
PF4/AN4 |86
PF5/AN5 [ |87
AVss []s8
PF6/AN6 [_|89
PF7/AN7 [ |90
Avref 91
AVee [Jo2
Vss []93
Vee [Jo4
PE6/CS7/TIOC2A/SCK3 [J95
PE7/BS/TIOC2B/UBCTRG/RXD2/SSI [|96
PEB/TIOC3A/SCK2/SSCK []97
PE10/TIOC3C/TXD2/SSO [J98
PE12/TIOC4A/TXD3/SCS []99
PE13/TIOC4B/MRES/ASEBRKAK**/ASEBRK** [_]100

Notes: 1.

PE14/DACKO/TIOC4C

PE15/CKE/DACK1/TIOC4D/IRQOUT

TQFP-100
(Top view)

7574 7372717069 68 67 66 6564 63 62 61 60 59 58 57 56 55 54 53 52 51

9 1011121314 1516 1718 19 20 2122 2324 25

PD8/D8/TIOC3AS/AUDATAO**

PCO/A0
PC1/A1

PC2/A2

2ILLTRI2CeRILs

SInoRegIIIII>>

PPRRRRRR -2
[CNONONONG]
ooooa

PC15/A15
PBO/A16/TIC5WS

PB1/A17/TIC5W

Vss

PB2/IRQO/POEO

PD9/D9Y/TIOC3BS/AUDATAT**
PD10/D10/TIOC3CS/AUDATA2:*
PD11/D11/TIOC3DS/AUDATA3**
PD12/D12/TIOC4AS
PD13/D13/TIOC4BS
PD14/D14/TIOC4CS/AUDCK**
PD15/D15/TIOC4DS/AUDSYNC**
PB6/A18/BACK/IRQ4/RXDO
PB7/A19/BREQ/IRQ5/TXDO
PB8/A20/WAIT/IRQ6/SCKO
PA3/A24/RXD1

PA4/A23/TXD1
PA5/A22/DREQ1/IRQ1/SCK1
PA7/CS3/TCLKB
PA8/RDWR/IRQ2/TCLKC
PAY/CKE/IRQ3/TCLKD
PA10/CSO/POE4

Vss

Vee

PA12/WRL/DQMLL/POE6
PA13/WRH/DQMLU/POE7
WDTOVF

PA14/RD

Ve (ASEMDO0*?)
PBY/A21/IRQ7/ADTRG/POES

This pin is fixed to Vss in the mask ROM and ROM-less versions and is used as the FWE input pin in the F-ZTAT version.

2. This pin is for the E10A emulator. It is fixed to Vcc in the mask ROM and ROM-less versions and is used as the ASEMDO input pin

in the F-ZTAT version.

N

. These pin functions are only available in the F-ZTAT version (i.e., they are not available in the mask ROM and ROM-less versions).
. These pin functions are only available in the F-ZTAT version supporting full functions of E10A (not available in normal F-ZTAT version).

Figure 1.2 Pin Assignments of SH7083 (TQFP1414-100)
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% |1 PD10/D10/TIOC3CS/AUDATAZ 4
= PD11/D1 1/TIOC3DS/AUDATAZ**

EER
2z
EE
< <
[a]ya)
22
< <
23 22
w > > =2 53 2 @9 @
Y~ Db D Db B [SIS)
E O o Qo Q 0 Q0 Q [ele]
5, [E2Y¢ o EEE EEE EE
24 fS§t__2_, 58g8¢g8 gscs 88
B xJdggxzgs38%8¢83858838885883
84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59
PEO/DREQ/TIOCOATMS*® ] 85 56f1 PD12/D12/TIOC4AS
PE1/TENDO/TIOCOB/TRST*® ] 86 5[ Vss
PE2/DREQ1/TIOCOC/TDI® ] 87 54f1 PD13/D13/TIOC4BS
PES/TEND1/TIOCOD/TDO*® ] 88 53f1 PD14/D14/TIOC4CS/AUDCK**
PE4/TIOCTA/RXD3/TCK™® ] 89 52f1 PD15/D15/TIOC4DS/AUDSYNC**
vss ] 90 51f1 PAO/CSA/RXDO
PFO/ANO [ 91 50f 1 PA1/CS5/TXDO
PF1/ANT ] 92 49[1 PA2/A25/DREQO/IRQV/SCKO
PF2/AN2 ] 93 48[ PA3/A24/RXD1
PF3/ANS ] 94 47 PA4/A23/TXD1
PF4/AN4 ] 95 46f1 PAS/A22/DREQ1/IRQ1/SCK1
PF5/ANS ] 96 451 PA6/CS2/TCLKA
Avss ] 97 44f1 PA7/CSB/TCLKB
PF6/ANG ] 98 LQFP-112 43f3 PAS/RDWR/IRQ2/TCLKC
PF7/AN7 ] 99 (Top view) 42|71 PA9/CKE/IRQ3/TCLKD
Avee 100 41| PA10/CSO/POE4
vss 101 403 PA11/CS1/POES
PES/CS6/TIOC1B/TXD3/ASEBRKAK**/ASEBRK*® []102 30[ vss
Veo 103 38[ PA12/WRL/DQMLL/POES
PE6/CS7/TIOC2A/SCK3 []104 37|30 Vee
PE7/BS/TIOC2B/UBCTRG/RXD2/SSI 105 36f3 PA13WRH/DQMLU/POE?
PES/TIOC3A/SCK2/SSCK {106 351 WDTOVF
PE9/TIOC3B/SCK3/RTSS 107 34f PA14/RD
PE10/TIOC3C/TXD2/SSO []108 33[ Vee (ASEMD0*?)
Vo 109 32[71 PBY/A21/IRQ7/ADTRG/POES
PE11/TIOC3D/RXD3/CTSS []110 31[1 PB8/A20/WAIT/IRQE/SCKO
PE12/TIOC4A/TXD3/SCS 111 30f1 PB7/A19/BREQ/IRQS/TXDO
PE13/TIOC4B/MRES {112 29[ PB6/A18/BACK/IRQ4/RXDO
12 3 45 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
gt oog
05 82323285222 -023222823d3R 8
RS SSSS55355x5xx3x32358>88p0>06
[e'<] 0000000000 S-ABIB O £ ST [
g9 ciedede T ERE E
29 < - S5a &2
g8 5 B 28F g
S o Sple o
< T O8I w©
Ele] -
o2
aQ
w
4
Q
5
]
o

Notes: 1.

This pin is fixed to Vss in the mask ROM and ROM-less versions and is used as the FWE input pin in the F-ZTAT version.

2. This pin is for the E10A emulator. It is fixed to Vcc in the mask ROM and ROM-less versions and is used as the ASEMDO input pin

in the F-ZTAT version.

W

. These pin functions are only available in the F-ZTAT version (i.e., they are not available in the mask ROM and ROM-less versions).
. These pin functions are only available in the F-ZTAT version supporting full functions of E10A (not available in normal F-ZTAT version).

Figure 1.3 Pin Assignments of SH7084
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PEO/DREQO/TIOCOA/AUDCK
PE1/TENDO/TIOCOB
PE2/DREQ1/TIOCOC

Vee
PES/TEND1/TIOCOD/AUDATA3*
PE4/IOIST6/TIOC1 A/RXDI/AUDATAZ*
PES/CS6/CETB/TIOC1B/TXD3/AUDATAT =4
PE6/CST7/TIOC2A/SCK3/AUDATAO
Vss

PFO/ANO

PF1/AN1

PF2/AN2

PF3/ANS

PF4/AN4

PF5/ANS

Avss

PF6/ANG

PF7IANT

Avref

Avee

Vss

PAO/CS4/RXDO
PA1/CS5/CETAITXDO
PA2/A25/DREQO/IRQO/SCKO
PA3/A24/RXD1

PA4/A23/TXD1

Vee

PA5/A22/DREQ1/IRQ1/SCK1
PE7/BS/TIOC2B/UBCTRG/RXD2/SSI
PEB/TIOC3A/SCK2/SSCK/TMS*3
PE9/TIOC3B/SCKY/RTSH/TRST+3
PE10/TIOC3C/TXD2/SSO/TDI*3

veu
PE11/TIOC3D/RXD3/CTS3/TDO*3
PE12/TIOC4A/TXD3/SCSITCK*3
PE13/TIOC48/MRES/ASEBRKAKJ/ASEBRK*3

Notes: 1.

A16/WRHH/ICIOWR/AH/DQMUU/CKE/DREQ2/AUDSYNC

®
2
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13
114
115
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117
118
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20
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25
26
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31
32
33
34
35
36
37
38
139
140

LQFP-144
(Top view)

10 11

3
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Qg
L8 8

1

-
e

vss o
PCOA0 [~
pCAl [

PA21/CS5/CETAICASUTICSU [ »

—_-

PE14/WRHH/ICIOWR/AH/DQMUU/DACKOITIOCAC [ |

U

k4

v it

2

U

.

a

B

B4

i

2
8
-4

ni

00000

=52

C5WS

9
223
I8 3
&589%
2ca

PCS/AS
PCBIAE
PC/AS

N
S
g

PB2/IRQV/POED/SCI

PB3/IRQ1/POET/S!

PA20/CS4/RAS!

PB1/A17/TICSW
PA19/BACK/TEND!

PBO/A16/TI

PA18/BREQ/TEND
PB4/RASL/IRQ2/POE:

PA23/WRHH/CIOWR/AH/DQMUU/TICSW
PB5/CASL/IRQ3/POES

PA22/WRHL/ICIORD/DQMUL/TICSV

PE15/CKE/DACK1/TIOC4D/RQOUT

PD16/D16/IRQO/POE4/AUDATAO*
Vss
PD17/D17/IRQ1/POES/AUDATAT*
PD18/D18/IRQ2/POEB/AUDATA2**
PD19/D19/IRQ3/POE7/AUDATA3**
PD20/D20/IRQ4/TICSWS
PD21/D21/IRQS/TIC5VS
PD22/D22/IRQ6/TIC5US/AUDCK*
PD23/D23/IRQ7/AUDSYNC*

Vee

PD24/D24/DREQO/TIOC4DS

veu

PD25/D25/DREQ1/TIOC4CS
PD26/D26/DACKO/TIOCABS
PD27/D27/DACK1/TIOC4AS
PD28/D28/CS2/TIOC3DS
PD29/D29/CS3/TIOC3BS

Vss

PAG/CS2/TCLKA

PA7/CS3/TCLKB
PAS/RDWR/IRQ2/TCLKG
PA9/FRAME/CKE/IRQ3/TCLKD
PA10/CS0/POE4

PA11/CST/POES
PA12/WRL/DQMLL/POEG
PA13/WRH/WE/DQMLU/POE7
PD30/D30/TIOC3CSIRQOUT
PD31/D31/TIOC3AS/ADTRG
WDTOVF

PA14/RD

Ve (RSEMDO*?)
PBY/A21/IRQ7/ADTRG/POES

Vee

PB/A20/WAIT/IRQB/SCKO
PB7/A19/BREQ/IRQ5/TXDO
PB6/A18/BACK/IRQ4/RXDO

This pin is fixed to Vss in the mask ROM and ROM-less versions and is used as the FWE input pin in the F-ZTAT version.

2. This pin is for the E10A emulator. It is fixed to Vcc in the mask ROM and ROM-less versions and is used as the ASEMDO input pin
in the F-ZTAT version.

H 0

. These pin functions are only available in the F-ZTAT version (i.e., they are not available in the mask ROM and ROM-less versions).
. These pin functions are only available in the F-ZTAT version supporting full functions of E10A (not available in normal F-ZTAT version).

Figure 1.4 Pin Assignments of SH7085
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Section 1 Overview

PEO/DREQO/TIOCOA/AUDCK
4/TENDOITIOCOB

PE2/DREQ1/TIOCOC

Vee

PESTEND1/TIOCOD/AUDATAS*
PE4/TOTSTE/TIOCTA/RXDI/AUDATAZ
PES/CSE/CETBITIOCTB/TXDI/AUDATAT **
PEG/CSTITIOC2A/SCKI/AUDATAO
Vss

AVss

PFO/ANO

PFU/ANT

PFI/ANS
PF10/AN10

PFT1/ANT1

AVee

PF4/ANG

PFS/ANS

PF12/AN12

PF13/AN13

AVss

PF6/ANG

PF7/ANT

PF14/AN14

PF15/AN1S

AVret

AVeo

Vss

PAO/CSZ/RXDO
A1/CSB/CETATXDO
PA2/A25/DREQU/IRQO/SCKO
PA3/A24/RXD1

Vee

PA4/A23/TXD1
PAS/A22/DREQ1/IRQ1/SCK1
PE7/BS/TIOC2B/UBCTRG/RXD2/SSI
PEB/TIOC3A/SCK2/SSCKITMS *2
Ve
PE9/TIOC3B/SCKI/RTSA/TRST
PE10/TIOCIC/TXD2/SSO/TDI*?
PE11/TIOC3D/RXDI/CTSHTDO

Notes: 1.
2

@
@
@

ONOOONNOONAO0N

PAT5/CK

PLLVss

PA25/CE2B/DACK3/POES

s
]
2
g
g
g
9]
3

g

PA17/WAIT/DACK2

PA16/WRHH/ICIOWR/AH/DQMUU/CKE/DREQ2/AUDSYNC

Vss (FWE*)

H

8%

EXTAL

8

i

I

ICsvS

2
@
3
_____ o
- 5
8 8

5

A

PD10/D10/TIOC3CS

s
PD11/D11/TIOC3DS

PDOIDO

PDB/DGTI

Voo

PD7/D7/TICSWS.

PDB/DEITIOCIAS
c

8 3

Vss
Ve

PD12/D12/TIOC4AS

3/TI0C4BS
4/TI0CACS.
5/TIOC4DS

6/IRQQ/POE4/AUDATAQ™

s

a
g

5

]

s

Vss
FDW/Di7/\F(Q|/F'0E5/AuDATA1 »

4
5
3
2
s
i
°
g
S
8
€

E

28

IRQB/TICSUS/AUDCK

PD22/D221

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ O

A0A0AnANNNNNNANANANANAAAAAAAAAAAAANANANAAANAAN

132 131130 129 128 127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112111 110 109 108 107 106 105 104 103 102101100 99 98 97 96 95 94 93 92 91 90 89
3

0 )

13 88
w4 o
e pd
136 85
1 o
138 83
s o
o o
141 80
2 70
143 78
" o
s 7
e 7
w u
148 73
o 7
150 l
1 7
e o
153 68
154 LQFP-176 67
155 (Top view) 66
156 65
s o
158 63,
s Py
160 61
161 60
162 59|
163 58|
104 pa
185 56
o0 s
et 5
168 53]
100 5
0 .
- 5
2 w
173 48|
174 47|
s %
it o
1 23 45 6 7 6 0 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 26 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
22302258828 9 9 §9g9enegeryoye 28z3R 8
IR R R R R R
ES8 87 83837333380383 8 8588535558 S Eag2ak
GEE5E55E ¢c¢ ¢cgsoreees & ©RETfg558508 & 35‘%‘;415%
B23¢22¢ B BEES 2EeRRRs I gpEege
25283083 ] z £ siEs=ckEs
z B &g H SRStk
Qr8dSKke &% sazk 8 & ;ezgs‘z‘
SESREE § £ ZSsziE
EEESERE & L
<2329y @ £888%
JBeEzcR S ge*3
BBEgRKB a
o2Bgaopea
28822
‘éwg\g‘xyx
LEEZgEao
aEEEy @
-] o < o
3§91 o
=
882
SEE
o=
o 3
i
I

in the F-ZTAT version.

rw

PD23/D23/IRQ7/AUDSYNC**
PD24/D24/DREQOITIOCADS

PD25/D25/DREQ1/TIOCACS
PD26/D26/DACKO/TIOCABS
PD27/D27/DACK/TIOC4AS
PD28/D28/CS2/TIOCDS
PD29/D29/CSIITIOC3BS
PAGICSZITCLKA
PA7/CSIITCLKB
PABIRDWR/IRQ2/TCLKC.
PASFRAME/CKE/IRQS/TCLKD
PA10/CSOPOES
PA11/CST/POES

Vee

PA12WAL/DQMLLPOES
PA13WRH/DQMLU/WE/POET
Voo
PD30/D30/TIOC3CS/IRAOUT
PD31/D31/TIOC3AS/ADTRG
PA29/A29/IRQ3
PA28/A28/IRQ2

PA27/A27/IRQ1
Vss
PA26/A26/IRQ0
PC25/A25

PC22/A22

PC21/A21

Vss

PC20/A20

PC19/A19

PC18/A1S

WDTOVF

PA14/RD

Vee (RSEMDO+2)
PBY/A21/IRQ7/ADTRG/POES
PB&/A20/WATT/IRQB/SCKO
Vee
PB7/A19/BREQ/IRQS/TXDO
PB6/A18/BACK/IRQ4/RXDO
PB5/CASL/IRQ3/POE3

This p|n is fixed to Vss in the mask ROM and ROM-less versions and is used as the FWE input p|n in the F-ZTAT version.
This pin is for the E10A emulator. It is fixed to Vcc in the mask ROM and ROM-less versions and is used as the ASEMDO input pin

These pin functions are only available in the F-ZTAT version (i.e., they are not available in the mask ROM and ROM-less versions).
These pin functions are only available in the F-ZTAT version supporting full functions of E10A (not available in normal F-ZTAT version).

Figure 1.5 Pin Assignments of SH7086
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Section 1 Overview

SH7080 Group

11| NC | PA15 | Vcc (F\\//VSES*1) EXTAL| XTAL | PDO | PD3 | Vec | Vss | NC
10 | PE1 | PEO |PLLVss| PB4 | MDO | MD1 | Vss | PD4 | PD6 | PD8 | PD9
9 | PE4 | PE3 | RES | Veu | NMI | NC | PD1 | PD5 | NC | PD10 | PD12
8 | PF1 | PFO | vss | PE2 | PB5 | NC | PD2 | PD7 | PD11 | PD13 | PD15
7 | PF4 | PF5 | PF3 | PF2 PD14 | PB6 | NC | PB7
6 | PF6 | PF7 | Avss | Avref P'L;ESG:J)Z*G PB8 | PA5 | PA3 | PA4
5 | NC | Avec | vss | PE6 PA10 | PA9 | PA7 | PA8
4 | vec | PE7 | PE10 | Vss | PC4 | PC11 | VoL | PA14 | PA12 | Vec | Vss
3 | PES | PE12| NC | NC | PC5 | PC8 | PC14 | PB1 | PB2 [WDTOVF PA13
2 | PE13 | PE14 | PCO | PC2 | PC7 | PC10 | PC13 | PC15 | NC | PB9 (AS\E’;;*Z)
1| NC | PE15| PC1 | PC3 | PC6 | PC9 | PC12 | Vec | PBO | Vss | NC
INDEX A B C D E F G H J K L

Notes: 1. This pin is fixed to Vss in the mask ROM version and is used as the FWE input pin in the F-ZTAT version.
2. This pin is for the E10A emulator. It is fixed to Vcc in the mask ROM version and is used as the ASEMDO
input pin in the F-ZTAT version.
3. The multiplexing of pin functions is the same as for the TQFP1414-100. For details on the pin-multiplexed
functions, see the manual for the TQFP1414-100.

Figure 1.6 Pin Assignments of SH7083 (P-LFBGA-112)
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SH7080 Group

Section 1 Overview

14 Pin Functions

Table 1.2 summarizes the pin functions.

Table 1.2  Pin Functions

Classification Symbol I/0 Name Function

Power supply Vce I 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 (0V). There
will be no operation if any pins are
open.

VeL o 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.

Operating mode MD1, MDO | Mode set Sets the operating mode. Do not
control change values on these pins during
operation.

FWE | Flash memory Pin for flash memory. Flash memory
write enable can be protected against

programming or erasure through this
pin.
RO1UHO0198EJ0600 Rev. 6.00 Page 13 of 1654
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SH7080 Group

Classification Symbol /0 Name Function
System control RES | Power-on reset  When low, this LSI 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 need 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.

BACK 0] 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.
Interrupts NMI | Non-maskable Non-maskable interrupt request pin.
interrupt Fix to high or low level when not in
use.

IRQ7 to IRQO | Interrupt requests Maskable interrupt request pin.

7100 Selectable as level input or edge
input. The rising edge, falling edge,
and both edges are selectable as
edges.

IRQOUT 0] Interrupt request Shows that an interrupt cause has
output occurred. The interrupt cause can be

recognized even in the bus release
state.

Address bus A29 to AO (0] Address bus Outputs addresses.
A24 to AO are available in the
SH7083.
A25 to AO are available in the
SH7084/SH7085.

Data bus D31 to DO I/O  Data bus 32-bit bidirectional bus.
D15 to DO are available in the
SH7083/SH7084.
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Section 1 Overview

Classification

Symbol

/0

Name

Function

Bus control

CS8to CSO

Chip select 8to 0

Chip-select signal for external
memory or devices.

CS7, CS3, and CSO0 are available in
the SH7083.

CS7 to CSO0 are available in the
SH7084/SH7085.

Read

Indicates reading of data from
external devices.

RDWR

o

Read/write

Read/write signal

o

Bus start

Bus-cycle start

%| &

Address hold

Address hold timing signal for the
device that uses the address/data-
multiplexed bus.

Available only in the
SH7084/SH7085/SH7086.

FRAME

FRAME signal

In burst MPX-I/O interface mode,
negated before the last bus cycle to
indicate that the next bus cycle is the
last access.

Available only in the
SH7085/SH7086.

Write to HH byte

Indicates a write access to bits 31 to
24 of the external data.

Available only in the
SH7085/SH7086.

Write to HL byte

Indicates a write access to bits 23 to
16 of the external data.

Available only in the
SH7085/SH7086.

Write to upper
byte

Indicates a write access to bits 15 to
8 of the external data.

|

=
s

Write to lower
byte

Indicates a write access to bits 7 to 0
of the external data.

WAIT

Wait

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

RO1UHO0198EJ0600 Rev. 6.00
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SH7080 Group

Classification = Symbol /0 Name Function
Bus control RASL (0] RAS Connected to the RAS pin of the
SDRAM.
RASU o RAS Connected to the RAS pin of the
SDRAM.
Available only in the
SH7085/SH7086.
CASL (0] CAS Connected to the CAS pin of the
SDRAM.
CASU o CAS Connected to the CAS pin of the
SDRAM.
Available only in the
SH7085/SH7086.
CKE (0] Clock enable Connected to the CKE pin of the
SDRAM.
DQMUU o] HH byte selection Selects bits 31 to 24 of the SDRAM
data bus.
Available only in the
SH7085/SH7086.
DQMUL O HL byte selection Selects bits 23 to 16 of the SDRAM
data bus.
Available only in the
SH7085/SH7086.
DQMLU (0] Upper byte Selects bits 15 to 8 of the SDRAM
selection data bus.
DQMLL o Lower byte Selects bits 7 to 0 of the SDRAM
selection data bus.
CE1A o Lower byte Chip enable for PCMCIA connected
selection for to area 5
PCMCIA card Available only in the
SH7085/SH7086.
CE1B (0] Lower byte Chip enable for PCMCIA connected
selection for to area 6
PCMCIAcard  available only in the
SH7085/SH7086.
Page 16 of 1654 RO1UHO198EJ0600 Rev. 6.00
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Section 1 Overview

Classification Symbol /O Name Function
Bus control CE2A (0] Upper byte Chip enable for PCMCIA connected
selection for to area 5
PCMCIAcard  avajlable only in the
SH7085/SH7086.
CE2B 0] Upper byte Chip enable for PCMCIA connected
selection for to area 6
PCMCIA card Available only in the
SH7085/SH7086.
ICIOWR (0] Write strobe for ~ Connected to the PCMCIA I/O write
PCMCIA I/0 strobe signal
Available only in the
SH7085/SH7086.
ICIORD (0] Read strobe for  Connected to the PCMCIA 1/O read
PCMCIA I/0 strobe signal
Available only in the
SH7085/SH7086.
WE O  Write strobe for ~ Connected to the PCMCIA memory
PCMCIA memory write strobe signal
Available only in the
SH7085/SH7086.
101S16 | PCMCIA dynamic Indicates 16-bit I/O for PCMCIA in
bus sizing little endian mode. This LSI does not
support little endian and this pin
must be held low.
Available only in the
SH7085/SH7086.
Direct memory DREQS3 to | DMA-transfer Input pins to receive external
access controller DREQO request requests for DMA transfer.
(DMAC) Only DREQ1 and DREQO are
available in the SH7083/SH7084.
DACKS to (0] DMA-transfer Strobe signal output pins for the
DACKO strobe external device that has requested
DMA transfer.
Only DACK1 and DACKO are
available in the SH7083/SH7084.
TEND1, (0] DMA-transfer end Output pins for DMA transfer end
TENDO signals
RO1UH0198EJ0600 Rev. 6.00 Page 17 of 1654
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SH7080 Group

Classification Symbol /0 Name Function
Multi function timer- TCLKA, | MTU2 timer clock External clock input pins for the
pulse unit 2 (MTU2) TCLKB, input timer.
TCLKC, Only TCLKB, TCLKC, and TCLKD
TCLKD are available in the SH7083.
TIOCOA, /0 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)
TIOC1A, /0 MTUZ2 input The TGRA_1 to TGRB_1 input
TIOC1B capture/output capture input/output compare
compare output/PWM output pins.
(channel 1) Only TIOC1A is available in the
SH7083.
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)
TIOC3A, /0 MTU2 input The TGRA_3 to TGRD_3 input
TIOCSB, capture/output capture input/output compare
TIOCSC, compare output/PWM output pins.
TIOC3D (channel 3) Only TIOC3A and TIOC3C are
available in the SH7083.
TIOC4A, /0 MTUZ2 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.
TICEW (channel 5)
Multi function timer- TIOC3AS, /0 MTU2S input The TGRA_3S to TGRD_3S input
pulse unit 2S TIOC3BS, capture/output capture input/output compare
(MTU2S) TIOC3CS, compare output/PWM output pins.
TIOC3DS (channel 3)
TIOCA4AS, /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)
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Classification Symbol /O Name Function
Multi function timer- TIC5US, | MTUZ2S input The TGRU_5S, TGRV_5S, and
pulse unit 2S TIC5VS, capture TGRW_5S input capture input pins.
(MTU2S) TICEWS (channel 5)
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.
POES8 to POEG, POE4 to POE2, and
POEO are available in the SH7083.
Serial TXD2 to 0] 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
Serial TXD3 (0] Transmit data Transmit data output pin
communication . - : -
RXD I R t R t t
interface with FIFO 3 eceive data eceive data input pin
(SCIF) SCK3 I/O  Serial clock Clock input/output pin
RTS3 0] Request to send Modem control pin.
This pin is not available in the
SH7083.
CTS3 | Clear to send Modem control pin.
This pin is not available in the
SH7083.
Synchronous serial SSO /0 Data Data input/output pin.
(CgsmS;““ma“O” unit “gg; /IO Data Data input/output pin.
SSCK I/0  Clock Clock input/output pin.
SCS /0 Chip select Chip select input/output pin.
I’C bus interface 2  SCL I/O  I’C clock Clock input/output pin for I’C bus.
(c2) input/output Available only in the
SH7084/SH7085/SH7086.
SDA I/O  I°C data Data input/output pin for I°C bus.
input/output Available only in the
SH7084/SH7085/SH7086.
RO1UH0198EJ0600 Rev. 6.00 Page 19 of 1654
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SH7080 Group

Classification

Symbol

/0

Name

Function

A/D converter
(ADC)

AN15 to ANO

Analog input pins

Analog input pins.

AN7 to ANO are available in the
SH7083/SH7084/SH7085.

ADTRG

A/D conversion
trigger input

External trigger input pin for starting
A/D conversion.

AVref

Analog reference
power supply

Reference voltage pin for the A/D
converter.

Available only in the
SH7083/SH7085/SH7086.

(In the SH7084, this pin is connected
to AVcc inside this LSI.)

AVcc

Analog power
supply

Power supply pin for the A/D
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

PA29 to PAO

I/0

General port

30-bit general input/output port pins.
PA15 to PA12, PA10 to PA7, and
PA5 to PA3 are available in the
SH7083.

PA17 to PAO are available in the
SH7084.

PA25 to PAO are available in the
SH7085.

PB9 to PBO

I/0

General port

10-bit general input/output port pins.

PB9 to PB4 and PB2 to PBO are
available in the SH7083.

PC25 to
PC18,
PC15 to PCO

I/0

General port

24-bit general input/output port pins.
PC15 to PCO are available in the
SH7083/SH7084/SH7085.
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Classification Symbol /0 Name Function
I/0O ports PD31to PDO I/O General port 32-bit general input/output port pins.
PD15 to PDO are available in the
SH7083/SH7084.
PE21to PEO /O General port 22-bit general input/output port pins.
PE15 to PE12, PE10, PES8 to PES,
and PE4 to PEO are available in the
SH7083.
PE15 to PEQ are available in the
SH7084/SH7085.
PF15to PFO | General port 16-bit general input port pins.
PF7 to PFO are available in the
SH7083/SH7084/SH7085.
User break UBCTRG (0] User break Trigger output pin for UBC condition
controller (UBC) trigger output match.
User debugging TCK | Test clock Test-clock input pin.
;rge&fglc)e TMS | Test mode select Inputs the test-mode select signal.
(only in the F-ZTAT TDI | Test data input  Serial input pin for instructions and
version) data.
TDO (0] Test data Serial output pin for instructions and
output data.
TRST | Test reset Initialization-signal input pin.
Advanced user AUDATA3to O AUD data Branch destination address output
debugger AUDATAO pins.
(AUD) AUDCK O  AUD clock Sync-clock output pin
(only in F-ZTAT y wput pin.
version supporting AUDSYNC O AUD sync Data start-position acknowledge-
full functions of signal signal output pin.
E10A)
RO1UH0198EJ0600 Rev. 6.00 Page 21 of 1654
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SH7080 Group

Classification

Symbol /0

Name

Function

E10A interface
(only in the F-ZTAT
version)

ASEMDO |

ASE mode

Sets the ASE mode.

When a low level is input, this LSI
enters ASE mode. When a high level
is input, this LS| 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 |

Break request

E10A emulator break input pin.

ASEBRKAK O

Break mode
acknowledge

Indicates that the E10A emulator has
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

¢ 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 (@R0O, GBR)
PC relative with displacement (@disp:8, PC)
PC relative (disp:8/disp:12/Rn)

Immediate (#imm:8)
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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 0

RO*1
R1
R2

R3

R4

R5
R6

R7
R8
R9
R10
R11
R12
R13
R14
R15, SP (hardware stack pointer)0*2

Status register (SR)
31 9876543210

| ------------ M QI3 121110 ----STI
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 PG |

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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SH7080 Group Section2 CPU

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 3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
N I N N N N A A I B
Initial value: 0 0 0 0 0
RW: 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

C L T T [ [ Twlel —wo [ T Ts[+]
Initial value: 0 0 0 0 0 0 - - 1 1 1 1
R/W: R R R R R R RW RW RW RW RW RW

T o
T o
ml
2
Il
=

Bit Read/
Bit name Default Write Description
31to10 — AllO R Reserved

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

9 M Undefined R/W Used by the DIVOU, DIV0S, and DIV1 instructions.
8 Q Undefined  R/W Used by the DIVOU, DIVOS, and DIV1 instructions.
7t04 I[3:0] 1111 R/W Interrupt Mask

3,2 — All O R Reserved

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

o 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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2.2.3 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.

224 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 I3to10: 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
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23 Data Formats

231 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 23 154 7 9
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

24.1 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,R0O 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 TRGETH1

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,R0 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),RO 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 @(RO,R1),R2

.DATA.W H'1234

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

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

24.2 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 foraword  gyecution

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 \word: Rn =2 — Rn

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

longword operand.

Rn - 1/2/4

Longword: Rn — 4
— Rn

(Instruction
executed with Rn
after calculation)
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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.

disp
(zero-extended)

Rn
+ disp x 1/2/4

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.

disp
(zero-extended)

GBR
+ disp x 1/2/4

Byte: GBR + disp

Word: GBR + disp x
2

Longword: GBR +
disp x 4

Index GBR @(Ro,
indirect GBR)

Effective address is sum of register GBR and
RO contents.

GBR + RO

GBR + RO
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Addressing
Mode

Instruction
Format

Calculation
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
o
PC&
HFFFFFFFC
+ 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.
(sign-:i(stznded)
disp:12 Effective address is PC with 12-bit displacement PC + disp x 2

disp added after being sign-extended and
multiplied by 2.

disp
(sign-extended)

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.

24.3 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,@(RO0,Rn)
direct register indirect
md type mmmmdddd: RO (register direct) MOV.B @ (disp,Rm),R0
15 0 register indirect
ddad with displacement
nd4 type RO (register direct) nnnndddd: MOV.B RO, @((disp,Rn)
15 0 register indirect
dddd with displacement
nmd type mmmm: register nnnndddd: MOV.L Rm,@ (disp,Rn)
15 0 direct register indirect
ddad with displacement

mmmmdddd:
register indirect
with displacement

nnnn: register
direct

MOV.L @(disp,Rm),Rn
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Instruction Format

Destination
Source Operand Operand

Sample Instruction

d type dddddddd: GBR RO (register direct) MOV.L @(disp,GBR),R0
g
15 0 indirect with
displacement
RO (register direct) dddddddd: GBR MOV.L RO, @ (disp,GBR)
indirect with
displacement
dddddddad: RO (register directy MOVA @ (disp,PC),R0
PC relative with
displacement
— dddddddd: BF label
PC relative
di2 type — dddddddddddad: BRA label
15 0 PC relative —di
(label=disp+PC)
nd8 type dddddddd: PC nnnn: register MOV.L @(disp,PC),Rn
15 0 relative with direct
displacement
i type iiiiididii: Index GBR indirect AND.B
15 0 immediate #imm, @ (R0,GBR)
iiiiiiii: RO (register direct) AND #imm,R0
immediate
iiidiiiiig: — TRAPA #imm
immediate
ni type iiiiiiii: 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
pperatlgn ADDC Binary addition with carry
instructions

ADDV Binary addition with overflow

CMP/cond Comparison

DIV1 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
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Kinds of Number of

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

NEG Sign inversion

NEGC Sign inversion with borrow

SuUB Binary subtraction

SUBC Binary subtraction with carry

SuUBvV Binary subtraction with underflow
Logic 6 AND Logical AND 14
pperatlgn 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
Explanation of Symbols Explanation of Symbols Explanation of Symbols —: No change
OP.Sz SRC, DEST mmmm: Source register —, «: Transfer direction
OP:  Operation code pnnn: Destination (xx):  Memory operand
Sz:  Size ;
) register 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 ~ ~ 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.
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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 (dispx4+PC)— Rn 1101nnnndddddddd 1 —

MOV Rm, Rn Rm — Rn 0110nnnnmmmm0011 1 —

MOV.B Rm, @Rn Rm — (Rn) 0010nnnnmmmm0000 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)  0010nnnnmmmm0101 1 —

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

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

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

MOV.L @Rm+,Rn (Rm) - Rn,Rm + 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) 0001lnnnnmmmmdddd 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,@(R0O,Rn) Rm — (RO + Rn) 0000nnnnmmmm0100 1 —

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

MOV.L Rm,@(RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0110 1 —

MOV.B @(RO,Rm),Rn (RO + Rm) — Sign 0000nnNnmmmm1100 1 —
extension — Rn

MOV.W @(RO,Rm),Rn (RO + Rm)— Sign 0000nnnnmmmm1101 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),RO disp x4+ 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 0110nnnnmmmml1001 1 —
consecutive words — Rn

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

Rn — Rn
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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, 001llnnnnmmmmllll 1 Overflow
Overflow —» T
CMP/EQ #imm, RO IfRO=imm, 1> T 10001000iiiiiiii 1 Comparison
result
CMP/EQ Rm,Rn fRn=Rm,1>T 0011nnnnmmmmO000 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 001lnnnnmmmm0011 1 Comparison
data,1 > T result
CMP/HI Rm,Rn If Rn > Rm with 001lnnnnmmmm0110 1 Comparison
unsigned data, 1 > T result
CMP/GT Rm,Rn If Rn > Rm with signed 0011lnnnnmmmmO111 1 Comparison
data,1 > T result
CMP/PZ Rn fRN>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,MQ->T result
DIVOU 0 - M/Q/T 0000000000011001 1 0
DMULS.L Rm,Rn Signed operation of 001lnnnnmmmml101 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—->Rn,ifRN=0,1— 0100nnnn00010000 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- 0110nnnnmmmm111l 1 —
extended — Rn
EXTU.B Rm,Rn A byte in Rm is zero- 0110nnnnmmmm1100 1 —
extended — Rn
EXTU.W Rm,Rn A word in Rm is zero- 0110nnnnmmmm1101 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 110 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 0011lnnnnmmmm1000 1 —
SUBC Rm, Rn Rn-Rm-T — Rn, 001lnnnnmmmm1010 1 Borrow
Borrow — T
SUBV Rm, Rn Rn-BRm — Rn, 001lnnnnmmmm1011l 1 Overflow
Underflow —» T
Note: * Indicates the number of execution cycles for normal operation.
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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,@(RO,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,@(R0O,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, 15T

TST.B #imm, @ (RO,GBR) (RO + GBR) & imm; 11001100iiiiiiii 3 Test result
iftheresultis0,1 > T

XOR Rm,Rn RnARm — Rn 0010nnnnmmmm1010 1 —

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

XOR.B #imm, @ (RO,GBR) (RO+ GBR)”~imm — 11001110iiiiiiii 3 —_
(RO + GBR)

RO1UH0198EJ0600 Rev. 6.00 Page 47 of 1654

Oct 16, 2014 RENESAS



Section2 CPU

SH7080 Group

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 label 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 —
dispx 2+ PC - PC

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

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

JSR  @Rm Delayed branch, PC - PR, 0100mmmm00001011 —
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, Am +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, Bm +4 — 0100mmmm00000110 1 —
Rm
LDS.L @Rm+, MACL (Rm) - MACL, Rm +4 — 0100mmmm00010110 1 —
Rm
ILDS.L @Rm+, PR (Rm) > PR,Am +4 - Rm 0100mmmm00100110 1 —
NOP No operation 0000000000001001 1 —
RTE Delayed branch, 0000000000101011 5 —
Stack area — PC/SR
SETT 1T 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 0000nnnn00011010 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 LS| 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.
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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

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

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

Reset state

Exception
handling state
Bus reques| us request )
cleared generated .NMI interrupt or IRQ
interrupt occurs
Exception .
v processing Excepnt_m
Bus release state ~ source processing
- ‘ occurs ends
Bus request
Bus request cleared
generated
Program
Bus request Bus request execution state
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
_____ L\ /4y Ny Ny
: |
'
! Sleen mode Software Deep software i
' P standby mode standby mode 1
! i
S|
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 SH7083 SH7084 SH7085 SH7086
ModeO O 0 0 MCU extension mode 0 Not active 8 8 16 16
Mode1 O 0 1 MCU extension mode 1 Not active 16 16 32 32
Mode2 O 1 0 MCU extension mode 2 Active Set by CSOBCR in BSC
Mode3 O 1 1 Single chip mode Active —
Mode 4% 1 0 0 Boot mode Active —
Mode 5+ 1 0 1 User boot mode Active Set by CSOBCR in BSC
Mode 6% 1 1 0 User programming Active Set by CSOBCR in BSC
Mode 7+ 1 1 1 mode —

Notes: 1. Do not input a low-level signal to ASEMDO when the MCU is not connected to the
E10A. Operation cannot be guaranteed if a low-level signal is input to ASEMDO when
the E10A is not connected. For information on connecting the E10A, see SuperH™
Family E10A-USB Emulator, Additional Document for User’'s Manual: Supplementary
Information on Using the SH7083, SH7084, SH7085, and SH7086.

2. These are flash memory programming modes.

R0O1UH0198EJ0600 Rev. 6.00 Page 55 of 1654

Oct 16, 2014 RRENESAS



Section 3 MCU Operating Modes SH7080 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 SH7083/SH7084 or 16-bit
bus width in SH7085/SH7086.

3.3.2 Mode 1 (MCU Extension Mode 1)

CSO0 space becomes external memory spaces with 16-bit bus width in SH7083/SH7084 or 32-bit
bus width in SH7085/SH7086.

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.
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Address Map

The address map for the operating modes is shown in figures 3.1 to 3.7.

H'00000000

HO1FFFFFF
H02000000

HOBFFFFFF

H'0C000000

HODFFFFFF

H'0E000000

H1BFFFFFF

H'1C000000

H'1DFFFFFF

H'1E000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF7FFF
HFFFF8000

HFFFFBFFF

H'FFFFC000

HFFFFFFFF

Modes 0 and 1
On-chip ROM disabled mode

CS0 space

Reserved area

CS3 space

Reserved area

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (16 kbytes)

On-chip peripheral
1/0 registers

H'00000000

H'0003FFFF
H'00040000

HO1FFFFFF
H'02000000

HO3FFFFFF
H'04000000

HOBFFFFFF
H'0C000000

HODFFFFFF
H'0E000000

H1BFFFFFF
H'1C000000

H'1DFFFFFF
H1E000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF7FFF
HFFFF8000

HFFFFBFFF
H'FFFFC000

HFFFFFFFF

Mode 2
On-chip ROM enabled mode

On-chip ROM (256 kbytes)

Reserved area

CSO0 space

Reserved area

CS3 space

Reserved area

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (16 kbytes)

On-chip peripheral
I/O registers

H'00000000

H'0003FFFF
H'00040000

HFFFF7FFF
HFFFF8000

HFFFFBFFF
H'FFFFC000

HFFFFFFFF

Mode 3
Single chip mode

On-chip ROM (256 kbytes)

Reserved area

On-chip RAM (16 kbytes)

On-chip peripheral
I/O registers

(256-Kbyte Flash Memory Version)

Figure 3.1 Address Map for Each Operating Mode in SH7083
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H'00000000

HO1FFFFFF
H02000000

HOBFFFFFF
H'0C000000

HODFFFFFF
HOE000000

H1BFFFFFF
H'1C000000

H'1DFFFFFF
H'1E000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
H'FFFFC000

HFFFFFFFF

Modes 0 and 1
On-chip ROM disabled mode

CSO0 space

Reserved area

CS3 space

Reserved area

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
1/0 registers

H'00000000

H'0007FFFF
H'00080000

HO1FFFFFF
H'02000000

HO3FFFFFF
H'04000000

HOBFFFFFF
H'0C000000

HODFFFFFF
H'0E000000

H1BFFFFFF
H'1C000000

H'1DFFFFFF
H1E000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 2
On-chip ROM enabled mode

On-chip ROM (512 kbytes)

Reserved area

CSO0 space

Reserved area

CS3 space

Reserved area

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
I/O registers

H'00000000

H'0007FFFF
H'00080000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
H'FFFFC000

HFFFFFFFF

Mode 3
Single chip mode

On-chip ROM (512 kbytes)

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral

I/O registers

(512-Kbyte Flash Memory Version)

Figure 3.2 Address Map for Each Operating Mode in SH7083
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H'00000000

HO3FFFFFF

H'04000000

HO7FFFFFF

H'08000000

HOBFFFFFF

H'0C000000

HOFFFFFFF

H'10000000

H'13FFFFFF

H'14000000

H17FFFFFF

H'18000000

H1BFFFFFF

H'1C000000

H1FFFFFFF

H'20000000

HFFF7FFFF

H'FFF80000

HFFFOFFFF

H'FFFA0000

HFFFF7FFF

H'FFFF8000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Modes 0 and 1
On-chip ROM disabled mode

CS0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (16 kbytes)

On-chip peripheral
1/0 registers

H'00000000

H'0003FFFF
H'00040000

HO1FFFFFF
H'02000000

HO3FFFFFF
H'04000000

HO7FFFFFF
H'08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H1BFFFFFF
H'1C000000

H1FFFFFFF
H'20000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF7FFF
HFFFF8000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 2
On-chip ROM enabled mode

On-chip ROM (256 kbytes)

Reserved area

CSO0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (16 kbytes)

On-chip peripheral
I/O registers

H'00000000

H'0003FFFF
H'00040000

HFFFF7FFF
HFFFF8000

HFFFFBFFF
H'FFFFC000

HFFFFFFFF

Mode 3
Single chip mode

On-chip ROM (256 kbytes)

Reserved area

On-chip RAM (16 kbytes)

On-chip peripheral
1/O registers

(256-Kbyte Flash Memory Version)

Figure 3.3 Address Map for Each Operating Mode in SH7084
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H'00000000

HO3FFFFFF
H04000000

HO7FFFFFF
H08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H'13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H1BFFFFFF
H'1C000000

H1FFFFFFF
H20000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Modes 0 and 1
On-chip ROM disabled mode

CS0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
1/0 registers

H'00000000

H'0007FFFF
H'00080000

HO1FFFFFF
H'02000000

HO3FFFFFF
H'04000000

HO7FFFFFF
H'08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H1BFFFFFF
H'1C000000

H1FFFFFFF
H'20000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 2
On-chip ROM enabled mode

On-chip ROM (512 kbytes)

Reserved area

CSO0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
I/O registers

H'00000000

H'0007FFFF
H'00080000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
H'FFFFC000

HFFFFFFFF

Mode 3
Single chip mode

On-chip ROM (512 kby!

tes)

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
I/O registers

(512-Kbyte Flash Memory Version)

Figure 3.4 Address Map for Each Operating Mode in SH7084
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H'00000000

HO3FFFFFF
H04000000

HO7FFFFFF
H'08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H1BFFFFFF
H'1C000000

H1FFFFFFF
H20000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF7FFF
HFFFF8000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Modes 0 and 1
On-chip ROM disabled mode

CS0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (16 kbytes)

On-chip peripheral
1/0 registers

H'00000000

H'0003FFFF
H'00040000

HO1FFFFFF
H'02000000

HO3FFFFFF
H'04000000

HO7FFFFFF
H'08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H1BFFFFFF
H'1C000000

HIFFFFFFF
H'20000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF7FFF
HFFFF8000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 2
On-chip ROM enabled mode

On-chip ROM (256 kbytes)

Reserved area

CSO0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (16 kbytes)

On-chip peripheral
I/O registers

H'00000000

H'0003FFFF
H'00040000

HFFFF7FFF
HFFFF8000

HFFFFBFFF
H'FFFFC000

HFFFFFFFF

Mode 3
Single chip mode

On-chip ROM (256 kbytes)

Reserved area

On-chip RAM (16 kbytes)

On-chip peripheral
1/O registers

(256-Kbyte Flash Memory Version)

Figure 3.5 Address Map for Each Operating Mode in SH7085
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Section 3 MCU Operating Modes

H'00000000

HO3FFFFFF
H'04000000

HO7FFFFFF
H'08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H'13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H'1BFFFFFF
H'1C000000

H1FFFFFFF
H20000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF3FFF
H'FFFF4000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Modes 0 and 1
On-chip ROM disabled mode

CS0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
1/0 registers

H'00000000

H'0007FFFF
H'00080000

HO1FFFFFF
H'02000000

HO3FFFFFF
H'04000000

HO7FFFFFF
H'08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H'13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H'1BFFFFFF
H'1C000000

H1FFFFFFF
H'20000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 2
On-chip ROM enabled mode

On-chip ROM (512 kbytes)

Reserved area

CSO0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
I/O registers

H'00000000

H'0007FFFF
H'00080000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
H'FFFFC000

HFFFFFFFF

Mode 3
Single chip mode

On-chip ROM (512 kby!

tes)

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
I/O registers

(512-Kbyte Flash Memory Version)

Figure 3.6 Address Map for Each Operating Mode in SH7085
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H'00000000

HO3FFFFFF
H'04000000

HO7FFFFFF
H'08000000

HOBFFFFFF

H'0C000000

HOFFFFFFF
H'10000000

H13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H1BFFFFFF

H'1C000000

H1FFFFFFF
H20000000

H3FFFFFFF
H'40000000

H7FFFFFFF
H'80000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF3FFF
H'FFFF4000

HFFFFBFFF

H'FFFFC000

HFFFFFFFF

Modes 0 and 1
On-chip ROM disabled mode

CSO0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

CS8 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
1/0 registers

H'00000000

H'0007FFFF
H'00080000

HO1FFFFFF
H'02000000

HO3FFFFFF
H'04000000

HO7FFFFFF
H'08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H1BFFFFFF
H'1C000000

H1FFFFFFF
H'20000000

H3FFFFFFF
H'40000000

H7FFFFFFF
H'80000000

HFFF7FFFF
HFFF80000

HFFFOFFFF
HFFFA0000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 2
On-chip ROM enabled mode

On-chip ROM (512 kbytes)

Reserved area

CS0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

CS8 space

Reserved area

SDRAM mode setting space

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
I/O registers

H'00000000

H'0007FFFF
H'00080000

HFFFF3FFF
HFFFF4000

HFFFFBFFF
H'FFFFC000

HFFFFFFFF

Mode 3
Single chip mode

On-chip ROM (512 kbytes)

Reserved area

On-chip RAM (32 kbytes)

On-chip peripheral
I/O registers

Figure 3.7 Address Map for Each Operating Mode in SH7086
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SH7080 Group Section 3 MCU Operating Modes

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 26, 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).

« JUULJUULIULL
MD1, MDO X

t #
< MDS -
RES

Note: * See section 28.3.2, Control Signal Timing.

Figure 3.8 Reset Input Timing when Changing Operating Mode
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SH7080 Group Section 4 Clock Pulse Generator (CPG)

Section 4 Clock Pulse Generator (CPG)

This LSI has a clock pulse generator (CPG) that generates an internal clock (I9), a bus clock (Bo),
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 (MI¢) for the on-chip
MTU2S module; and a MTU?2 clock (MP¢) for the on-chip MTU2 module.

e Frequency change function
Frequencies of the internal clock (I), bus clock (B¢), peripheral clock (Pd), MTU2S clock
(Ml¢), 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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Section 4 Clock Pulse Generator (CPG) SH7080 Group

Figure 4.1 shows a block diagram of the clock pulse generator.

Oscillator unit

: » MTU2S clock
- (Mig)
: > MTU2 clock
. (MPg)
Divider >
xTaL— ot | i -
oscillator | PLLGircuit | | z1/3 _Internal clock
t o (x8) /4 - (19)
exTAL X > “1/8 >
Oscillation Oscillation stop - » Peripheral clock
stop detection detection circuit |~ - G
_ Bus clock
q " (Bp=CK)
ck << I -
T CPG control unit T
Clock frequency Standby
control circuit control circuit
|osccr| [ Fracr | |sTBCR1]| |sTBCR2| [STBCR3| | STBCR4 | [STBCRS| | STBCRS |
A
:
( 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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SH7080 Group Section 4 Clock Pulse Generator (CPG)

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 (I¢),
bus clock (B¢), peripheral clock (Pd), MTU2S clock (MI¢), and MTU?2 clock (MP9).

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 (B¢), peripheral clock
(P$), MTU2S clock (MI¢), and MTU?2 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 26, Power-Down
Modes.
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Section 4 Clock Pulse Generator (CPG) SH7080 Group

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 SClI
ROM SCIF
RAM SSuU
lc2
A/D
CMT
WDT
Bus clock (Bo) BSC MTU2 clock (MP¢) MTU2
DMAC MTU2S clock (Mld) MTU2S
DTC
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SH7080 Group Section 4 Clock Pulse Generator (CPG)

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
(clock input pins)

EXTAL  Input Connects a crystal resonator or an external clock.

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 21, 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 21, 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

Ii\’llll-Jll-tipIi- Setting Clock Ratio Clock Frequency (MHz)*

cation Input

Ratio 1§ B¢ Pd Mip MPo lp By P Mi¢ MP$ Clock Io B¢ P¢ Mlp MPo

x8 1/8 1/8 1/8 1/8 1/8 A1 1 1 1 1 10 10 10 10 10 10
14 1/8 1/8 1/8 1/8 2 1 1 1 1 20 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
174 1/4 1/4 1/4 1/4 2 2 2 2 2 20 20 20 20 20
13 13 13 13 1/3 83 83 83 83 83 26 26 26 26 26
12 1/8 1/8 1/8 1/8 4 1 1 1 1 40 10 10 10 10
12 1/8 1/8 1/4 1/8 4 1 1 2 1 40 10 10 20 10
12 1/8 1/8 12 1/8 4 1 1 4 1 40 10 10 40 10
12 1/4 1/8 1/8 1/8 4 2 1 1 1 40 20 10 10 10
12 1/4 1/8 1/4 1/8 4 2 1 2 1 40 20 10 20 10
12 1/4 1/8 1/4 1/4 4 2 1 2 2 40 20 10 20 20
12 1/4 1/8 12 1/8 4 2 1 4 1 40 20 10 40 10
12 1/4 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 1/2 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
12 1/2 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
12 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 12 4 4 1 4 4 40 40 10 40 40
12 12 1/4 1/4 1/4 4 4 2 2 2 40 40 20 20 20
12 12 1/4 12 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
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FRQCR Division Ratio

PLL
Setting Clock Ratio Clock Frequency (MHz)*

Multipli-
cation Input
Ratio 1) B¢ Pd M MPo l¢ B¢ P¢ Mip MP¢$ Clock 14 B¢ P$ Mip MPo

x8 12 12 12 12 172 4 4 4 4 10 40 40 40 40 40
171 1/8 1/8 1/8 1/8 1 1 1 1 80 10 10 10 10
i1 1/8 1/8 1/4 1/8 1 1 2 1 80 10 10 20 10
171 1/8 1/8 12 1/8 1 1 4 1 80 10 10 40 10
i1 1/8 1/8 11 1/8 1 1 8 1 80 10 10 80 10
11 14 1/8 1/8 1/8 1 1 1 80 20 10 10 10
171 1/4 1/8 1/4 1/8 1 1 80 20 10 20 10
11 14 1/8 1/4 1/4 1 2 80 20 10 20 20
11 1/4 1/8 12 1/8 1 1 80 20 10 40 10
171 1/4 1/8 172 1/4 2 80 20 10 40 20

11 14 1/8 11 1/8 80 20 10 80 10

[NCT I \C T I A I \O 2 I \O 2 I \C T I \C T (N AT B\ I\ )
_ | a

|| N[OW[O|BA]| B|DND|DN
—_

| 00| 00| | 0| 0| 0|OC|OC| 00| OC|O|OKW|O0| O|OKW|OKW|O|O|OKW|OKW|O|OW|OW|O|O| ||

171 14 1/8 11 1/4 1 2 80 20 10 80 20
11 14 14 14 1/4 2 2 80 20 20 20 20
171 1/4 1/4 172 1/4 2 2 80 20 20 40 20
171 1/4 14 11 1/4 2 2 80 20 20 80 20
171 13 13 13 1/3 8/3 8/3 83 83 80 26 26 26 26
i1 13 13 11 173 8/3 83 8 8/3 80 26 26 80 26
171 12 1/8 1/8 1/8 4 1 1 1 80 40 10 10 10
171 12 1/8 1/4 1/8 4 1 2 1 80 40 10 20 10
171 12 1/8 1/4 1/4 4 1 2 2 80 40 10 20 20
171 12 1/8 12 1/8 4 1 4 1 80 40 10 40 10
71 12 1/8 12 1/4 4 1 4 2 80 40 10 40 20
171 12 1/8 12 172 4 1 4 4 80 40 10 40 40
71 12 1/8 11 1/8 4 1 8 1 80 40 10 80 10
171 12 18 11 1/4 4 1 8 2 80 40 10 80 20
71 12 1/8 11 172 4 1 8 4 80 40 10 80 40
171 12 1/4 1/4 1/4 4 2 2 2 80 40 20 20 20
171 12 14 12 1/4 4 2 4 2 80 40 20 40 20
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FRQCR Division Ratio

IF\’IIIt-Jll-tipIi- Setting Clock Ratio Clock Frequency (MHz)*

cation Input

Rato 1§ By Pp Mip MP) 1p B Po Mip MP$ Clock 1§ By P Mip MPy

x8 17 12 1/4 12 12 8 4 2 4 4 10 80 40 20 40 40
i1 12 14 11 1/4 8 4 2 8 2 80 40 20 80 20
i1 12 14 11 1/2 8 4 2 8 4 80 40 20 80 40
1M1 12 12 12 1/2 8 4 4 4 4 80 40 40 40 40
i1 12 12 11 12 8 4 4 8 4 80 40 40 80 40
171 11 1/4 1/4 1/4 8 8 2 2 2 5 40 40 10 10 10
i1 11 1/4 1/2 1/4 8 8 2 4 2 40 40 10 20 10
1M1 11 1/4 12 12 8 8 2 4 4 40 40 10 20 20
i1 11 14 11 1/4 8 8 2 8 2 40 40 10 40 10
11 11 1/4 11 1/2 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
171 11 12 12 12 8 8 4 4 4 40 40 20 20 20
i1 11 12 11 1/2 8 8 4 8 4 40 40 20 40 20
i1 11 12 11 11 8 8 4 8 8 40 40 20 40 40
7 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 (19) 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 (l¢) 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 27, 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 (P$), MTU2S clock (MI¢), and MTU?2 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).

Bit: 15 14 13 12 1N 10 9 8 7 6 5 4 3 2 1 0
| - | IFC[2:0] | BFC[2:0] | PFC[2:0] | MIFC[2:0] MPFC[2:0]
Initial value: 0 0 1 1 0 1 1 0 1 1 0 1 1 0 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 (I9)
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 (B¢)
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
8106 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 MPFC[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.

Bt.: 7 66 5 4 3 2 1 0
L[ -1 -T-1- [soel - [&&

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

Initial
Bit Bit Name Value R/W Description
7103 — 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]

¢ By a power-on reset input through the RES pin
e When software standby mode is canceled

1 — 0 R 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
(Id), bus clock (B¢), peripheral clock (Pd), 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, IFC2 to IFCO = H'011 (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 MPFCO0 = H'011
(x1/4).

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

Set the desired values in bits IFC2 to IFCO, BFC2 to BFCO, PFC2 to PFC0O, 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 (I¢) > 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 (Ip) > 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 ﬁ_—l |—_an
XTAL |—M—T—]

Ry Co C_ 1 =C, = 1810 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 12.5
Rd (©2)(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.

CL

L gs
XTAL — EXTAL
]

I
I
0

Figure 4.3 Crystal Resonator Equivalent Circuit

Table 4.7  Crystal Resonator Characteristics

Frequency (MHz) 5 8 10 12.5

Rs Max. (Q2) (Reference values) 120 80 60 50

Co Max. (pF) (Reference values) 7 7 7 7
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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_n_n_ 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 MTU?2S are assigned) can be placed in high-
impedance state regardless of the PFC setting. For details, refer to section 21.1.11, High-Current
Port Control Register (HCPCR), and appendix A, Pin States.

Even in software standby mode, these pins can be placed in high-impedance state. For details,
refer to section 21.1.11, High-Current Port Control Register (HCPCR), and 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
cu This LS
i |} T XTAL
— .
[} 1L EXTAL
Cus ? ?

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
VCL _-l
—= CPB =0.47 uF*
vV
- J- CB=0.1pF* J-
T T

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  DMAC/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.
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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 HF (B'1111) is written to the interrupt mask bits (I3 to I0) 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 I0) 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
DMAC/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
IRQ4 68 H'00000110 to H'00000113
IRQ5 69 H'00000114 to H'00000117
IRQ6 70 H'00000118 to H'0000011B
IRQ7 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 in section 6, Interrupt Controller (INTC).

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.

523 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 toye 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, DMAC, Word data accessed from even address None (normal)

read/write  or DTC Word data accessed from odd address Address error occurs

Longword data accessed from a longword None (normal)
boundary

Longword data accessed from otherthana  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 IRQ7 pins (external input) 8
On-chip peripheral module Direct memory access controller (DMAC) 8
Multi-function timer pulse unit 2 (MTU2) 28
Multi-function timer pulse unit 2S (MTU2S) 13
Data transfer controller (DTC) 1
Bus state controller (BSC) 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)
Serial communication interface with FIFO 4
(SCIF_3)

Synchronous serial communication unit (SSU) 3
Port output enable (POE)
I’C bus interface 2 (11C2)

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 in section 6, Interrupt
Controller (INTC).
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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 to F and H
to M (IPRA to IPRF and IPRH to IPRM) of the INTC as shown in table 5.8. The priority levels
that can be set are O to 15. Level 16 cannot be set. For details on IPRA to IPRF, see section 6.3.4,
Interrupt Priority Registers A to F and H to M (IPRA to IPRF and IPRH to IPRM).

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 0to 15 Set with interrupt priority registers A to F and H

On-chip peripheral module to M (IPRA to IPRF and IPRH to IPRM).

543 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 I0) 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 10 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  |ngtryctions 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'F000 to
H'FFFF are decoded.

552 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#2 — x 2 — x*°
Immediately after interrupt S \ S x*!
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
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 T T

Start address of .
SP - 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.

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

This LSI: Instructions LDC Rm,SR and LDC.. @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.
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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

Pin Name Symbol 1/0 Function
Non-maskable interrupt input pin ~ NMI Input  Input of non-maskable interrupt request
signal
Interrupt request input pins IRQOto  Input Input of maskable interrupt request
IRQ7 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 27, 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 H'FFFFE9Q02 8, 16
IRQ status register IRQSR R/W  H'xx00 H'FFFFE904 8,16
Interrupt priority register A IPRA R/W  H'0000 H'FFFFEQ06 8, 16
Interrupt priority register B IPRB R/W  H'0000 H'FFFFEQ08 8, 16
Interrupt priority register C IPRC R/W  H'0000 H'FFFFE980 16
Interrupt priority register D IPRD R/W  H'0000 HFFFFE982 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 H'FFFFE98C 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 HFFFFE992 16
Interrupt priority register M IPRM R/W  H'0000 H'FFFFE994 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 15 14 18 12 11 10 9 8 7 6 5 4 3 2 1 0
fwn] - [ - [ -] - -] Jowe}] -[-J-J-J-7-J]-7-]
Initialvalue: * 0 o0 o0 O 0 O ©0 O 0 O 0 O 0 0 0

RW: R R R R R R R R/W 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
14109 — All O 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 IRQ7.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|IRQ71 S‘IRQ7OS‘IR061S‘IRQGOS‘IRQ&S‘IRQSOS‘IRQ41 S‘IRQ4OS‘IRQ31S‘IRQSOS‘IR021S‘IRQZOS‘IRQ11S‘IRQ1OS‘IRQO1S‘IRQOOS|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R'W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15 IRQ71S 0 R/W IRQ7 Sense Select
14 IRQ70S 0 R/W Set the interrupt request detection mode for pin IRQ7.
00: Interrupt request is detected at the low level of pin
IRQ7
01: Interrupt request is detected at the falling edge of
pin IRQ7
10: Interrupt request is detected at the rising edge of
pin IRQ7
11: Interrupt request is detected at both the falling and
rising edges of pin IRQ7
13 IRQ61S 0 R/W IRQ6 Sense Select
12 IRQ60S 0 R/W Set the interrupt request detection mode for pin IRQ6.
00: Interrupt request is detected at the low level of pin
IRQ6
01: Interrupt request is detected at the falling edge of
pin IRQ6
10: Interrupt request is detected at the rising edge of
pin IRQ6
11: Interrupt request is detected at both the falling and
rising edges of pin IRQ6
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Initial
Bit Bit Name Value R/W Description
11 IRQ51S 0 R/W IRQ5 Sense Select
10 IRQ50S 0 R/W Set the interrupt request detection mode for pin IRQ5.
00: Interrupt request is detected at the low level of pin
IRQ5
01: Interrupt request is detected at the falling edge of
pin IRQ5
10: Interrupt request is detected at the rising edge of
pin IRQ5
11: Interrupt request is detected at both the falling and
rising edges of pin IRQ5
9 IRQ41S 0 R/W IRQ4 Sense Select
8 IRQ40S 0 R/W Set the interrupt request detection mode for pin IRQ4.
00: Interrupt request is detected at the low level of pin
IRQ4
01: Interrupt request is detected at the falling edge of
pin IRQ4
10: Interrupt request is detected at the rising edge of
pin IRQ4
11: Interrupt request is detected at both the falling and
rising edges of pin IRQ4
7 IRQ31S 0 R/W IRQ3 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
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Initial
Bit Bit Name Value R/W Description
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
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

IRQ7 and the status of interrupt request.

Bit:

15 14

13

12

9 8 7 6 5 4

1 0

| IRQ7L | IRQ6L | IRQ5L | IRQ4L | IRQ3L | IRQ2L| IRQ1L | IRQOL | IRQ7F| IRQ6F | IRQ5F| IRQ4F| IRQ3F | IR02F| IRQ1F| IRQOFl

Initial value:
R/W:

R R

*

R R

%

* * 0 0 0 0

0 0

R R RW RW RW RW 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

15

IRQ7L

*

R

Indicates the state of pin IRQ7.

0: State of pin IRQ7 is low
1: State of pin IRQ7 is high

14

IRQ6L

Indicates the state of pin IRQ6.

0: State of pin IRQ6 is low
1: State of pin IRQ6 is high

13

IRQ5L

Indicates the state of pin IRQ5.

0: State of pin IRQ5 is low
1: State of pin IRQ5 is high

12

IRQ4L

Indicates the state of pin IRQ4.

0: State of pin IRQ4 is low
1: State of pin IRQ4 is high

11

IRQ3L

Indicates the state of pin IRQS.

0: State of pin IRQ3 is low
1: State of pin IRQ3 is high

10

IRQ2L

Indicates the state of pin IRQ2.

0: State of pin IRQ2 is low
1: State of pin IRQ2 is high

IRQ1L

Indicates the state of pin IRQ1.

0: State of pin IRQ1 is low
1: State of pin IRQ1 is high
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Initial
Bit Bit Name Value R/W Description
8 IRQOL * R Indicates the state of pin IRQO.

0: State of pin IRQO is low
1: State of pin IRQO is high
7 IRQ7F 0 R/W Indicates the status of an IRQ7 interrupt request.
¢ When level detection mode is selected
0: An IRQY7 interrupt has not been detected
[Clearing condition]
Driving pin IRQ7 high
1: An IRQ7 interrupt has been detected
[Setting condition]
Driving pin IRQ7 low

e When edge detection mode is selected

0: An IRQY7 interrupt has not been detected
[Clearing conditions]
— Writing O after reading IRQ7F =1
— Accepting an IRQ7 interrupt

1: An IRQ7 interrupt request has been detected
[Setting condition]
Detecting the specified edge of pin IRQ7
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Initial
Bit Bit Name Value

R/W

Description

6 IRQ6F 0

R/W

Indicates the status of an IRQ6 interrupt request.
e When level detection mode is selected
0: An IRQS6 interrupt has not been detected
[Clearing condition]
Driving pin IRQ6 high
1: An IRQ6 interrupt has been detected
[Setting condition]
Driving pin IRQ6 low
e When edge detection mode is selected
0: An IRQS6 interrupt has not been detected
[Clearing conditions]
— Writing O after reading IRQ6F = 1
— Accepting an IRQ6 interrupt
1: An IRQ6 interrupt request has been detected
[Setting condition]
Detecting the specified edge of pin IRQ6

5 IRQ5F 0

R/W

Indicates the status of an IRQ5 interrupt request.
e When level detection mode is selected
0: An IRQ5 interrupt has not been detected
[Clearing condition]
Driving pin IRQ5 high
1: An IRQ5 interrupt has been detected
[Setting condition]
Driving pin IRQ5 low
e When edge detection mode is selected
0: An IRQ5 interrupt has not been detected
[Clearing conditions]
— Writing O after reading IRQ5F = 1
— Accepting an IRQ5 interrupt
1: An IRQ5 interrupt request has been detected
[Setting condition]
Detecting the specified edge of pin IRQ5

RO1UHO198EJ0600 Rev. 6.00
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Initial
Bit Bit Name Value R/W Description
4 IRQ4F 0 R/W Indicates the status of an IRQ4 interrupt request.

e When level detection mode is selected

0: An IRQ4 interrupt has not been detected
[Clearing condition]
Driving pin IRQ4 high

1: An IRQ4 interrupt has been detected
[Setting condition]
Driving pin IRQ4 low

e When edge detection mode is selected

0: An IRQ4 interrupt has not been detected
[Clearing conditions]
— Writing O after reading IRQ4F = 1
— Accepting an IRQ4 interrupt

1: An IRQ4 interrupt request has been detected
[Setting condition]
Detecting the specified edge of pin IRQ4

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

¢ When edge detection mode is selected

0: An IRQ3 interrupt has not been detected
[Clearing conditions]
— Writing O 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

Page 116 of 1654 RO1UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014



SH7080 Group

Section 6 Interrupt Controller (INTC)

Initial
Bit Bit Name Value

R/W

Description

2 IRQ2F 0

R/W

Indicates the status of an IRQ2 interrupt request.
e 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
e When edge detection mode is selected
0: An IRQ2 interrupt has not been detected
[Clearing conditions]
— Writing O 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

1 IRQ1F 0

R/W

Indicates the status of an IRQ1 interrupt request.
e 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
e When edge detection mode is selected
0: An IRQ1 interrupt has not been detected
[Clearing conditions]
— Writing O 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
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Initial
Bit Bit Name Value R/W Description
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 O 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.

6.3.4 Interrupt Priority Registers A to F and H to M (IPRA to IPRF and IPRH to
IPRM)

Interrupt priority registers are thirteen 16-bit readable/writable registers that set priority levels
from O 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 15to 12, 11to 8, 7to 4 and 3 to 0.
Reserved bits that are not assigned should be set H'O (B'0000).

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| IPR[15:12] \ IPR[11:8] \ IPR(7:4] IPRI3:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R'W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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Bit Bit Name

Initial
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)

11108  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:
1111:

Priority level O (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

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 O (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)

3100  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 O (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.

IRQ7 to IRQO Interrupts: IRQ interrupts are requested by input from pins IRQO to IRQ7. Use
the IRQ sense select bits (IRQ71S to IRQ 01S and IRQ70S to 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 O to 15 for each
pin using the interrupt priority registers A and B (IPRA and IPRB).

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 IRQ7F 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 (IRQ7F 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 IRQ7 to IRQO interrupts.
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IRQSR.IRQnL
IRQCR.IRQN1S  |RQSR.IRQNF
IRQCR.IRQNOS
_ Level 5
IR : > o =
Qn pins detection % -é » CPU interrupt
@ 2 request
Edge 3 a
detection S Q—»*
R DTC activation
RESIRQn request
(Acceptance of IRQn interrupt/
writing O after reading IRQNF = 1) n=7t0

Figure 6.2 Block Diagram of IRQ7 to IRQO 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 C to F and H to
M (IPRC to IPRF and IPRH to IPRM). On-chip peripheral module interrupt exception handling
sets the interrupt mask level bits (I3 to 10) 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 in section 5, Exception Handling.

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 to F and H to M (IPRA to
IPRF and IPRH to IPRM). 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.
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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 — A
IRQO 64 H'00000100 IPRA15 to IPRA12
IRQ1 65 H'00000104 IPRA11 to IPRA8
IRQ2 66 H'00000108 IPRA7 to IPRA4
IRQ3 67 H'0000010C IPRAS to IPRAO
IRQ4 68 H'00000110 IPRB15 to IPRB12
IRQ5 69 H'00000114 IPRB11 to IPRB8
IRQ6 70 H'00000118 IPRB7 to IPRB4
IRQ7 71 H'0000011C IPRB3 to IPRBO
DMAC_0 DEIO 72 H'00000120 IPRC15 to IPRC12
DMAC_1 DEI1 76 H'00000130 IPRC11 to IPRC8
DMAC_2 DEI2 80 H'00000140 IPRC7 to IPRC4
DMAC_3 DEI3 84 H'00000150 IPRC3 to IPRCO
MTU2_0 TGIA_O 88 H'00000160 IPRD15 to IPRD12
TGIB_0 89 H'00000164
TGIC_O 90 H'00000168
TGID_0 91 H'0000016C
TCIV_0 92 H'00000170 IPRD11 to IPRD8
TGIE_O 93 H'00000174
TGIF_0 94 H'00000178
MTU2_1 TGIA_1 96 H'00000180 IPRD7 to IPRD4
TGIB_1 97 H'00000184
TCIV_1 100 H'00000190 IPRD3 to IPRDO
TCIU_1 101 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 v
TCIU_2 109 H'000001B4 Low
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Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
MTU2_3 TGIA_3 112 H'000001CO IPRE7 to IPRE4 High
TGIB_3 113 H'000001C4 4
TGIC_3 114 H'000001C8
TGID_3 115 H'000001CC
TCIV_3 116 H'000001D0 IPRES to IPREO
MTU2_4 TGIA_4 120 H'000001E0Q 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
nca= [INAKI 156 H'00000270 IPRH11 to IPRH8
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
MTU2S_4 TGIA_4S 168 H'000002A0 IPRI15 to IPRI12
TGIB_4S 169 H'000002A4
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 v
CMT_0 CMI_0 184 H'000002E0 IPRJ15 to IPRJ12  Low
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Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
CMT_1 CMI_1 188 H'000002F0 IPRJ11 to IPRJ8 High
BSC CMI 192 H'00000300 IPRJ7 to IPRJ4 1
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 H'00000324
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_O 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
TEI_2 227 H'0000038C
SCIF ERIF 228 H'00000390 IPRL3 to IPRLO
RXIF 229 H'00000394
BRIF 230 H'00000398
TXIF 231 H'0000039C
SSU SSERI 232 H'000003A0 IPRM15 to IPRM12
SSRXI 233 H'000003A4
SSTXI 234 H'000003A8
[ca* IITEI 236 H'000003B0 IPRM11 to IPRM8
IISTPI 237 H'000003B4
ITXI 238 H'000003B8 v
IIRXI 239 H'000003BC Low

Note: * The IIC2 has an interrupt whose vector address is separated from those for the other
IIC2 interrupt sources.
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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.
2.

The interrupt request sources send interrupt request signals to the interrupt controller.

The interrupt controller selects the highest priority interrupt from interrupt requests sent,
according to the priority levels set in interrupt priority registers A to F and H to M (IPRA to
IPRF and IPRH to IPRM). 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.

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.

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.

. The priority level of the accepted interrupt is copied to bits (I3 to I0) in SR.

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.

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

[RQOUT = low  |*'*®

Save SR to stack
Save PC to stack

Copy interrupt
level to I3 to 10

IRQOUT = high ~ |***2

Read exception
vector table

Branch to exception
handling routine
| A A A

Notes: 13 to 10 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 I3-10 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 T T
4n-8 PC*! 32bits | <] 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.

Page 130 of 1654 RO1UHO0198EJ0600 Rev. 6.00

RENESAS Oct 16,2014




SH7080 Group Section 6 Interrupt Controller (INTC)

Table 6.4 Interrupt Response Time

Number of Cycles

Peripheral
Item NMI IRQ Modules Remarks
DMAC/DTC active — 2 x Beyc 1 x Pcyc
judgement
Interrupt priority decision 1 x lcyc + 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 m1+m2+m3 m1+m2+m3 m1+m2+m3 and SR, and vector
fetch of first instruction of address fetch.
exception handling routine
starts
Interrupt Total: 9 x lcyc + 2 x 9xlcyc+ 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 Peyc + 3 x Pcyc are all in on-chip RAM.
2 x Beyc
Maximum: 16 x lcyc + 16 x Icyc + 16 x lcyc +
2 x Pcyc + 2 x 1 x Pcyc + 3 x Pcyc + 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 DMAC only; CPU interrupts do not occur
e Activate DTC only; CPU interrupts depend on DTC settings

Interrupt sources that are assigned for DMAC activation sources are masked without being input
to the INTC. The mask condition is as follows:

Mask condition = Interrupt source select (CHO) + interrupt source select (CH1) + interrupt source
select (CH2) + interrupt source select (CH3)

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 ¢« DTCECLR
Interrupt source flag clear condition = DTC transfer end ¢ DTCECLR + DMAC transfer end
where DTCECLR = DISEL + counter 0

Figures 6.5 and 6.6 show control block diagrams.

Standby control

IRQ edge detector Standby cancel
1 (in standby mode) determination
[

Interrupt controller

IRQ pin
- — Interrupt request to CPU
IRQ detection Interrupt priority g
determination o
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

DMAC
Decode | iopcR !
~ | 'RShits3t00 :
Interrupt sogrce DTC
v »| DMAC activation

request

»| DTC activation
request

DTCE clear DTCECLR

Interrupt source Transfer end

flag clear Interrupt source flag clear by DTC
sl Evey

Interrupt source
flag clear
by DMAC

A

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, but Not DMAC Activation

Do not select DMAC activation sources.
For DTC, set the corresponding DTCE bits and DISEL bits to 1.

When an interrupt occurs, an activation request is sent to the DTC.

o

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.

5. 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.
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6.8.2 Handling Interrupt Request Signals as Sources for DMAC Activation, but Not
CPU Interrupts and DTC Activation

1. Select DMAC activation sources. Then, CPU interrupts and DTC activation sources are
masked regardless of the settings in the interrupt priority registers and the DTC registers.

2. When an interrupt occurs, an activation request is sent to the DMAC.

3. The DMAC clears the interrupt source when starting transfer.

6.8.3 Handling Interrupt Request Signals as Sources for DTC Activation, but Not CPU
Interrupts and DMAC Activation

Do not select DMAC activation sources.
For DTC, set the corresponding DTCE bits to 1 and clear the DISEL bits to 0.

When an interrupt occurs, an activation request is sent to the DTC.

Sl S e

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.

5. However, when the transfer counter value = 0, the DTCE bit is cleared to 0 and an interrupt
request is sent to the CPU.

6. The CPU performs the necessary end processing in the interrupt handling routine.

6.8.4 Handling Interrupt Request Signals as Sources for CPU Interrupts, but Not DTC
and DMAC Activation

Do not select DMAC activation sources.
For DTC, clear the corresponding DTCE bits to 0.

When an interrupt occurs, an interrupt request is sent to the CPU.

el o

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.

For the mask ROM version, only the L-bus instruction-fetch address break (2 channels) is

available.

7.1 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).

— 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.

— Data
32-bit maskable.
One of the two data buses (L-bus data (LDB) and I-bus data (IDB)) can be selected.
— Bus cycle
Instruction fetch or data access
— Read/write
— Operand size
Byte, word, and longword
2. A user-designed user-break interrupt exception processing routine can be run.

3. Inan 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.
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5. Four pairs of branch source/destination buffers (eight pairs for F-ZTAT version supporting full
functions of E10A).

Figure 7.1 shows a block diagram of the UBC.
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Internal bus

-

A LDB
ccess
control IDB A IAB LAB
A A A 4
- | Access _ ¢ »
"| comparator BBRA
> BARA
Address
> comparator BAMRA
> Data <—_<—>BDRA
> comparator _BDMRA
- Channel A
| Access
= | comparator BBRB
> <—_<—>BARB
- | Address
= | comparator BAMRB
> Data <—_<—>BDRB
»-| COMparator
BDMRB
< Channel B BETR
BRSR
PC trace
L BRDR
\ \ Y »{ Control BRCR
\ Y
CPU state User break interrupt request
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

&

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 /0 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 27, 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 HFFFFF300 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 HFFFFF310 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 H'FFFFF328 16
Break data register B BDRB* R/W  H'00000000 HFFFFF330 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'FFFFF3DO 32
Branch destination register BRDR* R H'Oxxxxxxx  H'FFFFF3D4 32
Execution times break register BETR* R/W  H'0000 HFFFFF3DC 16
Note: * Onlyin 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.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[8an31 | Bas0 | BAn2e | BAn2s| BAre7 | BAn26 | BAA2S | BAN24 | BAA2S | BAR22 [BAR21 [ BAA20 [BAATS | BAAIE  BAAT7 |BAAIS|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
31100 BAA31to AlO R/W Break Address A

BAAO 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 | BAMA16|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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| BAMA9Y | BAMA8| BAMA7 | BAMA6 | BAMAS | BAMA4 | BAMA3| BAMA2 | BAMA1 | BAMAOl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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
31to0 BAMAS31to AlO R/W Break Address Mask A

BAMA 0 Specify bits masked in the channel A break address bits
specified by BARA (BAA31 to BAAOD).

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.

Bt: 15 14 18 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | - | - | CPA2* CPAO* | CDA1*| CDAO | IDA1* | IDAO |HWA1* RWAO | SZA1* | SZAO*l

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

CPA1*

Note: * These bits are reserved in the mask ROM and ROM-less versions. These bits are 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 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: The DMAC cycle is included in the break condition
1xx: The DTC cycle is included in the break condition
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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 RWAO 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: * These bits are reserved in the mask ROM and ROM-less versions. These bits are
always read as 0. The write value should always be 0.
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7.3.4 Break Data Register A (BDRA) (Only in F-ZTAT Version)

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: RRW 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
|BDA15| BDA14| BDA13|BDA12| BDA11 | BDA10| BDA9 | BDA8 | BDA7 | BDA6 | BDAS5 | BDA4 | BDA3 | BDA2 | BDA1 | BDAO |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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) (Only in F-ZTAT Version)

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: RRW 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
|BDNIA15|BDMA14|BDMA13|BDMA12|BDMA11|BDMA10| BDMA9 | BDMA8| BDMA7| BDMA6| BDMA5 | BDMA4 | BDNIA3| BDMA2| BDMA1 | BDMAO|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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 AlO R/W Break Data Mask A

BDMA 0 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=311t00
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 CDBO0 in BBRB select one of the two address buses for
break condition B.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[BaBa1 | BABS0 | BAB20 | BAB2S | BAB27 | BAB26 | BABRS | BAB24 | BAB2S | BAB22 | BAB21 | BABR0 | BAB1S | BAB1S | BAB17 |BABIS|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[BaB15| BAB14| BAB13 | BAB12| BAB11 | BABIO| BABS | BABS | BABY | BABG | BABS | BAB4 | BABS | BAB2 | BABI | BABO |

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

BABO 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

|BAMBS1 | 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: RRW 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 | BAMBS| BAMB7 | BAMB6 | BAMB5 | BAMB4 | BAMBS| BAMB2 | BAMB1 | BAMBOl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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 AlO 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) (Only in F-ZTAT Version)

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.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
(201 |BoB30 | BDB20 | BDB28 | BDB27 | BDB26 | BDB25 | BDB24 | BDB23 | BDB22 | BDB21 | BDB20 | BDB19| BDB 18 BDB17 | BDBI6|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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: RRW 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 AllO 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) (Only in F-ZTAT Version)

BDMRSB 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
|BDMB31 |BDMBSO|BDMBZ9|BDMB28| BDMB27|BDMBZS|BDMBZS|BDMB24| BDMB23| BDMB22|BDMBZ1 |BDMB20|BDMB19| BDMB18|BDMB17|BDMB16|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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
|BDNIB15|BDMB14|BDMB13|BDMB12|BDMB11|BDMB10| BDMB9 | BDMBB| BDMB7| BDMBG| BDMB5 | BDMB4 | BDNIBB| BDMBZ| BDMB1 | BDMBOl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW 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 AlO 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=311t00
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.

Page 148 of 1654 RO1UHO198EJ0600 Rev. 6.00
RENESAS Oct 16, 2014



SH7080 Group Section 7 User Break Controller (UBC)

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 1 10 9 8 7 6 5 4 3 2 1 0
CLT T [ T =

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* | CDB1*

CDBO | IDB1*

IDBO |RWB1 *

RWBO0 | SzZB1* | SZBO*l

Note: * These bits are reserved in the mask ROM and ROM-less versions. These bits are 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 CPB2* 0 R/W Bus Master Select B for | Bus

9 CPB1* 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: The DMAC cycle is included in the break condition
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

o

R/W Select the L bus cycle or | bus cycle as the bus cycle
of the channel B 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
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Initial
Bit Bit Name Value R/W Description
5 IDB1* 0 R/W Instruction Fetch/Data Access Select B

4 IDBO 0 R/W 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* 0 R/W Read/Write Select B

2 RWBO 0 R/W 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 R/W Operand Size Select B

0 SZB0* 0 R/W 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: * These bits are reserved in the mask ROM and ROM-less versions. These bits are
always read as 0. 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.

2. A user break is set before or after instruction execution.

»

conditions.

Enable PC trace.
Select the UBCTRG output pulse width.

N o s

comparison conditions.

Specify whether to include the number of execution times on channel B in comparison

Determine whether to include data bus on channels A and B in comparison conditions.

Specify whether to request the user break interrupt when channels A and B match with

BRCR is a 32-bit readable/writable register that has break conditions match flags and bits for

setting a variety of break conditions.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| - | - | - | - | - | - | | | UTRGWI[1:0] | UBIDB | | UBIDA |
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 R/W R R/W R
Bit: 11 10 9 8 7 6 5 4 3 2 1 0
SCM SCM SCM SCM
| 2ca | Zcb | eon | eop | PoTe [ Posa | [oeenfpomsfomes | - [sea| - | - |eme
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW R R RW RW RW R R/W R R R/W
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Initial
Bit Bit Name Value R/W Description
31to22 — All O 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 1, .
10: UBCTRG output pulse widthis 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/W 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/wW 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 | 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 — All0 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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Bit

Bit Name

Initial
Value

Description

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

Reserved

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

ETBE

R/W

Number of Execution Times Break Enable

Enables the execution-times break condition only on
channel B. If this bitis 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
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7.3.12 Execution Times Break Register (BETR) (Only in F-ZTAT Version)

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.

Bt 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

R/W: R R R R RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15t0 12 — 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) (Only in F-ZTAT Version)

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 a manual reset. Other bits are not initialized by a power-on reset. The four BRSR registers
(eight pairs for the F-ZTAT version supporting full functions of E10A) have a queue structure and
a stored register is shifted at every branch.

Bit 31 80 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| SVF | - | - | - | BSA27 | BSA26 | BSA25 | BSA24 | BSA23 | BSA22 | BSA21 | BSA20 | 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

Bt 15 14 13 12 1110 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 | BSAO0 |

Initial value: - - - - - - - - - - - R - R N
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

30028 — AllO R Reserved

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

27t00 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) (Only in F-ZTAT Version)

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 a manual reset. Other bits are not initialized by a power-on reset. The four
BRSR registers (eight pairs for the F-ZTAT version supporting full functions of E10A) have a
queue structure and a stored register is shifted at every branch.

Bit 31 8 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| DVF | - | - | - | BDA27 | BDA26 | BDA25 | BDA24 | BDA23 | BDA22 | BDA21 | BDA20 | 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|BDA10| BDA9 | BDA8 | BDA7 | BDA6 | BDA5 | BDA4 | BDA3 | BDA2 | BDA1 | BDAO |

Initial value: - - - - - - - - - R - R - R N
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
30t028 — AllO R Reserved

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

27to0 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, DMAC, 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 CPBO 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 DMAC and 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

RO1UHO198EJ0600 Rev. 6.00 Page 161 of 1654

Oct 16, 2014 RRENESAS



Section 7 User Break Controller (UBC) SH7080 Group

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.

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 four pairs of queue structures (eight pairs for the F-ZTAT version
supporting full functions of E10A). 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 four pairs (eight pairs for the F-ZTAT version supporting full functions of E10A) 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)

e 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)

e 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)

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)

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'O0O000FFF

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'O000SFFE 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: H'FFFFFFFF

Bus cycle: L bus/data access/read (operand size is not included in the condition)
<Channel B>

Address: H'000ABCDE, 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 H0O00ABCO0 to H'OOOABCEFE.
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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 = H'FFFFFFFF, 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: 1Ibus (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.
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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.
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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.

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
¢ 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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Figure 8.1 Block Diagram of DTC
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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 27, 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 H'FFFFCC82 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 H'FFFFCC88 8, 16
DTC control register DTCCR R/W  H'00 HFFFFCC90 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

| MD[1:0]

| S2[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.
00: Normal transfer mode
01: Repeat transfer mode
10: Block transfer mode

11: Setting prohibited

54

Sz[1:0]

Undefined —

DTC Data Transfer Size 1 and 0

Specify the size of data to be transferred.
00: Byte-size transfer

01: Word-size transfer

10: Longword-size transfer

11: Setting prohibited

3,2

SM[1:0]

Undefined —

Source Address Mode 1 and 0

Specify an SAR operation after a data transfer.

Ox: SAR is fixed
(SAR writeback is skipped)

10: SAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
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Initial
Bit Bit Name Value R/W Description
1,0 — Undefined — Reserved
The write value should always be 0.
[Legend]
X: Don't care

8.2.2 DTC Mode Register B (MRB)

MRB selects DTC operating mode. MRB cannot be accessed directly by the CPU.

Bit: 7 6 5 4 3 2 1 0
|CHNE|CHNS|DISEL| DTS | DM[1:0] | ; | ] |
Initial value: - - - - - -
R/W: - - - - - -
Initial
Bit Bit Name Value R/W Description
7 CHNE Undefined — DTC Chain Transfer Enable

Specifies the chain transfer. For details, see section
8.5.6, Chain Transfer. The chain transfer condition is
selected by the CHNS bit.

0: Disables the chain transfer
1: Enables the chain transfer
6 CHNS Undefined — DTC Chain Transfer Select

Specifies the chain transfer condition. If the following
transfer is a chain transfer, the completion check of the
specified transfer count is not performed and activation
source flag or DTCER is not cleared.

0: Chain transfer every time

1: Chain transfer only when transfer counter = 0
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Initial
Bit Bit Name Value R/W

Description

5 DISEL Undefined —

DTC Interrupt Select

When this bit is set to 1, an interrupt request is generated
to the CPU every time a data transfer or a block transfer
ends. When this bit is set to 0, a CPU interrupt request is
only generated when the specified number of data
transfers end.

Note: This bit should be cleared to 0 when the 1IC2 is
selected as the activation source.

4 DTS Undefined —

DTC Transfer Mode Select

Specifies either the source or destination as repeat or
block area during repeat or block transfer mode.

0: Specifies the destination as repeat or block area
1: Specifies the source as repeat or block area

3,2 DM[1:0] Undefined —

Destination Address Mode 1 and 0

Specify a DAR operation after a data transfer.

Ox: DAR is fixed
(DAR writeback is skipped)

10: DAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

1,0 — Undefined — Reserved

The write value should always be 0.
[Legend]
X: Don't care
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8.2.3 DTC Source Address Register (SAR)
SAR is a 32-bit register that designates the source address of data to be transferred by the DTC.

SAR cannot be accessed directly from the CPU.

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

Initial value:  * * * * * * * * ® ® * * * * B B

R/W:

Initial value: * * * * * * * * * * * * * * * *

R/W:

*: Undefined

8.2.4 DTC Destination Address Register (DAR)

DAR is a 32-bit register that designates the destination address of data to be transferred by the
DTC.

DAR cannot be accessed directly from the CPU.

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

Inmal Value: * * * * * * * * * * * 3 * * *® *
R/W:
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. r r r r r tr r tr ;[ [ [ [ [ [ |
|n|t|a| Va|ue: * * * * * * * * * * * * * * * *
R/W:
#: Undefined
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8.2.5 DTC Transfer Count Register A (CRA)
CRA is a 16-bit register that designates the number of times data is to be transferred by the DTC.

In normal transfer mode, CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time data is transferred, and bit DTCEn (n = 15 to 0) corresponding to the
activation source is cleared and then an interrupt is requested to the CPU when the count reaches
H'0000. The transfer count is 1 when CRA = H'0001, 65,535 when CRA = H'FFFF, and 65,536
when CRA = H'0000.

In repeat transfer mode, CRA is divided into two parts: the upper eight bits (CRAH) and the lower
eight bits (CRAL). CRAH holds the number of transfers while CRAL functions as an 8-bit
transfer counter (1 to 256). CRAL is decremented by 1 every time data is transferred, and the
contents of CRAH are sent to CRAL when the count reaches H'00. The transfer count is 1 when
CRAH = CRAL = H'01, 255 when CRAH = CRAL = H'FF, and 256 when CRAH = CRAL =
H'00.

In block transfer mode, CRA is divided into two parts: the upper eight bits (CRAH) and the lower
eight bits (CRAL). CRAH holds the block size while CRAL functions as an 8-bit block-size
counter (1 to 256 for byte, word, or longword). CRAL is decremented by 1 every time a byte
(word or longword) data is transferred, and the contents of CRAH are sent to CRAL when the
count reaches H'00. The block size is 1 byte (word or longword) when CRAH = CRAL =H'01,
255 bytes (words or longwords) when CRAH = CRAL = H'FF, and 256 bytes (words or
longwords) when CRAH = CRAL =H'00.

CRA cannot be accessed directly from the CPU.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. r r +r [ &+ [ & [ [ [ [ T [ 1}
R/W:
*: Undefined
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8.2.6 DTC Transfer Count Register B (CRB)

CRB is a 16-bit register that designates the number of times data is to be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time a block of data is transferred, and bit DTCEn (n = 15 to 0) corresponding to the
activation source is cleared and then an interrupt is requested to the CPU when the count reaches
H'0000. The transfer count is 1 when CRB = H'0001, 65,535 when CRB = H'FFFF, and 65,536
when CRB = H'0000.

CRB is not available in normal and repeat modes and cannot be accessed directly by the CPU.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. r r r r r tr r tr ;[ [ [ [ [ [ |
R/W:
*: Undefined
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8.2.7 DTC Enable Registers A to E (DTCERA to DTCERE)

DTCER which is comprised of eight registers, DTCERA to DTCERE, is a register that specifies
DTC activation interrupt sources. The correspondence between interrupt sources and DTCE bits is
shown in table 8.2.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|DTCE15| DTCE14| DTCE13| DTCE12| DTCE11 | DTCE10| DTCE9 | DTCE8 | DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO|
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

15 DTCE15 O R/W DTC Activation Enable 15 to 0

14 DTCE14 0 R/W If set to 1, the corresponding interrupt source is specified

13 DTCE13 0 R/W asa DTC aCtIV-a.tIOI’] source.
[Clearing conditions]

12 DTCE12 0 RW e Writing 0 to the bit after reading 1 from it

1 DTCET 0 R/W e When the DISEL bit is 1 and the data transfer has

10 DTCE10 O R/W ended

9 DTCE9 0 R/W e When the specified number of transfers have ended

8 DTCES 0 R/W These bi_ts_ are not cleared when the DISEL bit is 0 and
the specified number of transfers have not ended

7 DTCE? 0 R/W [Setting condition]

6 DTCE6 0 R/W e Writing 1 to the bit after reading 0 from it

5 DTCES5 0 R/W

4 DTCE4 0 R/W

3 DTCES 0 R/W

2 DTCE2 0 R/W

1 DTCE1 0 R/W

0 DTCEO 0 R/W
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8.2.8 DTC Control Register (DTCCR)

DTCCR specifies transfer information read skip.

5 4 3 2 1 0

| - | RRS |HCHNE| - | - | ERR |

Initial value: 0
R/W: R

0 0 0 0 0 0
R RW RW R R R/AW)*

Note: * Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.

Initial
Bit Bit Name Value R/W

Description

7t05 — AllO R

Reserved

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

4 RRS 0 R/W

DTC Transfer Information Read Skip Enable

Controls the vector address read and transfer information
read. A DTC vector number is always compared with the
vector number for the previous activation. If the vector
numbers match and this bit is set to 1, the DTC data
transfer is started without reading a vector address and
transfer information. If the previous DTC activation is a
chain transfer, the vector address read and transfer
information read are always performed.

However, when the DTPR bit in the bus function
extending register (BSCEHR) is set to 1, transfer
information read skip is not performed regardless of the
setting of this bit.

0: Transfer read skip is not performed.

1: Transfer read skip is performed when the vector
numbers match.

3 RCHNE 0 R/W

Chain Transfer Enable After DTC Repeat Transfer

Enables/disables the chain transfer while transfer counter
(CRAL) is 0 in repeat transfer mode.

In repeat transfer mode, the CRAH value is written to
CRAL when CRAL is 0. Accordingly, chain transfer may
not occur when CRAL is 0. If this bit is set to 1, the chain
transfer is enabled when CRAH is written to CRAL.

0: Disables the chain transfer after repeat transfer
1: Enables the chain transfer after repeat transfer

RO1UHO198EJ0600 Rev. 6.00
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Initial
Bit Bit Name Value R/W Description
2,1 — All O R Reserved
These are read-only bits and cannot be modified.
0 ERR 0 R/(W)* Transfer Stop Flag

Indicates that the DTC address error or NMI interrupt
request has occurred. If a DTC address error or NMI
interrupt occurs while the DTC is active, address error
handling or NMI interrupt handling processing is executed
after the DTC has released the bus mastership. The DTC
stops in the transfer information writing state after
transferring data.

0: No interrupt occurs

1: An interrupt occurs

[Clearing condition]
e When writing 0 after reading 1
Note: * Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.
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8.2.9 DTC Vector Base Register (DTCVBR)

DTCVBR is a 32-bit register that specifies the base address for vector table address calculation.

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

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

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W Description
311012 AllO R/W Bits 11 to 0 are always read as 0. The write value should

11100 All O R always be 0.

8.2.10  Bus Function Extending Register (BSCEHR)

BSCEHR is a 16-bit register that specifies the timing of bus release by the DTC and other
functions. This register can be used to give higher priority to the transfer by the DTC and
configure the functions that can reduce the number of cycles over which the DTC is active. For
more details, see section 9.4.8, Bus Function Extending Register (BSCEHR).
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8.3 Activation Sources

The DTC is activated by an interrupt request. The interrupt source is selected by DTCER. A DTC
activation source can be selected by setting the corresponding bit in DTCER; the CPU interrupt
source can be selected by clearing the corresponding bit in DTCER. At the end of a data transfer
(or the last consecutive transfer in the case of chain transfer), the activation source interrupt flag or
corresponding DTCER bit is cleared.

84 Location of Transfer Information and DTC Vector Table

Locate the transfer information in the data area. The start address of transfer information should be
located at the address that is a multiple of four (4n). Otherwise, the lower two bits are ignored
during access ([1:0] = B'00.) Transfer information located in the data area is shown in figure 8.2.

Only in the case where all transfer sources/transfer destinations are in on-chip RAM and on-chip
peripheral modules, short address mode can be selected by setting the DTSA bit in the bus
function extending register (BSCEHR) to 1 (see section 9.4.8, Bus Function Extending Register
(BSCEHR)).

Normally, four longwords of transfer information has to be read. But if short address mode is
selected, the size of transfer information is reduced to three longwords, which can shorten the
period over which the DTC is active.

The DTC reads the start address of the transfer information from the vector table for every
activation source and reads the transfer information from this start address. Figure 8.3 shows
correspondences between the DTC vector table and transfer information.
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Configuration of transfer information Configuration of transfer information
in normal address mode in short address mode
Lower addresses Lower addresses
r A N\ r A N\
Start address 0 1 2 | 3 Start address 0 1 | 2 | 3
Reserved 1
MRA | MRB (0 write) MRA SAR
Transfer information for
SAR Transfer information for MRB DAR one round of transfer
7~ one round of transfer (3 longwords)
4 longwords
DAR (4 long ) Chain CRA | CRB
transfer
Chain CRA CRB J MRA SAR Transfer information for
transfer Reserved A the 2nd round of transfer
MRA | MRB (write 0) MRB DAR in chain transfer
Transfer information for (3 longwords)
SAR the 2nd round of transfer CRA | CRB
(" in chain transfer
DAR (4 longwords)
4 bytes
CRA CRB /\/
4 byt Note: Since the upper 8 bits of SAR and DAR are regarded as all 1,
ytes short address mode can be set only for transfer

/\/ between on-chip peripheral modules and on-chip RAM.

Figure 8.2 Transfer Information on Data Area

Upper: DTCVBR
Lower: H'400 + vector number x 4

o Vector table e

DTC vector  ~— | Transfer information (1)
address

Transfer information (1) /\/

4 start address /\/

Transfer information (2)
start address | Transfer information (2)

/\/

+4n

Transfer information (n)
start address

:I'ransfer information (n)

/\/

4 bytes

/\/

Figure 8.3 Correspondence between DTC Vector Address and Transfer Information
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Table 8.2 shows correspondence between the DTC activation source and vector address.

Table 8.2  Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of DTC Vector
Activation Activation Vector Address Transfer Transfer
Source Source Number Offset DTCE*' Source Destination Priority
External pin  IRQO 64 H'500 DTCERA15 Arbitrary**  Arbitrary**  High
IRQ1 65 H'504 DTCERA14 Arbitrary**  Arbitrary** 4
IRQ2 66 H'508 DTCERA13 Arbitrary**  Arbitrary**
IRQ3 67 H'50C DTCERA12 Arbitrary**  Arbitrary**
IRQ4 68 H'510 DTCERA11 Arbitrary**  Arbitrary**
IRQ5 69 H'514 DTCERA10 Arbitrary**  Arbitrary**
IRQ6 70 H'518 DTCERA9  Arbitrary**  Arbitrary**
IRQ7 71 H'51C DTCERA8  Arbitrary**  Arbitrary**
MTU2_0 TGIA_O 88 H'560 DTCERB15 Arbitrary**  Arbitrary**
TGIB_0 89 H'564 DTCERB14 Arbitrary**  Arbitrary**
TGIC_0 90 H'568 DTCERB13 Arbitrary**  Arbitrary**
TGID_0 91 H'56C DTCERB12 Arbitrary**  Arbitrary**
MTU2_1 TGIA_1 96 H'580 DTCERB11 Arbitrary**  Arbitrary**
TGIB_1 97 H'584 DTCERB10 Arbitrary**  Arbitrary**
MTU2_2 TGIA_2 104 H'5A0 DTCERB9  Arbitrary**  Arbitrary**
TGIB_2 105 H'5A4 DTCERB8  Arbitrary**  Arbitrary**
MTU2_3 TGIA_3 112 H'5C0 DTCERB7  Arbitrary**  Arbitrary**
TGIB_3 113 H'5C4 DTCERB6  Arbitrary**  Arbitrary**
TGIC_3 114 H'5C8 DTCERB5  Arbitrary**  Arbitrary**
TGID_3 115 H'5CC DTCERB4  Arbitrary**  Arbitrary**
MTU2_4 TGIA_4 120 H'5E0 DTCERB3  Arbitrary**  Arbitrary**
TGIB_4 121 H'5E4 DTCERB2  Arbitrary**  Arbitrary**
TGIC_4 122 H'5E8 DTCERB1  Arbitrary**  Arbitrary**
TGID_4 123 H'5EC DTCERBO  Arbitrary**  Arbitrary** \
TCIV_4 124 H'5F0 DTCERC15 Arbitrary**  Arbitrary** Low
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Origin of DTC Vector

Activation Activation Vector Address Transfer Transfer

Source Source Number Offset DTCE*' Source Destination Priority

MTU2_5 TGIU_5 128 H'600 DTCERC14 Arbitrary**  Arbitrary**  High
TGIV_5 129 H'604 DTCERC13 Arbitrary**  Arbitrary** A
TGIW_5 130 H'608 DTCERC12 Arbitrary**  Arbitrary**

MTU2S_3 TGIA_3S 160 H'680 DTCERC3  Arbitrary**  Arbitrary**
TGIB_3S 161 H'684 DTCERC2  Arbitrary**  Arbitrary**
TGIC_3S 162 H'688 DTCERC1  Arbitrary**  Arbitrary**
TGID_3S 163 H'68C DTCERCO  Arbitrary**  Arbitrary**

MTU2S_4 TGIA_4S 168 H'6A0 DTCERD15 Arbitrary**  Arbitrary**
TGIB_4S 169 H'6A4 DTCERD14 Arbitrary**  Arbitrary**
TGIC_4S 170 H'6A8 DTCERD13 Arbitrary**  Arbitrary**
TGID_4S 171 H'6AC DTCERD12 Arbitrary**  Arbitrary**
TCIV_48 172 H'6B0O DTCERD11 Arbitrary**  Arbitrary**

MTU2S_5 TGIU_5S 176 H'6CO0 DTCERD10 Arbitrary**  Arbitrary**
TGIV_5S 177 H'6C4 DTCERD9  Arbitrary**  Arbitrary**
TGIW_5S 178 H'6C8 DTCERD8  Arbitrary**  Arbitrary**

CMT_0 CMI_O 184 H'6EO DTCERD7  Arbitrary**  Arbitrary**
CMT_1 CMI_1 188 H'6FO0 DTCERD6  Arbitrary**  Arbitrary**
A/D_0, A/D_1 ADI_O 200 H'720 DTCERD5 ADDROto  Arbitrary*
ADDR3
ADI_1 201 H'724 DTCERD4 ADDR4to Arbitrary**
ADDR7
A/D_2 ADI_2 204 H'730 DTCERD3 ADDR8to  Arbitrary*
ADDR15
SCI_0 RXI_0 217 H'764 DTCERE15 SCRDR_0 Arbitrary**
TXI_O 218 H'768 DTCERE14 Arbitrary** SCTDR_0
SCI_1 RXI_1 221 H'774 DTCERE13 SCRDR_1 Arbitrary**
TXI_1 222 H'778 DTCERE12 Arbitrary** SCTDR_1
SCI_2 RXI_2 225 H'784 DTCERE11 SCRDR_2 Arbitrary**
TXI_2 226 H'788 DTCERE10 Arbitrary*®* SCTDR_2
SCIF RXIF 229 H'794 DTCERE9 SCFRDR_3 Arbitrary** $
TXIF 231 H'79C DTCERE8  Arbitrary** SCFTDR_3 Low
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Origin of DTC Vector
Activation Activation Vector Address Transfer Transfer
Source Source Number Offset DTCE*' Source Destination Priority
SSU SSRXI 233 H'7A4 DTCERE7 SSRDROto Arbitrary** High
SSRDRS3
SSTXI 234 H'7A8 DTCERE6  Arbitrary** SSTDRO to
SSTDRS3
lcz IITXI 238 H'7B8 DTCERE5  Arbitrary** ICDRT
IIRXI 239 H'7BC DTCERE4 ICDRR Arbitrary**  Low

Notes: 1. The DTCE bits with no corresponding interrupt are reserved, and the write value should
always be 0. To leave software standby mode with an interrupt, write 0 to the
corresponding DTCE bit.

2. An external memory, a memory-mapped external device, an on-chip memory, or an on-
chip peripheral module (except DMAC, DTC, BSC, UBC, and FLASH) can be selected
as the source or destination. Note that at least either the source or destination must be
an on-chip peripheral module; transfer cannot be done among an external memory, a
memory-mapped external device, and an on-chip memory.
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8.5 Operation

There are three transfer modes: normal, repeat, and block transfer modes. Since transfer
information is in the data area, it is possible to transfer data over any required number of channels.
When activated, the DTC reads transfer information stored in the data are and transfers data
according to the transfer information. After the data transfer is complete, it writes updated transfer
information back to the data area.

The DTC specifies the source address and destination address in SAR and DAR, respectively.
After a transfer, SAR and DAR are incremented, decremented, or fixed independently.

Table 8.3 shows the DTC transfer modes.

Table 8.3 DTC Transfer Modes

Transfer Size of Data Transferred at One Memory Address Increment or Transfer

Mode Transfer Request Decrement Count

Normal 1 byte/word/longword Incremented/decremented by 1, 2, or 1 to 65536
4, or fixed

Repeat*' 1 byte/word/longword Incremented/decremented by 1, 2, or 1 to 256*°
4, or fixed

Block** Block size specified by CRAH (1  Incremented/decremented by 1, 2, or 1 to 65536**
to 256 bytes/words/longwords) 4, or fixed

Notes: 1. Either source or destination is specified to repeat area.
2. Either source or destination is specified to block area.

3. After transfer of the specified transfer count, initial state is recovered to continue the
operation.

4. Number of transfers of the specified block size of data.

Setting the CHNE bit in MRB to 1 makes it possible to perform a number of transfers with a
single activation (chain transfer). Setting the CHNS bit in MRB to 1 can also be made to have
chain transfer performed only when the transfer counter value is 0.

Figure 8.4 shows a flowchart of DTC operation, and table 8.4 summarizes the conditions for DTC
transfers including chain transfer (combinations for performing the second and third transfers are
omitted).
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Not match | RRS =0

| Read DTC vector

Next transfer

A4
| Read transfer |

information
\i
| Transfer data |
| Up_defite tratnsfer | Update the start address
information of transfer information

\d ;

| Write transfer information |

ransfer counter = 0

or DISEL =1 Yes

No

Transfer counter = 0

Y ¢ A

| Clear activation | | Clear DTCER/request an interrupt
source flag to the CPU

-

A
End

Figure 8.4 Flowchart of DTC Operation
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Table 8.4

Transfer
Mode

1st Transfer

2nd Transfer

DTC Transfer Conditions (Chain Transfer Conditions Included)

CHNE CHNS RCHNE DISEL Counter*'

Transfer

CHNE CHNS

RCHNE

Transfer

DISEL Counter*' DTC Transfer

Normal

0 _ _

0

Not 0 — —

Ends at 1st

transfer

Ends at 1st

transfer

Interrupt request

to CPU

Not 0

Ends at 2nd

transfer

Ends at 2nd

transfer

Interrupt request

to CPU

Not 0 — —

Ends at 1st

transfer

Not 0 — —

Ends at 1st

transfer

Interrupt request

to CPU

0

Not 0

Ends at 2nd

transfer

Ends at 2nd

transfer

Interrupt request

to CPU
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1st Transfer

2nd Transfer

Transfer

Mode CHNE CHNS

Transfer Transfer
RCHNE DISEL Counters’ CHNE CHNS RCHNE DISEL Counter*' DTC Transfer

Repeat 0

— — — — — Ends at 1st
transfer

— — — Ends at 1st
transfer
Interrupt request
to CPU

0 — — 0 — Ends at 2nd
transfer

0 — — 1 — Ends at 2nd
transfer
Interrupt request
to CPU

— 0 Not 0 — — — — — Ends at 1st

transfer

— 1 Not 0 — — — — — Ends at 1st

transfer
Interrupt request
to CPU

— — — — — Ends at 1st
transfer

— — — — — Ends at 1st
transfer
Interrupt request
to CPU

0 — — 0 — Ends at 2nd
transfer

0 — — 1 — Ends at 2nd
transfer
Interrupt request
to CPU
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1st Transfer

2nd Transfer

Transfer

Mode CHNE

CHNS

Transfer Transfer

RCHNE DISEL Counters’ CHNE CHNS RCHNE DISEL Counter*' DTC Transfer

Block 0

— 0

Not 0 — — — — — Ends at 1st
transfer

0 — — — — — Ends at 1st

transfer
Interrupt request
to CPU

— 0 — — 0 Not 0 Ends at 2nd

transfer

0 — — 0 0 Ends at 2nd
transfer

Interrupt request
to CPU

— — — — — — Ends at 1st

transfer

Not 0 — — — — — Ends at 1st
transfer
Interrupt request
to CPU

0 0 — — 0 Not 0 Ends at 2nd
transfer

0 — — 0 0 Ends at 2nd
transfer
Interrupt request
to CPU

Notes: 1. CRA in normal mode transfer, CRAL in repeat transfer mode, or CRB in block transfer
mode

2. When the contents of the CRAH is written to the CRAL in repeat transfer mode
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8.5.1 Transfer Information Read Skip Function

By setting the RRS bit of DTCCR, the vector address read and transfer information read can be
skipped. The current DTC vector number is always compared with the vector number of previous
activation. If the vector numbers match when RRS = 1, a DTC data transfer is performed without
reading the vector address and transfer information. If the previous activation is a chain transfer,
the vector address read and transfer information read are always performed. Figure 8.5 shows the
transfer information read skip timing.

To modify the vector table and transfer information, temporarily clear the RRS bit to 0, modify the
vector table and transfer information, and then set the RRS bit to 1 again. When the RRS bit is
cleared to 0, the stored vector number is deleted, and the updated vector table and transfer
information are read at the next activation.

If the DTPR bit in the bus function extending register (BSCEHR) is set to 1, this function is
always disabled.

'

Clock (B¢) '
DTC activation
request

DTC request l

Skip transfer
information read

Internal address

-

Vector read Transfer information Data Transfer information Data Transfer information
read transfer write transfer write

Note: The DTC request signal indicates the state of internal bus request after the DTC activation source has been determined.

Figure 8.5 Transfer Information Read Skip Timing
(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 States)
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8.5.2 Transfer Information Writeback Skip Function

By specifying bit SM1 in MRA and bit DM1 in MRB to the fixed address mode, a part of transfer
information will not be written back. Table 8.5 shows the transfer information writeback skip
condition and writeback skipped registers. Note that the CRA and CRB are always written back.
The writeback of the MRA and MRB are always skipped.

Table 8.5 Transfer Information Writeback Skip Condition and Writeback Skipped

Registers
SM1 DM1 SAR DAR
0 0 Skipped Skipped
0 1 Skipped Written back
1 0 Written back Skipped
1 1 Written back Written back

8.5.3 Normal Transfer Mode

In normal transfer mode, data are transferred in one byte, one word, or one longword units in
response to a single activation request. From 1 to 65,536 transfers can be specified. The transfer
source and destination addresses can be specified as incremented, decremented, or fixed. When the
specified number of transfers ends, an interrupt can be requested to the CPU.

Table 8.6 lists the register function in normal transfer mode. Figure 8.6 shows the memory map in
normal transfer mode.

Table 8.6  Register Function in Normal Transfer Mode

Register Function Written Back Value

SAR Source address Incremented/decremented/fixed*
DAR Destination address Incremented/decremented/fixed*
CRA Transfer count A CRA -1

CRB Transfer count B Not updated

Note: * Transfer information writeback is skipped.
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Transfer source data area Transfer destination data area

o~ 1 T~

SAR—» <—— DAR

Transfer

=

i S L e

Figure 8.6 Memory Map in Normal Transfer Mode

8.54 Repeat Transfer Mode

In repeat transfer mode, data are transferred in one byte, one word, or one longword units in
response to a single activation request. By the DTS bit in MRB, either the source or destination
can be specified as a repeat area. From 1 to 256 transfers can be specified. When the specified
number of transfers ends, the transfer counter and address register specified as the repeat area is
restored to the initial state, and transfer is repeated. The other address register is then incremented,
decremented, or left fixed. In repeat transfer mode, the transfer counter (CRAL) is updated to the
value specified in CRAH when CRAL becomes H'00. Thus the transfer counter value does not
reach H'00, and therefore a CPU interrupt cannot be requested when DISEL = 0.

Table 8.7 lists the register function in repeat transfer mode. Figure 8.7 shows the memory map in
repeat transfer mode.
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Table 8.7 Register Function in Repeat Transfer Mode
Written Back Value
Register Function CRAL is not 1 CRAL is 1
SAR Source address Incremented/decremented/fixed* DTS = 0: Incremented/
decremented/fixed*
DTS = 1: SAR initial value
DAR Destination address Incremented/decremented/fixed* DTS = 0: DAR initial value
DTS = 1: Incremented/
decremented/fixed*
CRAH Transfer count CRAH CRAH
storage
CRAL Transfer count A CRAL -1 CRAH
CRB Transfer count B Not updated Not updated
Note: * Transfer information writeback is skipped.
Transfer source data area Transfer destination data area
(specified as repeat area)
/_\/ /\/
SAR— (7] <~— DAR
Transfer
/_\/ /\/
Figure 8.7 Memory Map in Repeat Transfer Mode
(When Transfer Source Is Specified as Repeat Area)
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8.5.5 Block Transfer Mode

In block transfer mode, data are transferred in block units in response to a single activation
request. Either the transfer source or the transfer destination is designated as a block area by the
DTS bit in MRB.

The block size is 1 to 256 bytes (1 to 256 words, or 1 to 256 longwords). When the block data
transfer of one block ends, the block size counter (CRAL) and address register (SAR when DTS =
1 or DAR when DTS = 0) specified as the block area is restored to the initial state. The other
address register is then incremented, decremented, or left fixed. From 1 to 65,536 transfers can be
specified. When the specified number of transfers ends, an interrupt is requested to the CPU.

Table 8.8 lists the register function in block transfer mode. Figure 8.8 shows the memory map in
block transfer mode.

Table 8.8  Register Function in Block Transfer Mode

Register Function Written Back Value

SAR Source address DTS = 0: Incremented/decremented/fixed*
DTS = 1: SAR initial value

DAR Destination address DTS = 0: DAR initial value
DTS = 1: Incremented/decremented/fixed*

CRAH Block size storage CRAH

CRAL Block size counter CRAH

CRB Block transfer counter CRB -1

Note: * Transfer information writeback is skipped.
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Transfer source data area Transfer destination data area

/\/I (specified as block area)

1st block —(Transfer =~

[ ] :: | Blockarea | D <— DAR

Nthblock | — T~

SAR ——

/—\/

Figure 8.8 Memory Map in Block Transfer Mode
(When Transfer Destination Is Specified as Block Area)

8.5.6 Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of data transfers to be performed
consecutively in response to a single transfer request. Setting the CHNE and CHNS bits in MRB
set to 1 enables a chain transfer only when the transfer counter reaches 0. SAR, DAR, CRA, CRB,
MRA, and MRB, which define data transfers, can be set independently. Figure 8.9 shows the
chain transfer operation.

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting the DISEL bit to 1, and the interrupt source
flag for the activation source and DTCER are not affected.

In repeat transfer mode, setting the RCHNE bit in DTCCR and the CHNE and CHNS bits in MRB
to 1 enables a chain transfer after transfer with transfer counter = 1 has been completed.
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DTC vector

address
—

Vector table

/\/

Transfer information
stored in user area

/\/

Transfer information
start address

Transfer information

I: CHNE =1

Transfer information
CHNE =0

/\/

Data area

/\/

Transfer source data (1)

[Transfer destination data (1)

Transfer source data (2)

[Transfer destination data (2)

/\/

Figure 8.9 Operation of Chain Transfer
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iming

Operation T

8.5.7

Figures 8.10 to 8.15 show the DTC operation timings.
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Vector read
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Note: The DTC request signal indicates the state of internal bus request after the DTC activation source has been determined.

Figure 8.10 Example of DTC Operation Timing
Normal Transfer Mode or Repeat Transfer Mode

(Activated by On-Chip Peripheral Module; I

1/2: 1723

Data Transferred from On-Chip Peripheral Module to On-Chip RAM

=1:

B¢: Po

.
b

Transfer Information Is Written in 3 Cycles)

) c ..m s
@ So o 3
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53 = 0 o e
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£

Transfer information

Data
transfer

Transfer information

Vector read

write

read

Note: The DTC request signal indicates the state of internal bus request after the DTC activation source has been determined.

Figure 8.11 Example of DTC Operation Timing

2
Po

Block Transfer Mode with Block Size

(Activated by On-Chip Peripheral Module; I$

1/2: 1/2;

1

Data Transferred from On-Chip Peripheral Module to On-Chip RAM

Bo:

.
b

Transfer Information Is Written in 3 Cycles)
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Transfer Information Is Written in 3 Cycles)

Figure 8.13 Example of DTC Operation T
Normal or Repeat Transfer in Short Address Mode

(Activated by On-Chip Peripheral Module; I
Data Transferred from On-Chip Peripheral Module to On-Chip RAM;

Note: The DTC request signal indicates the state of internal bus request after the DTC activation source has been determined.
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DTC activation
DTC request
Internal address

Transfer information

Data
transfer

Transfer information

Vector read

write

read

Note: The DTC request signal indicates the state of internal bus request after the DTC activation source has been determined.

iming:

Figure 8.14 Example of DTC Operation T

Normal or Repeat Transfer with DTPR =1
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Note: The DTC request signal indicates the state of internal bus request after the DTC activation source has been determined.

iming:

Figure 8.15 Example of DTC Operation T

Normal or Repeat Transfer

(Activated by IRQ; I¢
Data Transferred from On-Chip Peripheral Module to On-Chip RAM;

:1/2: 1/2;

=1

B¢: Po

Transfer Information Is Written in 3 Cycles)
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8.5.8

Number of DTC Execution Cycles

Table 8.9 shows the execution status for a single DTC data transfer, and table 8.10 shows the

number of cycles required for each execution.

Table 8.9 DTC Execution Status
Transfer Transfer
Vector Information Information Data Data Internal
Read Read Write Read Write Operation
Mode | J K L M N
Normal 1 0’ 4 3 0 3 LA ko 1 1 1 0%
Repeat 1 0¥ 4 3 0¥ 3 A L 1 1 o*'
Block 1 0’ 4 3% 0¥ 3 LA 1P 1P 1 0!
transfer
[Legend]
P: Block size (initial setting of CRAH and CRAL)
Notes: 1. When transfer information read is skipped
2. When the SAR or DAR is in fixed mode
3. When the SAR and DAR are in fixed mode
4. When short address mode
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Table 8.10 Number of Cycles Required for Each Execution State

Object to be Accessed (F:Ir-:\l\jlzg;:?tOM><2 On-Chip I/O Registers External Devices**
Bus width 32 bits 8 bits** 16 bits 8 bits 16 bits 32 bits
Access cycles 1B¢ to 3B¢*'**  2P¢ 2P¢ 2B 2Bp  2B¢
Execu- Vector read S, 1B¢ to 3Bg*'**  — — 9By 5B¢  3Bo
tsi?ar:us Transfer information read S, 1B¢ to 3B¢*'  — — 9By 5B¢  3Bo
Transfer information write S, 1B¢ to 3B¢*'  — — 2B¢*°  2Bp*°  2Bo*°
Byte data read S, 1B to 3B¢*' 1B +2Pp**  1Bp+2Pp** 3By  3Bp  3B¢
Word data read S, 1B¢ to 3Bo*' — 1By +2P¢*°  5B¢ 3B¢ 3B¢
Longword data read S, 1B¢ to 3Bo*'  — 1B¢ + 4P¢** 9B¢ 5By  3B¢
Byte data write S,, 1By to 3B¢*' 1By +2P¢*° 1B+ 2Pp**  2BY*°  2BY*°  2B¢*°
Word data write S,, 1B¢ to 3Bop*' — 1B¢ + 2P¢**  2Bo**  2Bp*°  2B¢*°
Longword data write S, 1B to 3B*'  — 1B + 4P¢*°  2B¢*° 2B¢*°  2B¢*°
Internal operation S, 1
Notes: 1. Values for on-chip RAM. Number of cycles varies depending on the ratio of 1¢:B¢.
Read Write
10:Bp = 1:1 3Bo 3Bo
9:Bdp =1:1/2 2B¢ 1B¢
0:Bdp = 1:1/3 2B¢ 1B¢
9:Bd = 1:1/4 or less 1B¢ 1B¢
2. Values for on-chip ROM. Number of cycles varies depending on the ratio of 1¢:B¢$.and
are the same as on-chip RAM. Only vector read is possible.
3. The values in the table are those for the fastest case. Depending on the state of the
internal bus, replace 1B¢ by 1P¢ in a slow case.
4. This applies to the 1IC2.
5. Values are different depending on the BSC register setting. The values in the table are
the sample for the case with no wait cycles and the WM bit in CSnWCR = 1.
6. Values are different depending on the bus state.
The number of cycles increases when many external wait cycles are inserted in the
case where writing is frequently executed, such as block transfer, and when the
external bus is in use because the write buffer cannot be used efficiently in such cases.
For details on the write buffer, see section 9.5.14 (2), Access in View of LSI Internal
Bus Master.
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The number of execution cycles is calculated from the formula below. Note that ¥ means the sum
of cycles for all transfers initiated by one activation event (the number of 1-valued CHNE bits in
transfer information plus 1).

Number of execution cycles=1¢S +Z (J*S,+KeS, +L*S +Me+S)+NeS,
8.5.9 DTC Bus Release Timing

The DTC requests the bus mastership to the bus arbiter when an activation request occurs. The
DTC releases the bus after a vector read, NOP cycle generation after a vector read, transfer
information read, a single data transfer, or transfer information writeback. The DTC does not
release the bus mastership during transfer information read, single data transfer, or transfer
information writeback.

The bus release timing can be specified through the bus function extending register (BSCEHR).
For details see section 9.4.8, Bus Function Extending Register (BSCEHR). The difference in bus
release timing according to the register setting is summarized in table 8.11. Settings other than
settings 1 to 5 are not allowed. The setting must not be changed while the DTC is active.

Figure 8.16 is a timing chart showing an example of bus release timing.
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Table 8.11 DTC Bus Release Timing

Bus Function Extending Register (BSCEHR)

Bus Release Timing

Setting (O: Bus is released; x: Bus is not released)
After write-back of
After After a
transfer information
After transfer single
vector NOP cycle information data Normal Continuous

Setting DTLOCK CSSTP1 CSSTP2 CSSTP3 DTBST read generation*' read transfer transfer transfer
Setting 1 1 0 # 1 0 o o 0 o o o
Setting2 0 0 0 * 0 X e} X X e} e}
Setting3 0 1 * * 0 X X X X o o
Setting 4** 0 1 S S 1 X X X X o X
Setting5 1 1 * 1 0 o X (o) (e} o o
Notes: 1. The bus mastership is only released for the external space access request from the

CPU after a vector read.

2. There are following restrictions in setting 4.
e Clock setting by the frequency control register (FRQCR) must be
10:Bo:Po:MId:MP¢ = 8:4:4:4:4, 4:2:2:2:2, or 2:1:1:1:1.

¢ Locate vector information in on-chip ROM or on-chip RAM.

e Locate transfer information in on-chip RAM.

e Transfer is allowed between on-chip RAM and on-chip peripheral module or

between external memory and on-chip peripheral module.
3. Don't care.
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Figure 8.16 Example of DTC Operation T
Conflict of Two Activation Requests in Normal Transfer Mode

(Activated by On-Chip Peripheral Module; 1§
Data Transferred from On-Chip Peripheral Module to On-Chip RAM;

Note: DTC request signal indicates the state of internal bus request after the DTC activation source is determined.

I : Bus mastership is only released for the external access request from the CPU.

f : Indicates bus release timing.

[Legend]
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8.5.10 DTC Activation Priority Order

In the case where multiple DTC activation requests are generated while the DTC is inactive, it is
selectable whether the DTC starts transfer in the order of activation request generation or in the
order of priority for DTC activation. This selection is made by the setting of the DTPR bit in the
bus function extending register (BSCEHR). On the other hand, if multiple activation requests are
generated while the DTC is active, transfer is performed according to the priority order for DTC
activation. Figure 8.17 shows an example of DTC activation according to the priority.

(1)DTPR=0 DTC is inactive DTC is active
Transfer is started for the request Transfer is performed according to the priority
that is generated first \
Internal bus Other than DTC | DTC (request 3) | DTC (request 1) | DTC (request 2) |

Priority
X - <determination
DTC activation request 1 | 7 D |

(High priority) ' \‘,

A
DTC activation request 2 [ A
(Medium priority) I—

DTC activation request 3 ® |

(Low priority)

(2) DTPR =1 DTC is inactive DTC is active
Transfer is performed according to the priority ~ Transfer is performed according to the priority
Internal bus Other than DTC | DTC (request 1) | DTC (request 2) | DTC (request 3) |

(High priority) ! .

Priority
- . determination
DTC activation request 1

o

DTC activation request 2 | ' j

(Medium priority)

Priority
etermlnatlon
A ) O
A A

DTC activation request 3 | N Nttt |

(Low priority)

Figure 8.17 Example of DTC Activation in Accordance with Priority
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8.6 DTC Activation by Interrupt

The procedure for using the DTC with interrupt activation is shown in figure 8.18.

( DTC activation by interrupt )
[
| [1] Clearing the RRS bit in DTCCR to 0 clears the read skip flag
| Clear RRS bit in DTCCR to 0 | 1] of transfer information. Read skip is not performed when the
r DTC is activated after clearing the RRS bit. When updating

| transfer information, the RRS bit must be cleared.

MaA oe Senoam | @ [2] Set the MRA, MRB, SAR, DAR, CRA, and CRB transfer

CRA, CRB) information in the data area. For details on setting transfer
T information, see section 8.2, Register Descriptions. For details
| on location of transfer information, see section 8.4, Location of
Transfer Information and DTC Vector Table.

Set starts address of transfer

information in DTC vector table| (3]

| [3] Set the start address of the transfer information in the DTC
| vector table. For details on setting DTC vector table, see section
l 8.4, Location of Transfer Information and DTC Vector Table.
Set RRS bit in DTCCR to 1 [4]
i [4] Setting the RRS bit to 1 performs a read skip of second time or
| later transfer information when the DTC is activated consecu-
Set corresponding bit in tively by the same interrupt source. Setting the RRS bit to 1 is
DTCER to 1 (5] always allowed. However, the value set during transfer will be
i valid from the next transfer.
Il
Set enable bit of interrupt [5] Set the bit in DTCER corresponding to the DTC activation
request for activation source | [6] interrupt source to 1. For the correspondence of interrupts and
to1 DTCER, refer to table 8.2. The bit in DTCER may be set to 1 on
T the second or later transfer. In this case, setting the bit is not
| needed.

( Interrupt request generated )

[6] Set the enable bits for the interrupt sources to be used as the
activation sources to 1. The DTC is activated when an interrupt
) used as an activation source is generated. For details on the
settings of the interrupt enable bits, see the corresponding
descriptions of the corresponding module.

( DTC activated

Clear
activation [7] After the end of one data transfer, the DTC clears the activation

source source flag or clears the corresponding bit in DTCER and

[71 requests an interrupt to the CPU. The operation after transfer
depends on the transfer information. For details, see section
8.2, Register Descriptions and figure 8.4.

Determine
clearing method of
activation source

Clear corresponding
bit in DTCER

Corresponding bit in DTCER
cleared or CPU interrupt
requested
T

v

( Transfer end )

Figure 8.18 Activation of DTC by Interrupt
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8.7 Examples of Use of the DTC

8.7.1 Normal Transfer Mode
An example is shown in which the DTC is used to receive 128 bytes of data via the SCI.

1. Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal transfer mode (MD1 = MDO0 = 0), and byte size (Sz1 = Sz0 = 0). The
DTS bit can have any value. Set MRB for one data transfer by one interrupt (CHNE = 0,
DISEL = 0). Set the RDR address of the SCI in SAR, the start address of the RAM area where
the data will be received in DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the transfer information for an RXI interrupt at the DTC vector address.

3. Set the corresponding bit in DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the receive
end (RXI) interrupt. Since the generation of a receive error during the SCI reception operation
will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

5. Each time reception of one byte of data ends on the SCI, the RDRF flag in SSR is set to 1, an
RXT interrupt is generated, and the DTC is activated. The receive data is transferred from RDR
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDREF flag is
automatically cleared to 0.

6. When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, the
DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. Termination
processing should be performed in the interrupt handling routine.

8.7.2 Chain Transfer when Counter = 0

By executing a second data transfer and performing re-setting of the first data transfer only when
the counter value is 0, it is possible to perform 256 or more repeat transfers.

An example is shown in which a 128-kbyte input buffer is configured. The input buffer is assumed
to have been set to start at lower address H'0000. Figure 8.19 shows the chain transfer when the
counter value is 0.

1. For the first transfer, set the normal transfer mode for input data. Set the fixed transfer source
address, CRA = H'0000 (65,536 times), CHNE = 1, CHNS = 1, and DISEL = 0.

2. Prepare the upper 8-bit addresses of the start addresses for 65,536-transfer units for the first
data transfer in a separate area (in ROM, etc.). For example, if the input buffer is configured at
addresses H'200000 to H21FFFF, prepare H'21 and H'20.
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3. For the second transfer, set repeat transfer mode (with the source side as the repeat area) for re-
setting the transfer destination address for the first data transfer. Use the upper eight bits of
DAR in the first transfer information area as the transfer destination. Set CHNE = DISEL = 0.
If the above input buffer is specified as H200000 to H'21FFFF, set the transfer counter to 2.

4. Execute the first data transfer 65536 times by means of interrupts. When the transfer counter
for the first data transfer reaches 0, the second data transfer is started. Set the upper eight bits
of the transfer destination address for the first data transfer to H'21. The lower 16 bits of the
transfer destination address of the first data transfer and the transfer counter are H'0000.

5. Next, execute the first data transfer the 65536 times specified for the first data transfer by
means of interrupts. When the transfer counter for the first data transfer reaches 0, the second
data transfer is started. Set the upper eight bits of the transfer destination address for the first
data transfer to H'20. The lower 16 bits of the transfer destination address of the first data
transfer and the transfer counter are H'0000.

6. Steps 4 and 5 are repeated endlessly. As repeat mode is specified for the second data transfer,
no interrupt request is sent to the CPU.

Transfer information

/X/

located on the on-chip memory

1st data transfer

Input circuit

/X/

Input buffer

information

Chain transfer

2nd data transfer

:I (counter = 0)

information

/X/

/X/

Upper 8 bits of DAR

/X/

Figure 8.19 Chain Transfer when Counter = 0
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8.8 Interrupt Sources

An interrupt request is issued to the CPU when the DTC finishes the specified number of data
transfers, or on completion of a single data transfer or a single block data transfer with the DISEL
bit set to 1. In the case of interrupt activation, the interrupt set as the activation source is
generated. These interrupts to the CPU are subject to CPU mask level and priority level control in
the interrupt controller. For details, refer to section 6.8, Data Transfer with Interrupt Request
Signals.

8.9 Usage Notes

8.9.1 Module Standby Mode Setting

Operation of the DTC can be disabled or enabled using the standby control register. The initial
setting is for operation of the DTC to be disabled. DTC operation is disabled in module standby
mode but register access is available. Module standby mode cannot be set while the DTC is
activated. Before entering software standby mode or module standby mode, all DTCER registers
must be cleared. For details, refer to section 26, Power-Down Modes.

89.2  On-Chip RAM

Transfer information can be located in on-chip RAM. In this case, the RAME bit in RAMCR must
not be cleared to 0.

8.9.3 DTCE Bit Setting

To set a DTCE bit, disable the corresponding interrupt, read 0 from the bit, and then write 1 to it.
While DTC transfer is in progress, do not modify the DTCE bits.

8.9.4 Chain Transfer

When chain transfer is used, clearing of the activation source or DTCER is performed when the
last of the chain of data transfers is executed. SCI, SCIF, SSU, IIC2, and A/D converter
interrupt/activation sources, on the other hand, are cleared when the DTC reads or writes to the
relevant register.
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8.9.5 Transfer Information Start Address, Source Address, and Destination Address

The transfer information start address to be specified in the vector table should be address 4n.
Transfer information should be placed in on-chip RAM or external memory space.

8.9.6 Access to DMAC or DTC Registers through DTC

Do not access the DMAC or DTC registers by using DTC operation. Do not access the DTC
registers by using DMAC operation.

8.9.7 Notes on IRQ Interrupt as DTC Activation Source

e The IRQ interrupt specified as a DTC activation source must not be used to cancel software
standby mode.

e The IRQ edge input in software standby mode must not be specified as a DTC activation
source.

e When a low level on the IRQ pin is to be detected, if the end of DTC transfer is used to request
an interrupt to the CPU (transfer counter = 0 or DISEL = 1), the IRQ signal must be kept low
until the CPU accepts the interrupt.

8.9.8 Notes on SCI and SCIF as DTC Activation Sources

e  When the TXI interrupt from the SCI is specified as a DTC activation source, the TEND flag
in the SCI must not be used as the transfer end flag.

e  When the TXIF interrupt from the SCIF is specified as a DTC activation source, the TEND
flag in the SCIF must not be used as the transfer end flag.

8.9.9 Clearing Interrupt Source Flag

The interrupt source flag set when the DTC transfer is completed should be cleared in the interrupt
handler in the same way as for general interrupt source flags. For details, refer to section 6.9,
Usage Note.
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8.9.10  Conflict between NMI Interrupt and DTC Activation

When a conflict occurs between the generation of the NMI interrupt and the DTC activation, the
NMI interrupt has priority. Thus the ERR bit is set to 1 and the DTC is not activated.

It takes 1 x Beyc + 3 x Pcyc for determining DTC stop by NMI, 2 x Beyc for determining DTC
activation by IRQ, and 1 x Pcyc for determining DTC activation by peripheral modules.

8.9.11 Operation when a DTC Activation Request Is Cancelled While in Progress

Once the DTC has accepted an activation request, the DTC does not accept the next activation
request until the sequence of DTC processing that ends with writeback has been completed.
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Section 9 Bus State Controller (BSC)

The bus state controller (BSC) outputs control signals for various types of memory that is
connected to the external address space and external devices. BSC functions enable this LSI to
connect directly with SRAM, SDRAM, and other memory storage devices, and external devices.

9.1 Features

1. External address space
— A maximum 64 Mbytes for each of eight areas, CSO to CS7, and a maximum 1 Gbyte for
the CS8 area

— Can specify the normal space interface, SRAM interface with byte selection, burst ROM
(clock synchronous or asynchronous), MPX-1/O, burst MPX-1/0O, SDRAM, or PCMCIA
for each address space

— Can select the data bus width (8, 16, or 32 bits) for each address space
— Controls the insertion of the wait state for each address space.
— Controls the insertion of the wait state for each read access and write access

— Can set the independent idling cycle in the continuous access for five cases: read-write (in
same space/different space), read-read (in same space/different space), the first cycle is a
write access.

2. Normal space interface

— Supports the interface that can directly connect to the SRAM
3. Burst ROM interface (clock asynchronous)

— High-speed access to the ROM that has the page mode function
4. MPX-I/O interface

— Directly connects peripheral LSIs with address/data multiplexing
5. SDRAM interface

— Can set the SDRAM up to 2 areas

— Multiplex output for row address/column address

— Efficient access by single read/single write

— High-speed access by bank-active mode

— Supports an auto-refresh and self-refresh
6. SRAM interface with byte selection

— Supports interfaces that can be connected directly to SRAM with byte selection
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7. PCMCIA direct interface

— Supports the IC memory card and I/O card interface defined in JEIDA specifications Ver.
4.2 (PCMCIA2.1 Rev. 2.1)

— Wait-cycle insertion controllable by program
8. Burst MPX-I/O interface
— Directly connects peripheral LSIs with address/data multiplexing
— Supports burst transfer
9. Burst ROM (clock synchronous) interface
— Directly connects clock-synchronous burst ROM
10. Refresh function
— Supports the auto-refresh and self-refresh functions
— Specifies the refresh interval using the refresh counter and clock selection
— Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8)
11. Usage as interval timer for refresh counter

— Generates an interrupt request at compare match
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Figure 9.1 shows a block diagram of the BSC.
. | Internal master
’ o ol module
3
< o | 2
SREA > o)
BREQ *1 mastership | CMNCR  |[~=p S| . | Internalslave
controller v module
< CSOWCR |~=p—|
Wait :
WAIT » controller
CS8WCR | <=
CSo, CS1, CS2,
CS3,CSs4,CSs5, Area < CSOBCR |~g=p|
Cs6,Cs7,C88  ~ controller < . 2]
N o
@
A29 to A0, - CS8BCR |<e=p-| 2
D31t0D0 =
BS, RDWR, RD, WRHH, -
WRHL, WRH, WRL,
RASU, RASL, CASU,
CASL, CKE, DQMxXx, Memory
AH, FRAME, CE1A, = controller
CE1B, CE2A, CE2B,
ICIORD, ICIOWR, WE
101S16 >
A
Refresh
controller
Interrupt
controller

[Legend]
CMNCR:
CSnWCR:
CSnBCR:
SDCR:
RTCSR:
RTCNT:
RTCOR:

Common control register

CSn space wait control register (n =0 to 8)
CSn space bus control register (n = 0 to 8)

SDRAM control register

Refresh timer control/status register

Refresh timer counter

Refresh time constant register

Figure 9.1 Block Diagram of BSC
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9.2 Input/Output Pins
The pin configuration of the BSC is listed in table 9.1.

Table 9.1 Pin Configuration

Name /0 Function

A29 to AO Output Address bus
D31 to DO I/0 Data bus

BS Output Bus cycle start

Asserted when a normal space, burst ROM (clock synchronous or
asynchronous), MPX-1/0O, burst MPX-I/O, or PCMCIA is accessed.
When SDRAM is accessed, this signal is asserted at the same

timing as CAS.

CS0to CS8 Output Chip select

CE1A Output  Chip enable for PCMCIA connected to area 5

CE2A Output Chip enable for PCMCIA connected to area 5

CE1B Output  Chip enable for PCMCIA connected to area 6

CE2B Output Chip enable for PCMCIA connected to area 6

RDWR Output Read/write
Connected to WE pin when SDRAM or SRAM with byte selection is
used.

RD Output Read pulse signal (read data output enable signal)
Strobe signal for indicating memory read cycles when PCMCIA is
used.

WRHH Output Indicates byte write through D31 to D24.
Connected to the byte select pin when SRAM with byte selection is
used.

WRHL Output  Indicates byte write through D23 to D16.
Connected to the byte select pin when SRAM with byte selection is
used.

WRH Output Indicates byte write through D15 to D8.
Connected to the byte select pin when SRAM with byte selection is
used.

WRL Output Indicates byte write through D7 to DO.
Connected to the byte select pin when SRAM with byte selection is
used.
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Name /0 Function
RASU, RASL Output Connected to RAS pin when SDRAM is used.
CASU, CASL Output Connected to CAS pin when SDRAM is used.
CKE Output Connected to CKE pin when SDRAM is used.
101S16 Input  Indicates 16-bit I/0O for PCMCIA.
This LSI does not support little endian and this pin must be held low.
DQMUU Output Connected to the DQMxx pins when SDRAM is used.
DQMUL DQMUU: D31 to D24 select signal
DQMLU DQMUL: D23 to D16 select signal
DQMLL DQMLU: D15 to D8 select signal
DQMLL: D7 to DO select signal
AH Output Address hold signal when MPX-I/O is used
FRAME Output FRAME signal when burst MPX-I/O is used
WAIT Input  External wait input
BREQ Input  Bus request input
BACK Output Bus acknowledge output
ICIOWR Output I/O write strobe signal when PCMCIA is used
ICIORD Output I/O read strobe signal when PCMCIA is used
WE Output  Strobe signal for indicating memory write cycles when PCMCIA is

used
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9.3 Area Overview

9.3.1 Area Division
In the architecture, this LSI has 32-bit address spaces.

As listed in tables 9.2 to 9.15, this LSI can connect nine areas to each type of memory, and it
outputs chip select signals (CSO to CS8) for each of them. CS0 is asserted during area 0 access. In
access to SDRAM connected to areas 2 and 3, signals such as WSX, m, RD/W, and
DQMxx will be asserted. Furthermore, when the PCMCIA interface is selected in areas 5 and 6,
CEIA, CEIB, CE2A, and CE2B as well as CS5 and CS6 are asserted, according to the bytes to be
accessed.

9.3.2 Address Map

The external address space has a capacity of 1.5 Gbytes and is used by dividing into 9 spaces. The
memory to be connected and the data bus width are specified in each space. The address map for
the entire address space is listed in tables 9.2 to 9.15.

Table 9.2  Address Map: SH7083 (256-Kbyte Flash Memory Version) in On-Chip ROM-

Enabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to  On-chip ROM 256 Kbytes 32 bits
H'0003FFFF
H'00040000 to  Reserved
H'01FFFFFF
H'02000000to  CSO0 space Normal space 32 Mbytes 8or16
H'O3FFFFFF SRAM with byte selection bits*
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000 to  Reserved
H'OBFFFFFF
H'0C000000to CSS3 space Normal space 32 Mbytes 8or16
H'ODFFFFFF SRAM with byte selection bits*
SDRAM
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Address Area Memory Type Capacity \?Vli‘:th
H'OE000000 to  Reserved

H'1BFFFFFF

H'1C000000to CS7 space Normal space 32 Mbytes 8ori16
H1DFFFFFF SRAM with byte selection bits*

H'1E000000 to Reserved
H'FFF7FFFF

H'FFF80000 to SDRAM mode setting
H'FFFOFFFF space

H'FFFA0000 to Reserved
H'FFFF7FFF

H'FFFF8000 to  On-chip RAM
H'FFFFBFFF

16 Kbytes 32 bits

H'FFFFC000 to  On-chip peripheral
HFFFFFFFF  modules

16 Kbytes 8or16
bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed. In single-chip mode, only the on-chip ROM, on-chip RAM, and on-
chip peripheral modules can be accessed; the other areas cannot be accessed.

*  The bus width is selected by

the register setting.

Table 9.3  Address Map: SH7083 (256-Kbyte Flash Memory Version) in On-Chip ROM-

Disabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to  CSO space Normal space 32 Mbytes 8or16
H'O1FFFFFF SRAM with byte selection bits*"
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'02000000to  Reserved
H'OBFFFFFF
H'0C000000to CSS3 space Normal space 32 Mbytes 8or16
H'ODFFFFFF SRAM with byte selection bits**
SDRAM
H'OE000000 to  Reserved
H'1BFFFFFF
RO1UH0198EJ0600 Rev. 6.00 Page 223 of 1654
Oct 16, 2014 RENESAS



Section 9 Bus State Controller (BSC) SH7080 Group

Bus

Address Area Memory Type Capacity Width
H'1C000000to CS7 space Normal space 32 Mbytes 8or16

1 H 2
H1DFFFFFF SRAM with byte selection bits*
H'1E000000 to  Reserved
H'FFF7FFFF
H'FFF80000to SDRAM mode setting
H'FFFOFFFF space
H'FFFAO0000 to Reserved
H'FFFF7FFF
H'FFFF8000to On-chip RAM 16 Kbytes 32 bits
H'FFFFBFFF
H'FFFFCO000 to  On-chip peripheral 16 Kbytes 8or16
H'FFFFFFFF modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed.

1. The bus width is selected by the mode pins.
2. The bus width is selected by the register setting.

Table 9.4  Address Map: SH7083 (512-Kbyte Flash Memory Version) in On-Chip ROM-

Enabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to  On-chip ROM 512 Kbytes 32 bits
H'0007FFFF
H'00080000to  Reserved
H'01FFFFFF
H'02000000 to  CSO space Normal space 32 Mbytes 8or16
H'O3FFFFFF SRAM with byte selection bits*
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000to  Reserved
H'OBFFFFFF
H'0C000000to CS3 space Normal space 32 Mbytes 8or16
H'ODFFFFFF SRAM with byte selection bits*
SDRAM
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Address Area Memory Type Capacity \?Vli‘:th
H'OE000000 to  Reserved

H'1BFFFFFF

H'1C000000to CS7 space Normal space 32 Mbytes 8ori16
H1DFFFFFF SRAM with byte selection bits*

H'1E000000 to Reserved
H'FFF7FFFF

H'FFF80000 to SDRAM mode setting
H'FFFOFFFF space

H'FFFA0000 to Reserved
H'FFFF3FFF

H'FFFF4000 to  On-chip RAM
H'FFFFBFFF

32 Kbytes 32 bits

H'FFFFC000 to  On-chip peripheral
HFFFFFFFF  modules

16 Kbytes 8or16
bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed. In single-chip mode, only the on-chip ROM, on-chip RAM, and on-
chip peripheral modules can be accessed; the other areas cannot be accessed.

*  The bus width is selected by

the register setting.

Table 9.5 Address Map: SH7083 (512-Kbyte Flash Memory Version) in On-Chip ROM-

Disabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to  CSO space Normal space 32 Mbytes 8or16
H'O1FFFFFF SRAM with byte selection bits*"
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'02000000to  Reserved
H'OBFFFFFF
H'0C000000to CSS3 space Normal space 32 Mbytes 8or16
H'ODFFFFFF SRAM with byte selection bits**
SDRAM
H'OE000000 to  Reserved
H'1BFFFFFF
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Bus

Address Area Memory Type Capacity Width
H'1C000000to CS7 space Normal space 32 Mbytes 8or16

1 H 2
H1DFFFFFF SRAM with byte selection bits*
H'1E000000 to  Reserved
H'FFF7FFFF
H'FFF80000to SDRAM mode setting
H'FFFOFFFF space
H'FFFAO0000 to Reserved
H'FFFF3FFF
H'FFFF4000to  On-chip RAM 32 Kbytes 32 bits
H'FFFFBFFF
H'FFFFCO000 to  On-chip peripheral 16 Kbytes 8or16
H'FFFFFFFF modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed.

1. The bus width is selected by the mode pins.
2. The bus width is selected by the register setting.

Table 9.6 Address Map: SH7084 (256-Kbyte Flash Memory Version) in On-Chip ROM-

Enabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to  On-chip ROM 256 Kbytes 32 bits
H'0003FFFF
H'00040000to  Reserved
H'01FFFFFF
H'02000000 to  CSO space Normal space 32 Mbytes 8or16
H'O3FFFFFF SRAM with byte selection bits*
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000to CS1 space Normal space 64 Mbytes 8or16
H'O7FFFFFF SRAM with byte selection bits*
H'08000000to CS2 space Normal space 64 Mbytes 8or16
H'OBFFFFFF SRAM with byte selection bits*
SDRAM
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Bus
Address Area Memory Type Capacity Width
H'0C000000to CSS3 space Normal space 64 Mbytes 8or16
H'OFFFFFFF SRAM with byte selection bits*
SDRAM
H'10000000to CS4 space Normal space 64 Mbytes 8or 16
H'13FFFFFF SRAM with byte selection bits*
Burst ROM (asynchronous)
H'14000000to  CS5 space Normal space 64 Mbytes 8 or 16
H'17FFFFFF SRAM with byte selection bits*
MPX-I/O
H'18000000to CS6 space Normal space 64 Mbytes 8 or 16
H1BFFFFFF SRAM with byte selection bits*
H'1C000000 to CS7 space Normal space 64 Mbytes 8 or 16
H1FFFFFFF SRAM with byte selection bits*
H'20000000to  Reserved
HFFF7FFFF
H'FFF80000 to SDRAM mode setting
HFFFOFFFF  space
H'FFFA0000 to Reserved
H'FFFF7FFF
H'FFFF8000 to  On-chip RAM 16 Kbytes 32 bits
H'FFFFBFFF
H'FFFFC000 to On-chip peripheral 16 Kbytes 8or16
HFFFFFFFF  modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed. In single-chip mode, only the on-chip ROM, on-chip RAM, and on-
chip peripheral modules can be accessed; the other areas cannot be accessed.

*  The bus width is selected by the register setting.
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Table 9.7 Address Map: SH7084 (256-Kbyte Flash Memory Version) in On-Chip ROM-

Disabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to  CSO0 space Normal space 64 Mbytes 8or16
H'O3FFFFFF SRAM with byte selection bits*’
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000to CS1 space Normal space 64 Mbytes 8or16
H'O7FFFFFF SRAM with byte selection bits**
H'08000000to CS2 space Normal space 64 Mbytes 8or16
H'OBFFFFFF SRAM with byte selection bits**
SDRAM
H'0C000000 to CS3 space Normal space 64 Mbytes 8 or 16
H'OFFFFFFF SRAM with byte selection bits**
SDRAM
H'10000000to  CS4 space Normal space 64 Mbytes 8or16
H13FFFFFF SRAM with byte selection bits**
Burst ROM (asynchronous)
H'14000000to CS5 space Normal space 64 Mbytes 8or16
H17FFFFFF SRAM with byte selection bits**
MPX-1/O
H'18000000to CS6 space Normal space 64 Mbytes 8or16
H1BFFFFFF SRAM with byte selection bits**
H'1C000000to CS7 space Normal space 64 Mbytes 8or16
H'1FFFFFFF SRAM with byte selection bits**
H'20000000 to  Reserved
H'FFF7FFFF
H'FFF80000 to SDRAM mode setting
H'FFFOFFFF space
H'FFFAO0000 to Reserved
H'FFFF7FFF
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SH7080 Group Section 9 Bus State Controller (BSC)

Bus
Address Area Memory Type Capacity Width
H'FFFF8000to  On-chip RAM 16 Kbytes 32 bits
H'FFFFBFFF
H'FFFFC000to  On-chip peripheral 16 Kbytes 8 or 16
HFFFFFFFF  modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed.

1. The bus width is selected by the mode pins.
2. The bus width is selected by the register setting.

Table 9.8  Address Map: SH7084 (512-Kbyte Flash Memory Version) in On-Chip ROM-

Enabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to  On-chip ROM 512 Kbytes 32 bits
H'0007FFFF
H'00080000to  Reserved
H'01FFFFFF
H'02000000to  CSO space Normal space 32 Mbytes 8or16
H'03FFFFFF SRAM with byte selection bits*
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000to CS1 space Normal space 64 Mbytes 8or 16
H'07FFFFFF SRAM with byte selection bits*
H'08000000to CS2 space Normal space 64 Mbytes 8or 16
H'OBFFFFFF SRAM with byte selection bits*
SDRAM
H'0C000000 to CS3 space Normal space 64 Mbytes 8 or 16
H'OFFFFFFF SRAM with byte selection bits*
SDRAM
H'10000000to  CS4 space Normal space 64 Mbytes 8or16
H13FFFFFF SRAM with byte selection bits*
Burst ROM (asynchronous)
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Section 9 Bus State Controller (BSC) SH7080 Group

Bus
Address Area Memory Type Capacity Width
H'14000000to  CS5 space Normal space 64 Mbytes 8 or 16
H'17FFFFFF SRAM with byte selection bits*

MPX-I/O

H'18000000to CS6 space Normal space 64 Mbytes 8 or 16
H1BFFFFFF SRAM with byte selection bits*
H'1C000000 to CS7 space Normal space 64 Mbytes 8 or 16
H1FFFFFFF SRAM with byte selection bits*
H'20000000 to  Reserved
H'FFF7FFFF
H'FFF80000to SDRAM mode setting
HFFFOFFFF  space
H'FFFA0000 to Reserved
H'FFFF3FFF
H'FFFF4000to  On-chip RAM 32 Kbytes 32 bits
H'FFFFBFFF
H'FFFFCO000 to On-chip peripheral 16 Kbytes 8ori16
H'FFFFFFFF modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed. In single-chip mode, only the on-chip ROM, on-chip RAM, and on-
chip peripheral modules can be accessed; the other areas cannot be accessed.

*  The bus width is selected by the register setting.

Table 9.9 Address Map: SH7084 (512-Kbyte Flash Memory Version) in On-Chip ROM-

Disabled Mode
Bus

Address Area Memory Type Capacity Width
H'00000000to  CSO0 space Normal space 64 Mbytes 8or16
H'03FFFFFF SRAM with byte selection bits*’

Burst ROM (asynchronous)

Burst ROM (synchronous)
H'04000000to  CS1 space Normal space 64 Mbytes 8 or 16
H'07FFFFFF SRAM with byte selection bits**
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SH7080 Group

Section 9 Bus State Controller (BSC)

Bus
Address Area Memory Type Capacity Width
H'08000000 to CS2 space Normal space 64 Mbytes 8or16
H'OBFFFFFF SRAM with byte selection bits**
SDRAM
H'0C000000 to CS3 space Normal space 64 Mbytes 8 or 16
H'OFFFFFFF SRAM with byte selection bits**
SDRAM
H'10000000to CS4 space Normal space 64 Mbytes 8 or 16
H13FFFFFF SRAM with byte selection bits**
Burst ROM (asynchronous)
H'14000000to CS5 space Normal space 64 Mbytes 8or 16
H17FFFFFF SRAM with byte selection bits**
MPX-I/O
H'18000000to CS6 space Normal space 64 Mbytes 8or 16
H1BFFFFFF SRAM with byte selection bits**
H'1C000000 to CS7 space Normal space 64 Mbytes 8 or 16
H1FFFFFFF SRAM with byte selection bits**
H'20000000 to  Reserved
HFFF7FFFF
H'FFF80000 to SDRAM mode setting
HFFFOFFFF  space
H'FFFA0000 to Reserved
H'FFFF3FFF
H'FFFF4000to  On-chip RAM 32 Kbytes 32 bits
H'FFFFBFFF
H'FFFFCO000 to  On-chip peripheral 16 Kbytes 8or16
H'FFFFFFFF modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation

cannot be guaranteed.

1. The bus width is selected by the mode pins.

2. The bus width is selected by the register setting.
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Table 9.10 Address Map: SH7085 (256-Kbyte Flash Memory Version) in On-Chip ROM-

Enabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to  On-chip ROM 256 Kbytes 32 bits
H'0003FFFF
H'00040000 to  Reserved
H'01FFFFFF
H'02000000to  CSO0 space Normal space 32 Mbytes 8, 16, or
H'03FFFFFF SRAM with byte selection 32 bits*
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000 to CS1 space Normal space 64 Mbytes 8, 16, or
H'07FFFFFF SRAM with byte selection 32 bits*
H'08000000 to CS2 space Normal space 64 Mbytes 8, 16, or
H'0BFFFFFF SRAM with byte selection 32 bits*
SDRAM
H'0C000000to CS3 space Normal space 64 Mbytes 8, 16, or
H'OFFFFFFF SRAM with byte selection 32 bits*
SDRAM
H'10000000 to CS4 space Normal space 64 Mbytes 8, 16, or
H13FFFFFF SRAM with byte selection 32 bits*
Burst ROM (asynchronous)
H'14000000 to CS5 space Normal space 64 Mbytes 8, 16, or
H'17FFFFFF SRAM with byte selection 32 bits*
PCMCIA
MPX-I/O
H'18000000 to CS6 space Normal space 64 Mbytes 8, 16, or
H'1BFFFFFF SRAM with byte selection 32 bits*
PCMCIA
Burst MPX-1/0
H'1C000000to CS7 space Normal space 64 Mbytes 8, 16, or
H1FFFFFFF SRAM with byte selection 32 bits*
H'20000000to  Reserved
H'FFF7FFFF
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Bus
Address Area Memory Type Capacity Width
H'FFF80000 to SDRAM mode setting
HFFFOFFFF  space
H'FFFA0000 to Reserved
H'FFFF7FFF
H'FFFF8000to  On-chip RAM 16 Kbytes 32 bits
H'FFFFBFFF
H'FFFFCO000 to On-chip peripheral 16 Kbytes 8ori16
HFFFFFFFF  modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed. In single-chip mode, only the on-chip ROM, on-chip RAM, and on-
chip peripheral modules can be accessed; the other areas cannot be accessed.

*  The bus width is selected by the register setting.

Table 9.11 Address Map: SH7085 (256-Kbyte Flash Memory Version) in On-Chip ROM-

Disabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to CSO0 space Normal space 64 Mbytes 16 or 32
H'03FFFFFF SRAM with byte selection bits*’
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000 to CS1 space Normal space 64 Mbytes 8, 16, or
H'07FFFFFF SRAM with byte selection 32 bits**
H'08000000to CS2 space Normal space 64 Mbytes 8, 16, or
H'OBFFFFFF SRAM with byte selection 32 bits**
SDRAM
H'0C000000 to CS3 space Normal space 64 Mbytes 8, 16, or
H'OFFFFFFF SRAM with byte selection 32 bits**
SDRAM
H'10000000 to CS4 space Normal space 64 Mbytes 8, 16, or
H13FFFFFF SRAM with byte selection 32 bits**
Burst ROM (asynchronous)
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Bus
Address Area Memory Type Capacity Width
H'14000000 to CS5 space Normal space 64 Mbytes 8, 16, or
H17FFFFFF SRAM with byte selection 32 bits**
PCMCIA
MPX-I/O
H'18000000 to CS6 space Normal space 64 Mbytes 8, 16, or
H1BFFFFFF SRAM with byte selection 32 bits**
PCMCIA
Burst MPX-I/O
H'1C000000 to CS7 space Normal space 64 Mbytes 8, 16, or
H1FFFFFFF SRAM with byte selection 32 bits**
H'20000000to  Reserved
H'FFF7FFFF
H'FFF80000 to SDRAM mode setting
HFFFOFFFF  space
H'FFFA0000 to Reserved
HFFFF7FFF
H'FFFF8000 to On-chip RAM 16 Kbytes 32 bits
H'FFFFBFFF
H'FFFFCO000 to  On-chip peripheral 16 Kbytes 8or16
HFFFFFFFF  modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed.

1. The bus width is selected by the mode pins.
2. The bus width is selected by the register setting.

Table 9.12 Address Map: SH7085 (512-Kbyte Flash Memory Version) in On-Chip ROM-

Enabled Mode
Bus

Address Area Memory Type Capacity Width
H'00000000to  On-chip ROM 512 Kbytes 32 bits
H'0007FFFF
H'00080000to  Reserved
H'01FFFFFF
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Section 9 Bus State Controller (BSC)

Bus
Address Area Memory Type Capacity Width
H'02000000 to  CSO space Normal space 32 Mbytes 8, 16, or
H'03FFFFFF SRAM with byte selection 32 bits*
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000 to CS1 space Normal space 64 Mbytes 8, 16, or
H'07FFFFFF SRAM with byte selection 32 bits*
H'08000000 to  CS2 space Normal space 64 Mbytes 8, 16, or
H'0BFFFFFF SRAM with byte selection 32 bits*
SDRAM
H'0C000000to CSS3 space Normal space 64 Mbytes 8, 16, or
H'OFFFFFFF SRAM with byte selection 32 bits*
SDRAM
H'10000000to CS4 space Normal space 64 Mbytes 8, 16, or
H'13FFFFFF SRAM with byte selection 32 bits*
Burst ROM (asynchronous)
H'14000000 to  CS5 space Normal space 64 Mbytes 8, 16, or
H'17FFFFFF SRAM with byte selection 32 bits*
PCMCIA
MPX-I/O
H'18000000 to CS6 space Normal space 64 Mbytes 8, 16, or
H'1BFFFFFF SRAM with byte selection 32 bits*
PCMCIA
Burst MPX-I/O
H'1C000000to CS7 space Normal space 64 Mbytes 8, 16, or
H'1FFFFFFF 32 bits*

SRAM with byte selection

H'20000000to  Reserved
H'FFF7FFFF

H'FFF80000 to SDRAM mode setting

H'FFFOFFFF space

H'FFFA0000 to Reserved
H'FFFF3FFF
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SH7080 Group

Address

Area

Memory Type

Bus
Capacity Width

H'FFFF4000 to  On-chip RAM

H'FFFFBFFF

32 Kbytes 32 bits

H'FFFFC000 to  On-chip peripheral

H'FFFFFFFF

modules

16 Kbytes 8or16

bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed. In single-chip mode, only the on-chip ROM, on-chip RAM, and on-
chip peripheral modules can be accessed; the other areas cannot be accessed.

*  The bus width is selected by the register setting.

Table 9.13 Address Map: SH7085 (512-Kbyte Flash Memory Version) in On-Chip ROM-

Disabled Mode
Bus
Address Area Memory Type Capacity Width
H'00000000to  CSO0 space Normal space 64 Mbytes 16 or 32
H'03FFFFFF SRAM with byte selection bits*"
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000 to CS1 space Normal space 64 Mbytes 8, 16, or
H'07FFFFFF SRAM with byte selection 32 bits**
H'08000000 to CS2 space Normal space 64 Mbytes 8, 16, or
H'OBFFFFFF SRAM with byte selection 32 bits**
SDRAM
H'0C000000to CS3 space Normal space 64 Mbytes 8, 16, or
H'OFFFFFFF SRAM with byte selection 32 bits**
SDRAM
H'10000000 to CS4 space Normal space 64 Mbytes 8, 16, or
H13FFFFFF SRAM with byte selection 32 bits**
Burst ROM (asynchronous)
H'14000000to CS5 space Normal space 64 Mbytes 8, 16, or
H17FFFFFF SRAM with byte selection 32 bits**
PCMCIA
MPX-I/O
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Bus
Address Area Memory Type Capacity Width
H'18000000to CS6 space Normal space 64 Mbytes 8, 16, or
1 H 2

H1BFFFFFF SRAM with byte selection 32 bits*

PCMCIA

Burst MPX-1/0
H'1C000000to CS7 space Normal space 64 Mbytes 8,16, or
H'1FFFFFFF SRAM with byte selection 32 bits**
H'20000000 to  Reserved
H'FFF7FFFF
H'FFF80000 to SDRAM mode setting
H'FFFOFFFF space
H'FFFA0000 to Reserved
H'FFFF3FFF
H'FFFF4000 to  On-chip RAM 32 Kbytes 32 bits
H'FFFFBFFF
H'FFFFC000 to On-chip peripheral 16 Kbytes 8or16
HFFFFFFFF  modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation

cannot be guaranteed.
1. The bus width is selected by the mode pins.
2. The bus width is selected by the register setting.

Table 9.14 Address Map: SH7086 in On-Chip ROM-Enabled Mode

Bus

Address Area Memory Type Capacity Width
H'00000000 to  On-chip ROM 512 Kbytes 32 bits
H'0007FFFF
H'00080000 to  Reserved
H'01FFFFFF
H'02000000to  CSO0 space Normal space 32 Mbytes 8, 16, or
H'O3FFFFFF SRAM with byte selection 32 bits*

Burst ROM (asynchronous)

Burst ROM (synchronous)
H'04000000to  CS1 space Normal space 64 Mbytes 8, 16, or
H'07FFFFFF SRAM with byte selection 32 bits*
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Section 9 Bus State Controller (BSC)

SH7080 Group

Bus
Address Area Memory Type Capacity Width
H'08000000to CS2 space Normal space 64 Mbytes 8, 16, or
H'OBFFFFFF SRAM with byte selection 32 bits*
SDRAM
H'0C000000to CSS3 space Normal space 64 Mbytes 8, 16, or
H'OFFFFFFF SRAM with byte selection 32 bits*
SDRAM
H'10000000to CS4 space Normal space 64 Mbytes 8,16, or
H13FFFFFF SRAM with byte selection 32 bits*
Burst ROM (asynchronous)
H'14000000to  CS5 space Normal space 64 Mbytes 8, 16, or
H17FFFFFF SRAM with byte selection 32 bits*
PCMCIA
MPX-1/O
H'18000000to CS6 space Normal space 64 Mbytes 8, 16, or
H1BFFFFFF SRAM with byte selection 32 bits*
PCMCIA
Burst MPX-1/0
H'1C000000to CS7 space Normal space 64 Mbytes 8, 16, or
H1FFFFFFF SRAM with byte selection 32 bits*
H'20000000 to  Reserved
H'SFFFFFFF
H'40000000 to  CS8 space Normal space 1 Gbyte 8,16, or
H7FFFFFFF SRAM with byte selection 32 bits*
H'80000000to  Reserved
H'FFF7FFFF
H'FFF80000 to SDRAM mode setting
H'FFFOFFFF space
H'FFFA0000 to Reserved
H'FFFF3FFF
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Bus
Address Area Memory Type Capacity Width
H'FFFF4000to  On-chip RAM 32 Kbytes 32 bits
H'FFFFBFFF
H'FFFFC000to  On-chip peripheral 16 Kbytes 8 or 16
HFFFFFFFF  modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed. In single-chip mode, only the on-chip ROM, on-chip RAM, and on-
chip peripheral modules can be accessed; the other areas cannot be accessed.

*  The bus width is selected by the register setting.

Table 9.15 Address Map: SH7086 in On-Chip ROM-Disabled Mode

Bus
Address Area Memory Type Capacity Width
H'00000000to  CSO space Normal space 64 Mbytes 16 or 32
H'O3FFFFFF SRAM with byte selection bits*’
Burst ROM (asynchronous)
Burst ROM (synchronous)
H'04000000to  CS1 space Normal space 64 Mbytes 8, 16, or
H'07FFFFFF SRAM with byte selection 32 bits**
H'08000000to  CS2 space Normal space 64 Mbytes 8, 16, or
H'OBFFFFFF SRAM with byte selection 32 bits**
SDRAM
H'0C000000to CSS3 space Normal space 64 Mbytes 8, 16, or
H'OFFFFFFF SRAM with byte selection 32 bits**
SDRAM
H'10000000to CS4 space Normal space 64 Mbytes 8, 16, or
H'13FFFFFF SRAM with byte selection 32 bits**
Burst ROM (asynchronous)
H'14000000to  CS5 space Normal space 64 Mbytes 8,16, or
H17FFFFFF SRAM with byte selection 32 bits**
PCMCIA
MPX-1/O
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Bus

Address Area Memory Type Capacity Width
H'18000000to CS6 space Normal space 64 Mbytes 8, 16, or

1 H 2
H1BFFFFFF SRAM with byte selection 32 bits*

PCMCIA
Burst MPX-1/0

H'1C000000 to CS7 space Normal space 64 Mbytes 8,16, or
H'1FFFFFFF SRAM with byte selection 32 bits**
H'20000000 to  Reserved
H'3FFFFFFF
H'40000000to CS8 space Normal space 1 Gbyte 8, 16, or

[l H 2
H7FFFFFFF SRAM with byte selection 32 bits*
H'80000000 to  Reserved
H'FFF7FFFF
H'FFF80000to SDRAM mode setting
H'FFFOFFFF space
H'FFFA0000 to Reserved
H'FFFF3FFF
H'FFFF4000 to  On-chip RAM 32 Kbytes 32 bits
H'FFFFBFFF
H'FFFFCO000 to  On-chip peripheral 16 Kbytes 8or16
H'FFFFFFFF modules bits

Notes: Do not access the reserved area. If the reserved area is accessed, the correct operation
cannot be guaranteed.

1. The bus width is selected by the mode pins.
2. The bus width is selected by the register setting.
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94 Register Descriptions

The BSC has the following registers. Refer to section 27, List of Registers, for details on the
register addresses and register states in each operating mode.

Do not access spaces other than CSO until the termination of the memory interface setting.

Table 9.16 Register Configuration

Abbrevia-
Register Name tion R/W Initial Value Address Access Size
Common control register CMNCR R/W  H00001010 H'FFFFFO00 32
CSO0 space bus control register CSOBCR R/W H'36DB0600 H'FFFFF004 32
CS1 space bus control register CS1BCR R/W H'36DB0600 H'FFFFF008 32
CS2 space bus control register CS2BCR R/W H'36DB0600 H'FFFFFOOC 32
CS3 space bus control register CS3BCR R/W H'36DB0600 H'FFFFFO10 32
CS4 space bus control register CS4BCR R/W H'36DB0600 H'FFFFF014 32
CS5 space bus control register CS5BCR R/W H'36DB0600 H'FFFFF018 32
CS6 space bus control register CS6BCR R/W H'36DB0600 H'FFFFFO1C 32
CS7 space bus control register CS7BCR R/W H'36DB0600 H'FFFFF020 32
CS8 space bus control register CS8BCR R/W H'36DB0600 H'FFFFF024 32
CSO0 space wait control register CSOWCR  R/W  H'00000500 H'FFFFF028 32
CS1 space wait control register CSTWCR  R/W  H'00000500 H'FFFFF02C 32
CS2 space wait control register CS2WCR  R/W  H'00000500 H'FFFFF030 32
CS83 space wait control register CSBWCR  R/W  H'00000500 H'FFFFF034 32
CS4 space wait control register CS4WCR  R/W  H'00000500 H'FFFFF038 32
CS5 space wait control register CSSWCR  R/W  H'00000500 H'FFFFF03C 32
CS6 space wait control register CS6WCR  R/W  H'00000500 H'FFFFF040 32
CS7 space wait control register CS7TWCR  R/W  H'00000500 H'FFFFF044 32
CS8 space wait control register CS8BWCR  R/W  H'00000500 H'FFFFF048 32
SDRAM control register SDCR R/W  H'00000000 H'FFFFF04C 32
Refresh timer control/status RTCSR R/W  H'00000000 H'FFFFFO50 32
register
Refresh timer counter RTCNT R/W  H'00000000 H'FFFFF054 32
Refresh time constant register RTCOR R/W  H'00000000 H'FFFFF058 32
Bus function extending register BSCEHR R/W  H'0000 H'FFFFE89A 8,16
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SH7080 Group

94.1 Common Control Register (CMNCR)

CMNCR is a 32-bit register that controls the common items for each area.

Do not access external memory other than area O until the register initialization is complete.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | - | | | - | DMAIW[1:0] |DMAIWA| - | - | - |HIZMEM| HIZCNT |
Initial value: 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0
RW: R R R R R R R R RW RW RW R R R RW RW
Initial
Bit Bit Name Value R/W  Description
31013 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
12 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
11to8 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7,6 DMAIW[1:0] 00 R/W  Wait Specification between Access Cycles during DMA

Single Address Transfer

Specify the number of idle cycles to be inserted after
data is